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Abstract  

Objective 

Platanus (plane tree) flowers are rich in condensed tannins (CTs), which have been reported to 

possess various bioactive properties. However, their specific anti-cancer effects on triple-negative 

breast cancer cells remain poorly characterized. This study aimed to evaluate the dose-dependent 

effects of purified Platanus flower CTs on cellular proliferation, migration, and the expression of 

key malignant-related genes (PCNA and MMP9) in MDA-MB-231 breast cancer cells.  

Materials and methods 

MDA-MB-231 cells were treated with serial concentrations of purified Platanus flower CTs (1.25, 

2.5, and 5 mg/mL). Cellular proliferation was assessed by calculating doubling time using time-

lapse microscopy and ImageJ single-cell tracking. Migration was evaluated using a wound-

healing assay. Gene expression levels of Proliferating Cell Nuclear Antigen (PCNA) and Matrix 

Metallopeptidase 9 (MMP9) were measured by RT-qPCR. Cell division rates and wound-healing 
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migration were continuously monitored using the Axio Imager time-lapse system. Statistical 

analyses were conducted using GraphPad Prism software. 

 

Results 

Time-lapse analyses showed a clear dose-dependent response. Higher CT concentrations (2.5 and 

5 mg/mL) induced complete cell death within the first hour. Treatment at 1.25 mg/mL produced 

a potent cytostatic effect without acute toxicity, significantly extending the doubling time from 

approximately 18 hours (control) to approximately 22 hours (P < 0.05). The wound-healing assay 

revealed significantly reduced wound closure (65-75%) after 24 hours compared to control (80-

95%; P < 0.05). Molecular analysis demonstrated that 1.25 mg/mL CTs downregulated PCNA 

expression by 65% and MMP9 expression by 40%. The pattern of differential gene expression 

observed herein is fully concordant with both proliferation and migration assays.   

Conclusions 

Purified condensed tannins isolated from Platanus flowers demonstrate significant anti-malignant 

activity against MDA-MB-231 triple-negative breast cancer cells through a dual mechanism: 

suppressing proliferation via PCNA downregulation and inhibiting migration via MMP9 

downregulation. These findings support the potential of Platanus flower CTs as promising 

candidates for anti-cancer drug development.  
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Introduction 

Phytobiotics and medicinal plants have gained considerable attention in recent years due to 

their potential as natural alternatives to synthetic additives in nutrition. These natural products are 

rich in bioactive compounds such as essential oils, alkaloids, flavonoids, and phenolic acids, 

which contribute to their antimicrobial, antioxidant, and anti-inflammatory properties 
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(Amirteymoori et al., 2021). Consequently, phytobiotics play a crucial role in improving health, 

performance, and life quality. The use of phytobiotics and medicinal plants as natural 

antimicrobial growth promoters in place of antibiotics in feed offers numerous advantages. These 

benefits include improved zootechnical efficiency parameters, suppression of specific diseases, 

antimicrobial anticancer, and antioxidant activities, hypocholesterolemic effects, enhancement of 

digestive enzymes, and improved liver function. Moreover, phytobiotics have been shown to 

modulate gut microbiota, which enhances nutrient absorption and supports overall immune 

function. Studies have demonstrated that incorporating these plants into the diets can increase 

performance and prevent diseases and cancer (Alhasoon et al., 2026). Furthermore, phytobiotics 

are associated with reducing stress-related impacts. Given the growing global concerns regarding 

antibiotic resistance and the demand for safer and healthier products, the incorporation of 

phytobiotics and medicinal plants into feed presents a promising and sustainable alternative 

strategy (Mohammadabadi et al., 2022). Platanus Orientalis, A species of plane tree (Platanus 

spp.), is native to regions across Eurasia, extending from southeast Europe to southwest Asia  

(Sabr, 2021; Amedi et al., 2022). This species has a history of applications in traditional medicine 

and the pharmaceutical field. The leaves, bark, and flowers of Platanus contain a range of 

bioactive compounds, notably flavonoids and condensed tannins, which can be extracted using 

various solvents and have been studied for their anti-inflammatory, antimicrobial, and wound-

healing properties (Das et al., 2020; Danika et al., 2024; Li et al., 2023). Chemical analyses of 

Platanus extracts indicate that the concentration of condensed tannins (CTs) varies considerably 

depending on the extraction method, solvent used, and the specific plant part harvested (Khan et 

al., 2013; Shay et al., 2017). Previous studies have reported anti-tumour and cytotoxic activity of 

CTs against various cancer cell lines, including dose-dependent reductions in the viability of the 

MDA-MB-231 breast cancer cell line (Florento et al., 2012; Al-Bedhawi et al., 2024). Tannins 

represent a broad group of polyphenols found in numerous plant species (Crozier et al., 2006). 

Condensed tannins, also referred to as non-hydrolysable tannins or proanthocyanidins, constitute 

a specific subgroup within this family (Schofield et al., 2001). Early investigations suggested that 

tannins exerted adverse effects on animal growth rates, feed intake, and feed efficiency, and were 

associated with reduced protein digestibility in experimental models (Barry & McNabb, 1999; 

Larrain et al., 2007). Although one early study proposed a carcinogenic potential for tannins, 

subsequent research clarified that such effects were attributable to other associated compounds 

rather than to tannins themselves (Chung et al., 1998). More recent studies have provided 

substantial evidence that polyphenols possess considerable anti-cancer properties. Apple source 

polyphenols were suggested to induce a reduction in the expression of UHRF1 and matrix 

metalloproteinases (MMPs). These two proteins are well established in cancer invasion (Ahmed 

et al., 2025; Jain et al., 2025; Wu et al., 2018). Zhao et al. (2018) demonstrated that urolithin, 

which is a major polyphenolic metabolite, activated the autophagy pathway and inhibited 

metastasis in human colorectal cancer cells (Zhao et al., 2018). Karakurt and Adali (2016) 
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examined the effects of tannic acid on the proliferative, metastatic, and invasive characteristics of 

prostate cancer cells, reporting significant dose-dependent inhibition of cell migration, 

proliferation, and invasion (Karakurt & Adali, 2016). The botanical origin of tannins may also 

contribute to variation in their anti-cancer activity. For example, tannins purified from Spatholobi 

Caulis exhibited anticancer properties by inhibiting the protein synthesis required for the 

transition of HeLa cells from the G0/G1 to the S phase of the cell cycle (Wang et al., 2018; 

Smeriglio et al., 2017). Building on this body of evidence, the present study aimed to examine the 

effects of highly purified CT extracts derived specifically from Platanus flowers on key cellular 

and molecular parameters of breast cancer cells. 

 

Materials and methods 

Extraction and Purification of Condensed Tannins (CTs): Platanus flowers were used 

as the primary material for CTs, after collection, characterization, and identification in the 

chemical laboratory. Tannins were extracted from the Platanus flowers using an acetone/water 

solvent mixture (1:1, v/v) (Williams et al., 2014). Then crude extracts were purified using gel 

filtration chromatography using a column of Sephadex LH-20 (Cytiva,Marlborough, USA). 

The extracted solution was then loaded in the column, followed by a washing step with an 

acetone/water mixture (8:2, v/v) to elute the highly purified non-hydrolysable tannins (Brown et 

al., 2017). Purified samples were quantified by thiolysis degradation. Molecular compositions and 

CT contents were confirmed by high-performance liquid chromatography-mass spectrometry 

(HPLC/MS). All experimental procedures were carried out in accordance with standard 

regulations and guidelines for biological assays. The ethical framework for in vitro cell line testing 

was followed, as established by the ethics committee at the Institute of Genetic Engineering and 

Biotechnology, University of Baghdad, Baghdad, Iraq.  

Cell Line Preparation and CT Serial Concentrations: The MDA-MB-231 breast cancer 

cell line was used as a model to assess the efficacy of the extracted CTs. Dulbecco's Modified 

Eagle's Medium (DMEM) (Gibco, Waltham, USA) was used for cell culture, which was 

supplemented with penicillin (100 U/mL), streptomycin (100 μg/mL), L-glutamine (2 μM), and 

10% (v/v) foetal calf serum. Trypan blue exclusion staining was used to assess cell viability. 

Cultures were maintained at 37°C in a humidified atmosphere with 5% CO₂. The migration assay 

started when cells reached 70-90% confluence. The cells were trypsinized with TrypLETM 

Express (Gibco, Waltham, USA) and seeded into 6-well plates. At the same time, the proliferation 

assay started when the cell culture reached 30-50% confluency before CT treatment, and the time-

lapse assay. For cells designated for migration assay, as they reach 80-90% confluency, a scratch 

wound was made using sterile 100 μl pipette tips. Treatment with purified Platanus CTs was 

conducted using serial concentrations of (1.25 mg/mL, 2.5 mg/mL, and 5 mg/mL) diluted in 

DMEM immediately before application. Cell proliferation was assessed by calculating doubling 

time. Both cell division (proliferation) and migration (via a wound healing assay) were monitored 
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using an automated Axio Imager time-lapse system programmed to capture images every 10 

minutes over a period exceeding 24 hours. The analysis of proliferation was carried out using 

ImageJ software for single-cell tracking to calculate doubling time. The analysis of migration was 

also carried out using ImageJ software to measure residual wound area at defined time points for 

calculating the percentages of wound closure at each of these time points .  

RNA Extraction and cDNA Synthesis: To examine the molecular effects of the Platanus 

CT extracts, total RNA was extracted from treated and control MDA-MB-231 cells using a Total 

RNA Extraction Kit (Addbio, Daejeon, Korea), following the manufacturer's protocol. RNA 

concentration and purity were measured before downstream use. Complementary DNA (cDNA) 

was then synthesized from the total RNA using a cDNA Synthesis Kit (Addbio, Daejeon, Korea) 

to provide a stable template for real-time PCR. 

Real-Time PCR Analysis: Real-time quantitative PCR (RT-qPCR) was performed to 

measure expression levels of target genes associated with cell proliferation and migration. 

Proliferation was assessed by quantifying transcript levels of Proliferating Cell Nuclear Antigen 

(PCNA; NM_002592) using the following primers: Forward: GCCCTGGTTCTGGAGGTAAC 

Reverse: TAGCTGGTTTCGGCTTCAGG. Migration was assessed at the molecular level by 

measuring matrix metallopeptidase 9 (MMP9; NM_004994) expression using: Forward: 

TCTATGGTCCTCGCCCTGAA Reverse: CATCGTCCACCGGACTCAAA. Beta Actin 

(Forward: TCACCATGGATGATGATATCGC, Reverse: 

ATAGGAATCCTTCTGACCCATGC) was used as the endogenous reference gene for 

normalization. All primers were purchased from ALPH Canada, Toronto, Canada. Relative fold 

changes in gene expression were calculated using the ΔΔCt method.  

Data Acquisition and Statistical Analysis: Cell division rates and wound-healing 

migration were continuously monitored using the Axio Imager time-lapse system, which acquired 

images at 10-minute intervals over 24 hours. ImageJ was used for single-cell tracking and wound 

area measurements at defined time points to calculate wound healing percentages. 

Statistical analysis: All experiments were performed in triplicate (in = 3 independent 

biological replicates). Data are presented as mean ± standard deviation (SD). Statistical analyses 

were conducted using GraphPad Prism software (version 9.0, GraphPad Software, San Diego, 

CA, USA). Comparisons between two groups were analyzed using Student's t-test. Comparisons 

among multiple groups were assessed using one-way analysis of variance (ANOVA) followed by 

Tukey's post-hoc test for multiple comparisons. Statistical significance was defined as P < 0.05. 

 

Results 

Analysis of Proliferation Dynamics: Proliferation dynamics are summarized in Table 1. 

In the untreated control, MDA-MB-231 cells proliferated continuously throughout the 

observation period. Time-lapse imaging captured the typical morphological changes of the cell 

cycle: cells regularly rounded up during mitosis, divided into two daughter cells, and subsequently 
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flattened and re-adhered to the plate. Throughout the visualization, estimates of the entire field of 

view, cell divisions took place repeatedly, leading to a notable rise in confluence from the 0- to 

24-hour time points. When cells were exposed to the highest CT concentrations (5 mg/mL and 

2.5 mg/mL), this induced a fatal effect. No surviving cells were observed after the first hour of 

culture (Figure 1). The result changed considerably at 1.25 mg/mL. Cells that survived after 

treatment remained attached to the surface, maintained their elongated shape, and continued to 

send out pseudopodia while actively migrating. The rate of cell division was significantly lower 

than that in the untreated control. A minority of mitotic events were observed, but the majority of 

cells appeared to be held in an interphase-like state for the duration of the observation period. Cell 

tracking analysis using ImageJ confirmed that 1.25 mg/mL CTs significantly (P<0.05) decreased 

cancer cell doubling time relative to the untreated control. The higher concentrations (2.5 and 5 

mg/mL) were cytotoxic, with cell death occurring within hours of treatment. This anti-

proliferative effect is consistent with known mechanisms by which tannins bind proteins and 

disrupt key cancer cell signaling pathways. Accordingly, the increase in cell density over the 24-

hour period was considerably lower in the 1.25 mg/mL treatment group than in the control. Taken 

together, imaging data and quantitative cell tracking support the conclusion that 1.25 mg/mL 

Platanus CTs exert a cytostatic effect on MDA-MB-231 cells without inducing acute cytotoxicity. 

 

Table 1. Analysis of the observational, morphological, and proliferation results  

Observation and Image J 
Metric 

Control Group 1.25 mg/mL CTs 

Mitotic Frequency 
High; frequent visual 

evidence of cells rounding 
up and dividing. 

Low; mitotic events are rare 
and sporadic. 

Change in Cell Density 
Significant increase in 

confluence from 0 h to 24 
h. 

Minimal increase in 
confluence; cell numbers 
remain relatively stable. 

Cell Morphology 
Healthy, typical adherent 
spindle/polygonal shapes. 

Viable and adherent; no signs 
of membrane blebbing or 

structural collapse. 

Cell Viability 
High; no obvious cell 

death or floating debris. 

High; cells remain alive and 
motile, indicating no acute 

direct toxicity. 

Overall Proliferation 
Status 

Normal, rapid exponential 
growth. 

Highly suppressed (cytostatic 
effect). 

Doubling time (image J) 
18 hours: 40 minutes ± 60 

min 
21 hours: 45 minutes ± 30 min 

Note: Data are presented as mean ± standard deviation (SD) from three independent experiments 

(n=3). Doubling time was calculated using single-cell tracking in ImageJ. *P < 0.05 compared to 

the control group (Student's t-test). 
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Analysis of Migration Dynamics: The migration dynamics results are presented in Table 

2. At zero (0 hours), the control group cells were clearly visible on either side of the initial scratch 

wound, with a well-defined, cell-free gap running through the center of the field of view. Over 

the course of the time lapse, cells at the leading edges actively migrated into the denuded area, 

undergoing division as they advanced. By 24 hours, the wound was almost entirely closed, with 

cells having repopulated the gap to form a dense, confluent monolayer, leaving virtually no empty 

space. In contrast, cultures treated with the higher concentrations of purified tannins from Plane 

tree flowers (5 mg/mL and 2.5 mg/mL) exhibited a pronounced cytotoxic effect, with complete 

cell death occurring within the first hour of culture (Figure 2). At the lowest concentration tested 

(1.25 mg/mL), the scratch appearance at 0 hours was comparable to that of the control, with a 

clear, cell-free zone visible across the field. Despite maintaining viability and motility throughout 

the experimental period, with cells demonstrating extension into the cleared region, the 

coordinated directional displacement toward the wound center was substantially diminished in 

treated cultures relative to untreated controls. At the 24-hour terminal observation point, data from 

the wound-healing assay were consistent with proliferation outcomes, indicating that elevated 

concentrations of the condensed tannin (CT) exerted a pronounced inhibitory effect on both 

migratory behavior and wound-closure efficiency compared with the control and sub-threshold 

concentration groups. Quantitative evaluation via ImageJ software indicated an absence of 

statistically significant divergence in wound closure ratio at the minimal CT concentration 

following the 12-hour interval, wherein closure ranged between 21-32%, in contrast to the 26-

37% documented among control specimens. Nevertheless, at the 24-hour endpoint, a statistically 

significant attenuation (p < 0.05) in wound closure was observed at the lowest treatment 

concentration (65-75%) in comparison to the control cohort (80-95%). Collectively, the present 

findings demonstrate that the investigated CT compounds harbor both anti-proliferative and anti-

migratory capacities, thereby underscoring their prospective utility as viable candidates 

warranting further systematic evaluation within the domain of anticancer pharmaceutical 

development. The migration results are consistent with the proliferation data. In vitro wound 

healing depends on two cellular processes: motility (movement of cells into the cleared space) 

and proliferation (cell division to repopulate the area). At 1.25 mg/mL, the tannin concentration 

produced a marked cytostatic effect, substantially reducing cell division . 

Gene expression of target genes: To better understand the molecular basis of the anti-

proliferative and anti-migratory effects observed with Platanus flower CTs, the expression of key 

genes involved in these processes was investigated. The transcript levels of Proliferating Cell 

Nuclear Antigen (PCNA), a well-established marker of cell proliferation, and Matrix 

Metallopeptidase 9 (MMP9), an enzyme with a central role in cell migration and invasion, were 

measured. The analysis was carried out at the non-cytotoxic concentration of 1.25 mg/mL CTs, 

as the higher concentrations tested (2.5 and 5.0 mg/mL) caused rapid cell death, making gene 

expression analysis unfeasible. 
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Table 2. Qualitative and quantitative analysis of the migration assay  

Observation Metric Control Group 1.25 mg/mL CTs 

Edge Activity 
Highly active; rapid 

extension into the gap. 
Slower, less aggressive extension 

into the gap. 

Wound Closure Rate Fast. Visibly delayed/inhibited. 

Final Wound Status 
Nearly completely 
closed (high %). 

Significant p < 0.05 gap remains 
open (lower %). 

Cell Density in Wound 
High; gap is filled with 
closely packed cells. 

Low; cells in the gap are sparse. 

Wound healing (image 
J) 

26-32% after 12 hours 21-32% after 12 hours N. S 

80-95% after 24 hours 65-75% after 24 hours, p < 0.05 

Note: Wound closure percentages are presented as ranges from three independent experiments 

(n=3). N.S. = not statistically significant (P > 0.05). *P < 0.05 compared to the control group at 

24 hours (one-way ANOVA followed by Tukey's post-hoc test). 

 

 

Figure 1. Effect of CTs purified from flowers of the Plane tree on MDA cell proliferation. 

MDA cells were cultured to 30-50% confluence prior to exposure to serial concentrations of 

CTs (untreated control, 1.25 mg/mL, 2.5 mg/mL, and 5.0 mg/mL). Cellular proliferation 
was continuously monitored utilizing a cell tracking assay with time-lapse microscopy (10x 

magnification) acquired at 10-minute intervals. The analysis revealed a baseline doubling 

time of approximately 18 hours for the untreated control cells. Administration of 1.25 

mg/mL CTs significantly extended the doubling time to around 22 hours. Conversely, 

exposure to higher concentrations (2.5 mg/mL and 5.0 mg/mL) completely arrested cellular 

proliferation and induced cell death within the initial hours of treatment. 
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The effect of the CT extract on PCNA expression is shown in Table 3. Compared to the 

untreated control, PCNA mRNA levels in treated cells were reduced by 65%. This 

downregulation of PCNA is in line with the extended doubling time and cytostatic effect recorded 

in the proliferation assays, indicating that CTs suppress cancer cell growth, at least partly, through 

inhibition of this key proliferation-associated gene. The modulatory effect of CT treatment upon 

the transcriptional activity of the migration-associated gene MMP9 is presented in Table 4. 

Quantitative assessment of fold change in MMP9 transcript abundance yielded a value of 0.6, 

corresponding to a 40% reduction relative to the untreated control group. This transcriptional 

suppression of MMP9 furnishes a plausible mechanistic rationale for the attenuated migratory 

behavior documented in the wound-healing assay. The impaired capacity of cells to reconstitute 

the scratch wound may be ascribed, at least in part, to the substantially reduced expression of this 

serine-independent metalloprotease, whose enzymatic function in extracellular matrix proteolysis 

is indispensable for facilitating directional cell motility. 

 

 

Figure 2. Dose-dependent inhibition of MDA cell migration by CTs purified from flowers 

of the plane tree in a wound-healing assay. Cell monolayers were cultured to complete 

confluence prior to mechanical scratch wounding. Following exposure to serial 

concentrations of CTs (untreated control, 1.25 mg/mL, 2.5 mg/mL, and 5.0 mg/mL), 

migration was continuously monitored via time-lapse microscopy (10x magnification) with 

image acquisition at 10-minute intervals. CT treatment significantly attenuated the 
migratory capacity of the cells compared to the untreated control in a strictly dose-

dependent manner 
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Table 3. Fold change in gene expression of PCNA normalized to β-actin gene in MDA cells 

calculated by the Livak method 

Group 

Mean Δ Ct Mean Mean Fold 
difference in 

gene 
expression 

(PCNA Ct - β-actin 
Ct) 

ΔΔ Ct 2−ΔΔCt 

Control cells 3 0 1 1 

Cells treated with 1.25mg/mL 
CTs 

4.51 1.51 0.35 0.35 

Note: Gene expression was normalized to β-actin as the endogenous control. Values represent means 

from three independent experiments (n=3). Fold change was calculated using the 2 −ΔΔCt method. 

Collectively, the molecular analyses demonstrated that exposure to a sub -cytotoxic 

concentration of purified condensed tannins derived from Platanus floral tissue (1.25 mg/mL) 

induced pronounced transcriptional suppression of both PCNA (65% reduction) and MMP9 (40% 

reduction). The pattern of differential gene expression observed herein is fully concordant with 

both proliferation and migration assays. These findings offer a substantive mechanistic 

underpinning for the phenotypic inhibition of proliferative and migratory activities documented 

in the breast cancer cell model. 

 

Table 4. Fold change in gene expression of MMP9 normalized to the β-actin gene in MDA 

cells calculated by the Livak method 

Group 

Mean Δ Ct Mean Mean Fold difference 

in gene 

expression 
(MM9 Ct - β-actin 

Ct) 
ΔΔ Ct 2−ΔΔCt 

Control cells 7 0 1 1 

Cells treated with 

1.25mg/mL CTs 
7.74 0.74 0.6 0.6 

Note: Gene expression was normalized to β-actin as the endogenous control. Values represent means 

from three independent experiments (n=3). Fold change was calculated using the 2 −ΔΔCt method. 

 

Discussion 

The present investigation evaluated the antiproliferative and antimigratory potential of 

purified condensed tannins (CTs) obtained from Platanus spp. floral tissue, employing the MDA-

MB-231 triple-negative breast cancer cell line as an experimental model (Huang et al., 2020). 

Collectively, the findings demonstrate that the aforementioned CTs exert concentration-

dependent inhibitory effects on both cellular proliferation and migratory capacity. Of considerable 

significance, the observed phenotypic alterations are substantiated by quantifiable molecular 
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evidence: at a sub-cytotoxic concentration, concurrent downregulation of proliferating cell 

nuclear antigen (PCNA) and matrix metalloproteinase-9 (MMP9) (Romero Romero et al., 2022; 

Wang et al., 2025).  Quantitative proliferation analyses revealed a well-defined dose-dependent 

inhibitory response across the concentration range examined. The two highest concentrations of 

2.5 mg/mL and 5.0 mg/mL induced rapid cytotoxic outcomes. While treatment with 1.25 mg/mL 

elicited a predominantly cytostatic response, manifested as a prolongation of the cell doubling 

interval from approximately 18 hours to nearly 22 hours (P<0.05). Corroborating these 

phenotypic observations at the molecular level, quantitative gene expression analysis 

demonstrated a 65% attenuation of PCNA transcript abundance in extract-treated cells relative to 

untreated controls. Given that PCNA functions as an indispensable processivity cofactor for DNA 

polymerase delta during chromosomal replication and constitutes a well-validated proliferative 

biomarker, its transcriptional attenuation furnishes a mechanistically coherent explanation for the 

retarded growth kinetics recorded in the proliferation assays (Kang et al., 2024; Kelman, 1997; 

Stoimenov & Helleday, 2009). This observation is further contextualized within the broader 

literature on polyphenolic bioactivity. Wu et al. (2018) demonstrated that apple-derived 

polyphenols attenuated the malignant phenotype of MDA-MB-231 cells, an effect 

mechanistically attributed to diminished expression of UHRF1, a regulator functionally 

intertwined with PCNA-mediated cell cycle progression (Wu et al., 2018). Analogously, tannic 

acid has been documented to suppress prostatic carcinoma proliferation in a concentration-

dependent manner (Karakurt & Adali, 2016). The findings reported herein advance this line of 

inquiry by establishing a specific mechanistic link between purified condensed tannins isolated 

from Platanus floral material and transcriptional downregulation of PCNA within a triple -

negative breast cancer experimental framework (Hoque et al., 2025). The migratory potential of 

MDA-MB-231 cells was markedly compromised following exposure to the CT extract, extending 

the observed anti-tumor activity beyond mere proliferative inhibition. Quantitative analysis of 

wound-healing assays revealed that untreated control cells accomplished 80-95% scratch closure 

within a 24-hour interval, while cells subjected to 1.25 mg/mL CT treatment attained only 65-

75% closure over an equivalent duration. Concurrent with this impaired migratory phenotype, 

MMP9 transcript levels declined by approximately 40% relative to controls. As a zinc-dependent 

endopeptidase, MMP9 functions in concert with MMP2 to proteolytically remodel extracellular 

matrix constituents, a process that is widely recognized as a prerequisite for tumor invasion and 

hematogenous dissemination (Egeblad & Werb, 2002; Wolosowicz et al., 2025). Elevated MMP9 

expression has consistently been correlated with aggressive clinicopathological features and 

unfavorable outcomes in breast carcinoma patients (Mehner et al., 2014; Jiang & Li, 2021). The 

weakened wound closure with lower CT concentrations cannot be ascribed exclusively to a 

reduction in viable cell numbers arising from the cytostatic properties of the CTs. Rather, the 

targeted suppression of MMP9 transcription indicates a direct disruption of the cellular motility 

apparatus, operating independently of proliferative mechanisms (Rashid & Bardaweel, 2023; Lee 
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et al., 2024; Yang et al., 2024). This mechanistic distinction carries considerable biological 

significance, as it implies that CTs perturb at least two discrete oncogenic pathways 

simultaneously. Analogous anti-migratory properties have been reported for structurally related 

polyphenolic compounds; urolithin A, for example, demonstrated capacity to attend colorectal 

cancer dissemination, while suppression of matrix metalloproteinase expression constitutes a 

recurrent mechanistic feature attributable to plant-derived tannin fractions across multiple 

experimental systems (Zhao et al., 2018; Karakurt & Adali, 2016). The capacity of a single 

purified botanical extract to downregulate both PCNA expression and MMP9 activity necessitates 

consideration of a unifying upstream regulatory mechanism. Among the most biochemically 

tenable candidates is the NF-κB transcriptional signaling axis, a well-documented regulator of 

gene networks governing cellular survival, inflammatory response, and metastatic dissemination, 

including the transcriptional activation of MMP9 (Rashid & Bardaweel, 2023). Alternatively, 

perturbation of growth factor receptor-mediated signaling or dysregulation within the PI3K/Akt 

transduction cascade warrants equal consideration (Barry & McNabb, 1999; Khalid et al., 2021). 

These mechanistic propositions find conceptual support in the well-established protein-binding 

affinity of tannin compounds, a property that may impair enzymatic function and interrupt 

downstream intracellular signal propagation (Lee et al., 2024). It merits emphasis that earlier 

reports implicating tannins in carcinogenic activity have been substantially reattributed to 

confounding constituents inherent to crude extract preparations; more rigorous subsequent 

analyses affirm the chemopreventive and therapeutically relevant properties of isolated 

polyphenolic fractions (Chung et al., 1998). The biological efficacy of condensed tannins (CTs) 

is further governed by structural parameters, notably degree of polymerization and subunit 

configuration, underscoring the indispensability of thorough extract characterization prior to 

biological evaluation (Brown et al., 2017). In the present investigation, sequential application of 

gel filtration chromatography and thiolytic degradation yielded a structurally defined, highly 

purified CT fraction, thereby reinforcing the interpretive validity of the observed biological 

outcomes. Furthermore, the cytotoxic activity documented at elevated concentrations (2.5 and 5.0 

mg/mL) aligns congruently with previously reported findings concerning CT-mediated effects on 

MDA-MB-231 cells, collectively substantiating the functional bioactivity of the extract under 

investigation (Al-Bedhawi et al., 2024; Karin, 2006; Haslam, 1996). Purified condensed tannins 

isolated from Platanus flowers demonstrate significant anti-malignant activity against MDA-MB-

231 triple-negative breast cancer cells. At a sub-cytotoxic concentration, these compounds 

operate through a dual mechanism, simultaneously suppressing cellular proliferation and 

inhibiting migration. The concurrent downregulation of PCNA and MMP9 provides a compelling 

molecular basis for each of these effects, respectively. Collectively, these findings reinforce the 

growing body of evidence supporting plant-derived polyphenols as serious candidates in anti-

cancer pharmaceutical development, particularly for aggressive and therapeutically challenging 

subtypes such as triple-negative breast cancer. Future investigations should prioritize the 
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structural characterization of the specific proanthocyanidin constituents responsible for driving 

these biological effects, as well as the delineation of the precise intracellular signaling pathways 

through which they exert their anti-tumor activity. 

Conclusions: Condensed tannins from Platanus flowers purified, inhibit growth and 

migration of triple-negative breast cancer MDA-MB-231 cells by identifying a dual mechanism 

at sub-lethal concentrations. These tannins delay cell cycle progression, with a doubling time 

extended from 18 hours to 22 hours at 1.25 mg/mL, correlating with a 65% reduction in PCNA 

transcript levels. As PCNA is an essential cofactor for DNA replication, its knockdown results in 

physical cell cycle arrest. The extract also inhibits the migratory capacity of these cells; in wound 

healing assays, control cells achieve 95% closure within 24 hours compared to only 75% for cells 

treated with tannins. This is mediated through a 40% reduction in MMP9 levels, which is an 

enzyme responsible for degrading extracellular matrix components that facilitate cellular motility 

and invasion. Thus, these results are relevant as they demonstrate that the extract simultaneously 

targets two different oncogenic pathways: growth by targeting PCNA and migration by inhibiting 

MMP9. This supports the notion that botanical extracts could serve as starting points for 

pharmaceutical development toward aggressive cancer subtypes. Further studies need to elucidate 

the precise structural constituents of these tannins and the specific signaling axes such as NF-κB 

that they inhibit. 

 

Author contributions 

Mohammed Abdalmalek Ali Al-Bedhawi: Investigation, Formal analysis, Validation, 

Writing - original draft. Rami Altameemi: Data curation, Formal analysis, Validation, Writing - 

original draft. Sara Mahdi AL-Lami: Conceptualization, Methodology, Supervision, Writing - 

review & editing. Mohammed Munis Dakheel: Data curation, Formal analysis, Validation, 

Writing - original draft. Safaa Ehssan Atta: Resources, Validation. 

 

Data availability statement 

The data contributing to the findings of this study are available from the investigating 

researcher upon request. 

 

Acknowledgements 

The authors sincerely thank the Research Committee of the Institute of Genetic Engineering 

and Biotechnology, University of Baghdad, Iraq, for their continuous support and encouragement 

throughout this study. We are also grateful to our colleagues at the institute for their helpful 

discussions and technical assistance during the extraction, purification, cell culture, and molecular 

analysis steps. Finally, we appreciate everyone who contributed to this work in any capacity, even 

if not listed as authors. 

 



Agricultural Biotechnology Journal, 2026, 18(4) 

290 

 

Ethical considerations  

The authors avoided data fabrication, falsification, plagiarism, and misconduct.  

 

Funding 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or non-profit sectors. 

 

Conflict of interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. No financial 

support was received from any organization or agency for the research conducted. The authors 

alone are responsible for the content and writing of this manuscript. 

 

References 

Ahmed, Z. S. O., Khan, E., Elias, N., Elshebiny, A., & Dou, Q. (2025). Updated review on natural 

polyphenols: Molecular mechanisms, biological effects, and clinical applications for cancer 

management. Biomolecules, 15(5), Article 629. https://doi.org/10.3390/biom15050629 

Al-Bedhawi, M. A. A., Altameemi, R., & Dakheel, M. M. (2024). The anti-cancer activity of 

purified tannins extracted from blackcurrant flower on the proliferation and the migration 

of cancer cells. African Journal of Biomedical Research , 27(4S), 749-754. 

https://doi.org/10.53555/AJBR.v27i4S.3677 

Alhasoon, N., Bahreini Behzadi, M. R., & Mohammadabadi, M. (2026). The effect of fennel 

(Foeniculum vulgare) on MYOD1 gene expression in the muscle tissues of the thigh, 

shoulder, and loin in Kermani lambs. Journal of Livestock Science and Technologies, 14(2), 

49-56. https://doi.org/10.22103/jlst.2025.25689.1658 

Amedi, J. F., Rasheed, R. O., & Ibrahim, D. A. (2022). Remediation capacity and growth 

responses of Platanus orientalis L., Eucalyptus camaldulensis Dehn., and Populus nigra 

L. to different levels of lead and chromium in contaminated soil. Iraqi Journal of 

Agricultural Sciences, 53(6), 1495-1511. https://doi.org/10.36103/ijas.v53i6.1666 

Amirteymoori, E., Khezri, A., Dayani, O., Mohammadabadi, M., Khorasani, S., Mousaie, A., & 

Kazemi-Bonchenari, M. (2021). Effects of linseed processing method (ground versus 

extruded) and dietary crude protein content on performance, digestibility, ruminal 

fermentation pattern, and rumen protozoa population in growing lambs. Italian Journal of 

Animal Science, 20(1), 1506-1517. https://doi.org/10.1080/1828051X.2021.1984324 

https://doi.org/10.3390/biom15050629
https://doi.org/10.53555/AJBR.v27i4S.3677
https://doi.org/10.22103/jlst.2025.25689.1658
https://doi.org/10.36103/ijas.v53i6.1666
https://doi.org/10.1080/1828051X.2021.1984324


Al-Bedhawi et al., 2026 

291 

 

Barry, T. N., & McNabb, W. C. (1999). The implications of condensed tannins on the nutritive 

value of temperate forages fed to ruminants. British Journal of Nutrition, 81(4), 263-272. 

https://pubmed.ncbi.nlm.nih.gov/10999013/  

Brown, R. H., Mueller-Harvey, I., Zeller, W. E., Reinhardt, L., Stringano, E., Gea, A., Drake, C., 

Ropiak, H. M., Fryganas, C., Ramsay, A., Hardcastle, E. E., & Others. (2017). Facile 

purification of milligram to gram quantities of condensed tannins according to mean degree 

of polymerization and flavan-3-ol subunit composition. Journal of Agricultural and Food 

Chemistry, 65(36), 8072-8082. https://doi.org/10.1021/acs.jafc.7b03489 

Chung, K. T., Wong, T. Y., Wei, C. I., Huang, Y. W., & Lin, Y. (1998). Tannins and human 

health: A review. Critical Reviews in Food Science and Nutrition , 38(6), 421-464. 

https://doi.org/10.1080/10408699891274273 

Crozier, A., Jaganath, I. B., & Clifford, M. N. (2006). Phenols, polyphenols and tannins: An 

overview. In A. Crozier, M. N. Clifford, & H. Ashihara (Eds.), Plant secondary metabolites 

(pp. 1-25). Blackwell Publishing. https://doi.org/10.1002/9780470988558.ch1 

Danika, D., Adroit, B., Velitzelos, D., & Denk, T. (2024). On the origin of the Oriental plane tree 

(Platanus orientalis L.). Papers in Palaeontology, 10(3), Article e1576. 

https://doi.org/10.1002/spp2.1576 

Das, A. K., Islam, M. N., Faruk, M. O., Ashaduzzaman, M., & Dungani, R. (2020). Review on 

tannins: Extraction processes, applications and possibilities. South African Journal of 

Botany, 135, 58-70. https://doi.org/10.1016/j.sajb.2020.08.008 

Egeblad, M., & Werb, Z. (2002). New functions for the matrix metalloproteinases in cancer 

progression. Nature Reviews Cancer, 2(3), 161-174. https://doi.org/10.1038/nrc745 

Florento, L., Matias, R., Tuaño, E., Santiago, K., Dela Cruz, F., & Tuazon, A. (2012). Comparison 

of cytotoxic activity of anticancer drugs against various human tumor cell lines using in 

vitro cell-based approach. International Journal of Biomedical Science, 8(1), 76-80. 

https://pubmed.ncbi.nlm.nih.gov/23675259/   

Haslam, E. (1996). Natural polyphenols (vegetable tannins) as drugs: Possible modes of action. 

Journal of Natural Products, 59(2), 205-215. https://doi.org/10.1021/np960040+ 

Hoque, M. B., Ayman, U., Sheikh, M. S., Hannan, M. A., Haque, P., & Bari, B. (2025). An in-

depth review on tannin sources, extraction methods, and industrial applications. Discovery 

Food, 5, Article 401. https://doi.org/10.1007/s44187-025-00689-9 

Huang, Z., Yu, P., & Tang, J. (2020). Characterization of triple-negative breast cancer MDA-MB-

231 cell spheroid model. OncoTargets and Therapy, 13, 5395-5405. 

https://doi.org/10.2147/OTT.S249756 

https://pubmed.ncbi.nlm.nih.gov/10999013/
https://doi.org/10.1021/acs.jafc.7b03489
https://doi.org/10.1080/10408699891274273
https://doi.org/10.1002/9780470988558.ch1
https://doi.org/10.1002/spp2.1576
https://doi.org/10.1016/j.sajb.2020.08.008
https://doi.org/10.1038/nrc745
https://pubmed.ncbi.nlm.nih.gov/23675259/
https://doi.org/10.1021/np960040+
https://doi.org/10.1007/s44187-025-00689-9
https://doi.org/10.2147/OTT.S249756


Agricultural Biotechnology Journal, 2026, 18(4) 

292 

 

Jain, P. K., Parashar, A. K., & Shrivastava, V. (2025). A review on exploring the health benefits 

and antioxidant properties of bioactive polyphenols. Discovery Food, 5, Article 367. 

https://doi.org/10.1007/s44187-025-00637-7 

Jiang, H., & Li, H. (2021). Prognostic values of tumoral MMP2 and MMP9 overexpression in 

breast cancer: A systematic review and meta-analysis. BMC Cancer, 21(1), Article 149. 

https://doi.org/10.1186/s12885-021-07860-2 

Kang, S., Yoo, J., & Myung, K. (2024). PCNA cycling dynamics during DNA replication and 

repair in mammals. Trends in Genetics, 40(6), 526-539. 

https://doi.org/10.1016/j.tig.2024.02.006 

Karakurt, S., & Adali, O. (2016). Tannic acid inhibits proliferation, migration, invasion of prostate 

cancer and modulates drug metabolizing and antioxidant enzymes. Anti-Cancer Agents in 

Medicinal Chemistry, 16(6), 781-789. 

https://doi.org/10.2174/1871520616666151111115809 

Karin, M. (2006). Nuclear factor-κB in cancer development and progression. Nature, 441(7092), 

431-436. https://doi.org/10.1038/nature04870 

Kelman, Z. (1997). PCNA: Structure, functions and interactions. Oncogene, 14(6), 629-640. 

https://doi.org/10.1038/sj.onc.1200886 

Khalid, M., Alkaabi, J., Khan, M. A. B., & Adem, A. (2021). Insulin signal transduction 

perturbations in insulin resistance. International Journal of Molecular Sciences, 22(16), 

Article 8590. https://doi.org/10.3390/ijms22168590 

Khan, I., Sangwan, P. L., Dar, A. A., Rafiq, R. A., Farrukh, M. R., Dhar, J. K., Tasduq, S. A., & 

Koul, S. (2013). A validated high-performance thin-layer chromatography method for the 

identification and simultaneous quantification of six markers from Platanus orientalis and 

their cytotoxic profiles against skin cancer cell lines. Journal of Separation Science, 36(16), 

2602-2610. https://doi.org/10.1002/jssc.201300380 

Larrain, R. E., Richards, M. P., Schaefer, D. M., Ji, L. L., & Reed, J. D. (2007). Growth 

performance and muscle oxidation in rats fed increasing amounts of high-tannin sorghum. 

Journal of Animal Science, 85(12), 3276-3284. https://doi.org/10.2527/jas.2006-830 

Lee, C. J., Jang, T. Y., Jeon, S. E., Kim, D., Shin, Y., Lee, S. H., Park, J. W., Kim, H. S., Hwang, 

S., Kim, S. Y., & Lee, J. W. (2024). The dysadherin/MMP9 axis modifies the extracellular 

matrix to accelerate colorectal cancer progression. Nature Communications, 15, Article 

10422. https://doi.org/10.1038/s41467-024-54920-9 

Li, H., Zou, Y., Liang, J., Zhao, Z., Zhou, N., Gao, Y., Yan, R., Zhou, Q., & Li, C. (2023). The 

potential of Platanus orientalis L. bark for high-grade resource utilization. Forests, 14(10), 

Article 2002. https://doi.org/10.3390/f14102002 

https://doi.org/10.1007/s44187-025-00637-7
https://doi.org/10.1186/s12885-021-07860-2
https://doi.org/10.1016/j.tig.2024.02.006
https://doi.org/10.2174/1871520616666151111115809
https://doi.org/10.1038/nature04870
https://doi.org/10.1038/sj.onc.1200886
https://doi.org/10.3390/ijms22168590
https://doi.org/10.1002/jssc.201300380
https://doi.org/10.2527/jas.2006-830
https://doi.org/10.1038/s41467-024-54920-9
https://doi.org/10.3390/f14102002


Al-Bedhawi et al., 2026 

293 

 

Mehner, C., Hockla, A., Miller, E., Ran, S., Radisky, D. C., & Radisky, E. S. (2014). Tumor cell-

produced matrix metalloproteinase 9 (MMP-9) drives malignant progression and 

metastasis of basal-like triple negative breast cancer. Oncotarget, 5(9), 2736-2749. 

https://doi.org/10.18632/oncotarget.1932 

Mohammadabadi, M., Shaban Jorjandy, D., Arabpoor Raghabadi, Z., Abareghi, F., Sasan, H. A., 

& Bordbar, F. (2022). The role of fennel on DLK1 gene expression in sheep heart tissue. 

Agricultural Biotechnology Journal, 14(2), 155-170. 

https://doi.org/10.22103/jab.2022.19402.1399 

Rashid, Z. A., & Bardaweel, S. K. (2023). Novel matrix metalloproteinase-9 (MMP-9) inhibitors 

in cancer treatment. International Journal of Molecular Sciences, 24(15), Article 12133. 

https://doi.org/10.3390/ijms241512133 

Romero Romero, M. L., Landerer, C., Poehls, J., & Toth-Petroczy, A. (2022). Phenotypic 

mutations contribute to protein diversity and shape protein evolution. Protein Science, 

31(9), Article e4397. https://doi.org/10.1002/pro.4397 

Sabr, H. A. (2021). Growth of Platanus orientalis L. seedlings under different drought stress 

conditions. Polytechnic Journal, 11(2), Article 6. 

https://doi.org/10.25156/ptj.v11n2y2021.pp31-36 

Schofield, P., Mbugua, D. M., & Pell, A. N. (2001). Analysis of condensed tannins: A review. 

Animal Feed Science and Technology, 91(1-2), 21-40. https://doi.org/10.1016/S0377-

8401(01)00228-0 

Shay, P. E., Trofymow, J. A., & Constabel, C. P. (2017). An improved butanol-HCl assay for 

quantification of water-soluble, acetone:methanol-soluble, and insoluble 

proanthocyanidins (condensed tannins). Plant Methods, 13, Article 63. 

https://doi.org/10.1186/s13007-017-0213-3 

Smeriglio, A., Barreca, D., Bellocco, E., & Trombetta, D. (2017). Proanthocyanidins and 

hydrolysable tannins: Occurrence, dietary intake and pharmacological effects. British 

Journal of Pharmacology, 174(11), 1244-1262. https://doi.org/10.1111/bph.13630 

Stoimenov, I., & Helleday, T. (2009). PCNA on the crossroad of cancer. Biochemical Society 

Transactions, 37(Pt 3), 605-613. https://doi.org/10.1042/BST0370605 

Wang, N., Wang, J., Meng, X., Bao, Y., Wang, S., & Li, T. (2018). 3D microfluidic in vitro model 

and bioinformatics integration to study the effects of Spatholobi Caulis tannin in cervical 

cancer. Scientific Reports, 8, Article 12285. https://doi.org/10.1038/s41598-018-29848-y 

Wang, Z., Ge, S., Liao, T., Yuan, M., Qian, W., Chen, Q., Liang, W., Cheng, X., Zhou, Q., Ju, 

Z., Zhu, H., & Xiong, W. (2025). Integrative single-cell metabolomics and phenotypic 

https://doi.org/10.18632/oncotarget.1932
https://doi.org/10.22103/jab.2022.19402.1399
https://doi.org/10.3390/ijms241512133
https://doi.org/10.1002/pro.4397
https://doi.org/10.25156/ptj.v11n2y2021.pp31-36
https://doi.org/10.1016/S0377-8401(01)00228-0
https://doi.org/10.1016/S0377-8401(01)00228-0
https://doi.org/10.1186/s13007-017-0213-3
https://doi.org/10.1111/bph.13630
https://doi.org/10.1042/BST0370605
https://doi.org/10.1038/s41598-018-29848-y


Agricultural Biotechnology Journal, 2026, 18(4) 

294 

 

profiling reveals metabolic heterogeneity of cellular oxidation and senescence. Nature 

Communications, 16(1), Article 2740. https://doi.org/10.1038/s41467-025-57992-3 

Williams, A., Christos, F., Ramsay, A., Mueller-Harvey, I., & Thamsborg, S. (2014). Direct 

anthelmintic effects of condensed tannins from diverse plant sources against Ascaris suum. 

PLOS ONE, 9(5), Article e97053. https://doi.org/10.1371/journal.pone.0097053 

Wolosowicz, M., Prokopiuk, S., & Kaminski, T. W. (2025). Matrix metalloproteinase-9 (MMP-

9) as a therapeutic target: Insights into molecular pathways and clinical applications. 

Pharmaceutics, 17(11), Article 1425. https://doi.org/10.3390/pharmaceutics17111425 

Wu, K. H., Ho, C. T., Chen, Z. F., Chen, L. C., Whang-Peng, J., Lin, T. N., & Ho, Y. S. (2018). 

The apple polyphenol phloretin inhibits breast cancer cell migration and proliferation via 

inhibition of signals by type 2 glucose transporter. Journal of Food and Drug Analysis, 

26(1), 221-231. https://doi.org/10.1016/j.jfda.2017.03.009 

Yang, Y., Song, S., Li, S., Kang, J., Li, Y., Zhao, N., Ye, D., Qin, F., Du, Y., Sun, J., Yu, T., & 

Wu, H. (2024). GATA4 regulates the transcription of MMP9 to suppress the invasion and 

migration of breast cancer cells via HDAC1-mediated p65 deacetylation. Cell Death & 

Disease, 15, Article 289. https://doi.org/10.1038/s41419-024-06656-z 

Zhao, W., Shi, F., Guo, Z., Zhao, J., Song, X., & Yang, H. (2018). Metabolite of ellagitannins, 

urolithin A induces autophagy and inhibits metastasis in human SW620 colorectal cancer 

cells. Molecular Carcinogenesis, 57(2), 193-200. https://doi.org/10.1002/mc.22746 

https://doi.org/10.1038/s41467-025-57992-3
https://doi.org/10.1371/journal.pone.0097053
https://doi.org/10.3390/pharmaceutics17111425
https://doi.org/10.1016/j.jfda.2017.03.009
https://doi.org/10.1038/s41419-024-06656-z
https://doi.org/10.1002/mc.22746


 

های های بدخیم سلولهای درخت چنار بر فعالیتشده گلهای متراکم خالصتأثیر تانن

 سرطان پستان

 

  ویاعلی البده محمد عبدالمالک

 bedhanimah@uobaghdad.edu.iq: ایمیل. ، عراق10011فناوری، دانشگاه بغداد، بغداد  مؤسسه مهندسی ژنتیک و زیست

  سارا مهدی اللامی 

مسئول*   زیست  .نویسنده  و  ژنتیک  مهندسی  بغداد  مؤسسه  بغداد،  دانشگاه  عراق10011فناوری،  : ایمیل.  ، 

sara.m@ige.uobaghdad.edu.iq 

  رامی التمیمی

 rami.a@uobaghdad.edu.iq: ایمیل. ، عراق10011فناوری، دانشگاه بغداد، بغداد مؤسسه مهندسی ژنتیک و زیست

 یل خنس دؤمحمد م

 m.m.dakheel@covm.uobaghdad.edu.iq: ایمیل. ، عراق10011دانشکده دامپزشکی، دانشگاه بغداد، بغداد 

 صفاء احسان عطا

 safaaehssan@uomustansiriyah.edu.iq: ایمیل. ، عراق14022های مداوم، دانشگاه المستنصریه، بغداد مرکز آموزش

 22/03/1405تاریخ پذیرش:       21/03/1405شده نهایی:  تاریخ دریافت فایل اصلاح       15/01/1405تاریخ دریافت: 

 

  چکیده

چنار گل  هدف: درخت  تانن (Platanus) های  از  متراکمسرشار  دارای  (Condensed Tannins; CTs) های  که  هستند 

زیستویژگی پستان اند. با این حال، اثرات ضدسرطانی اختصاصی این ترکیبات بر سلولفعال متعددی گزارش شدههای  های سرطان 

بهسه اثرات وابسته به دوز این ترکیبات بر تکثیر سلولی، مهاجرت گانه منفی هنوز  خوبی شناخته نشده است. هدف پژوهش، ارزیابی 

 .بود MDA-MB-231 های سرطان پستاندر سلول (MMP9و  PCNA) های کلیدی مرتبط با بدخیمیسلولی و بیان ژن

خالص های متوالی تاننبا غلظت MDA-MB-231 هایسلول: هامواد و روش متراکم  )های  چنار  گل   5و    5/2،  25/1شده 

بر میلیمیلی زمان دوبرابر شدن سلولگرم  با استفاده از میکروسکوپی تایملیتر( تیمار شدند. تکثیر سلولی از طریق محاسبه   لپسها 

(Time-lapse) تک نرمو رهگیری  توسط  زخم ImageJ افزار سلولی  ترمیم  با استفاده از آزمون  سلولی  شد. مهاجرت   ارزیابی 

(Wound-healing assay) های در حال تکثیرای سلولژن هستههای آنتیمورد بررسی قرار گرفت. میزان بیان ژن (PCNA) 

زخم اندازه RT-qPCR به روش (MMP9) 9و متریکس متالوپپتیداز   ناشی از ترمیم  نرخ تقسیم سلولی و مهاجرت  گیری شد. 
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زمانبه  GraphPad افزار های آماری با نرمپایش گردید. تحلیل Axio Imager گریزطور مداوم با استفاده از سامانه تصویربرداری 

Prism  انجام شد. 

 هایافته

نشان دادند. غلظتهای تایمتحلیل لیتر(  گرم بر میلیمیلی 5و  5/2های متراکم )های بالاتر تاننلپس پاسخ وابسته به دوز آشکاری را 

کامل سلول با غلظتموجب مرگ  در ساعت نخست تیمار شدند. تیمار  بر میلیمیلی  25/1 ها  سمیت حاد، اثر گرم  لیتر بدون ایجاد 

بهسیتواستاتیک )مهارکننده رشد سلولی( قوی ایجاد کرد و زمان دوبرابر شدن سلول را  ساعت در گروه   18داری از حدود  طور معنیها 

به حدود  داد 22شاهد  ساعت   24شدن زخم را پس از دار بستهنتایج آزمون ترمیم زخم نیز کاهش معنی (.P<0.05) ساعت افزایش 

به زخم در گروهنشان داد؛  بین    75تا   65های تیمارشده  طوری که میزان ترمیم  حالی که این مقدار در گروه شاهد    80درصد بود، در 

با  بررسی(.  P<0.05) درصد مشاهده شد  95تا  نشان داد که تیمار   لیتر تانن متراکم، بیان ژنگرم بر میلیمیلی  25/1های مولکولی 

PCNA   بیان ژن  65را و  کاهش می  40را   MMP9 درصد  بیان ژنی مشاهدهدرصد  تغییرات  نتایج دهد. الگوی  کاملاً با  شده 

تکثیر و مهاجرت سلولی همخوانی داشتآزمون  .های 

پستان توجهی علیه سلولهای چنار، فعالیت ضدبدخیمی قابلشده جداشده از گلهای متراکم خالص تانن:  گیرینتیجه های سرطان 

شود: مهار تکثیر سلولی از طریق کاهش نشان دادند. این اثر از طریق دو سازوکار اصلی اعمال می   MDA-MB-231 گانه منفیسه

بیان ژن PCNA بیان ژن از طریق کاهش  نشان مییافته.  MMP9  و مهار مهاجرت سلولی  های دهد که تاننهای این پژوهش 

 .ای برای توسعه داروهای ضدسرطان مورد توجه قرار گیرندهای امیدوارکنندهعنوان گزینهتوانند بهمتراکم گل چنار می

 MDA ،PCNAدرخت چنار، ، (Time-lapse)  گریزتصویربرداری زمان ،(CTs) های متراکمتانن: کلیدی کلمات

 : پژوهشی.نوع مقاله

تأثیر  .(1405) احسان عطا  صفاء  ،لیمؤنس دخ محمد  ،یمیالتم یرام ،یاللام یمهد  سارا  ،یواالبده یمحمد عبدالمالک عل  استناد:

خالص تانن متراکم  بر فعالیتشده گلهای  چنار  درخت  بدخیم سلولهای  پستانهای  سرطان  کشاورزی.  های  بیوتکنولوژی  ،  مجله 

18(4 ،)296-277. 
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