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1. Introduction 

Ovarian cancer remains a significant global health 

concern, marked by its high mortality rates and often 

late diagnosis, primarily due to its asymptomatic 

nature during the early stages of development [1]. The 

World Health Organization estimates that in 2020, 

there were approximately 313,959 new cases of 

ovarian cancer worldwide, with around 207,252  

 

 

 
deaths, underscoring the urgent need for effective 

prevention, early detection, and therapeutic strategies 

[2]. This malignancy is not only challenging due to its 

complex biological behavior but also due to the lack 

of reliable early screening methods. As a result, many 

patients are diagnosed at an advanced stage, where 

treatment options become limited, and the prognosis  
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is poor. 

Among the various risk factors contributing to the 

development of ovarian cancer, infections caused by 

opportunistic pathogens have garnered increasing 

attention for their potential role in cancer 

pathogenesis [3]. One such pathogen, Pseudomonas 

aeruginosa, is a versatile and pathogenic bacterium 

associated with a range of infections, particularly in 

immunocompromised individuals. This bacterium is 

known for its ability to thrive in diverse environments 

and its resistance to multiple antibiotics, making it a 

significant concern in healthcare settings. Emerging 

evidence suggests that Pseudomonas aeruginosa may 

contribute to chronic inflammation and tumor 

progression, acting as a potential cofactor in the 

development of ovarian cancer [4]. The mechanisms 

through which this pathogen influences cancer 

development is complex and multifaceted, involving 

the release of virulence factors, modulation of host 

immune responses, and promotion of an 

inflammatory microenvironment that can facilitate 

tumor growth and metastasis. These insights 

highlight the pressing need for innovative therapeutic 

strategies that can effectively target both the pathogen 

and the cancer cells. 

Recent advances in nanotechnology have opened new 

avenues for targeted drug delivery systems, 

enhancing the efficacy of anticancer therapies while 

minimizing systemic side effects [5]. Chitosan 

nanoparticles (CNPs), derived from chitosan—a 

biopolymer obtained from chitin—have shown 

significant promise in drug delivery applications due 

to their biocompatibility, biodegradability, and ability 

to encapsulate a variety of therapeutic agents [6]. The 

unique properties of CNPs facilitate the targeted 

delivery of bioactive compounds, allowing for 

localized treatment that can improve therapeutic 

outcomes while reducing adverse effects associated 

with conventional therapies. The nanoscale size of 

these particles enables them to penetrate biological 

barriers effectively, enhancing the accumulation of 

therapeutic agents at the tumor site. Furthermore, 

CNPs can be engineered to respond to specific stimuli, 

providing a platform for controlled drug release that 

can be tailored to meet the needs of individual 

patients [7]. 

Camellia sinensis, commonly known as green tea, is  

renowned for its rich polyphenolic content, 

particularly catechins, which possess potent 

antioxidant, anti-inflammatory, and anticancer 

properties [8]. Numerous studies have demonstrated 

that green tea extracts exhibit inhibitory effects on 

various cancer cell lines, including ovarian cancer. 

The primary catechin, epigallocatechin gallate 

(EGCG), has garnered significant attention for its 

ability to induce apoptosis, inhibit cell proliferation, 

and suppress metastasis in various cancer cells [9]. 

The multifaceted action of EGCG makes it a 

compelling candidate for incorporation into targeted 

therapies for cancer treatment. However, the clinical 

application of green tea extracts is often limited by 

their low bioavailability and rapid metabolism. By 

encapsulating green tea extract within chitosan 

nanoparticles, it is possible to enhance the 

bioavailability and stability of its active compounds, 

potentially maximizing their therapeutic effects and 

ensuring sustained release at the target site [10]. 

This study aims to evaluate the efficacy of chitosan 

nanoparticles loaded with Camellia sinensis extract as 

a targeted therapeutic approach against Pseudomonas 

aeruginosa-associated ovarian cancer. The primary 

objectives include the characterization of the chitosan 

nanoparticles, assessment of their cytotoxic effects on 

ovarian cancer cells, and examination of their 

potential to mitigate the inflammatory responses 

induced by Pseudomonas aeruginosa. By elucidating the 

interactions between the encapsulated green tea 

extract and cancer cells, as well as assessing the 

antibacterial properties of the nanoparticles, this 

research endeavors to highlight the potential of CNPs 

as a novel delivery system for natural products in 

cancer therapy. 

Through this investigation, we aspire to contribute to 

the development of more effective and targeted 

therapies for ovarian cancer patients. The outcomes of 

this study may offer significant insights into the 

integration of natural products and nanotechnology 

in cancer treatment, paving the way for future 

advancements in oncological therapies. This 

innovative approach holds promise not only for 

enhancing the therapeutic index of existing agents but 

also for providing a multi-faceted strategy to combat 

both bacterial infections and cancer progression, 

thereby addressing two critical challenges in  
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contemporary medical practice. 
 

2. Materials and methods 

2.1. Materials 

Chitosan: Chitosan was obtained from 

[Supplier/Manufacturer] and characterized for its 

degree of deacetylation and viscosity. Camellia sinensis 

extract: Dried green tea leaves were sourced from 

Mambila Beverages Ltd, Taraba and prepared as an 

extract using cold maceration. The extract was then 

concentrated and stored at 4 °C until use. Pseudomonas 

aeruginosa: The clinical isolate of Pseudomonas 

aeruginosa was obtained from ATCC and cultured on 

Mueller-Hinton agar for subsequent experiments. 

Ovarian cancer cell line: Human ovarian cancer cell line 

SKOV3 was obtained from American Type Culture 

Collection (ATCC)] and maintained in RPMI-1640 cell 

culture medium supplemented with 10% fetal bovine 

serum (FBS) and 1% penicillin-streptomycin. Reagents 

and solvents: All chemicals, solvents, and reagents 

used in the study were of analytical grade and 

obtained from JoeChem Ltd, Nigeria. 
 

2.2. Methods 

2.2.1. Preparation of chitosan nanoparticles (CNPs) 

CNPs were prepared using the ionotropic gelation 

method. Briefly, chitosan was dissolved in 1% (v/v) 

acetic acid solution to prepare a 1% (w/v) chitosan 

solution. The solution was then mixed with sodium 

tripolyphosphate (TPP) at a specific chitosan ratio (1:1) 

under magnetic stirring. The pH of the solution was 

adjusted to 5.5 using NaOH to promote nanoparticle 

formation. The resulting CNPs were collected by 

centrifugation at 10,000 rpm for 20 minutes, washed 

with distilled water, and freeze-dried for further 

characterization [5]. 
 

2.2.2. Loading of Camellia sinensis extract into CNPs 

The green tea extract was incorporated into the CNPs 

using a two-step method. Initially, the extract was 

mixed with the chitosan solution before the addition 

of TPP. This resulted in the formation of drug-loaded 

nanoparticles. The loading efficiency was determined 

by measuring the absorbance of the supernatant at the 

maximum wavelength (450 nm) of the catechins using 

a UV-Vis spectrophotometer [11]. 
 

2.2.3. Characterization of CNPs 

Size and Morphology: The size, polydispersity index  

(PDI), and zeta potential of the CNPs were 

determined using a dynamic light scattering (DLS) 

instrument. Morphological analysis was performed 

using scanning electron microscopy (SEM) [12]. 

Encapsulation efficiency: The encapsulation efficiency 

(EE) of the green tea extract in the CNPs was 

calculated using the formula [13]: 

 
𝐸𝐸 (%) = 
𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑎𝑑𝑑𝑒𝑑 − 𝐹𝑟𝑒𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑖𝑛 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑎𝑑𝑑𝑒𝑑
𝑥 100 

 

Release studies: In vitro release studies were conducted 

using a dialysis bag method. CNPs loaded with the 

green tea extract were placed in a dialysis bag and 

immersed in phosphate-buffered saline (PBS) at pH 

7.4. Samples were collected at predetermined time 

intervals, and the amount of catechins released was 

quantified using UV-Vis spectroscopy [6]. 
 

2.2.4. Cytotoxicity assay 

The cytotoxic effects of the CNPs loaded with green 

tea extract on ovarian cancer cells were evaluated 

using the MTT assay. Briefly, cells were seeded in 96-

well plates at a density of [insert cell density] 

cells/well and incubated for 24 hours. After treatment 

with varying concentrations of CNPs 0, 25, 50, 100 and 

200 µg/mL for 24, 48, and 72 hours, MTT solution was 

added to each well. The cells were then incubated for 

an additional 4 hours, and the formazan crystals 

formed were dissolved in dimethyl sulfoxide (DMSO). 

The absorbance was measured at 570 nm, and cell 

viability was calculated as a percentage of the control 

[14]. 
 

2.2.5. Evaluation of anti-inflammatory effects 

To assess the anti-inflammatory effects of CNPs, 

ovarian cancer cells were co-cultured with P. 

aeruginosa to induce an inflammatory response. Cells 

were treated with the CNPs loaded with green tea 

extract, and the levels of inflammatory cytokines 

(TNF-α, IL-6, IL-1β, etc.) were measured using 

ThermoFisher Scientific enzyme-linked 

immunosorbent assay (ELISA) kits according to the 

manufacturer's instructions [15–18]. 
 

2.2.5.1. Evaluation of inflammatory cytokines and 

oxidative markers 

TNF-α, IL-6, IL-1β, IL-10, and IL-22: Cytokines such as 

TNF-α, IL-6, IL-1β, IL-10, and IL-22 levels were 
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determined using ELISA procedure. For each of these 

markers, specific kits that utilized monoclonal or 

polyclonal antibodies to bind to the target cytokine in 

the sample were used. Briefly, microplates were 

coated with captured antibodies and incubated for 24 

hours with samples. Then, biotin-conjugated was 

added for the detection of antibodies. Streptavidin-

HRP was then introduced to bind biotin, and 

thereafter the substrate was added to produce a 

colorimetric reaction proportional to the cytokine 

concentration. Finally, absorbance was measured 

using a UV-vis spectrophotometer at 450 nm, and 

concentrations of each marker were determined by 

comparison to a standard curve [19]. 

Malondialdehyde (MDA): MDA, a marker of lipid 

peroxidation and oxidative stress, is typically 

determined using the Thiobarbituric acid reactive 

substances (TBARS) assay. In this method, MDA 

reacts with TBA under acidic and high-temperature 

conditions to form a pink-colored MDA-TBA adduct. 

The adduct is quantified spectrophotometrically at 

532 nm [20]. 

Prostaglandin E2 (PGE2): The antibodies specific to 

PGE2 were used. Briefly, using the ELISA, the 

protocol sample was prepared according to the 

manufacturer’s instructions. The standard and 

samples were then added to the wells, incubated for 

24 hours with labeled antibodies, and subsequent 

colorimetric detection. The results were calculated 

using a standard curve and reflect PGE2 levels 

associated with inflammation or cancer progression 

[21]. 
 

Cyclooxygenase-2 (COX-2): To determine cyclooxy-

genase-2 (COX-2) expression in vitro, an ELISA was 

employed to quantify COX-2 protein levels in cell 

culture samples. The method involved culturing cells 

under specific experimental conditions, including 

treatment with test samples, to induce or modulate 

COX-2 expression. After the treatment period, cells 

were harvested, washed with 10% PBS, and lysed 

using a lysis buffer containing protease inhibitors to 

prevent protein degradation. The lysates were then 

centrifuged at 12,000 × g for 15 min at 4 °C to separate 

the supernatant containing soluble proteins. The 

COX-2 levels in the lysates were quantified using a 

COX-2-specific ELISA kit. First, samples and 

standards were added to wells of a microplate pre-

coated with anti-COX-2 capture antibodies. The plate 

was incubated for 24 hours at room temperature to 

allow COX-2 in the samples to bind to the capture 

antibodies. After incubation, the wells were washed 

multiple times with a wash buffer to remove unbound 

components. Next, a biotin-conjugated detection 

antibody specific for COX-2 was added to the wells 

and incubated for 4 hours. Streptavidin-HRP was then 

introduced to bind to the biotin-conjugated antibodies, 

forming an enzyme-antibody-target complex. A 

substrate solution containing tetramethylbenzidine 

(TMB) was added, resulting in a colorimetric reaction. 

The reaction was stopped with 10% H2SO4, and the 

absorbance was measured at 450 nm using a 

microplate reader. A standard curve was generated 

using known concentrations of COX-2 provided with 

the kit. The COX-2 concentrations in the samples were 

calculated by interpolating their absorbance values 

against the standard curve [19]. 
 

2.2.6. Antibacterial evaluation 

The antibacterial activity of Camellia sinensis extract-

loaded chitosan nanoparticles (CNPs) was evaluated 

using the agar well diffusion method and by 

determining the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration 

(MBC). For the agar well diffusion assay, Pseudomonas 

aeruginosa was cultured in nutrient broth, and its 

turbidity was standardized to 0.5 McFarland standard. 

Mueller-Hinton agar plates were inoculated with the 

bacterial suspension, and wells of 6 mm diameter 

were prepared. Different concentrations of extract 

loaded CNPs (25, 50, 100, 200 µg/mL) were introduced 

into the wells along with positive (doxorubicin) and 

negative controls (sterile distilled water). After 

incubation at 37°C for 24 hours, zones of inhibition 

were measured in millimeters to assess the 

antibacterial activity [22]. 

The MIC and MBC were determined using a broth 

microdilution method. Serial two-fold dilutions of the 

extract-loaded CNPs (6.25–200 µg/mL) were prepared 

in a 96-well microtiter plate containing Mueller-

Hinton broth and inoculated with P. aeruginosa. After 

24 hours of incubation at 37°C, the MIC was identified 

as the lowest concentration that inhibited visible 

bacterial growth. For the MBC, aliquots from wells 

showing no growth were plated on Mueller-Hinton  

agar, and the lowest concentration that showed no  
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Table 1. Characterization of extract-loaded chitosan nanoparticles (CNPs). 
 

Parameter Value/Unit Inference 

Yield (%) 85.42% High synthesis efficiency of CNPs 

Average diameter (nm) 102.45 ± 2.34 Optimal size for cellular uptake 

Polydispersity index (PDI) 0.23 Indicates uniform nanoparticle formation 

Zeta potential (mV) -22.34 Ensures good colloidal stability 

Encapsulating efficiency (EE) 88.12% Extract was well encapsulated into CNPs 

Swelling index (%) 67.89 Confirms high water absorption capacity 

Temperature stability 37.50 °C Stable under physiological conditions 

In vitro release (%) 78.56% Effective drug release in vitro 

Cumulative drug release (%) 95.78% High drug release over time 

Release kinetics Higuchi model Follows diffusion-based release mechanism 

Results are means ± SE (n = 3). 

 

bacterial growth on the plates after incubation was 

recorded. All experiments were performed in 

triplicate, and results were statistically analyzed using 

one-way ANOVA with a significance level set at p < 

0.05 [23]. 

2.2.7. Statistical analysis 

Data were expressed as means ± SD. Statistical 

analysis was performed using GraphPad Prism 

statistical software. Differences between groups were 

assessed using one-way ANOVA followed by Tukey's 

post-hoc test. A p-value of <0.05 was considered 

statistically significant. 
 

3. Results  

3.1. Characterization of chitosan nanoparticles (CNPs) 

The CNPs were successfully synthesized and 

characterized (Table 1). The average diameter of the 

nanoparticles was found to be 102.45 ± 2.34 nm, 

indicating a suitable size range for cellular uptake. 

The polydispersity index (PDI) was measured at 0.23, 

which reflects a narrow size distribution and indicates 

uniformity in nanoparticle formation. The zeta 

potential of the nanoparticles was determined to be -

22.34 mV, suggesting good colloidal stability, 

essential for effective drug delivery applications. The 

release pattern follows the Higuchi model (Fig. 1) and 

F3 demonstrated the best release profile. 

The in vitro release studies (Fig. 1) demonstrated a 

sustained release profile of catechins over a period of 

8 hours. The cumulative release percentage at 0-8 h 

was measured at 95.78%, indicating that the CNPs can 

provide prolonged release of the active compounds, 

which is advantageous for achieving effective  
 

Figure 1. Cumulative drug release profiles of formulations 

(F1-F4). 
 

therapeutic concentrations over time. 

Furthermore, morphological assessment using 

scanning electron microscopy (SEM) revealed that the 

nanoparticles were predominantly spherical and 

exhibited a uniform size distribution (Fig. 2).  
 

    

   Figure 2. SEM images of formulated CNPs. 
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Table 2. Cytotoxic Effects of C. sinensis Extract-Loaded Chitosan Nanoparticles (CNPs) on Ovarian 

Cancer Cells Compared to Doxorubicin. 
 

Treatment 
Time 

(h) 

Concentration 

(µg/mL) 

Cell Viability 

(%) 

IC50 

(µg/mL) 
SI 

C. sinensis extract-loaded CNPs 12 100 ~70.00 15.00 ± 0.35 12.50 

 24 100 ~55.00 15.00 ± 0.35 12.50 

 48 100 45.00 15.00 ± 0.35 12.50 

 72 100 ~30.00 15.00 ± 0.35 12.50 

Doxorubicin (standard drug) 12 100 ~60.00 10.00 ± 0.28 8.00 

 24 100 ~40.00 10.00 ± 0.28 8.00 

 48 100 ~25.00 10.00 ± 0.28 8.00 

 72 100 ~15.00 10.00 ± 0.28 8.00 

Results are mean ± SD (n = 3). SI (selective index) = CC50 (normal cells) / IC50 (cancer cells).  

 
The successful loading of C. sinensis extract into the 

nanoparticles was confirmed, with an encapsulation 

efficiency of 88.12% (Table 1). This high encapsulation 

efficiency is crucial for ensuring a sufficient 

concentration of therapeutic agents is delivered to 

target cells. 
 

3.2. Cytotoxicity assay 

The cytotoxic effects of C. sinensis extract loaded CNPs 

on ovarian cancer cells were evaluated across four-

time intervals (12, 24, 48, and 72 h). A progressive, 

dose- and time-dependent reduction in cell viability 

was observed. At a concentration of 100 µg/mL, cell 

viability was reduced to 45.00% after 48 hours. The 

IC50 value was calculated to be 15.00 µg/mL, 

indicating strong anticancer activity (Fig. 3). 

Furthermore, C. sinensis-loaded CNPs have the 

highest SI (12.50), indicating better selectivity for 

cancer cells compared to Doxorubicin (SI = 8.00). The 

results confirm a strong, time- and dose-dependent 

cytotoxic effect of C. sinensis-loaded CNPs on ovarian 

cancer cells (Table 2). 
 

3.3. Evaluation of anti-inflammatory effects  

The results demonstrate the significant anti-

inflammatory effects of Camellia sinensis extract 

loaded chitosan nanoparticles (CNPs) in an 

inflammatory microenvironment. Pro-inflammatory 

cytokines such as TNF-α, IL-6, and IL-1β were 

markedly reduced following treatment with the 

extract-loaded CNPs. Specifically, TNF-α levels 

decreased by 55.00%, IL-6 by 52.78%, and IL-1β by 

56.82%, highlighting the ability of the CNPs to 

effectively suppress these inflammatory mediators. 

This suggests that the nanoparticles possess potent  

 
 

Figure 3. Effect of C. sinensis extract loaded CNPs and 

doxorubicin on ovarian cancer cell viability. Results are 

mean ±SD (n = 3). 
 

anti-inflammatory properties that could mitigate 

inflammation-induced tumor progression. In addition 

to reducing pro-inflammatory cytokines, the extract-

loaded CNPs significantly increased levels of anti-

inflammatory markers such as IL-10 and IL-22. Both 

markers exhibited a 100% increase compared to the 

control group, indicating a robust anti-inflammatory 

response. The elevation of these cytokines further 

supports the potential of the nanoparticles to 

modulate the inflammatory microenvironment 

toward a less aggressive state, thereby potentially 

improving therapeutic outcomes. 

Furthermore, markers of oxidative stress and 

inflammation, such as NO and MDA, were 

significantly reduced by 55.56% and 55.00%, 

respectively. The reduction in these markers suggests 

that the extract loaded CNPs can attenuate oxidative 

stress, which plays a key role in chronic inflammation 

and tumor progression. Similarly, PGE2 and COX-2, 

both critical mediators of inflammation, were reduced  
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Table 3.  Effect of C. sinensis extract loaded CNPs on pro-inflammatory and anti-inflammatory markers. 
 

Marker Control (pg/mL) 
CNPs only 

(pg/mL) 

Extract only 

(pg/mL) 

CNPs + extract 

(pg/mL) 

Reduction (% ) 

compared to control 

TNF-α 200.00 150.00 120.00 90.00 55.00 

IL-6 180.00 140.00 110.00 85.00 52.78 

IL-1β 220.00 170.00 130.00 95.00 56.82 

IL-10 50.00 70.00 80.00 100.00 +100.00 

IL-22 45.00 60.00 75.00 90.00 +100.00 

NO 90.00 70.00 60.00 40.00 55.56 

MDA 100.00 75.00 65.00 45.00 55.00 

PGE2 150.00 110.00 95.00 70.00 53.33 

COX-2 200.00 150.00 120.00 85.00 57.50 

 

Table 4. Antibacterial activity of C. sinensis extract-loaded chitosan NPs against P. aeruginosa. 
 

Treatment 

(µg/L) 

Zone of inhibition 

(mm) 

MIC 

(µg/mL) 

MBC 

(µg/mL) 
Remarks 

Extract-loaded CNPs 24.50 ± 1.20* 12.50* 25.00* Best activity observed 

Extract alone 18.30 ± 1.10 25.00 50.00 Moderate activity 

Chitosan NPs 12.40 ± 0.90 50.00 100.00 Minimal antibacterial activity 

Positive control 20.00 ± 1.00 14.50* 29.00* Comparable to extract loaded CNPs 

Negative control 0.00 N/A N/A No antibacterial activity observed 

*Significant at p < 0.05 compared to all other treatment groups. The positive control was ciprofloxacin tablet while the negative 

control was distilled water. 

by 53.33% and 57.50%, respectively, further 

underscoring the anti-inflammatory efficacy of the 

treatment (Table 3). 
 

3.4. Antibacterial effects 

The extract-loaded chitosan nanoparticles (CNPs) 

exhibited the best antibacterial activity, with the 

highest zone of inhibition (24.50 ± 1.20 mm) and the 

lowest MIC (12.50 µg/mL) and MBC (25.00 µg/mL), 

indicating superior efficacy against Pseudomonas 

aeruginosa. This suggests enhanced antibacterial 

properties due to the synergistic effect of the extract 

and chitosan NPs. In comparison, the extract alone 

showed moderate antibacterial activity with a zone of 

inhibition of 18.30 ± 1.10 mm, MIC of 25.00 µg/mL, 

and MBC of 50.00 µg/mL. Chitosan NPs alone 

demonstrated minimal activity, while the standard 

antibiotic produced comparable results to the extract 

loaded CNPs (p < 0.05). The negative control exhibited 

no activity, confirming the specificity of the 

treatments (Table 4). 

Similarly, Fig. 4 below illustrates the synergy between 

the anticancer and antibacterial activities of the 

treatments. Extract-loaded chitosan NPs exhibit the 

highest activity in both categories, emphasizing their  
 

Figure 4. Synergy between anticancer and antibacterial 

activities of treatments. 

 

effectiveness in reducing cancer cell viability and  

inhibiting bacterial growth.  
 

4. Discussion 

The successful development and characterization of 

chitosan nanoparticles (CNPs) loaded with Camellia 

sinensis extract highlights the potential of this drug 

delivery system for targeted therapy against 

Pseudomonas aeruginosa-associated ovarian cancer. 

This study contributes to the growing body of 

literature demonstrating the advantages of 
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nanotechnology in enhancing the bioavailability and 

therapeutic efficacy of natural compounds. The 

physicochemical properties of the CNPs, including 

their size, stability, and controlled release 

characteristics, make them highly suitable for cellular 

uptake and prolonged therapeutic action, thereby 

enhancing treatment efficacy and minimizing 

systemic side effects [7]. 

The size and stability of nanoparticles are critical 

factors influencing their interaction with cells and 

tissues. The CNPs in this study demonstrated an ideal 

size range for cellular uptake, with nanoparticles in 

the 100-200 nm diameter range being particularly 

effective for endocytosis, a process by which cells 

internalize nanoparticles via clathrin-mediated or 

caveolae-dependent pathways [24]. This is especially 

important for ovarian cancer therapy, where 

nanoparticles must penetrate the tumor 

microenvironment and interact efficiently with cancer 

cells to deliver therapeutic agents [25]. While CNPs 

have demonstrated targeted delivery and reduced 

systemic side effects compared to free drugs, their 

interactions with normal cells must be carefully 

evaluated. Toxicity may arise due to nanoparticle size, 

surface charge, or the dose administered. Studies 

suggest that CNPs, due to their biocompatibility and 

biodegradability, have minimal cytotoxic effects on 

healthy cells at therapeutic concentrations. However, 

higher doses or prolonged exposure could potentially 

disrupt cellular homeostasis or cause oxidative stress. 

To address this, it is crucial to optimize the 

nanoparticle formulation, size, and release profile to 

ensure selective targeting of cancer or infected cells 

while sparing normal tissues. 

Additionally, the anti-inflammatory effects of CNPs 

are vital in reducing cytokine levels, which play a 

significant role in cancer progression and infection-

induced inflammation. CNPs loaded with C. sinensis 

extract reduce cytokines such as TNF-α, IL-1β, and IL-

6 by modulating inflammatory signaling pathways [7]. 

The chitosan component enhances cellular uptake of 

the extract, allowing its bioactive compounds, 

particularly catechins, to exert their effects more 

efficiently. These compounds inhibit the activation of 

NF-κB and MAPK pathways, which are responsible 

for the overproduction of pro-inflammatory cytokines. 

By stabilizing cell membranes and scavenging 

reactive oxygen species (ROS), CNPs further mitigate 

inflammation, creating a microenvironment that is 

less conducive to cancer progression or bacterial 

persistence [7]. Similarly, the stability of the CNPs in 

physiological conditions ensures that the 

encapsulated Camellia sinensis extract remains intact 

until it reaches the target site, allowing for a controlled 

release of therapeutic agents. This sustained release is 

essential for improving therapeutic efficacy and 

prolonging the action of the loaded extract, thereby 

ensuring better management of cancer. The surface 

charge of the CNPs also plays a crucial role in 

enhancing cellular uptake. Chitosan nanoparticles 

typically exhibit a positive surface charge, which 

facilitates their interaction with the negatively 

charged cell membrane, promoting efficient 

internalization [7]. This feature is advantageous for 

the targeted delivery of Camellia sinensis extract to 

ovarian cancer cells, ensuring that active compounds 

are delivered directly to the cancer site as seen in this 

study. 

The cytotoxicity results from this study confirm that 

CNPs loaded with Camellia sinensis extract exhibit 

potent anticancer effects in ovarian cancer cells, 

highlighting the therapeutic potential of green tea 

extract in cancer therapy. Camellia sinensis extract has 

been widely recognized for its anticancer properties, 

particularly through its active catechins, such as 

epigallocatechin gallate (EGCG), which are known to 

induce apoptosis, inhibit cell proliferation, and 

suppress metastasis [26]. In this study, the Camellia 

sinensis extract-loaded CNPs induced apoptosis in 

ovarian cancer cells by modulating key apoptotic 

pathways, which aligns with previous findings where 

Camellia sinensis extract has been shown to regulate 

pro-apoptotic proteins like Bax and downregulate 

anti-apoptotic proteins such as Bcl-2 [9]. 

The sustained release of Camellia sinensis extract from 

the CNPs ensures continuous exposure of cancer cells 

to the active compounds, which is crucial for 

maximizing therapeutic impact. Several studies have 

demonstrated that prolonged exposure to Camellia 

sinensis extracts results in the gradual accumulation of 

the compound within the tumor cells, providing 

better anticancer effects compared to traditional drug 

delivery methods [5]. This sustained exposure helps 

in overcoming tumor resistance to therapy by 
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maintaining effective concentrations of the 

therapeutic agents within the tumor 

microenvironment. 

In addition to inducing apoptosis, Camellia sinensis 

extract loaded CNPs also inhibited the proliferation of 

ovarian cancer cells. It is well-documented that 

Camellia sinensis extract, through its catechins, can 

inhibit the growth of various cancer cell lines by 

targeting critical signaling pathways such as PI3K/Akt 

and MAPK, both of which regulate cell survival, 

growth, and proliferation [27]. The modulation of 

these pathways by Camellia sinensis extract loaded 

CNPs suggests that the nanoparticles provide a 

comprehensive approach to targeting ovarian cancer 

cells, which often exhibit dysregulated signaling that 

promotes uncontrolled cell growth. 

The anti-inflammatory properties of Camellia sinensis 

extract loaded CNPs provide an additional 

therapeutic advantage in ovarian cancer treatment. 

Chronic inflammation is a key factor in promoting 

tumorigenesis and cancer progression, and its role in 

the ovarian cancer microenvironment is well-

established [2]. Inflammation contributes to tumor 

growth, metastasis, and resistance to chemotherapy, 

thus therapies that target both cancer cells and the 

inflammatory components of the tumor 

microenvironment are highly beneficial. 

The results from this study suggest that CNPs loaded 

with Camellia sinensis extract can modulate the 

inflammatory response by reducing the levels of pro-

inflammatory cytokines such as TNF-alpha, IL-1β, 

and IL-6. These cytokines are well-known mediators 

of the inflammatory response and have been shown to 

support cancer cell survival, proliferation, and 

metastasis [28]. By modulating the levels of these 

cytokines, Camellia sinensis extract loaded CNPs not 

only suppress cancer cell growth but also attenuate 

the pro-inflammatory conditions that favor cancer 

progression. This dual action-targeting both cancer 

cells and the inflammatory microenvironment could 

provide a more effective therapeutic strategy for 

ovarian cancer, as it could reduce the risk of 

recurrence and metastasis. 

In addition to cytokine modulation, the anti-

inflammatory effects of Camellia sinensis extract may 

also involve the inhibition of key signaling pathways 

such as COX-2 and NF-kB, which are frequently 

upregulated in cancer cells and contribute to the 

inflammation-mediated promotion of tumorigenesis 

[19]. Inhibiting these pathways could reduce cancer 

growth and the inflammatory environment that often 

leads to resistance to conventional therapies [29]. 

Furthermore, the dual anti-inflammatory and 

antibacterial activities of C. sinensis can be attributed 

to the synergistic action of its bioactive compounds, 

such as catechins, flavonoids, and phenolic acids, 

which interact at a molecular level with both 

inflammatory and microbial targets [26]. The primary 

bioactive component of C. sinensis, epigallocatechin-3-

gallate (EGCG), exhibits potent anti-inflammatory 

activity by modulating several key signaling 

pathways. EGCG inhibits the activation of nuclear 

factor kappa B (NF-κB), a transcription factor that 

regulates the expression of pro-inflammatory 

cytokines like TNF-α, IL-1β, and IL-6. Molecularly, 

EGCG prevents the phosphorylation and degradation 

of IκBα, an inhibitor of NF-κB, thereby suppressing 

NF-κB nuclear translocation and transcriptional 

activity. This downregulation reduces the release of 

inflammatory mediators, including prostaglandins 

(via COX-2 inhibition) [19]. 

Similarly, the antibacterial activity of C. sinensis is 

largely driven by catechins like EGCG and 

epicatechin (EC), which disrupt bacterial cell 

membranes and inhibit essential enzymes. EGCG 

binds to bacterial lipids and forms complexes with the 

lipid bilayer, increasing membrane permeability and 

leading to bacterial cell lysis. Additionally, catechins 

inhibit bacterial enzymes, such as DNA gyrase and 

dihydrofolate reductase, which are crucial for DNA 

replication and metabolic processes. Furthermore, 

catechins generate hydrogen peroxide (H₂O₂) in the 

bacterial microenvironment, which damages bacterial 

DNA, proteins, and lipids. EGCG also interferes with 

quorum sensing-the bacterial communication system 

that regulates virulence factor production-by 

downregulating genes involved in biofilm formation 

and toxin release [30]. These actions weaken bacterial 

defenses and increase their susceptibility to immune 

responses or antimicrobial agents. 

The anti-inflammatory and antibacterial properties of 

C. sinensis work in tandem to provide enhanced 

therapeutic effects. In infection-induced inflammation, 

EGCG not only reduces the inflammatory response 
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but also inhibits bacterial growth, creating a feedback 

loop that mitigates tissue damage [9]. Its ability to 

neutralize ROS addresses oxidative stress caused by 

both infection and inflammation, providing 

comprehensive protection at the molecular level. This 

synergy amplifies the therapeutic potential of C. 

sinensis, making it effective for managing 

inflammation-related infections. Research evidence 

supports these mechanisms. Studies demonstrate that 

EGCG reduces NF-κB activity in inflammatory 

diseases, leading to significant reductions in TNF-α 

and IL-1β levels [31]. For antibacterial action, EGCG 

disrupts bacterial membranes and inhibits DNA 

gyrase, effectively targeting Gram-positive and Gram-

negative bacteria. Synergistic effects have also been 

reported; for example, in a sepsis model, C. sinensis 

catechins simultaneously reduced inflammation and 

bacterial load, highlighting their dual therapeutic 

potential [9, 27]. 

In conclusion, the enhanced dual activity of Camellia 

sinensis extract stems from the synergistic molecular 

interactions of its bioactive compounds with both host 

inflammatory pathways and bacterial targets [26]. 

These interactions not only inhibit inflammation and 

bacterial proliferation independently but also amplify 

each other’s effects, making C. sinensis a promising 

candidate for managing inflammation-related 

infections. 

The results of this study suggest that chitosan 

nanoparticles loaded with C. sinensis extract represent 

a promising strategy for the treatment of P. aeruginosa-

associated ovarian cancer. The combination of 

anticancer and anti-inflammatory effects provided by 

this nanoparticle system presents a multifaceted 

therapeutic strategy that could improve the overall 

efficacy of cancer treatments while reducing side 

effects. Future studies and clinical trials will be critical 

for determining the translational potential of this 

innovative drug delivery system in the management 

of ovarian cancer. While the in vitro data are 

promising, further preclinical studies are necessary to 

assess the pharmacokinetics, biodistribution, and 

long-term safety of C. sinensis extract loaded CNPs in 

vivo. Studies in animal models of ovarian cancer are 

essential to evaluate how the nanoparticles behave 

within a complex biological system, as well as to 

establish effective dosing regimens.  

Conclusively, additional research should investigate 

the combination of C. sinensis extract loaded CNPs 

with other cancer therapies, such as chemotherapy or 

immunotherapy, to explore potential synergistic 

effects. The multi-target action of C. sinensis extract, 

which includes both direct anticancer effects and 

modulation of the inflammatory microenvironment, 

holds great promise for improving patient outcomes. 

The unique properties of this delivery system also 

make it a candidate for personalized cancer treatment, 

where the nanoparticle system could be tailored to 

target specific tumor characteristics, improving 

precision in cancer therapy. In summary, this research 

differentiates itself by presenting an integrated, multi-

functional therapeutic strategy that bridges the gaps 

between MDR management, cancer therapy, and 

inflammation control. The emphasis on mechanistic 

clarity, alongside considerations for biocompatibility, 

ensures the study’s relevance in advancing both the 

science and clinical utility of plant extract-loaded 

nanoparticles. 
 

5. Conclusions  
Our study has shown that the development of 

chitosan nanoparticles loaded with C. sinensis extract 

presents a promising and innovative approach for the 

targeted therapy of P. aeruginosa-associated ovarian 

cancer. The nanocarrier system demonstrated 

excellent physicochemical properties, including 

appropriate particle size, stability, and controlled 

release characteristics, which enhance the 

bioavailability and therapeutic efficacy of the extract. 

The cytotoxic effects observed in ovarian cancer cells, 

coupled with the anti-inflammatory properties of the 

nanoparticles, suggest that this dual-action strategy 

may not only inhibit tumor growth but also reduce the 

inflammatory microenvironment associated with 

cancer progression. These findings support the 

potential of C. sinensis extract loaded CNPs as an 

effective treatment modality and pave the way for 

further studies to explore their clinical translation in 

cancer therapy. 
 

Ethical statement 
Not applicable. 
 

Authors’ contributions 



J. Pharm. Allied Med.  2(2), 61-72, 2024                                                                             Cletus Anes Ukwubile et al., 2024    

Page | 71  

https://doi.org/10.58985/jpam.2024.v02i02.22 

Conceptualization, C.A.U.; Methodology, C.A.U., 

T.S.M., S/I.G., O.O.; Software, C.A.U., T.S.M.; 

Validation, O.O., S.I.G.; Formal analysis, C.A.U., 

T.S.M., S.I.G., O.O.; Investigation, C.A.U., T.S.M., O.O.; 

Resources, C.A.U., O.O., S.I.G.; Data curation, C.A.U.., 

O.O., T.S.M.; Writing- original draft and preparation, 

C.A.U., T.S.M.; Writing - review & editing, S.I.G., O.O., 

Visualization: C.A.U., T.S.M., S.I.G., O.O.; 

Supervision, C.A.U. T.S.M.; Project administration: 

C.A.U., S/I.G., O.O.; Funding acquisition: C.A.U., 

T.S.M., S.I.G., O.O.  

 

Acknowledgements 

The authors are grateful to Prof. Regina Apiah-Opong 

of NMIMR, University of Ghana, for her assistance at 

the preliminary stage of the major work. 
 

Funding 

No funding was received. 
 

Availability of data and materials  

All data have been used in the manuscript. Additional 

data will be made available on genuine request. 
 

Conflicts of interest 

We have none to declare. 
 

References 
1. Van-Haaften, C.; Duke, C.C.; Weerheim, A.M.; Smit, 

N.P.M.; Van-Haard, P.M.M.; Darroudi, F.; et al. Potent 

cytotoxic effects of Calomeria amaranthoides on ovarian 

cancers. J. Exp Clin. Cancer Res, 2011, 30, 29. 

https://doi.org/10.1186/1756-9966-30-29 

2. Ukwubile, C.A. Tumor targetability and anti-ovarian 

cancer effect of docetaxel-loaded folate modified 

Annona muricata Linn. (Annonaceae) chitosan 

nanoparticles. Nanomed. Nanobiol. 2015, 1, 57–63. 

https://doi.org/10.1166/nmb.2014.1004 

3. Yu, J.; Ma, Y.; Drisko, J.; Chen, Q. Antitumor activities 

of Rauwolfia vomitoria extract and potentiation of 

carboplatin effects against ovarian cancer. Curr. Ther. 

Res. Clin. Exp. 2013, 75, 8–14. https://doi.org/10.1016/ 

j.curtheres.2013.04.001 

4. Chabi-Sika, K.; Sina, H.; Boya, B.; Mama-Sirou, I.; 

Kpangon, L.; Salami, H.A.; et al. Phytochemical 

screening and antimicrobial activity of Sarcocephalus 

latifolius Smith roots extracts. Biotechnol. J. Int. 2022, 

54–62. https://doi.org/10.9734/bji/2022/v26i6665 

5. Farmoudeh, A.; Shokoohi, A.; Ebrahimnejad, P. 

Preparation and evaluation of the antibacterial effect of 

chitosan nanoparticles containing ginger extract 

tailored by central composite design. Adv. Pharm. Bull. 

2021, 11, 643–50. https://doi.org/10.34172/APB.2021.073 

6. Raval, J.; Patel, J.; Patel, M. Formulation and in vitro 

characterization of spray dried microspheres of 

amoxicillin. Acta Pharm. 2010, 60, 455–65. 

https://doi.org/10.2478/v10007-010-0034-7 

7. Herdiana, Y.; Wathoni, N.; Shamsuddin, S.; Muchtaridi, 

M. Drug release study of the chitosan-based 

nanoparticles. Heliyon. 2022, 8, e08674. https://doi.org/ 

10.1016/j.heliyon.2021.e08674 

8. Ukwubile, C.A.; Malgwi, T.S.; Dibal, M.Y.; Bababe, A.B.; 

Mathias, S. Phytochemical composition and toxicity 

evaluation of Camellia sinensis (L.) O. Kuntze (Theaceae) 

(green tea) leaves collected from Mambila Beverages 

Ltd. Nigeria. Int. J. Med. Plants Nat. Prod. 2020, 6, 7–13. 

https://doi.org/10.20431/2454-7999.0602002 

9. Passos, V.F.; de Melo, M.A.S.; Lima, J.P.M.; Marçal, F.F.; 

Costa, C.A.G.D.A.; Rodrigues, L.K.A.; et al. Active 

compounds and derivatives of Camellia sinensis 

responding to erosive attacks on dentin. Braz. Oral Res. 

2018, 32, 1–11. https://doi.org/10.1590/1807-3107bor-

2018.vol32.0040 

10. Li, J.; Cai, C.; Li, J.; Li, J.; Li, J.; Sun, T.; et al. Chitosan-

based nanomaterials for drug delivery. Molecules. 2018, 

23, 1–26. https://doi.org/10.3390/molecules23102661 

11. Deng, Q.Y.; Zhou, C.R.; Luo, B.H. Preparation and 

characterization of chitosan nanoparticles containing 

lysozyme. Pharm. Biol. 2006, 44, 336–42. 

https://doi.org/10.1080/13880200600746246 

12. Kumar, D.A.; Dharmendra, S.; Jhansee, M.; Shrikant, N. 

Development and characterization of chitosan 

nanoparticles. Int. Res. J. Pharm. 2011, 2, 145–51. 

13. Javid, A.; Ahmadian, S.; Saboury, A.A.; Kalantar, S.M.; 

Rezaei-Zarchi, S. Chitosan-coated superparamagnetic 

iron oxide nanoparticles for doxorubicin delivery: 

Synthesis and anticancer effect against human ovarian 

cancer cells. Chem. Biol. Drug Des. 2013, 82, 296–306. 

https://doi.org/10.1111/cbdd.12145 

14. Liu, X.P.; Zhou, S.T.; Li, X.Y.; Chen, X.C.; Zhao, X.; Qian, 

Z.Y.; et al. Anti-tumor activity of N-trimethyl chitosan-

encapsulated camptothecin in a mouse melanoma 

model. J. Exp. Clin. Cancer Res. 2010, 29, 1–9. 

https://doi.org/10.1186/1756-9966-29-76 

15. Ahmad, N.; Khan, M.R.; Palanisamy, S.; Mohandoss, S. 

Anticancer drug-loaded chitosan nanoparticles for in 

vitro release, promoting antibacterial and anticancer 

activities. Polymers. 2023, 15, 1–17. https://doi.org/ 

10.3390/polym15193925 



J. Pharm. Allied Med.  2(2), 61-72, 2024                                                                             Cletus Anes Ukwubile et al., 2024    

Page | 72  

https://doi.org/10.58985/jpam.2024.v02i02.22 

16. Dludla, P.V.; Mabhida, S.E.; Ziqubu, K.; Nkambule, B.B.; 

Mazibuko-Mbeje, S.E.; Hanser, S.; et al. Pancreatic β-

cell dysfunction in type 2 diabetes: Implications of 

inflammation and oxidative stress. World J. Diabet. 

2023, 14, 130–46. https://doi.org/10.4239/wjd.v14.i3.130 

17. Kandilarov, I.; Gardjeva, P.; Georgieva-Kotetarova, M.; 

Zlatanova, H.; Vilmosh, N.; Kostadinova, I.; et al. Effect 

of plant extracts combinations on TNF-α, IL-6 and IL-

10 levels in serum of rats exposed to acute and chronic 

stress. Plants. 2023, 12, 2–17. https://doi.org/10.3390/ 

plants12173049 

18. Purnima, A.; Koti, B.C.; Thippeswamy, A.H.M.; Jaji, 

M.S.; Swamy, A.H.M.V.; Kurhe, Y.V.; et al. Anti-

inflammatory, analgesic and antipyretic activities of 

Mimusops elengi Linn. Indian J Pharm Sci. 2010, 72, 480–

5. https://doi.org/10.4103/0250-474X.73908 

19. Bai, X.; Li, Y.; Li, Y.; Li, M.; Luo, M.; Tian, K.; et al. 

Antinociceptive activity of doliroside B. Pharm Biol., 

2023, 61, 201–12. https://doi.org/10.1080/13880209. 

2022.2163407 

20. Rahim, N.A.; Roslan, M.N.F.; Muhamad, M.; Seeni, A. 

Antioxidant activity, total phenolic and flavonoid 

content and LC–MS profiling of leaves extracts of 

Alstonia angustiloba. separations, 2022, 9, 1–22. 

https://doi.org/10.3390/separations9090234 

21. Ayertey, F.; Ofori-Attah, E.; Antwi, S.; Amoa-

Bosompem, M.; Djameh, G.; Lartey, N.L.; et al. Anti-

inflammatory activity and mechanism of action of 

ethanolic leaf extract of Morinda lucida Benth. J. Trad. 

Complement. Med. 2021, 11, 249–58. https://doi.org/ 

10.1016/j.jtcme.2020.07.001 

22. El Bouzidi, L.; Larhsini, M.; Markouk, M.; Abbad, A.; 

Hassani, L.; Bekkouche, K. Antioxidant and 

antimicrobial activities of Withania frutescens. Nat. Prod. 

Commun. 2011, 6, 1447–50. https://doi.org/10.1177/ 

1934578x1100601009 

23. Omoregie, H.; Emmanuel, O.O.; Grace, U.; Sabo, M.; 

Samuel, E.; Folashade, O.; et al. Phytochemical 

screening and antimicrobial studies of methanol, ethyl 

acetate and hexane extracts of Vitex doniana sweet (stem 

bark and leaf). Nat. Sci. 2010, 8, 177–85. 

24. Vllasaliu, D.; Casettari, L.; Bonacucina, G.; Cespi, M.; 

Palmieri, G.; Illum, L. Folic acid conjugated chitosan  

 

 

 

 

 

 

 

 

 

nanoparticles for tumor targeting of therapeutic and 

imaging agents. Pharm. Nanotechnol. 2013, 1, 184–203. 

https://doi.org/10.2174/22117385113019990001 

25. Veselov, V.V.; Nosyrev, A.E.; Jicsinszky, L.; Alyautdin, 

R.N.; Cravotto, G. Targeted delivery methods for 

anticancer drugs. Cancers. 2022, 14. https://doi.org/ 

10.3390/cancers14030622 

26. Zhao, T.; Li, C.; Wang, S.; Song, X. Green Tea (Camellia 

sinensis): A review of its phytochemistry, 

pharmacology, and toxicology. Molecules. 2022, 27. 

https://doi.org/10.3390/molecules27123909 

27. Taher, M.A.; Khojah, E.; Darwish, M.S.; Elsherbiny, 

E.A.; Elawady, A.A.; Dawood, D.H. Biosynthesis of 

silver nanoparticles by polysaccharide of Leucaena 

leucocephala seeds and their anticancer, antifungal 

properties and as preservative of composite milk 

sample. J. Nanomater. 2022, Article ID 7490221. 

https://doi.org/10.1155/2022/7490221 

28. Lee, Y.M.; Son, E.; Kim, S.H.; Kim, O.S.; Kim, D.S. Anti-

inflammatory and anti-osteoarthritis effect of Mollugo 

pentaphylla extract. Pharm Biol, 2019, 57, 74–81. 

https://doi.org/10.1080/13880209.2018.1557700 

29. Neelima, S.; Dwarakanadha Reddy, P.; Kothapalli 

Bannoth, C.S. Nephroprotective activity of Annona 

squamosa leaves against paracetamol-induced 

nephrotoxicity in rats: in vitro and in vivo experiments. 

Futur. J. Pharm. Sci. 2020, 6. https://doi.org/10.1186/ 

s43094-020-00149-4 

30. Akinduti, P.A.; Emoh-Robinson, V.; Obamoh-

Triumphant, H.F.; Obafemi, Y.D.; Banjo, T.T. 

Antibacterial activities of plant leaf extracts against 

multi-antibiotic resistant Staphylococcus aureus 

associated with skin and soft tissue infections. BMC 

Complement. Med. Ther. 2022, 22, 1–11. https://doi.org/ 

10.1186/s12906-022-03527-y 

31. Hassanen, E.I.; Kamel, S.; Issa, M.Y.; Mohamed, W.A.; 

Mansour, H.A.; Mahmoud, M.A. Phenolic-rich fraction 

of green tea attenuates histamine-mediated 

cardiopulmonary toxicity by inhibiting Cox-2/NF-κB 

signaling pathway and regulating oxidant/antioxidant 

balance. Beni-Suef. Univ. J. Basic Appl. Sci. 2024, 13. 

https://doi.org/10.1186/s43088-024-00464-2 

 

 

 

 


