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Abstract  

Background: The high cytotoxicity of camptothecin is considered one of the greatest problems, aside from resistance within 

the course of cancer therapy. Conversely, silver nanoparticles (SNPs) provide great potential for increasing drug efficacy and 

reducing adverse effects. The purpose of the research was to explore the cytotoxic impact of camptothecin with SNPs on 

Various cancer cell lines and also to determine the level of several inflammatory, oxidative stress and angiogenesis 

biomarkers as possible targets influenced by these treatments. 

Methods: The SNPs were produced by Aspergillus flavus and characterization was performed by scanning electron 

microscopy (SEM) and zetasizer. SNPs were tested separately and in combination with camptothecin against normal 

fibroblast cells and different cancer cell lines including A549, HT-29 MCF7 and PANC-1. In addition, several inflammatory, 

oxidative stress and angiogenesis biochemical markers were evaluated using Enzyme Linked Immuno Assay (ELISA). 

Results: SNPs significantly increased the toxicity of camptothecin against A549, MCF7, and PANC-1 cells at 0.75 µg/ml, 

while having insignificant toxicity on normal fibroblast cells. In addition, SNPs caused a decrease in vascular endothelial 

growth factor (VEGF) production and changed the inflammatory marker and antioxidant enzyme profile; thus, it was evident 

that co-incubation of SNPs and camptothecin effectively interrupted the pathways important for cancer cell survivability. 

Conclusion: Combined SNPs and camptothecin increase the potentiating effect of camptothecin cytotoxicity and affect 

several cancer-related processes such as oxidative stress, inflammation, and tumor vascularization. This approach offered a 

unique strategy against cancer treatment, particularly for cancers that do not respond to chemotherapeutic agents like 

pancreatic cancer. More research is required to establish this combination for its therapeutic application. 

Keywords: inflammatory cytokines, antioxidant enzyme, angiogenesis,  pancreatic cancer,  Silver Nanoparticles (SNPs), Camptothecin. 

                                                 
* Corresponding author. e-mail: muath.garalleh@bau.edu.jo. 

1. Introduction  

Cancer is now recognized as one of the most malign 

diseases of the twentieth century (Al-Rawashde et al., 

2021, Hamlat et al., 2023). The number of cases of cancer 

in Jordan has increased, rising from 12.6 per 100,000 

persons in 2005 to 17.2 per 100,000 in 2010, according to 

recent cancer statistics. With 11.3% of all new cases, 

cancer ranked as the second most frequent malignancy in 

both genders by 2012. In Jordan in 2013, malignancies of 

the colon, rectum, anus, and small intestine made up about 

2% of all fatalities. The 5-year survival rate for individuals 

with cancer decreases dramatically with age, falling from 

60.4% for those under 50 to 49.3% for those 70 years of 

age or over. As the illness worsens, survival rates similarly 

drop as follows: 72.1% for locally located cancer, 53.8% at 

regional stage, and 22.6% for distant metastases (Sharkas 

et al., 2017). 

Natural phytochemicals provide effective alternatives 

in the treatment of cancers (Al-Rawashde et al., 2023, Al-

Rawashde et al., 2022). Camptothecin, an alkaloid found 

in the bark of the Camptotheca acuminata plant, is a 

strong anticancer drug that causes apoptosis and DNA 

damage by blocking DNA topoisomerase I, which can 

increase DNA damage in the S-phase stage during the 

proliferation cycle, resulting in cell damage (Yakkala et 

al., 2023, Kohorst and Kaufmann, 2023). However, 

clinical trials have not employed it because of its high 

toxicity, poor targeting, and solubility issues (Sun et al., 

2021). Moreover, it has nonselective toxic effects that 

could affect all types of cells (healthy as well the 

malignant) and lead to undesired side effects. Furthermore, 

it could also influence the bone marrow cells, allowing 

them to become more susceptible to different diseases 

(Ghanbari-Movahed et al., 2021). 

Therefore, combination therapy, which provides an 

alternative approach to treating cancer, has been given 

tremendous attention lately owing to its potential to 

decrease drug resistance in cancer cells by 

chemosensitizing tumor cells to chemotherapy drugs, as 

well as decreasing the doses of drugs and enhancing the 

selectivity (Abd El Latif et al., 2024, Wang et al., 2023),  

Moreover, a combination of biocompatible nanoparticles 
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and anticancer drugs can overcome drug resistance 

development or impair it or, at least, lower the side effects 

to zero levels, reduce healthy cell damage and induce 

selective cytotoxicity only within cancer cells 

(Blagosklonny, 2023). 

Furthermore, combinations of chemotherapeutic agents 

with silver nanoparticles (SNPs) have gained significant 

attention, since SNPs have emerged among several types 

of nanoparticles that possess antibacterial and anticancer 

capabilities. For example, when SNPs are taken by 

bacteria or living cells, they release and produce silver ions 

or reactive radical species, which causes essential cellular 

processes to be disrupted and ultimately leads to severe 

cellular damage and death. As a result, SNPs are now 

frequently found in food containers and antiseptic medical 

dressings (Talapko et al., 2020). 

For that reason, this investigation aims to assess the 

cytotoxic effects of SNPs combined with camptothecin on 

healthy fibroblast cells and different cancer cell lines 

(A549, HT-29, MCF7, and PANC-1) and to evaluate the 

antiangiogenic, anti-inflammatory, and antioxidant 

effectiveness of these combinations. 

2. Material and methods 

2.1. Material 

Ten percent of fetal bovine serum, one percent of 

penicillin/streptomycin solution, and Dulbecco Modified 

Eagle Medium containing L-glutamine were acquired from 

EuroClone (UK). Additionally, we acquired trypsin and 

Phosphate Buffer Saline (PBS) from EuroClone (UK). 

Promega (USA) supplied MTT reagents, Trypan blue 

stain, stop solution, and Dimethyl Sulfoxide (DMSO), 

while TPP (Zollstraße, Switzerland) supplied cell culture 

plates. 

2.2. Biosynthesis of SNPs 

Aspergillus flavus was selected to generate SNPs since 

it has been documented as a reliable source that creates 

silver particles with a small size (Gopa and Pullapukuri, 

2023). In our previous work, the fungus was collected 

from the store buildings in Mutah University, Jordan. This 

was followed by identification analysis using a sequence 

similarity test and the accession number of MG973280.1 

was acquired. Then,  the Aspergillus flavus was used for 

the biogenesis of SNPs using XRD, ATR-FTIR, and UV-

vis spectrum of absorption for characterization  (Al-Soub 

et al., 2022). 

2.3. Morphology and Particle Size Analysis 

 JEM-2010 microscope (JEOL, Tokyo, Japan) were 

used for scanning electron microscope (SEM) images. 

SEM images were obtained at pressures of 0.07 and 0.05 

mbar and an acceleration voltage of 0.16 kV. Dynamic 

light scattering by Malvern Analytical in Malvern, United 

Kingdom,  was used to determine the size distribution of 

the silver particles in liquid solutions with the Zetasizer 

Nano ZSP (Al-Limoun et al., 2020, Abu Hajleh et al., 

2023). 

2.4. Cancer cell lines culture 

Several human cancer cell lines were used including 

the lung cancer cell line (A549), the colorectal cancer cell 

line (HT-29), the breast cancer cell line (MCF7), and the 

pancreatic cancer cell line (PANC-1). A fibroblast cell line 

was also used for comparison purposes. The growing 

media for the cell lines have 15% fetal bovine serum, 100 

µg/mL penicillin-streptomycin (Alqaraleh et al., 2023, Al-

Rawashde et al., 2021, Alshaer et al., 2023). All the cell 

lines used in this study were identified and have no 

contamination according to the American Type Culture 

Collection (ATCC). 

2.5. Colorimetric MTT assay 

Microculture tetrazolium test using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

dye (MTT) to determine the cell viability. 5 * 10^3 of 

cultured A549, HT-29, MCF7, PANC-1, and A fibroblast 

cells were seeded in each well of the ninety-six well-plates 

(Al-Tawarah et al., 2020). After 24 h, the cultured cells 

were exposed to camptothecin with 0. 75 to 200 µM to the 

cells and SNPs of 0. 75 to 200 µg/ mL. Further, cells were 

treated with a medium containing 0. 75 µg/ ml of SNPs 

and with camptothecin at ( 0. 75 to 200 µM) for 72 hours. 

Afterwards, 15 μL of the dye was added to each well in the 

plate, followed by incubation for Four hours. 

Consequently, 100 μL of organic solvent was added to 

each well. The cell viability was determined using 

Microplate Reader BiotechTM ELx800TM (Bio-Tek 

Instrument, USA) with absorbance at 590 /630 nm. 

2.6. Angiogenesis, Inflammation and Antioxidant Assays 

The PANC-1 cell line was seeded at 500,000 cells to 

each well, and the following day the cells were cultured 

with 0.75 μg/ mL of SNPs, and a combination of 0.75 µM 

of camptothecin followed by incubation for 72 hours at 37 

°C. The markers' concentrations such as interleukin 1 beta  

(IL-1 beta), tumor necrosis factor-alpha (TNF alpha), 

Catalase (CAT), Glutathione peroxidase (GPX), matrix 

metalloprotease 9 (MMP9) and VEGF were determined by 

following the manufacturer’s ELISA instructions. 

2.7. Statistical analysis 

The results were revealed as the average ± SD based on 

three to four separate experiments. ANOVA was used to 

evaluate the statistical differences between the treatment 

and control groups. Dunnett's post hoc test was then used 

for additional analysis using GraphPad Prism version 10. 

P-value <0.0001 (****), P-value <0.001 (***) and P-value 

<0.01 (**); all of these P-value were viewed as highly 

significant statistical differences, while p-values < 0.05 (*) 

were regarded as statistically significant. 

3. Results 

3.1. Morphology and Particle Size results 

The charge, size, and polydispersity index (PDI) 

variations before and after lyophilization are depicted in 

Figure 1. The average size and average charge before 

lyophilization were 150.455 nm and -25 mV, respectively, 

with a standard variation of 10.415 nm and 2. The PDI was 

0.27. However, following lyophilization, the size became 

277.5 nm, the PDI was 0.29, and the average charge 

changed to -14 mV. The particles after lyophilization are 

made up of many smaller particles, all less than 0.3 μm, 

according to SEM images Figure 2. 
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Figure 1. SNPs size, Zeta potential distribution, and polydispersity index were measured before and following lyophilization. 

 
Figure 2. SEM image of SNPs produced by reacting 1.0 mM silver nitrate with Aspergillus flavus

3.2. Cytotoxicity results  

The harmful impact of SNPs on the fibroblast cell line 

is displayed in Figure 3A to evaluate selective 

cytotoxicity. At concentrations from 1.5 to 200 µg/ ml, 

significant cell death was seen. A concentration of 0.75 

µg/ ml of SNPs was chosen for additional cytotoxicity 

testing to reduce toxicity to the normal fibroblast cell line 

and increase cytotoxicity when combined with 

camptothecin against different cancer cell lines. The 

cytotoxicity of camptothecin both by itself and in 

conjunction with 0.75 µg/ml of SNPs is depicted in Figure 

3B. The results show that when camptothecin and SNPs 

are used together, the combined effect is significantly less 

cytotoxic than when they are used independently. 

The toxic influences of SNPs on the A549 cell line are 

illustrated in Figure 4A at concentrations from 0.75 to 200 

µg/  ml. Notably, cell death is significantly observed at 

concentrations between 1.5 and 200 µg/ ml. The effects of 

camptothecin both by itself and in conjunction with 0.75 

µg/ ml of SNPs are shown in Figure 4B. The findings 

show that when camptothecin and SNPs are combined, the 

cytotoxicity increases significantly in comparison to when 

camptothecin is used alone at 0.75 µm,  1.5 µm and 3 µm. 

The HT-29 cell line is used to demonstrate the 

cytotoxicity of SNPs in Figure 5A, where doses from 1.5 
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to 200 µg/ ml led to substantial cell death. The cytotoxic 

effects of camptothecin both by itself and in combination 

with 0.75 µg/ml of SNPs are displayed in Figure 5B. The 

results show that, when compared to camptothecin alone, 

the addition of SNPs to camptothecin does not 

significantly increase cytotoxicity. 

 Comparably, Figure 6A shows how SNPs cytotoxicity 

affects the MCF7 cell line, with doses between 1.5 and 200 

µg/ml causing notable cell loss. The cytotoxicity of 

camptothecin alone and in combination with 0.75 µg/ml of 

SNPs is displayed in Figure 6B. Compared to the 

cytotoxicity of camptothecin alone, Figure 6B shows a 

considerable increase in the cytotoxicity of camptothecin 

and SNPs combination, especially at doses between 1.5 

µm and 0.75 µm. 

Furthermore, Figure 7A demonstrates the toxic effects 

of SNPs on the PANC-1 cell line, with doses from 1.5 to 

200 µg/ ml showing significant cell loss. The cytotoxicity 

of camptothecin, both by itself and in combination with 

0.75 µg/ ml of SNPs on the PANC-1 cell line is illustrated 

in Figure 7B. When camptothecin is mixed with SNPs, the 

results show a significant increase in cytotoxicity 

compared to camptothecin alone, with effective cell death 

occurring at all concentrations that have been tested. 

In conclusion, results indicate that the combination of 

silver particles and camptothecin is considered a viable 

combination for improving cancer treatment, particularly 

for pancreatic cancer; therefore, the PANC-1 cell line was 

used for subsequent investigations in this study.
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Figure 3. cytotoxicity effect of A- SNPs, B- Camptothecin and Camptothecin with 0.75 µg/ml of SNPs on fibroblast cell line. The averages 

of the three measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions).  
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Figure 4. cytotoxicity effect of A- SNPs, B- Camptothecin and Camptothecin with 0.75 µg/ml of SNPs on A549 cell line. The averages of 

the three measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions. 

 



 © 2025  Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 2 269 

0.75 1.5 3 6 12 25 50 100 200

0

20

40

60

80

100

HT-29 cell line     A

μg/ml

Ce
ll 

Cy
to

to
xi

ci
ty

 %

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

SNPs
     

0.75 1.5 3 6 12 25 50 100

0

20

40

60

80

100

HT-29  cell line               B

μM

C
e
ll

 C
y

to
to

x
ic

it
y

 %

Camptothecin with 0.75 μg/ml of  SNPs

Camptothecin

 
Figure 5. cytotoxicity effect of A- SNPs, B- Camptothecin and Camptothecin with 0.75 µg/ml of SNPs on HT-29 cell line. The averages of 

the three measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions). 
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Figure 6. cytotoxicity effect of A- SNPs, B- Camptothecin and Camptothecin with 0.75 µg/ml of SNPs on MCF7 cell line. The averages of 

the three measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions).  
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Figure 7. cytotoxicity effect of A- SNPs, B- Camptothecin and Camptothecin with 0.75 µg/ml of SNPs on PANC-1 cell line. The averages 

of the three measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions). 

3.3. Angiogenesis, Inflammation and antioxidant results 

VEGF contributes significantly to controlling 

angiogenesis, which is the generation of blood vessels for 

tumor development and spreading, something crucial to 

the tumor’s survival and growth. MMP-9, on the other 

hand, is an enzyme that contributes to the breakdown of 

the extracellular matrix to assert tumor invasiveness and 

metastasis. Thus, MMP-9 facilitates the degradation of 
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structural barriers and invasion of cancer cells into tissues 

and surrounding stroma and their distal dissemination to 

distant organs. Both, VEGF and MMP-9, stimulate tumor 

growth, invasion, and metastasis(Alves et al., 2023, 

Uslukaya et al., 2023, Rashid and Bardaweel, 2023), and 

therefore both targets were investigated in this research. In 

the current study, the influence of the treatments on VEGF 

levels is seen in Figure 8A. The simultaneous 

administration of camptothecin along with SNPs, as well 

as camptothecin alone, significantly reduced VEGF levels 

in comparison to the control group. Notably, there was an 

even more significant reduction in VEGF levels when 

camptothecin and SNPs were combined. Moreover, the 

effect of the treatments on MMP9 levels is seen in Figure 

8 B. MMP9 levels were much greater in the control group 

than in the treatment groups. In contrast to the control, 

MMP9 levels were significantly decreased by both SNPs 

and camptothecin alone. However, no significant 

difference between camptothecin and SNPs alone or in 

combination was observed. This suggests that the 

combination did not lower MMP9 levels any further than 

the individual treatments did.  

Moreover, cytokines and antioxidants are involved in 

the progress of cancer, and both have antagonistic 

functions. TNF α and IL-1β  the main pro-inflammatory 

cytokines support tumor growth through chronic 

inflammation which enhances cell growth. Some of these 

cytokines are known to phosphorylate both the NF-κB and 

the STAT3 pathways that increase tumor cell invasion and 

metastasis besides inhibiting anti-tumor immunity. On the 

other hand, antioxidant enzymes such as CAT and GPX 

have the responsibility of eliminating what is known as 

reactive oxygen species (ROS) generated during 

inflammation. It recognizes that the regulation of stress 

and the reactivity of the tumor microenvironment in terms 

of cytokine oppression, as well as the antioxidant stability 

of the cancer cell, determine the chemo-sensitivity and 

progress of cancer (Acevedo-León et al., 2023, 

Bardelčíková et al., 2023). Thus, TNF α, IL-1β,  CAT and 

GPX were selected in this study.  

The effect of both camptothecin and SNPs together and 

separately on TNFα expression levels is shown in Figure 

8C. Comparing the silver particle-treated group to the 

control group, there was a significant rise in TNFα levels. 

Nevertheless, in comparison to the control, camptothecin 

individually did not significantly affect TNFα levels. 

Interestingly, when compared to the other treatment 

groups, the combination of camptothecin with SNPs led to 

a substantial decrease in TNFα levels. Furthermore, the 

effects of SNPs and camptothecin on IL-1β expression 

levels are shown in Figure 8D, both separately and in 

combination. IL-1β levels were notably greater in the 

silver particle-treated group relative to the control group. It 

is noteworthy that despite no significant difference 

between camptothecin alone compared to the control, the 

incorporation of silver particles into camptothecin 

considerably increased IL-1β levels relative to the control 

group and compared to camptothecin alone. The effect of 

different treatments on GPX levels is displayed in Figure 

8E. When evaluated against the control group, the group 

treated with SNPs showed a substantial decrease in GPX 

levels. In the same direction, GPX levels significantly 

decreased in comparison to the control when camptothecin 

was used alone. Furthermore, in comparison to the control, 

there was also a decrease in GPX levels when 

camptothecin and SNPs were combined. Figure 8F shows 

the impact of various treatments on CAT levels. The group 

treated with SNPs exhibited no significant increase in CAT 

levels in comparison to the control group. Moreover, CAT 

levels did not alter significantly from the control in the 

groups treated with camptothecin alone or combined with 

SNPs. Furthermore, there was no notable difference in 

CAT levels between the combination therapy group and 

the camptothecin group, suggesting that the addition of 

SNPs to camptothecin did not further change CAT levels.  
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Figure 8. The expression level of A- VEGF, B- MMP 9, C- TNFα, D- IL1β, E- GPX and F- CAT, under the effect of 0.75 µg/ml of SNPs, 

0.75 µM of Camptothecin and 0.75 µM of Camptothecin with 0.75 µg/ml of SNPs on PANC-1 cell line. The averages of the three 

measurements ± standard deviation are used to describe the results (n = 3–4 independent repetitions).

  

4. Discussion  

Nanomedicine has become an important area of 

research with the advancement of nanotechnology, 

especially in the design of nanoscale materials for imaging 

and drug administration (Mir et al., 2017). Nanoparticles 

are extensively utilized as a therapeutic approach against 

different types of cancer due to their targeted delivery and 

enhanced therapeutic index (Crucho and Barros, 2017, Al-

Qaraleh et al., 2024, Alahmad et al., 2022). Because of 

their remarkable impair in vital cellular functions as well 

as their role in severe cellular damage or death, in 

particular, silver particles hold great promise for future 

developments in nanotechnology (Kalantari et al., 2020). 

Aside from their exceptional thermal behavior and unusual 

visual qualities, they also display remarkable use in a wide 

range of healthcare, such as Antimicrobial dressings, 

wound treatment, and anticancer drugs (Dutt et al., 2023, 

Jdayea and Neamah, 2024). In addition, SNPs are used in 

other biological applications, including diabetes, antiviral, 

and anti-inflammatory medicines (Konduri et al., 2024). 

Nevertheless, During the chemical production of 

nanoparticles, hazardous byproducts that might damage 

the environment are frequently produced (Khan et al., 

2021). Therefore, Biological synthesis is the best option to 

allay these worries since it uses inexpensive, easily 

handled, non-toxic, plentiful, and ecologically friendly 

microbes and plant materials (Gunti et al., 2022, 

Lakshmeesha et al., 2019). 

In our previous study, we successfully characterized the 

biogenesis of SNPs using Aspergillus flavus through UV–

vis absorption spectroscopy, ATR-FTIR, and XRD 

analyses (Al-Soub et al., 2022, Alqaraleh et al., 2023). 

Furthermore, in the present study, the SNPs were 

characterised using Zetasizer and SEM; the findings show 

that lyophilization has a substantial effect on the size, 

charge, and PDI. The SNPs had a PDI of 0.27, a surface 

charge of -25 mV, and an average size of 150.455 nm 

before lyophilization, indicating a reasonably 

homogeneous and stable nanoparticle dispersion 

appropriate for biological applications. The cause of the 

increase in particle size that results from lyophilization is 

the formation of aggregates through the nanoparticles, and 

this is known to occur especially when nanoparticles go 

through solvent elimination processes such as freezing and 

drying (Trenkenschuh and Friess, 2021, Eliyahu et al., 

2020). Furthermore, the reduction of the surface charge 

from -25 mV to -14 mV also supports this because the 

lower surface charges are associated with reduced 

electrostatic repulsive forces acting between particles and 

thus encourage the formation of aggregates (Shrestha et 

al., 2020, Hedberg et al., 2012). Despite these changes in 

the size, charge and PDI, the SNPs remain within 

acceptable ranges for nanoparticulate formulations, 

indicating that none of their fundamental characteristics 

has been lost for possible therapeutic use (Abu Hajleh et 

al., 2023, Al-Soub et al., 2022, Alqaraleh et al., 2023). 
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We also observed the cytotoxic activity of SNPs with 

and without camptothecin on several types of cancer cell 

lines such as A549, HT-29, MCF7 and PANC-1. For 

selective cytotoxicity of SNPs, a range of doses, from 0.75 

to 200 µg/ml, were tested in this study. Fibroblast cells 

showed significant cell death at higher doses and 

insignificant toxicity at 0.75 µg/ml. To balance safety and 

efficacy, a concentration of 0.75 µg/ml of SNPs was 

chosen for further testing. This dose enhances the 

camptothecin cytotoxic effects from 0.75 to 200 µm, in 

PANC-1 cell lines, while achieving minimal toxicity to 

normal fibroblast cell lines. This indicates that the 

combination of silver particles and camptothecin is 

considered a viable combination for improving cancer 

treatment, particularly for pancreatic cancer, which is 

resistant to traditional chemotherapy (Mizrahi et al., 2020). 

The synergistic effect may be caused by the unique 

properties of SNPs, such as their capacity to boost 

camptothecin intracellular transport and effectiveness by 

raising its bioavailability or ease of absorption by cancer 

cells. Furthermore, it has been demonstrated that SNPs 

produce silver ions and ROS, which can impair essential 

biological processes including protein synthesis and DNA 

replication. Because of these modifications, cancer cells 

may become more cytotoxic, especially since 

camptothecin inhibits topoisomerase I and degrades DNA 

(Mikhailova, 2020, Alfei et al., 2024, Patel et al., 2024, 

Hamad et al., 2020, Flores‐López et al., 2019, Choudhary 

et al., 2022). 

Additionally, the results of this study indicate that the 

combination of SNPs has a significant effect on several 

indicators associated with oxidative stress, inflammation, 

and angiogenesis in cancer cells. In particular, the 

combined administration of SNPs and camptothecin 

demonstrated a significant reduction in VEGF levels, that 

outweighed the effects of either treatment alone. This 

observation implies a synergistic impact in suppressing 

angiogenesis, a crucial process for tumor development and 

metastasis. Nevertheless, while either camptothecin or 

SNPs alone decreased MMP9 levels, which is an indicator 

of cancer invasion and metastasis, their cooperation did 

not intensify this decrease. This aligns with findings from 

several studies where SNPs alone and in combination with 

chemotherapy were shown to downregulate angiogenic 

factors (Zhan et al., 2024, Abdelfattah et al., 2022, 

Gurunathan et al., 2018). Moreover, Different 

inflammatory indicators were affected by the treatments. 

TNFα and IL1β levels were significantly elevated by SNPs 

alone, but not by camptothecin alone (Yuan and 

Gurunathan, 2017). Nevertheless, their combined effect 

was a considerable reduction in TNFα and IL1β, 

suggesting the possibility of an anti-inflammatory effect 

that might lower inflammation in cancer cells (Yuan and 

Gurunathan, 2017). Furthermore, when both treatments 

were administered at the same time, there was no further 

decrease in GPX and CAT levels as there was when they 

were administered separately, which dramatically reduced 

the levels of the enzymes. These results highlight the 

intricate ways in which SNPs and camptothecin interact to 

address inflammation, angiogenesis, and oxidative stress, 

and they point to possible therapeutic advantages in the 

management of cancer (Zhan et al., 2024, Abdelfattah et 

al., 2022, Gurunathan et al., 2018, Yuan and Gurunathan, 

2017). 

These results indicate that augmentation of 

proinflammatory cytokines may promote the growth of 

tumor, and that proinflammatory cytokines and ROS could 

be up-regulated by SNPs. SNPs, however, can induce 

cellular injury and may be linked to increased production 

of ROS that may surpass the production of 

proinflammatory cytokines. The present study has also 

revealed that even though combination treatments decrease 

the synthesis of pro-inflammatory cytokines, they do not 

enhance the levels of antioxidant enzymes that protect 

against ROS, amplifying the cytotoxic effect on cancer 

cells and which could account for the synergistic effect of 

the combination treatments for pancreatic cancer. Hence, 

this combination is a potentially effective approach in 

offering more selective and powerful methods of cancer 

therapy given that standard chemotherapy treatment is not 

as effective as required. 

5. Conclusion 

This study showed how camptothecin may be 

administered with SNPs to increase the effectiveness of 

cancer therapy. It was found that 0.75 µg/ml was the ideal 

dose of SNPs to reduce toxicity to normal cells and greatly 

increase camptothecin's anticancer effects, particularly in 

cell lines associated with pancreatic, lung, and breast 

cancer. The results of the research on selective cytotoxicity 

served as the foundation for these conclusions. It is quite 

probable that the SNPs' capacity to impede cellular 

functions and trigger oxidative stress is what gives them 

their synergistic effect on cancer cells. These results 

demonstrate how SNPs may be used as an adjuvant 

method in cancer treatment, reducing adverse effects and 

enhancing the therapeutic benefits of traditional 

chemotherapy. Furthermore, this work has some 

limitations, including the following: the study used only a 

small number of cancer cell lines, which may be 

inadequate to give the best picture of the cell's behavior. 

Furthermore, the action mechanism of camptothecin and 

the silver particles on cancer cells needs to be fully 

explored, especially regarding the use of different ratios of 

camptothecin to silver particles as well as testing the 

expression levels of a different biomarker,  which involved 

invasion and metastasis process, under the influence of 

such a combination. Future research should focus on 

testing the combination across a larger variety of cancer 

cell lines and enhancing the selectivity and efficiency of 

the novel formulation in vivo since it may lead to 

significant improvements in clinical experiments. 

Acknowledgment 

We would like to acknowledge Al-Balqa Applied 

University for its support and collaboration. 

References 

  
Abd El Latif HM, El-Morsy AM, Ibrahim HM and Morsi DS. 

2024. Synergistic antineoplastic and immunomodulatory effects of 

hesperidin in ehrlich ascites carcinoma tumor model treated with 

cisplatin. Jordan J Biol Sci.,17(1). 

Abdelfattah A, Aboutaleb AE, Abdel‐Aal ABM, Abdellatif AA, 

Tawfeek HM and Abdel-Rahman SI. 2022. Design and 



 © 2025  Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 2 273 

optimization of pegylated silver nanoparticles for efficient 

delivery of doxorubicin to cancer cells. J Drug Deliv Sci 

Technol.,71: 103347. 

Abu Hajleh MN, Al-Limoun M, Al-Tarawneh A, Hijazin TJ, 

Alqaraleh M, Khleifat K, Al-Madanat OY, Qaisi YA, AlSarayreh 

A and Al-Samydai AJM. 2023. Synergistic effects of agnps and 

biochar: A potential combination for combating lung cancer and 

pathogenic bacteria. Molecules., 28(12): 4757. 

Acevedo-León D, Gómez-Abril SÁ, Sanz-García P, Estañ-Capell 

N, Bañuls C and Sáez G. 2023. The role of oxidative stress, tumor 

and inflammatory markers in colorectal cancer patients: A one-

year follow-up study. Redox Biol., 62: 102662. 

Al-Limoun M, Qaralleh HN, Khleifat KM, Al-Anber M, Al-

Tarawneh A, Al-sharafa K, Kailani MH, Zaitoun MA, Matar SA 

and Al-soub TJCN. 2020. Culture media composition and 

reduction potential optimization of mycelia-free filtrate for the 

biosynthesis of silver nanoparticles using the fungus tritirachium 

oryzae w5h. Curr. Nanosci., 16(5): 757-769. 

Al-Qaraleh SY, Al-Zereini WA, Oran SA, Al-Madanat OY, Al-

Qtaitat AI and Alahmad A. 2024. Enhanced anti-breast cancer 

activity of green synthesized selenium nanoparticles by 

pegylation: Induction of apoptosis and potential anticancer drug 

delivery system. ANSN., 15(2): 025006. 

Al-Rawashde FA, Al-Sanabra OM, Alqaraleh M, Jaradat AQ, Al-

Wajeeh AS, Johan MF, Wan Taib WR, Ismail I and Al-Jamal 

HAN. 2023. Thymoquinone enhances apoptosis of k562 chronic 

myeloid leukemia cells through hypomethylation of shp-1 and 

inhibition of jak/stat signaling pathway. APJCP., 16(6): 884. 

Al-Rawashde FA, Al-Wajeeh AS, Vishkaei MN, Saad HKM, 

Johan MF, Taib WRW, Ismail I and Al-Jamal HAN. 2022. 

Thymoquinone inhibits jak/stat and pi3k/akt/mtor signaling 

pathways in mv4-11 and k562 myeloid leukemia cells. 

Pharmaceuticals., 15(9): 1123. 

Al-Rawashde FA, Taib WRW, Ismail I, Johan MF, Al-Wajeeh AS 

and Al-Jamal HA. 2021. Thymoquinone induces downregulation 

of bcr-abl/jak/stat pathway and apoptosis in k562 leukemia cells. 
APJCP., 22(12): 3959. 

Al-Soub A, Khleifat K, Al-Tarawneh A, Al-Limoun M, 

Alfarrayeh I, Al Sarayreh A, Al Qaisi Y, Qaralleh H, Alqaraleh M 

and Albashaireh A. 2022. Silver nanoparticles biosynthesis using 

an airborne fungal isolate, aspergillus flavus: Optimization, 

characterization and antibacterial activity. Iran. J. Microbiol., 

14(4): 518. 

Alahmad A, Al-Zereini WA, Hijazin TJ, Al-Madanat OY, 

Alghoraibi I, Al-Qaralleh O, Al-Qaraleh S, Feldhoff A, Walter J-

G and Scheper T. 2022. Green synthesis of silver nanoparticles 

using hypericum perforatum l. Aqueous extract with the 

evaluation of its antibacterial activity against clinical and food 

pathogens. Pharmaceutics., 14(5): 1104. 

Alfei S, Schito GC, Schito AM and Zuccari G. 2024. Reactive 

oxygen species (ros)-mediated antibacterial oxidative therapies: 

Available methods to generate ros and a novel option proposal. 

Int. J. Mol. Sci.., 25(13): 7182. 

Alqaraleh M, Khleifat KM, Abu Hajleh MN, Farah HS and 

Ahmed KA-A. 2023. Fungal-mediated silver nanoparticle and 

biochar synergy against colorectal cancer cells and pathogenic 

bacteria. Antibiotics., 12(3): 597. 

Alshaer W, Alqudah D, Daoud F, Obeidat RM, Sibai OA and 

Zakaraya ZZ. 2023. Telmisartan enhances the accumulation of 

doxorubicin as a combination therapy for the management of 

triple negative breast cancer. Jordan J Biol Sci., 16(3). 

Alves B, Peixoto J, Macedo S, Pinheiro J, Carvalho B, Soares P, 

Lima J and Lima RT. 2023. High vegfa expression is associated 

with improved progression-free survival after bevacizumab 

treatment in recurrent glioblastoma. Cancers., 15(8): 2196. 

Bardelčíková A, Šoltys J and Mojžiš J. 2023. Oxidative stress, 

inflammation and colorectal cancer: An overview. Antioxidants., 

12(4): 901. 

Blagosklonny MV. 2023. Selective protection of normal cells 

from chemotherapy, while killing drug-resistant cancer cells. 

Oncotarget., 14: 193. 

Choudhary A, Singh S, Ravichandiran V and methods. 2022. 

Toxicity, preparation methods and applications of silver 

nanoparticles: An update. Toxicol. Mech. Methods., 32(9): 650-

661. 

Crucho CI and Barros MT. 2017. Polymeric nanoparticles: A 

study on the preparation variables and characterization methods. 

Mat Sci Eng C., 80: 771-784. 

Dutt Y, Pandey RP, Dutt M, Gupta A, Vibhuti A, Raj VS, Chang 

C-M and Priyadarshini A. 2023. Silver nanoparticles 

phytofabricated through azadirachta indica: Anticancer, apoptotic, 

and wound-healing properties. Antibiotics., 12(1): 121. 

Eliyahu S, Almeida A, Macedo MH, das Neves J, Sarmento B and 

Bianco-Peled H. 2020. The effect of freeze-drying on 

mucoadhesion and transport of acrylated chitosan nanoparticles. 

Int. J. Pharm., 573: 118739. 

Flores‐López LZ, Espinoza‐Gómez H and Somanathan R. 2019. 

Silver nanoparticles: Electron transfer, reactive oxygen species, 

oxidative stress, beneficial and toxicological effects. Mini review. 

J Appl Toxicol., 39(1): 16-26. 

Ghanbari-Movahed M, Kaceli T, Mondal A, Farzaei MH and 

Bishayee A. 2021. Recent advances in improved anticancer 

efficacies of camptothecin nano-formulations: A systematic 

review. Biomedicines., 9(5): 480. 

Gopa DR and Pullapukuri K. 2023. Green synthesis of silver 

nanoparticles from aspergillus flavus and their antibacterial 

performance. CPPM., 18(5): 761-768. 

Gunti L, Dass RS and Mahata PK, 2022. Multifaceted role of 

phyto-assisted selenium nanoparticles (senps) in biomedical 

and human therapeutics. In: Selenium and nano-selenium in 

environmental stress management and crop quality 

improvement. Springer., pp: 437-458. 

Gurunathan S, Kang M-H, Qasim M and Kim J-H. 2018. 

Nanoparticle-mediated combination therapy: Two-in-one 

approach for cancer. Int. J. Mol. Sci., 19(10): 3264. 

Hamad A, Khashan KS and Hadi A. 2020. Silver nanoparticles 

and silver ions as potential antibacterial agents. JIOP., 30(12): 

4811-4828. 

Hamlat N, Alqaraleh M, Kasabri V, Mizher H, Hassani A, Afifi F, 

Al Alawi S, Ouafi S and Khwaldeh A. 2023. Dual 

amylase/glucosidase inhibition, antilipolytic and antiproliferative 

potential of the aerial parts of and on a obesity related-colorectal 

cancer cell line panel. Curr. Issues Pharm., 37(3): 131-137. 

Hedberg J, Lundin M, Lowe T, Blomberg E, Wold S and 

Wallinder IO. 2012. Interactions between surfactants and silver 

nanoparticles of varying charge. J. Colloid. Interface Sci.., 369(1): 

193-201. 

Jdayea NA and Neamah SI. 2024. Copper nanoparticles and 

culture media elicit biomass, secondary metabolites, and 

antioxidant activity in the cell suspension culture of momordica 

charantia l. Jordan J Biol Sci., 17(2). 

Kalantari K, Mostafavi E, Afifi AM, Izadiyan Z, Jahangirian H, 

Rafiee-Moghaddam R and Webster TJ. 2020. Wound dressings 

functionalized with silver nanoparticles: Promises and pitfalls. 

Nanoscale., 12(4): 2268-2291. 

Khan M, Khan MSA, Borah KK, Goswami Y, Hakeem KR and 

Chakrabartty I. 2021. The potential exposure and hazards of 

metal-based nanoparticles on plants and environment, with special 



 © 2025  Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 2 274 

emphasis on zno nps, tio2 nps, and agnps: A review. Environ. 

Adv., 6: 100128. 

Kohorst MA and Kaufmann SH, 2023. Drugs targeting DNA 

repair, cell cycle, and apoptosis. In: Cancer pharmacology: An 

illustrated manual of anticancer drugs, second edition. Springer 

Publishing Company., pp: 193-216. 

Konduri VV, Kalagatur NK, Gunti L, Mangamuri UK, Kalagadda 

VR, Poda S and Krishna SBN. 2024. Green synthesis of silver 

nanoparticles from hibiscus tiliaceus l. Leaves and their 

applications in dye degradation, antioxidant, antimicrobial, and 

anticancer activities. S Afr J Bot ., 168: 476-487. 

Lakshmeesha TR, Kalagatur NK, Mudili V, Mohan CD, 

Rangappa S, Prasad BD, Ashwini BS, Hashem A, Alqarawi AA 

and Malik JA. 2019. Biofabrication of zinc oxide nanoparticles 

with syzygium aromaticum flower buds extract and finding its 

novel application in controlling the growth and mycotoxins of 

fusarium graminearum. Front. microbiol., 10: 1244. 

Mikhailova EO. 2020. Silver nanoparticles: Mechanism of action 

and probable bio-application. J. Funct. Biomater.., 11(4): 84. 

Mir M, Ishtiaq S, Rabia S, Khatoon M, Zeb A, Khan GM, ur 

Rehman A and ud Din F. 2017. Nanotechnology: From in vivo 

imaging system to controlled drug delivery. Nanoscale Res. Lett.., 

12: 1-16. 

Mizrahi JD, Surana R, Valle JW and Shroff RT. 2020. Pancreatic 

cancer. The Lancet., 395(10242): 2008-2020. 

Patel KD, Keskin-Erdogan Z, Sawadkar P, Sharifulden NSAN, 

Shannon MR, Patel M, Silva LB, Patel R, Chau DY and Knowles 

JC. 2024. Oxidative stress modulating nanomaterials and their 

biochemical roles in nanomedicine. Nanoscale Horiz., 9(10), 

1630-1682. 

Rashid ZA and Bardaweel SK. 2023. Novel matrix 

metalloproteinase-9 (mmp-9) inhibitors in cancer treatment. 

Int. J. Mol. Sci., 24(15): 12133. 

Sharkas GF, Arqoub KH, Khader YS, Tarawneh MR, Nimri OF, 

Al-Zaghal MJ and Subih HS. 2017. Colorectal cancer in jordan: 

Survival rate and its related factors. J. Oncol.., 2017(1): 3180762. 

Shrestha S, Wang B and Dutta P. 2020. Nanoparticle processing: 

Understanding and controlling aggregation. Adv. Colloid Interface 

Sci.., 279: 102162. 

Sun Y, Zhang N, Wang C, Bai X, Wei Y and Liu J. 2021. The 

biosynthesis of camptothecin derivatives by camptotheca 

acuminata seedlings. Natural Product Research., 35(14): 2403-

2407. 

Talapko J, Matijević T, Juzbašić M, Antolović-Požgain A and 

Škrlec I. 2020. Antibacterial activity of silver and its application 

in dentistry, cardiology and dermatology. Microorganisms., 8(9): 

1400. 

Trenkenschuh E and Friess W. 2021. Freeze-drying of 

nanoparticles: How to overcome colloidal instability by 

formulation and process optimization.  Eur J Pharm Biopharm, 

165: 345-360. 

Uslukaya O, YEĞİN Z, TAŞKESEN F and YILDIRIM İ. 2023. 

Elevated expression levels of cox-2, il-8 and vegf in colon 

adenocarcinoma. CMB., 69(6). 

Wang W, Zhang D, Jiang Z, Zhang X, Jiang Y and Luan Y. 2023. 

A nanodrug-enabled chemosensitization of cancer stem cells 

against tumor progression and metastasis.  Chem Eng J., 477: 

147121. 

Yakkala PA, Penumallu NR, Shafi S and Kamal A. 2023. 

Prospects of topoisomerase inhibitors as promising anti-cancer 

agents. Pharmaceuticals., 16(10): 1456. 

Yuan Y-G and Gurunathan S. 2017. Combination of graphene 

oxide–silver nanoparticle nanocomposites and cisplatin enhances 

apoptosis and autophagy in human cervical cancer cells. Int J Int J 

Nanomedicine., 6537-6558. 

Zhan H, Lv Y, Shen R, Li C, Li M and Li Y. 2024. Bimetallic 

gold/silver and bioactive camptothecin hybrid nanoparticles for 

eradication of cancer stem cells in a combination. Mol. Pharm., 

21(3): 1450-1465. 

 

 

 

 


