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Abstract: The current study aimed to evaluate the in vitro and in vivo anticancer potential of the silver 

nanoparticles fabricated with butanol fraction of Pinus roxburghii needles (PNb-AgNPs). In vitro 

results revealed significant cytotoxicity of PNb-AgNPs towards Ehrlich Ascites Carcinoma (EAC) cells 

with an IC50 of 47.02 ± 1.11 μg/ml. Further, morphological changes, Reactive Oxygen Species (ROS) 

generation, mitochondrial depolarization, and DNA fragmentation elucidated EAC cell death by PNb-

AgNPs exposure. The cell cycle analysis displayed an increase in the Sub-G1 population (52%), further 

confirmed by nuclear fragmentation in EAC cells after PNb-AgNPs treatment. The hemolytic 

investigation revealed the biocompatible nature of PNb-AgNPs. In vivo experiments were performed 

using the liquid Ehrlich Ascites Carcinoma tumor model, which clearly showed a reduction in tumor 

growth and body weight following PNb-AgNPs treatment in EAC-bearing mice as compared to 

untreated controls. Moreover, elevated hematological and biochemical parameters were found to restore 

to normal range in EAC-bearing mice treated with PNb-AgNPs. Overall, PNb-AgNPs effectively 

induced apoptotic cell death in EAC cells and exhibited remarkable in vivo antitumor potential.   
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1. Introduction 

Cancer is one of the complex, multifaceted diseases with high mortality rates in the 

world [1]. In 2018 approximately, 9.5 million patients died of cancer, which is expected to 

increase to 16.3 million by 2040 [2]. It is well known that multiple genetic and environmental 

factors are responsible for cancer. Knowledge of these factors and tumor microenvironment 

can provide new targets and approaches for cancer therapy. Despite extensive research and 

advancements in novel approaches, current treatments are still restricted to conventional 

therapies (surgery, radiotherapy, chemotherapy) [3]. The chemotherapeutic agents used for 

cancer treatment cause multiple drug resistance in cancer cells and severe toxicity to healthy 

cells [4, 5]. 

 Nanomedicine is one of the innovative cancer treatment approaches by facilitating 

targeted delivery to the tumor site [6, 7]. The unique physicochemical characteristics of metal 

nanoparticles, such as small size, higher reactivity, high surface to volume ratio, ease of 
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synthesis, and surface functionalization, provide a new cancer therapeutics scenario. Silver 

nanoparticles (AgNPs) have become the object of intense research because of their multiple 

applications in the biomedical area. Several methods have been developed to synthesize noble 

metal nanoparticles [8]. Biological methods are currently getting the researchers' attention for 

metal nanoparticle synthesis. They are preferred over physicochemical methods as they are 

cost-effective, non-toxic, and environment friendly [9, 10]. Plant extracts or bioactive 

compounds are considered the best for the production of metal nanoparticles. They are 

appropriate for large-scale biosynthesis of non-toxic nanoparticles quickly with greater 

applicability and simplicity [11, 12].  

 Apoptosis, the natural mechanism of programmed cell death induced in cancer cells, is 

considered a promising approach to anticancer therapy [13]. The unique characteristics of cells 

undergoing apoptosis are cell shrinkage, chromatin condensation, membrane blebbing, and 

formation of apoptotic bodies. The extensively studied apoptosis pathways are DNA 

fragmentation and reactive oxygen species (ROS) formation [14]. Earlier studies have shown 

that the cytotoxicity mediated through synthesized AgNPs is associated with an enhanced level 

of cellular reactive oxygen species (ROS), mitochondrial membrane disruption, and DNA 

fragmentation [15].   

 In our previous study, AgNPs were fabricated using a butanol fraction of Pinus 

roxburghii needles (PNb-AgNPs). Since the butanol fraction of P. roxburghii needles showed 

higher anticancer potential than other fractions (Methanol, Chloroform, Ethyl acetate, and 

Aqueous), therefore, butanol fraction was utilized for AgNPs synthesis. The biosynthesized 

PNb-AgNPs could induce apoptosis in lung adenocarcinomas (A549) and PC-3 Prostate 

carcinomas [16].  

In the present study, the anticancer effect of biosynthesized PNb-AgNPs was 

investigated against Ehrlich ascites carcinoma (EAC) under both in vitro and in vivo conditions. 

EAC cells are murine mammary adenocarcinomas characterized by a high proliferation rate 

and transplantation potential [17]. EAC cells were derived from mice breast cancer, which were 

very similar to human tumors and highly sensitive to anticancer drugs [18, 19]. The 

biocompatibility of PNb-AgNPs was analyzed by the RBC lysis assay. PNb-AgNPs displayed 

ROS-dependent cell death through apoptosis under in vitro conditions, further confirmed by 

DAPI staining, DNA fragmentation, and an increase in the sub-G1 population. Results 

displayed the potent anticancer activity of PNb-AgNPs towards EAC cells.  

2. Materials and Methods 

2.1. Materials. 

3-(4,5 -dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT), Dulbecco's 

Modified Eagle's Medium (DMEM), Phosphate Buffer Saline (PBS), Fetal Bovine Serum 

(FBS), Propidium Iodide (PI), Triton X-100 and 5-Fluorouracil (5-FU) were purchased from 

Himedia (Mumbai, India). Rhodamine 123 (Rh123) and 2,7- Dichloroflourescin Diacetate 

(H2DCF-DA) were purchased from Sigma Aldrich, and 4′,6-Diamidino-2-Phenylindole 

(DAPI) was procured from Thermo fisher scientific.  

2.2. Cell line. 

Ehrlich ascites carcinoma cell line was purchased from National Centre for Cell 

Sciences, Pune, India was maintained in DMEM supplemented with 10% (v/v) FBS and 1% 
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penicillin/streptomycin solution (10,000 Units/mL penicillin and 10,000 µg/mL streptomycin) 

in 5% CO2 at 37 °C. 

2.3. Anticancer activity of PNb-AgNPs by MTT assay. 

As mentioned above, PNb-AgNPs have been synthesized and characterized earlier [16].  

Butanol fraction was used to engineer these nanoparticles. Therefore, butanol fraction was 

utilized for comparison in both in vitro and in vivo experiments. The anticancer activity of PNb-

AgNPs against EAC cells was evaluated using the MTT assay. EAC cells (1×104 cells/well) 

were seeded in a 96-well plate and grew overnight. Various concentrations of butanol fraction 

of P. roxburghii and PNb-AgNPs (25, 50, 100, and 200 μg/ml) were added to the cells and 

incubated for 24 h. Cells alone served as the negative control. After treatment, the cells were 

washed by PBS solution and then incubated with 20 μl (5mg/ml) of MTT in a fresh medium 

for 4 h at 37 °C. After incubation, the medium was removed, and 100 μl DMSO was added to 

solubilize the resultant formazan crystals from the mitochondrial reduction of MTT. The 

absorbance was determined using a microplate reader (Varioskan LUX, Thermo Scientific) at 

570 nm. The percentage of cell death was calculated via the following equation: 

% Cell death =
ODcontrol − ODsample

ODcontrol
 x 100 

Where, ODcontrol represents optical density for untreated cells, and the ODsample represents 

optical density for sample treated cells. 

2.4. Intracellular ROS generation analysis. 

EAC cells (5 × 104cells/ well) were seeded in 6 well-plate and treated with butanol 

fraction and PNb-AgNPs (200 µg/ ml) for 24 h. After treatment, cells were collected and 

suspended in PBS with H2DCF-DA at a final concentration of 20 µM at 37 °C for 20 min. Then, 

the stained cells were collected and resuspended in PBS. The ROS level was evaluated by 

measuring the fluorescence intensity using a spectrofluorometer (Varioskan LUX, Thermo 

Scientific)) at 485 nm excitation and 530 nm emission wavelengths [20]. Results were 

expressed as a fold increase in ROS production compared to that of untreated cells. The 

experiment was performed in triplicate. 

2.5. Mitochondrial membrane potential (MMP). 

EAC cells (5 × 104 cells/well) were seeded in a 6 well-plate. After 24 h treatment with 

butanol fraction and PNb-AgNPs (200 µg/ ml), collected cells were suspended in PBS with 50 

µM Rh 123 for 20 min at 37 °C in a humidified chamber. Then, the fluorescence intensity of 

Rh 123 was examined using Varioskan LUX, Thermo Scientific, spectrophotometer at an 

excitation wavelength of 507 nm and an emission wavelength of 534 nm [21]. Results were 

expressed as relative units of fluorescence. 

2.6. Cell cycle analysis. 

Flow cytometric analysis was done to characterize the effect of PNb-AgNPs on cell 

cycle distribution using propidium iodide (PI) staining. EAC cells (1x106) were seeded in the 

6-well plate, incubated at 37 °C in a humidified atmosphere to allow them to adhere overnight. 

Cells were then treated with butanol fraction and PNb-AgNPs at a known concentration (200 
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μg/ml) for 24 h. After 24 h incubation, treated cells were washed twice with ice-cold PBS. The 

cells were fixed in 70 % ethanol overnight at 4 °C. The cells were then stained with propidium 

iodide. The cell cycle distribution was determined using a Flow Canto II- flow cytometer at 

Post Graduate Institute of Medical Education & Research, Chandigarh, India. Doxorubicin and 

cells alone were used as positive and negative controls, respectively. 

2.7. Nuclear morphology analysis. 

EAC cells were treated with 200 µg/ml of butanol fraction and PNb-AgNPs for 24 h 

while doxorubicin was used as a positive control. Cells were washed two times with PBS and 

fixed in 4% paraformaldehyde for 15 minutes. After washing with PBS, cells were 

permeabilized with 0.1% Triton-X 100 for 15 min and stained with DAPI in the dark for 20 

min. After PBS washing, the nuclear morphology of cells was determined by fluorescence 

microscopy at 20× magnification (Olympus 1X 51). 

2.8. DNA fragmentation by PNb-AgNPs. 

EAC cells treated with 200 µg/ml of butanol fraction and PNb-AgNPs for 24 h were 

harvested and washed. The cells were lysed using lysis buffer (50mM Tris, 20mM EDTA, 

0.5% Triton-X 100) for 30 min on ice. The lysates were centrifuged at 11,000 rpm for 20 min, 

and the supernatant was collected.  The supernatant was further incubated with 1% sodium 

dodecyl sulfate (SDS) and RNase A (0.1mg/ml) for 1 hr at 37 ºC, followed by proteinase K 

treatment for 2 h at 56 ºC. After completing both incubation steps, DNA from the supernatant 

was extracted with phenol:chloroform:isoamyl alcohol (25:24:1 v/v/v) and precipitated with 

an equal volume of isopropanol at -20 ºC overnight. DNA fragments were resolved by 1.8 % 

agarose gel electrophoresis and visualized with an ultraviolet gel documentation system [22]. 

2.9. Hemolysis evaluation. 

The biocompatible nature of PNb-AgNPs was analyzed by RBC lysis assay of Swiss 

albino mice   RBCs (Approval no., from institutional animal ethical committee IAEC/SU-

PHARM/15/02). Blood was collected in K2-EDTA- coated vacutainer tubes, centrifuged at 

1500 rpm for 5 min, and plasma was aspirated. The erythrocytes were washed with 150 mM 

NaCl solution and then resuspended in PBS. The erythrocytes were incubated at 37 °C for one 

hour with various concentrations (125, 250, 500, 1000 µg/ml) of butanol fraction and PNb-

AgNPs. The treated blood cells were again centrifuged for 5 min at 1500 rpm to pellet intact 

erythrocytes. The absorbance of the supernatants was measured spectrophotometrically at 540 

nm. Triton X-100 (10%) and PBS were taken as positive and negative controls, respectively 

[23].  

Haemolysis (%) =
ODTest sample − ODNegative control

ODPositive control − ODNegative control
 x 100 

2.10. In vivo anticancer studies via PNb-AgNPs. 

Female Swiss albino mice (25-30 g) used for the study were purchased from the 

National Institute of Pharmaceutical Education and Research, Mohali, India. The animals were 

maintained on a regular day and night conditions (12 h light: 12 h dark) on pelleted feed and 

water (ad libitum). The study's animal models and experiments were approved by the 

Institutional Animal Ethical Committee (IAEC/SU-PHARM/15/02). 
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2.10.1. Tumor cells. 

The EAC cells were maintained in vivo by inoculating 2 × 106 cells in the peritoneal 

cavity (I.P.) of female Swiss albino mice and propagated for 12 to 14 days. Animals were 

sacrificed to collect the tumor cells and to start the experiment.  

2.10.2. Experimental procedure. 

The animals were randomly divided into five groups (six animals in each group), which 

were given the following treatment: Group I (control group) did not receive EAC cells, and all 

other groups were injected with 2×106 EAC cells intraperitoneally. The day of tumor 

inoculation was considered zero-day, and treatment was started after 48 h of cell inoculation. 

Group II served as tumor control. Group III mice were treated with butanol fraction (6 mg/kg 

body wt.), and group IV mice received PNb-AgNPs (2 mg/kg body wt.) for 14 days. The doses 

were selected based on the IC50 values obtained by in vitro studies. Group V (positive control) 

animals were treated with standard anticancer drug 5-Fluoro Uracil (5- FU, 20 mg/kg body wt.) 

for 14 days.  

2.10.3. Antitumor studies (bodyweight, tumor cell count, and tumor volume). 

The body weight of all the experimental animals was measured from day 0 to day 14. 

On the 15th day, after overnight fasting, mice were sacrificed to collect the ascitic fluid from 

the peritoneal cavity to evaluate tumor volume and tumor cell count. The inhibition of tumor 

growth was measured by comparing the number of EAC cells present in the tumor control 

group (Group II) and treated groups.  

2.10.4. Hematology and biochemical analysis. 

Blood samples were collected from retro-orbital plexus from experimental animals in 

EDTA-coated vials. Whole blood was used to estimate hemoglobin content, red blood cells 

(RBC), and white blood cells (WBC) count. Further, to assess drug-induced hepatotoxicity, the 

serum was subjected to liver function tests such as aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and alkaline phosphatase (ALP). 

2.10.5. Histopathological study. 

For the histopathological study, liver tissues were preserved in 10 % formalin. The 

staining of these preserved samples was done by hematoxylin-eosin staining technique for 

paraffin embedded tissue sections. The histopathological tissue sections of the liver were 

observed under the microscope and photographed at 100× magnification. 

2.11. Statistical analysis. 

One-way analysis of variance (ANOVA) evaluated the results' statistical significance 

using Graph Pad Prism 5.0. A value of p ≤ 0.05 was considered to indicate a significant 

difference between the groups. The data were expressed as mean ± standard error mean (SEM). 
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3. Results and Discussion 

3.1. In vitro cytotoxicity of PNb-AgNPs. 

The MTT assay revealed that PNb-AgNPs significantly inhibit EAC cells' growth with 

an increase in concentration (25 -200 µg/ml) (Figure 1a). The IC50 values against EAC cells 

were 47.02 ± 1.11 µg/ml for PNb-AgNPs and 174.01±1.23 µg/ml for the butanol fraction of P. 

roxburghii. The microscopic images (Figure 1b) clearly showed the cytotoxic effect of PNb-

AgNPs as compared to butanol fraction and untreated control cells. The enhanced anticancer 

activity of PNb-AgNPs could be due to the unique physicochemical properties of nanoparticles, 

such as smaller particle size and enhanced surface volume ratio [24].  

                             

Figure 1. (a) Cytotoxicity of PNb-AgNPs against EAC cells at various concentrations after 24 h of incubation 

(b) Morphological observations (20× magnification) of untreated EAC cells, cells treated with butanol fraction 

(200 µg/ml) of P. roxburghii and PNb-AgNPs (200 µg/ml). 

 Moreover, PNb-AgNPs also displayed non-toxic effects on normal human breast cells 

(fR2) and peripheral blood lymphocytes [16]. Previously, anticancer potential of 

biosynthesized silver nanoparticles against various cancer cells like MCF-7 (human breast 

cancer cells), HT-29, HCT-116 (Human Colon Cancer Cells), and A549 (lung carcinoma) [25-

28] and their non-toxic behavior towards normal cells have been reported [29]. This data 

b 

        

                         

a 

  Butanol fraction (200 µg/ml)  PNb-AgNPs (200 µg/ml) Untreated cells

 
 

Untreated cells 
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depicted that PNb-AgNPs have promising anticancer potential without any toxicity towards 

normal cells. 

3.2. Determination of intracellular ROS generation. 

It has been shown earlier that ROS generation activates apoptotic signal transduction 

pathways [30]. PNb-AgNPs (200 µg/ml) treated EAC cells showed a four-fold increase in the 

ROS levels, compared to that of the control. There was negligible ROS production in EAC 

cells treated with butanol fraction of P. roxburghii compared to the untreated cells (Figure 2a). 

According to the previous studies, one of the feasible anticancer mechanisms of action of 

AgNPs could be the production of ROS and oxidative stress that damages cell integrity, leading 

to apoptotic cell death [31]. It has been reported that an increase in cell viability was observed 

after the addition of a ROS scavenger, which specifies ROS to be a predominant mechanism 

in AgNPs cytotoxicity [32]. Thus, these results suggest that the enhanced anticancer efficiency 

of PNb-AgNPs might be due to elevated levels of ROS in EAC cells.  

3.3. PNb-AgNPs induces loss of MMP. 

Loss of mitochondrial function is a significant determinant and indicator of cell death, 

which can be assessed by monitoring changes in MMP [33, 34]. The results showed a decrease 

in MMP (68.6 %) of EAC cells when treated with PNb-AgNPs, whereas in butanol fraction 

treated cells, a 37.2 % reduction in MMP was recorded. The data depict that PNb-AgNPs 

induces mitochondrial depolarization in EAC cells that may lead to apoptosis (Figure 2b). 

Previous studies have reported that increased ROS production leads to the formation of 

mitochondrial permeability transition pores, which activates mitochondria-dependent apoptotic 

pathways.  

 
Figure 2. (a) Intracellular ROS generation; (b) mitochondrial potential analysis EAC cells after 30 min 

treatment with butanol fraction of P. roxburghii and PNb-AgNPs (200 µg/ml). Results were expressed as mean 

± SEM of three different experiments. Data is significant showing *p < 0.05; ***p < 0.001. H2O2 (100 µM) and 

sodium azide were used as positive controls in these experiments, respectively. 

The mitochondrial depolarization has been shown as a primary mechanism of AgNPs 

induced cytotoxicity, which also involves crosstalk between the mitochondria and other 

cellular components [35]. The present study suggests that ROS generation and mitochondrial 

depolarization by PNb-AgNPs initiates apoptosis in EAC cells. 

 

a 

b 
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3.4. Cell cycle analysis. 

The distribution of PNb-AgNPs treated EAC cells in various cell cycle phases was 

examined by flow cytometry. The cell cycle is a complex process where cells receive different 

growth-controlling signals integrated and processed at various points known as checkpoints 

[36, 37]. EAC cells exposed to PNb-AgNPs (200 µg/ml) for 24 h displayed an increase in the 

sub-G1 phase cells (52 %) as compared to butanol fraction (200 µg/ml) treated and doxorubicin 

(positive control, 50 µg/ml) treated cells (43% and 22%, respectively) (Figure 3). The apoptotic 

cells which have DNA fragmentation show a typical sub-G1 peak in DNA histogram [38]. The 

increased number of cells in the sub-G1 phase of PNb-AgNPs treated cells indicate the DNA 

damage and apoptosis in EAC cells. 

 

                             
Figure 3. (a) Effect of butanol fraction of P. roxburghii and PNb-AgNPs after 24 h treatment on cell cycle 

progression; (b) The graph shows % of cells present in the sub-G1 phase. Data is significant with *p < 0.05. 

3.5. Nuclear morphology and DNA fragmentation. 

The apoptotic nuclear morphology was analyzed after treating EAC cells with PNb-

AgNPs for 24 hours. As shown in Figure 4a, the untreated cells displayed normal nuclei 

(smooth nucleus), whereas PNb-AgNPs treated cells showed condensation and fragmentation 

of the nucleus that are hallmarks of apoptosis [39]. In butanol fraction treated and doxorubicin 

treated EAC cells, a very faint fragmented nucleus was observed after 24 hours of incubation 

(Figure 4a).  

Fragmentation of genomic DNA is an important feature for intrinsic apoptotic cell 

death. DNA fragmentation usually results in a characteristic ladder, which is visualized by 

agarose gel electrophoresis [40]. As shown in Figure 4b (lane 5), PNb-AgNPs (200 µg/ml) 

treated EAC cells displayed a unique ladder-like DNA fragmentation pattern after 24 hours of 

incubation while in butanol fraction (200 µg/ml) treated and doxorubicin treated EAC cells, 

b 

a 

a 
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very little DNA fragmentation was observed. (Figure 4b, lanes 3 and 4). The results confirmed 

that PNb-AgNPs induced DNA damage, thereby leading to apoptosis in EAC cells.  Taken 

together, PNb-AgNPs can act as novel cancer therapeutics that can induce apoptosis in EAC 

cells via mitochondrial disruption, ROS generation, cell cycle perturbation, and finally, DNA 

destruction. 

 

 
Figure 4. (a) Fluorescent microscopic images of EAC cells following treatment with PNb-AgNPs and butanol 

fraction of P. roxburghii (200 µg/ml); (b) Effect of PNb-AgNPs on DNA fragmentation. The fragmented DNA 

is shown by arrows with solid lines. 

3.6. Toxicological measurement by hemolytic assay. 

The most crucial aspect of any drug is that it should be biocompatible, i.e., it should be 

non-toxic towards healthy cells.  As described above, the PNb-AgNPs are non-toxic to normal 

epithelial cells.  All the substances that enter the circulatory system come in contact with RBC 

[41]. Here, the RBC lysis assay analyzed the biocompatibility of the synthesized PNb-AgNPs 

and butanol fraction of P. roxburghii. Different concentrations (125, 250, 500, 1000 µg/ml) of 

butanol fraction and PNb-AgNPs were exposed to RBCs, and data showed that butanol fraction 

causes negligible RBC lysis. PNb-AgNPs showed 3.77 ± 0.07 % RBC lysis at a concentration 

of 1000 µg/ml (Table 1). Since < 5% hemolysis is permissible for biocompatibility of any drug 

[42], PNb-AgNPs can be considered as biocompatible and non-toxic to healthy cells even at 

1000 µg/ml, being safe to use as drugs or drug carrier systems for biomedical applications.  

Table 1. Hemolytic analysis after exposure to butanol fraction and PNb-AgNPs at various concentrations for 1 

h. Results were presented as mean ± SEM and the experiments were done in triplicate. 

Sample Concentration 

(µg/ml) 

Hemolysis % 

Phosphate Buffer Saline 

(PBS) 

 

 

0.02 ± 0.02 (negative control) 

Triton X- 100  100 ± 4.31 (positive control) 

a 

b 

https://doi.org/10.33263/BRIAC115.1295812972
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC115.1295812972  

 https://biointerfaceresearch.com/  12967 

Sample Concentration 

(µg/ml) 

Hemolysis % 

Butanol fraction 125 0.17 ± 0.08 

250 0.29 ± 0.17 

500 0.35 ±0.04 

1000 0.58 ± 0.12 

PNb-AgNPs 125 1.43 ± 0.22 

250 2.90 ± 0.03 

500 3.06± 0.08 

1000 3.77 ± 0.08 

3.7. In vivo anticancer studies. 

3.7.1. Effect of PNb-AgNPs on body weight, tumor size, and tumor volume. 

Anticancer activity of PNb-AgNPs was evaluated against EAC-bearing Swiss albino 

mice. In the ascites tumor model, butanol fraction of P. roxburghii and PNb-AgNPs (6 mg/kg 

body wt. and 2 mg/kg body wt., respectively) were administered intraperitoneally for 14 days, 

and body weight was measured each day. The bodyweight of the tumor-bearing mice was found 

to increase significantly from day 0 to day 14.  

 

 
Figure 5. (a) Effect of butanol fraction of P. roxburghii and PNb-AgNPs on body weight of EAC bearing tumor 

mice; (b) EAC cells withdrawn from the peritoneal cavity of tumor control and treated groups were counted; (c) 

Tumor volume was measured by the volume of ascites fluid withdrawn from the peritoneal cavity. Data is 

statistically significant with *p < 0.05, **p < 0.01, ***p < 0.001 when compared with control. 

A significant reduction in the body weight was observed in the EAC bearing mice 

treated with PNb-AgNPs, butanol fraction, and 5-FU (Figure 5a). This reduction in body 

weight is directly associated with the total cell count in ascites fluid and peritoneal fluid 

volume, which serve as a direct nutritional source to the tumor cells [43]. On the 14th day, 877 

b 

c 

a 
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× 104 EAC cells were counted in peritoneal fluid of untreated mice (Group II), whereas butanol 

fraction and PNb-AgNPs treated groups have 200 × 104 and 99 × 104 EAC cells, respectively 

(77 % and 88.6 % tumor growth inhibition, Figure 5b). 

Similarly, 5-FU treated mice group has 104 × 104 cells depicting 88 % tumor growth 

inhibition. Additionally, the volume of ascetic fluid was significantly reduced in the EAC-

bearing mouse treated with butanol fraction, PNb-AgNPs, and 5-FU compared to the untreated 

tumor-bearing mice group (Figure 5c). It has previously been shown that phycocyanin 

fabricated AgNPs significantly inhibited the tumor cell volume, tumor cells count, and tumor 

weight in EAC-bearing mice [44]. The results indicate that PNb-AgNPs can inhibit the tumor 

growth induced by EAC cells in the experimental animals.  

3.7.2. Hematological changes. 

The results showed that the hemoglobin content and RBC count (11.35 ± 0.85 g/dl and 

7.14 ± 0.50 /mm3, respectively) were found to reduce in tumor-bearing mice as compared to 

the normal group (13.85 ± 0.15 g/dl and 8.94 ± 0.21 /mm3, respectively). PNb-AgNPs, butanol 

fraction of P. roxburghii, and 5-FU treated mice showed restoration of hemoglobin content and 

RBC count as that of the control group, as shown in Table 2. Moreover, the WBC count was 

also found to be enhanced in EAC bearing mice group (9.25 ± 0.05 /mm3) compared to the 

normal group (6.00 ± 0.20 /mm3). In the mice treated with PNb-AgNPs and 5-FU, WBC count 

(7.35 ± 0.15 /mm3 and 7.60 ± 0.30/mm3, respectively) was a little higher as compared to the 

normal group (Table 2) but lower than EAC bearing mice suggesting that PNb-AgNPs 

treatment reduced the WBC level to reach the normal level. However, the WBC count in the 

group treated with butanol fraction was lower than (4.20 ± 0.10 /mm3) that of untreated normal 

mice (Group I). The restoration of hemoglobin content, RBC, and WBC count suggest that 

PNb-AgNPs possess hematopoietic protective action [45-47]. 

3.7.3. Biochemical changes. 

The level of liver enzymes (AST, ALT, and ALP) in EAC tumor-bearing mice was 

substantially higher than normal mice (Group II vs. Group I, Table 2).  

Table 2. Analysis of hematological and biochemical parameters of normal control group mice (Group I), tumor 

control (Group II), butanol fraction treated (Group III), PNb-AgNPs treated (Group IV), and 5-FU (Group V) 

treated EAC bearing mice. 

  Group I Group II Group III Group IV Group V 

Hematological parameters 

Hemoglobin (g/dl) 13.85 ± 0.15 11.35 ± 0.85 13.00 ± 0.70 13.35 ± 0.35 13.15 ± 0.85 

RBC (Cells cu.mm) 8.94 ± 0.21 7.14 ± 0.50 9.02 ± 0.17 9.43 ± 0.43 8.30 ± 0.24 

WBC (Cells cu.mm) 6.00 ± 0.20 9.25 ± 0.05 4.20 ± 0.10 7.35 ± 0.15 7.60 ± 0.30 

Biochemical parameters 

AST (IU/l) 153 ± 3.50 249 ± 3.50 192 ± 2.00 157 ± 2.50 161 ± 1.00 

ALT (IU/l) 29 ± 1.00 99 ± 2.00 63 ± 3.50 40 ± 1.50 36 ± 1.00 

ALP (IU/l) 78 ± 2.00 260 ± 2.50 150 ± 1.50 161 ± 2.50 154 ± 1.50 

Whereas in PNb-AgNPs and 5-FU treated mice, the liver enzymes' activity was found 

to be reduced compared to the EAC bearing mice (Table 2). An increase in the liver function 

parameters (AST, ALT, and ALP) occurs because of impaired liver functions in tumor-bearing 

mice [48]. Restoration of these parameters as normal values after treatment with butanol 

fraction and PNb-AgNPs treatments (Group III and Group IV) indicated that this 
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nanoformulation of P. roxburghii phyto-contents along with silver is capable of maintaining 

normal liver functions in EAC bearing mice.  

3.7.4. Histopathological analysis. 

Histopathology of the liver tissue samples was performed to determine any adverse 

effects of the butanol fraction of P. roxburghii and PNb-AgNPs on tumor-bearing mice (Figure 

6). The data showed that the group I mice have normal liver cells, and there were two foci of 

lymphocytes, one along a central vein and the other in the left field. The group II tumor-bearing 

mice displayed scattered, larger and darker nuclei (hyperchromatic) in liver cells suggesting 

degeneration of these cells with mild excess of Kupffer cells in sinusoids. Bialy et al. observed 

similar hepatic morphological changes in EAC-bearing mice [49]. Mice treated with butanol 

fraction (Group III), PNb-AgNPs (Group IV), and 5-FU (Group V) exhibited no toxicity to 

liver tissues. Liver section images were comparable to that of Group I normal mice. Nagarajan 

et al. have shown earlier that cotton plant-mediated AgNPs are non-toxic to mice organs [50]. 

 
Figure 6. Histopathological examination of liver in control and treated mice, the liver section of (a) Group I 

normal mice with no abnormality; (b) Group II; EAC induced mice; (c) Group III; EAC induced mice treated 

with butanol fraction (6 mg/Kg body wt.); (d) Group IV; EAC induced mice treated with PNb-AgNPs (2 mg/Kg 

body wt.); (e) Group V; mice treated with 20 mg/Kg body wt. 5-FU (H&E, scale bar 100 μm, magnification 

100×). 

4. Conclusions 

The current study showed that PNb-AgNPs exhibited significant anticancer potential 

both under in vitro and in vivo conditions. Under in vitro conditions, PNb-AgNPs treatment 

increased the ROS levels, mitochondrial membrane depolarization, and DNA damage leading 

to cancer cell death. Nuclear morphology alterations and an increase in the sub-G1 population 

also display apoptosis induction mediated through these non-toxic and biocompatible silver 

nanoparticles. Additionally, the in vivo study also revealed that PNb-AgNPs could inhibit EAC 

growth in female Swiss Albino mice without affecting hematological parameters and liver 

function. In conclusion, the combination of P. roxburghii components and silver at a nano-

level could be a potential anticancer agent.  
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