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Abstract:  

Green synthesis of metal nanoparticles is a growing research area because of their potential applications 

in nanomedicines. The green synthesis of silver nanoparticles (SNPs) is a convenient, cheap and environmentally 

safe approach compared to chemical synthesis. In the present study, we synthesized SNPs from AgNO3 using 

aqueous extracts (AEs) of fruits, leaves, roots and seeds of Citrullus colocynthis as reducing and capping agents. 

The SNPs were early detected in the aqueous extracts by color change to the reddish brown, and further were 

confirmed by Transmission Electron Microscope (TEM) analysis. The TEM analysis of SNPs showed spherical 

nanoparticles with mean size between 7 to 19nm. The anticancer activity of SNPs has been assessed invitro.  

MTT assay on human cancer cell lines of colon (HCT-116), breast (MCF-7), liver (Hep-G2) and intestine (Caco-

2) showed good anticancer activity which was negligible for the aqueous plant extracts. Regarding to the tested 

cell lines the Hep-G2 cell line and HCT-116 were the most sensitive cell line towards the cytotoxic activities of 

the tested SNPs, while the Caco-2 was the most resistant cell line towards the cytotoxic activities. 

Keywords: green synthesis, silver nanoparticles, Citrullus colocynthis, anticancer. 
 

1. Introduction 
 

Nanoparticles of free metals have been extensively studied because of their unique physical properties, 

chemical reactivity and potential applications in catalysis, biological labeling, biosensing, drug delivery, 

antibacterial activity, antiviral activity, detection of genetic disorders, gene therapy and DNA sequencing 

(Thirumurgan et al., 2010). 

Nanoparticles are particles with a maximum size of 100 nm. These particles have unique properties, 

which are quite different than those of larger particles. These new properties have been attributed to variation in 

specific characteristics such as size, shape and distribution (Nalwa, 2005). 

Silver (Ag), as a noble metal, has potential applications in medicine due to its unique properties 

(Gurunathan et al., 2009). There are various methods for SNPs preparation, for example; sol-gel process, 

chemical precipitation, reverse micelle method, hydrothermal method, microwave, chemical vapor deposition 

and biological methods, etc (Murthy et al., 2010;         et al., 2006; Sharma et al., 2009). However; biological 

methods are preferred for being eco-fri  dly, cost  ff ctiv ,   d do ’t i volv  th  us  of toxic chemicals.  

Nanoparticles green synthesis is not time consuming compared to other biological processes (Chandran et 

al., 2006). Synthesis of SNPs using different medicinal plants for pharmaceutical and biological applications 

have been reported (Gardea-Torresdey et al., 2003; Huang et al., 2007; Leela and Vivekanandan, 2008; Li et al., 

2007; Shankar et al., 2004; Song and Kim, 2009). 

Cancer is an abnormal type of tissue growth in which the cells exhibit an uncontrolled division, relatively 

in an autonomous fashion, leading to a progressive increase in the number of dividing cell (Kanchana and 

Balakrishna, 2011). There is increasing demands for anticancer therapy (Unno et al., 2005). Invitro cytotoxicity 

testing procedures reduces the use of laboratory animals (Abraham et al., 2004) and hence use of cultured tissues 

and cells have increased (Byrd et al., 2003). 

The discovery and identification of new antitumor drug with low side effects on immune system has 

become an essential goal in many studies of immuno-therapies (Xu et al., 2009). Despite many efforts, multi 

drug resistance is still considered as a major drawback in chemotherapy of cancer which has been the subject of 

exhaustive experiments recently (Gottesman et al., 2002).  With this aim, many attentions have been paid to 
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natural compounds in plants, marine organism and microorganisms. Many medically relevant nanoparticles such 

as AgNPs were investigated for their cytotoxicity aspect. AgNPs showed different degrees of in vitro 

cytotoxicity (Hsin et al., 2008).  

Citrullus colocynthis belongs to Family Cucurbitaceae. It grows widely in Sudan and Egypt and it has 

been used in folk medicine of Sudan and many other African countries for its anti-inflammatory, anti-diabetic, 

and antioxidant activities (Gurudeeban and Ramanathan, 2010; Kumar et al., 2008). 

 

In the current study, we are showing the synthesis of SNPs using AEs of C. colocynthis in a cheap simple 

method. Additionally, we are verifying the possible upgrading of cytotoxic action of SNPs on HCT-116, MCF-7, 

Hep-G2 and Caco-2 human cancer cell lines relative to normal AEs of C. colocynthis.  

 

2. Materials and methods 
 

2.1 Plant material:  

C. colocynthis fruits, seeds, leaves and roots were collected from Omdurman, Sudan (15°39′N 32°29′E), 

The plants were authenticated by Dr. Mohammed El-Gibali; senior botanist for plant identification at El-Orman 

botanical garden, Giza, Egypt. Voucher specimens have been deposited in the herbarium of the El-Orman botanical 

garden.and were used to prepare the AEs..    

 

2.2 Cancer Cell lines:  

Colon adenocarcinoma (HCT-116), breast adenocarcinoma (MCF-7), liver carcinoma (Hep-G2) and 

intestinal adenocarcinoma (Caco-2) cell lines were obtained from National Institute of Cancer, Cairo University, 

Cancer biology department, pharmacology unit, Cairo, Egypt. Cells were routinely cultured in DMEM 

(Dulbecco's Modified Eagle's Medium), which was supplemented with 10% fetal bovine serum (FBS), 2 mM L-

glutamine, containing 100 units/ml penicillin G sodium, 100 units/ml streptomycin sulphate, and 250 mg/ml 

Amphotericin B. 

 

2.3 Preparation of plant aqueous extracts: 

50grams of each plant organ (fruits, leaves, seeds and roots) were thoroughly washed in distilled water, 

cut into fine pieces, soaked in 200 ml distilled water for 24 hours at 40C. The decoction obtained was then 

filtered through Whatman No.1 filter paper. The same procedure was repeated twice. The aqueous extracts of 

two successive extractions were pooled, concentrated under vacuum, and lyophilized.   

 

2.4 Synthesis of silver nanoparticles using C. colocynthis AEs:   
90 ml of 5.0 mM aqueous solution of silver nitrate (Sigma Aldrich, Egypt) were added to 10 ml of C. 

colocynthis AEs of concentration 2 mg/ml and kept at room temperature for 24 hours. Silver nanoparticles were 

gradually formed during the incubation period. 

 
 

2.5 Characterization of SNPs by TEM analysis:  

A drop of the silver nanoparticles solution was placed on a cupper grid and coated with carbon support 

film. After drying, the shape and size of SNPs were analyzed using Transmission Electron Microscope (TEM) 

JEOL model JEM-2000EX (100 keV).  
 

2.6 Evaluation of invitro cytotoxic activity of the SNPs on tested cell lines: 

MTT assay was performed to determine the cytotoxic property of synthesized SNPs against HCT-116, 

MCF-7, Hep-G2 and Caco-2 cell lines. Briefly cell lines were seeded in 96-well tissue culture plates. 

Appropriate concentrations of stock solution were added and incubated for 48 hours at 37
o
C. Non-treated cells 

were used as control. Incubated cultured cell was then subjected to MTT (3-(4,5 Dimethylthiazol-2-yl)-

2,5diphenyltetrazolium bromide, a tetrazole) colorimetric assay. The tetrazolium salt 3-[4,5-dimethylthiazol-2-

yl]-2,5 diphenyltetrazolium bromide (MTT) is used to determine cell viability in assays of cell proliferation and 

cytotoxicity. MTT is reduced in metabolically active cells to yield an insoluble purple formazan product. Cells 

were harvested from maintenance cultures in the exponential phase and counted by a hemocytometer using 

trypan blue solution. The cell suspensions were dispensed (100µl) in triplicate into 96-well culture plates at 

optimized concentrations of 1 × 10
5
/well for each cell lines, after a 24 hours recovery period. Assay plates were 
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read using a spectrophotometer at 520 nm. The spectrophotometrical absorbance of the samples was measured 

using a microplate (ELISA) reader. The cytotoxicity data was standardized by determining absorbance and 

calculating the correspondent SNPs concentrations. Data generated were used to plot a dose-response curve of 

which the concentration of extract required to kill 50% of cell population (IC50) was determined.                     

Cell viability (%) = Mean OD/ control OD × 100 

3. Data analysis  
The IC50 values (concentration at which 50% of cells were death) against colon adenocarcinoma (HCT-

116), breast adenocarcinoma (MCF-7), liver carcinoma (Hep-G2) and intestinal adenocarcinoma (Caco-2) cell 

lines are reported as mean± standard deviation of three independent experiments. IC50 values that were greater 

than 30µg/ml considered insignificant, and vice versa. 

The experimental work can be summarized in the following chart (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Experiment flowchart 

4. Results  

4.1 Synthesis and characterization of SNPs/C. colocynthis:  

We treated the AEs of different organs of C. colocynthis with AgNO3 which resulted in changing the 

color of AEs to reddish brown which is the early sign for SNPs formation as shown in figure 2, due to the 

excitation of surface plasmon vibrations in SNPs (Thirumurgan et al., 2010). Further confirmation for SNPs 

synthesis was carried out using TEM analysis. The AgNO3 solution and the AEs were used as a negative control 

throughout the study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Early sign for  SNPs formation observed as  color change of C. colocynthis /AEs  to reddish 

brown after 24 hours incubation with 5mM AgNO3 
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Figure 3 shows (TEM) picture of  5 mM AgNO3 solution,  5 mM AgNO3 solution , particles  exhibited  

irregular  shapes with an average size  562.4 nm;   whereas Figure  4 shows TEM images of the AEs from 

different parts of  C. colocynthis before and after treatment with AgNO3 formation; fruits AE (A1), fruits SNPs 

(A2), seeds AE (B1), Seeds SNPs (B2), leaves AE (C1), leaves SNPs (C2), roots AE (D1) and roots SNPs (D2). 

The average mean sizes of silver nanoparticles were 19.267 nm, 16.578 nm, 13.376.nm and 7.398 nm for fruits, 

seeds, leaves and roots SNPs respectively. All produced nanoparticles seem to be spherical in their morphology. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: TEM photo showing  5 mM AgNO3  solution . Particles  exhibits  irregular  shapes with an average 

size  562.4 nm  

 
Figure 4: TEM photos for the  aqueous  extracts (AEs) from different parts of  C. colocynthis  before and after 

treatment with AgNO3, showing  the shape and size of produced SNPs  after  treatment  process : fruits AE (A1), 

fruits SNPs (A2), seeds AE (B1), Seeds SNPs (B2), leaves AE (C1), leaves SNPs (C2), roots AE (D1), roots 

SNPs (D2 ). 
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4.2 Citrullus colocynthis /SNPs anticancer activity: 

The cytotoxicity of the SNPs and AEs were studied invitro against HCT-116, MCF-7, Hep-G2 and Caco-2 

cancer cell lines at different concentration (0, 5, 12.5, 25, 50 µg/ml).    

The results obtained from MTT assay after 48hrs of incubation showed that fruits/SNPs showed significant 

effect on Hep-G2 and MCF-7 with IC50 = 17.2 and 22.4 µg respectively. Fruits/ SNPs cytotoxic effect on HCT-

116 and Caco-2 showed insignificant anticancer activity with IC50 ˃ 30µg/ml (Table 1, Figure 5). 

Leaves/SNPs was effective only against Hep-G2 cancer cell line, as  it led to inhibition in cell growth as 

concluded from  IC50  values 10.2µg /ml  as shown in (Table 1 , Figure 6).  

 

Treatment of tested cell cancer cell lines with seeds/SNPs led to insignificant cytotoxic effect with IC50 

values above 30 µg (Table 1, Figure 7). 

At the same time treatment of HCT-116 and Hep-G2  cancer cell lines with roots/SNPs led to significant 

cytotoxic effects with IC50 21.2 µg for HCT-116 and IC50 = 22.4 µg for Hep-G2 . Insignificant cytotoxic effect 

was observed on MCF-7 and Caco-2 cell lines as shown in (Table 1, Figure 8).  

 

Table 1: Invitro cytotoxicity effect of silver nanoparticles (SNPs) from the fruits, leaves, seeds and roots of C. 

colocynthis on colon adenocarcinoma (HCT-116), breast adenocarcinoma (MCF-7), liver carcinoma (Hep-G2) 

and intestinal adenocarcinoma (Caco-2) cell lines represented as cell viability percentage ± standard deviation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tested 

extracts 

 Cell Viability % ± SD 

Conc. 

(µg /ml) 
0  5 12.5 25 50 

 

Fruits 

SNPs 

HCT-116 100 83.1±0.41 82.3±0.18 66.8±0.56 41.3±0.73 
MCF-7 100 88.8±0.22 64.9±0.85 43.6±0.31 41.1±0.26 
Hep-G2 100 90.4±0.73 59.1±0.82 34.7±0.16 46.1±0.91 
Caco-2 100 84.1±0.26 80±0.35 55.2±0.11 61.6±0.56 

 

 

Leaves 

SNPs 

HCT-116 100 54.3±0.11 50.5±0.96 52.7±0.42 58.5±0.23 
MCF-7 100 95.5±0.12 95.5±0.68 98.6±0.22 99.6±0.35 
Hep-G2 100 52.4±0.55 48.4±0.41 51.2±0.15 53.2±0.35 
Caco-2 100 66.4±0.34 63.1±0.53 68.6±0.60 61.1±0.87 

 

 

Seeds 

SNPs 

HCT-116 100 91.6±0.13 77.4±0.27 51.5±0.17 48.1±0.45 
MCF-7 100 82.3±0.44 80±0.21 83.2±0.15 91.6±0.82 
Hep-G2 100 77±0.41 79.1±0.35 67.5±0.41 49.1±0.91 
Caco-2 100 70.4±0.25 63.8±0.17 52.3±0.35 67.6±0.46 

 

 

Roots 

SNPs 

HCT-116 100 87.7±0.47 62.6±0.29 43.6±0.36 41±0.84 
MCF-7 100 94.1±0.73 100±0.33 97.6±0.19 100±0.14 
Hep-G2 100 76.6±0.23 62.8±0.57 44.4±0.62 42.3±0.33 
Caco-2 100 95.7±0.45 77.9±0.63 74.9±0.45 71.4±0.25 

 

Conc. = concentration (W. /V. mg/ml H2O), SNPs = Silver Nanoparticles, SD = Standard deviation, HCT-116= 

Colon adenocarcinoma cell line, MCF-7= Breast adenocarcinoma cell line, Hep-G2= Liver carcinoma cell line, 

Caco-2= Intestinal adenocarcinoma cell line. 

 

From the obtained data no significant cytotoxic activities were observed against Caco-2 cancer cell line 

and with exception of fruits/SNPs, other SNPs did ’t show any significant activity against MCF-7 cancer cell 

line. Fruits/SNPs showed good cytotoxic properties comparing to other SNPs and to less degree roots/SNPs 

whereas leaves/ SNPs were only active against Hep-G2 while seeds/SNPs cytotoxicity is the weakest one.  

Regarding to the tested cell lines the HCT-116 and Hep-G2 cell lines were the most sensitive cell lines towards 

the cytotoxic activities of the tested SNPs, while the Caco-2 was the most resistant cell line towards the 

cytotoxic activities. 
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Figure 5: Cytotoxicity effect of  fruits/SNPs on HCT-116, MCF-7, Hep-G2 and Caco-2  cancer cell lines 

using MTT assay; Fruits/SNPs showed significant effects on Hep-G2 and MCF-7 with IC50 = 17.2 µg 22.4 µg  

respectively . Fruits/SNPs Cytotoxic activity on HCT-116 and  Caco-2  cell lines was non-significant (IC50  ˃ 30 

µg)  

 

 

Figure (6): Cytotoxicity effect of  leaves/SNPs on HCT-116, MCF-7, Hep-G2 and Caco-2  cancer cell lines 

using MTT assay; Leaves/SNPs showed significant effects only on  Hep-G2 with IC50 = 10.2 µg. Leaves /SNPs 

anticancer activity on HCT-116, Cytotoxic activity on MCF-7 and  Caco-2  cell lines  was non-significant  (IC50  

˃ 30 µg)  
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Figure 7:Cytotoxicity effect of  seeds/SNPs on HCT-116, MCF-7, Hep-G2 and Caco-2  cancer cell lines 

using MTT assay; Seeds/SNPs  showed non-significant cytotoxic activity on tested cell lines (IC50  ˃ 30 µg)  

 

 

Figure 8: Cytotoxicity effect of  roots/SNPs on HCT-116, MCF-7, Hep-G2 and Caco-2  cancer cell lines 

using MTT assay; Roots/SNPs led to significant cytotoxic effects  on HCT-116 and for Hep-G2 with IC50  21.2 

µg and 22.4 µg respectively. Cytotoxic activity on MCF-7 and  Caco-2  cell lines  was non significant (IC50  ˃ 30 

µg)  
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5. Discussion 
 
It is well known that Ag ions and Ag-based compounds have strong biological activities (Furno et al., 2004), 

However, Ag ions or salts has only limited usefulness for several reasons, including the interfering effects of 

salts and the continuous release of enough concentration of Ag ion from the metal form. In contrast, these kinds 

of limitations can be overcome by the use of SNPs. 

However, to use SNPs in various fields, it is essential to prepare the SNPs with a cost effective method. In 

this study we were able to prepare SNPs eco-friendly and cost effectively by using the aqueous extracts from 

different parts of C. colocynthis, and these SNPs were homogeneous (Figures 4).  

Owing to their small size, SNPs impair the sulfur and phosphorus containing essential macromolecules 

such as proteins and DNA (Wei et al., 2009), Thus, action of SNPs appears to be a consequence of adherence  to 

and penetration inside the cell of the target cells. 

The anti-proliferative effect of  SNPs and Ag
+
  was reported (Ahamed et al., 2008; Rahman et al., 2009) . 

Furthermore, the interaction of SNPs and Ag
+
 with certain proteins has been the subject of extensive studies in 

recent years. In this study, anti-proliferative effect of SNPs on HCT-116, MCF-7, Hep-G2 and Caco-2 was 

investigated. Cells were observed to exhibit different responses after treatment with SNPs. The associate IC50 

values as indicated in table 1 reason for 

The enhanced cytotoxicity of SNPs may be due to their size which facilitates their subsequent penetration in 

tumor cells.  

      The cytotoxic effects of SNPs ,probably due to the fact that SNPs may interfere with the proper functioning 

of cellular proteins and induce subsequent changes in cellular chemistry (Rogers et al., 2008). Zolghadri and 

coworkers  demonstrated that SNPs provide a relatively high hydrophobicity inside bovine hemoglobin which 

causes a transition from alpha helixes to beta sheets and leads to partial unfolding and aggregation of the protein 

(Zolghadri et al., 2009), other researchers suggest that SNPs are likely to interact with thiol rich enzymes 

(Morones et al., 2005); Therefore, it is possible that once penetrated into cells, SNPs  may attack functional 

proteins of cells which results in partial unfolding and aggregation of proteins as it is the case in the bovine 

hemoglobin. 

Toxicity of silver nanoparticles is concentration-size-shape dependent ; In green synthesis process these 

factors are affected by chemical compositions of plant parts extracts, accordingly this will lead to variability in 

the biological activities of such extracts (Elechiguerra et al., 2005; Morones et al., 2005; Savithramma et al., 

2011). 

Based on the present study, the action model of SNPs may be described as SNPs making a breakthrough 

in the permeability of outer membrane firstly, resulting in the leakage of cellular materials. Secondly, SNPs enter 

the inner membrane and inactivate respiratory chain dehydrogenases, thus inhibiting respiration and growth of 

cells. Simultaneously, SNPs could affect some proteins and phosphate lipids and induce collapse of membrane, 

resulting in cell decomposition and death eventually.  

These results are potentially promising because they suggest that, by using non-cytotoxic amounts of 

silver salt with a convenient, eco-friendly and cheap method using C. colocynthis aqueous extract; we can 

synthesize SNPs with good anticancer activities. This opens the door to prepare a suitable pharmaceutical 

formulation using these nanoparticles. Taking into account the mobility of SNPs into cells and their fate in a 

bioprocess or even in the environment, the risk aspects for the application in larger scales and in the environment 

as well as studies on different biological activities in different fields should be strengthened in future studies. 

 

6. Conclusion 
 

Silver nanoparticles with an average size between 7 to 19 nm and spherical shapes were successfully 

synthesized using aqueous extract of fruits, seeds, leaves and roots of C. colocynthis. Green synthesis of SNPs 

using green resources like C. colocynthis is a better alternative to chemical synthesis, since this green synthesis 

has many advantages such as, ease of applicability for large scale production, economically feasible, and eco-

friendly. The anticancer studies showed great improvement in the biological activity of the extracts after SNPs 

synthesis. 
 

The present study explores the potential antitumor activity of greenly synthesized SNPs on HCT-116, 

MCF-7, Hep-G2 and Caco-2 tumor cell lines. Our results suggest that with the aid of metal based nanoparticles, 
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conditional chemotherapeutic agents may have even broader range of applications in future such as direct 

targeting to tumor cells. Thus, a study of the exact mechanism by which SNPs inhibit signaling cascades 

responsible for the development and progression of the disease would be a tremendous breakthrough in the field 

of nanomedicines and make these agents an effective alternative in tumor and angiogenesis-related diseases. 

The use of plant extracts for making SNPs is an inexpensive, easily scaled up and environmentally 

benign. It is especially suited for making nanoparticles that must be free of toxic contaminants as required in 

therapeutic applications. The plant extract based synthesis can provide nanoparticles of a controlled size and 

morphology. Applications in targeted drug delivery and clinical diagnostics are developing.  

 

References 
 

Abraham, S.A., McKenzie, C., Masin, D., Ng, R., Harasym, T.O., Mayer, L.D., Bally, M.B., 2004. In vitro and 

in vivo characterization of doxorubicin and vincristine coencapsulated within liposomes through use of 

transition metal ion complexation and pH gradient loading. Clinical cancer research 10, 728-738. 

Ahamed, M., Karns, M., Goodson, M., Rowe, J., Hussain, S.M., Schlager, J.J., Hong, Y., 2008. DNA damage 

response to different surface chemistry of silver nanoparticles in mammalian cells. Toxicology and 

Applied Pharmacology 233, 404-410. 

Byrd, J.C., Lucas, D.M., Mone, A.P., Kitner, J.B., Drabick, J.J., Grever, M.R., 2003. KRN5500: a novel 

therapeutic agent with in vitro activity against human B-cell chronic lymphocytic leukemia cells mediates 

cytotoxicity via the intrinsic pathway of apoptosis. Blood 101, 4547-4550. 

Chandran, S.P., Chaudhary, M., Pasricha, R., Ahmad, A., Sastry, M., 2006. Synthesis of gold nanotriangles and 

silver nanoparticles using Aloe vera plant extract. Biotechnology progress 22, 577-583. 

Furno, F., Morley, K.S., Wong, B., Sharp, B.L., Arnold, P.L., Howdle, S.M., Bayston, R., Brown, P.D., Winship, 

P.D., Reid, H.J., 2004. Silver nanoparticles and polymeric medical devices: a new approach to prevention 

of infection? Journal of Antimicrobial Chemotherapy 54, 1019-1024. 

Gardea-Torresdey, J.L., Gomez, E., Peralta-Videa, J.R., Parsons, J.G., Troiani, H., Jose-Yacaman, M., 2003. 

Alfalfa sprouts: a natural source for the synthesis of silver nanoparticles. Langmuir 19, 1357-1361. 

Gottesman, M.M., Fojo, T., Bates, S.E., 2002. Multidrug resistance in cancer: role of ATP–dependent 

transporters. Nature Reviews Cancer 2, 48-58. 

Gurudeeban, S., Ramanathan, T., 2010. Antidiabetic effect of Citrullus colocynthis in alloxan-induced diabetic 

rats. Inventi Rapid: Ethnopharmacology. 

Gurunathan, S., Kalishwaralal, K., Vaidyanathan, R., Venkataraman, D., Pandian, S.R.K., Muniyandi, J., 

Hariharan, N., Eom, S.H., 2009. Biosynthesis, purification and characterization of silver nanoparticles 

using  Escherichia coli. Colloids and Surfaces B: Biointerfaces 74, 328-335. 

Hsin, Y.-H., Chen, C.-F., Huang, S., Shih, T.-S., Lai, P.-S., Chueh, P.J., 2008. The apoptotic effect of nanosilver 

is mediated by a ROS-and JNK-dependent mechanism involving the mitochondrial pathway in NIH3T3 

cells. Toxicology letters 179, 130-139. 

Huang, J., Li, Q., Sun, D., Lu, Y., Su, Y., Yang, X., Wang, H., Wang, Y., Shao, W., He, N., 2007. Biosynthesis 

of silver and gold nanoparticles by novel sundried Cinnamomum camphora leaf. Nanotechnology 18, 

105104. 

Kanchana, A., Balakrishna, M., 2011. Anti-cancer effect of saponins isolated from solanum trilobatum leaf 

extract and induction of apoptosis in human larynx cancer cell lines. International journal of pharmacy 

and pharmaceutical sciences 3, 356-364. 

Kumar, S., Kumar, D., Jusha, M., Saroha, K., Singh, N., Vashishta, B., 2008. Antioxidant and free radical 

scavenging potential of Citrullus colocynthis (L.) Schrad. methanolic fruit extract. 



Advances in Life Science and Technology     www.iiste.org 

ISSN 2224-7181 (Paper) ISSN 2225-062X (Online).  
Vol. 13, 2013 

69 
 

Leela, A., Vivekanandan, M., 2008. Tapping the unexploited plant resources for the synthesis of silver 

nanoparticles. African Journal of Biotechnology 7. 

Li, S., Shen, Y., Xie, A., Yu, X., Qiu, L., Zhang, L., Zhang, Q., 2007. Green synthesis of silver nanoparticles 

using Capsicum annuum L. extract. Green Chem. 9, 852-858. 

Li, W.-R., Xie, X.-B., Shi, Q.-S., Zeng, H.-Y., You-Sheng, O.-Y., Chen, Y.-B., 2010. Antibacterial activity and 

mechanism of silver nanoparticles on Escherichia coli. Applied microbiology and biotechnology 85, 

1115-1122. 

Lok, C.-N., Ho, C.-M., Chen, R., He, Q.-Y., Yu, W.-Y., Sun, H., Tam, P.K.-H., Chiu, J.-F., Che, C.-M., 2006. 

Proteomic analysis of the mode of antibacterial action of silver nanoparticles. Journal of Proteome 

research 5, 916-924. 

Morones, J.R., Elechiguerra, J.L., Camacho, A., Holt, K., Kouri, J.B., Ramírez, J.T., Yacaman, M.J., 2005. The 

bactericidal effect of silver nanoparticles. Nanotechnology 16, 2346. 

Murthy, Y., Kondala Rao, T., Singh, R., 2010. Synthesis and characterization of nano silver ferrite composite. 

Journal of Magnetism and Magnetic Materials 322, 2071-2074. 

Nalwa, H.S., 2005. Handbook of nanostructured biomaterials and their applications in nanobiotechnology. 

American Scientific Publishers Valencia, CA. 

       ,   ,  vit  ,   ,  ruc  ,   ,  ol r,   ,   c rov ,   ,  i urov , N ,  h r  ,     , N v    , T.j., Zboril, 

R., 2006. Silver colloid nanoparticles: synthesis, characterization, and their antibacterial activity. The 

Journal of Physical Chemistry B 110, 16248-16253. 

Rahman, M., Wang, J., Patterson, T., Saini, U., Robinson, B., Newport, G., Murdock, R., Schlager, J., Hussain, 

S., Ali, S., 2009. Expression of genes related to oxidative stress in the mouse brain after exposure to 

silver-25 nanoparticles. Toxicology letters 187, 15-21. 

Rai, M., Yadav, A., Gade, A., 2009. Silver nanoparticles as a new generation of antimicrobials. Biotechnology 

advances 27, 76-83. 

Rogers, J.V., Parkinson, C.V., Choi, Y.W., Speshock, J.L., Hussain, S.M., 2008. A preliminary assessment of 

silver nanoparticle inhibition of monkeypox virus plaque formation. Nanoscale Research Letters 3, 129-

133. 

Shankar, S.S., Rai, A., Ahmad, A., Sastry, M., 2004. Rapid synthesis of Au, Ag, and bimetallic Au core–Ag 

shell nanoparticles using Neem (Azadirachta indica) leaf broth. Journal of colloid and interface science 

275, 496-502. 

Sharma, V.K., Yngard, R.A., Lin, Y., 2009. Silver nanoparticles: green synthesis and their antimicrobial 

activities. Advances in Colloid and Interface Science 145, 83-96. 

Song, J.Y., Kim, B.S., 2009. Rapid biological synthesis of silver nanoparticles using plant leaf extracts. 

Bioprocess and biosystems engineering 32, 79-84. 

Thirumurgan, A., Tomy, N., Jai Ganesh, R., Gobikrishnan, S., 2010. Biological reduction of silver nanoparticles 

using plant leaf extracts and its effect an increased antimicrobial activity against clinically isolated 

organism. De. Phar. Chem 2, 279-284. 

Unno, Y., Shino, Y., Kondo, F., Igarashi, N., Wang, G., Shimura, R., Yamaguchi, T., Asano, T., Saisho, H., 

Sekiya, S., 2005. Oncolytic viral therapy for cervical and ovarian cancer cells by Sindbis virus AR339 

strain. Clinical cancer research 11, 4553-4560. 

Wei, D., Sun, W., Qian, W., Ye, Y., Ma, X., 2009. The synthesis of chitosan-based silver nanoparticles and their 

antibacterial activity. Carbohydrate research 344, 2375-2382. 



Advances in Life Science and Technology     www.iiste.org 

ISSN 2224-7181 (Paper) ISSN 2225-062X (Online).  
Vol. 13, 2013 

70 
 

Xu, H., Yao, L., Sun, H., Wu, Y., 2009. Chemical composition and antitumor activity of different 

polysaccharides from the roots of Actinidia eriantha. Carbohydrate polymers 78, 316-322. 

Zolghadri, S., Saboury, A., Golestani, A., Divsalar, A., Rezaei-Zarchi, S., Moosavi-Movahedi, A., 2009. 

Interaction between silver nanoparticle and bovine hemoglobin at different temperatures. Journal of 

Nanoparticle Research 11, 1751-1758. 

 

LIST OF ABBREVIATIONS  

TEM Transmitted Electron Microscope 

nm nanometer 

mM millimolar 

SNPs Silver Nanoparticles 

AE Aqueous extract 
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