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Abstract
 Since ancient time silver and silver based compound have been used as a powerful antimicrobial 
agent in medicine. Discovery of antibiotics pushes the silver away from medicine and pharmaceutical 
sciences. By emerging resistance strains and reducing the efficiency of antibiotics, silver became point of 
attentions again, but in a novel form of silver nanoparticles (AgNPs). AgNPs are the most effective and 
powerful novel antimicrobial with ancient roots. Chemical synthesis is one of the first techniques for syn-
thesis of AgNPs. In this technique silver ions reduced to AgNPs by using chemical reducing agents such 
as sodium borohydride (NaBH4) and sodium citrate (Na3C6H5O7). Later investigations have shown that 
biological molecules from living organisms such as bacteria, fungi, algae, and plants can also be used as 
more safe and in some cases sheep reducing agent for biosynthesis of AgNPs.
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1. Introduction
 Silver is one of the most known and  
applied element in ancient and novel pharmaceuti-
cal sciences. Silver ions have ancient applications 
as a potent antimicrobial agent for wounds, burns, 
and ulcers treatment. Application of silver com-
pounds in ancient medicine and pharmaceutical 
sciences was due to empirical findings without any 
knowledge about microbial life and microbiology. 

Silver ion was commonly used for gonococcal 
ophthalmia neonatorum (GON) prevention. The 
solution of silver ion was used in about one hour 
after birth as ophthalmic drop. It is interesting that 
Roman ancient physicians accidently found that 
silver is effective for treatment of epilepsy. Beside 
all ancient medical and pharmaceutical applica-
tions of silver ions and silver compound, silver 
based compounds were also used as food preser-
vative in ancient cultures (1). 
 Along with these applications of silver 
compounds, ancient medicine was used anti-
biotics against microbial infection without any  
knowledge about microbes and antibiotics. For in-
stance, moulds and plants were used against infec-
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tions in ancient Greek and India. Also, in Greece 
and Serbia mouldy bread was used as a healer for 
wounds and infections. By discovery of penicil-
lin in 1928 by Sir Alexander Fleming a new era 
was opened in antimicrobial agents. Over last 
century, a huge variety of antibiotics have been 
discovered and used to save billions of lives. Dis-
covery and development of antibiotics push the 
silver and silver compounds away from medicine 
and pharmaceutical sciences. On the other hand, 
silver ions and silver based compounds have side 
effects such as chemical conjunctivitis, pain and 
visual impairment which intensify the process of 
forgetting silver by medical scientists. But, power 
of antibiotic was not long lasting and over decades 
of applying antibiotics resistance bacterial strains 
emerged. This situation is getting worse and worse 
since World Health Organization (WHO) declared 
antimicrobial resistance as the theme for the World 
Health Day 2011, the day of WHO foundation on 
the 7th April. This problem appeared from the 
mechanism which antibiotics used against micro-
bial cells. Antibiotics target exact physiological 
points in microbial cells such as particular point in 
cell wall and ribosome. A simple nonlethal muta-
tion in these target points is sufficient to provide 
the gate for scape and distribution of a resistance 
strains (2). Silver based antimicrobials acts in a 
completely different way, silver ion is a potent oxi-
dant which can oxidise and affect all physiological 
points in a microbial cell (3). So, there is no easy 
way to scape to. 
 In modern medical and pharmaceutical 
sciences silver appeared in a novel form of silver 
nanoparticles (AgNPs). AgNPs do not show side 
effects of silver ions and silver complexes. Since 
now, vast investigations have shown the antimi-
crobial potency of AgNPs (4, 5) and so there is 
increasing demand for AgNPs in science and tech-

nology. Know a days, the main approaches for the 
synthesis of AgNPs are chemical or biological re-
duction of silver ions (6-8). Usually silver nitrate 
is used as silver precursor and so a reducing agent 
along with a capping agent is just all we need for 
synthesis of AgNPs. In the following we have a 
short review on main chemical and biological ap-
proaches for the synthesis of AgNPs. 

2. Chemical synthesis of silver nanoparticles
 Sodium borohydride (NaBH4) is one of 
the most applied reducing agent which has been 
used for chemical synthesis of AgNPs (9). In this 
reaction silver nitrate (AgNO3) is used as silver 
precursor to provide silver ions. In the reduction 
reaction as shown in the equation 1, silver ions 
reduced to metallic silver and so AgNPs (10). As 
shown in Figure 1 the obtained AgNPs can be sta-
bilized with adsorbed borohydride ions (BH4

-). 
Adsorption of the anions on the surface of AgNPs 
can provide a negative surface charge and so can 
stabilize nanoparticles from agglomeration and 
sedimentation (Eq. 1). 

0
3 4 2 2 6 3AgNO  NaBH Ag  ½ H  ½ B H  NaNO+ → + + +        (Eq. 1)

 Sodium borohydride is severally corro-
sive and irritant and can be potentially hazard-
ous in case of skin and eye contact, ingestion, or  
inhalation. So, scientists have tried to use other 
chemical reducing agents such as ethylene gly-
col, ascorbic acid (C6H8O6) and sodium citrate  
(Na3C6H5O7) instead of sodium borohydride (6, 
7, 11). Among all chemical reducing agents so-
dium citrate remains as the most popular for syn-
thesis of AgNPs with accessible surface due to the 
weak interaction of citrate molecules with metal 
surfaces (12). Through the reduction of Ag+ ions 
sodium citrate oxidized into dicarboxyacetone and 
then further decomposed to acetoacetate. Citrate 

 

Figure 1. Borohydride ions (BH4
-) from sodium borohydride (NaBH4) can stabilise AgNPs. 
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ions interact with positively charged silver ions 
and make a relatively stable complex. Formation 
of this stable complex to some extend hinder re-
duction of Ag+ ions and so leads to heterogeneous 
nucleation of AgNPs and formation of non-uni-
form and polydisperse nanoparticles. This event is 
usually considered as the major drawback of sodi-
um citrate for chemically synthesis of AgNPs (12).
 In addition to chemical reducing agents, 
organic compounds such as glucose, maltose and 
starch, have also been used for AgNPs synthesis 
(6, 7). Just like chemical reducing agents, organic 
compound can act as both reducing and capping 
agent. For instance, AgNPs which synthesised by 
using glucose are shown to be D-Gluconic acid 
coated (13). The fundamental reaction of AgNPs 
synthesis by using reducing sugars which is known 
as Tollens reaction can be simplified as equa-
tion (2) (14). Biologic polymers such as gelatine,  
Poly-L-lysine, and even DNA molecules have also 
been used as reducing and capping agent for syn-
thesis of AgNPs. As illustrated in Figure 2, bio-
polymers have the capability to bend around pre-
pared particles and make an efficient hydrophilic 
coating (15-17). This coating makes nanoparticles 
more stable from physicochemical and colloidal 
point of view (Eq. 2) (15-17). 

( ) 0
3 2

Ag NH  RCHO  Ag  RCOOH + + → +               (Eq. 2)

3. Biological synthesis of silver nanoparticles
 Biosynthesis of nanoparticles is based on 
the application of biochemical species which pro-
duced by living organisms as reducing and cap-
ping agent. A vast variety of biologic compounds 
such as carbohydrates, proteins, phenols, polyphe-
nols, alcohols and aromatic compounds can be in-
volved in this process (4, 5, 8, 18-22). Nowadays, 

bacteria and fungi are among the main organisms 
that have been used for biosynthesis of AgNPs. 
Since now various bacterial and fungal genus such 
as Morganella, Pseudomonas, Bacillus, Lacto-
bacillus, Geobacillus, Escherichia, Vibrio, Sal-
monella, Klebsiella, Streptomyces, Rhodococcus, 
Cladosporium, Fusarium, Aspergillus, Candida 
and Penicillium have been used for AgNPs bio-
synthesis (23-33). The major drawback of using 
bacterial and fungal strain is this fact that almost 
of the used strains are pathogen or opportunistic. 
So, an expanding enthusiasm for the improve-
ment of the AgNPs biosynthesis by utilizing safe 
microbial cells (i.e. microalgae) has emerged (4, 
34, 35). Algae do not require complex carbon and 
nitrogen sources. They utilize daylight as vital-
ity source, carbon dioxide as carbon source and 
ammonium salts as nitrogen source. So these life 
forms are totally financial for biotechnological  
applications (36). The potential for reduction of 
Ag+ ions to AgNPs have been found in many mi-
croalgal cells such as Chlorella vulgaris, Spirulina 
platensis, Amphora sp, Oscillatoria willei, Nan-
nochloropsis oculata, and Pithophora oedogonia 
(4, 33, 34, 37-39). Synthesis can be done in two 
different approaches; (a) using microalgal cell ex-
tract as a natural source of reducing and capping 
agent or (b) applying the whole cell. For instance, 
de-oiled biomass of thermotolerant oleaginous mi-
croalgae Acutodesmus dimorphus have been used 
for extracellular biosynthesis of AgNPs (40). On 
the other hand, extract of Caulerpa racemosa, 
Chaetomorpha linum, and Cystophora monilifor-
mis were reported to be effective for biosynthesis 
of AgNPs (41-43). Unfortunately, microalgae me-
diated biosynthesis required an elaborated process 
of culturing and maintaining cells and beyond that 
the rate of cell growth and biomass preparation is 

 

Figure 2. Biopolymers can wrap around AgNPs and stabilise them.
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very slow (4, 36). 
 Plant mediated synthesis of AgNPs is  
another choice for biosynthesis of AgNPs. In this 
approach plant extract is used as a natural source 
of reducing and capping agents. Preparing of plant 
extract even in the large scale is very cheap and 
fast. Also, scientists try to use plants which are 
abundant and have not food value to reduce the 
cost of the raw materials. Plant mediated synthe-
sis is also more effective than microbial synthesis 
since that plant extract is more potent in reduc-
ing power than microbial culture filtrates (44-47).  
A lot of literature has been reported to facilitate the 
production of AgNPs by plant mediated synthesis 
approach. AgNPs were successfully synthesised 
by using leaf extract of maple, eucalyptus, black 
tea, Lippia citriodora, Matricaria chamomilla, 
Lantana camara, Zataria multiflora, Mediterra-
nean cypress (Cupressus sempervirens), and Arte-
misia annua (8, 19, 20, 48-52). Also other parts of 
plants such as have reported to be effective such 
as Alcea rosea flower extract, Crataegus dougla-
sii fruit extract, orange peel extract, coffee extract, 
Chrysanthemum morifolium Ramat. extract, Medi-
cago sativa and Sterculia foetida seed exudate, 

and Cinnamon zeylanicum bark extract (5, 53-56). 
Very little work has been performed to understand 
the exact mechanism behind the plant mediated 
synthesis and it remains to be elucidated. Various 
biomolecules including enzymes, proteins, sugars, 
vitamins, alkaloids, phenolic acids, terpenoids, 
and polyphenols are the main phytochemiclas that 
play an important role in the bioreduction of silver 
ions to AgNPs (4, 47, 57-61).  

4. Conclusion
 AgNPs emerged as a novel form of silver 
in modern medical and pharmaceutical sciences 
to fight against multidrug-resistant organisms. In-
creasing demand for AgNPs in various sciences 
and technologies resulted in development of tech-
niques for synthesis of AgNPs. Chemical synthesis 
is one of the most first approaches in this regards 
and biosynthesis is a novel approach to eliminate 
disadvantages of chemical synthesis. 

Conflict of Interest
 None declared.

.................................................................................................................................
5. References
1. Ebrahiminezhad A, Raee MJ, Manafi Z, 
Jahromi AS, Ghasemi Y. Ancient and Novel Forms 
of Silver in Medicine and Biomedicine. Journal of 
Advanced Medical Sciences and Applied Technol-
ogies. 2016;2:122-8.
2. Ebrahiminezhad A, Davaran S, Rasoul-
Amini S, Barar J, Moghadam M, Ghasemi Y. Syn-
thesis, characterization and anti-Listeria mono-
cytogenes effect of amino acid coated magnetite 
nanoparticles. Curr Nanosci. 2012;8:868-74.
3. Xiu Z-m, Zhang Q-b, Puppala HL, Col-
vin VL, Alvarez PJ. Negligible particle-specific 
antibacterial activity of silver nanoparticles. Nano 
Lett. 2012;12:4271-5.
4. Ebrahiminezhad A, Bagheri M, Taghiza-
deh S, Berenjian A, Ghasemi Y. Biomimetic syn-
thesis of silver nanoparticles using microalgal 
secretory carbohydrates as a novel anticancer and 
antimicrobial. Adv Nat Sci. 2016;7.
5. Ebrahiminezhad A, Barzegar Y, Ghasemi 
Y, Berenjian A. Green synthesis and characteriza-
tion of silver nanoparticles using Alcea rosea flow-

er extract as a new generation of antimicrobials. 
Chem Ind Chem Eng Q. 2016;2016.
6. Ebrahimi N, Rasoul-Amini S, Ebrahimi-
nezhad A, Ghasemi Y, Gholami A, Seradj H. 
Comparative Study on Characteristics and Cyto-
toxicity of Bifunctional Magnetic-Silver Nano-
structures: Synthesized Using Three Different 
Reducing Agents. Acta Metall Sin. (Engl. Lett.). 
2016;29:326-34.
7. Ebrahimi N, Rasoul-Amini S, Niazi A, 
Erfani N, Moghadam A, Ebrahiminezhad A, et al. 
Cytotoxic and Apoptotic Effects of Three Types of 
Silver-Iron Oxide Binary Hybrid Nanoparticles. 
Curr Pharm Biotechnol. 2016;17:1049-57.
8. Ebrahiminezhad A, Berenjian A, Ghasemi 
Y. Template free synthesis of natural carbohydrates 
functionalised fluorescent silver nanoclusters. IET 
Nanobiotechnol. 2016;2016:1-4.
9. Mehr FP, Khanjani M, Vatani P. Synthesis 
of Nano-Ag particles using sodium borohydride. 
Oriental Journal of Chemistry. 2015;31:1831-3.
10. Mulfinger L, Solomon SD, Bahadory 
M, Jeyarajasingam AV, Rutkowsky SA, Boritz 

58



Trends in Pharmaceutical Sciences 2017: 3(2): 55-62.

Synthesis of Silver Nanoparticles

C. Synthesis and study of silver nanoparticles. J 
Chem Educ. 2007;84:322.
11. Piñero S, Camero S, Blanco S, editors. 
Silver nanoparticles: Influence of the temperature 
synthesis on the particles’ morphology. Journal of 
Physics: Conference Series; 2017: IOP Publish-
ing.
12. Bastús NG, Merkoçi F, Piella J, Puntes 
V. Synthesis of highly monodisperse citrate-sta-
bilized silver nanoparticles of up to 200 nm: ki-
netic control and catalytic properties. Chem Mater. 
2014;26:2836-46.
13. Osorio-Román IO, Ortega-Vásquez V, 
Vargas CV, Aroca RF. Surface-enhanced spectra 
on D-gluconic acid coated silver nanoparticles. 
Appl Spectrosc. 2011;65:838-43.
14. Yin Y, Li Z-Y, Zhong Z, Gates B, Xia 
Y, Venkateswaran S. Synthesis and character-
ization of stable aqueous dispersions of silver 
nanoparticles through the Tollens process. J Mater 
Chem. 2002;12:522-7.
15. Marsich L, Bonifacio A, Mandal S, Krol 
S, Beleites C, Sergo V. Poly-L-lysine-coated sil-
ver nanoparticles as positively charged substrates 
for surface-enhanced Raman scattering. Langmuir. 
2012;28:13166-71.
16. Darroudi M, Ahmad MB, Abdul-
lah AH, Ibrahim NA. Green synthesis and  
characterization of gelatin-based and sugar-re-
duced silver nanoparticles. Int J Nanomedicine. 
2011;6:569-74.
17. Shemer G, Krichevski O, Markovich G, 
Molotsky T, Lubitz I, Kotlyar AB. Chirality of 
silver nanoparticles synthesized on DNA. J Am 
Chem Soc. 2006;128:11006-7.
18. Ebrahiminezhad A, Taghizadeh S, Beren-
jian A, Heidaryan Naeini F, Ghasemi Y. Green 
Synthesis of Silver Nanoparticles Capped with 
Natural Carbohydrates Using Ephedra intermedia. 
Nanosci Nanotechnol Asia. 2016;6:1-9.
19. Ebrahiminezhad A, Taghizadeh S, Beren-
jiand A, Rahi A, Ghasemi Y. Synthesis and charac-
terization of silver nanoparticles with natural car-
bohydrate capping using Zataria multiflora. Adv 
Mater Lett. 2016;7:122-7.
20. Ebrahiminezhad A, Taghizadeh S,  
Ghasemi Y. Green synthesis of silver nanoparticles 
using Mediterranean Cypress (Cupressus semper-
virens) leaf extract. Am J Biochem Biotechnol. 
2017;13:1-6.

21. Ebrahiminezhad A, Zare-Hoseinabadi 
A, Berenjian A, Ghasemi Y. Green synthesis and 
characterization of zero-valent iron nanoparticles 
using stinging nettle (Urtica dioica) leaf extract. 
Green Processing and Synthesis. 2017.
22. Xie J, Lee JY, Wang DI, Ting YP. Silver 
nanoplates: from biological to biomimetic synthe-
sis. ACS nano. 2007;1:429-39.
23. Jain D, Kachhwaha S, Jain R, Srivastava 
G, Kothari S. Novel microbial route to synthe-
size silver nanoparticles using spore crystal mix-
ture of Bacillus thuringiensis. Indian J Exp Biol. 
2010;48:1152-6.
24. Parikh RY, Singh S, Prasad B, Patole MS, 
Sastry M, Shouche YS. Extracellular synthesis 
of crystalline silver nanoparticles and molecular 
evidence of silver resistance from Morganella 
sp.: towards understanding biochemical synthesis 
mechanism. Chem Bio Chem. 2008;9:1415-22.
25. Mandal D, Bolander ME, Mukhopadhyay 
D, Sarkar G, Mukherjee P. The use of microor-
ganisms for the formation of metal nanoparticles 
and their application. Appl Microbiol Biotechnol. 
2006;69:485-92.
26. Sadowski Z. Biosynthesis and applica-
tion of silver and gold nanoparticles. In: Perez DP,  
editor. Silver Nanoparticles. Rijeka: InTech; 2009. 
p. 257-76.
27. Mohammed Fayaz A, Girilal M, Rahman 
M, Venkatesan R, Kalaichelvan P. Biosynthesis of 
silver and gold nanoparticles using thermophilic 
bacterium Geobacillus stearothermophilus. Pro-
cess Biochem. 2011;46:1958-62.
28. Kalimuthu K, Suresh Babu R, Venkata-
raman D, Bilal M, Gurunathan S. Biosynthesis 
of silver nanocrystals by Bacillus licheniformis.  
Colloids Surf B. 2008;65:150-3.
29. Faghri Zonooz N, Salouti M. Extracellu-
lar biosynthesis of silver nanoparticles using cell 
filtrate of Streptomyces sp. ERI-3. Sci Iranica. 
2011;18:1631-5.
30. Bhainsa KC, D’Souza S. Extracellu-
lar biosynthesis of silver nanoparticles using the 
fungus Aspergillus fumigatus. Colloids Surf B. 
2006;47:160-4.
31. Ingle A, Rai M, Gade A, Bawaskar M. 
Fusarium solani: a novel biological agent for the 
extracellular synthesis of silver nanoparticles.  
J Nanopart Res. 2009;11:2079-85.
32. Karbasian M, Atyabi S, Siadat S, Momen 

59



Trends in Pharmaceutical Sciences 2017: 3(2): 55-62.

Alireza Ebrahiminezhad et al.

S, Norouzian D. Optimizing nano-silver formation 
by Fusarium oxysporum PTCC 5115 employing 
response surface methodology. Am J Agric Biol 
Sci. 2008;3:433-7.
33. Mohseniazar M, Barin M, Zarredar H, 
Alizadeh S, Shanehbandi D. Potential of micro-
algae and lactobacilli in biosynthesis of silver 
nanoparticles. BioImpacts: BI. 2011;1:149.
34. Mahdieh M, Zolanvari A, Azimee 
AS, Mahdieh M. Green biosynthesis of silver 
nanoparticles by Spirulina platensis. Sci Iranica. 
2012;19:926-9.
35. Merin DD, Prakash S, Bhimba BV. Anti-
bacterial screening of silver nanoparticles synthe-
sized by marine micro algae. Asian Pacific Journal 
of Tropical Medicine. 2010;3:797-9.
36. Ebrahiminezhad A, Rasoul-Amini S, Gho-
shoon MB, Ghasemi Y. Chlorella vulgaris, a novel 
microalgal source for l-asparaginase production. 
Biocat Agr Biotechnol. 2014;3:214-7.
37. Jena J, Pradhan N, Dash BP, Panda PK, 
Mishra BK. Pigment mediated biogenic synthe-
sis of silver nanoparticles using diatom Amphora 
sp. and its antimicrobial activity. Journal of Saudi 
Chemical Society. 2015;19:661-6.
38. Ali DM, Sasikala M, Gunasekaran M, 
Thajuddin N. Biosynthesis and characterization of 
silver nanoparticles using marine cyanobacterium, 
Oscillatoria willei NTDM01. Dig J Nanomater 
Biostruct. 2011;6:385-90.
39. Sinha SN, Paul D, Halder N, Sengupta D, 
Patra SK. Green synthesis of silver nanoparticles 
using fresh water green alga Pithophora oedogonia 
(Mont.) Wittrock and evaluation of their antibacte-
rial activity. Applied Nanoscience. 2015;5:703-9.
40. Chokshi K, Pancha I, Ghosh T, Pali-
wal C, Maurya R, Ghosh A, et al. Green syn-
thesis, characterization and antioxidant poten-
tial of silver nanoparticles biosynthesized from 
de-oiled biomass of thermotolerant oleaginous  
microalgae Acutodesmus dimorphus. RSC Ad-
vances. 2016;6:72269-74.
41. Kathiraven T, Sundaramanickam A, Shan-
mugam N, Balasubramanian T. Green synthesis of 
silver nanoparticles using marine algae Caulerpa 
racemosa and their antibacterial activity against 
some human pathogens. Applied Nanoscience. 
2015;5:499-504.
42. Kannan RRR, Arumugam R, Ramya D, 
Manivannan K, Anantharaman P. Green synthe-

sis of silver nanoparticles using marine macroal-
ga Chaetomorpha linum. Applied Nanoscience. 
2013;3:229-33.
43. Prasad TN, Kambala VSR, Naidu 
R. Phyconanotechnology: synthesis of sil-
ver nanoparticles using brown marine algae  
Cystophora moniliformis and their characterisa-
tion. J Appl Phycol. 2013;25(1):177-82.
44. Cruz D, Falé PL, Mourato A, Vaz PD, 
Luisa Serralheiro M, Lino ARL. Preparation 
and physicochemical characterization of Ag 
nanoparticles biosynthesized by Lippia citriodora 
(Lemon Verbena). Colloids Surf B. 2010;81:67-73.
45. Goodarzi V, Zamani H, Bajuli L, Mo-
radshahi A. Evaluation of antioxidant potential 
and reduction capacity of some plant extracts in 
silver nanoparticle synthesis. Mol Biol Res Com. 
2014;3:165-74.
46. Lukman AI, Gong B, Marjo CE, Roess-
ner U, Harris AT. Facile synthesis, stabilization, 
and anti-bacterial performance of discrete Ag 
nanoparticles using Medicago sativa seed exu-
dates. J Colloid Interface Sci. 2011;353:433-44.
47. Nadagouda MN, Varma RS. Green synthe-
sis of silver and palladium nanoparticles at room 
temperature using coffee and tea extract. Green 
Chem. 2008;10:859-62.
48. Sathishkumar M, Sneha K, Won S, Cho 
C-W, Kim S, Yun Y-S. Cinnamon zeylanicum bark 
extract and powder mediated green synthesis of 
nano-crystalline silver particles and its bactericid-
al activity. Colloids Surf B. 2009;73:332-8.
49. Vivekanandhan S, Schreiber M, Mason 
C, Mohanty AK, Misra M. Maple leaf (Acer sp.) 
extract mediated green process for the functional-
ization of ZnO powders with silver nanoparticles. 
Colloids Surf B. 2014;113(2014):169-75.
50. Vigneshwaran N, Ashtaputre N, Varada-
rajan P, Nachane R, Paralikar K, Balasubramanya 
R. Biological synthesis of silver nanoparticles 
using the fungus Aspergillus flavus. Mater Lett. 
2007;61:1413-8.
51. Chitra K, Annadurai G. Antibacterial Ac-
tivity of pH-Dependent Biosynthesized Silver 
Nanoparticles against Clinical Pathogen. Biomed 
Res Int. 2014;2014.
52. Vulpoi A, Gruian C, Vanea E, Baia L, Si-
mon S, Steinhoff HJ, et al. Bioactivity and pro-
tein attachment onto bioactive glasses contain-
ing silver nanoparticles. J Biomed Mater Res A. 

60



Trends in Pharmaceutical Sciences 2017: 3(2): 55-62.

Synthesis of Silver Nanoparticles

2012;100:1179-86.
53. Qu S, Wang X, Lu Q, Liu X, Wang L. A 
Biocompatible Fluorescent Ink Based on Water-
Soluble Luminescent Carbon Nanodots. Angew 
Chem. 2012;124:12381-4.
54. Albalasmeh AA, Berhe AA, Ghezzehei 
TA. A new method for rapid determination of 
carbohydrate and total carbon concentrations us-
ing UV spectrophotometry. Carbohydr Polym. 
2013;97:253-61.
55. Dubois M, Gilles KA, Hamilton JK, Re-
bers P, Smith F. Colorimetric method for deter-
mination of sugars and related substances. Anal 
Chem. 1956;28:350-6.
56. Masuko T, Minami A, Iwasaki N, Majima 
T, Nishimura S-I, Lee YC. Carbohydrate analysis 
by a phenol-sulfuric acid method in microplate 
format. Anal Biochem. 2005;339:69-72.
57. Dubey SP, Lahtinen M, Sillanpää M. 
Tansy fruit mediated greener synthesis of sil-
ver and gold nanoparticles. Process Biochem.  

2010;45:1065-71.
58. He Y, Du Z, Lv H, Jia Q, Tang Z, Zheng 
X, et al. Green synthesis of silver nanoparticles by 
Chrysanthemum morifolium Ramat. extract and 
their application in clinical ultrasound gel. Int J 
Nanomedicine. 2013;8:1809-15.
59. Njagi EC, Huang H, Stafford L, Genuino 
H, Galindo HM, Collins JB, et al. Biosynthesis of 
iron and silver nanoparticles at room temperature 
using aqueous sorghum bran extracts. Langmuir. 
2010;27:264-71.
60. Okafor F, Janen A, Kukhtareva T, Ed-
wards V, Curley M. Green Synthesis of Silver 
Nanoparticles, Their Characterization, Application 
and Antibacterial Activity. Int J Env Res Public 
Health. 2013;10:5221-38.
61. Song JY, Jang H-K, Kim BS. Biological 
synthesis of gold nanoparticles using Magnolia 
kobus and Diopyros kaki leaf extracts. Process 
Biochem. 2009;44:1133-8.

61



Trends in Pharmaceutical Sciences 2017: 3(2): 55-62.

Alireza Ebrahiminezhad et al.

62


