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Abstract: The purpose of the study was to prepare gels by using polymer chitosan and carbopol. The prepared gels 
were incorporated with silver nanoparticles biogenically synthesized by leave extract of Eichhornia crassipes. The silver 
nanoparticles having average particle size of 21.71+/- 4.42 nm and showing antimicrobial activity against Gram positive 
and Gram negative bacteria were taken for preparing gels. Different characteristics like pH, spreadability, extrudability, 
viscosity, in-vitro drug diffusion, swelling, and antimicrobial study of the prepared gels were evaluated. The gel 
formulated with chitosan showed better physicochemical characteristic as compared to gel formulated with polymer 
carbopol. In-vitro antibacterial study of the prepared silver nanoparticle incorporated gels was carried out using 
microorganisms like Staphylococcus aureus, Bacillus subtilis, Escherichia hermanii, and Pseudomonas aeruginosa. The 
prepared gels showed promising activity against Staphylococcus aureus and Bacillus subtilis, moderate activity against 
Escherichia coli and Pseudomonas aeruginosa. The optimized silver nanoparticle incorporated gel was having potency 
to be used as an antimicrobial agent. 
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1. INTRODUCTION 

Topical preparations are formulae which are applied 
directly to an external body surface by spreading, 
rubbing, spraying or instillation. The topical route of 
administration has been utilized either to produce local 
effect for treating skin disorder or to produce systemic 
drug effects. Within the major group of semisolid 
preparations, the use of transparent gels has expanded 
both in cosmetics and in pharmaceutical preparations. 
Gels often provide a faster release of drug substance, 
independent of the water solubility of the drug, as 
compared to creams and ointments [1]. They are highly 
biocompatible with a lower risk of inflammation or 
adverse reactions, easily applied and do not need to be 
removed. Gels for dermatological use have several 
favorable properties such as being thixotropic, 
greaseless, easily spreadable, easily removed, 
emollient, non-staining, and compatible with several 
excipients and water soluble or miscible [2]. The U.S.P. 
defines gels as semisolids, either suspension of small 
inorganic particles or large organic molecules 
interpenetrated with liquid. Gels are transparent or 
translucent semisolid formulations containing a high 
ratio of solvent/gelling agent. When dispersed in an 
appropriate solvent, gelling agents merge or entangle 
to form a three dimensional colloidal network structure, 
which limits fluid flow by entrapment and immobilization 
of the solvent molecules. The network structure is also 
responsible for gel resistance to deformation and 
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hence, its viscoelastic properties [3]. Nanoparticles are 
of great interest due to their extremely small size and 
large surface to volume ratio, which lead to both 
chemical and physical differences in their properties 
compared to bulk of the same chemical composition, 
such as mechanical, biological and sterical properties, 
catalytic activity, thermal and electrical conductivity, 
optical absorption and melting point [4].  

Therefore, designing and production of materials 
with novel applications can be resulted by controlling 
shape and size at nanometer scale. Nanoparticles 
exhibit size and shape-dependent properties which are 
of interest for applications ranging from biosensing and 
catalysts to optics, antimicrobial activity, computer 
transistors, electrometers, chemical sensors, and 
wireless electronic logic and memory schemes. These 
particles also have many applications in different fields 
such as medical imaging, nanocomposites, filters, drug 
delivery, and hyperthermia of tumors [5]. Silver 
nanoparticles have drawn the attention of researchers 
because of their extensive applications in areas such 
as integrated circuits, sensors [6], biolabelling, filters, 
antimicrobial deodorant fibres [7], cell electrodes [8], 
low-cost paper batteries (silver nano-wires) [9] and 
antimicrobials [10]. Silver nanoparticles have been 
used extensively as antimicrobial agents in health 
industry, food storage, textile coatings and a number of 
environmental applications. Antimicrobial properties of 
silver nanoparticles caused the use of these nano-
metals in different fields of medicine, various industries, 
animal husbandry, packaging, accessories, cosmetics, 
health and military. In medical field the most important 
use is in burn management. The goal of the research 
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was to prepare silver nanoparticles by using plant 
extract then formulate and evaluate various polymers 
with varying concentrations for the preparation of a 
safe, effective and stable gel containing silver 
nanoparticles and to evaluate the in vitro performance, 
stability and also evaluate the in vitro antibacterial 
activity for prepared formulations. 

2. MATERIALS AND METHOD 

2.1. Materials 

Silver nanoparticles synthesized by leave extract of 
Eichornia crassipie [11], Polymers- Carbopol - 940 
obtained from Bf. Goodrich, Co (USA) and Chitosan 
procured from Aldrich, USA., Silver nitrate from Sigma-
Aldrich, Bangalore, India, Silverex gel, 0.2% w/w of 
silver nitrate (Ranbaxy Laboratories Ltd, India). All 
other chemicals and solvents were of analytical grade. 

2.2. Preparation of Gel 

Gels were prepared by cold mechanical method. 
Required quantity of polymer was weighed and 
sprinkled slowly on surface of purified water for 2 hrs. 
After that it was continuously stirred by magnetic stirrer, 
till the polymer soaked in the water. With continuous 
stirring, other ingredients like glycerol were added. 
Finally the drug silver nanoparticles were added to the 
gel with continuous stirring till drug get dispersed in gel 
completely. Two formulations of silver nanoparticle 
incorporated gels were prepared by using polymer 
chitosan and carbopol, the composition of each gel was 
shown in Table 1. The prepared gels were packed in 
wide mouthed glass jar covered with screw capped 
plastic lid after covering the mouth with an aluminum 
foil and were stored in dark and cool place [12].  

Table 1: Composition of Gel Formulations 

Gel A Gel B 

Carbopol: 2gm 

Glycerol: 2gm 

Silver nanoparticles: 0.02gm 

Water up to 100gms 

Chitosan: 2gm 

Glycerol: 2gm 

Glacial acetic acid: 1.5ml 

Silver nanoparticles: 0.02gm 

Water up to 100gms 

2.3. Characterization of the Formulated Gels 

2.3.1. pH  

The pH of formulated gels was determined by digital 
pH meter (Make Lab India). One gram of gel was 

dissolved in 100 ml of distilled water and stored at 4°C 
for two hours. The measurement of pH of each 
formulation was carried out in triplicate and the average 
values were presented [13]. 

2.3.2. Spreadability 

Ideal gel must have low spreadability values but 
good consistency. Spreadability of formulations was 
determined by an apparatus suggested by Multimer 
which was engineered in laboratory and used for slide 
fixed on wooden block and upper slide with one end 
tide to glass slide and other end tied to weight pan. A 
glut of gel (1 gm) was placed in between two glass 
slides and then 1000 gm weight was placed on slides 
for 5 min to squeeze the sample to a uniform thickness. 
Weight (80 gm) was added to pan. With the help of 
string attached to the hook and the time (in seconds) 
required by the top plate to cover a distance of 10 cm 
be noted. A shorter interval signifies better 
spreadability. The time (seconds) required to take apart 
the two slides, was taken as a measure of spreadability 
[14]. 

It was calculated using equation:  

S = M. L/T  

Where, S = spreadability, M = weight tied to upper 
slide, L = length of glass slide, T = time taken. 

2.3.3. Viscosity 

A Brookfield Rotational Digital Viscometer DV II 
RVTDV-II was used to determine the viscosity (in cps) 
of the gels. The spindle No.63 was rotated at 200 rpm. 
Samples of the gels were permitted to settle over 30 
min at the assay temperature (25 ± 1°C) before the 
measurements were done [15].  

2.3.4. Extrudability 

The method adopted for evaluating gel formulation 
for extrudability was based upon the quantity in 
percentage of gel extruded from tube on application of 
certain load. More the quantity extruded better was 
extrudability. The formulation under study was filled in 
a clean, lacquered aluminum collapsible one-ounce 
tube with a nasal tip of 5 mm opening. The weight of 
200gm was applied at the bottom of tube to release gel 
through the opening. Extrudability was determined by 
weighing the amount of gels extruded through the tip. 
The percentage of gel extruded was calculated, more 
extrudability indicates better application of gel [16]. 
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2.3.5. Swelling Characteristics 

Preweighed dry gel films were immersed in water 
and phosphate buffer solutions pH 7.4 respectively. 
The films were withdrawn from the solutions at different 
time intervals and their wet weight were determined 
after first blotting with a filter paper followed by blowing 
with a stream of air to remove the surface water and 
immediately weighing the films. The swelling ratio was 
calculated using the equation; 

Esr %( ) =
Ws !Wd( )
Wd

"100  

Where Esr was the water absorption (%wt) of the films, 
Wd and Ws were the weights of the samples in the dry 
and swollen states respectively [17]. 

2.3.6. Determination of Antibacterial Activity 

The prepared gels were evaluated for their 
antibacterial activity against different bacterial strains 
by agar well diffusion method [18]. The discs of 
antibacterial agents used as reference standards were 
having erythromycin in a concentration of 15 µg/disc. 
The diameters of the inhibition zones were measured 
[19]. 

2.3.7. in-vitro Drug Diffusion Study 

Egg membrane separated from egg by applying 
acid was used for this study. In Franz diffusion cell, 2.0 
gm of gel was kept in donor compartment. The entire 
surface of membrane was in contact with the receptor 
compartment containing 100 ml of Phosphate buffer pH 
7.4. The receptor compartment was continuously 
stirred (100 rpm) using a magnetic stirrer. The 
temperature maintained was 37 ± 1°C. The study was 
carried out for 24 hrs with the interval of 0, 0.5, 1, 1.5, 
and so on upto 14 hrs. The sample was withdrawn at 
predetermined period of time and same volume was 
replaced with fresh Phosphate buffer pH 7.4. The 
absorbance of withdrawn sample was measured at 430 
nm to estimate the amount of silver nanoparticles 
present [20].  

2.3.8. Drug Release Kinetic Study 

To analyze the in vitro release data various kinetic 
models were used to describe the release kinetics. The 
zero order rate Eq. (1) describes the systems where 
the drug release rate is independent of its 
concentration. The first order Eq. (2) describes the 
release from system where release rate is 
concentration dependent. Higuchi described the 
release of drugs from insoluble matrix as a square root 

of time dependent process based on Fickian diffusion 
Eq. (3) [21].  

C = kot             (1) 

Where, k0 is zero-order rate constant expressed in 
units of concentration/time and t is the time.  

Log C= LogC0 − kt/2.303          (2) 

Where, C0 is the initial concentration of drug and k is 
first order rate constant.  

Q = Kt1/2           (3) 

Where, K is the constant reflecting the design variables 
of the system.  

The following plots were made [22]:  

1. Cumulative % drug release vs. time (zero order 
kinetic model);  

2. Log cumulative of % drug remaining vs. time 
(first order kinetic model);  

3. Cumulative % drug release vs. square root of 
time (higuchi model);  

4. Log cumulative % drug release vs. log time 
(korsmeyer model). 

3. RESULTS 

3.1. Formulation of Gel 

The formulated gels prepared by carbopol and 
chitosan with and without silver nanoparticles were 
observed to be clear with uniform consistency. 

3.2. Physicochemical Characteristics of Gels 

Table 2 shows the rheological characteristics of the 
gels. Gel B as compared to Gel A showed more 
viscosity at minimum and maximum rates of shear. The 
tested gels showed pesudoplastic flow with variable 
thixotropic behavior. From the results it was observed 
that the formulated gels were having spreadability 
approaching the commercial product silverex. The gel 
prepared by chitosan had shown better spreadability as 
compared to gel prepared by carbopol. From the 
results it was observed that the formulated gels were 
having extrudabilty approaching that of the commercial 
product silverex. The gel prepared by chitosan had 
shown better extrudability as compared to gel prepared 
by carbopol.  
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3.3. Swelling Test Study of Gel  

From the swelling test data it was found that gel 
prepared by polymer chitosan has greater percentage 
swelling index as compared to gel prepared by 

carbopol and approaching that of the commercial gel 
as shown in Table 3. 

Table 3: Swelling Test Results for Different Formulation 
of Gel 

Sample Swelling % in PBS 7.4 Swelling %in Water 

Gel A 07.00 29.00 

Gel B 10.57 32.32 

Gel M 10.00 34.00 

3.4. Antimicrobial Study of Silver Nanoparticle 
Incorporated Gels 

The zone of inhibition of prepared silver 
nanoparticle incorporated gel and marketed product 
was shown in Table 4. 

3.5. Drug Release Kinetic Study  

The data for in vitro drug release of silver 
nanoparticles from topical gel were depicted in  

Figure 1. The formulation gel B prepared using polymer 
chitosan was more effective, because it controls the 
release of drug more in comparison to the formulation 

gel A prepared using the polymer carbopol. The graph 
showing release of the drug silver nanoparticles was 
shown in Figure 1 for gel A and gel B.  

 

Figure 1: Percentage drug release of different gel 
formulations.  

For formulation gel A the R2 values for zero order 
plot is 0.976, first order plot is 0.962, Higuchi model 
plot is 0.883 and Korsmeyer model plot is 0.821. The 
best linearity was found in zero order release model. 
For formulation Gel B the R2 values for zero order plot 
is 0.978, first order plot is 0.939, Higuchi model plot is 
0.897 and Korsmeyer model plot is 0.891. The best 
linearity was found in zero order release model. From 
the kinetic study results shown in Table 5 it was 
observed that gel B was having a higher R2 value as 
compared to gel A indicating release of the drug from 
gel B was more linear. 

Table 2: Physicochemical Characteristics of the Gels 

Gels pH* Spreadability* Viscosity
1
 Viscosity

2
 Extrudability* 

Gel A 6.77±0.058 09.63 ± 0.23 210480  2321 18.95 ± 0.08 

Gel B 6.10±0.17 11.11 ± 0.30 220350  2464 20.66 ± 0.67 

Gel M 7.00±0.0 11.59 ± 0.17 224076  2913 21.97 ± 0.14 

*(mean ± SD, n = 3). 
1at minimum shear rate. 
2at maximum shear rate. 

Table 4: Antimicrobial Activity of Different Gel Formulations 

 Mean Zone of Inhibition ± SD 
Microorganism 

Gel A Gel B Gel M 

Staphylococus aureus 1.13 ± 0.08  1.15 ± 0.10 1.13 ± 0.14 

Bacillus subtilis 1.09 ± 0.01 1.11 ± 0.04 1.14 ± 0.01 

Escherichia heranii 1.01 ± 0.13  1.03 ± 0.10 1.03 ± 0.14 

Pseudomonas aeruginosa 0.91 ± 0.07  0.93 ± 0.08 0.92 ± 0.09 
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CONCLUSION 

The two formulations of silver nanoparticle 
incorporated gels were tested for different properties. 
The characterization of gel had shown that pH of the 
formulation was approaching towards neutrality. The 
viscosity, spreadability and extrudability of the prepared 
formulations were quite closer to the marketed product. 
The gel formulation B prepared by polymer chitosan 
was observed to be a better carrier for silver 
nanoparticles than formulation A prepared by carbapol. 
Adhesiveness, stability and release of incorporated 
drugs are the main features that influence the 
applicability of gels for topical treatment, including the 
wound healing process. The formulated gel B can be 
used as an advanced drug delivery system because of 
its sustained release profile, water soluble nature, 
physical stability and good spreadability and in-vitro 
antimicrobial property. 

REFERENCES 

[1] Ceren A, Zelihagul D, Nevin C, Fatih Z, Serdar O and Deniz 
E. An investigation on burn wound healing in rats with 
chitosan gel formulation containing epidermal growth factor. 
Burns 2006; 319-327. 

[2] Bhupendra GP and Madhabhai MP. Crosslinked chitosan gel 
for local drug delivery of clotrimazole. E-j sci and tech 2010; 
5: 43-52. 

[3] Jaleh V, Fariba J, Sara K. Development of bioadhesive 
chitosan gels for topical delivery of lidocaine. Sci Pharm 
2006; 74: 209-223. 
http://dx.doi.org/10.3797/scipharm.2006.74.209 

[4] Susanta KS and Amiya KP. Design and evaluation of a 
nanoparticulate system prepared by biodegradable polymers 
for oral administration of protein drugs. Die Pharmazie 2010; 
65: 824-829. 

[5] Malval JP, Jin M, Balan L, Schneider R, Versace DL, 
Chaumeil H, et al. Photoinduced size-controlled generation 
of silver nanoparticles coated with carboxylate-derivatized 
thioxanthones. J Phys Chem C 2010; 114: 10396-10402. 
http://dx.doi.org/10.1021/jp102189u 

[6] Abid JP, Wark AW, Brevet PF and Girault HH. Preparation of 
silver nanoparticles in solution from a silver salt by laser 
irradiation. Chem Commun 2002; 792-793. 
http://dx.doi.org/10.1039/b200272h 

[7] Eutis S, Krylova G, Eremenko A, Smirnova N, Schill AW and 
El-Sayed M. Growth and fragmentation of silver 

nanoparticles in their synthesis with a fs laser and CW light 
by photo-sensitization with benzophenone. Photochem 
Photobiol Sci 2005; 4: 154-159. 
http://dx.doi.org/10.1039/b411488d 

[8] Sudeep PK, and Kamat PV. Photosensitized growth of silver 
nanoparticles under visible light irradiation: a mechanistic 
investigation. Chem Mater 2005; 17: 5404-5410. 
http://dx.doi.org/10.1021/cm0512777 

[9] Chen J, Wang K, Xin J and Jin Y. Microwave-assisted green 
synthesis of silver nanoparticles by carboxymethyl cellulose 
sodium and silver nitrate. Mater Chem Phys 2008; 108: 421-
424. 
http://dx.doi.org/10.1016/j.matchemphys.2007.10.019 

[10] Yin Y, Li ZY, Zhong Z, Gates B and Venkateswaran S. 
Synthesis and characterization of stable aqueous dispersions 
of silver nanoparticles through the Tollens process. J Mater 
Chem 2002; 12: 522-527. 
http://dx.doi.org/10.1039/b107469e 

[11] Amiya KP and Prassana P. Green synthesis of silver 
nanoparticle using Eichhornia crassipes and Study of in-vitro 
antimicrobial activity. Sch Acad J Pharm 2014; 3: 504-509. 

[12] Niyaz BB, Kalyani P and Divakar G. Formulation and 
evaluation of Gel containing Fluconazole-Antifungal Agent. 
Int J Drug Dev and Res 2011; 3: 109-128. 

[13] Marwa HS and Ghada FM. Evaluation of Topical Gel Bases 
Formulated with Various Essential Oils for Antibacterial 
Activity against Methicillin-Resistant Staphylococcus Aureus. 
Trop J Pharma Res 2013; 12: 877-884. 

[14] Nelson DPD, Oswaldo LA, Gabriel IHDS and Elisa E. 
Mechanical aspects of biosynthesis of silver nanoparticles by 
several Fusarium oxysporum strains. J of Nanobiotech 2005; 
3: 8. 
http://dx.doi.org/10.1186/1477-3155-3-8 

[15] Sanjay JBD, Padsalg A, Patel K and Mokale V. Formulation 
development and evaluation of Fluconazole gel in various 
polymer bases, Asi J Pharm 2007; 1: 63-68. 

[16] Najmuddin M, Mohsin AA, Khan Tousif, V Patel and S 
Shelar. Formulation and evaluation of solid dispersion 
incorporated gel of ketoconazole. Res J Pha Bio Chem Sc 
2010; 1: 406-412. 

[17] Martínez-Ruvalcaba A, Sánchez-Díaz1 JC, Becerra F, Cruz-
Barba LE and González-Álvarez A. Swelling characterization 
and drug delivery kinetics of polyacrylamide-co-itaconic 
acid/chitosan hydrogels. eX Poly Let 2009; 3: 25-32. 
http://dx.doi.org/10.3144/expresspolymlett.2009.5 

[18] Amiya KP and Saroja KP. Study of in vitro antibacterial 
activity of leave extract of Citrus maxima. Annals of Plant Sci 
2014; 3: 899-904. 

[19] Charnock C, Brudeli B and Klaveness J. Evaluation of the 
antibacterial efficacy of diesters of zelaic acid. Eur J Pharm 
Sci 2004; 21: 589-96. 
http://dx.doi.org/10.1016/j.ejps.2003.12.006 

[20] Vinesha V, Prasanna RY and Sundaresan CR. in vitro and in 
vivo assessment of piroxicam incorporated aloe vera 

Table 5: Release Parameters of Different Gel Formulations 

  Zero Order Model  First Order Model  Higuchi Model  Krosemeyer Model  

R2  0.976 0.962 0.883 0.821 

m 0.23 0.002 4.96 0.863 

Gel A 

c 5.98 2.40 24.90 -0.46 

R2  0.978 0.939 0.897 0.891 

m 0.254 -0.003 5.63 0.853 

Gel B 

c -4.69 2.48 26.49 -0.34 



6     Journal of Applied Biopharmaceutics and Pharmacokinetics, 2015, Vol. 3, No. 1 Prusty and Parida 

transgel. Inter J Pharm Invest 2013; 3: 212-216. 
http://dx.doi.org/10.4103/2230-973X.121303 

[21] Amiya KP and Susanta KS. Development and evaluation of 
insulin incorporated nanoparticles for oral administration. 
ISRN Nanotech 2013; 1-6. 

[22] Maheswara RC, Firoz S, Rajalakshmi R and Ashok CK. 
Formulation and evaluation of oral thermorevesible in situ gel 
containing Fluconazole. Inter J Pharma Res and Anal 2011; 
15-20. 

 

Received on 05-05-2015 Accepted on 20-06-2015 Published on 30-07-2015 
 

DOI: http://dx.doi.org/10.14205/2309-4435.2015.03.01.1 

© 2015 Prusty and Parida; Licensee Pharma Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 
 


