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The present work focuses on preparation and characterization of 
erythromycin loaded gelatin nanoparticles through nanoprecipitation 
method. The procedure consists of the addition of the aqueous gelatin 
solution to the non-solvent phase containing Lutherol F127. Three 
different measures of cross-linker and polymer concentration were also 
examined, and the optimum concentration was found. The morphology 
of gelatin nanoparticles was characterized by field emission scanning 
electron microscope. It was shown that the optimal morphology can be 
achieved at the concentration of 1.25 wt % of gelatin in aqueous phase 
by addition of 20 mL of glutaraldehyde 5%, as the crosslinking agent. 
Nanoparticle wet size determination was carried out using a dynamic light 
scattering system and found to be approximately 100 nm. Furthermore, 
Erythromycin release studies proved the suitability of these particles as a 
drug delivery system, at least in the studied 72 hours interval. As suggested 
by related measurements, these nanoparticles are good candidates for 
antibacterial agent release in any possible related application.

INTRODUCTION
In the past few decades, there has been 

substantial development in the use of biocompatible 
polymers as drug delivery systems [1-3]. Delivering 
therapeutic compounds to the target area has 
always been a major drawback in in treatment of 
many diseases. Conventional use of drugs is often 
described by their limited efficiency, poor bio-
availability, and lack of selectivity. These limitations 
and drawbacks could be enhanced by controlling 
the process of drug delivery. In controlled drug 
delivery systems (DDS) the active material is 
transported directly to the place of action. This 
is counted as a unique way to minimize the 
unwanted side effects on surrounding tissues. On 

the other hand, a suitable drug delivery system 
is able to protect the drug from degradation or 
clearance and increases the drug concentration 
in target tissues. As a result of this action, lower 
drug dosage would be required to treat a same 
disease, in contrast to other normal methods of 
drug application [4].  

Nanoparticles, as one of the most promising 
categories of drug carriers, favor some characteristics 
such as the improved uptake of the drug, site 
targeting ability, improved delivery efficiency, and 
reduced side-effects of drug toxicity [5]. These 
carriers are defined as the particles with a size range 
of 1 to 1000 nm, and consist of the two large groups 
of nanospheres and nanocapsules [6, 7].
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Such unique carriers have so far been synthesized 
from several biopolymers such as chitosan [8], 
alginate [9], guar gum [10], hydroxyethyl cellulose 
[11], gellan [12], carboxymethyl cellulose [13], 
dextrans [14], and gelatin [15]</EndNote>.

Of all the aforementioned biopolymers, gelatin-
based carriers mark a major class in many different 
industries such as food production, pharmacology 
and medicine [5]. Gelatin is the product of collagen 
denaturation. Depending on the preparation 
method, the obtained gelatin are of two types, 
namely Type A and Type B [16]. 

Nanoprecipitation is a straight, rapid and easy 
method for fabricating nanoparticles. In this 
process, the addition of the polymer containing 
solvent to a miscible non solvent induces the 
production of nanoparticles with the help of a 
suitable surfactant [17]. Gelatin, as a natural protein, 
could be a safe choice for nanoprecipitation and 
drug release applications because of its numerous  
benefits [5, 18].

In the present study, followed by the 
optimization of processing parameters (gelatin 
and crosslinker content), erythromycin loaded 
gelatin nanoparticles (GNPs) were produced by a 
modified nanoprecipitation method. The primary 
focus point of the current survey is to evaluate 
the drug release behavior of the synthesized 
nanoparticles. Furthermore, we showed that these 
nanoparticles could be well used as antimicrobial 
agents in any related field.

MATERIALS AND METHODS
Gelatin of microbiology grade (porcine gelatin 

of type A) was purchased from Merck (Billerica, 
MA, USA). Pluronic F-127 was also the product 
of Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO, 
USA). Glutaraldehyde (50% v/v), absolute ethanol, 
and all other reagents, including NaCl, KCl, 
NaHCO3 and NaH2PO4, for fabrication of pseudo 
extracellular fluid (PECF), were also purchased 
from Merck Chemicals (Merck, Billerica, MA, 
USA). Erythromycin was supplied by Tehran-Darou 
pharmaceuticals (Tehran, Iran). Deionized water 
was used in all experiments. All other chemicals 
were utilized without any further purification.

Synthesis of gelatin nanoparticles
Gelatin nanoparticles were prepared by 

nanoprecipitation method as described in our 
previous work [19]. Briefly, gelatin at the amount 
of 125 mg was dissolved in DI water, and put 

on magnetic stirrer for 30 minutes, having the 
temperature of 60 ̊C. The prepared solution was 
then added to 20 ml alcoholic solution containing  
0.4 gr of pluronic F-127. The next step was to 
add different amounts of glutaraldehyde (5% 
v/v, 16, 17 and 20 µl) after 30 minutes, with the 
aim of finding the minimum effective cross-linker 
concentration. After 24 hours of cross-linking the 
particles were centrifuged at 9000 rpm for 15 
minutes. Re-dispersion in water, and shaking for 
15 minutes in order to make sure of un-reacted 
glutaraldehyde removal were also done. Then the 
particles were re-centrifuged and the supernatant 
was collected. Gelatin nanoparticles were freeze-
dried (FDB-5503, Operon, South Korea) after being 
frozen in liquid nitrogen.

Drug loading into gelatin nanoparticles
Erythromycin, as the model antibacterial agent, 

was loaded into GNPs through drug incubation 
method. Briefly, 500 mg of dried bare GNPs were 
put into dialysis membrane and allowed to swell 
for 1 hour under continues magnetic stirring at 
37   ̊C in de-ionized water. After preparing saturated 
erythromycin solution, the dialysis tube containing 
GNPs were placed inside the solution for another 
24 hours. The resulting drug loaded particles were 
then rinsed three times to remove surface drugs, 
collected by centrifugation and dried again for 
further use [20-22]. 

Characterization of gelatin nanoparticles
In order to evaluate the morphology and 

diameter of gelatin nanoparticles, field emission 
scanning electron microscopy (S4160, Hitachi, 
Japan), at accelerating voltage, of 10 kV was used. 
The particle diameters were measured using Image 
J software. The minimum of one hundred particles 
were measured in each statistical analysis.

The surface charge and z-average diameter 
of gelatin nanoparticles dispersed in de-ionized 
water at a concentration of (5 mg/ml) was 
measured using a Zetasizer and Dynamic Light 
Scattering system (Brookhaven, ZetaPals, USA). 
In this method, the extent of particle mobility is 
demonstrated as a result of applying an electrical 
charge to the nanoparticles. This method helps to 
predict the level of surface hydrophilicity [23].

The IR spectra of gelatin nanoparticles were 
recorded, via KBr method, using Fourier transform 
infrared spectrophotometer (PerkinElmer, USA).

Release studies were performed on erythromycin 
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loaded cross-linked gelatin nanoparticles. Briefly, 
100 mg of erythromycin loaded nanoparticles 
were put into a washed dialysis membrane and 
placed in the middle of release medium (PECF: 
pseudo extra cellular fluid). PECF is a mixture of 
0.68 gr NaCl, 0.22 gr KCl, 2.5 gr NaHCO3, and 0.35 
gr NaH2PO4 in 100 mL of distilled water, having the 
pH value of 8.0±0.5.

The UV absorbance spectrum erythromycin 
over the range of 180 to 500 nm was recorded 
using a UV spectrophotometer (WPA, BiowaveT, 
England). The maximum absorption wavelength 
of erythromycin was shown to be 285 nm. The 
wavelength was used to prepare the linear 
calibration curve for the antibacterial drug. 

Established along the calibration curve, 
the release profile of Erythromycin of gelatin 
nanoparticles in pseudo extracellular fluid was 
measured in triplicate for 72 hours in a handmade 
diffusion cell and plotted in cumulative drug 
release diagram versus time. In each sampling a 
volume of 2 ml was extracted out of the diffusion 
cell at determined time intervals for being 
measured spectrophotometrically, and instead 2 
ml of fresh medium was poured into the cell in 
order to satisfy the sink conditions. The release 
medium temperature was held constant at 37  ̊C 
by a water bath and pump circulating system.

Antibacterial evaluation of gelatin nanoparticles      
was performed using the agar disk diffusion 
method. Agar disk diffusion is a commonly used 
method to examine the antibacterial activity 
as the active compound of the sample diffuses 
through the agar plate [24]. In order to assess the 
antibacterial activity, Mueller-Hinton agar solid 
was used as the culture medium for Staphylococcus 
aureus and Pseudomonas aeruginosa standard 
bacteria. The nutrient culture medium was poured 
into a Petri plate and a loopful of each bacterial 

strain was spread on agar medium followed by 
incubation at 37  ̊C for 24 hours to create bacterial 
colonies. The created bacterial colony was picked 
off with a wire loop and put in pre-sterilized 
nutrient broth and then incubated overnight at 37  ̊         
C for another 24 hours. By appropriately diluting    
with sterile distilled water and nutrient broth, the 
cultures of bacteria containing ∼108 CFU/ml were 
prepared. Then prepared bacteria were uniformly 
spread onto agar plate, and the powder solution 
was placed into a hole-shaped spot inside the 
culture medium. The incubation was continued 
for 24 hours at 37  ̊C and the diameter of inhibition 
zone was then measured [25]. Moreover, as the 
standard control antibiotic discs Cefoxitin and 
Ciprofloxacin were used.

RESULTS AND DISCUSSION
Morphological studies of gelatin nanoparticles as 
a function of gelatin concentration and amount of 
cross-linker

In order to find the best concentration of gelatin 
in aqueous phase from the morphological point of 
view, three different concentrations of 1.25 wt%,  
2 wt% and 2.25 wt% were investigated. All other 
parameter including the cross-linker and surfactant 
concentrations are kept constant in this phase. SEM 
micrographs of gelatin nanoparticles in the three 
different concentrations are shown in Fig. 1 (a-c). 
Spherical, regular shaped particles with smooth 
surfaces and rather uniform size distribution 
of gelatin nanoparticles are observed at the 
concentration of 1.25 wt%. This non-agglomerated 
morphology observed at the concentration of  
1.25 wt% could be related to appropriate 
proportion of surfactant to gelatin. In a previous 
case study, Lee et al. [26], reported the production 
of gelatin nanoparticles via nanoprecipitation 
method. They agreed that the surfactant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. FE-SEM micrographs of gelatin nanoparticles in different gelatin concentrations of 1.25 wt% (a); 2wt% (b) and 2.25 wt% (c)
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concentration strongly affects the particle size and 
morphology as the best emulsifier to gelatin mass 
ratio was reported to be 32:1.

It is also seen that average diameters of 
nanoparticles are increased by increasing the 
gelatin content in the aqueous phase. However, 
the particles tend to agglomerate by changing the 
gelatin concentration from 1.25 wt% to 2 wt% and  
2.25 wt%. The average nanoparticle diameters 
measured by Image J software for at least 100 
particles are presented in Table 1. Increasing 
the average particle diameter of the produced 
gelatin nanoparticles might be described by 
the more tendency of gelatin molecules to each 
other rather than surfactant molecules which 
is predicted to increase with the addition of 
gelatin concentration, causing the growth of 
the total particle size. Moreover, increasing 
gelatin concentration in aqueous phase from 
1.25 wt% to 2.25 wt% increased the amount 
of agglomeration. This may be due to the 
prevention of solvent diffusion through the  
non-solvent phase as a result of high viscosity. 
Which in turn results in the non-proper 
nanoprecipitation process, resulting in the 
creation of some visible agglomerates [7, 26].

Furthermore, the amount of cross-linker 
agent was studied to find out the minimum 
possible glutaraldehyde needed to crosslink 
the nanoparticles without forming any visible 

agglomerates. In this regard three different 
glutaraldehyde (5% v/v) amounts of 16µl, 17µl 
and 20µl were added to the structure and 
after 24 hours of cross-linking the morphology 
of freeze-dried gelatin nanoparticles were 
studied by FE-SEM. Results are shown in  
Fig. 2 (a-c). Obviously, increasing the amount of  
cross-linker from 16µl to 17µl and finally 20µl 
has decreased the amount of agglomeration. In 
case of 16µl cross-linker agent, there are visible 
aggregates in gelatin nanoparticles, where 
there are no distinct borders between each two 
adjacent particles. This pattern visibly stops at the 
concentration of 20µl, where rather sharp borders 
and less agglomerated structure could be seen. 
As a result of these experiments, the formulation 
having 1.25 wt% of gelatin in aqueous phase and 
the amount of 20µl cross-linking agent was chosen 
to be optimal and used for all further experiments 
and characterizations.

Zeta potential measurement on gelatin nanoparticles
Results of zeta potential for measuring the 

surface charge of gelatin nanoparticles are 
shown in Fig. 3. Table 2, shows the surface charge 
values calculated by zeta-sizer device for the 
nanoparticles in water as dispersant with pH value 
of 7±0.5. 

As shown in Table 2, the average ξ-potential 
measured for the particles in three successive runs 
has been recorded to be -59.95 mv. Dynamic light 

Sample Average particle  
diameter (nm) 

1.25 wt% of gelatin in aqueous phase 115.29 
2 wt% of gelatin in aqueous phase 173.20 
2.25 wt% of gelatin in aqueous phase 262.72 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 1. Average particle diameter of gelatin nanoparticles

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FE-SEM micrographs of gelatin nanoparticles with different amounts of cross-linker agent added, 16 µl 
(a); 17 µl (b) and 20 µl (c)

 
 

Runs Mobility Zeta Potential (mv) 
1 -0.99 -49.78 
2 -1.30 -65.75 
3 -1.28 -64.34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 2. Zeta potential values for gelatin nanoparticles
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scattering (DLS) was used to calculate the particle 
size distribution of gelatin nanoparticles in optimal 
condition (Fig. 4).

The FOQELS software has recorded the mean 
wet particle diameter equal to 175.1 nm with the 
unimodal polydispersity of 0.350. In a previously 
reported nanoprecipitation method, Lee et al. 
[7], produced spherical, well-dispersed gelatin 
nanoparticles with an average size of around  
~251 nm in wet condition, in which the preparation 
method is somehow comparable with the present 
study.

Fig. 5 (a, b) shows the FTIR spectra for cross-linked 
and un-crosslinked gelatin nanoparticles. The FTIR 
spectrum of un-crosslinked Gelatin nanoparticles 
exhibited an absorption peak in the range of 3308-
3508 cm-1 which is related to (N-H) stretching 
vibration [27]. The peak at 2907 cm-1 corresponds 
to (C-H) stretching of methyl and methylene 
groups [28]. Besides, this spectrum showed the 
two absorption characteristic peaks of 1655 cm-1, 
1552 cm-1 and 1247 cm-1, respectively, for amide I 
(C=O stretching), amide II ((N-H) bending and (C-

H) stretching) and amide III (C-N) stretching plus  
(N-H) bending) [7, 29]. Additionally, the 
characteristic peak at 1456 cm-1 is obviously 
related to (C=N) stretching vibration [28].

After crosslinking, in addition to the previously 
mentioned peaks, a strong absorption peak 
at around 1450 cm-1 was observed in the FTIR 
spectrum of the crosslinked gelatin nanoparticles 
which is certainly related to the aldimine linkage 
(CH=N) created as a result of bonding with 
glutaraldehyde as the crosslinking agent. The 
aldimine linkage is formed by the reaction of the 
aldehyde group of glutaraldehyde with the amino 
group of gelatin protein backbone [28]. 

In Vitro release profile
To evaluate the in vitro release properties of the 

drug delivery system, the Erythromycin release 
profile of gelatin nanoparticles was studied. Results 
of the 72 hours of release studies are shown in 
Fig. 6. As observed in Fig. 6, the amount of drug 
released in burst mode is equal to 10% of the 
initial erythromycin content for GNPs. This in turn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Results of zeta potential measurement for gelatin nanoparticles

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Logarithmic size distribution of gelatin nanoparticles
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shows the appropriate controlling characteristics 
of the nanoparticles. The cumulative release of 
erythromycin after 72 hours was equal to 75.13% 
for GNPs.

Antibacterial testing
The restrictive effect of gelatin nanoparticles was 

studied against microbial strains of Staphylococcus 
aureus and Pseudomonas aeruginosa. This 
evaluation was carried out by measuring the clear 
zone of inhibition created at the surrounding area 
of the samples, which is shown in Fig. 7.

In this regard, when no clear zone has been 
created around a specific sample, there is no 
antibacterial activity assumed. Studies are carried 
out in triplicate and the results are reported as the 

average diameter of the inhibition zone. The zone 
of inhibition diameter for gelatin nanoparticles 
loaded with erythromycin against Staphylococcus 
aureus and Pseudomonas aeruginosa has been 
25.5 and 30.9 mm, respectively, which proves the 
antibacterial effect of the released erythromycin 
on these two bacterial strains.

Table 3 lists the of inhibitory zone diameters for 
all samples. The antimicrobial mechanism of the 
GNPs could be explained by the gradual release of 
erythromycin, as the antibiotic from the spherical 
structure. Therefore, a part of microbial membrane 
begins to absorb the released antibiotic, resulting 
in membrane disruption.
CONCLUSION

Gelatin nanoparticles were fabricated by 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. FTIR spectra of crosslinked and un-crosslinked gelatin nanoparticles

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Release behavior of GNPs
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nanoprecipitation method with water and 
ethanol as solvent and non-solvent respectively. 
The SEM images show homogenous and round 
shape morphology in nanoparticles. Gelatin 
concentration and the extent of crosslinking were 
shown to have significant effect on agglomeration 
of particles. As it was proved that among the three 
tested concentrations for each of gelatin and 
glutaraldehyde, the optimum conditions could 
be obtained in 1.25 (wt%) and 20 µl, respectively. 
Either increasing the gelatin or decreasing the 
cross-linker concentrations would result in poor 
formed morphologies. FTIR analysis showed no 
harmful bonds created by each of the surfactant, 
or the cross-linker materials. When subjected to 

the two bacterials strains of Staphylococcus aureus 
and Pseudomonas aeruginosa, the drug-loaded 
GNPs exhibited excellent antibacterial activity, 
which was shown by the large diameter zones on 
inhibition formed around samples. Drug release 
studies indicated appropriate results, which could 
be a proof to the fact that these particles could 
be further used as a release controlling system for 
different drug delivery purposes.
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