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Abstract: 
 
 
         Nanoparticles prepared by desolvation and subsequent crosslinking of Bovine Serum Albumin (BSA) represent 
promising carriers for colloidal drug delivery systems. The produced nanoparticles were characterized with respect to 
size. The particles size is a crucial parameter, in particular for in vivo behavior of nanoparticles after injection. The 
present study aims at optimizing of the two parameters which can affect on the size of particles. Optimization of two 
parameters, protein concentration and rate of Ethanol addition was done by full factorial design. The screening 
presented that concentration has main effect on the mean size. Optimization of protein nanoparticles in the range of 5- 
30 mg/ml of BSA was resulted 15 mg/ml has minimum mean size. AFM indicated the semispherical shape of  
particles . 
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Introduction 
 
         In three last decades there has been a growing interest in manufacturing nanoparticles. 
They were first developed around 1970 and initially devised as carriers for vaccines and 
anticancer drug [Marty, 1978]. Because of their physicochemical properties they are suitable for 
drug delivery system. The ideal delivery system would transport bound drug to its desired site 
of action and then release it at a suitable rate. Using prefabricated polymers is a new method for 
enhancing nanoparticles, these polymers can be Natural macromolecules e.g. protein and 
synthetic polymer e.g. Poly (Lactic Acid). Protein are an example of natural macromolecules 
that their nanoparticles have been produced as putative drug delivery vehicles for delivery of 
intravenous drugs to specific organs or target sites within the body [Bernard, 1996]. Albumin 
nanoparticles have been extensively studied in previous works as suitable for drug delivery, 
since they are biodegradable, nontoxic and non antigenic. Because of their defined primary and 
high content of charged amino acids (i.e. Lysine) the albumin based nanoparticles could allow 
the electrostatic adsorption of positively or negatively charged molecules without the 
requirements of other compound [Chen, 1994]. The objective of present study is optimization of 
two process parameters, protein concentration and rate of adding Ethanol, to decrease the 
average size. 
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2. Materials and Methods : 
 
    2.1. Reagents and chemicals : 
           BSA (fraction V, purity 98%) and glutaraldehyde, 25% solution, were obtained from 
Sigma, All other reagent was purchased from Merck, they were analytical grade and used as 
received.    
 
  2.2. Methods : 
          BSA nanoparticles were prepared by a desolvation process technique as described 
previously by Zhang et al [Zhang, 2000]. In principle 5 mg BSA in 150 mL pH 7.5, were 
transferred into nanoparticles continuous addition of   a volume of Ethanol under stirring. 
Addition of Ethanol was pump controlled which enabled nanoparticles preparation at define 
rate).After desolvation process glutaraldehyde   25% was added to crosslinking particles. To 
block any unreacted aldehyde group ethanol amine was added and reaction continued for hour.   
 
2.3. Purification of BSA nanoparticles: 
The resulting solution was purified in three stages. First larger particles (micro particles) were 
sedimented from mixture by centrifuging 40,000g at a temperature of 4oC.Ethanol was removed 
from mixture by dialysis with distillated water (pH=7.5). Soluble BSA was separated from BSA 
nanoparticles by ultrafiltration. 
 
2.4. Determination of particle size and particle distribution : 
The BSA nanoparticles were sized by using the SEMATech particle size analyzer (Iran Polymer 
and Petroleum Research Institute), whilst suspended in 10mM Tris-HCl. 
 
  2.5. Determination of particles morphology: 
 Particles morphology was studied by AFM, Samples were in liquid form.  
 
2.6. Data analysis: 
The fractional factorial design at two levels was applied for optimization process. The 
estimation of the effects of the factors and interactions was estimated by using Yates table. 
 
3. Results and Discussion: 
 
   3.1. Particle size and Molecular Weight: 
Average size of particle in base of size distribution was calculated by PCS. A particle which has 
a maximum percent in suspension is introduced as a mean size. fig 1 displays the sample 
analysis with PCS. The mean size is 320.3 nm and polydisperisty index is 0.0642 and its low 
quantity shows well dispersity of particles.  
 

 
Fig 1.size distribution of particles 
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3.2. Morphology of Particles : 
Fig 6 shows particle with the size of 500nm. This Fig indicates semispherical shape of particles. 

                              
 

                                  b                                                               a                                       
Fig6. Two dimensional AFM image of a 500-nm size particle (a), the same particles in three 
dimensional form (b)     
 
3.4. Optimization of process to decrease size : 
Langer et al introduced pH, protein concentration, rate of adding Ethanol, temperature, and 
glutaraldehyde concentration as parameters affecting  particles size in desolvation process 
[Langer,2003].By using the full factorial design method two parameter (protein concentration, 
a, and rate of adding ethanol, b) 8 tests were done with respect to interaction between 
parameters and replication. Table 3 shows the composition of tests and their results. 
As table 3 shows largest particles size is 327.65 nm, when both parameters are at low level 
(a=0.5 mL/min, b=5 mg/mL) and, in the case of high level of both parameters (a=2 mL/min, 
b=20 mg/mL), the smallest particles size is 74.1 nm.  
 

Table 3.tests composition and their results 
No Composition of tests First Second Average size 
1 1 320 335.3 327.5 
2 a 106 141 123.5 
3 b 294.4 270 282.2 
4 ab 85.5 62.7 74.1 

 
 
On the basis of the particles formation mechanism, nucleuses forme while adding ethanol to 
protein solution. By adding more ethanol these nucleuses got grow and nanoparticles appeared. 
Preliminary results indicate protein concentration with 99% assurance is the main parameter and 
the ethanol adding rate has not much impaction on particle size. These results are compatable 
with results of langer et al[Langer,2003]. 
After determination of main factor, set of new experiments base of protein concentration was 
designed. Rate of adding Ethanol was fixed at 1.5mL/min got from conditions determined by 
Zhang et al [Zhang, 2003]. 
In fig 8 changes of particles size with protein concentration is indicated. Particle size of 
5mg/mL protein concentration is 312.9, which is confirmed previous results. In the range of 5-
30mg/mL smaller particles will be gotten in 15 mg/mL, as fig 8 shows. From the curve it is 
estimated that the particle size is approximately 75nm. 
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Fig8.particle chaning with protein concentration 

 
3. Conclusion : 
In this research Bovine Serum Albumin nanoparticles was prepared by desolvation method. In 
predetermined conditions (protein concentration=5 mg/mL, pH=7.5) particles size was 320 nm. 
AFM data's shows that the semispherical shape of particles. Optimization by fixing temperature, 
pH and glutaraldehyde concentration and change protein concentration and rate of adding 
Ethanol was done by full factorial design. Protein concentration was determined as a main 
parameter and rate of adding Ethanol does not play a crucial role. Final tests show that in 5-30 
mg/mL protein concentration, smallest particles will be in 15 mg/mL. 
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