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ABSTRACT PURPOSE: To establish a matrix of 
parameters to synthesize nanoparticles of different 
sizes and to investigate the cellular uptake of these 
nanoparticles by osteosarcoma cancer cells in order 
to investigate their potential as therapeutic drug-
delivery carriers. METHODS: Gelatin A and B were 
used to synthesize nanoparticles by a two-step 
desolvation process. Different parameters were 
investigated, including temperature, pH, 
concentration of glutaraldehyde, type of desolvating 
agent and nature of gelatin. For cell uptake studies, 
Texas Red labeled nanoparticles were incubated with 
143B osteosarcoma cells and then evaluated using 
confocal laser scanning microscopy (CLSM). 
RESULTS: The systematic investigation of the 
synthesis parameters showed that it is possible to 
prepare gelatin-based nanoparticles with different 
particle sizes and a narrow size distribution. 
Temperature and nature of the gelatin were the most 
important synthesis factors. Bioimaging using CLSM 
showed uptake of the nanoparticles by 143B 
osteosarcoma cancer cells. CONCLUSIONS: 
Osteosarcoma cancer cells take up gelatin 
nanoparticles. This might improve the clinical 
effectiveness of anti-cancer treatments if 
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nanoparticles are used as a drug delivery system and 
has important implications for future cancer 
treatment strategies. 

INTRODUCTION 

Drug targeting technology represents one of the 
frontier areas of science, which involves a 
multidisciplinary scientific approach with great 
potential to positively impact our health care. Drug 
targeting of a therapeutic moiety to the site of drug 
action within the body offers numerous advantages 
compared to the use of conventional dosage forms, 
including improved efficacy, reduced toxicity and 
overcoming drug resistance (1, 2).  
 Different nano-sized carriers, such as 
nanoparticles (3-7), polymeric micelles (8), 
liposomes (9), surface-modified nanoparticles (10, 
11) and solid lipid nanoparticles (12), have been 
developed and suggested for achieving these goals.  
 Biodegradable nanoparticles can be synthesized 
from selected natural or synthetic macromolecules, 
such as serum albumin, polycyanoacrylates, 
polylactic-co-glycolic acid, and recently chitosan. 
Several researchers have investigated the use of 
gelatin as biomaterial to synthesize drug delivery 
systems. Gelatin nanoparticles have been used for 
delivery of different drugs (13-15), gene delivery 
(16-18), as carriers to deliver drug to lungs (19), and 
recently antibody modified gelatin nanoparticles were 
used to target lymphocytes (20), leukemic cells and 
primary T-lymphocytes (21).  
 It has been shown that particle size is an 
important factor for the tissue and organ distribution 
of nanoparticles. For example, body distribution 
studies have shown that nanoparticles larger than 230 
nm accumulate in the spleen due to the capillary size 
in this organ (22). Different in vitro studies indicate 
that the particle size also influences the cellular 
uptake of nanoparticles (23-25). 
 The formation of gelatin-based nanoparticles has 
not been extensively investigated even though its first 
use as a base for nanoparticles was described more 
than 25 years ago (26). One reason for this might be 
that the use of native gelatin generally produces large 
particles with a wide size range. However, using a 
two-step desolvation process has been shown to be 
more efficient in the formation of smaller 
nanoparticles (27). 
 Gelatin is a naturally occurring polymer with low 
antigenicity (28, 29) and is used clinically as a 
plasma expander (30). Gelatin is obtained by 
controlled hydrolysis of the fibrous, insoluble 
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protein, collagen, which is widely found as the major 
component of skin, bones and connective tissue (29). 
Two different gelatins, A and B with different 
isoelectric points (IEP), are formed following either 
acid or base hydrolysis, respectively. The different 
IEP of gelatin A and B can be used to form stable 
microparticles using a pH induced coacervation 
process (31).  
 Characteristic features of gelatin are the high 
content of the amino acids glycine, proline (mainly as 
hydroxyproline) and alanine. Gelatin molecules 
contain repeating sequences of glycine, proline and 
alanine amino acid triplets, which are responsible for 
the triple helical structure of gelatin. Commercial 
gelatins are heterogeneous protein mixtures of 
polypeptide chains and have a wide range of 
molecular weight ranging from a few thousand up to 
several hundred thousand Daltons (32). The primary 
structure of gelatin offers many possibilities for 
chemical modification and covalent drug attachment. 
This can be done either within the matrix of the 
particles or on the particle surface only. In the first 
case, chemical modifications have to be done to the 
gelatin macromolecules before nanoparticles are 
formed, while in the latter case the particle surface is 
used (33). These properties, combined with the high 
potential of nano-sized delivery systems make 
gelatin-based nanoparticles a promising carrier 
system for drug delivery.  
 In this work we studied the effect of different 
preparative techniques used to synthesize gelatin-
based nanoparticles. Our goal was to establish a 
matrix of parameters to synthesize nanoparticles of 
different sizes and then to investigate the cellular 
uptake of these nanoparticles by osteosarcoma cancer 
cells in order to investigate their potential in a 
therapeutic drug-delivery role.  

MATERIALS AND METHODS 

Materials  
Gelatin type A from porcine skin (175 Bloom), 
gelatin type B from bovine skin (225 Bloom), 
glutaraldehyde grade I 25% aqueous solution, 
sulforhodamine 101 acid chloride (Texas Red), and 
2,4,6-trinitrobenzenesulfonic acid (TNBS) were 
obtained from Sigma Chemical Co (St Louis, MO, 
USA). Acetone, ethyl alcohol and acetonitrile were 
purchased from Caleda (Georgetown, ON, Canada). 
Minimum essential medium (Eagle) in Earle’s BSS 
(EMEM), 4'-6-diamidino-2-phenylindole (DAPI) 
(DNA staining dye) and Trypsin-EDTA were 

purchased from Gibco (New York, NY, USA) and 
fetal bovine serum (FBS), was purchased from Sigma 
(St Louis, MO, USA). All chemicals were of 
analytical grade and used as received. 

Preparation of nanoparticles 
Gelatin nanoparticles were prepared by a two-step 
desolvation method, previously described by Coester 
et al (27). In brief: 1.25 g gelatin was dissolved in 25 
mL distilled water under constant heating 
temperature range. 25 mL acetone or ethanol was 
added to the gelatin solution as a desolvating agent to 
precipitate the high molecular weight (HMW) 
gelatin. The supernatant was discarded and the HMW 
gelatin re-dissolved by adding 25 mL distilled water 
and stirring at 600 rpm under constant heating. The 
pH of the gelatin solution was adjusted to values 
between 2.5 and 12. Acetone or ethanol (75 mL) 
were added drop-wise to form nanoparticles. At the 
end of the process, 250 μL of 25% glutaraldehyde 
solution was used for preparing nanoparticles as a 
cross-linking agent, and stirred for 12h at 600 rpm. 
Different amounts of glutaraldehyde solution (100-
500 μL) were used to determine the impact of the 
cross-linker on the particle size. The remaining 
organic solvent was evaporated using a rotary 
evaporator (IKA, Staufen, Germany) and the 
resultant nanoparticles were stored at 2-8°C for 
further experiments. The following parameters were 
changed to study their effect on the characteristics of 
the nanoparticles: temperature, type of gelatin, type 
of desolvating agent and concentration of cross-
linker.  

Fluorescence labeling of nanoparticles 
After the second desolvation step (see 2.2), 250 μL of 
a 1 mg/mL solution of Texas Red (sulforhodamine 
101 acid chloride) in acetonitrile was added to the 
nanoparticle suspension and stirred at 600 rpm for 1 
hr at 40°C. Then, the particles were cross-linked and 
purified as previously described.  

Purification of nanoparticles 
The particles were purified from synthesis residue 
and unbound dyes using a size exclusion method. 1 
mL of nanoparticle suspension was injected onto a 20 
mm x 35 cm Sephadex G50 column (Pharmacia 
LKB, Uppsala, Sweden) and different fractions were 
collected using a fraction collector (Gradi Frac, 
Pharmacia LKB, Uppsala, Sweden). Distilled water 
was used as the eluent with a flow rate of 5 mL/min.  
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Characterization of nanoparticles 
The particle size of the nanoparticles was determined 
by photon correlation spectroscopy using a Zetasizer, 
model HSA 3000 (Malvern, Worcestershire, 
England). For particle size analysis, 100 μL of the 
nanoparticle suspension was dispersed in 4 mL de-
ionized water. Measurements were carried out at 
25°C at a light-scattering angle of 90°. The mean 
particle size and polydispersity index were 
determined.  
 The surface charge of the nanoparticles was 
determined by laser Doppler anemometry using a 
Zetasizer, model HSA 3000. For the measurement, 
100 μL of nanoparticle suspension was diluted to 4 
mL with 10 mM NaCl solution followed by adjusting 
the pH to values between 5.0 and 8.0, using 0.25 N 
HCl or 0.25 N NaOH. An electric field of 150 mV 
was applied to observe the electrophoretic velocity of 
the particles. The NaCl solution compensated for the 
conductivity effect resulting from the addition of HCl 
or NaOH. All the measurements were made at room 
temperature, in triplicate.  

Quantification of free amino groups after cross-
linking  
Free amino groups were determined using the 
reaction of 2, 4, 6-trinitrobenzenesulfonic acid 
(TNBS) with amino groups of the particles as 
described by Fields (34). The nanoparticles were 
washed and centrifuged four times (Airfuge, 
Beckman, Fullerton, CA, USA) at 100,000 g for 5 
minutes, followed by re-dispersion in water. The 
nanoparticle content of the dispersion was 
determined gravimetrically after freeze-drying for 48 
hours (Freeze Dryer 3, LABCONCO, Kansas City, 
Missouri, USA). Two-hundred µL of the nanoparticle 
dispersion was diluted with water to a final volume of 
400 µL.  400 µL of 4% sodium hydrogen carbonate 
solution (pH 8.5) and 400 µL aqueous 0.1% TNBS 
solution were added. The mixture was stirred at 500 
rpm for 2 h at 40°C. The nanoparticles were 
separated from the supernatant by centrifugation at 
100,000 g for 5 minutes and 125 µL of the 
supernatant was diluted with 500 µL of water. The 
samples were assayed at 349 nm for un-reacted 
TNBS using an UV/VIS spectrophotometer (Milton 
Roy Spectronic, USA). The free amino group content 
of the nanoparticles was calculated relative to a 
TNBS control, which was treated in the same manner 
as described above: using water instead of the 
nanoparticle dispersion.  

Cell culture 
143B osteosarcoma cancer cell line (ATCC CRL-
8303) was used for the cell uptake studies. These 
cells are epithelial-like adherent cells, which grow as 
a monolayer. ATCC complete growth medium, 
minimum essential medium (Eagle) in Earle's BSS 
with 0.015 mg/ml 5-bromo-2'-deoxyuridine, 90%; 
fetal bovine serum, 10%, was used as the growth 
medium. The cells were grown in 75mL flasks 
(Corning, Acton, MA, USA) in an atmosphere of 5% 
CO2 and 100% relative humidity and subcultured 2-3 
times per week.  

143B cell uptake 
Approximately 104 cells were grown in a Lab-Tek II 
Chamber SlideTM System (Nalge Nunc, USA). After 
24 hours, the cells were attached to the surface of the 
slides as a monolayer. The cells were incubated with 
400 µL of 1 mg/mL suspension of Texas Red labeled 
nanoparticles for 1 hour, then the nanoparticles were 
rinsed out using PBS. The cells were fixed by adding 
0.5 mL of 2% solution of glutaraldehyde in PBS for 
30 minutes. This solution was then removed and a 
glass cover slip was directly mounted onto the 
surface of the cells using 20 µL of 1:9 PBS-glycerol 
containing 1 µL of 1mg/mL solution of DAPI in 
PBS. Control samples were prepared by incubating 
cells with 400 µL of a 5 µg/mL solution of Texas 
Red in PBS under the same conditions. The Texas 
Red concentration used was equal to the amount, 
which was used to label the nanoparticles.  

Statistical analysis 
A paired t-test was used to compare the different 
nanoparticle batches. The zeta potential graphs were 
compared using the Chi-square test with significance 
deemed at p=0.05. 

Confocal laser scanning microscopy (CLSM) 
For imaging the cells, a Zeiss LSM 510 confocal 
microscope (Oberkochen, Germany) was used. This 
model can collect 12 bit images using 4 detectors for 
fluorescent signals and a transmission detector for 
bright field images. It has 4 lasers with multiple laser 
lines for excitation of fluorophores. The LSM 510 
Software, version 2.01 was used to control the 
microscope and to analyze the data.  

Measurement of the intensity of fluorescence in 
CLSM images 
The cell uptake of nanoparticles (gelatin B) with 
different particle sizes (190, 283 and 330 nm) was 
determined and the intensity of fluorescence in 
CLSM images was measured using Metamorph 
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software version 6.2.6 (Universal Imaging Corp., 
USA). Average gray value was used as a criterion to 
compare the intensity in different images. 

RESULTS AND DISSCUSSION  

A method of preparing gelatin nanoparticles by two-
step desolvation method has been described by 
Coester et al (27). In our experiments, we studied the 
effects of varying production parameters on the 
nanoparticle properties. Different synthesis 
parameters were changed, including temperature, pH, 
concentration of glutaraldehyde, type of desolvating 
agent and nature of gelatin. The goal was to prepare 
small nanoparticles with a narrow size distribution. It 
has been shown that particle size has a great impact 
on the uptake of nanoparticles. Desai and co-workers 
(23) showed that 100 nm size nanoparticles had 2.5 
fold greater uptake compared to 1 µm and 6 fold 
higher uptake compared to 10 µm microparticles in a 
Caco-2 cell line.  
 The results of other researchers also showed that 
particle size significantly affects cellular and tissue 
uptake, and, in some cell lines, only the submicron 
size particles are taken up efficiently in lieu of the 
larger size microparticles (24, 25).   
 We investigated the effect of these different 
parameters on the particle size and the polydispersity 
index, where the polydispersity index measures the 
second moment of the size distribution of the 
nanoparticle population. A lower polydispersity 
index indicates a narrower size distribution.  
 To study the effect of temperature on the particle 
size of the nanoparticles, only the temperature was 
changed in the experiments and all other parameters 
were kept constant. Acetone was used as desolvating 
agent (75 mL) and glutaraldehyde (250 µL) as cross-
linker. The results are shown in Table 1.  
 
 
Table 1. Influence of the temperature and gelatin type 
on nanoparticle size (n=3). (Acetone was used as 
desolvating agent and 250 µL of glutaraldehyde as 
cross-linking agent) 
Size 
(nm) 

Polydispersity 
Index 

Type of 
gelatin 

Temperature 
(°C) 

163±24 0.061±0.007 A 40 
112±21 0.0915±0.031 B 40 
252±53 0.0202±0.012 A 50 
214±31 0.026±0.015 B 50 
306±54 0.0674±0.042 A 60 
303±52 0.0695±0.048 B 60 
 
 

During these investigations, it was found that the 
preparation of nanoparticles at ambient temperature 
(25 °C) was not possible because the gelatin formed a 
highly viscous gel at this temperature. The results at 
40, 50 and 60°C showed that temperature has an 
impact on the particles size. The smallest 
nanoparticles were prepared at 40°C with gelatin A 
or B. Increasing the temperature to 50 and 60 °C 
increased the particle size. This might be explained 
by the gelling properties of gelatin. In solution, the 
triple helical structure begins to uncoil when the 
temperature increases. The viscosity simultaneously 
decreases. At 40°C, the chains seem to be sufficiently 
uncoiled and the addition of the desolvating agent 
causes a better controlled precipitation of the 
macromolecules compared to higher temperatures.  
 The nature of gelatin also had an effect on the 
particle characteristics. At 40 and 50°C nanoparticles 
made from gelatin A were generally larger compared 
to nanoparticles made from gelatin B (Table 1) but 
were of similar size when prepared at 60°C. In 
addition the polydispersity of the particle size 
distribution was narrower for gelatin A compared to 
gelatin B. 
 The isoelectric points of gelatin A and B are 
approximately 6.1 and 4.5, respectively. To form 
nanoparticles in the second desolvation step, the pH 
of the gelatin solution has to be adjusted away from 
their isoelectric points to either pH 2.5 or 12. The 
addition of the desolvating agent reduces the water 
available to keep the gelatin in solution resulting in 
shrinkage of the hydrated gelatin chains.  At a certain 
point the hydration is too low and the protein chains 
precipitate as nanoparticles. The results using gelatin 
A and B showed that pH 2.5 was the optimum pH for 
preparing the nanoparticles. Increasing the pH to 4 or 
higher caused early agglomeration of the gelatin 
when the desolvating agent was added. A possible 
explanation of this observation is that at pH 2.5 or 12 
protein chains are highly positively or negatively 
charged. The electrostatic repulsion prevents the 
polymer chains from uncontrolled agglomeration. 
After the nanoparticles are formed, their surface has a 
sufficient zeta potential to prevent further 
agglomeration of the particles. 
 To study the effect of the concentration of 
glutaraldehyde as a cross-linking agent, 200, 300, 
400 and 500 μL aliquots of a 25% v/v aqueous 
glutaraldehyde solution were added to the 
nanoparticles. The nanoparticles were prepared at 
50°C using gelatin B under the conditions described 
above. In these experiments, acetone was used as the 
desolvating agent. 
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 These amounts of the cross-linker were sufficient 
to stabilize the particles. Lower amounts were not 
sufficient to cross link the nanoparticles because a 
steep increase in the particle size was observed upon 
storage (data not shown). This can be attributed to the 
swelling of the gelatin in aqueous media after the 
organic solvent was removed. Increasing the 
concentration of glutaraldehyde from 200 to 500 μL 
did not show any significant effect on the particle 
size of the nanoparticles (p>0.05), as shown in Table 
2.  
 
Table 2. Influence of the cross-linker concentration on 
the particle size (n=3). (Acetone was used as 
desolvating agent for gelatin B at 50°C temperature)  
Glutaraldehyde 
volume (μL) 

Size 
(nm) 

Polydispersity 
Index 

200 197±15 0.0477±0.037 
300 219±20 0.0785±0.042 
400 182±11 0.0121±0.019 
500 197±8 0.0671±0.024 
 
The determination of free amino groups on the 
surface of nanoparticles cross-linked using 250 μL of 
glutaraldehyde showed that about 12% of the amino 
groups were still available. This is in accordance with 
results reported by Weber et al. and Rubino et al (33, 
35). The narrow size distribution of the nanoparticles 
indicates that the glutaraldehyde reacted with amino 
groups on the same particle rather than linking two 
particles together. This might be due to the zeta 
potential of the particles, which prevents them from 
coming close together. The degree of cross-linking 
and therefore the degree of free amino groups are 
important factors because they have an impact on the 
biodegradability of the particles as described by 
various groups (36-38). Additionally, free amino 
groups can be used to link drugs or other active 
principals like antibodies to the nanoparticle surface. 
Further studies on the degradation kinetics of the 
gelatin nanoparticles are necessary in order to 
estimate their intracellular half-life.  
 To evaluate the effects of desolvating agent type, 
acetone and ethyl alcohol were employed. In these 
experiments the temperature was kept constant at 50 
°C and 250 µL of glutaraldehyde was added as cross-
linking agent. The results are shown in Table 3.  
 The results show that acetone was the preferred 
desolvating agent as the nanoparticles prepared with 
acetone were generally smaller and had a lower 
polydispersity index compared to those prepared with 
ethyl alcohol. The zeta potential of the gelatin A and 
B nanoparticles was measured in a pH range of 2 to 
12 using a zeta sizer as shown in Figure 1. 

Table 3. Influence of type of desolvating agent on the 
particle size (n=3). (250 µL of glutaraldehyde was used 
as cross-linking agent at 50°C temperature)  
Gelatin Desolvating agent Size (nm) 
A Acetone 228 ±11 
A Ethanol 386 ±8 
B Acetone 185 ±13 
B Ethanol 286 ±10 
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Figure 1. The effect of pH on the zeta potential of 
gelatin A and gelatin B nanoparticles. 
 
Increasing the pH of the nanoparticle suspension led 
to a decrease in the zeta potential. As shown in 
Figure 1, the zeta potential was a function of the 
nature of the gelatin used and the pH of the medium. 
Positively or negatively charged particles can be 
obtained between pH 4 and 6. However, the zeta 
potential of gelatin B reached a plateau, after passing 
pH 6.5 where the change in the zeta potential became 
less pronounced relative to the change between pH 4 
to pH 6. This plateau was not as pronounced with 
gelatin A nanoparticles. Labeling the nanoparticles 
with Texas red had no statistically significant effect 
on the zeta potential (data not shown) of 
nanoparticles. Cellular uptake of fluorescent labeled 
nanoparticles was demonstrated by confocal laser 
scanning microscopy (CLSM, Figure 2) using 143B 
osteosarcoma cancer cells. We chose this cell line 
because of availability and its ability to form an 
adherent cell monolayer.  
 Figure 2 shows the cellular uptake and 
distribution of nanoparticles with an average particle 
size of 190 nm by 143B cells. In this figure, A shows 
the detection of Texas red (Red channel), B shows 
bright field, part C is the detection of DAPI a nucleus 
staining dye and part D is the overlay of all three 
images. As shown in Figure 2 A, the labeled 
nanoparticles were found mainly in the cytoplasm of 
cancer cells. 
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Figure 2. Uptake of nanoparticles by 143B osteosarcoma cells. A) detection of Texas Red labeled nanoparticles, B) 
bright field, C) detection of DAPI and D) overlap of these three images. 
 
 
As a control, Texas Red solution was incubated with 
the cells under the same conditions (Figure 3).  
 No Texas Red was detected inside of the cells. 
Our results show that nanoparticles can be 
accumulated in the cytoplasm of octeosarcoma cells, 
whereas free dye (not attached to the nanoparticles) 
was not detected in these cells. It has been shown that 
uptake of particulate systems can occur through 
various processes including phagocytosis, fluid phase 
pinocytosis or by receptor-mediated endocytosis, (20, 
21, 39-41)). The actual mechanism of internalization 

of our nanoparticles has to be determined. To 
evaluate the effect of particle size on the uptake of 
nanoparticles, cell uptake studies were done using 
three different particle sizes (190, 283 and 330 nm). 
 The results of measuring fluorescence intensity in 
different pictures based on average gray value 
showed that decreasing the particle size increases the 
cellular uptake. The highest uptake was observed 
with 190 nm nanoparticles. This is in accordance 
with the results of other researchers (23-25).  

A B 

C D 
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Figure 3. CLSM image of uptake of Texas Red control solution containing DAPI by 143B osteosarcoma cells. A) 
detection of Texas Red, B) bright field, C) detection of DAPI and D) overlap of these three images. 

 
 
CONCLUSION 

Our systematic investigation of the synthesis 
parameters shows that it is possible to prepare 
nanoparticles with different particle sizes and a small 
size distribution. Temperature and nature of the 
gelatin were the most important factors. The smallest 
particles were prepared using gelatin B at 40 °C. 
Particles could not be prepared at temperatures lower 
than 40°C due to the high viscosity of the gelatin 
solution. 
 Bioimaging using CLSM showed accumulation 
of the nanoparticles by 143B osteosarcoma cancer 
cells. The labeled nanoparticles were found in the 

cytoplasm of the cells. Our results showed that 
smaller particles have a higher uptake. These might 
have important implications for future cancer staging 
and treatment strategies, which might utilize 
nanoparticles as carriers to deliver drugs to tumor 
cells.  

REFERENCES 

1) Brigger I, Dubernet C, Couvreur P. Nanoparticles in 
cancer therapy and diagnosis. Adv Drug Del Rev 
54(5):631-651, 2002. 

2) Deverdiere AC, Dubernet C, Nemati F, Poupon MF, 
Puisieux F, Couvreur P. Uptake of doxorubicin 
from loaded nanoparticles in multidrug-resistant 



J Pharm Pharmaceut Sci (www.cspsCanada.org) 9(1):124-132, 2006 
 

 

 
 

131 

leukemic murine cells. Cancer Chemother 
Pharmacol 33:504-508, 1994. 

3) Kreuter J. Nanoparticle-based drug delivery 
systems. J Controlled Release 16:169-176, 1991. 

4) Leroux JC, Cozens R, Roesel JL, Galli B, Kubel F, 
Doelker E, Gurny R. Pharmacokinetics of a novel 
HIV-1 protease inhibitor incorporated into 
biodegradable or enteric nanoparticles following 
intravenous and oral administration to mice. J 
Pharm Sci 84:1387-1391, 1995. 

5) Leroux JC, Allemann E, De Jaeghere F, Doelker E, 
Gurny R. Biodegradable nanoparticles - From 
sustained release formulations to improved site 
specific drug delivery. J Controlled Release 39:339-
350, 1996. 

6) Jeong YI, Nah JW, Na HK, Na K, Kim IS, Cho CS, 
Kim SH. Self-assembling nanospheres of 
hydrophobized pullulans in water. Drug Dev Ind 
Pharm 25:917-927, 1999. 

7) Couvreur P, Vauthier C. Polyalkylcyanoacrylate 
nanoparticles as drug carrier: Present state and 
perspectives. J Controlled Release 17(2):187-198, 
1991. 

8) Kataoka K, Kwon GS, Yokoyama M, Okano T, 
Sakurai Y. Block copolymer micelles as vehicles for 
drug delivery. J Controlled Release 24(1-3):119-
132, 1993. 

9) Bochot A, Fattal E, Boutet V, Deverre JR, Jeanny 
JC, Chacun H, Couvreur P. Intravitreal delivery of 
oligonucleotides by sterically stabilized liposomes. 
Invest Ophthalm Vis Sci 43:253-259, 2002. 

10) Illum L, Davis SS. The organ uptake of 
intravenously administered colloidal particles can 
be altered using a non-ionic surfactant (Poloxamer 
338). FEBS Lett 167(1):79-82, 1984. 

11) Araujo L, Lobenberg R, Kreuter J. Influence of the 
surfactant concentration on the body distribution of 
nanoparticles. J Drug Target 6:373-385, 1999. 

12) Muller RH, Mader K, Gohla S. Solid lipid 
nanoparticles (SLN) for controlled drug delivery-
review of the state of the art. Eur J Pharm Biopharm 
50:161-177, 2000. 

13) Leo E, Vandelli MA, Cameroni R, Forni F. 
Doxorubicin-loaded gelatin nanoparticles stabilized 
by glutaraldehyde: Involvement of the drug in the 
cross-linking process. Int J Pharm 12:75-82, 1997.  

14) Verma AK, Sachin K, Saxena A, Bohidar HB. 
Release kinetics from bio-polymeric nanoparticles 
encapsulating protein synthesis inhibitor - 
Cycloheximide, for possible therapeutic 
applications. Curr Pharm Biotech 6(2):121-130, 
2005.  

15) Yeh TK, Lu Z, Wientjes MG, Au JLS. Formulating 
paclitaxel in nanoparticles alters its disposition. 
Pharm Res 22(6): 867-874, 2005.  

16) Truong-Le VL, Walsh SM, Schweibert E, Mao HQ, 
Guggino WB, August JT, Leong KW. Gene transfer 

by DNA-gelatin nanospheres. Arch Biochem 
Biophys 361(1): 47-56, 1999.  

17) Kaul G, Amiji M. Cellular interactions and in vitro 
DNA transfection studies with poly (ethylene 
glycol)-modified gelatin nanoparticles. J Pharm Sci 
94(1):184-198, 2005.  

18) Kaul G, Amiji M. Tumor-targeted gene delivery 
using poly (ethylene glycol)-modified gelatin 
nanoparticles: In vitro and in vivo studies. Pharm 
Res 22(6):951-961, 2005. 

19) Sham JOH, Zhang Y, Finlay WH, Roa WH, 
Lobenberg R. Formulation and characterization of 
spray-dried powders containing nanoparticles for 
aerosol delivery to the lung. Int J Pharm 28:457-
467, 2004.  

20) Balthasar S, Michaelis K, Dinauer N, von Briesen 
H, Kreuter J, Langer K. Preparation and 
characterisation of antibody modified gelatin 
nanoparticles as drug carrier system for uptake in 
lymphocytes. Biomaterials 26(15):2723-2732, 2005.  

21) Dinauer N, Balthasar S, Weber C, Kreuter J, Langer 
K, von Briesen H. Selective targeting of antibody-
conjugated nanoparticles to leukemic cells and 
primary T-lymphocytes. Biomaterials 26(29):5898-
5906, 2005. 

22) Kreuter J. Peroral administration of nanoparticles. 
Adv Drug Del Rev 7(1):71-86, 1991. 

23) Desai MP, Labhasetwar V, Walter E, Levy RJ, 
Amidon GL. The mechanism of uptake of 
biodegradable microparticles in Caco-2 cells is size 
dependent. Pharm Res 14:1568-1573, 1997. 

24) Desai MP, Labhasetwar V, Amidon GL, Levy RJ. 
Gastrointestinal uptake of biodegradable 
microparticles: effect of particle size. Pharm Res 
13:1838-1845, 1996. 

25) Zauner W, Farrow NA, Haines AM. In vitro uptake 
of polystyrene microspheres: effect of  

particles size, cell line and cell density. J Controlled 
Release 71:39-51, 2001. 

26) Marty JJ, Oppenheim RC, Speiser P: Nanoparticles-
a new colloidal drug delivery system. Pharm Acta 
Helv 53:17-23, 1978. 

27) Coester CJ, Langer K, Van Briesen H, Kreuter J. 
Gelatin nanoparticles by two-step desolvation-a new 
preparation method, surface modifications and cell 
uptake. J Microencapsul. 17:187-193, 2000. 

28) Gabr Y, Assem N, Micheal A, Fahmy L. Evaluation 
studies on oxypolygelatin and degraded gelatin as 
plasma volume expanders. Arzneimittelforschung 
46:763-766, 1996. 

29) Lee CH, Singla A, Lee Y. Biomedical applications 
of collagen. Int J Pharm 221(1-2):1-22, 2001. 

30) Aventis-Pharma: HAEMACCEL® 3,5% colloidal 
intravenous infusion solution. South African 
Electronic Package Inserts 2003. 

31) Sawicka J. Microencapsulation of cholecalciferol by 
coacervation. Pharmazie 45(4):264-265, 1990. 



J Pharm Pharmaceut Sci (www.cspsCanada.org) 9(1):124-132, 2006 
 

 

 
 

132 

32) Veis A. The macromolecular chemistry of gelatin. 
NY, Academic Press, 1964. 

33) Weber C, Coester C, Kreuter J, Langer K. 
Desolvation process and surface characterization of 
protein nanoparticles. Int J Pharm 194:91-102, 
2000. 

34) Fields R. The measurement of amino groups in 
proteins and peptides. Biochem J 124:581-90, 1971. 

35) Rubino OP, Kowalsky R, Swarbrick J. Albumin 
microspheres as a drug delivery system: relation 
among turbidity ratio, degree of cross-linking, and 
drug release. Pharm Res 10:1059-1065, 1993. 

36) Jameela SR, Jayakrishnan A. Glutaraldehyde cross-
linked chitosan microspheres as a long acting 
biodegradable drug delivery vehicle: Studies on the 
in vitro release of mitoxantrone and in vivo 
degradation of microspheres in rat muscle. 
Biomaterials 16:769-775, 1995. 

37) Lee TK, Sokoloski TD, Royer GP. Serum albumin 
beads: an injectible, biodegradable system for the 

sustained release of drugs. Science 213:233-235, 
1981. 

38) Schafer V, von Briesen H, Rubsamen-Waigmann H, 
Steffan AM, Royer C, Kreuter J. Phagocytosis and 
degradation of human serum albumin microspheres 
and nanoparticles in human macrophages. J 
Microencapsul 11:261-9, 1994. 

39) Foster KA, Yazdanian M, Audus KL. 
Microparticulate uptake mechanisms of in-vitro cell 
culture models of the respiratory epithelium. J 
Pharm Pharmacol 53:57-66, 2001. 

40) Suh H, Jeong B, Rathi R, Kim SW. Regulation of 
smooth muscle cell proliferation using paclitaxel-
loaded poly (ethylene oxide)-poly 
(lactide/glycolide) nanospheres. J Biomed Mater 
Res 42:331-338, 1998. 

41) Panyam J, Labhasetwar V. Biodegradable 
nanoparticles for drug and gene delivery to cell and 
tissue. Adv Drug Del Rev 52:329-347, 2003. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


