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tive source of materials for the formulation of biodegradable nanoparticle delivery systems.
In this study, calcium alginate nanoparticles (CALNPs) were successfully synthesized without
the use of harmful organic solvents or very high temperatures. The resulting Nano emulsion
of the nanoparticles showed no microbial contamination and were easily degraded when
exposed to the natural environment. The empty CALNPs were bigger than those which con-
tained either Vitamin E or Vitamin D3. The CALNPs all recorded a negative zeta potential
which may serve as an indicator of long-term stability.

Abbreviations: CALNPs: Calcium Alginate Nanoparticles; CALNPs-Vit E: Calcium Alginate
Nanoparticles with Vitamin E; CALNPs-Vit D3: Calcium Alginate Nanoparticles with Vitamin

Introduction

Alginate is one of the most abundant natural marine
polysaccharides [1] which is an attractive source of materials for
the formulation of biodegradable nanoparticle delivery systems.
Various characteristics including biocompatibility, non-toxicity,
biodegradability, and low cost make it a suitable candidate for
biomedical applications [2-6]. Alginate or alginic acid, is an
anionic polysaccharide that contains ma homopolymeric blocks of
(1,4)-linked -D-mannuronate (M) unitand L- guluronate (G) [7,8].In
the form of calcium alginate gel, the calcium cations are distributed
between the negative functional groups in the alginate molecules
[9]. In this study, we used calcium alginate gel to synthesize
calcium alginate nanoparticles (CALNPs) in a nano emulsion. The
nanoparticles in the nano emulsions were characterized with
optical microscope, dynamic light scattering (DLS), and TEM to
establish their physical properties. The natural biodegradability of
the nanoparticles was established through exposure to the natural
environment that is rich in microorganism that degrades natural
organic materials that are biodegradable.

Materials and Methods

Medium viscosity alginic acid sodium salt (Sigma-Aldrich) was
from Dr. Ryan Tian. Poly Suga Mulse D6 and Cola Liquid DC from
Colonial Chemical (TN). The following materials were obtained
from Zystein (AR, USA): vitamin E (Puritan’s Pride, NY), Vitamin D3
(Natural Factors, NY), soy lecithin (Amresco, OH); calcium chloride,
sodium chloride, magnesium chloride, potassium biphosphate and
nutrient agar (Home Science Tools, MT); HEPES buffer (Santa Cruz
Biotech, Dallas, TX); olive oil (Nature’s oil, OH); and phenoxyethanol
(Lotion Crafter, IA). All materials were used as received.

Synthesis of the Calcium Alginate Nanoparticles

A 50 mL aliquot of sodium alginate (10 mg/mL) was added to
100 mL of calcium chloride (294 mg/mL) in a beaker. The pH was
adjusted to 3.5 using 6 M HCl or 6M NaOH before the mixture was
heated to 70 °C for 20 min with constant stirring. The resulting
calcium alginate gel was stored at room temperature before use.
In another beaker, 6 mL of the calcium alginate gel and 5 mL of soy
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lecithin (0.023 g soy lecithin per mL of HEPES buffer, pH 6.5) were
mixed. To create the particles carrying either Vitamin E or Vitamin
D3, 50 to 100 uL of either vitamin, respectively, were added before
adding 0.5 mL of Cola Liquid DC. This was heated to 75°C with
constant stirring until an emulsion was formed. The emulsion was
cooled down to room temperature before use. The emulsion was
subjected to sonication at (Branson 1510, Danbury, CT) at 10 to 30
min to reduce the particle size and create the nano emulsion.

Characterization

The emulsion was smeared thinly on a microscope glass
slide that was observed under an optical microscope (American
Scientific Producs, Columbus, OH). The nano emulsion was diluted
as necessary before characterization with TEM (JEOL USA, Peabody,
MA) and DLS (Zetatrac Ultra, Microtrac Inc, Montgomeryville, PA).

Microbial Contamination and Bio-degradabality Test

The degree of microbial contamination was evaluated by
plating the diluted samples (1:10) in nutrient agar plates that were

incubated for 48 h at 37°C. Biodegradability tests were conducted
by plating the samples in nutrient agar plates that were exposed
for 1-2 h in natural environment between 9AM to 12 noon as close
as possible to the yard soil under a shade with natural air flow. All
studies used DI water spread on the nutrient agar plates as control.
All the microbial contamination and biodegradability tests were

done in triplicate.

Results and Discussion

The emulsion that was prepared without sonication was
observed under an optical microscope. The results in Figures B1,
C1 and D1 showed the particles to be spherical with about 5-30 um
in diameter. These were totally different from the starting sodium
alginate material, (Figure 1A), which looked like strands. After
sonication, shown on Figures B2,C2 and D2, the emulsion did not
show any particles when observed under the optical microscope.
This indicated that

a) within the resolution of the optical microscope the
particles were already too small to be observed or

Figure 1: Results of Optical Microscope examination of the
sodium alginate;
CALNPs: calcium alginate nanoparticles;

SOy

b) the particles did not exist. When the sonicated emulsion
was observed under TEM, the micrographs in Figure 2 showed
the presence of much smaller particles which were 1185+ 307
nm for the empty CALNPs; for CALNPs-Vit D3 and CALNPs-Vit
D3 were 97 + 41 nm, 136 * 43 nm respectively. The results in-
dicated that the sonication process sheared the microparticles

CALNP-VitE: calcium alginate nanoparticles with Vitamin E; and
CALNP -Vit D3: calcium alginate nanoparticles with Vitamin D3. The 1 and 2 indicate before and after sonication.

into smaller particles in the nano size ranges. The dynamic light
scattering studies were used to establish the zeta potential
of the CALNPs. The negative zeta potential results (CALNPS:
-34.77 mV %1.63, C ALNPs-Vit E: -30.78 mV * 3.07 and CAL-
NPs-Vit D3: -7.01+ 1.66) indicated that the nanoparticles may
be stable over a period of time which we are currently study-
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ing. Microbial contamination studies performed over five days
indicated that there was no inherent contamination in the na-
noemulsions. Biodegradation studies showed that these were

A) CALNPs B) CALNPs-Vit E

easily degraded within 5 days of exposure for 1-2 h/day to the
natural environment.
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Figure 2: Results of TEM studies.
A.  CALNPs: calcium alginate nanoparticles,
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B. CALNPs-Vit E: calcium alginate nanoparticles with Vitamin E,
C.  CALNPs-Vit D3: calcium alginate nanoparticles with Vitamin D3.

Conclusion

We have successfully synthesized calcium alginate nanopar-
ticles without the use of harmful organic solvents or very high
temperatures. The resulting nanoparticles showed no microbial
contamination and were easily degraded when expose to the natu-
ral environment indicating that these would not present any envi-
ronmental problems in the future because they are biodegradable.
Based on the TEM results, the empty CALNPs were bigger than
those which contained either Vitamin E or Vitamin D3. In our fu-
ture studies, these will be tested for delivery of active ingredients
for biomedical applications.
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