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Micro and nanoparticles from different polymeric materials were prepared in order to obtain drug delivery colloidal 

systems suitable to release in a controlled way very hydrophilic active substances. Only natural or pharmacological 

accepted polymers were used: gelatin, alginate and chitosan. The influence of the nature of the polymer on the 

mechanism of drug entrapment and on the kinetics of the release of the active substance was studied. A very hydrophilic 

active substance, Pyridostigmine bromide was selected as hydrophilic model drug. The evaluation of the drug transport 

was performed in solution with various pH, mimicking blood, gastric and intestinal media. Some usual equations were 

used to describe the release kinetics from the nano, and microsturcture carriers in order to obtain specific parameters 

and information on the mechanism of drug release. The results of the mathematical modelling were discussed regarding 

the influence of the polymeric material on the kinetic profile of the drug delivery system. 

INTRODUCTION 

The main aim of the microencapsulation of drug is to obtain a suitable method of administration and 

delivery and to protect the active substance from the environment. In the process of microencapsulation, a 

semipermeable membrane is formed around the core in which the active substance is embedded. Such 

semipermeable membrane is usually made from polymeric materials and is designed to allow certain 

materials to diffuse through, while stopping others. Many of the present controlled release devices for  

in vitro delivery of drugs are nano, and microparticles. They involve elaborate preparations, often employing 

either harsh chemicals, or extreme conditions. Such conditions (utilization of organic solvents, elevated 

temperatures) have the potential to destroy the activity of sensitive protein or polypeptide drugs. Encapsulation 

within semipermeable membranes has been used to attain the slow, and thereby prolonged release of the 

therapeutic agent, which is difficult to achieve in other ways for very hydrophilic drugs. In pharmaceutical 

formulation polymeric matrixes are used to ensure the sustained release of the drugs and to improve the 

bioavailability of the biological active substance. 

The use of natural polymers in pharmaceutical formulations has received considerable attention. 

Among these polymers, chitosan (CH) becomes more and more important in pharmaceutical field because of 

its good biocompatibility, nontoxicity and biodegradability.1 Due to its hydrophilic and cationic character, 

CH has the ability to form gel upon contact with counter anions. The process known as “ionic gelation“ is a 

common method used to obtain nanostructured insoluble polymeric materials.2 In this study, CH nano and 

microparticles are produced by complexation with oppositely charge surfactant, sodium bis (2-ethyl hexyl) 

sulfosuccinate (AOT). 

Sodium alginate, a natural polysaccharide extracted from marine brown algae was also used. It can 

form hydrophilic gels by interaction with bivalent metal ions. Calcium alginate gel microparticles are 

obtained by dropping solutions of sodium alginate into solution of calcium chloride.2 Calcium alginate 
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microparticles are widely used for slow release of water soluble drugs and some microstructured colloidal 

carriers made from alginate are still proposed to obtain pharmaceutical formulation for slow release because 

of low cost and simplicity of preparation.3 Addition of gelatin to the inner phase of alginate microcapsules 

was performed in order to better control the permeability of the polymeric matrix and to manipulate the 

release kinetics. The properties of the alginate microparticles can be modified by addition of various other 

polymeric materials, such as gelatin. The mixtures of alginate-gelatin show various superficial properties, 

morphology and release characteristics to the composition. The preparation of homogeneous chitosan-

surfactant complex is based on a ionic gelation process due to the existing amino groups in the chitosan 

macromolecule interacting with oppositely charged polar group of the surfactant. 

The microencapsulation of the hydrophilic model drug was performed in order to study the influence 

of the type of polymer and of the microstructured carrier on the release of the active substance. The 

characteristics of the microstructured colloidal systems (such as the thickness and the surface properties of 

the membrane, the size and the morphology of the particle) could be controlled by modifying the condition 

of preparation.4 

In the present work the kinetic parameters that govern the slow release of Pyridostigmine, the 

hydrophilic model drug, from particles of calcium alginate, mixture of calcium alginate with gelatin and  

CH-AOT complex were determined. The receptor phase in release experiments was solution with various 

pH, which mimicks blood, gastric and intestinal environment. Various equations were used to model the 

kinetics of the release. A semiempirical equation which considers a two-step process is fitting well the 

experimental release data. 

EXPERIMENTAL 

Materials 

The polymers used are gelatin, sodium alginate which is a random copolymer of D-mannuronic acid and L-guluronic acid 

sodium salt and chitosan (2-amino-2-deoxy-(1→4)-β-D-glucopyranan). The chemical structure of last two polymers are: 
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The sodium bis (2-ethylhexyl) sulfosuccinate (AOT) surfactant was purchased from Sigma as reagent grade (99%) for 

pharmaceutical use. Chitosan high molecular weight (~ 600,000) was purchased from Fluka and sodium alginate from Sigma. Gelatin 

polymer was pharmaceutical grade reagent from Fluka meeting analytical specification of Pharmaceutical Eur. 

The active substance used as hydrophilic model drug was a pyridinium oxime derivative, Pyridostigmine bromide (3-hydroxy-

1-methylpyridinium bromide dimethylcarbamate) from Merck pharmaceutical purity (98 %), with the following structural formula: 
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Methods 

Preparation of micro and nanoparticles 

In order to obtain chitosan microparticles a simple ionic gelation method was used. The polymeric solution with and without 

Pyridostigmine were prepared in acetic acid 1% and homogenized by magnetically stirring at 500 rpm for 24–48 hours on a heated 

(40°C) plate (IKA Labortechnik) and then dropped by means of a microsyringe into the surfactant solution. The syringe needle was 

0.3 mm in diameter.  

For alginate and gelatin-alginate microparticles the same procedure was basically used. Sodium alginate (2%) or gelatin-sodium 

alginate solutions were dropped in 5% CaCl2 solution. 

The nanoparticles of chitosan were obtained in a w/o microemulsion which was prepared as nanoreactor for the same reaction 

between chitosan and AOT. A 5% chitosan solution was microemulsioned in hexane with an appropriate amount of AOT.  

All micro and nanoparticulate systems were washed immediately after preparation three times with distilled water to remove 

the excess of surfactant (in the case of chitosan particle preparation) or the excess of salt solution (in the case of alginate and 

alginate-gelatin microparticles). 

Characterization of nano- and microparticle 

The microparticles were measured using the images captured with a Philips video camera and visualized with graphic programs. 

The morphology of the microparticles and the mechanical resistance of the external membrane were only qualitatively 

determined. 

The size of the nanocapsules was measured by dynamic light scattering (DLS) method using a Nicomp C370 instrument with 

automatic computational mode for the determination of the particle diameter. 

Drug release profile 

In vitro release of Pyridostigmine from polymeric nano- and microparticulate systems was chosed as experimetal procedure to 

model in vivo behavior. 

To determine in vitro release of the active substances from polymeric microparticles, drug analyses were performed from 

solutions with various pH, used as receptor phase. The receptor phase mimicks the gastric and intestinal environment. 

A fixed quantity of fresh washed particles was placed in 500 mL receptor phase, under magnetic stirring. 

As receptor phase solutions with various pH values were used: hydrochloric acid pH = 2.0, distilled water with pH value 

adjusted to 7.5 and natrium hydroxide solution pH = 8.0 in order to simulate the intestinal or gastric juices and saline physiological 

solutions. The use of buffers with pH values around 7.5 (to mimicking blood environment) was avoided because of the possibility of 

the buffer ions adsorption on the microparticle surface. 

The measurement of Pyridostigmine released amount was made at regular intervals over 24 h and in some cases 48 h or 72 h. 

The determination of the active drug in the receptor phases was performed at 283 nm on a Perkin Elmer UV Spectrophotometer. 

The drug concentrations were calculated from a calibration curve in the same solutions used as phase receptor performed for nonloaded 

particles in order to correct the absorbance due to other materials in the carriers. 

The drug entrapment efficiency was evaluated as the difference between the total amount of Pyridostigmine initially added to 

the polymer solution and the drug lost in the washing water. The measurement of the amount of drug released from the microparticle 

in the washing process was made on the total quantity of water used in the three-step purification procedure. The surfactant present 

in the residual water does not interfere with the spectra of Pyridostigmine. 

RESULTS  AND  DISCUSSION 

Some micro and nanoparticulated colloidal dispersed systems were prepared from chitosan, alginate 

and alginate-gelatin mixtures in order to obtain suitable drug delivery systems. 

The calcium alginate microspheres obtained by crosslinking in calcium chloride solution have different 

size and porosity of the external membrane. The dimension of the Ca alginate membrane was determined by 

analysing the images of the microspheres and were appreciated between 0.25 and 1 mm, varying with time 

and concentration. 

Because of the high porosity of the hydrogel prepared from alginate only the compounds with high 

molecular mass are released with a sustained kinetic profile.5 For this reason some microparticles from a 

mixture of alginate and gelatin were prepared. In this way, colloidal systems with a more compact structure, 

suitable to slowly release small molecules such as Pyridostigmine were obtained. In Fig. 1 typical images of 

alginate and chitosan microparticles are presented. 

Chitosan microparticles have the diameter in the 1–3 mm range whereas those of calcium alginate and 

gelatin-calcium alginate in the 2–3 mm range. 
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Alginate and alginate-gelatin particles are relatively monodispersed, while those of chitosan show 

some variation in size depending on the viscosity of the polymeric solution used in the preparation 

procedure. 

After 24 h of storage in bidistilled water all microparticles prepared show no aggregation. Removed 

from the aqueous medium and kept in air for 24–48 h they could be easily redispersed. 

                     

                                      a                                                                              b 

Fig. 1 – The images captured with videocamera: a) alginate microparticles and b) chitosan microparticles. 

Alginate and chitosan particles show different aspects. Those of alginate are transparent whereas the 

chitosan particles are opaque and very smooth. The microparticulate systems obtained from alginate were 

cut and the consistency of the core and the membrane were observed.  

The microscopical examination of the microparticulated polymeric systems revealed the existence of a 

well-defined capsular structure, characterized by a single central core (in the most frequent case with gel-

like consistence) and a well defined hard shell of insoluble polymer crosslinked with small ions or of 

insoluble polymer-surfactant complex. 

The microcapsule membranes are very different, those of chitosan microparticles are very thin (30 to 

80 µm, depending on the time of reaction) and very flexible (the microcapsules are easy deformable, but 

they have a good mechanical resistance to ensure the microcapsule stability in air), while the gel membranes 

of alginate have thickness 3 or 4 time greater and are more rigid.  

Nanoparticles of chitosan prepared in W/O microemulsion show very good stability at aggregation and 

have particle diameters between 90 and 260 nm 48 hour after preparation. Fig. 2 presents a record of DLS 

determination on a sample of chitosan nanoparticles loaded with Pyridostigmine. The mean diameter of 

microparticles is 157 nm. 
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Fig. 2 – Chitosan particle diameters determined by DLS, 48 h after preparation. (Parameters of the measurement 

procedure were: Channel width 150 µsec; temp. 25°C, fit error 10.11; residual 8; coefficient of variation 0.856; baseline 

 adjustment 0.039.) 

As shown in Fig. 2, microemulsion droplets are still present in the system in which nanoparticles with 

dimensions of 11–28 nm were obtained. 

The mean diameter of the obtained particles is considerably greater than that of the droplets in 

microemulsion, as have been also observed in other studies performed on the characterization of polymeric 

nanoparticles prepared in microemulsion as reaction media.6 

All the procedures used to prepare micro and nanoparticulated polymeric systems are very mild, avoiding 

the strong homogenization process or the presence of organic solvents. They are suitable for the encapsulation 

of sensitive active substances. 

The drug encapsulation efficiency (EE) was calculated from the equation: 

 %
Total amount of drug Free drug in washing water

EE
Total amount of drug

⋅ ⋅ ⋅ − ⋅ ⋅ ⋅ ⋅
= ⋅

⋅ ⋅ ⋅
  (1) 

The Pyridostigmine encapsulation efficiency in the micro and nanocapsules varies in the range  

73–86%, depending on the time of preparation, procedure and type of polymer (see Table 1). 

Table 1 

Encapsulation efficiency of Pyridostigmine in micro and nanoparticulate systems 

Polymer Size of drug delivery sistem Condition of preparation Encapsulation efficiency 

Alginate microparticles 2 min. reaction time, 2% CaCl2 73 

Alginate microparticles 10 min. reaction time, 2% CaCl2 86 

Alginate microparticles 2 min. reaction time, 5% CaCl2 82 

Alginate-gelatin microparticles 2 min. reaction time, 5% CaCl2 84 

Chitosan microparticles – 82 

Chitosan nanoparticles  – 78 
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The release profile of the Pyridostigmine from the alginate-gelatin microcapsules is presented in Fig. 3, 

at various pH values, mimicking the release of the drug in the stomach (pH = 2), the intestin (pH = 8) and in 

blood (pH = 7.5). 

 

Fig. 3 – The release profile of Pyridostigmine from alginate-gelatin microparticles in various 

 media as receiving phase. 

The microstructured system made from alginate-gelatin mixture in aqueous solution at high pH value 

undergoes hydration followed by bulk erosion. During the erosion, the porosity of the matrix increases and 

the release of drug by diffusion is facilitated. By comparing the polymer degradation rate (24–48 h were 

necessary to record eye-observing degradation of polymer matrix) and the drug release profile, a minor 

contribution of the alginate membrane degradation rate to the release of Pyridostigmine was noted in this case. 

The release in the acidic media is also governed by the hydration process, which is very fast if the 

microparticles are not dried before the experiment (the release experiment is performed with freshly 

prepared microcapsules). 

The microparticles in distilled water show a much slower release profile and a reduced quantity of 

drug release. 

The release of Pyridostigmine from microparticles made from various polymeric materials is shown in 

Fig. 4. All the experiments were performed using a solution of pH = 7.5. 

 

Fig. 4 – Influence of the polymer on the release of Pyridostigmine from microparticles. 
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The total amount of hydrophilic drug released from chitosan and alginate-gelatin microcapsules is 

more than 50% of the encapsulated active substance, but from alginate particles only a very small quantity is 

released. Calcium alginate has a thick and rigid membrane, but more porous, and one expects that the release 

of the small molecules like Pyridostigmine would be faster. In this particular case a complex between the 

polymeric anion alginate and the cationic drug is formed during the loading process. 

The major part of the hydrophilic drug encapsulated is released in the first 3 hours (“burnst effect”) for 

the microparticles made from chitosan and alginate-gelatin, due to the possibility of the external membrane 

to be easily hydrated and the existence of a large amount of drug near the microcapsule surface, and 

consequently available for initial release. To avoid the “burnst effect” a supplementary step of the washing 

is needed to ensure the slow release of the drug. A loss in the encapsulated efficiency is expected. 

The influence of the particles size was studied for micro and nanoparticles prepared from chitosan, in 

this case being available methods to prepared both types of colloidal systems. The kinetic profile for the 

release of Pyridostigmine from chitosan micro and nanoparticles is shown in Fig. 5. 

As expected, a faster release from the smallest particles was observed. Also a greater total amount of 

drug released was noted, probably due to the possibility of a better hydration of the polymer matrix. 

 

Fig. 5 – The kinetic profile for Pyridostigmine release from 

chitosan capsules of different sizes: (�) microcapsules (O) 

                                     nanocapsules. 

The kinetic analysis of the Pyridostigmine release was conducted according to some equations used to 

evaluate the release from the drug delivery systems. 

All the microparticulated systems show no zero-order kinetic profiles. 

Peppas’ semi-empirical equation7 was tested: 

 Mt /M0 = kp tn  (2) 

where Mt and M0 are the drug amount release at the time t and at the final time, kp is the kinetic constant which 

is characteristic for the drug-polymer system and n is the exponent usually taking values greater than 0.43. 

The Peppas equation allows to define the mechanism of the release process from the parameter n (the 

power of time). For the spherical geometry of the reservoir the mechanism of drug release corresponds to the 

following values of the n parameter: 

n = 0.43 – diffusion  

0.43 < n < 0.85 – controlled transport 

n > 0.85 – abnormal transport 

In Table 2 the kinetic parameters for the Pyridostigmine release from polymeric microcapsules is 

presented. 

Table 2 

The kinetic parameters kp and n for Pyridostigmine release of microcapsules made of various 

 polymeric materials deduced from Peppas’ semiempirical equation 

Microcapsule KP n R2 F 

Alginate  0.4910 0.431 0.9812 469 

Alginate/gelatin 0.5583 0.472 0.9475 162 
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Chitosan 0.3360 0.625 0.9604 243 

* R2 and F are statistical coefficients. 

For the alginate microcapsules one could consider that the Pyridostigmine molecules are released by a 

diffusion process.  

For the microcapsules made from the mixture of alginate-gelatin none of the Peppas hypothesis on the 

release mechanism fits, probably due to the complex structure of the carrier (the core is more viscous, the 

membrane is a mixt one, formed by gelatin in the interior shell and calcium alginate in the exterior one. 

For the chitosan microcapsules an abnormal transport could be assumed, governed by another 

mechanism than simple diffusion. 

Because no substantially errosion phenomena was observed within 24 h after exposion of the 

polymeric matrix to the receiving phases of various pH, the Wagner model cannot be proposed. 

The Higuchi equation8 was also tested. 

 1 e rk t
tQ −= −   (3) 

where Qt is the amount of released drug and kr is the rate constant of diffusion. 

Another equation tested was that derived9 for spherical reservoirs with microporous polymeric 

membrane: 
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where Dw, ε, τ, l represent the diffusion coefficient of drug in the polymeric membrane of the microparticle, 

the porosity of polymeric membrane, the tortuosity of the diffusion channels and the thickness of the 
polymeric membrane and C0 and Csw are the drug concentrations in the polymeric matrix, respectively, as 

free form. 

None of these equations fits the experimental data with sufficient accuracy, the regression coefficients 

r2 being less than 0.9 in all cases. 

The best result was obtained using the biexponential equation: 

 Qt / Q0 = 1 – (A*exp(–k1t) + B*exp(–k2t))  (5) 

where Qt and Q0 are the drug released quantities (%) at the time t and the final time, and k1 and k2 are the 

kinetic constant of the two steps of the release process. 

In Fig. 6, the result of the calculated release profile with equation (5) is shown. The points are 

experimental data and the lines correspond to the semi-empirical equation. 

 

Fig. 6 – The theoretical model of in vitro release of Pyridostigmine bromide 

 from microcapsules.  
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The parameters of the biexponential equation of the release process from the polymeric microcapsules 

obtained from Pyridostigmine encapsulated in various polymeric materials are summarized in Table 3. 

Table 3 

The kinetic parameters of Pyridostigmine release from polymeric microparticles 

Microparticles  A B k1 k2 r2 

Alginate  0.49 0.485 0.0017 0.00167 0.978 

Gelatin-alginate 0.75 0.280 2.2300 0.00350 0.985 

Chitosan 0.18 0.428 0.8360 0.00146 0.993 

CONCLUSIONS 

Micro and nanoparticles were prepared using various polymeric materials in order to obtain colloidal 

delivery systems for controlled release of very hydrophilic drugs. All the particles prepared have a 

microcapsule structure, with a rigid external membrane and a more or less viscous liquid core. 

Calcium alginate particles prepared in this work have a more dense structure and the surface is the 

most nonporous. The diffusion of Pyridostigmine bromide from these microcapsules is slow and allows a 

very low quantity of drug to be released. 

The addition of gelatin in the nanoparticulate system with alginate lead to an increase of the total 

amount of drug delivered and to a faster kinetics of release. 

The release profile of Pyridostigmine from chitosan particles depends on the external polymeric 

membrane of the microcapsules (mechanical resistance, thickness, porosity). 

In order to study the influence of the colloidal vector dimension, chitosan micro and nanoparticles 

were prepared and their properties compared. 

Various equations were used to model the kinetics of release. The classical Higuchi equation does not 

fit the experimental data, that means the release is not a first order kinetic process. The best equation found 

is a semi-empirical one, which considers a two-step process. Smaller particles provide a better release of the 

hydrophilic drug. A greater amount of Pyridostigmine was delivered from nanoparticles than from 

microparticles and the kinetic of release is better controlled. 
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