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SUMÁRIO 
 
Nesta investigação houve dois objectivos principais, primeiramente a produção, 

caracterização, estudo de degradação e libertação de microesferas de dupla camada para 

libertação controlada de fármacos. O segundo e mais desafiante objectivo foi a produção de 

nanoesferas de dupla camada, também para libertação controlada de fármacos. 

Estas esferas são compostas por dois polímeros, o Poly(L-lactid) Acido, PLLA e o Poly(L-

lactide-co-glycolide) Acido, PLGA. Posteriormente procedeu-se ao encapsulamento de uma 

droga modelo, o Meloxicam, um fármaco anti-inflamatório. 

A produção das microesferas de dupla camada foi feita através do método de 

extracção/evaporação de um solvente, o diclorometano, onde se obtiveram partículas com 

uma forma esférica perfeita. Consoante a estequeometria utilizada, obtiveram-se esferas 

com núcleo ou concha de PLLA ou PLGA, verificando-se que nas esferas com uma 

estequeometria mássica de 1:1 o núcleo é de PLGA e a cama externa de PLLA. Através de 

microscopia óptica de fluorescência, observou-se que o Meloxicam se encontra 

preferencialmente na camada polimérica de PLGA. 

Após a caracterização das partículas, procedeu-se ao respectivo estudo de degradação, 

onde se colocaram as amostras contendo as microesferas e uma solução de tampão fosfato 

com um pH de 7,4, em tubos de centrifuga, numa incubadora a 120rpm, a 37ºC, simulando 

assim o mais possível o interior do corpo humano. 

Através deste estudo verificou-se que as microesferas contendo o PLLA na camada exterior 

degradam-se mais lentamente do que as que contêm o PLGA como essa camada, 

consequência de o PLLA ser mais hidrofóbico que o PLGA. 

Em relação ao estudo de libertação, efectuado durante aproximadamente 40 e 50 dias, 

constatou-se que, as esferas que contêm uma camada exterior de PLLA libertam o 

Meloxicam mais lentamente do que as que contêm o PLGA como camada externa. Este 

comportamento é devido ao facto de o fármaco se situar na camada de PLGA, e por 

conseguinte, o PLLA funcionar com uma barreira entre o fármaco e o meio exterior. 

Outro factor importante observado foi o de que estas microesferas de dupla camada 

apresentam um efeito de libertação inicial muito baixo, sendo esta uma das principais 

vantagens da dupla cama. 

Na segunda parte desta investigação, procedeu-se à produção de nanoesferas de dupla 

camada, que até ao presente momento não tinham sido conseguidas por outros 

investigadores. 
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Após vários estudos referentes à velocidade e tempo de agitação, bem como, à 

concentração da primeira solução aquosa de poly-vinyl-alcool (PVA) durante o processo de 

extracção/evaporação de solvente conseguiu-se a obtenção das nanoesferas de dupla 

camada. A velocidade de agitação utilizada foi de 100W, durante 30s, onde se juntou a 6mL 

de uma primeira solução aquosa de PVA a 3%(w/w) à solução orgânica contendo os 

polímeros em DCM e o fármaco. 

Supõe-se que o comportamento dos polímeros e do fármaco nas respectivas camadas 

interior e exterior sejam os mesmos que nas microesferas e que a degradação polimérica 

seja mais rápida nas nano partículas com núcleo de PLLA e camada exterior de PLGA. 

Neste caso, como não se consegue visualizar as partículas por Scanning Electron 

Microscopy foi feito um estudo das Temperaturas de Transição Vítrea e de Fusão, por DSL, 

onde se obteve uma diminuição ao longo do tempo das mesmas. Este facto é devido a 

possíveis cortes das cadeias poliméricas e da consequente diminuição do seu peso 

molecular. No entanto, algumas dúvidas ficaram em relação às Tg medidas para a 

nanoesferas com uma estequeometria mássica de 1:1. 

O estudo de libertação de Meloxicam das nanoesferas foi feito durante 12 dias e estão em 

concordância com os das microesferas anteriormente estudadas, onde as partículas que 

têm uma camada exterior de PLLA libertam o fármaco, Meloxicam, mais lentamente. A 

libertação nas nanoesferas foi genericamente mais rápida do que nas microesferas e tal é 

devido ao seu reduzido tamanho. Também, neste caso houve um efeito de libertação inicial 

muito característico deste tipo de partículas, que como já foi referido, mostra ser uma das 

principais vantagens das partículas de dupla camada. 

Cumpriram-se assim os objectivos propostos para a realização desta tese de mestrado em 

partículas de dupla camada para libertação controlada de fármacos. Estas partículas 

revelaram-se ser uma boa alternativa para mecanismos de libertação controlada, uma vez 

que permitem a libertação de mais do que um fármaco e também permite o controlo de 

diferentes perfis de libertação. 
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ABSTRACT 
 

There were two main objectives in this thesis investigation, first, the production, 

characterisation, in vitro degradation and release studies of double walled microspheres for 

drug release control. The second one, and the most challenging, was the production of 

double walled nanospheres, also for drug control delivery. 

The spheres were produced using two polymers, the Poly(L-lactide)Acid, PLLA, and the 

Poly(L-lactide-co-glycolic)Acid, PLGA.Afterwards, a model drug, Meloxicam, which is an anti-

inflammatory drug, was encapsulated into the particles. 

Micro and nanospheres were produced by the solvent extraction/evaporation method, where 

perfect spherical particles were obtained. By varying the polymers PLLA/PLGA mass ratio, 

different core and shell composition, as well as several shell and core thickness were 

observed. In the particles with a PLLA/PLGA mass ratio 1:1, the shell is composed by PLLA 

and the core by PLGA. It was also verified that the Meloxicam has a tendency to be 

distributed in the PLGA layer. 

Micro and nanoparticles were characterised in morphology, size, polymer cristalinity 

properties and drug distribution. Particles degradation studies was performed, where the 

particles in a PVA solution of pH 7,4 where placed in an incubator, during approximately 40 

days, at 120rpm, and 37ºC, simulating, as much as possible, the human body environment . 

From these studies, the conclusion was that particles containing a PLGA shell and a PLLA 

core degrade more rapidly, due to the fact that PLLA is more hydrophobic than the PLGA. 

Concerning the drug release controlled results, done also for 40 and 50 days, they showed 

that the microspheres containing a shell of PLLA release more slowly than when the shell is 

composed of PLGA. This result was predictable, since the drug is solubilised in the PLGA 

polymer and so, in that case, the PLLA shell works like a barrier between the drug and the 

outer medium. Another positive aspect presented by this study is the lower initial burst effect, 

obtained when using double walled particles, which is one of the advantages of the same. 

In a second part of this investigation, the production of the nanospheres was the main goal, 

since it was not yet accomplished by other authors or investigators. After several studies, 

referring to the speed, time and type of agitation, as well as, the concentration and volume of 

the first aqueous solution of poly-vinyl-alcohol (PVA) during the process of solvent 

extraction/evaporation it was possible to obtain double walled nanospheres. 
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The conditions that allow to get double walled nanospheres were sonication power of 100 W 

during 30s to emulsify an organic phase of dichloromethane, containing the polymers and the 

drug in 6ml of a first aqueous solution of PVA with a concentration of 3 %(w/v). 

Since, in this case, due to the small size of the particles, it is not possible to visualise the 

same by an electronic microscopy scanner. The degradation studies were followed by 

measurements of the Glass Transition Temperature and Melting Temperature of both 

polymers with time, and it was found that both of them diminished as time goes by. 

This fact might be due to polymeric hydrolysis reactions that cause a decrease in the 

polymer’s molecular weight. Nevertheless, a few doubts remain regarding the nanospheres 

with a PLLA/PLGA mass ratio of 1:1. 

The drug release tests performed for the nanospheres, during approximately 12 days, are in 

accordance with those performed previously for the large and small microspheres, where the 

particles which contained a PLLA shell release the drug (Meloxicam) slower than the ones 

with a PLGA shell. The drug release from the nanospheres was generally faster than from 

the microspheres, and that is due to the particles size. Also, in this case an initial low burst 

effect was obtain, which is a characteristic and one of the main advantages of double walled 

particles. 

These particles enable different rates of drug delivery depending on the treatment objective. 

In the case that more than one drug administration is needed, these particles are also a good 

alternative, since it could have one specific drug in each polymeric layer. 
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SYMBOLS 
 
 

PLLA - Poly(L-lactic) Acid 

PLGA - Poly(L-lactic-co-glycolic) Acid 

DWMS - Double walled microsphere 

DWNS - Double walled nanospheres 

NSAID - Nonsteroidal anti-inflammatory drug 

HPLC - High performance liquid chromatography 

SEM - Scanning electron microscopy 

DLS - Dynamic light scattering 

DSC - Differential scanning calorimetry 

PBS - Phosphate buffer saline 

DCM - Dichloromethane 

PVA - Poly(vinyl alcohol) 

EE - Encapsulation Efficiency 

Tg - Glass Transition temperature 

Tm - Melting temperature 
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1 INTRODUCTION: 
 

1.1 GENERAL INTRODUCTION: 

 

Since early ages, the main drive of medicine is to improve life expectancy and to provide a 

wide range of efficient treatments, always keeping in mind the comfort of the patient. During 

the last five decades, major developments have been made in the area of controlled release 

technologies, in order to respond to new medical needs. 

Controlled-release technologies are designed to deliver a wide variety of active ingredients, 

such as drugs, pesticides, fragrances, etc., at a specified rate, for a specified period of time, 

and to a desired location [1].  

With traditional tablets or injections, the drug level in the blood rises, peaks and then declines 

as can be seen in Figure 1.1-I. The profile showed means that the drug level rises after each 

administration and decreases until the next administration. By behaving like this, the drug 

concentration, when it is above the desired maximum value, may represent a toxic level, and 

on the other hand, when it comes below a desired minimum level, becomes non-effective [2].  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.1-I – Traditional drug administration profile 

 

Thus, sustained oral delivery, lasting longer than 24 hours, is difficult to achieve, due simply 

to the normal cycle of the digestive tract. Disadvantages like these do not come only in 

sustained oral delivery, but also in pulmonary delivery, as the large drug particles may 

deposit in the respiratory tract before reaching the deep lung, whereas small drug particles 
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can aggregate before reaching their target [3].  To overcome these obstacles or difficulties, 

controlled drug release systems are being developed. 

The key point in controlled drug delivery systems designated for long-term administration, is 

to permit a constant drug or other active agent level between the desired maximum and 

minimum profile shown in Figure 1.1-II, for an extended period of time. Due to this, it is 

possible to eliminate under and overdosing, diminishing the levels of drug toxicity [2].  

 

 

 

Figure 1.1-II – Controlled drug delivery systems administration profile 

 

 

Other major advantages in these types of systems are, in addition to the already mentioned 

maintenance of drug levels within a desired range and the fact that they enable protection of 

drugs that would be otherwise rapidly destroyed by the body, a reduced number of 

administrations, and an increase in patient comfort and compliance.  

Controlled release drug delivery employs devices such as, liposomes, hydrogels, polymer-

based disks, rods, pellets or microparticles, which encapsulate the drug for further release 

[3]. (Table 1.1-I)  

 

 

 

 

 



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  17 

Table 1.1-I - Comparison of controlled release devices 

Adapted from [3] 

Controlled release vehicle Advantages Disadvantages 

Implantable matrix devices 

 
- Biodegradable (often) 
- Localised delivery 
- High local drug concentration

 
-    Invasive administration 
- Device removal may be 

necessary 

Implantable pumps 

 
- Long-term delivery (up to at  
    least 1 year) 
- Well-controlled delivery rate 
- Programmable delivery rate 

 
-    Invasive administration 
- Complex fabrication 
- Need for long-term drug 

stability 
- Device removal usually 

necessary 

Injectable gels and 
hydrogels 

 
- Biodegradable 
- Injectable 
- Relatively easy-fabrication, 

processing 
- Drug release can be 

responsive to pH, 
temperature, etc. 

- Relatively large size 
- Poor mechanical strength  

Lipossomes/micelles 
(up to 30 µm) 

 
- Low toxicity 
- Low immunogenicity 

 
- Poor controlled drug release 

rates 
- Specific targeting 
- Expensive to mass produce 
- Poor stability 

Microspheres 
(1-100 µm) 

 
- Biodegradable 
- Biocompatible 
- Easily administered – 

injectable, inhalable 
- Localised or targeted delivery 

possible 

- Difficult to control drug release 
rates 

- Drug stability 
- Difficult large-scale production 

Reservoir devices 

 
Localised delivery to virtually 
any site 

- Controlled rate and duration 
of delivery 

 
- Complex fabrication 
- Invasive administration 
- Removal of device required 
 

 

If we go back to 1960, the idea of polymer microparticles as delivery systems was reported 

by Folkman and Long [4], but unfortunately, the lack of degradability of these polymers 

meant that they had to be surgically removed, limiting their applicability. In the 1970s the use 

of biodegradable polymers and respective degradation studies (incorporated by Mason et al. 

[5]) were considered, preventing the previously required surgical removal [5, 6].  

As a consequence, researchers in pharmacy, chemical engineering, and other disciplines, 

have struggled to design biodegradable polymers with desired degradation mechanisms and 

mechanical properties. It now means that these polymers have the ability of being 
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reabsorbed by the body/organism. This alleviates the need to remove, as previously 

mentioned, the polymer by surgical procedures. Information and knowledge in the field of 

biodegradable polymer technology has progressed rapidly over recent years, enabling 

researchers to have available a wide range of different rates. As a consequence, they may 

now use a single polymer, copolymer, or blends, but they may also use a different 

combination of polymers [7] (Table 1.1-II).  

 

Table 1.1-II - Representative list of polymers used in drug delivery systems 

Adapted from [8] 

Classification Polymer 

Natural Polymers  

 
Protein-based polymers 

 
Collagen, albumin, gelatine 

Polysaccharides 
 
Agarose, alginate, carrageen, hyaluronic acid, dextran, chitosan, 
cyclodextrins 

Synthetic polymers 
  

Biodegradable  

Polyesters 
Poly(lactic acid), poly(glycolic acid), poly(hydroxyl butyrate), 
poly(ε-caprolactone), poly(β-malic acid), poly(dioxanones) 

Polyanhydrides 
 
Poly(sebacic acid), poly(adipic acid), poly(terphthalic acid) and 
various copolymers 

Polyamides 
 
Poly(imino carbonates), polyamino acids 
 

Phosphorous-based polymers 
Polyphosphates, polyphosphonates, polyphosphazenes 
 

Others 
 
Poly(cyano acrylates), polyurethanes, polyortho esters, 
polydihydropyrans, polyacetals 

Synthetic polymers 
 
Non-biodegradable 

 

 
Cellulose derivatives 

Carboxymethyl cellulose, ethyl cellulose, cellulose acetate, 
cellulose acetate propionate, hydroxypropyl methyl cellulose 

Silicones Polydimethylsiloxane, colloidal silica 
 
Acrylic polymers 

 
Polymethacrylates, poly(methyl methacrylate), poly 
hydro(ethylmethacrylate) 

 
Others 

 
Polyvinyl pyrrolidone, ethyl vinyl acetate, poloxamers, 
poloxamines 
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Considering the importance of controlled drug delivery systems, it as been established by a 

recent scientific study from Cientifica Ltd., “The Nanoparticle Drug Delivery Market”, that new 

nanoparticles and nanostructured delivery techniques are beginning to replace existing 

polymer therapeutics which currently dominate the market. 

This market for drug release systems is presently one of the fastest growing in the world. In 

the U.S. alone it is expected to grow 10% per year reaching values of 132 billion dollars by 

2012. By 2015, the demand of nanotechnology–enabled drug delivery systems should 

increase to 220 billions of dollars annually. This sharp increase is due to their broad 

therapeutic potential, better profit cycle to pharmaceutical companies and most of all the 

existence of lower risk, time and capital consumption, since they are only an upgraded 

formulation [9]. 
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1.2 MECHANISMS OF CONTROLLED DRUG RELEASE USING POLYMERS 

 

The main issue is to be able to control the delivery system as much as possible. So, several 

studies have been made since the 80´s in an attempt to understand how the active agents 

are released through the polymeric particles. It is of the utmost importance to determine if the 

drug crosses the polymer to the surrounding environment, and if the polymer degrades and 

releases its active agents into the outer medium. 

According to Brannon-Peppas [2], there are three mechanisms by which drugs, or other 

active agents, can be released from a delivery system: diffusion, swelling and erosion. 

 

1.2.1 Diffusion-controlled release system 

 

Diffusion occurs when a drug or other active agent passes through the polymer that forms 

the particle, which is the controlling-release device. Thus, there are two basic types of 

diffusion controlled systems: matrix systems and reservoir systems. 

In the matrix system, which is in the system used in our investigation, the drug dispersed or 

uniformly distributed in our polymeric particle, diffuses through the polymeric matrix. 

 

Figure 1.2-I– Diffusion release system - Drug delivery from a matrix system 

Adapted from [2] 
 

Typically, release rates from this kind of systems tend to decrease with time, since the path 

length for diffusion increases. So, in the first moment, the drug release is relatively rapid, 

since the diffusion path is small, as could be seen in the first two images of Figure 1.2-I. 

From then on, the release rate will be slower since, as before mentioned, the drug has to 

travel a longer distance to reach the external fluid, as could be observed in the last image of 

Figure 1.2-I [1].  
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The reservoir systems consist of a core containing an active ingredient/agent surrounded by 

a rate-controlling membrane. By this, the drug is able to migrate from the initial position, 

cross the membrane and exchange with the surrounding fluid.[10] ”Coated tablets, beads, 

and particles, membrane-based pouches (e.g., transdermal drug delivery systems) and 

microcapsules represent several common types of reservoir systems.” [1] Polymeric 

membranes and these release systems do not figure in this study. 

 

 

1.2.2 Swelling-controlled system 

 

 

Similarly to the matrix release systems, in the swelling-controlled system the drug is 

dissolved or dispersed, once again, in a polymeric particle, in this case a swollen polymer. 

Nevertheless, the drug is not able to diffuse through the polymeric matrix, since in the 

unswollen or dry state, the diffusivity of the drug is substantially lower than its diffusivity in the 

swollen polymer (Figure 1.2-II). Consequently, the drug will not diffuse through the polymer 

matrix unless the matrix is swollen. This action occurs when the solvent penetrates into the 

matrix enabling the polymer to swell [1,10].  

The swelling-controlled system is indeed a complex one, since the swelling depends on both 

the solvent diffusion into the polymer and the physical relaxation of the polymer chains. 

 But Kost [10] tends to support the concept by saying that “as the environmental fluid 

penetrates the matrix, the polymer swells and its glass transition temperature is lowered. 

Therefore, its swollen polymer is in a rubbery state and it allows the drug contained in it to 

diffuse through the polymer”. 

 

Figure 1.2-II – Swelling-controlled system - Drug delivery from a polymeric matrix  

Adapted from [2] 
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1.2.3 Erosion-controlled system 
 
 

In erosion-controlled systems, the drug is ideally distributed uniformly throughout a polymeric 

particle, once again, as in the matrix devices. Unlike the matrix system, the polymer 

degrades with time, and so, as the polymer surrounding the drug is eroded, the drug is 

released [1]. 

The polymers mentioned in the previous release-controlled systems do not change their 

chemical structure, except in the swelling-controlled system. However, biodegradable 

polymers, introduced before, in the general introduction, are able to degrade into biological 

compounds as a result of the hydrolysis of the polymer chains. Consequently, biodegradable 

polymers will suffer erosion until complete degradation.  

These types of polymers, called erodible polymers, are divided into two sorts: bulk-eroding 

polymers (the drug is release due to the polymer degradation) and surface-eroding polymers 

(do not permit water penetration but suffer hydrolysis enabling drug release). This matter will 

be further discussed in the release factors topic (1.4). (Figure 1.2-III) 

 
 

Figure 1.2-III – Erosion-controlled system – drug delivery from (A) bulk-eroding (B) surface-eroding 
biodegradable systems. 

Adapted from [2] 
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1.3 PARTICLES FOR CONTROLLED DELIVERY SYSTEMS – PRODUCTION BY 

TRADITIONAL TECHNIQUES 

 

After understanding the controlled delivery system concept, and the mechanisms in which 

polymers may be degraded, there is also the need to comprehend which manufacturing 

process is in accordance with the desired release system. 

“Various polymer architectures (linear, branched, star-like, comb-like polymer) and 

combinations of polymer species either physically mixed (polymer blends or interpenetrating 

networks) or chemically bonded (copolymers) offer tremendous scope as delivery systems. 

Although selection of polymers is a prime concern, especially with regard to compatibility with 

the drug, the manufacturing processes also need to be taken in account” [8]. 

There are several types of processes for the production of microparticles by traditional 

techniques. The common processes include the interfacial polymerization, solvent 

extraction/evaporation, polymer extrusion and spray drying [3].These type of methods differ  

in the type of material that can be used, in the type of drugs that can be encapsulated and 

also in the size range of the produced particles [3,6].  

Nevertheless, several common issues need to be considered in evaluating the techniques 

that will be employed. For instance, the process should be scalable to produce the particles 

at an industrial level and with the cleanliness and sterility obligatorily required for 

pharmaceutical manufacture. Secondly, accurate and reproducible control over the size and 

uniformity of the particles is very important. Finally, the fabrication process must be 

compatible with the drug in use, avoiding extreme fabrication conditions, such as, extreme 

temperatures [3]. 

The solvent/evaporation method, which is the method used in this work, has been widely 

used in the fabrication of, for example, PLLA and PLGA microspheres containing different 

drugs. The effectiveness of this method depends on the successful entrapment of the drug or 

other active agent within the spheres, and thus, this process is most successful with drugs 

which are either insoluble or poorly soluble in the aqueous medium, which comprises the 

continuous phase [11].  
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1.3.1 Solvent extraction/evaporation Method:  

 

Emulsion solvent extraction/evaporation is one of the most common techniques for producing 

microspheres from preformed polymers [3,6,12]. The preparation of polymeric particles with 

these techniques consists essentially in four major steps.  

1. Often, a double emulsion is employed; first an organic solution containing the polymer 

(and possibly the drug to be encapsulated) is emulsified in a small amount of a non-

solvent phase becoming the first oil-in-water emulsion (o/w/w).  

2. Then, the dispersion of the first emulsion in a stabilised aqueous medium (the continuous 

phase) containing a small amount of a stabiliser forms the final o/w emulsion.  

3. After this emulsification, the solvent is extracted into the continuous phase and allowed to 

evaporate. During this lost of solvent, the dispersed phase is enriched in polymer until the 

droplets harden to become particles.  

4. The particles formed can then be recovered, washed and lyophilized. 

 

Figure 1.3-I – Schematic overview over the principal process steps in spheres preparation by 

extraction/evaporation method 

Adapted from [3,11,12]  
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If the drug is soluble in the polymer solution, it can be encapsulated through the simple co 

dissolution with the polymer. If the drug is water soluble, it can be encapsulated in at least 

three ways. The first method consists in the hydrophobization of the drug by complexation 

with ionic surfactants. In the second one, the solid particles can also be suspended in the 

polymer solution. In the third and last technique the microspheres can be prepared with a 

double emulsion process in which an aqueous solution containing the drug is first emulsified 

into the polymer organic phase, and this water-in-oil emulsion is then emulsified into the 

continuous phase as described above. 

The solvent/extraction evaporation method is popular due to its relative ease and 

compatibility with many common polymers. In addition, it is not necessary to achieve high 

temperatures or phase separation-inducing agents [12]. 

However, the most obvious limitations of these techniques are the complex scale up of the 

process and the expensive large scale production. Another critical problem is that the size 

distribution of particles is generally reproducible but not uniform. In addition, the presence of 

organic solvents and aqueous organic interfaces may have adverse effects on encapsulated 

drugs, apart from the fact that the organic solvents may be very difficult to remove completely 

[3,6,12]. 

Below is a representative list of microparticles produced by solvent extraction/evaporation 

technique. 

 

Table 1.3-I - Examples of polymeric microparticles produced by solvent extraction/evaporation 

technique. 

 Type of emulsion Ref. 

Poly(lactide-co-glycolide) (PLGA) + Piroxicam o/w 13 

Poly(lactide-co-glycolide) (PLGA) + Insulin w/o/w 14 

Poly(lactide-co-glycolide) (PLGA) + BSA w/o/w 15 

Poly(ε-caprolactone) + Disodium norcantharidate s/o/w and w/o/w 16, 17 

Poly(ε-caprolactone) + ρ-nitroaniline s/o/w 18 

Poly(ε-caprolactone) + rhodamine B s/o/w 18 

Eudragit S100 + Sodium pantoprazole o/o 19 

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) + 
flurbiprofen 

o/w 20 
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1.4 FACTORS AFFECTING DRUG RELEASE 

 

Because it is usually desirable, and often fundamental to tailor the release rate of therapeutic 

agents to the needs of a specific application, it is important to understand the variables that 

control release rates. As a matter of fact, as  can been seen in Table 1.4-I, a complex variety 

of factors affect the release of therapeutics, including the type of polymer, the polymer’s 

molecular weight, the copolymer’s composition, the microsphere size, the type of drug,  etc. 

[2,3]. (An ongoing analysis of these factors remains in study). 

 

Table 1.4-I – Factors affecting drug delivery rates 

Adapted from [8] 

Chemical structure and composition 

Physicochemical factors (ion exchange, ionic strength, pH) 

Physical factors (shape, size. chain defects) 

Morphology (amorphous, semi crystalline, crystalline, microstructure, residual stress) 

Mechanism of degradation (enzymatic, hydrolysis, microbial) 

Molecular-weight  distribution 

Processing conditions and sterilization process 

Annealing and storage history 

Route of administration and size of action 

 

The way in which the polymers utilised for the production of particles degrade, will obviously 

affect the way the drug will be released. Depending on the rate of hydrolysis of their 

functional group, we can categorise polymers into two groups: bulk-eroding and surface-

eroding.  

Bulk-eroding polymers readily allow permeation of water into the polymer matrix. As a result, 

particles such as microspheres or nanospheres fabricated from these polymers degrade 

throughout the particle matrix, and the resulting monomers, oligomers and the drug per se, 

diffuse out of the sphere into the surrounding medium (Figure 1.4-I) [3,21]. 

This study will focus on the surface-eroding polymers, since PLGA, poly(L-lactide-co-

glycolide) is one of the polymers in use, and it is a typical example of this kind of polymer.  



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  27 

 

Figure 1.4-I – Drug release from bulk-eroding polymers 

Adapted from [3] 
 

In surface-eroding polymers, such as polyanhydrides, the polymer behaviour is different 

concerning the composition of hydrophobic monomers, which are able to resist the 

penetration of water into the polymer bulk. Nevertheless, they degrade rather quickly into 

monomers and oligomers via hydrolysis [3,21]. (Figure 1.4-II) 

 

 

Figure 1.4-II – Drug release from surface-eroding polymers 

Adapted from [3] 
 

Several studies have investigated the effect of polymer molecular weight on the controlled 

released factor, showing a clear dependence on this factor. As it would be predictable, most 

studies agree that an increase in molecular weight decreases drug release rate. So, we 

could say that in spheres made from high molecular weight polymers, the quantity of 

degradation products and the polymer molecular weight remained constant for longer periods 

of time. Thus, monomers and oligomers are formed more quickly following degradation of 

lower molecular weight polymers [3, 6]. 

The release profiles are also dependent on the size of the particles; the rate of drug release 

was found to decrease with increasing sphere size, so as size decreases, the surface area-

to-volume ratio of the particle increases. Also, water penetration into smaller particles may be 

quicker due to the shorter distance from the surface to the centre of the particle. 

However, the effect of microsphere and nanospheres size can be significantly more 

complicated. As spheres degrade, larger particles accumulate more acidic degradation 
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products (e.g., lactic and glycolic acids from PLGA), leading to a more acidic microclimate. 

The reduced pH can, in turn, result in a faster degradation/erosion of the particle and, 

subsequently, faster drug release [3, 6, 7].   

The effects of the loaded drug are also an important issue to be taken into account. For 

example, medications containing amines whose nitrogen atom is nucleophilic, induce the 

polymer chain scission increasing the rate of polymer degradation. Also, how the drug is 

distributed in the medium can also vary its release profile. Drug release begins at the sphere 

surface followed by release from the inner layers of the sphere; therefore the diffusional 

distance between the initial drug location inside the sphere affects the release profile [6].  
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1.5 DOUBLE-WALLED PARTICLES 

 

Despite all the polymeric particles advantages concerning drug delivery systems mentioned 

in the previous chapters, there are some limitations of particles consisting of a single polymer 

layer [22, 23]. For instance, the initial high burst effect, the low encapsulation efficiency, 

especially with high water soluble drugs, the difficulty to achieve zero order releases and the 

inability to deliver more than one drug or other active agent in a sequential manner are 

examples of these flaws [22-24].  

Therefore, two layer particles, commonly known as double walled microspheres (DWMS), 

may overcome these restrictions and present certain advantages over the one layer systems. 

Actually, the addition of a second polymer layer to biodegradable polymeric particles may 

allow the opportunity to adjust the release rates by choosing the suitable core (internal layer) 

and shell (external layer) polymers, as could be seen in Figure 1.5-I. Also, these polymeric 

choices provide a better control of the degradation rate, as well as the erosion mechanisms. 

Furthermore, the rate of water penetration can be an important factor for the controlled 

release and degradation rate, depending, once again, on the polymeric selection [25].  

 

Figure 1.5-I – Double-walled particles cross section with dispersed drug 

 

The thickness of the shell and the core diameter in the double walled microspheres can be 

controlled through the selection of the polymers mass ratio. This fact allows more options 

concerning the type of release profiles of drug, depending on each desired treatment [24].  

There are various methods for producing microspheres with a two-layered structure from 

polymer blends. Particles with a two layered structure are usually produced by pan coating, 
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fluidized beds or spray drying. However, these processes require at least two steps, which 

decreases process yield. In addition, the range of polymers which can be coated effectively 

is restricted and these techniques are not appropriate for small particles [22, 26-28]. 

A method to produce double walled particles in a single step has been developed since 1994 

[28]. This technique combines the phenomenon of polymer-polymer phase separation as 

solution concentration increases with the traditional encapsulation process of solvent 

evaporation. With a suitable selection of interfacial tensions and evaporation rate, a spherical 

droplet of one polymer becomes layered with a uniform layer of the other polymer.  

The drug location in DWMS produced with adaptable polymers depends on the 

thermodynamics interactions of the polymers and drugs [25]. The polymer-polymer miscibility 

is an important factor for the success of the core and shell regions formation. Plus, the 

location of the active agent within one of the two polymers, or in the interface of them will 

depend on the affinity between the drug and the polymers [25]. 

Several polymers have been explored in the pharmaceutical industry, nevertheless, aliphatic 

polyesters like polylactide (PLA), polyglycolide (PGA) and specially their copolymers such as 

poly(lactide-co-glicolide) (PLGA) have generated an enormous interest due to their excellent 

biocompatibility with cells and tissues, biodegradability nature and mechanical strengths [29-

32]. Thus, PLA and PLGA have been approved by the US Food and Drug Administration 

(FDA) [38].  

 It is important to mention that these kind of polymers will eventually, on exposure with water, 

break down (chain scission by hydrolyses of the ester bond linkage) to lactic acid and 

glycolic acid, enter the Kreb’s cycle, and be further broken down into carbon dioxide and 

water and excreted through normal processes [7,21]. (Figure 1.5-II) 

 

 

Figure 1.5-II – Chemical formula for PLGA and its hydrolysis  

 

Their commercial availability with different molecular weight, copolymer ratios, 

stereochemistry and co–monomer sequence is another advantage since this variety, in 
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addition with the changing of the drug loading, the microparticle size and porosity, can 

promote a variety of drug release profiles [33-38].  

It was already found by Matsumoto et al. [36] that the phenomenon of polymer-polymer 

phase separation can be applied with the PLLA/PLGA system. They also explain that the 

phase separation induced by the critical polymer concentration is independent of the 

PLLA/PLGA ratio. However, this phenomenon could be dependent of several 

physicochemical factors, such as the solvent species, molecular weight, and lactide/glycolide 

ratio of PLGA. [36] 

Over the last 5 years, other studies using the system PLLA/PLGA have been reported.  Lee 

et al. [23] described the preparation of double walled microspheres for the sustained release 

of etanidazole, a highly water soluble drug, improving the encapsulation efficiency. Rahman 

and Mathiowitz [40] also prepared PLLA/PLGA double walled microspheres which release 

the protein (BSA) for further days than the one layer PLA microspheres.  

While microparticles have been prepared using PLGA and PLA/PGA for many years, 

nanoparticles of these materials are fairly new. The main purpose of using nanoparticles is 

their potentially utility in particular drug targeting [7].  

So, the final goal of the present study is to produce double walled nanospheres and 

microspheres based on the in situ phase-separation of PLLA and PLGA using as an active 

agent Meloxicam, a NSAID (nonsteroidal anti-inflammatory drugs) and to compare them in 

terms of production conditions and drug release rates. Factors affecting the DWMS core and 

shell composition, the drug localization, the size of the particles and consequently the drug 

release and polymers degradation were investigated and discussed. 
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1.6 MODEL DRUG - MELOXICAM 

 

The model drug used in this study is Meloxicam. Meloxicam is chemically designated as 4-

hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-carboxamide-1,1-dioxide. 

Its molecular weight is 351.4 g/mol and empirical formula C14H13N3O4S2. (Figure 1.6-I) 
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Figure 1.6-I – Chemical structure of Meloxicam sodium 

 

Meloxicam is a nonsteroidal anti-inflammatory drug (NSAID) that exhibits anti-inflammatory, 

analgesic, and antipyretic activities in animal models. The mechanism of action of 

Meloxicam, like that of other NSAIDs, may be related to prostaglandin synthesis 

(cyclooxygenase) inhibition. It is a drug mainly used for treatment of pain and inflammation in 

the body caused by arthritis. It works by reducing the hormones that cause this 

inflammation.[41-44] 

Each pill comes in a yellow tablet containing either 7.5 or 15 mg of Meloxicam intended for 

oral administration. Meloxicam has an apparent partition coefficient (log P)app = 0.1 in n-

octanol/buffer pH 7.4 and pKa values of 1.1 and 4.2. 

Pharmacological studies say that after multiple oral doses, the pharmacokinetics of 

Meloxicam capsules was dose-proportional over the range of 7.5 mg to 15 mg. The mean 

maximum concentration was achieved within four to five hours after a 7.5 mg Meloxicam 

tablet was taken under fasted conditions, indicating prolonged drug absorption. The rate or 

extent of absorption was not affected by multiple dose administration, suggesting linear 

pharmacokinetics. With multiple dosing, steady state conditions were reached by day 5. A 

second Meloxicam concentration peak occurs around 12 to 14 hours post-dose suggesting 

gastrointestinal recirculation.  

The main form of excretion of Meloxicam is by metabolites in urine and feces in equal extent. 

This occurs in 15 to 20 hours and is constant. 
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2 MATERIALS AND METHODS 

 

2.1 MATERIALS: 

 

Poly(vinyl alcohol) (PVA), (CAS: 9000-89-5),used as an emulsifying agent, as well as the 

biopolymers Poly(L-lactide) Acid, (PLLA) (M.W. 85000-160000, CAS: 26161-42-2) and 

Poly(DL-lactide-co-glycolide) Acid, (PLGA) (mol.wt 40000-75000, CAS: 26780-50-7), used as 

biodegradable polymers to form the double walled sphere were provided by Sigma Aldrich. 

Meloxicam sodium salt hydrate (M3935-100mg, CAS: 71125-39-8), was also provided by 

Sigma Aldrich. 

Also, dichloromethane, (DCM) (Ec. No. 20008389) as well as the Phosphate buffer saline, 

PBS, used in the in vitro release studies and in the in vitro degradation studies were obtain 

by Fluka. 

As a solvent for the HPLC analysis, a mixture of deionised water, methanol provided by 

Fluka and formic acid 85%, provided by a Portuguese firm, José M. Vaz. Pereira, S.A. was 

used. 

Deionised water was used throughout the experiment. 

 
 

2.2 METHODS 

 

2.2.1 PREPARATION OF PLLA-PLGA DOUBLE WALLED PARTICLES 

 

2.2.1.1 Preparation of PLLA-PLGA large size Microspheres  

 
The PLLA/PLGA double walled microspheres with different composition ratios were prepared 

using the oil-in-oil-in-water (o/o/w) emulsion solvent extraction/evaporation technique. Firstly, 

separated solutions of PLLA and PLGA in dichloromethane (DCM) were prepared. The used 

volume of DCM was 3mL for a polymer quantity of 600 mg. The two polymeric solutions were 

then added together and mixed in the vortex, to create the oil-in-oil (o/o) solution. 

This organic solution was poured into 800mL PVA solution containing 0.25 % (w/v) PVA as 

an emulsifier (the external aqueous phase) to create an oil-in-oil-in-water (o/o/w) double 

emulsion. Stirring using a mechanical stirrer at the rate of 1200rpm for 2 hours allows the 

extraction of the DCM as well as the hardening of the microspheres.  



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  34 

Then, the stirring was stopped, the produced microspheres were centrifuged (Sigma 

Laboratory centrifuges, model 4k15 Sartorius) and washed for tree times with deionised 

water in order to remove the remaining PVA and finally lyophilised (Telstar Cryodos - Model 

Cryodos 50 - nº1309)  for a minimum of 24h. 

 

In the production of the loaded PLLA/PLGA microspheres, the preparation method was 

similar to the one used for the unloaded particles (described above), with the exception that, 

10mg of Meloxicam (drug) were added to the polymeric solution (oil-in-oil). (Figure 2.2-I) 

 
Figure 2.2-I – Preparation of PLLA-PLGA Large Size Microspheres 

 
 

2.2.1.2 Preparation of PLLA-PLGA small size Microspheres  

 
 
The PLLA/PLGA double walled microspheres with different composition ratios were prepared 

using the oil-in-water-in-water emulsion solvent extraction/evaporation technique. Firstly, 

200mg of the PLGA plus PLLA were dissolved, with the help of the vortex, in 1mL of DCM 

(the organic phase). Then, the organic phase was added to 6mL of a 1% (w/v) PVA solution. 

The solutions were then mixed in the Ultra-Turrax –T25, for about 1 min at 9500rpm to 

produce the first oil-in-water (o/w) emulsion (milky aspect). 

The first emulsion was then poured into 300mL of a PVA solution containing 0.25 % (w/v) 

PVA as an emulsifier (the external aqueous phase) to produce an oil-in-water-in-water 

(o/w/w) double emulsion.  
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This emulsion was, then, magnetically stirred for about 45min at 700rpm, to let the DCM 

(solvent) evaporate. The mixture was, afterwards, centrifuged at 11,000 rpm for 10 min. 

Then, the microspheres were washed tree times in deionised water, to remove the remaining 

PVA, collected by centrifugation at 11,000 rpm for 10 min and finally lyophilised for a 

minimum of 24h. 

In the production of the loaded PLGA/PLLA microspheres, the preparation method was 

similar to the one used for the unloaded particles (described above), with the exception that, 

10mg of Meloxicam (drug) were added to the polymeric solution. (Figure 2.2-II) 

 

 
 

Figure 2.2-II – Preparation of PLLA-PLGA Small Size Microspheres 
 
 

2.2.1.3 Preparation of PLLA-PLGA Nanospheres  

 

 
The PLLA/PLGA double walled nanospheres were prepared using an oil-in-water-in-water 

emulsion solvent extraction/evaporation technique. Firstly, 200mg of the PLGA plus PLLA 

were dissolved, with the help of the vortex, in 1mL of DCM (the organic phase).  

The polymeric solution was then added to a PVA aqueous solution, mixed and sonicated at 

different rotation speeds. Different concentrations of PVA in the aqueous phase were tested 

and two Ultrasonic Processors were also tested (Model UP100H, MS2, Hielscher and model 

Vibra all /Sonics - 600-watt Model Dual Output) to produce the first oil-in-water (o/w) 

emulsion (milky look). 
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The first emulsion was then poured into 300mL of a PVA solution to produce the oil-in-water-

in-water (o/w/w) double emulsion (different PVA % (w/v) were tested). 

Also, different stirring methods and speeds were performed to form the double emulsion and 

to let the DCM (solvent) evaporate. The mixture was centrifuged at 11,000 rpm for 10 

minutes. Then, the particles were washed tree times in deionised water, to remove the 

remaining PVA, and collected by centrifugation at 11,000 rpm for 10 min and finally 

lyophilised for a minimum of 24h. 

In the production of the loaded PLGA/PLA nanospheres, the preparation method was similar 

to the one used for the unloaded particles (described above), with the exception that, 10mg 

of Meloxicam (drug) were added to the polymeric solution. (Figure 2.2-III) 

 

 
Figure 2.2-III – Preparation of PLLA-PLGA Nanospheres 

 

2.2.2 PLLA-PLGA PARTICLES CHARACTERISATION: 

 

2.2.2.1 Surface morphology characterisation by Scanning electron microscopy (SEM) 

 

Scanning electron microscopy (SEM) micrographs were used to characterise the shape and 

external morphology of the produced microparticles. Samples were disposed into a double-

sided carbon tape and then coated with a gold layer (about 45nm thickness) under argon 

atmosphere using a sputter-coater from Quorum Technologies, Model Polaram ES100.  



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  37 

The samples were then ready to be examined using a FEG-SEM (Field Emission Gun - 

Scanning Electron Microscopy) microscope from JEOL, model JSM7001F. These analysis 

were made in ICEMS (Instituto de Ciências e Engenharia de Materiais e Superfícies) situ in 

Instituto Superior Técnico, by Eng. Isabel Nogueira. 

 

2.2.2.2 Optical photographs of the double-walled spheres and composition studies 
 

A Zeiss Axioplan 2 microscope equipped with a digital camera Nikon DXM1200F was used 

to obtain the microspheres images. In preparation for optical microscopy, the microspheres 

were embedded in resin and sectioned using a microtome blade. Once sectioned, 

microspheres were viewed under a reflected-polarized normal light to identify the different 

polymer layers based on differences in crystalline structure.  

For identification of the core and shell polymers composition, it was employed the dissolution 

method presented by Lee et al. [23]. This process is based on the different solubility of the 

polymer pair PLGA and PLA in ethyl acetate. Briefly, a cross-section particle was first 

immersed in ethyl acetate for a few minutes, and the remnant was collected and observed in 

the optical microscope. These analyses were made in FCT-UNL at Departamento de 

Conservação e Restauro, with the help of Eng. Mariana Costa. 

 

2.2.2.3 Drug distribution by optical fluorescence microscopy  

 
The drug distribution within the microsphere was identified with fluorescence screen 

(mercury light (HBO 100)) since Meloxicam is slightly fluorescent, unlike the polymeric 

materials used as carriers (PLA and PLGA). These analyses were made in FCT-UNL at 

Departamento de Conservação e Restauro, with the help of Dra. Ana Isabel Pereira. 

 

2.2.2.4 Crystallinity proprieties characterisation by Differential scanning calorimetry (DSC) 

 
Differential scanning calorimetry (DSC) measurements were carried out on a Setaram DSC 

131 scanning calorimeter equipped with a thermal analysis data system. Samples of 10 mg 

were placed in aluminium pans and sealed. The probes were heated, two times, from -20ºC 

to 80ºC at a rate of 10ºC/min and from 25ºC to 250ºC at a rate of 10ºC/min under nitrogen 

atmosphere. These analysis were performed in The Analysis Laboratory of Requimte, 

FCT/UNL 
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2.2.2.5 Surface charge and size characterisation by Dynamic light scattering (DLS) 

 
Particle size was measured with Dynamic light scattering method using a Laser Light 

Scattering Instrument (Zeta Sider–Nano Series, Model Nano-ZS from Malvern 

Instrumentals). The dried nanospheres samples were suspended in PVA 0.50% (w/v), and 

washed for tree times with deionised water before measurement. The obtained 

homogeneous suspensions were used to determine the mean diameter and diameter range. 

Each measurement was performed in triplicate. 

 

 

2.2.2.6 Encapsulation Efficiency by High performance liquid chromatography (HPLC) 
 

The drug entrapped inside the microparticles was determined by HPLC (Hitachi-Merck). 

More correctly the analysis should be referred as RPC, Reverse Phase Chromatography, as 

in the present study an RP-18 column was used for the HPLC analysis. RPC has a non-polar 

stationary phase (usually silica), and aqueous, moderately polar mobile phase.  

The column used was a Merck RP-18 (Merck, Germany) and the eluent, at a flow of 0.5 

mL.min-1, was a solution of methanol: distilled water: formic acid 70.0:29.9:0.1 (v/v/v). A UV 

detector (Merck Hitachi, Japan) at a wavelength of 212 nm was used.  

A weighed quantity of microparticles was completely dissolved in 5 mL of DCM. The solution 

was then placed in a hotte for complete evaporation of the DCM. After that, 2 mL of the 

eluent (methanol: distilled water: formic acid 70.0:29.9:0.1 (v/v/v)) were added. This solution 

was analysed by HPLC 

The microparticles drug loading was obtained as the mass ratio between the drug amount 

entrapped in microparticles and the microparticles weight. The encapsulation efficiency of the 

drug was obtained as the mass ratio between the drug amount entrapped in microparticles 

and the quantity of drug used in the preparation. 

 

 

2.2.3 IN VITRO DEGRADATION STUDY 
 

 
Particle degradation studies were carried out according to the following procedure: unloaded 

particles were each, weighted (10±3mg) and placed in centrifuge tubes containing 8mL of 

PBS buffer (pH=7.2). The tubes were maintained at 37oC in a horizontal shaker Optic 

Ivymen® System (constant temperature incubator shaker) at 120 rpm.  
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At predefined time intervals, the tubes were taken out from the shaker, the supernatants 

were collected after centrifugation at 12,000 rpm for 15 minutes and fresh medium was 

replaced except in one tube. The particles from this tube were washed with deionised water 

tree times, to remove the remaining PBS, collected by centrifugation, lyophilised and stored 

for further SEM analysis.  

 

2.2.4 IN VITRO CONTROLLED RELEASE 
 
 
For the in vitro drug release study, samples were prepared by adding 8mL of PBS buffer 

(pH=7.2) to centrifuge tubes, each containing about 10±2mg of loaded microspheres. The 

tubes were then placed in a horizontal shaker at a constant temperature of 37oC and at 120 

rpm. At predefined time intervals, the tubes were centrifuges at 12,000rpm for 15 minutes. 

The supernatants were, then collected, analysed by HPLC, as explained above at 2.3.2.6, to 

quantify the amount of the drug released and finally to the particles pellet, fresh PBS was 

added and the tubes were placed in the incubator 
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3 RESULTS AND DISCUSSION: 
 
This experiment was pioneer in the area of the double walled particles in this research group 

and the results concerning characterisation of the particles, in vitro degradation and 

controlled release studies will be presented and discussed bellow. 

3.1 MICROSPHERES CARACTERISATION, DEGRADATION AND CONTROLLED 
RELEASE STUDY 

 
 
3.1.1 LARGE SIZE MICROSPHERES  

In order to compare the effect of the PLLA/PLGA mass ratios on the core and shell 

composition, on shell thickness and on core size, double walled microspheres of PLLA/PLGA 

mass ratios 1:1, 2:1 and 1:2 were prepared. The DWMS were deliberately produced in this 

first experiments to be relatively large to allow an easily cross sectioning and promote a 

precise characterisation. The size of the large microspheres seems to be at a range of 

approximately, 100µm to 500µm, as can be observed in scanning electron microscopy 

photographs.  

3.1.1.1 MICROSPHERES CARACTERISATION 

 

3.1.1.1.1 Surface morphology characterisation by Scanning electron microscopy (SEM) 

 
To characterise and observe the surface morphology of the first double walled microspheres 

produced in this study, several photographs were taken by scanning electron microscopy. 

Photographs of different polymers mass ratio were taken and compared.  

   

Figure 3.1-I – Scanning electron microscopy (SEM) of DWMS: A) PLLA/PLGA mass ratio (1:1) and B) 

PLLA/PLGA mass ratio (1:5) 

A) B) 
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As could be seen in Figure 3.1-I A) the particles have a perfect spherical shape, although a 

few lumps and blisters are present in the sphere surface. Nevertheless, the first objective of 

producing spherical particles was obtained.  

The same can be seen in Figure 3.1-I B) where the same perfect spherical shape was 

obtained. Apparently, the particles already have a few signs of degradation, having a few 

lumps and small blisters all over the surface. 

 

3.1.1.1.2 Optical photographs of the double walled spheres and composition studies 

 

To characterise the core and shell polymers composition, one method was employed based 

on the different solubility of the polymer pair PLLA and PLGA in ethyl acetate. This procedure 

was revised by Lee et al. [23], and applied also by other authors such as Tan et al. [24]. The 

cross sectioned particles were immersed in ethyl acetate for a few minutes, and the remnant 

was collected and observed in the optical microscope. Knowing that PLGA is soluble in ethyl 

acetate and PLLA is not, it is possible to identify the core-shell composition by examining if 

the remain has a solid core or an unfilled shell structure.   

Cross-sectional views of double walled microspheres with different PLLA/PLGA polymer 

ratios, before and after the dissolution in ethyl acetate, were observed under the optical 

microscope (Figure 3.1-II). 

The optical observation of the particles produced with PLLA/PLGA mass ratio of 1:1, Figure 

3.1-II A), confirmed the formation of the DWMS by the engulfment of one polymer to the 

other in a single step with the solvent extraction/evaporation technique. Figure 3.1-II B) 

illustrates these DWMS after the dissolution test, when it can be seen the configuration of a 

hollow core with a surrounding solid shell. This result demonstrates that the shell was 

insoluble in the ethyl acetate. Therefore, it is possible to identify that, for this polymer ratio, 

the shell was made of PLLA and the core of PLGA, since the PLGA is soluble, as before 

mentioned, in ethyl acetate. 
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Figure 3.1-II -  Optical micrographs of double layer microspheres before and after dissolution with ethyl 

acetate: A)- PLLA/PLGA (1:1) before dissolution, B) - PLLA/PLGA (1:1) after dissolution, C) - PLLA/PLGA 

(1:2) before dissolution, D) - PLLA/PLGA (1:2) after dissolution, E) - PLLA/PLGA (2:1) before dissolution, 

F) - PLLA/PLGA (2:1) after dissolution. 

 

In Figure 3.1-II C) is represented an optical image of PLLA/PLGA DWMS with a 1:2 mass 

ratio before the dissolution. In this picture, two distinctive layers can be seen. However, when 

ethyl acetate dissolution test was performed in the microspheres one of those layers 

disappears.  

A) B) 

C) D) 

E) F) 
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Some particles simple with core could be found, Figure 3.1-II D). These optical results 

suggest that when the PLLA/PLGA mass ratio increases (1:2), phase inversion occurred so 

that the PLLA was found to be the inner phase and the continuous phase (shell layer) 

became PLGA-rich.  

According to Tan et al. [24], this phase inversion can be explained by the fact that when 

using a the mass ratio of 1:2 PLLA/PLGA, there is more PLGA than PLLA after phase 

separation and obviously, the engulfing phase is composed by the polymer phase with higher 

mass or volume.  

On the other hand, with the PLLA/PLGA mass ratio of 2:1, Figure 3.1-II E), the continuous 

phase (shell layer) was PLLA-rich, being the inner core made of PLGA, as confirmed by the 

disappearance of the core after the dissolution test, Figure 3.1-II F); Lee et al. [23], Tan et al. 

[24], Matzumoto et al. [37) and Rahman and Mathiowitz [40] also came up with the same 

results. In fact, Tan et al. [24] investigation revealed that the critical polymer ratio lies 

between PLLA/PLGA 1:1 and 1:1.25. 

In addition, by increasing the PLLA/PLGA mass ratio from 1:1 to 2:1 it is noticeable that a 

change in the shell and core thickness occurred, increasing the shell thickness and 

diminishing the core layer (Figures 3.1-II A) and E)). 
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3.1.1.1.3 Drug distribution by optical fluorescent microscopy 

 
After the evaluation of the polymers mass ratio influence in the DWMS production, particles 

loaded with Meloxicam were produced (with the same mass ratio range), and the drug 

distribution was investigated by fluorescent microscopy.  

      

                                 

     
 

Figure 3.1-III – Optical micrographs of double layered microspheres with and without fluorescence: A)- 

PLLA/PLGA (1:1) without fluorescence, B) - PLLA/PLGA (1:1) with fluorescence, C) - PLLA/PLGA (2:1) 

without fluorescence, D) - PLLA/PLGA (2:1) with fluorescence, E) - PLLA/PLGA (5:1) without fluorescence, 

F) - PLLA/PLGA (5:1) with fluorescence. 

A) B) 

C) D) 

E) F) 



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  45 

               
 

Figure 3.1-IV – Optical micrographs of double layered microspheres with and without fluorescence: A) - 

PLLA/PLGA (1:2) without fluorescence, B) - PLLA/PLGA (1:2) with fluorescence 

By the analysis of Figures 3.1-III and 3.1-IV, and comparing it with the composition studies, it 

was found that in Figure 3.1-III the Meloxicam was always located in the core and in Figure 

3.1-IV the drug was located in the particles shell. These are the PLGA-predominant phase in 

all these double walled microspheres, meaning that this specific drug has a higher affinity 

towards the PLGA polymer. 

According to some literature [23,24], the distribution of a drug substance varies according to 

the solubility parameter of the polymer-DCM solutions (distribution theory (Equation 3.1-I). 
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Equation 3.1-I- Distribution theory equation 

 

Where XPLGA and XPLLA are the concentrations of drug in the PLGA and PLLA phases, 

respectively; δdrug, δPLGA/DCM, and δPLLA/DCM are solubility parameters of the drug, PLGA phase, 

and PLLA phase, respectively; VDrug is the molecular volume of the drug; R is the gas 

constant; and T is absolute temperature. The solubility parameter of the drug is defined in 

solid state since it is suspended in to the polymeric solution and dissolved into it. 

Nevertheless, this equation was not applied in this study. 

The solubility parameter is a mean of predicting whether a substance will dissolve in a given 

solvent and a quantitative measure of what is commonly known as polarity. As PLGA and 

Meloxicam are both more hydrophilic (i.e., more polar) than PLLA, it can be deduced that 

A) B) 
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their solubility are more alike then those between PLLA (i.e., less polar) and Meloxicam. 

Consequently, the difference between the solubility parameters of PLGA and Meloxicam 

would be smaller than the difference between the solubility parameters of PLLA and 

Meloxicam, meaning that the drug concentration in the PLGA phase should be much higher 

than that in the PLLA phase. This explanation is in accordance with obtained results (Figures 

3.1-III and 3.1-IV). 

Similar selective distribution between these two polymers was observed by others groups. 

Rahman and Mathiowitz [37] reported that BSA was mainly located in the PLLA rich phase. 

Tan et al. [24] described that the doxorubicin localization was also predominantly within the 

PLGA rich phase no matter to what polymeric solution the drug was added in the particles 

production. The same happened with Lee et al. [23] which described the etanidazole as 

being found within the PLGA core. 

It is important to mention that when the PLLA/PLGA mass ratio is 2:1, it was possible to see 

some Meloxicam in the shell as well (Figure 3.1-III B)). This could be an effect of the 

increase of the Meloxicam/PLGA mass ratio and consequent saturation of the inner polymer 

layer by the Meloxicam.  

The resulting double walled microspheres composed by PLGA core and PLLA shell can be 

classified as a class of reservoir-dispersed matrix system where Meloxicam was dispersed 

within the core, and the shell acts as a rate-limiting barrier to the drug release. 

3.1.1.1.4 Encapsulation Efficiency  

 

The drug content and consequently the encapsulation efficiency were also calculated for 

these large DWMS with PLLA/PLGA mass ratios of 1:1, 2:1 and 1:2 and are presented in 

Table 3.1-I. The drug content is calculated by the actual mass of drug loaded in the 

microspheres, which values were obtained by HPLC, relative to the amount of microspheres 

weighted in the drug content determination. 

The encapsulation efficiency (EE) is defined as the percentage of the actual mass of drug, in 

this case Meloxicam, encapsulated in the polymeric carrier, relative to the mass of diffused in 

the particles preparation, and can be described in the following equation: 

 

100(%) x
C

C
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Equation 3.1-II– Encapsulation Efficiency (EE) 
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Regarding the drug content and the encapsulation efficiency for the particles produced, it is 

possible to notice a decrease when the PLLA/PLGA mass ratio goes from 1:1 (26.29% ± 

6.37%) to 2:1 (17.15% ± 0.49%). As could be seen in Figure 3.1-III, there are differences in 

the shell and core thickness, which obviously leads to a difference in the EE. In Figure 3.1-III 

it is possible to see in picture B) that the core diameter is much bigger than in picture D), so it 

would be expectable that the encapsulation efficiency was higher in the first one.  

The value of the EE in the PLLA/PLGA mass ratio of 2:1 is higher than in the 1:2, this might 

be also due to the thickness of the PLGA layer, and consequently the percentage of the 

Meloxicam trapped in the polymeric matrix. Nevertheless, at a first glimpse it looks like in the 

sphere 1:2 more Meloxicam is entrapped, but as it could be seen in Figure 3.1-III D) there 

are particles of drug in PLLA layer, in fact, influencing the EE. 

Regarding spheres with the lowest amount of PLGA, PLLA/PLGA 5:1, it was predictable that 

it will be the particles with the lowest EE, since the core containing the drug is very small, 

and therefore, due to the polymer saturation, more Meloxicam is solubilized in the outer layer 

of PLLA, increasing the possibility of loosing the drug during the production process. 

 

Table 3.1-I - Core and shell composition, drug location and values of drug content and encapsulation 

efficiency (EE) for the obtained large size microspheres 

PLLA/PLGA 
mass ratio 

Core 
composition 

Shell 
composition 

Meloxicam 
Location 

Drug 
content      
% (w/w) 

Encapsulation 
Efficiency          
% (w/w) 

1:1 PLGA PLLA Core 1.12 ± 0.27 26.29 ± 6.37 

2:1 PLGA PLLA Core 0.53 ± 0.01 17.15 ± 0.49 

5:1 PLGA PLLA Core 0.47 ± 0.01 13.15 ± 0.21 

1:2 PLLA PLGA  Shell 0.61 ± 0.02 15.17 ± 0.03 

 

In fact, as already mentioned, it is possible to see in the optical fluorescence micrographs 

that some Meloxicam is present in the PLLA layer. The obtained values for the EE were 

lower than those reported by Lee et al. [23], Tan et al. [24] and Shi et al. [45].  

Lee et al. [23] obtained EE results ranging approximately from 54% to 57% for highly water 

soluble drug (doxorubicin); Tan et al. [24] obtained EE ranging from approximately 31% to 

87%, whit the highest value of EE being obtained with a PLLA/PLGA ratio of 1:1 for the 

doxorubicin release. Although these literature results were different from those of this study, 

it must be kept in mind that each author worked with different drugs and, consequently, 

different solubility of the drug in the aqueous medium, different affinity with polymers and 

different preparation conditions, influencing the final results. 
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3.1.1.2  IN VITRO DEGRADATION STUDY 

 

For the in vitro degradation study, unloaded DWMS with a PLLA/PLGA mass ratio of 1:1 and 

2:1 were submitted to the same release experiment conditions as the drug loaded 

microspheres (PBS solution, pH 7.4, 37 ºC) for up to 50 days. Microspheres degradation was 

characterised in terms of morphology by SEM. Figures 3.1-VII and 3.1-VIII represent the 

morphological evolution, during the in vitro degradation.  

    

     

    

Figure 3.1-V – SEM of DWMS with PLLA/PLGA mass ratio 1:1: A) Initial microspheres before degradation; B) 16 

days; C) 16 days surface; D) 22 days; E) 22 days surface; F) 48 days after in vitro degradation. 

A) B) 

C) D) 

E) F) 
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Figure 3.1-VI – Scanning electron microscopy (SEM) of DWMS with PLLA/PLGA mass ratio 2:1: a) Initial 

microspheres before degradation; b) Initial microspheres surface before degradation ; c) 22 days; d) 22 

days surface; e) 48 days;  f) 48 days surface after in vitro degradation. 

 

As can be observed for ratio 1:1, in Figure 3.1-V, the initial microparticles showed an 

irregular surface with small blisters but without visible pores (Figure 3.1-V A)). After 16 days, 

no significant changes could be observed (Figures 3.1-IV B) and C)). As illustrated in Figure 

A) B) 

C) D) 

E) F) 
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3.1-V D) and E), after 22 days, the number of blisters on the surface increased. As time goes 

by, some of these blisters seem to have ruptured creating forms of craters. With the 

progression of the microsphere erosion until the 40th day, the existence of very large pores is 

clearly noticeable, Figure 3.1-V F), indicating a higher surface degradation, and consequently 

PLLA degradation. 

Regarding the in vitro degradation of the DWMS with a mass ratio of 2:1,  a few alterations in 

terms of morphology can be observed in Figure 3.1-VI. Initially, the microspheres showed a 

surface without visible pores but with a few small blisters (Figure 3.1-VI A) and B)). After 22 

days, the number of these small blisters seemed to increase (Figure 3.1-VI C) and D)). As 

illustrated in Figure 3.1-VI E) and F), after 48 days, the small blisters create small pores and 

in addition, folding and wrinkles could be detected at the surface. 

Further discussion regarding degradation studies will be made comparing different ratios of 

PLLA/PLGA in the small microspheres. 
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3.1.1.3  IN VITRO CONTROLLED RELEASE STUDY 

 

In order to study the effect of the shell thickness on the drug release profile, in vitro release 

experiments of two formulations of PLLA/PLGA (1:1 and 2:1) were performed for a period of 

40 days (Figure 3.1-VI).  
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Figure 3.1-VII - Release profiles of Meloxicam from: ���� PLLA/PLGA (1:1) and ■ PLLA/PLGA (2:1) particles 

 

The cumulative release of Meloxicam during incubation time for the DWMS prepared with 

different mass ratios, exhibits different profiles. 

Regarding the DWMS prepared with a mass ratio of 1:1, it is possible to see a low initial 

burst of approximately 6%. That can result from the diffusion of the drug located on or near 

the surface of the microspheres. After this, a drug release profile characterised of a diffusion 

process is observed until the 5th day. This is probably due to the diffusion of Meloxicam 

solubilized in the PLLA shell. From day 5 until day 12 a small lag phase occurred. As the 

drug was mainly located in the particle core, this lag phase could be due to the time that the 

drug took to diffuse through the outer PLLA layer (shell) into the outer medium. After the 12th 

day, the drug was released at a high rate. In fact, between the days 12th and 21st, 91% of the 

drug was released. This could be a result of the drug diffusion through the particle shell and 

of the particle degradation. 
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During this time, the polymeric matrix degrades, increasing the particle porosity, as can be 

seen in the degradation study, Figure 3.1-V. This last feature, also promotes the diffusion 

rate. 

Regarding the DWMS prepared with a lower mass ratio of 2:1, it can be observed that the 

initial burst, of about 11%, was higher than in the previous particles of 1:1. As explained 

before, this initial release was most likely due to the diffusion of the drug located on or near 

the surface of the microspheres. As the drug in this case was not only located in the core, it 

was expected a higher initial burst since there could be more drug near the surface, as it 

could be seen and as it was discussed in Figure 3.1-III D). After this, the drug was released 

at a low rate until the 18th day. During this period, this released pattern might be due to the 

diffusion of the drug located in the shell. After this day a higher release rate was observed, 

probably due to the diffusion through the shell of the Meloxicam located in the core. In the 

end of the study, in the 40th day a release of 76% was achieved.   

As shell thickness increases with the increase of the PLLA content, the diffusion of the drug 

located in the core was slower, due to the higher diffusion path that the drug has to cross. In 

addition, the particle degradation rate and porosity appearance was slower than in the case 

of the DWMS with a 1:1 mass ratio, (as it can be compared by Figures 3.1-V and 3.1-VI) 

which can also retard the drug release. 

Further detailed studies in drug controlled release of smaller microspheres will be discussed 

and compared with the researched data from literature. 
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3.1.2 SMALL SIZE MICROSPHERES  

 

The results of the experiments regarding small size microspheres characterisation, 

degradation and controlled release studies are presented below. 

 

3.1.2.1 MICROSPHERES CARACTERISATION 
 

 

The optical photographs of the small microspheres could not be taken due to the microscopic 

resolution problem, once the particle size range is much lower, between 1µm and 70µm 

(values predicted from SEM photographs).  

For the small size microspheres composition study, it was assumed that both PLLA and 

PLGA behave the same way as for the larger microspheres as a shell or core layers, as well 

as the drug preference is the same than in the large microspheres, meaning that in 

PLLA/PLGA mass ratio of 1:1 the shell will be PLLA and the core PLGA. Regarding the rest 

of the polymers different mass ratio the predictable results could be seen in Table 3.1-II.  

3.1.2.1.1 Surface morphology characterisation by Scanning electron microscopy (SEM) 

 
To characterise and observe the surface morphology of the small double walled 

microspheres produced, the same study as to the large microspheres was done. So, several 

photographs were taken by scanning electron microscopy and compared. In the figure below, 

there are two examples of a particle with a shell of PLLA (Figure 3.1-VIII A)) and a particle 

with a shell of PLGA (Figure 3.1-VIII B)).  

 

   

Figure 3.1-VIII – Scanning electron microscopy (SEM) of DWMS: A) PLLA/PLGA mass ratio (1:1) and B) 

PLLA/PLGA mass ratio (1:5) 

A) B) 
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Both pictures A) and B) from Figure 3.1- VIII have images of perfect spherical microparticles. 

The resemblance between these spheres and the large microspheres are evident, the only 

difference is the size and range of the particles. In microsphere of a PLLA/PLGA mass ratio 

of 1:1 a few blisters are starting to form in the particle surface, nevertheless the phenomenon 

is only happening to a few spheres. As can be seen, the majority of the spheres have a 

perfect and smooth surface. 

Contrary to the previous microparticles, the ones containing a PLLA/PLGA mass ratio of 1:5, 

Figure 3.1-VIII B), have a perfect spherical shape and an apparent smooth surface. 

 

3.1.2.1.2 Encapsulation Efficiency  

 

The encapsulation efficiency was also calculated for these small DWMS with PLLA/PLGA 

mass ratios of 1:1, 2:1, 5:1, 1:2 and finally 1:5 and the respective results are shown in Table 

3.1-II. 

 

Table 3.1-II - Core and shell composition prediction, drug location and values of drug content and 

encapsulation efficiency (EE) for the obtained small size microspheres 

PLLA/PLGA 
mass ratio 

Core 
composition 

Shell 
composition 

Meloxicam 
Location 

Drug content 
% (w/w) 

Encapsulation 
Efficiency % (w/w) 

1:1 PLGA PLLA Core 0.55 ± 0.23 11.29 ± 4.78 

2:1 PLGA PLLA Core 1.09 ± 0.20 22.16 ± 4.09 

5:1 PLGA PLLA Core 0.84 ± 0.38 17.73 ± 8.08 

1:2 PLLA PLGA Shell 0.67 ± 0.18 14.02 ± 3.82 

1:5 PLLA PLGA Shell 0.57 ± 0.05 12.11 ± 0.87 

 
 

Regarding the encapsulation efficiency results for the small microspheres, a few questions 

were raised. First of all, the spheres with a PLLA/PLGA mass ratio of 1:1 have the lowest 

percentage of drug content and of encapsulation efficiency (11.29% ± 4.78%), which 

contradicts the results obtained with the large microspheres. A possible explanation might be 

the fact that the core of PLGA could be smaller than in the large microspheres or another 

possibility could be the fact that the drug had not been totally dissolved in the organic 

polymeric phase. It is also possible that the faster agitation speed, used in the formation of 

the particles, may influence the stability of the spheres and consequently that a part of the 

drug passed to the aqueous phase. 
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The PLLA/PLGA particles of 2:1 have the highest value of EE, of approximately 22%, so 

supposedly the 1:1 spheres should have a value above the 22% to be in accordance with the 

results of the large DWMS. 

Tan et al. [24] achieved similar results obtaining EE values for PPLA/PLGA of 1:1 of 

approximately 56.69% and for 1:2 of approximately 54.83%. Nevertheless, Lee et al. [23] 

obtained totally contrary results, obtaining 80.34% for the PLLA/PLGA double walled spheres 

of 1:1 and 60.46% for the 1:2. 

Regarding the small DWMS PLLA/PLGA of 5:1 they have, in fact, a lower EE comparing with 

2:1 spheres, as expected, since the PLGA core containing the drug should be thicker in the 

2:1 spheres. On the other hand, the fact that the drug, Meloxicam, could also be founded in 

the PLLA layer may influence the results. 

Concerning the spheres with the shell layer of PLGA, spheres with a mass ratio of 

PLLA/PLGA of 1:2 have higher EE values than in spheres with 1:5. Again, the contrary was 

expected, since the shell layer in the 1:5 spheres is supposedly wider or thicker than in the 

case of 1:2. Once again the amount of drug in the PLLA layer could contribute towards these 

results, leading to a wide possibility of drug contents and encapsulation efficiencies.  

Another factor that could disrupt the EE results could be the drug extraction process, during 

the drug amount determination by HPLC. It could be possible that not all the drug contained 

in the polymeric spheres passed to the solvent, affecting the quantification of the drug 

amount inside the particles. 
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3.1.2.1.3 Cristallinity properties characterisation by Differential scanning calorimetry (DSC) 

 
DSC analysis of the unloaded microspheres was performed as explained in section 2.3.2.4. . 

First, DSC analysis for the pure polymers, PLLA and PLGA, were performed to use as a 

control. Observing the PLLA (Figure 3.1-IX) and PLGA thermograms (Figure 3.1-X) it is 

possible to seen a Tg of 52.06ºC for the PLLA and a lower one for the PLGA of 43.00ºC, 

since it is a characteristic of co polymers. 

 

 

 

Figure 3.1-IX – DCS thermogram of the PLLA single polymer, PLLA Tg – 52.06ºC and PLLA Tm – 175.49ºC 
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Figure 3.1-X –DCS thermogram of the PLGA single polymer, PLGA Tg – 43.00ºC 

 
As expected, the DSC thermograms of the small DWMS produced showed two glass 

transition temperatures (Tg), one for each polymer, and a single crystalline melting point for 

PLLA, since, PLGA is amorphous, and consequently has no crystalline melting point (Figures 

3.1-XI and 3.1-XII ). 

In a miscible blend of two polymers, the properties of the resulting blend are between those 

of the original polymers. In these cases, only one Tg exists.  

 

Figure 3.1-XI – DCS thermogram of small unloaded DWMS, PLLA/PLGA mass ratio of (1:1), PLGA Tg – 
43.85ºC and PLLA Tg – 56.80ºC 
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 Figure 3.1-XII – DCS thermogram of small loaded DWMS, PLLA/PLGA mass ratio of (1:1), PLLA Tm 
– 172.84ºC 

 
The existence of two Tg is a proof of the phase-separated polymers in this study. The values 

of glass transition temperature and melting point (Tm) obtained are shown in Table 3.1-III. 

Trough this table, it is also possible to notice that both PLLA and PLGA Tg are higher in the 

microspheres than with the single polymer.  

Table 3.1-III – Thermal proprieties of pure polymers and small DWMS obtained from DSC thermograms 

Sample Tg (ºC) 
PLGA,PLLA 

Tm (ºC) 
PLLA 

PLGA 50:50 43.00 -
a
 

PLLA 52.06 175.49 

PLLA/PLGA (1:1) 43.85, 56.80 
b
 172.84 

PLLA/PLGA (2:1) 44.65,57.31
b
 172.58 

PLLA/PLGA (5:1) 44.72,57.46
 b
 173.72 

PLLA/PLGA (1:2) 44.00,56.64
 b
 172.57 

PLLA/PLGA (1:5) 43.78,55.90
 b
 171.26 

 

 

 

 

 

 

                                                
a
 PLGA is amorphous and has no crystalline melting point 

b
 The two glass transition temperatures refer to those of PLGA and PLLA, respectively, in the composite 
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3.1.2.2 IN VITRO DEGRADATION STUDY 

 
For the in vitro degradation study, unloaded small DWMS with mass ratio of PLLA/PLGA 

(2:1, 5:1, 1:2 and 1:5) were submitted to the same release experiment conditions as the drug 

loaded microspheres (PBS solution, pH 7.4, 37 ºC) for up to 40 days. Microspheres 

degradation was characterised in terms of morphology by SEM. 

 

   

    

Figure 3.1-XIII – Scanning electron microscopy (SEM) of DWMS with PLLA/PLGA mass ratio 2:1: A) Initial 

microspheres before degradation; B) 22 days; C) 36 days; D) 36 days after in vitro degradation. 

 
Observing Figure 3.1-XIII it can be seen that the microparticles in the beginning have a 

perfect spherical shape but with a few signs of concavities (picture A)). After 22 days a large 

amount of blisters were present in the microspheres surface, revealing that the microspheres 

surface is beginning to erupt. After 36 and 48 days of in vitro degradation, surface 

degradation is clearly visible, presenting several pores which increase the size from pictures 

C) to D). 

In Figure 3.1-XIV, picture A), perfect spherical shape particles are observed, with no 

apparent pores, blisters or concavities which was a predictable result for the initial spheres 

B) 

D) 

A) 

C) 
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before degradation. After the 16th day, Figure 3.1-XIV B), no visible differences from the first 

day of degradation was observed. After 22 days of in vitro degradation, a considerable 

amount of very small blisters are now starting to appear in the spheres surface. In the 36th of 

the degradation study the number of blisters increased considerable comparing with the 22nd 

day, nevertheless, there are no observation of the microparticles shape deformation. 

 

    

   

Figure 3.1-XIV – Scanning electron microscopy (SEM) of DWMS with PLLA/PLGA mass ratio 5:1: a) Initial 

microspheres before degradation; b) 16 days; c) 22 days surface ; d) 36 days after in vitro degradation. 

 

By comparing these first two figures, it is noticeable than the particles in Figure 3.1-XIII 

degrade more rapidly than the DWMS of Figure 3.1-XIV. This could be explained by the fact 

that the particles differ in the PLLA composition. By having a wide thickness of a PLLA shell 

layer in the 5:1 ratio, the degradation will be slower due to the fact that the PLLA is a 

hydrophobic polymer, meaning that it presents a slow hydrolysis. So increasing the PLLA 

shell thickness, the microsphere degradation process will diminish significantly. 

A) B) 

C) D) 
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In the following Figures 3.1-XV and 3.1-XVI the case inverts, which means that the shell 

composition is no longer of PLLA but of PLGA. As it could be seen, with a mass ratio of 

PLLA/PLGA of 1:2 at the end of 36 days, the spheres have no longer any spherical shape 

seeming that the polymer is melted. The initial microspheres before degradation (Figure 3.1-

XV A)) have a perfect spherical shape but present some blisters. Meanwhile, after 22 days of 

degradation the particles surface show strong degradation signals (Figure 3.1-XV B) and C). 

 

     

     

Figure 3.1-XV – Scanning electron microscopy (SEM) of DWMS with PLLA/PLGA mass ratio 1:2: a) Initial 

microspheres before degradation; b) 22 days; c) 22 days surface ; d) 36 days after in vitro degradation. 

 
In Figure 3.1-XVI, although particles mass ratio is PLLA/PLGA 1:5, similar results are 

obtained, except the fact that the particles before the degradation study show no visible signs 

of degradation, appearing to have perfect spherical shape with no blisters or pores in their 

surface. After the 22nd day of in vitro degradation, visible deformation of the particles is 

visible. On the last day of the degradation study there are no visible spheres, just the 

polymer completely degraded. 

 

 

A) B) 

C) D) 
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Figure 3.1-XVI – Scanning electron microscopy (SEM) of DWMS with PLLA/PLGA mass ratio 1:5: a) Initial 

microspheres before degradation; b) 16 days; c) 22 days surface ; d) 36 days after in vitro degradation. 

Comparing the double walled microparticles with a shell of PLLA (Figures 3.1-XIII and 3.1-

XIV) and PLGA (Figures 3.1-XV and 3.1-XVI) after the in vitro degradation study, it is 

possible to reach  the conclusion that particles with a PLGA shell degrade much more rapidly 

than with a PLLA shell. Due to this fact it is possible to say that PLGA is more hydrophilic 

than PLLA, which is a common result, obtained by other researchers such as Lee et al. [23]. 

In addition, it was already mentioned that PLGA is more polar than PLLA and so as a 

consequence of this fact there is a more rapid hydrolysis of the PLGA. 

It is also important to stress that PLGA produces an acidic microenvironment due to the 

production of the lactic and glycolic acids, resulted from the polymer hydrolysis. This fact will 

accelerate even more the polymer degradation. 

Another important fact is the verification that both PLLA and PLGA are bulk eroding 

polymers, allowing permeation of water into the polymer matrix, as explained in the 

introduction, section 1.4. 

In this degradation study, due to the particle’s size, it was not possible to see the interior of 

the particles, not being able to characterise its degradation.  

A) B) 

C) D) 
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Polymers are very variable materials. In fact, during aging it is most likely to exist a 

modification in the organisation of the polymer chains, having a direct impact in both Tg 

event and Tm value. Due to this, in order to characterise the particles degradation, in 

addition to the SEM photographs, the microparticles Glass Transition Temperature (Tg) was 

measured.  

Looking to Table 3.1-IV it is possible to see a few polymer Tg values for all the small 

microspheres produced, for the 0, 22 and 36 days of degradation, which are the same days 

the SEM pictures were taken. Unfortunately, it was not possible to measure all the Tg values 

due to the lack of sample that remains from the degradation study. 

However, as time goes by it is possible to notice that both Glass Transition Temperature and 

Melting Temperature decrease. This decreasing pattern reflects the changes in the molecular 

weight, and consequently the degradation extend of the double walled microspheres.  

Table 3.1-IV – Values of glass transition temperature (Tg) and melting temperature (Tm) for the 

microspheres obtained during the in vitro degradation study 

PLLA/PLGA mass 
ratio 

Degradation 
Day 

Tg (ºC) 

(PLLA) 

Tg (ºC) 

(PLGA) 

Tm (ºC) 

(PLLA) 

 0 56,80 43.85 172.84 

1:1 22 -∗ -* 170.60 

 36 -* -* 167.43 

 0 57.31 44.65 172.58 

2:1 22 56.15 43.30 171.17 

 36 -* -* 166.59 

 0 57,46 44.72 173.72 

5:1 22 56.22 -* 171.58 

 36 -* -* 170.18 

 0 56.64 44,00 172.57 

1:2 22 55.87 42.53 171.04 

 36 -* 29.63 169.21 

 0 55.90 43.78 171.26 

1:5 22 -* -* 170.99 

 36 -* -* 170.03 

 

Looking closely to Table 3.1-IV, to PLLA/PLGA (1:2) spheres it is possible to see a decrease 

in the PLGA Tg values from day 0 to day 22 of 44.00ºC to 42.53ºC, but the biggest difference 

                                                
∗ Data not available due to the lack of sample to analyse 
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is in the day 36, where a value of 29.63ºC was obtained. Nonetheless, it was a pity that more 

values of Tg corresponding to the day 36 were not obtained, but we believe that the same 

pattern would occur.  

Regarding the Tm values, it was also expectable that, as time goes by, this values also 

decrease, which in fact occurred. Looking to Figure 3.1-XVII it is possible to notice an 

accentuated decrease of the Tm value mainly for the PLLA/PLGA mass ratio of (1:1) and 

(2:1), as could be expected, since the degradation of the particles with a thinner PLLA shell 

is faster than for example the sphere with a PLLA/PLGA mass ratio of 5:1, where the shell 

thickness is larger (Figures 3.1-XIII and 3.1-XIV). 
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Figure 3.1-XVII – Melting Temperature (Tm) of PLLA/PLGA small DWMS versus time: ♦♦♦♦Tm, PLLA from 

PLLA/PLGA (1:1), ■ Tm, PLLA from PLLA/PLGA (2:1) and ▲ Tm, PLLA from PLLA/PLGA (5:1) particles 

 

The same happens with the PLLA melting temperature of the PLLA/PLGA mass ratio 

microspheres of 1:2 and 1:5, where the Tm in the first ones have a more accentuated 

decrease than the second ones. 
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Figure 3.1-XVIII – Melting Temperature (Tm) of PLLA/PLGA small DWMS versus time: ■ Tm, PLLA from 

PLLA/PLGA (1:2) and ▲ Tm, PLLA from PLLA/PLGA (1:5) particles 
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3.1.2.3 IN VITRO CONTROLLED RELEASE STUDY 

 

 
In order to study the effect of the shell thickness on the drug release profile, in vitro release 

experiments of five formulations of PLLA/PLGA (1:1, 2:1, 5:1, 1:2 and 1:5) were performed 

for a period of 50 days (Figures 3.1-XIX and 3.1-XX). 

Looking closely at Figure 3.1-XIX it is possible to see the release patterns from PLLA/PLGA 

mass ratio spheres of 1:1, 2:1 and 5:1. In this case the core is made of PLGA and 

consequently the drug will be in the core, and the shell of PLLA. 
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Figure 3.1-XIX – Release profiles of the small DWMS of Meloxicam from: ♦♦♦♦PLLA/PLGA (1:1), ■ 

PLLA/PLGA (2:1) and ▲PLLA/PLGA (5:1) particles 

After all the results achieved until now it was predictable that by increasing the shell layer of 

PLLA, the slower the drug release will be. From the degradation studies it was also possible 

to expect a similar result. 

In a general way, it can be seen in the plot that the three spheres have a low initial burst 

effect, slightly increasing from 3% in the PLLA/PLGA 1:1 , to 6% in the 2:1 to an 

approximately 8% in the spheres with a mass ratio of 5:1. This initial low burst behaviour is a 

characteristic and one of the main advantages of the double walled particles. One of the 

explications to this fact could be, as previously mentioned, the fact that the due is located on 

or near the surface of the microsphere. 

Regarding both spheres with a PLLA/PLGA of 2:1 and 5:1 it is possible to detect that during 

the first 9 days a slight increase in the amount of delivered drug occurred, then, a large lag 

phase took place from the 12th day until the 32sn day, where 24% of the drug in the 2:1 

sphere had been release, and a less, 19% in the 5:1. This lag phase is probably due to the 
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path that the drug has to cross from the PLGA layer throughout the PLLA shell to the outer 

medium.  

It is also clearly visible that the amount of drug released in the DWMS with a PLLA/PLGA 

mass ratio of 2:1 is always a little bit higher than in the sphere of 5:1 and that pattern is 

presumably due to the fact that in the first sphere the shell layer is thinner, therefore, the 

drug has a smaller path to cross than in the second one (5:1). Another important sign 

revealed is that between the 36th and 40th day a jump in the drug delivery occurs. That can 

be explained by the polymeric degradation process.  

In fact, as seen before in Figures 3.1-XIII and 3.1-XIV, an evident degradation scenario is 

clear between day 36 and 48 regarding the PLLA/PLGA 2:1 sphere, and although a not so 

evident but still present in spheres 5:1 may justify this jump. At the end of the study both 

spheres released amounts between 32% and 39%. 

Regarding the PLLA/PLGA mass ratio of 1:1 spheres, a very interesting behaviour occurs. 

Looking carefully to the plot, it starts by having, as already mentioned, a lower initial burst 

effect, and then, a lag phase occurs until the 12th day. Again, this may be a consequence of 

the period which the drug takes to achieve the outer medium. After day 12 a jump is clearly 

visible, once again predictably due to the fact that the drug finally reached the outer layer 

reinforced by the degradation of the polymer. In this phase the release values are higher 

than in the previously described spheres. At the end of the study the spheres already 

released an amount of approximately 57%. 

The next plot, Figure 3.1-XX, phase inversion occurred in particles with a mass ratio of 

PLLA/PLGA 1:2 and 1:5, and consequently the drug is in the shell layer, which means that 

the Meloxicam do not have any PLLA path layer to cross. With that said, it is predictable that 

the released of the drug will be much faster and with a high initial burst effect, comparing with 

those previous described ones. The obtained release profiles are similar to those obtained 

from a single polymer microsphere. 

Both PLLA/PLGA 1:2 and 1:5 spheres have an initial burst effect of around 30%, and the first 

one, after the 10th day had already released the entire drug content. The sphere with the 

smallest ratio of PLGA presets a slower release rate, but after the 10th it already reached a 

release rate of approximately 60%. This difference could be due to the fact that the PLGA is 

thicker, enabling it to contain more drug, or on the other hand, the degradation of the polymer 

could be a little bit slower.  
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Figure 3.1-XX – Release profiles of the small DWMS of Meloxicam from: ■ PLLA/PLGA (1:2) and              

▲ PLLA/PLGA (1:5) particles 

 

In Figure 3-XXI, is clearly noticeable the difference between having the drug in the shell and 

having it in the core. Having the drug in the shell is almost as if the spheres were only 

composed of one polymer, since the PLLA core layer does not have any particularly function. 

So having a PLLA shell is like having a barrier that makes drug release difficult, slowing 

down the release process. 
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Figure 3.1-XXI – Release profiles of the small DWMS of Meloxicam from: ■ PLLA/PLGA (1:2),                      

▲ PLLA/PLGA (1:5) particles, ■ PLLA/PLGA (2:1) and ▲PLLA/PLGA (5:1) particles 

 

Similar results were obtained by the authors in the literature, but with different drugs, with the 

exception of the amount of days which the release had been made. Tan et al. [24] did the 

release study for 80 days in which almost all (between 80% and 90%) the doxorubicin was 

released, and Lee et al. [23] did the release study for 25 days, releasing approximately 90% 

of all the etanidazole in that period. 
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3.2 NANOSPHERES PRODUCTION, CARACTERISATION, DEGRADATION AND 
CONTROLLED RELEASE STUDY  

 

 
3.2.1 NANOSPHERES PRODUCTION EXPERIMENTS 

 

As it was mentioned before, several experiments were performed in order to achieve one of 

the main goals of this study, which is the production of double-walled nanospheres.  

From what it could be observed in the several steps of production, a key point for the 

production of the nanospheres is the formation of the first oil-in-water emulsion. The first step 

in this process was start by making experiments in a first PVA solution to which it will then be 

added an organic solution of polymer. Then, in order to reduce the size of the spheres, they 

were sonicated as presented in the figure below (Figure 3.2-I). This obeys the same principle 

as in microspheres production. 

 

Figure 3.2-I – Scheme for the production of the first oil-in-water emulsion 

 

As a starting point, it had been taken in account the experimental procedure for the double-

walled microspheres; nevertheless, modifications concerning agitation power and agitation 

time, were experienced as can be seen in the following table. 

Table 3.2-I – Values of sonication power and time in the nanospheres production experiments 

Sample PLLA/PLGA DCM 
Volume of the first 
water solution (mL) 

PVA% in the first 
water solution (w/v) 

Power(w) Time (s) 

1 1:1 1 mL 6 PVA 1% 80 30 

2 1:1 1 mL 6 PVA 1% 80 30+30+30 

3 1:1 1 mL 6 PVA 1% 100 30 

4 1:1 1 mL 6 PVA 1% 100 30+30+30 

 

First of all, an agitation power of 80W during 30s and 90s was experimented with. The 

samples were taken to SEM, and looking to Figure 3.2-II, pictures A) and B), it can be 

concluded that the spheres still have a micro size range. So, a higher agitation speed, of 
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100w, was performed in order to diminish the particles sizes, also for 30 and 90 seconds. 

Looking to pictures C) and D), corresponding to samples 3 (Table 3.2-I), a decrease in the 

particles sizes was achieved, having in fact a mixture of nanoparticles and a few 

microparticles. In pictures E) and F) (sample 4) some similarities with pictures C) and D), 

concerning spheres sizes, were noticed, but one important detail was detected. In fact, it 

looks like the spheres from sample 4 are misshapen, being a few of them deformed, possibly 

due to a too high sonication power and time length. 

    

       

              

Figure 3.2-II – A) Sample 1 – 80W during 30s, B) Sample 2 – 80W during 90s, C) and D) Sample 3 - 100W 

during 30s, E) and F) Sample 4 – 100w during 90s 

A) B) 

C) D) 

E) F) 
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So, sample 3 was chosen to further experiments and consequently more studies. As 

previously mentioned, sample 3 have nano and a few micro sized particles still present. It is 

noticeable that they have a tendency to agglomerate, caused by their small size and 

hydrophobic character of the outer polymer PLLA. 

To contradict this tendency, the concentration of PVA in the fist aqueous emulsion was 

increased, to increase also the stability of the spheres and to hopefully diminish their size 

and contradict their tendency to agglomerate. The conditions of the experiments are listed in 

Table 3.2-II. Two experiments were done, in sample 3.1 we increased the PVA percentage to 

2% and in sample 3.2 to 3%, both in the same initial volume of 6ml. 

As can be seen in Figure 3.2-III pictures A) and B) correspond to sample 3.1, and looking 

carefully at both images is possible to notice that the size decreased but that the 

agglomeration pattern is still present. In Figure 3.2-IV, pictures C) and D) it can be seen 

photographs from sample 3.2, and in fact, the spheres look even smaller than the previous 

ones, but the problem of agglomeration still remains. To proceed with further studies, sample 

3.2 was chosen due to the fact that contained the smallest spheres, albeit the agglomeration 

quantity. 

Table 3.2-II – Effect of the PVA% in the first water solution 

Sample PLLA/PLGA DCM 
Volume of the first 
water solution (mL) 

PVA% in the first 
water solution (w/w) 

Power (w) Time (s) 

3.1 1:1 1 mL 6 PVA 2% 100  30  

3.2 1:1 1 mL 6 PVA 3% 100  30  

   

   

Figure 3.2-III – A) and B) Sample 3.1 – PVA% of 2%, at 100W during 30s 

A) B) 
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Figure 3.2-IV –C) and D) Sample 3.2 - – PVA% of 3%, at 100W during 30s 

 

Once again, in order to prevent the agglomeration tendency, alterations regarding the PVA 

first water solution were done. The initial volume of this solution was increased to 10mL 

(Table 3.2-III, sample 3.2.1). The increase of the volume allows the emulsion to have more 

space to stabilise, therefore, preventing the coalescence and agglomeration.  

Table 3.2-III – The effect of the volume of the first water solution 

Sample PLLA/PLGA DCM 
Volume of the first 
water solution (mL) 

PVA% in the first 
water emulsion (w/w) 

Power (w) Time (s) 

3.2.1 1:1 1 mL 10 PVA 3% 100  30  

 

Finally, as could be seen in Figure 3.2-V, pictures A) and B), the spheres have achieved 

sizes in the nano size order and have an almost perfect spherical shape. The goal was 

achieved. 

           

Figure 3.2-V –Sample 3.2.1 – Nanospheres produced with 10mL of a 3%PVA solution, at 100W during 30s 

 

C) D) 

A) B) 
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3.2.2 NANOSPHERES CARACTERISATION 

 
For the nanospheres composition study, it was assumed that both PLLA and PLGA behave 

the same way as in the microspheres, meaning that in PLLA/PLGA mass ratio of 1:1 the 

shell will be PLLA and the core PLGA. Regarding the rest of the different mass ratio spheres 

the predictable results can be seen in Table 3.2-V. The optical photographs of the small 

microspheres could not be taken due to the microscopic resolution problem. Once again, it is 

assumed that the behaviour of both polymers as a shell or core layers, as well as the drug 

preference is the same as in the microspheres. 

 

3.2.2.1 Surface morphology characterisation by Scanning electron microscopy (SEM) 

 
To characterise and observe the surface morphology of the produced nanospheres, the 

same study as with the microspheres was done. So, several photographs were taken by 

scanning electron microscopy. In the figure below, the PLLA/PLGA mass ratio nanospheres 

of 1:1 can be observed, Figure 3.2-VI A) and B). 

  

   
 

Figure 3.2-VI –Sample 3.2.1 – Final obtained nanospheres produced with 10mL of a 3%PVA solution, at 

80W during 30s 

 

 
Both pictures A) and B) from Figure 3.2-VI have images of almost perfect spherical 

nanoparticles. One of the reasons that they could be a little misshapen is due to the SEM 

light, since once very close to the particles, they began to melt. They also have a perfect 

smooth surface. 

 

 

 

C) 

E) 

A) B) 
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3.2.2.2 Size characterisation by Dynamic light scattering (DLS) 

 
With the objective to measure, or at least, to have an idea of the nanoparticles sizes, a size 

characterisation by DLS, Dynamic Light Scattering was done. In the following table are 

presented the values of just one peak, the peak with the highest percentage per volume of 

nanospheres, in a particular size diameter. The plots with all peaks could be seen in the 

appendix (6.3).  

 

Table 3.2-IV – Size characterisation by DLS of the loaded and unloaded nanospheres 

PLLA/PLGA Drug Analysis Peak 1(diam. nm) % volume Average (nm) 

1º 1940 45.7 

2º 961 92,9 

 
1:1 

 

 
- 
 3º 835 88,0 

1245 ± 605 

1º 991 81,0 

2º 1060 87.6 
 

2:1 
 

 
- 
 3º 871 88.9 

974 ± 96 

1º 947 89.1 

2º 953 86.1 
 

1:2 
 

 
- 
 3º 623 52.4 

841 ± 189 

1º 1620 100,0 

2º 3590 50.8 

 
1:1 

 

 
Meloxicam 

 3º 1030 78,0 

2080 ± 1341 

1º 1780 77.3 

2º 1360 85.2 
 

2:1 
 

 
Meloxicam 

 3º 1090 84.2 

1410 ± 348 

1º 1030 84.4 

2º 894 72.6 
 

1:2 
 

 
Meloxicam 

 3º 1210 93.5 

1045 ± 159 

 

 
Looking very closely to the results in Table 3.2-IV it is possible to see that the unloaded 

nanospheres have average sizes between 841 ± 189 nm and 1245 ± 605 nm. This last one, 

is in fact, in the range of micro sizes, nevertheless, it has to be taken into account the 

agglomeration of the particles. If the particles are agglomerated and attached to each other, 

it is expectable that this might, and will, eventually influence the results.  

 

However, a few notes can be taken of this analysis. On one hand it is possible to see that 

indeed nanospheres exist, validating the SEM results (Figure 3.2-VI), and on the other it is 

possible to see that the size increased from the unloaded nanospheres to the drug loaded 

ones. 
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A better view of these results can be seen in the following figure. 
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Figure 3.2-VII – Size characterisation by DLS of the loaded and unloaded nanospheres 

 

 

 
3.2.2.3 Encapsulation efficiency 

 
The encapsulation efficiency was also calculated for the nanospheres with PLLA/PLGA mass 

ratios of 1:1, 2:1, 1:2 and are shown in Table 3.2-V. 

 

Table 3.2-V - Core and shell composition, drug location and values of drug content and encapsulation 

efficiency (EE) for the obtained nanospheres 

PLLA/PLGA 
mass ratio 

Core 
composition 

Shell 
composition 

Meloxicam 
Location 

Drug 
content % 

(w/w) 

Encapsulation 
Efficiency % 

(w/w) 

1:1 PLGA PLLA Core 0.40 ± 0.05 8.21 ± 1.08 

2:1 PLGA PLLA Core 0.30 ± 0.01 5.81 ± 0.11 

1:2 PLLA PLGA Shell 0.74 ± 0.06     15.23 ± 1.14 

 

 

In this case, the results are, to a certain point, in divergence with the large and small 

microspheres. First of all, the general drug content results are lower than in the 

microspheres. Several explanations may justify this fact, as for example, the fact that the 

drug could be not completely dissolved in the organic phase, or another explanation might be 

that the strong agitation performed during the nanospheres formation cause emulsion 
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instability and the drug may dissolve in the aqueous medium. This last explanation is a more 

plausible one, since the agitation speed in this case is much higher then in the production of 

the microspheres. 

As it can be seen in Table 3.2-V, the nanospheres with a mass ratio PLLA/PLGA of 1:1 have 

a higher EE than in the 2:1, as expected, since as already mentioned before the PLGA core, 

containing the drug, is much thinner in the 2:1 sphere than in the 1:1 one. 

Surprisingly, the encapsulation efficiency in the PLLA/PLGA spheres of 1:2 has the highest 

value, contrarily to the previous results. A possible explanation is the thickness of the PLGA 

layer, and the fact that there are always a few drug particles in the PLA layer. 

 

 

 
3.2.2.4 Crystallinity proprieties characterisation by Differential scanning calorimetry (DSC) 

 

 
As expected, the DSC thermograms of the nanospheres produced showed two glass 

transition temperatures (Tg), one for each polymer, and a single crystalline melting point for 

PLLA. Again, the existence of two Tg is a proof of the phase-separated polymers in this 

study.  

 

 

 

Figure 3.2-VIII – DCS thermogram of the nanospheres, PLLA/PLGA polymer ratio of (1:1), PLGA Tg – 

46.81ºC and PLLA Tg – 59.74ºC 
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Figure 3.2-IX – DCS thermogram of the nanospheres, PLLA/PLGA polymer ratio of (1:1), PLLA Tm – 
175.26ºC 

 

 
The values of glass transition temperature and melting point (Tm) obtained are shown in 

Table 3.2-VII. Again, in these nanospheres it is possible to notice that both PLLA and PLGA 

Tg values are higher than the ones for one single polymer. Also, it is possible to see that the 

nanospheres with a PLLA/PLGA mass ratio of 2:1 have the highest Tg values, but that factor 

could not be explained. All the thermograms could be seen in the appendix, section 7.1.2. . 

 

Table 3.2-VI – Thermal proprieties of the nanospheres obtained from DSC thermograms 

Sample Tg (ºC) 
PLGA,PLLA 

Tm (ºC) 
PLLA 

PLLA/PLGA (1:1) 46.81,59.74 
b
 175.26 

PLLA/PLGA (2:1) 47.49,60.23
b
 174.76 

PLLA/PLGA (1:2) 46.50,59.06
b
 173.80 

 

 

 

 

 

 

 

 

                                                
b
 The two glass transition temperatures refer to those of PLGA and PLLA, respectively, in the composite 
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3.2.3 IN VITRO DEGRADATION STUDY 

 

In order to characterise the particles degradation, since SEM photographs could not be 

taken, the nanoparticles Glass Transition Temperature (Tg) was measured.  

In Table 3.2-VII it is possible to see the Tg and Tm values during the degradation process, 

for days 0, 22 and 36, similarly to the microspheres. 

 

Table 3.2-VII – Values of glass transition temperature (Tg) and melting temperature (Tm) for the 

nanospheres obtained during the in vitro degradation study 

PLLA/PLGA mass ratio Degradation Day Tg (ºC) 
(PLLA) 

Tg (ºC) 
(PLGA) 

Tm (ºC) 
(PLLA) 

 0 59.20 48.56 175.26 

1:1 22 58.10 43.71 171.33 

 36 56.85 45.62 171.73 

 0 60.23 47.49 174.76 

2:1 22 59.04 46.15 172.82 

 36 56.08 45.18 172.15 

 0 59.06 46.50 173.80 

1:2 22 58.62 45.97 172.83 

 36 56.78 45.78 171.51 

 
Once again, it is possible to see that, as time goes by, the Tg values decrease as well as the 

Tm values for the PLLA. 
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Figure 3.2-X - Glass Transition temperature (Tg) of PLLA/PLGA nanospheres versus time: ♦♦♦♦Tg, PLLA 

from PLLA/PLGA (1:1), ■ Tg, PLLA from PLLA/PLGA (2:1) and ■ Tg, PLLA from PLLA/PLGA (1:2) particle 

As previously mentioned, polymers structure affects the glass transition temperature, Tg, and 

the crystalline melting point temperature, Tm, similarly. A decrease in these values means 

that the nanospheres polymeric structure changed and that polymer chains became more 

flexible, which shows that a degradation process has occurred causing a decrease in the 

molecular weight. 

Observing Figure 3.2-X, it is visible the decrease in the Tg values in all nanospheres, and 

consequently the decrease in the molecular weigh. It is also seen that the nanospheres with 

the highest drop in the Tg temperature is the particles with a PLLA/PLGA 1:2, which does not 

make much sense, since the PLGA is in the outer layer and the PLLA in the internal layer, so 

it would be more difficult to degrade the PLLA than the PLGA.  Regarding the nanospheres 

with the PLLA shell, it was detected that spheres with 1:1 mass ratio decrease a little bit 

faster than the 2:1, which is expectable since the first one has a thinner PLLA layer. 
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Figure 3.2-XI - Glass Transition temperature (Tg) of PLLA/PLGA nanospheres versus time: ♦♦♦♦Tg, PLGA 

from PLLA/PLGA (1:1), ■ Tg, PLGA from PLLA/PLGA (2:1) and  ■ Tg, PLGA from PLLA/PLGA (1:2) 

particles 

Looking carefully to the Figure above, it is possible to see that in the nanospheres with a 

PLLA/PLGA mass ratio 1:1 the PLGA Tg temperature value between days 22 and 36 

increases, which is a totally unexpected result. The only possible explanation is the 

possibility that an error occurred during the Tg measurements, principally in the 22nd 

degradation day, where the Tg obtained value is very low, of approximately 43.71ºC. No 

more explanations could be found to support this behaviour. Also it would be expectable that 
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the highest decrease in the Tg temperature of the PLGA should be in the particles with a 

shell of this polymer, since would be simpler to degrade and consequently to drop the Tg 

temperature. 

In Figure 3.2-XII it is possible to view the PLLA Tm temperatures behaviours, where in the 

22nd degradation day of the nanospheres with a PLLA/PLGA mass ratio 1:1 the same 

discrepancy occurs as with the PLGA Tg temperature.  

In this case, it was expected that, since it was measured the Tg temperature of the PLLA, the 

highest decrease in this values would be in the spheres with an outer layer of this same 

polymer, the PLLA, which did not occur. 

These results regarding the nanospheres were not very conclusive. Probably to have more 

precise results, more interval time between the degradation days was needed. 
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Figure 3.2-XII – Melting Temperature (Tm) of PLLA/PLGA nanospheres versus time: ♦♦♦♦Tm, PLLA from 

PLLA/PLGA (1:1), ■ Tm, PLLA from PLLA/PLGA (2:1) and ■ Tm, PLLA from PLLA/PLGA (1:2) particles 
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3.2.4 IN VITRO CONTROLLED RELEASE STUDY 

 

In order to study the effect of the shell thickness on the drug release profile, in vitro release 

experiments of three formulations of PLLA/PLGA (1:1, 2:1 and 1:2) were performed for a 

period of 12 days, Figure 3.2-XIII. 

The plot is presented in hours, since in the first day, samples were taken in period of 15 

minutes, 30 minutes, 1 hour, every 4 hours, from 12 to 12 hours until the 3rd day, and finally 

from 24 to 24 hours until the 7th day. After, these samples were taken in an interval of 48 

hours until the 12th day. The choice of this time table was due the expected rapid drug 

release patterns from nanospheres, which is confirmed by the results. 
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Figure 3.2-XIII – Release profiles of the small DWMS of Meloxicam from: ♦♦♦♦PLLA/PLGA (1:1), ■ PLLA/PLGA 

(2:1) and ■ PLLA/PLGA (1:2) particles 

 

First of all, it is important to mention that the obtained drug release is faster in the 

nanospheres than in the microspheres, since the particles size is smaller and consequently 

the drug diffusion path until the outer medium is also smaller. 

This result confirms the data from literature and those obtained in the microspheres with 

different sizes. Therefore, it can be concluded that the particle size is an important factor, as 

mentioned in the introduction, to take in account in the controlled delivery process. 

Regarding the actual results, they are in accordance with the microspheres ones, concerning 

the initial burst effect.  In Figure 3.2-XIII it is possible to see an initial burst effect in the order 

of 1,5% and 3%, which is very low, regarding the spheres with a external PLLA layer, which 

can be explained by the fact that a small amount of drug could be in the spheres surface and 
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in the immediate external PLLA layer. Once again, is confirmed that the double walled 

particles have a very low initial burst effect. 

Regarding the initial burst effect of the nanospheres with an external layer of PLGA, they 

present a surprisingly low value, since the drug is in the external layer. Also, it can be seen 

that these spheres present the faster drug release, as expected, since Meloxicam is 

solubilised in the PLGA shell. 

As time goes by, it is possible to see that until the 40th hour (approximately 1,5 days), 

nanospheres with a PLLA/PLGA mass ratio of 2:1 release higher than in the 1:1. This could 

be explained by the fact that in the 2:1 nanospheres the core of PLGA is smaller which 

implies that due to the Meloxicam saturation, more drug is found in the PLLA shell layer. 

Consequently, the path that the drug has to cross trough the external PLLA layer to the 

exterior is smaller than in the particles of 2:1, and therefore the release is faster. 

After the 40th hour, it was not verified any jump, characteristic of the double walled particles. 

In fact, looking at the plot until the 9th day, this release has a typical diffusion kinetic, 

representative of particles composed of one polymer.  

The jump is expected to exist after the 9th day, but it was not tested. If such occur, the large 

lag phase presented between the 40th and the 220th hours could be explained by the fact that 

the drug has to cross the PLLA layer until reach the outer medium, as explained before in the 

microspheres. This can be a possible explanation, since at this time, the nanospheres 

released only 54% in the PLLA/PLGA 2:1 ratio and 64% in the 1:1 ratio. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Double-walled PLLA/PLGA particles for the sustained release of Meloxicam  

  82 

4 CONCLUSIONS: 
 

Double walled microspheres made of PLGA and PLLA and loaded with Meloxicam were 

successfully produced by the solvent extraction/evaporation technique based on the in situ 

phase-separation of both polymers. The properties of the large and small microparticles 

prepared were then evaluated by optical microscopy, scanning electron microscopy and 

differential scanning calorimetry. 

The results obtained by optical microscopy and DSC confirmed the formation of the DWMS 

by the engulfment of one polymer to the other in a single step by solvent 

extraction/evaporation technique. In addition, the optical pictures obtained show that the 

used polymers mass ratio, presented a significant influence in the core and shell polymer 

layers composition and thickness. Also, the model drug used in this study, Meloxicam, was 

located in the PLGA-predominant phase in all the double walled microspheres produced, 

meaning that this drug has a higher affinity towards the PLGA layer.  

SEM micrographs exhibited a spherical morphology of the microspheres and showed an 

irregular surface with small blisters but without visible pores in almost all different ratios 

particles. During the 40 days of incubation, in the in vitro degradation studies, a porous 

surface became visible in the spheres with a PLLA shell, and with a PLGA shell a complete 

degradation of the spheres was verified. As a result, it is possible to conclude that the PLGA 

polymer degrades more rapidly than the PLLA polymer.  

DSC revealed that Tg and Tm values decreased as degradation time goes by, indicating 

modifications in polymer chains and flexibility, which can be a result of a decrease in the 

polymer molecular weight. 

The in vitro drug release studies showed that Meloxicam was released from the 

microspheres in a controlled manner for more than 40 or 50 days. Also, the particles with a 

PLLA shell layer release the drug more slowly than the particles with a PLGA shell, once 

again explained by the fact that the drug is present in the PLGA layer.  

Nanospheres where achieved with a speed power of 100W, during a sonication period of 30 

seconds in a first aqueous solution of 10mL.  

The DLS results confirmed the nano sizes of the spheres, although the precise size is 

affected by a high error, due to the tendency of the nanoparticles to agglomerate. Another 

conclusion that has come out from this analysis is that the loaded particles present a bigger 

size than the unloaded ones. 
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Regarding the nanospheres EE, it was observed that this value is much lower than in the 

microspheres, probably due to the high agitation speed during the production process. With a 

high agitation speed the emulsion becomes more unstable, creating a bigger risk of losing 

the drug to the aqueous medium. 

The degradation study was achieved by measuring the unloaded nanospheres Tg and Tm. 

Facing the results, it was possible to see that degradation occurs, due to the obtained 

decrease of the Glass transition temperature for the PLLA and PLGA and the Melting 

Temperature of the PLLA, during the 36 days of the degradation process.  

The last nanospheres study was the in vitro controlled release, in which the nanospheres 

containing a PLLA shell and a PLGA core released the drug slower than with a PLGA shell, 

since the PLLA core has no impact in the release process in this last case. A major 

difference found between the nanospheres and microspheres release study was the rate at 

which the drug was released, once the particle size is lower and consequently the path that 

the drug has to cross throughout the PLLA layer is also smaller. 

Both micro and nanospheres had a low initial burst effect, which is characteristic factor and 

one of the main advantages of double walled particles 

To sum up, in this study it was proved that double walled micro and nanospheres are a good 

alternative for drug control release. These particles enable different rates of drug delivery 

depending on the treatment objective. In the case that more than one drug administration is 

needed, these particles are also a good alternative, since it could have one specific drug in 

each polymeric layer. 
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5 Future Work  
 

���� Measure de micro and nanospheres organic traces by GC. 

���� Add another drug which preferentially remains in the PLLA layer and do the 

respective release study with the two drugs incorporated in the spheres. 

���� Study the amount of the decrease of the molecular weight in the degradation study by 

SEC (Size exclusion Chromatography). 
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7 APPENDIX 

 

7.1 DCS THERMOGRAMS 

 

7.1.1 Small Microspheres 

 

 
 

 Figure 7.1-I – DSC thermograms of the PLLA/PLGA mass ratio 2:1 small microspheres – day 0 
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Figure 7.1-II – DSC thermograms of the PLLA/PLGA mass ratio 5:1 small microspheres– day 0 
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Figure 7.1-III – DSC thermograms of the PLLA/PLGA mass ratio 1:2 small microspheres– day 0 
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Figure 7.1-IV – DSC thermograms of the PLLA/PLGA mass ratio 1:5 small microspheres– day 0 
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7.1.2 Nanospheres 

 

 

 

 
 

Figure 7.1-V – DSC thermograms of the PLLA/PLGA mass ratio 1:1 nanospheres – day 22 
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Figure 7.1-VI – DSC thermograms of the PLLA/PLGA mass ratio 1:1 nanospheres – day 36 
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Figure 7.1-VII – DSC thermograms of the PLLA/PLGA mass ratio 2:1 nanospheres – day 0 
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Figure 7.1-VIII – DSC thermograms of the PLLA/PLGA mass ratio 2:1 nanospheres – day 22 
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Figure 7.1-IX – DSC thermograms of the PLLA/PLGA mass ratio 2:1 nanospheres – day 36 
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Figure 7.1-X – DSC thermograms of the PLLA/PLGA mass ratio 1:2 nanospheres – day 0 
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Figure 7.1-XI – DSC thermograms of the PLLA/PLGA mass ratio 1:2 nanospheres – day 22 
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 Figure 7.1-XII – DSC thermograms of the PLLA/PLGA mass ratio 1:2 nanospheres – day 36 
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7.2 DLS – NANOSPHERES DINAMIC LIGHT SCATERING 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2-I – DLS – PLLA/PLGA mass ratio of 1:1 unloaded nanospheres 
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Figure 7.2-II– DLS – PLLA/PLGA mass ratio of 2:1 unloaded nanospheres 
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 Figure 7.2-III – DLS – PLLA/PLGA mass ratio 1:2 unloaded nanospheres 
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Figure 7.2-IV – DLS – PLLA/PLGA mass ratio of 1:1 drug loaded nanospheres 
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Figure 7.2-V – DLS – PLLA/PLGA mass ratio of 2:1 drug loaded nanospheres 
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 Figure 7.2-VI – DLS – PLLA/PLGA mass ratio of 1:2 drug loaded nanospheres 


