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Physical properties of microspheres prepared by blending poly(lactide-co-glycolide) and poly lactide
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Abstract. In the present study,*2.0-lm microspheres of blended poly(lactide-co-glycolide) (PLGA) and poly lactide
 (PLA), both are biodegradable and biocompatible, were prepared either through a preparation technique for particles using
 a microhomogenizer or membrane emulsification technique. To understand the potential of the drug delivery system
 (DDS) formulation, fundamental physical properties, degradation and drug release studies on microspheres prepared using
 two particle preparation techniques were analysed. The PLGA/PLA particles prepared using the microhomogenizer were
 polydisperse or irregular-shaped, but the particles prepared using the membrane emulsification technique were very
 monodisperse and spherical. Increasing the PLA fraction in PLGA/PLA microspheres allowed control over the degra-
 dation of the prepared particles. Furthermore, such microspheres could also be used for the controlled drug release
 behaviour of particles. The particles prepared using the membrane emulsification technique exhibited better controlled
 drug releasing behaviour than those prepared using the microhomogenizer. From the above, this study revealed that
 PLGA/PLA microspheres prepared using the membrane emulsification method were advantageous for the study of DDS
 formulations.


Keywords. PLGA; PLA; blend; microspheres; membrane emulsification technique.


1. Introduction


Poly(lactide-co-glycolide) (PLGA) and poly lactide (PLA)
 are representative biodegradable and biocompatible poly-
 mers that are often applied in drug delivery system (DDS)
 and biomaterials research [1–5]. The particles composed of
 PLGA or PLA can be applied as DDS formulations [6–9]; in
 fact, anti-cancer agents and active ingredients of cosmetics
 encapsulated in PLGA particles have already been com-
 mercialized [10–12]. Since their commercialization, a great
 deal of research has been conducted using PLGA or PLA
 particles [13–18]. To expand the knowledge of DDS for-
 mulations, the author et al [19–27] have studied the
 preparation of functional PLGA-based particles and devel-
 oped novel preparation techniques. Monodisperse PLGA
 microspheres containing hydrophobic or hydrophilic drugs,
 created by combining a membrane emulsification technique
 and a solvent evaporation method, were prepared [19–23].


Monodisperse PLGA microspheres combined with silica
 nanospheres were also prepared [24]. A preparation tech-
 nique of monodisperse PLGA nanospheres using the
 membrane emulsification technique and solvent diffusion
 method were developed [25]. In addition, a new technique
 for fine particle preparation that can produce monodisperse


nanosized PLGA particles in a simple manner was also
 developed [26,27].


Control over the degradation of drug carriers, such as
 polymer particles, is of great importance in the field of DDS
 formulations. The degradation may be controlled by
 blending polymers, focussing on the polymer crystallinity.


Because PLA is more crystalline and less degradable than
 PLGA, the authoret albelieve that the degradability of the
 prepared particles can be adjusted using the blend ratio of
 PLGA and PLA. Such an approach with polymer blending
 is recognized as effective in various polymer applications
 including colloidal lithography [28–30], membrane sepa-
 ration [31–33], etc.


To figure out their functionality as DDS formulations, for
 microspheres prepared using a microhomogenizer and
 membrane emulsification technique, the physical properties,
 such as diameter, monodispersity and surface potential of
 the particles, drug loading efficiency, polymer degradabil-
 ity, and drug release behaviour of the prepared micro-
 spheres were analysed in the present study. The careful
 investigation of these properties will greatly expand the
 potential applications of the prepared monodisperse
 microspheres. The authors will briefly report these results in
 the present paper.


https://doi.org/10.1007/s12034-020-02310-4



(2)2. Experimental


2.1 Materials


PLGA7510 (75:25, Mw10,000) and PLA0010 (Mw 10,000)
 were purchased from Wako Pure Chemical Industry, Japan,
 and stored at-80°C prior to use. Rifampicin (RFP) was pur-
 chased from SIGMA and used as a model hydrophobic drug for
 loading into the microspheres. Polyvinyl alcohol (PVA) with a
 degree of polymerization of 500 and 86–90 mol% saponifi-
 cation, was purchased from Wako Pure Chemical Industry,
 Japan, and used as a dispersant for the prepared microspheres
 and emulsion. Polyethylene glycol (PEG, Wako Pure Chemi-
 cal Industry,Mw20,000) was used as a co-dispersant in the
 PVA solution. Disodium hydrogen phosphate 12-water and
 sodium dihydrogen phosphate dihydrate were purchased from
 Wako Pure Chemical Industry, Japan, and these reagents were
 used for the preparation of phosphate buffer saline (PBS). All
 other chemicals used in the experiment were of the highest
 grade that was commercially available.


2.2 Preparation of microspheres with and without drug
 In the present study, two microsphere preparation tech-
 niques were applied, as shown in figure1. The first one was
 the conventional solvent evaporation method using a
 microhomogenizer (figure 1a), and the second one involved
 combining the solvent evaporation method and membrane
 emulsification technique (figure 1b). In the first method, the


desired weights of PLGA and PLA were dissolved in
 dichloromethane (DCM) in a 10.0 ml screw-cap tube. For
 the preparation of the drug-loaded microspheres, the model
 drug RFP was also added to the screw-cap tube. After being
 mixed using a vortex mixer, the solution was used as the oil
 phase of an oil-in-water (o/w) emulsion. To prepare the
 emulsion, the PLGA/PLA solution was poured into 190 ml
 of a 1.0% PVA solution in a 200 ml beaker; the mixture was
 then homogenized for 90 s at 25,000 rpm using a micro-
 homogenizer (NS-310E, Microtec Nition Co. Ltd.). The
 resulting o/w emulsion was transferred into a 300 ml beaker
 containing 100 ml of a 1.0% PVA solution. Solvent evap-
 oration was performed by stirring at 250 rpm for 4 h at room
 temperature to prepare the polymer microspheres.


For the preparation of the microspheres using the mem-
 brane emulsification technique, the desired weights of
 PLGA and PLA were dissolved in DCM in a 10.0 ml screw-
 cap tube. Similar to the first method, the drug-loaded
 microspheres were prepared by adding RFP to the screw-
 cap tube. After being mixed in a vortex mixer, the solution
 was used as the oil phase for an o/w emulsion by injecting it
 into an oil tank on a Shirasu porous glass (SPG) membrane
 with a pore size of 1.0 lm. The membrane emulsification
 technique using the membrane emulsification apparatus was
 performed based on a previous report [19]. The apparatus
 was soaked in 190 ml of a 1.0% PVA solution (continuous
 phase) containing 0.026% PEG in a 200 ml beaker and was
 precisely wetted between the continuous and dispersion
 phases of the SPG membrane through the gentle stirring for
 1 h. The membrane emulsification technique was initiated


PVA solution


Microspheres


Microspheres
 Solvent evaporation 


PLGA, PLA, (RFP), DCM Microhomogeniser


Membrane emulsification technique


Solvent evaporation 
 (a)


(b)


Figure 1. Overview of the two microsphere preparation methods applied in the present study.



(3)by streaming nitrogen gas into the oil phase through the
 pores in the membrane. The critical pressure of nitrogen gas
 at which droplets emerged from the membrane pores into
 the continuous phase was 0.19–0.26 kg cm-2.


After the membrane emulsification was terminated, the
 prepared o/w emulsion was transferred to a 300 ml beaker
 containing 100 ml of 1.0% PVA solution. Solvent evapo-
 ration was performed by stirring at 250 rpm for 4 h at room
 temperature. The microspheres prepared using the above
 two methods were washed three times: the water phase and
 the particles were separated through centrifugation at
 1500 rpm for 3 min followed by re-dispersion of particles
 with fresh distilled water.


2.3 SEM observation of the prepared microspheres
 A droplet of the suspension of prepared microspheres was
 placed on an aluminium sample stage and dried for 1 day in
 a vacuum desiccator. Gold sputtering was carried out using
 an ion sputtering device (Auto Fine Coater, JFC-1600,
 JEOL Ltd.). Microscopic observation of the microspheres
 was performed using a scanning electron microscope (SEM,
 JSM-6060LA, JEOL Ltd.). Images of the particles were
 obtained at 10009and 20009magnification.


2.4 Measurements off-potential of the prepared
 microspheres


The surface potentials of the prepared microspheres were
 evaluated using f-potential measurements. The prepared
 microspheres were dispersed in 1.0 9 10-4M solutions of
 NaCl. Thef-potential of the prepared microspheres was mea-
 sured at 25°C using af-potential analyser (ELS-Z Otsuka Co.).


2.5 Measurement of particle sizes


The average diameter and value of the coefficient of vari-
 ation (CV) of the prepared microspheres were calculated for
 200 particles in the obtained SEM image. The CV was
 calculated using equation (1):


CV¼ r


Dp100; ð1Þ


whererdenotes the standard deviation andDpdenotes the
 average particle diameter obtained from the SEM images. A
 low CV value corresponds to uniformly sized particles.


2.6 Measurements of drug loading efficiency
 of microspheres


For the measurement of the concentration of RFP in
 microspheres, the previously reported means were


adopted [19,20,22,27]. To measure the RFP loading
 efficiency of the microspheres, 10 mg of microspheres
 containing RFP were dissolved in 5.0 ml of chloroform
 in a 10.0 ml screw-cap tube. The RFP concentration
 in the solution was measured spectrophotometrically at
 475 nm. The loading efficiency of RFP in the micro-
 spheres was calculated from the measured RFP con-
 centration and the initial composition ratio used to
 prepare the particles. The measurements were performed
 in triplicate.


2.7 Degradation study of the prepared microspheres
 By mixing water with disodium hydrogen phosphate
 12-water and sodium dihydrogen phosphate dihydrate,
 pH 7.4 PBS with an ionic strength of 0.154 M was
 prepared. Here, the ion strength of PBS was set at
 0.154 M because it is close to the value of the ion
 strength in human blood. Twenty milligrams of the
 microspheres prepared through the membrane emulsi-
 fication technique were re-dispersed in 5.00 ml of PBS.


The PBS was replaced with fresh PBS every day. This
 suspension was shaken at a rate of 60.0 times per
 minute at 37°C. An aliquot of the suspension was taken
 every day. The microspheres were precipitated through
 centrifugation at 1500 rpm for 3 min and dried in a
 vacuum desiccator for one day. The sample was dis-
 solved in chloroform, and the resulting solution was
 used for the measurement of the weight-averaged
 molecular weight of the microspheres using a high
 performance liquid chromatograph (Shimadzu LC-5A)
 equipped with a refractive index detector (Shimadzu
 RID-10A) and gel permeation chromatography columns
 (Shodex K-806 and K-803). The mobile phase was
 chloroform, and the flow rate was 1.0 ml per minute.


The degradation behaviour of the prepared micro-
 spheres was evaluated after 14 days.


2.8 Testing the release of RFP from the prepared
 microspheres


The measurements in release test of RFP of the pre-
 pared microspheres were based on the measured means
 in the previously reported paper [19,20,22]. To study
 the release of RFP from the drug-loaded microspheres,
 10 mg of the prepared microspheres were dispersed in
 5.0 ml of PBS in a 10 ml screw-cap tube. The dis-
 persion was shaken at 60.0 times per minute at 37°C.


Each day, the dispersions were centrifuged for 5 min at
2000 rpm, and the supernatant was measured spec-
trophotometrically at 475 nm. The PBS was replaced
every day after performing the measurements. The
measurements were performed every day for 14 days in
total.



(4)3. Results and discussion


3.1 Differences among the physical properties
 of PLGA/PLA microspheres


First, microspheres composed solely of PLGA or PLA or
 various blends of PLGA and PLA were prepared through
 the conventional solvent evaporation method using a
 microhomogenizer (figure1a); their compositions are listed
 in samples 1–5 of table1. The total amount of polymer used
 to prepare each sample was 0.5 g, and their PLGA:PLA
 blend ratios were 100:0 (sample 1), 75:25 (sample 2), 50:50
 (sample 3), 25:75 (sample 4) and 0:100 (sample 5). Thef-
 potentials of the prepared microspheres decreased as the
 fraction of PLA in the microspheres is increased. The par-
 ticle size and CV values of the microspheres prepared
 through solvent evaporation (samples 1–5) are shown in
 figure2a. As can be seen from figure2a, these micro-
 spheres had a particle size of *2.0lm, and a CV value,
 which is an indicator of monodispersity, of *30%. These
 results show that the particle size and monodispersity of the
 microspheres prepared using the microhomogenizer were
 independent of the type of polymer and blend ratio. SEM
 images of the prepared microspheres with PLGA:PLA
 blend ratios of 100:0 (sample 1), 50:50 (sample 3) and
 0:100 (sample 5) are presented in figure3a–c. Character-
 istic results were obtained for each of the polymer. As
 shown in figure3a, the all-PLGA microspheres (sample 1)
 are mainly spherical, but some irregularly shaped particles


can also be seen. In the SEM images of samples 3 (fig-
 ure3b) and 5 (figure3c), which contain PLA, a larger
 number of spherical particles is observed than in the image
 of sample 1. Irregularly shaped particles are generated when
 phase separation occurs during the preparation of the
 emulsion or preparation of the microspheres [34]. Based on
 these results, it seems that for microspheres prepared using
 a microhomogenizer, phase separation and the generation of
 irregular particles are more likely to occur with PLGA than
 PLA.


Subsequently, microspheres were prepared using the
 membrane emulsification technique with the same ratios of
 PLGA and PLA as in the previous study, as shown in
 samples 6–10 of table1. In preparing the microspheres, the
 blend ratios of PLGA and PLA were 100:0 (sample 6),
 75:25 (sample 7), 50:50 (sample 8), 25:75 (sample 9) and
 0:100 (sample 10). The critical pressure for the formation of
 emulsion droplets during the membrane emulsification
 technique was 0.19–0.21 kg cm-2. Microspheres with
 diameters of*2.0lm were prepared to compare them with
 the microspheres prepared using the microhomogenizer. As
 in the case of the microspheres produced through solvent
 evaporation, the f-potential of the microspheres by mem-
 brane emulsification technique decreased as the fraction of
 PLA in the microspheres increased. Figure2b shows the
 particle size and CV values of the microspheres prepared
 using the membrane emulsification technique with different
 PLGA:PLA ratios. The particle sizes of the prepared
 microspheres changed slightly with the blend ratio, and


Table 1. Compositions of the PLGA/PLA microspheres and their physical properties.


Sample PLGA7510 (g) PLA0010 (g) DCM (ml) RFP (g) Emulsion preparation technique DL* (%) f-potential (mV)


1 0.5 0 10.0 0 Microhomogenizer — -39.1


2 0.375 0.125 10.0 0 Microhomogenizer — -38.6


3 0.25 0.25 10.0 0 Microhomogenizer — -38.1


4 0.125 0.375 10.0 0 Microhomogenizer — -36


5 0 0.5 10.0 0 Microhomogenizer — -29.9


6 0.5 0 10.0 0 Membrane emulsification — -37


7 0.375 0.125 10.0 0 Membrane emulsification — -36.6


8 0.25 0.25 10.0 0 Membrane emulsification — -36.4


9 0.125 0.375 10.0 0 Membrane emulsification — -31.2


10 0 0.5 10.0 0 Membrane emulsification — -29.7


11 0.5 0 10.0 0.05 Microhomogenizer 38.6 -36.2


12 0.375 0.125 10.0 0.05 Microhomogenizer 36.6 -38.6


13 0.25 0.25 10.0 0.05 Microhomogenizer 35.4 -37.5


14 0.125 0.375 10.0 0.05 Microhomogenizer 37.2 -36.6


15 0 0.5 10.0 0.05 Microhomogenizer 33.6 -24.8


16 0.5 0 10.0 0.05 Membrane emulsification 32.0 -37


17 0.375 0.125 10.0 0.05 Membrane emulsification 44.2 -36.9


18 0.25 0.25 10.0 0.05 Membrane emulsification 35.0 -37.5


19 0.125 0.375 10.0 0.05 Membrane emulsification 31.5 -35.8


20 0 0.5 10.0 0.05 Membrane emulsification 51.2 -32.1


*DL, drug loading efficiency.



(5)were found to be 2.18 (sample 6, PLGA:PLA = 100:0), 2.25
 (sample 7, PLGA:PLA = 75:25), 2.05 (sample 8,
 PLGA:PLA = 50:50), 2.14 (sample 9, PLGA:PLA = 25:75)
 and 2.06 lm (sample 10, PLGA:PLA = 0:100). The CV
 values of the microspheres were 12.2 (sample 6), 15.5
 (sample 7), 12.8 (sample 8), 17.5 (sample 9) and 13.3%


(sample 10). The results indicated that the PLGA:PLA
 blend ratio had little effect on the particle size and size
 distribution of the microspheres prepared via the membrane


emulsification technique. As further evidence of this result,
 figure3d–f shows the SEM images of samples 6, 8 and 10
 (PLGA:PLA of 100:0, 50:50 and 0:100, respectively). As
 shown, all the microspheres prepared using the membrane
 emulsification technique were monodisperse with very
 uniform particle sizes. Furthermore, the irregularly shaped
 particles observed in the image of the PLGA-only particles
 in figure3a were not observed in the membrane emulsifi-
 cation technique. These results indicated that almost no
 Figure 2. Particle size and CV values of the microspheres prepared using the microhomogenizer


and membrane emulsification technique at various blend ratios. (a) Microhomogenizer and
 (b) membrane emulsification technique,:Dp(lm); grey bars: CV values (%).


Figure 3. SEM images of the microspheres prepared using the microhomogenizer and membrane emulsification technique.


(a) Microhomogenizer; PLGA:PLA = 100:0 (sample 1), (b) PLGA:PLA = 50:50 (sample 3), (c) PLGA:PLA = 0:100 (sample 5),
(d) membrane emulsification technique; PLGA:PLA = 100:0 (sample 6), (e) PLGA:PLA = 50:50 (sample 8), and (f) PLGA:PLA =
0:100 (sample 10).



(6)phase separation occurred during the preparation of
 microspheres using the membrane emulsification technique.


Presumably, the irregularly shaped particles will show dif-
 ferent drug release behaviour than the spherical particles.


Therefore, the membrane emulsification technique, which
 reliably prepares spherical particles, has a great advantage
 over the conventional microhomogenizer technique in terms
 of producing DDS formulations. Overall, these results show
 that in addition to producing monodisperse microspheres,
 the membrane emulsification technique also consistently
 produces spherical particles. This shape uniformity repre-
 sents an advantage in designing DDS formulations.


3.2 Testing the degradation of monodisperse PLGA/PLA
 microspheres prepared by membrane emulsification
 technique


In the previous section, monodisperse PLGA/PLA micro-
 spheres with various blend ratios were prepared using the
 membrane emulsification technique. The degradability of
 these monodisperse microspheres was then investigated.


The reason for not applying the test on the particles created
 using the microhomogenizer is that these particles have a
 wide particle size distribution and the data obtained from
 the degradation tests would be unreliable. In contrast, the
 particles produced using the membrane emulsification
 technique are sharper in size and the data obtained in the
 tests are more reliable. Therefore, the samples to be tested
 for degradation were microspheres prepared using the
 membrane emulsification technique. The results of the
 degradation tests of samples 6–10 are presented in figure 4.


The initial molecular weight of all the polymers was 10,000.


During the 14-day degradation test, sample 6 (100% PLGA)
 showed the greatest polymer degradation. The PLGA
 sample showed gradual degradation approximately until the


10th day; subsequently, its molecular weight dropped to


*1000 between the 12th and 14th days. Thus, during this
 time period, the degradation of the polymer chains in the
 PLGA matrix was promoted. In contrast, the molecular
 weight of 100% PLA (sample 10) had decreased by*200
 at day 2, but remained almost constant after that, and no
 further degradation was observed. These results indicated
 that each of the two polymers showed a characteristic
 degradation behaviour. Based on these results, the mecha-
 nism of PLGA/PLA microsphere degradation was pre-
 dicted, as shown in figure5. That is, PLGA and PLA exist
 inside the particles of*2.0lm, as shown in figure 5. Then,
 as the degradation begins, the PLGA in the microspheres
 becomes lactic acid and glycolic acid, and PLA becomes
 lactic acid.


The molecular weight results for all the samples on day
 14, show that the degradation of the samples was dependent
 on the PLA fraction of the microspheres. That is, the frac-
 tion of PLA within the microspheres controlled the degra-
 dation of the prepared microspheres. Based on these results,
 it may be possible to control the degradation rate in the
 future by adjusting the PLGA:PLA blend ratio when
 applying the microspheresin vivo.


3.3 Preparation of PLGA/PLA microspheres loaded
 with RFP


The physical properties of the RFP-loaded microspheres
 prepared through the conventional solvent evaporation
 method using a microhomogenizer and RFP-loaded micro-
 spheres prepared using the membrane emulsification tech-
 nique were compared. The total amount of polymer used
 to prepare each sample was 0.5 g. Microspheres with
 PLGA:PLA ratios of 100:0 (sample 11), 75:25 (sample 12),
 50:50 (sample 13), 25:75 (sample 14) and 0:100 (sample
 15) were prepared using the microhomogenizer; 0.05 g of
 RFP was added during the preparation of each of these
 samples. Thef-potentials of the prepared microspheres did
 not depend on the blend ratio, but the f-potentials of the
 PLGA-only and PLA-only samples were significantly dif-
 ferent. In contrast, the f-potential of the microspheres
 without RFP was dependent on the PLA fraction of the
 microspheres (samples 1–10). The independence of the
 f-potential of the samples 11–15 with regard to the
 PLGA:PLA ratio is probably related to the incorporation of
 RFP into the microspheres. As shown in figure6a, the
 particle size and CV values of samples 11–15 were
 2.50lm, 46.5% (sample 11), 2.42lm, 44.0% (sample 12),
 2.32lm, 46.4% (sample 13), 2.61lm, 42.2% (sample 14)
 and 2.59 lm, 50.9% (sample 15). These results confirmed
 that the particle size and particle size distribution of the
 drug-loaded microspheres prepared using the microho-
 mogenizer were unaffected by the PLGA:PLA ratio. In the
 SEM images of figure7a–c, the RFP-loaded microspheres
 prepared using the microhomogenizer were clearly
 Figure 4. Degradation test of the microspheres prepared using


the membrane emulsification technique. : PLGA:PLA = 100:0
 (sample 6),h: PLGA:PLA = 75:25 (sample 7),4: PLGA:PLA =
 50:50 (sample 8), s: PLGA:PLA = 25:75 (sample 9), 9:


PLGA:PLA = 0:100 (sample 10).



(7)polydisperse. It can also be seen that the particles are bro-
 ken in some places. Here, when compared to the results of
 SEM images (figure 3a–c) of samples 1, 3 and 5, which did
 not contain RFP, the particles containing RFP were larger in
 size and more spherical in shape. In any case, these results
 may be due to the fact that the microspheres were prepared
 in a microhomogenizer.


The RFP loading efficiencies in the prepared micro-
 spheres were 38.6% (sample 11), 36.6% (sample 12), 35.4%


(sample 13), 37.2% (sample 14) and 33.6% (sample 15). In
 general, the loading efficiency of drugs into microspheres is
 influenced by various physicochemical parameters [35].


Unlike in previous studies, the drug loading was not
 affected by the PLGA:PLA mixing ratio.


RFP-loaded PLGA/PLA microspheres were also prepared
 using the membrane emulsification technique (samples
 16–20 of table 1) with the same drug and polymer com-
 positions in samples 11–15. The critical pressure for the
 formation of the emulsion droplets was 0.22–0.26 kg cm-2.
 The results of f-potential of the microspheres prepared
 using the membrane emulsification technique showed a
 trend that is similar to those prepared using the


microhomogenizer. The RFP loading efficiency was*40%


in all the prepared microspheres and showed almost no
 variation with the PLGA:PLA ratio. As presented in fig-
 ure6b, the particle size and CV values of the samples were
 1.94lm, 9.72% (sample 16), 1.95lm, 12.6% (sample 17),
 2.12lm, 13.2% (sample 18), 2.26lm, 15.2% (sample 19)
 and 2.43lm, 17.8% (sample 20). The particle size and CV
 values increased slightly with increasing PLA fraction in
 the microspheres. This result was further confirmed from
 the SEM images of the microspheres prepared using 100:0
 (sample 16), 50:50 (sample 18) and 0:100 (sample 20) ratios
 of PLGA:PLA, which are presented in figure 7d–f. As the
 PLA fraction of the prepared microspheres increased, a
 slight enlargement of the particle size and a small expansion
 of the particle size distribution were observed. Because this
 result was not observed in samples 6–10, which did not
 contain RFP, this result can be attributed to the RFP addi-
 tion. Additionally, for samples 6–10, thef-potential due to
 anions decreased with increasing PLA content. That is,
 increasing the PLA content reduced the dispersion stability
 of the microspheres due to electrostatic interactions. It can
 be predicted that loading RFP into such microspheres would
 Figure 5. Simple mechanism of the degradation behaviour of PLGA/PLA microspheres.


Figure 6. Particle size and CV values of the RFP-loaded microspheres prepared with the
microhomogenizer and membrane emulsification technique at various blend ratios. (a) Microho-
mogenizer and (b) membrane emulsification technique,:Dp(lm); grey bars: CV values (%).



(8)further reduce the dispersion stability of microspheres.


Based on these considerations and the results shown in
 figures6b and 7d–f, when PLA is present in the micro-
 spheres, some aggregation occurs during the preparation of
 the microspheres, the particle size increases and the particle
 size distribution tends to expand. Thus, it is preferable to
 use PLGA as a base in the membrane emulsification tech-
 nique to prepare more uniform drug-loaded microspheres
 composed of biodegradable and biocompatible polymers.


3.4 Testing the release of RFP from the prepared
 PLGA/PLA microspheres


The release of RFP from the PLGA/PLA microspheres with
 various blend ratios was investigated at 37°C. Here, the
 release behaviours of samples 11–15, which were prepared
 using the microhomogenizer, and samples 16–20, which
 were prepared using the membrane emulsification tech-
 nique, were compared. The results are presented in figure 8.


Figure8a depicts the data for the samples prepared using
 the microhomogenizer. All the RFP contained in the PLGA-
 only microspheres (sample 11, symbol: ) were released
 after 3 days. On the other hand, 9 days were required for all
 the RFP to be released from the PLA-only sample (sample
 15, symbol: 9). Essentially, as the PLA fraction of the


microspheres increases, the release of the drug is slowed [36].


All the RFP-loaded microspheres prepared using the micro-
 homogenizer released 100% of the loaded RFP within 10
 days. Moreover, sample 14 (symbol:s, 25:75 PLGA:PLA
 ratio) exhibited the most suppressed release of RFP.


The release test results for the RFP-loaded microspheres
 prepared using the membrane emulsification technique were
 obviously different from those of the microhomogenized
 samples. A comparison of figure8a, b reveals that the RFP
 release of the microspheres prepared through membrane
 emulsification was clearly slower. In particular, none of the
 microspheres prepared using the membrane emulsification
 technique released 100% of the loaded RFP after 14 days
 (figure8b). The particle size of the microspheres produced
 using both techniques was*2.0lm; thus, the particle size
 should have almost no influence on the release behaviour.


Furthermore, the drug loading efficiency of all microspheres
 was *40%, ruling out the influence of different drug-
 loading efficiencies. Therefore, as shown in figure9, the
 different release behaviours are believed to be related to the
 regions of the particles where RFP is loaded. The release
 mechanism in figure9 was created with reference to the
 results of the previous study [23]. That is, the RFP loaded in
 the microspheres produced using the microhomogenizer
 tends to be present near the particle surface (figure9a),
 while the RFP in the microspheres produced using the
 Figure 7. SEM images of the RFP-loaded microspheres prepared using a microhomogenizer and membrane emulsification technique.


(a) Microhomogenizer; PLGA:PLA = 100:0 (sample 11), (b) PLGA:PLA = 50:50 (sample 13), (c) PLGA:PLA = 0:100 (sample 15),
(d) membrane emulsification technique; PLGA:PLA = 100:0 (sample 16), (e) PLGA:PLA = 50:50 (sample 18), and (f) PLGA:PLA =
0:100 (sample 20).



(9)membrane emulsification technique tends to be located
 inside the microspheres (figure9b). Depending on the
 localization of the drug within the particle, there will be
 significant differences in the leakage of the drug via diffu-
 sion to the outside of the particle. Therefore, the release rate
 of the drug from microspheres prepared using the two
 preparations technique is considered different.


As shown in figure 8b, *50% of the loaded RFP was
 released from PLGA-only microspheres (sample 16, sym-
 bol: ) prepared using the membrane emulsification tech-
 nique on the first day. Subsequently, the release behaviour
 slowed, and*80% of the loaded RFP was released by the
 14th day. Similarly, the PLA-only microspheres (sample 20,
 symbol: 9) released 6% of their RFP on the first day, fol-
 lowed by a slower release with *33% of the RFP having
 been released on the 14th day. Based on the RFP release
 behaviour of samples 16–20 in figure8b, the PLA fraction
 of the microspheres had a strong influence on the RFP
 release rate. This result was slightly different than the
 release behaviour observed in figure 8a. The microspheres


prepared using a microhomogenizer showed uneven RFP
 release behaviour due to their non-uniform particle size
 distribution. This release behaviour is believed to have
 caused the inconsistency between the release rate and the
 blend ratio. Because the microspheres prepared by the
 membrane emulsification technique were monodisperse, the
 amount of RFP released from the individual particles should
 show little variation. Additionally, at PLGA:PLA ratios of
 50:50 and 25:75 (D ands on figure8b), the RFP release
 behaviour was clearly controlled. These results confirm that
 well-controlled release behaviour can be achieved using
 50:50 or 25:75 PLGA/PLA microspheres. Based on the
 above results, it was also found that when drug-loaded
 microspheres were prepared using the membrane emulsifi-
 cation technique, the factors that could not be confirmed
 with microspheres prepared using a microhomogenizer
 could be confirmed more accurately.


4. Conclusion


In the present study, PLGA/PLA blend microspheres were
 prepared using either the microhomogenizer or membrane
 emulsification technique. The PLGA/PLA microspheres
 prepared using the membrane emulsification technique
 showed higher monodispersity than those prepared using
 the conventional solvent evaporation method with a
 microhomogenizer. The membrane emulsification tech-
 nique also suppressed phase separation during the particle
 preparation to yield consistently spherical particles. The
 fraction of PLA in the prepared PLGA/PLA microspheres
 allowed control over the degradation of the prepared
 microspheres. As a result, it may be possible to control the
 degradation rate in the future by adjusting the PLGA:PLA
 blend ratio when applying the microspheres in vivo.


Increasing the PLA fraction in the RFP-loaded
 Figure 8. Results of the RFP release tests for the microspheres prepared using both preparation


techniques. (a) Microhomogenizer;: PLGA:PLA = 100:0 (sample 11),h: PLGA:PLA = 75:25
 (sample 12), 4: PLGA:PLA = 50:50 (sample 13), s: PLGA:PLA = 25:75 (sample 14), and9:


PLGA:PLA = 0:100 (sample 15). (b) Membrane emulsification technique;: PLGA:PLA = 100:0
 (sample 16), h: PLGA:PLA = 75:25 (sample 17), 4: PLGA:PLA = 50:50 (sample 18), s:
 PLGA:PLA = 25:75 (sample 19), and9: PLGA:PLA = 0:100 (sample 20).



(a)  (b) 


2.0 μm 
 RFP 


2.0 μm 
 RFP 


Figure 9. Simple mechanisms for release behaviour of RFP
 from microspheres prepared using the two preparation techniques.


(a) RFP-loaded microspheres prepared using the microhomoge-
nizer. (b) RFP-loaded microspheres prepared using the membrane
emulsification technique.



(10)microspheres prepared using the membrane emulsification
 technique, slightly increased the particle size and slightly
 expanded the particle size distribution. The microspheres
 prepared using the microhomogenizer and membrane
 emulsification techniques clearly showed different RFP
 release rates, although the particle size and drug-loading
 efficiency were almost same. For this reason, it was sur-
 mised that the location of the encapsulated drug in the
 microspheres differs depending on the microsphere prepa-
 ration technique. Based on the polymer degradability, drug
 release behaviour, control of particle size and control of
 particle size distribution; the membrane emulsification
 technique was found to be more effective for the prepara-
 tion of DDS formulations using PLGA/PLA blends.
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