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Abstract

Two different PLGA samples (Resomer 502 and Resomer 506), either alone or in combinations, were used to prepare micro-
capsules. Microcapsules were prepared using a double emulsion solvent evaporation technique. The efficiency of encapsulation
increased significantly when a mixture of 1 part Resomer 506 and 7 parts Resomer 502 was used to prepare the microcapsules.
The efficiency of encapsulation of this batch was 23.7%, whereas the efficiency of encapsulations was only 13.9 and 9.8%,
respectively, when the microcapsules were prepared with 100% Resomer 502 or 100% Resomer 506. In contrast, irrespective of
the relative ratio of Resomer 502/Resomer 506, the median particle size of the microcapsules showed similar distribution pattern
with the median size lies between 49 andu88. The glass transition temperatuiig) decreased significantly (44.6-25@)
as the amount of Resomer 502 was increased in the formulation. The presence of Resomer 502 at lower concentration, along
with Resomer 506, initially reduced the “burst effect.” However, incorporation of a higher amount of Resomer 502 increased
the “burst effect.” Drug release from these microcapsules continued over 80 days. In conclusion, efficiency of encapsulation
increased significantly when Resomer 506 was mixed with Resomer 502 at a ratio of 1:7. Blending of Resomer 502 with Re-
somer 506 reduced the glass transition temperature, which resulted in higher amount of drug release throughout the dissolution
study.
© 2003 Elsevier B.V. All rights reserved.

Keywords:PLGA; Pentamidine; Formulation; Microcapsules; Solvent evaporation; Dissolution

1. Introduction have been developed during the last three decades and
several of these formulations have received worldwide
Microencapsulation of therapeutically active com- marketing approval@gawa et al., 1989; Okada et al.,
pounds in envelopes of biodegradable polymer has 1991; Okada, 1997 Most of these formulations are
become a well-established technology for controlled developed using aliphatic polyesters based on lac-
release drug deliverylLéwis, 199Q. Controlled re- tic acid and glycolic acid, poly(lactide-co-glycolide)
lease microcapsules of numerous therapeutic agents(PLGA). These copolymers have attracted much atten-
tion because the biodegradation rate of the copolymer
"+ Corresponding author. Tek:1-504-520-7442: is easily controlled by alltering its composition. As
fax: +1-504-520-7954. for example, biodegradation rate of lactide/glycolide
E-mail addresstmandal@xula.edu (T.K. Mandal). 50/50 (PLGA 50:50) is approximately 2 months,
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whereas, the biodegradation rate of lactide/glycolide Table 1 _
85/15 (PLGA 85:15) is approximately 5 months Description of formulations

(Lewis, 1990. Formulation Amount of PLGA Amount of
Besides composition, biodegradation rate also de- (9) in 5ml DCM pentamidine
pends on several formulation and processing factors RG 506 RG 502 (mg)

(Mi et al., 2002; Freier et al., 2002; Birnbaum and

Brannon-Peppas, 20p3Biodegradation rate controls g é'gg 675 11%%
the drug release from a PLGA microcapsule for- 0.50 1.00 150
mulation towards the latter part of the dissolution, D 0.50 1.25 175
whereas, the initial drug release from the formulation E 0.25 1.50 175
is governed by diffusion of drug through the polymer g 0.25 175 200

(O’'Donnell and McGinity, 199Y. Both biodegrada- _ 2.50 250

tion and diffusion also depend on the molecular weight Relative proportion of pentamidine/PLGA was maintained constant
of PLGA (Cha and Pitt, 1990 Blending of different 2 1:10-

molecular weight PLGA also provides the opportu- )

nity for a more controlled drug releasBdvivarapu ~ 2-2- Experimental methods

et al., 2000a; Kenawy et al., 2002initially and ) ) )
throughout the dissolution proceshen et al., 2000; Seven different formulations were prepared using
Wolfgang and Monika, 2002 Several investigators ~ Wo different PLGA samples (Resomer 502 and Re-
have also reported advantages of blending PLGA SOMer 506), either alone or in combinations (as listed
and/or other biodegradable polymetduatan et al., N Table ). Microcapsules were prepared by dou-
1995: Yeh et al., 1996; Jiang and Schwendeman, 2001; ble emulsion solvent evaporation technique. Following
Ambrosio et al., 2002; Chandy et al., 2002; Tsuiji the preparation, the freeze-dried microcapsules were

2003. sieved using a 42pm screen to remove large ag-
The primary objective of this study was to evaluate glomerated particles. The samples were analyzed for
the effect of blending of low molecular weighti() efficiency of encapsulation, particle size distribution,

and highM,, PLGA on the characteristics of micro- thermal characterization, weight loss and in vitro drug

capsules prepared by double emulsion solvent evapo_release. The relative proportion of t_he gmount of drug
ration technique. Pentamidine was used in this study and total amount of PLGA was maintained constant.

as a model drug.
2.3. Viscosity of PLGA solutions

2. Materials and methods A specific amount of PLGA or a mixture of PLGA
was dissolved in 5 ml of dichloromethane. The viscos-
2.1. Materials ity of the polymer solution was measured by a Brook-

field Synchro Lectric Viscometer (Brookfield Engi-

The high My, copolymer poly,L-lactic/glycolic neering Laboratories, Stoughton, MA, USA) at room
acid), PLGA 50:50 (RG 506; inherent viscos- temperature, using a number 4 spindle and a rpm set-
ity 0.8dl/g; My, 100,000) and lowM,, copolymer ting of 20. The viscosity was calculated in centipoise
poly(p,L-lactic/glycolic acid), PLGA 50:50 (RG 502; (cP) by measuring the force to turn the spindle in
inherent viscosity 0.2 dl/gyl,y 14,000) were obtained  the solution and using the standard Brookfield Factor
from Boehringer Ingelheim (Germany). The surfactant Finder chart. Each measurement was done in triplicate.
L-a phosphatidylcholine was obtained from Avanti
Polar-lipids, Inc. (Albaster, AL, USA). Pentamidine, 2.4. Preparation of microcapsules
polyvinyl alcohol (PVA;M,, 30,000-70,000; 98—99%
hydrolyzed), and dichloromethane (spectrophotomet-  Microcapsules were prepared using double emul-
ric grade), were obtained from Sigma Chemical Co. sion solvent evaporation techniqu®’Donnell and
(St. Louis, MO, USA). McGinity, 1997. Seven formulations, labeled A-G,
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were prepared by dissolving a specific amount of
pentamidine powder in 1 ml of deionized water fol-
lowed by emulsification in 5ml of dichloromethane
containing a specific amount of PLGAdble J). The
polymer solution was previously mixed with 2p0of
lipophilic surfactant.-a-phosphatidylcholine in chlo-
roform (8 mg/ml). The emulsification was carried out
by sonication at output 4 (50 W) for 30 s (ultrasonic
probe, Sonic & Materials Inc., Danbury, CT, USA).
The resulting emulsion was further emulsified in 2 ml
of an aqueous solution of polyvinyl alcohol (PVA;
1%) by vortexing for 15s and then diluted in 100 ml
of PVA aqueous solution (0.3%). The mixture was
stirred magnetically at 500 rpm for 3 h at room tem-
perature to allow complete evaporation of the solvent.
Pentamidine microcapsules were finally collected by
centrifugation at 3000 rpm and washed four times
with deionized water to remove any residual PVA
on the surface of the microcapsules. The microcap-
sules were later freeze-dried70°C; 6 x 10~ mbar)
(Labconco, Kansas City, KS, USA) to obtain a
free-flowing powder. Each formulation was prepared
in triplicate.

2.5. Particle size and morphology
Particle size and distribution was determined by a

Mastersizer 2000 laser scattering device (Malvern In-
struments Ltd., Malvern, UK). This technique mea-

253
2.6. Thermal analysis

Differential scanning calorimetry of pentamidine,
RG 502, RG 506, and pentamidine-loaded microcap-
sules (Formulations A—G) was performed using a DSC
2920 (TA Instruments, New Castle, DE, USA) in or-
der to characterize their physical state after encapsu-
lation. About 5 mg of a sample was weighed, crimped
into an aluminum pan and analyzed at a scanning rate
of 3°C/min. The glass transition temperatuig)was
calculated using TA universal analysis software by
extrapolating the linear portion of the thermograms
above and below the glass transition point and deter-
mining the midpoint.

2.7. Determination of total content

For each formulation, a 30 mg sample was dissolved
in 1 ml of dichloromethane. Forty milliliters of 0.15%
Tween 20 was added to the solution followed by ul-
tracentrifugation (35,000 rpm at 1&) to completely
separate the precipitated copolymer. The efficiency of
extraction and recovery of pentamidine was measured
independently with five different samples. The effi-
ciency of extraction was at least 99%.

2.8. Analysis

The amount of pentamidine in each sample was

sures the size of particles dispersed in a medium by determined by measuring the absorbance spectropho-

the scattering pattern of a laser light shown through

the medium. The size calculations assume the pres-

tometrically (Beckman DU 640, Fullerton, CA) at
262 nm and intrapolating the data to the pentamidine

ence of spherical particles. The samples were analyzedstandard curve. Each experiment was performed in
in a water medium and the Frauenhofer method was triplicate.

utilized to calculate the size distributions. For each

sample, a background run of deionized water was per- 2.9. Mass loss study

formed. A sample of microcapsules (5 mg) was added
to the deionized water in a small volume sample dis-
persion unit. After subtraction of the background, the
particle size distribution calculation was performed.
Each measurement was performed in triplicate.

The surface and internal morphology of the mi-

crocapsules were examined by scanning electron mi-

croscopy (SEM) (Hitachi S570, Gaithersburg, MD,
USA), fitted with an energy dispersive X-ray ana-

In an effort to monitor the mass loss or degrada-
tion of the microcapsules, fifteen samples from each
of the seven formulations (A—G), of 20 mg each were
weighed individually, and each sample was placed in
a 50ml polypropylene tube and incubated in 40 ml
of phosphate buffer (pH 7.4) with constant shaking
(20rpm) at 37C. At each of the preset sampling time,
three samples were filtered through Millipore filter

lyzer (EDXA). Samples for SEM were mounted on (0.2um) and washed with 15 ml deionized water. Each
metal stubs and coated with gold to a thickness of of the filtered samples was weighed accurately after
200-500A. drying.
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2.10. In vitro dissolution studies are generally smooth, spherical and provide sus-
tained drug release. However, the properties of these
For each formulation, a 20 mg sample of the mi- microcapsules are greatly influenced by the physic-
crocapsules was transferred in a 5cm long dialysis ochemical characteristics of the drug, the polymer,
tube (5.7 mm diameteMl,, cut off 15,000) (Spectrum  the organic solvent used in their preparation, and the
Laboratories, Rancho Dominiguez, CA). The tube was emulsification processAfex and Bodmeier, 1990
filled with 1.5 ml of phosphate buffer (pH 7.4) and Aqueous solubility of a drug is one of the most impor-
sealed. The sealed tube was immersed in a polypropy-tant physicochemical characteristics, which influences
lene tube containing 40 ml of phosphate buffer as the the efficiency of encapsulation in PLGA. Efficiency
dissolution medium. The polypropylene tubes were in- of encapsulation of water soluble drug is often low
cubated in a water bath at 3C with constant shaking  (Mandal, 1999 and several attempts have, therefore,
at 20 rpm. The total amount of the dissolution medium been made to increase the efficiency of encapsula-
(40ml) was replaced with fresh phosphate buffer at tion by changing processing parameters such as inner
preset time intervals. The amount of pentamidine in agueous phase/polymer phase volume ratio and the
the dissolution medium was analyzed spetrophotomet- polymer phase viscosityQ’Donnell and McGinity,
rically at 262 nm. After completion of the dissolution 1997; Pean et al., 1998; Ravivarapu et al., 2000b
study, any residue of microcapsules in the dialysis tube the present study, an attempt was made to improve
was removed and analyzed for the presence of residualthe efficiency of encapsulation of a model water sol-
pentamidine. Dissolution studies of each formulation uble drug, pentamidine, by blending a Idvy, (RG

were repeated three times. 502) and a highvly, (RG 506) PLGA. Besides the
efficiency of encapsulation, the effect of blending
2.11. Curve fitting was also measured by evaluating the particle size

distribution, particle morphology, DSC thermograms,
Curve fitting was performed using SigmaPlot dissolution, and weight loss.
graphic software package, version 7.0 (SPSS Inc.,
Chicago, IL, USA). The dissolution data obtained 3 1. particle size and morphology
between 5h and 35 days were fitted to the equation

and the best fit parametetsgndn) were calculated. The results of the particle size analysis are listed in

Table 2 The sizes of the microcapsules were not sig-

nificantly different from one formulation to the other.

The median patrticle size, based on vol.% of the micro-
The efficiency of encapsulation of pentamidine, capsules, from different batches was between 49 and

amount of drug released from the different formula- g3,,m. The particles were all smaller than 168.

tions of microcapsules during the in vitro study, and The distribution of particles within each formulation

percent weight remaining at different time intervals

were compared by Proc GLM using SAS software

package. In the presence of significant difference, a Table 2 ) ) ) -~

Comparison of the pairwise means was performed Us- Effect of PLGA blending on the particle size and glass transition

2.12. Statistical analysis

. , . temperature Tg)
ing Student—Newman-Keul's (SNK) multiple range
test. AP value of <0.05 was considered as evidence Formulation Median 80% confidence  Tq (°C)
of a significant difference. size {m) (m)
A 69 37-124 46.05
B 49 23-90 44.07
, _ c 70 35-131 37.59
3. Results and discussion D 68 34-127 3536
E 70 31-141 35.48
The double emulsion solvent evaporation tech- F 83 32-163 35.39
nique is one of the most commonly used methods for © 66 24-152 25.44

microencapsulation of drugs. These microcapsules Ty for RG 506: 42.17C and RG 502: 34.95C.
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Fig. 1. Particle size distribution of the microcapsules (Formulations A-G)._.(A) ; B) — _— ; (C) ——_; (D) ——__; (E)

showed similar distribution patterrFig. 1). In gen-
eral, blending of PLGA did not influence the size and
distribution of microcapsules.

Fig. 2shows the SEM pictures of the microcapsules.
The shape of the microcapsules from different formu-
lations was spherical but the surface morphology was
different. The surface of the microcapsules contain-
ing only the highM,, PLGA (RG 506) appeared to
be rugged and porous. However, incorporation of low
Mw PLGA (RG 502) reduced the ruggedness. The mi-
crocapsules containing 1:2.5 or higher proportion of
low My PLGA appeared to be smooth and spherical
with relatively fewer pores. During the microencap-
sulation of drugs using solvent evaporation technique
(w/o/w), the polymers precipitate on the surface of the
liquid emulsion followed by evaporation and/or ex-
traction of the organic solvent. In the present study,
the PLGA solution precipitated on the liquid droplets
and produced a thin coating due to evaporation of

ference in internal morphology, observed between the
microcapsules from a particular formulation was com-
parable to the difference observed between the micro-
capsules from different formulationBig. 2(H) shows

the internal morphology of Formulation F. This SEM
micrograph revealed a porous internal morphology in-
cluding arelatively large pore near the center of the mi-
crocapsule. The porous internal structure is the charac-
teristic of in-water solvent evaporation method. During
the polymer precipitation, the organic solvent evapo-
rates and the aqueous phase containing the drug traps
into the matrix. Once the microcapsules are dried, the
agueous pocket becomes a pore. During the process
of polymer precipitation, more aqueous phase from
the external environment diffuses in and results in a
larger pore. The relatively larger pore inside the matrix
may also result from the coalescence of the aqueous
droplets inside the matrix.

dichloromethane. One would expect a smooth surface 3.2. Thermal analysis

when the viscosity of the solution is relatively low and
facilitates uniform distribution throughout the surface.
In our study, the viscosities of the first three formu-

DSC thermograms ifrig. 3 show that the charac-
teristic peak for the melting of pentamidine at T@2

lations (A—C) were 740 cP or higher, which made the was absent in the microcapsules with less than 14%
uniform spreading difficult and resulted in a rugged efficiency of encapsulation, and started to appear in
surface. The presence of relatively larger pores in thesesamples with higher drug loading. In the process of
three formulations also indicates a rapid evaporation preparation of microcapsules, the polymer is loaded
of dichloromethane. A cross-sectional view of the mi- with drug in solution. Upon evaporation of the sol-

crocapsules from different formulations was studied vent, the drug can either crystallize or remain in a
and no significant differences were observed. The dif- dissolved state in the polymer. If the drug remains in
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Fig. 2. Typical SEM photographs of the microcapsules. Formulations A-G; (H) cross-sectional view of the microcapsules (Formulation F).
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Fig. 3. DSC thermograms of pentamidine: Formulations A-G, Resomer 502, and Resomer 506.

a dissolved state in the polymer, the peak for melt- 3.3. Efficiency of encapsulation

ing of the drug will be absent. This appears to be the

case for the microcapsules with efficiency of encap-  Efficiency of encapsulation of pentamidine was de-
sulation less than 14%. If the drug crystallizes during termined by measuring the total amount of pentami-
the preparation of the microcapsules, the melting peak dine present in each 30 mg sample (i.e. core loading
of the drug will appear in the DSC thermogram of the experimental), and comparing this value with the ex-
microcapsules. This is observed in Formulations F and pected amount of pentamidine in each of the samples
G. The smaller melting peak observed in these micro- based on the drug loading during the preparation (i.e.
capsules can be explained as follows: when the effi- core loading theoretical). Blending of PLGA showed
ciency of encapsulation is 14% or higher, the polymer a significant ¢ < 0.05) effect on the efficiency of
becomes saturated with the drug, and the remainderencapsulation. The efficiency of encapsulation varied
of the drug crystallizes out. This is further confirmed from 7 to 24%. The sample prepared with a 20% so-
by the relative size of the peaks in Formulations F and lution of RG 506 PLGA in DCM showed the highest
G. Formulation F, which has a higher efficiency of viscosity (900cP). The efficiency of encapsulation
encapsulation, shows also a larger peak for the melt- in these microcapsules was 9.8% (Formulation A).
ing of pentamidine. There was a change in the glass Blending of RG 502 with RG 506 reduced the overall
transition temperature of PLGA in the microcapsules viscosity of the PLGA solutions and also the effi-
compared to the pure PLGA (RG 506: 42; RG 502: ciency of encapsulation (but the difference was not
35°C). The Ty for Formulation A, which contains  statistically significant) until the total PLGA con-
only the highMy, PLGA increased slightly compared centration increased to 40% and the RG 506:RG
with the pure PLGA. On the other hand, the process- 502 ratio to 1.7 (Formulation F). The efficiency of
ing conditions and excipients drastically reduced the encapsulation of this Formulation F was 23.7%. For-
Ty for the Formulation G, which contains only the mulation G prepared with only lowl,, PLGA (50%
low My, PLGA. Blending of PLGA also shifted the solution of RG 502 in DCM) showed the lowest vis-
Ty of the formulations towards thg; of the low My cosity (100cP). The efficiency of encapsulation of
PLGA. this batch was also significantly reduce®l £ 0.05)
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Table 3
Effect of PLGA blending on the efficiency of encapsulation
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Formulation RG 506:RG Efficiency of Results of SNR Results of regression model, EEC x
502 (ratio) encapsulation - -

(%) (EE) PLGA concentration P value _\ﬁscosny P value
(mean+ S.D.) in DCM (%) (C) in cP ()

A 1.0 9.8+ 0.8 F>G=A=C 20 <0.0001 900 0.218

=E=D=8B

B 1:1 6.8+ 0.4 30 740

C 1:2 8.6+ 1.3 30 760

D 1:2.5 6.9+ 0.9 35 520

E 1:6 7.9+ 1.0 35 150

F 1:7 23.7+ 2.7 40 200

G 0:1 139+ 14 45 100

@ Student-Newman—Keul's multiple range test.

compared with Formulation F. In general, blending of
PLGA showed a significant effect on the efficiency
of encapsulation. The total concentration of PLGA
in these formulations increased from 20 to 50%, but
the blending of lowM,y, PLGA reduced the viscosity
of the samples from 900 to 150cP. In an effort to
identify the factor(s) responsible for this change in ef-
ficiency of encapsulation, a linear regression analysis
was performed using the following modédd. (1):

1)

where EE is the efficiency of encapsulati@hjs the
concentration of PLGA, ang is the viscosity of the
solution. The results of the regression analysis are
listed in Table 3 Apparently, the effect of viscosity
was not statistically significant?(> 0.05), whereas,
the PLGA concentration showed a significant effect
(P < 0.05) on the efficiency of encapsulation. How-
ever, the microcapsules prepared with 50% PLGA
(Formulation G) showed significantly lower -effi-
ciency of encapsulation (13.9%) compared with the
microcapsules prepared with 40% PLGA (23.7%,
Formulation F). This contradiction may be due to a
change in the glass transition temperaturg) (vhen
the microcapsules were prepared with only the low
Mw PLGA. TheTj for this formulation was 25.44C,
which was significantly lower than the other formu-
lations. Several investigators have reported similar
observations concluding that efficiency of encapsula-
tion of water soluble drugs during solvent evaporation
method is inversely related with thig (Chen et al.,
1994; Goedemoed et al., 1991

EE=C xn

3.4. Mass loss study

Fig. 4 shows the weight percentage remaining at
a specific sampling time. Mass loss during a speci-
fied sampling period was determined by measuring the
residual weight using the followingq. (2}

Mass losg%) = initial weight — residual weight
o initial weight

%100 )

The initial mass loss during the first two weeks
was between 17 and 23% for the various formula-
tions. However, the differences between the various

100
80
60

40

Weight Percent Remaining

20

20 30 40 50 60 70 80

Time (Days)

Fig. 4. Degradation profiles of the microcapsules over time: For-
mulation A (@); Formulation B (O); Formulation C ¥); Formu-
lation D (v); Formulation E W); Formulation F [J); Formulation

G (®).
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formulations were not statistically significant. The amount of pentamidine near the surface. These two
differences in mass loss at the end of four or six weeks formulations also contained a larger amount of poly-
were also not statistically significantP( < 0.05), mer. The presence of a larger amount of polymer
despite some differences among formulations. For- was expected to reduce the burst release by form-
mulation F, which contains the highest amount of ing a dense polymer coating on the surface of the
pentamidine, showed the minimum mass loss at the microcapsules. However, these formulations contain
end of eight weeks. This formulation also contains either a very low amount or none at all, of the high
the highest amount of lowly, PLGA (1:7) compared ~ M,, PLGA. Thus, use of lonM,, PLGA may have
with the other four formulations (B—E) containing increased the diffusion of pentamidine through the
PLGA blends. Thus, blending of PLGA did not signif- microcapsules’ wall. Fifty percent of the drug from
icantly change the microcapsules’ weight loss during these two formulations was released within 1.8 and
our eight weeks study. Otherwise, we may have failed 13.3 h, respectively. Formulation A showed 50% drug
to see the change because of relatively high standardrelease within 6 days, whereas blending ldwy
deviation associated with these experiments due to PLGA, as low as 1:2, reduced the rate of drug release

such a small sample size. significantly (P < 0.05) with 50% drug release shifted
to 23 days (Formulation C). Formulation D showed
3.5. In vitro dissolution studies the slowest drug release with fifty percent release at

32 days. Since Formulation A contains only the high

Fig. 5 shows the dissolution profiles of pentami- My PLGA, one would expect slower release from
dine from the microcapsules up to 80 days. The burst these microcapsules, but other formulations contain an

release was measured by determining the initial drug overall higher amount of total PLGA. Overall, higher
release at 30 min. The last two formulations (F and amounts of total PLGA may have produced a denser
G) showed significantly highK < 0.05) burst re- polymer wall and reduced drug dissolution from these
lease compared with the other formulatiofalfle 4. formulations, except Formulations F and G. The faster
These two formulations showed the highest amount drug release from the last two formulations, F and
of the incorporated drug, and thus may have a higher G, may be due to a larger initial burst release which

100

80

60

40

Cumulative Percent Released

20 ¥

0 T T T T T
0 20 40 60 80

Time (Days)

Fig. 5. Dissolution profiles of the microcapsules: Formulation @);( Formulation B (O); Formulation C ¥); Formulation D §);
Formulation E W); Formulation F [J); Formulation G #).
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Table 4
Effect of PLGA blending on the dissolution
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Formulation Burst release Results of SNR Ts0% Results of SNR
(%) (day)
A 14.1 F>G>A=E=B=D=C 6.3 D=C=E>A=B=G=F
B 10.3 3.7
C 5.7 23.1
D 8.8 31.8
E 13.7 18.6
F 36.0 0.1
G 28.6 0.6

8 Student-Newman—Keul's multiple range test.

resulted in a higher cumulative release at any given dicates the drug release mechanism. The valueisf

time.

The effect of blending of PLGA on the diffusion
kinetics was evaluated by curve fitting the dissolution
data to theEq. (3)

M;
Moo

= Kt"

®3)

where M;/My, is the fractional release of the drug
in time t, k is the kinetic constant, and is the dif-
fusional exponent for drug release. The best fit pa-
rameters along with the coefficient of determination
(R?) values obtained from the curve fitting are listed
in Table 5 The high values oR? suggest that this
equation provides a good fit for the dissolution data.
A comparison of the kinetic constank)(values re-
vealed that the value for the formulation contain only
the highMy, PLGA (Formulation A), is significantly
low compared with the formulation contain only the
low My, PLGA (Formulation G). The parametafin-

Table 5
Effect of PLGA blending on the diffusion kinetics: best-fit param-
eters,k andn, based on equatio®; /M., = Kt"

Formulation  Kinetic Diffusional Coefficient of

constant K) exponent i) determination
(R

A 0.273 (0.003) 0.167 (0.00%) 0.997

B 0.375 (0.008) 0.168 (0.008) 0.992

C 0.393 (0.019) 0.180 (0.019) 0.987

D 0.248 (0.004) 0.187 (0.006) 0.996

E 0.319 (0.004) 0.149 (0.005) 0.997

F 0.601 (0.005) 0.056 (0.003) 0.987

G 0.530 (0.005) 0.066 (0.004) 0.987

@ Standard deviation of three independent reading.

0.5 for Fickian diffusion and 1 for Case Il diffusion.

A value of n greater than 0.5 but less than 1 indi-
cates a non-Fickian or anomalous diffusion, which is
a mixture of Fickian and Case Il diffusion. When

is greater than 1 the drug release occurs through the
super Case Il diffusionShah et al., 1993; Mandal,
1995. The listed values oh (Table 5§ indicate that
the release of pentamidine from these formulations did
not follow any one of these mechanisms directly. The
values ofn were all less than 0.2 indicating a failure
to follow either the Fickian or Case Il diffusion mech-
anism. The release of drug from a biodegradable ma-
trix greatly depends on the biodegradation rate of the
polymer. The PLGA matrix started degrading as early
as 7 days and between 17 and 23% of the matrix loss
was observed within 14 dayfif. 4).

4. Conclusions

PLGA polymer has been used for more than two
decades for the development of controlled release mi-
crocapsules of drugs. A wide variety of PLGA poly-
mers are currently available commercially to achieve
desired physicochemical characteristics of these mi-
crocapsules. One of the most important criteria for
evaluation of these microcapsules is the efficiency of
encapsulation.

In our present study, efficiency of encapsulation in-
creased significantly when Resomer 506 was mixed
with Resomer 502 at a ratio of 1:7 (Formulation F).
The presence of pentamidine in this formulation (F)
was confirmed through DSC. However, this formu-
lation also showed significantly high “burst release,”
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which implies that a major portion of the encapsulated  microspheres based on polyphosphazene. J. Control. Rel. 170,
pentamidine was deposited near the surface. The sur- 245-258.

: o | Ml Huatan, H., Collett, J.H., Attwood, D., Booth, C., 1995. Preparation
face of the mlcrocapSUIes containing Only the and characterization of poly(epsilon-Caprolactone) polymer

PLGA (RG 506) appeared to be rugged and porous. blends for the delivery of proteins. Biomaterials 16, 1297—

When low My, PLGA (RG 502) was incorporated, 1303.
the ruggedness was reduced. Microcapsules contain-Jiang, W., Schwendeman, S.P., 2001. Stabilization and controlled
ing low My, PLGA in a ratio of 1:2.5 or higher ap- release of bovine serum albumin encapsulated in paly(

: lactide) and poly(ethylene glycol) microsphere blends. Pharm.
peared to be smooth, spherical and less porous. Res. 18, 878.885.

In summary, blendmg of different ratios of low and Kenawy, el-R., Bowlin, G.L., Mansfield, K., Layman, J., Simpson,

high molecular weight PLGA significantly improved D.G., Sanders, E.H., Wnek, G.E., 2002. Release of tetracycline
some of the desired physicochemical characteristics  hydrochloride from electrospun poly(ethylene-co-vinylactate),
of the drug-filled microcapsules. Blending of differ- poly(lactic acid), and a blend. J. Control Release. 81, 57—
entM,, of PLGA can also produce controlled release 64. ) .
. . . . Lewis, D.H., 1990. Biodegradable polymers as drug delivery
microcapsules with desired drug release profiles. systems. In: Chasin, M., Langer, R. (Eds), Drugs and
Pharmaceutical Sciences, vol. 45. Marcell Dekker, New York,
pp. 1-42.
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