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Abstract In vitroand in viw release of thyrotrophin releasing hormone 
(TRH) from copoly(dMacticlglycolic acid) (PLGA) microspheres were 
evaluated. Factors affecting the TRH release from the microspheres 
were examined to clarify the release mechanisms by changing the 
medium composition in the in vitro release test. The hydrolysis rate 
of PLGA, the matrix-forming substance in the microspheres, was faster 
in acidic medium than in neutral medium. The release rate of TRH 
from the PLGA microspheres increased with the increase in the 
degradation rate of PLGA. A decrease in an osmolarity of the medium 
also caused an increase in the TRH release rate even though no 
significant change in PLGA degradation was observed. The effect of 
osmolarity appears to be characteristic of water-soluble drug-containing 
microspheres composed of hydrophobic polymer. The release rate 
of TRH from PLGA microspheres was largely affected by the medium 
composition in the in vifro release test. A proper choice of medium 
was found to be important for the estimation of in vivo release. The 
in vivo release rate of TRH from the PLGA microspheres following 
administration to rats correlated with the in vitro release in pH 7, 
M buffer. 

Introduction 
Thyrotrophin releasing hormone (TRH) is currently being 

developed as a CNS-stimulating drug, and we have been able to 
produce sustained-release copoly(dl-lactic/glycolic acid) (PLGA) 
microspheres containing this peptide122 despite its high water 
solubility. The microspheres which represent a small initial burst 
followed by a constant sustained release of TRH for long duration 
could be prepared by utilizing ionic interactions between the 
basic functional groups of TRH and the carboxylic end terminal 
of PLGA to form a rigid matrix.' The rate of TRH release was 
found to vary with the degradation rate of PLGA, controlled by 
the molecular weight and the lactic/glycolic ratio2of the polymer. 
The TRH seemed to be released with the degradation of PLGA. 

Many studies on the release kinetics of drug-containing PLGA 
microspheres have been reported and reviewed.3-5 However, 
only a few studies have dealt with the sustained release of water- 
soluble drugs, probably due to the difficulty in controlling the 
release, and most of the reports dealing with successful controlled 
release of highly water-soluble drugs were restricted to luteinizing 
hormone-releasing hormone (LH-RH) anal0gues.w The release 
rate of the drug from sustained-release dosage forms has been 
shown to vary widely with the water solubility of the drug.9 

Since TRH is more soluble in water than LH-RH analogues, 
the microspheres containing TRH should represent typical 
release profiles for the microspheres containing highly water- 
soluble drugs. In the present study, factors which affect the 
TRH release from PLGA microspheres were investigated to 
clarify the release mechanisms. 

Experimental Section 
Materials-TRH synthesized in the Pharmaceutical Production 

Research Laboratories of Takeda Chemical Industries, Ltd. (Osaka, 
Japan) was used. Copoly(d1-lacticlglycolic acid) (copolymer ratio of 
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75/25, weight average molecular weight of 11 000, abbreviated as PLGA) 
was supplied by Wako Pure Chemical Industries, Ltd. (Osaka, Japan). 

Preparation of PLGA Microspheres-PLGA microspheres were 
prepared using an in-water drying method as reported previously.' In 
brief, 0.5 g of TRH was dissolved in 0.3 mL of water, and 4.5 g PLGA 
was dissolved in 5.6 mL of dichloromethane. These solutions were 
vigorously homogenized with a Polytron (Kinematica Gmbh, Luzen, 
Switzerland) for a few minutes to make a water in oil emulsion. The 
emulsion, after being cooled to prevent the evaporation of dichlo- 
romethane, was poured into 1000 mL of 0.25% polyvinyl alcoholaqueous 
solution under stirring and the resulting mixture was stirred for a few 
minutes tomake a water in oilin water (W/O/W) emulsion. Toevaporate 
the dichloromethane, the W/O/W emulsion was further stirred gently 
with a propeller mixer for 3 h. The resulting microspheres were collected 
by centrifuging, rinsed with water three times, and then lyophilized into 
a powder. The shape and surface characteristics of the dried micro- 
spheres were examined with a scanning electron microscope (Model JSM 
T-300, JEOL Co., Ltd, Tokyo, Japan). 

D e t e r m i n a t i o n  of  t h e  TRH C o n t e n t  i n  t h e  M i c r o -  
spheres-Microspheres were dissolved in 10 mL of dichloromethane 
and 20 mL of '/30 M phosphate buffer, pH 6.0, and the TRH in the buffer 
layer was assayed using high-performance liquid chromatography (HPLC, 
Shimadzu LC-5A) with an ultraviolet (UV) detector as follows: column, 
Zolbax ODS (250 mm in length, 4.6 mm i.d.); column temperature, room 
temperature; mobile phase, a mixture of 20 mL of acetonitrile and 300 
mL of l /m M phosphate buffer, pH 6.7; flow rate, 0.8 mL/min; wavelength, 
215 nm. The recovery of TRH spiked into placebo microspheres during 
the above extraction procedure was 100.5%, indicating the valid 
evaluation of the drug content in the microspheres. 
In Vitro Release Studies-The in uitro release of TRH from 

microspheres was determined as described previous1y.l Microspheres 
(50 mg) were suspended in dissolution medium containing 0.02% Tween 
80 at  37 "C. The amount of residual TRH in the microspheres was 
determined using the analytical method described above after filtering 
of the microspheres with a 1.2-pm Milipore filter. When the effects of 
dissolution medium pH on TRH release were examined, citrate- 
phosphate buffer was used to adjust the pH, and the ionic strength of 
the medium was kept constant (p  = 0.5) with potassium chloride. When 
the effects of buffer concentration were examined, the ionic strength 
was also kept constant ( p  = 0.5) a t  pH 7. The effects of ionic strength 
and osmotic pressure were examined in l/30 M citrate-phosphate buffer 
a t  pH 7. Mannitol was used to adjust osmolarity to differentiate the 
effect of osmotic pressure from that of ionic strength. 
In Vivo Release Studies-The in v i m  release was evaluated as 

described previously.2 The microspheres were injected sc into rats after 
being dispersed in vehicle containing 1 % sodium (carboxymethy1)- 
cellulose and 0.5 % Tween 80. Microspheres were periodically excised 
and homogenized in 10 mL of '/SO M phosphate-buffered saline (PBS) 
containing 0.02% Tween 80, pH 6.0, using a Polytron. The homogenate 
was then shaken with an additional 10 mL of the PBS solution and 10 
mL of dichloromethane. The resultant was then centrifuged, and the 
drug content in the aqueous layer was analyzed using HPLC. 

Determination of the Average Molecular Weight-The molecular 
weight of the polymer was determined by a gel permeation chroma- 
tography procedure (GPC) under the following conditions using a 
polystyrene reference standard column, Shimpack HSG 409, HSG 305, 
HSG 20s and two columns of HSG 15s; mobile phase, THF; flow rate, 
1 mL/min; column temperature, 50 "C; polystyrene standard MW, 92 600, 
50 000,19 000,9000,4000,2100,800 (purchased from DuPont);detection, 
refractive index (Shodex RI SE-31, Showa Denko KK). The PLGA 
molecular weight during the in uitro release study was evaluated by 
determining the polymer in the dichloromethane layer during the in 
vitro release determination procedure. The polymer, extracted by 
evaporating 5 mL of the dichloromethane layer, was dissolved in 0.5 mL 
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Flgure 1-Effect of medium pH (p  = 0.5) on the decrease of weight 
average molecular weight of PLGA in the TRH microspheres. Key for 
medium pH: (A) pH 5; (m) pH 6; (0) pH 7. 

of tetrahydrofuran (THF) and 50 pL of the THF solution was injected 
into the GPC equipment. The average molecular weight was calculated 
with reference to the polystyrene standard using microcomputer software 
developed by Shimadzu. The molecular weight was expressed as the 
weight average molecular weight. 

Weight Changes in tb.e Release Study-Weight changes were 
evaluated after the residual degraded microspheres were vacuum dried 
for overnight. 

Results and Discussion 

(1)  Effect of Medium Composition in the in VitroRelease 
Study-in order to investigate therelease mechanism, the effects 
of the pH, buffer concentration, ionic strength, and osmotic 
pressure of the dissolution medium of TRH release were studied 
in the in uitro release test. Simultaneously the changes in PLGA 
molecular weight were evaluated to examine the correlation 
between the erosion of the polymer and the drug release. 

(a) Effect of pH-The effects of medium pH on TRH release 
and PLGA degradation were studied in the pH range of 5-7 at  
p = 0.5. A concentrated buffer (0.2 M) was used as the medium 
to prevent pH changes caused by the formation of PLGA 
degradation products during the in uitro release test. Figure 1 
shows the changes in PLGA molecular weight in the in uitro 
release study with different medium pH. The rate of PLGA 
degradation increased with a decrease in the medium pH. As 
Chu reported10 previously, protons accelertaed the rate of PLGA 
degradation. With the increase in the degradation rate of PLGA, 
TRH release was accelerated (Figure 2). These results indicate 
that the rate of TRH release from PLGA microspheres is 
mediated by the degradation of PLGA. 

(b)  Effect of Buffer Concentration-The effect of buffer 
concentration of the medium on TRH release was also studied 
at pH 7 ( p  = 0.5). As shown in Figure 3, the degradation rate 
of PLGA in a dilute buffer was slightly faster than those in a 
concentrated buffer after 2 weeks. This is probably due to the 
more rapid pH reduction in the dilute buffer caused by the 
degradation product of PLGA after 2 weeks; medium pH after 
3 weeks was 5.6 for 1/30 M buffer and 6.8 for 0.2 M buffer. The 
release rate of TRH in '/30 M buffer increased slightly after 3 
weeks in the dilute buffer, corresponding to the PLGA degra- 
dation (Figure 4). However, the increase in the release rate was 
quite small. The effect of buffer concentration on TRH release 
from PLGA microspheres was found to be small. 

( c )  Effect of Buffer Species-The effect of buffer species on 
TRH release from PLGA microspheres was examined. Figure 
5 represents the TRH release in '/30 M phosphate buffer and '/30 
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Flgure 2-Effect of medium pH (p  = 0.5) on the TRH release from the 
PLGA microspheres. Key for medium pH: (A) pH 5; (.) pH 6; (0) pH 7. 
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Figure 3-Effect of buffer concentration of the medium on the decrease 
of weight average molecular weight of PLGA in the TRH microspheres at 
pH 7 (p = 0.5). Key for buffer concentration: (A) M; (A) 0.05 M; 
(0) 0.1 M; (0) 0.2 M. 
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Figure 4-Effect of buffer concentration on the TRH release from the 
PLGA microspheres at pH 7 (p = 0.5). Key for buffer concentration: (A) 

M citrate-phosphate buffer. No significant difference in the 
release rate of TRH was observed between these two buffers. 

(d)  Effect of Ionic Strength and Osmotic Pressure-& shown 
in Figure 6, the effect of ionic strength ( p  = 0.08-0.5) of the 
medium was studied in '/30 M, pH 7 citrate-phosphate buffer. 
The osmotic pressure of the medium varies with the changes in 
ionic strength as described in the figure legends. No significant 
difference was observed in the PLGA degradation with the 

M; (A) 0.05 M; (0) 0.1 M; (0) 0.2 M. 
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Flgure 5-Effect of buffer species on release profiles of TRH from PLGA 
microspheres. Key for buffer: (0) citrate-phosphate buffer (0) phosphate 
buffer M, p = 0.08). 
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Figure 6-Effect of ionic strength and osmotic pressure on the decrease 
of weight average molecular weight of PLGA in the TRH microspheres. 
Key for ionic strength: (0) 1.1 = 0.08 (65 mOsm); (0) p = 0.2 (292 mOsm); 
(A) p = 0.5 (858 mOsm); (A) mannitol (858 mOsm). 
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Figure 7-Effect of ionic strength and osmotic pressure on the TRH release 
from the PLGA microspheres. Key for ionic strength: (0) p = 0.08 (65 
mOsm); (0) p = 0.2 (292 mOsm); (A) 1.1 = 0.5 (858 mOsm); (A) mannitol 
(858 mOsm). 

changes in ionic strength or osmotic pressure of the medium in 
this range. However, an increase in the ionic strength or the 
osmotic pressure of the medium greatly retarded the release of 
the drug from the microspheres (Figure 7). When only the 
osmotic pressure of the medium was raised to 858 mOsm 
(equivalent to citrate-phosphate buffer, p = 0.5), the release 
rate of TRH decreased greatly. As the solubility of TRH in the 
dissolution medium was more than 100% (w/v), regardless of 
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Figure 8-TRH release and weight changes of PLGA microspheres in 
vivo. Key: (0) remaining TRH; (0) microsphere weight; (A) PLGA weight. 
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Flgure 9-TRH release and weight changes of PLGA microspheres in 
vifro. Key: (0) remaining TRH (0) microsphere weight; (A) PLGA weight. 

Table I-Effect of Osmotic Pressure on in VHro Release of TRH 
from the PLGA Mlcrospheres at 37 OC 

Released ( YO ) 
Saline Mannitol 

Time (h) Water (isotonic) (isotonic) 

4 40.2 2.0 1.5 
8 55.9 2.5 2.8 

24 59.5 3.1 3.9 

the buffer composition used in this study, complete sink condition 
should be maintained in the in uitro release study. Therefore, 
changes in the solubility of TRH in the dissolution medium 
should not be involved in the retardation of TRH release in case 
of the low medium osmolarity. Consequently the decrease in 
osmolarity of the dissolution medium was considered to be the 
predominating factor to the release rate of TRH. As shown in 
Table 1, there is a marked difference in the release kinetics of 
TRH microspheres between water and isotonic solution as 
dissolution media. The effect of osmotic pressure on the TRH 
release from the microspheres was confirmed. 

It  has recently been reportedgJ1 that the osmotic pressure 
plays a significant role in the transport of chemicals through 
polymeric matrix. During the degradation of polymer matrix 
containing a water-soluble drug, two hydrophilic regions are 
separated by the hydrophobic polymer wall microscopically; one 
region is inside the microspheres and the another is outside the 
microspheres. The hydrophobic polymer wall first degrades to 
the extent that only water can pass through the wall while the 
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Flgure 10-Scanning electron micrographs of TRH microspheres during in vitro and in vivo release studies. 

drug molecule cannot. After the water penetration, an osmotic 
pressure difference inside and outside of the microspheres leads 
to transformation or destruction of the polymer wall, resulting 
in an enhanced rate of drug release. In a maximum case, an 
osmotic pressure equivalent to a saturated drug solution in the 
microspheres should become higher with a decrease in molecular 
weight as well as an increase in the water solubility of the drug. 
Therefore the microspheres containing TRH, a highly water- 
soluble (>50%) w/v), low molecular weight (362.4) drug, yield 
a high osmotic pressure inside the microspheres, 1380 mOsm if 
the osmotic pressure of a 50% TRH solution were calculated 
simply assuming that factors such as solvation of interionic forces 
could be omitted. This high pressure inside the microspheres 
leads to the high pressure difference between the inside and 
outside, which tends to destruct or transform the polymer wall. 

(2) In Vivo Release in Comparison with in Vitro 
Release-Figure 8 represents in in vivo TRH release from PLGA 
microspheres and weight changes in residual degraded micro- 
sphere following the administration into rats. The release rate 
correlated well with the in vitro release in l/30 M, pH 7 phosphate 
buffer and phosphate-citrate buffer as shown in Figure 5. Hence, 
the in vivo release kinetics was measured and compared with 
the in vitro release in the buffer. The weight changes in PLGA 
microspheres and the in vitro drug release from the microspheres 
in l/30 M phosphate buffer are shown in Figure 9. The weight 
changes of the polymer were calculated by subtracting the amount 
of TRH remaining in the microspheres from the total weight. 
As the buffer volume which penetrate into the microspheres was 
about 0.5 pL/mg of microsphere, the amount of buffer species 
as a result of diffusion of dissolution medium could be negligible. 
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The weight decrease of the microspheres in vivo was faster than 
that of in uitro. This might be attributed to the faster absorption 
of acid oligomers as a result of PLGA degradation. Complete 
sink conditions i n  viuo should lead to an increase in the 
disappearance of PLGA while the solubility of some acid 
oligomers formed as a result of PLGA degradation should reach 
their maximum solubility in the medium in vitro. The faster 
disappearance also might be due to the contribution of enzymatic 
degradation in uiuo. 

Contrary to the disappearance rate in PLGA, the in vitro and 
i n  viuo release rates were quite comparable, that is, the diffusion 
of the drug through the polymer is more predominant in uitro 
than in vivo. This is probably due to the greater physical 
destruction of the polymer wall i n  uitro as a result of the lower 
osmotic pressure in the medium. The enhanced diffusibility of 
TRH through PLGA matrix compensates for the slower dis- 
appearance of PLGA i n  vitro, resulting in a close correlation 
between in uitro and i n  viuo release. Figure 10 shows the 
morphological changes during the release study both in vitro 
and i n  viuo. The erosion of the microspheres during the drug 
release was also observed with this microscopic observation 
procedure. The porosity of the degraded microspheres seemed 
to be increased more prominently i n  vitro, probably due to the 
greater physical destruction of the matrix i n  vitro. 

(3) Differences between the Microspheres Containing a 
Hydrophilic Drug and a Hydrophobic Drug-A close 
correlation between the degradation of the polymer and the drug 
release has been reported for microspheres containing lipid- 
soluble drugs.'2J3 In many cases, the release occurs simulta- 
neously with the dissolution of the polymer matrix as a result 
of degradation. Basically the release proceeds accompanied by 
the degradation of the polymer regardless of the drug solubility 
incorporated. However, with an increase in drug solubility inside 
the microspheres, the release rate of the drug becomes much 
more rapid than the polymer erosion9 especially in hypotonic 
dissolution medium. The TRH microspheres are a typical 
example. In case of the lipid-soluble drug-containing micro- 
spheres composed by hydrophobic polymer, the release rate was 
predictable when water is used as the release medium,14 probably 
because the release rate is practically independent of the osmotic 
pressure in the medium. On the other hand, using hypotonic 
water as the release medium in the release evaluation of the 
microspheres containing water-soluble drugs, such as TRH, does 
not allow accurate prediction of the release rate i n  viuo (Table 

1 and Figure 8). This can be ascribed to the influence of osmotic 
pressure on the release of water-soluble drugs from microspheres, 
as explained above. 

Conclusion 
The release of TRH from PLGA microspheres proceeds 

accompanied by the degradation of PLGA. The release rate is 
further influenced by the osmotic pressure inside the micro- 
spheres as well as outside them. The hydrophilicity and 
molecular size of the drug inside the microspheres were proved 
to be the important factors governing the release rate. At  the 
same time, selecting the appropriate buffer was found to be of 
vital importance for the accurate prediction of drug release from 
microspheres, especially in case of microspheres containing highly 
water-soluble drugs. 
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