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Summary

The preparation of injectable sustained release microspheres of TRH was investigated. The drug was encapsulated in copoly(dl-
lactic/ glycolic acid) (PLGA) using an in-water drying method through a w/0/w emulsion. The predominant factors influencing the
entrapment ratio of TRH in the microspheres and the release rate of TRH from the microspheres were the loading amount and the
dissociation state of the drug. Microspheres of TRH encapsulated as a free base at an adequate concentration provided a small initial
burst followed by a zero-order prolonged release regardless of the high water solubility of the drug. The addition of strong acids to
the inner aqueous phase interfered with the encapsulation efficacy and caused a large initial burst. The ionic interaction between the
basic functional group of TRH and the carboxylic acid end group of PLGA during the preparation is necessary to produce a rigid
matrix of the microspheres. This method is applicable to the microencapsulation of other water-soluble basic peptides in PLGA.

Introduction

Thyrotropin releasing hormone (TRH; 5-Oxo-
prolyl-L-histidyl-L-prolinamide; 5-Oxo-Pro-His-
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Preliminary reports of this work appeared as abstracts in 1988
(Heya et al., 1988).

Pro-NH,) is widely distributed in the brain, and
several investigators have paid attention to its
profiles of CNS-arousing activity and clinical util-
ity (Nagawa, 1980). Long term treatment with
daily injections was often required for clinical use
of TRH analogues as CNS arousing drugs. There-
fore we attempted to develop injectable micro-
spheres prepared with a biodegradable polymer,
copoly(d,l-lactic/ glycolic acid) (PLGA), to pro-
duce a prolonged controlled injectable dosage form
of TRH.

The successful preparation of controlled release
dosage forms of several lipophilic drugs had al-
ready been reported (Tice and Cowsar, 1984;
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Wakiyama et al., 1981; Wise, 1984). However, as
for water soluble compounds, there are very few
reports except for LH-RH analogues (Ogawa et
al., 1989; Okada et al., 1989; Redding et al., 1984).
To avoid a large initial burst of water soluble
compounds from microspheres was assumed to be
difficult. Concerning the LH-RH analogues, the
burst could be reduced by steric hindrance factors
or by using proper additives (Ogawa et al., 1988;
Sanders et al., 1986).

In this study, the preparation of microspheres
of a water soluble compound, TRH, which repre-
sents a small burst followed by a zero-order re-
lease of the drug was investigated.

Materials and Methods

Materials

TRH (Lot T-2) synthesized in the Pharmaceuti-
cal Production Research Laboratories of Takeda
Chemical Industries, Ltd (Osaka, Japan) was used.
PLGA samples with an average molecular weight
of 14000 (molar ratio of lactide and glycolide of
75:25), were supplied by Wakc Pure Chemical
Industries (Osaka, Japan). These compounds were
synthesized without catalysts, and the average
molecular weight was determined by gel-permea-
tion chromatography (GPC) by the supplier.

Preparation of PLGA microspheres

PLGA microspheres were prepared by an in-
water drying method similar to that of Ogawa et
al. (1988). 50 mg to 1 g of TRH was dissolved in
0.625 ml of water and 5 g of PLGA was dissolved
in 6.25 ml of dichloromethane. The PLGA solu-
tion and TRH solution were vigorously homoge-
nized with Polytron (Kinematica GmbH, Luzern,
Switzerland) for a few minutes to make a w/0
emulsion. The emulsion was poured through a
nozzle into 1.25 1 of an aqueous 0.5% polyvinyl-
alcohol solution under constant stirring with an
Autohomomixer (Tokushu Kika Kogyo Co.,
Osaka, Japan) to make a w/0/w emulsion. To
evaporate the dichloromethane, the w/0/w emul-
sion was stirred gently with a propeller mixer for 3
h. After removing the particles larger than 125 pm
by sieving, the resulting microspheres were col-

lected by centrifuging at 1500 rpm for 10 min and
rinsed with water three times and then lyophilized.

The viscosity of the w/0 emulsion in prepara-
tions was measured using a Viscometer EHD
(Tokyo Keiki, Tokyo, Japan). The shape and
surface of the microspheres were observed with a
scanning electron microscope (model JSM T-300,
Jeol-Technics Co., Ltd, Tokyo, Japan). The size of
the microspheres was determined by a Coulter
TA-IL

Determination of the TRH content in microspheres
TRH was analyzed by a high-performance
liquid chromatography procedure (HPLC, Shi-
madzu LC-5A, Kyoto, Japan) with an ultraviolet
detector (UV) under the following conditions: col-
umn, Zorbax ODS, 250 mm in length and 4.6 mm
i.d.; column temperature, room temperature; mo-
bile phase, a mixture of 20 ml of acetonitrile and
300 ml of 1/30 M phosphate buffer, pH 6.7; flow
rate, 0.8 ml/min; wavelength, 215 nm. To de-
termine the content of TRH, microspheres were
dissolved in a mixture of 10 ml dichloromethane
and 20 ml of 1/30 M phosphate buffer, pH 6.0.
TRH in the water layer was assayed by HPLC.

In vitro release study

50 mg of TRH microspheres was dispersed in
10 ml of 1/30 M phosphate buffer, pH 7.0, and
kept stirred with an RT-50 rotator (Taiyo Scien-
tific Industrial Co., Tokyo, Japan) at 37°C. Since
TRH decomposes in the medium, the residual
TRH in the microspheres was periodically de-
termined by the analytical method mentioned
above after collecting the microspheres using a
Millipore® filter (pore size: 1.2 pm).

Results and Discussion

Microspheres of low drug loading

It is generally difficult to avoid a large initial
burst of a highly water-soluble drug from PLGA
microspheres. The release rate of the drug from
PLGA microspheres is assumed to be slow when
the amount of the drug contained in the micro-
spheres is small. A higher content results in rapid
release due to the formation of aqueous channels
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Fig. 1. Release profiles of TRH from PLGA microspheres
containing TRH (©) and TRH tartrate (®) at a loading amount
of 1.0%.

(Siegel and Langer, 1984). Therefore, micro-
spheres with a loading amount of 1% of TRH
were investigated first. Fig. 1 shows the release
profiles of TRH from PLGA microspheres pre-
pared with TRH or TRH tartrate. Both of the
microspheres provided a large initial burst. When
TRH tartrate was incorporated into the micro-
spheres, in particular, 100% burst was observed
after 1 day in the in vitro release test.

In order to control better the release rate, the
influence of the concentration of PLGA in the oil
phase was examined. The concentration of PLGA
in the oil phase was an important factor for the
preparation of the microspheres (Ogawa et al.,
1988). When the concentration of the PLGA in
the oil phase was elevated from 33.4 to 50.1%, the
1-day release of TRH decreased from 73.0 to
67.0%. However, the extent of improvement was
not enough to achieve a constant release rate.

The large burst is attributable to the drug local-
ized near the surface of the microspheres. The
complete removal of the drug from the surface
region was considered to be a useful method to
reduce the large burst. In order to wash out the
drug in the surface region, the evaporation process
of dichloromethane was extended. Although the
evaporation time was extended to 24 h in the
preparation of TRH tartrate microspheres, 100%
burst was still observed after 1 day.

7

TABLE 1

Effect of loading amount of TRH on the entrapment ratio and
initial release of TRH in PLGA microspheres

Loaded TRH Entrapment ratio Remaining
(%) (%) (%, 1 day)
1.0 82.1 343
24 88.6 85.4
48 104.8 84.5
7.0 95.9 91.2
9.1 105.9 74.0
16.7 47.5 61.2

Effect of drug loading

Table 1 shows the entrapment ratio of TRH in
the microspheres and 1-day release of the drug
from microspheres prepared with various loading
amounts of TRH free base. The 1-day remaining
percent in the in vitro release test increased with
increase in loading amount up to 7.0% and then
decreased with further increase in drug loading.
The entrapment ratio was on the whole correlated
with the 1-day remaining percent. The increase in
drug loaded generally leads to a partial destruc-
tion of the w/o0/w emulsion, which leads to a
decreased entrapment ratio, and to a large initial
burst through increased aqueous channels. How-
ever, the increase in loaded TRH reduced the
burst and elevated the entrapment ratio. A satis-
factorily small burst and high entrapment ratio
were unexpectedly observed at loading amounts
from 2.4 t0 9.1%. On the other hand, microspheres
prepared with TRH tartrate released all of the
incorporated drug after 1 day at any loading
amount of the drug (Table 2). These results sug-
gest that some amounts of TRH free base are
necessary to construct rigid walls of the micro-

TABLE 2

Effect of loading amount of TRH tartrate on the entrapment ratio
and initial release of TRH in PLGA microspheres

Loaded TRH Entrapment ratio Remaining
(%) (%) (%, 1 day)
1.0 82.8 0

24 72.7 0

48 64.7 0

9.1 60.0 0
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Fig. 2. Effect of the loading amount of TRH on release profiles
of TRH from PLGA microspheres. (W) 1.0%; (@) 7.0%; (a)
16.7%.

spheres to achieve a small initial burst and that
tartaric acid inhibits this construction.

The in vitro release profiles of the microspheres
with different loading amounts of the drug over 4
weeks are shown in Fig. 2. The microspheres
loaded with 1.0 and 16.7% of TRH produced a
large initial burst and then exhibited a prolonged
release for 3—-4 weeks. The microspheres loaded
with 7.0% of TRH exhibited a fairly small initial
burst followed by a constant release rate over 4
weeks. Thus, it is suggested that the use of ap-
propriate loading amounts of TRH free base makes
it possible to obtain microspheres that provide a
constant release for a long period after a small
initial burst.

Effect of acid addition

In order to examine the mechanism that caused
the large initial burst in microspheres of TRH
tartrate, various amounts of tartaric acid were
added to the water phase of w/0 emulsions con-
taining TRH free base. As shown in Table 3, a
slight reduction of the entrapment ratio and a
large increase in burst were observed with the
addition of tartaric acid. This suggests that the pH
in the water phase plays a significant role. The
1-day remaining percent after the release test can
be a more sensitive indicator than the entrapment
ratio to evaluate the structure of the microspheres.
This is probably because the microspheres are
placed at higher temperature for a longer duration
(37°C, 24 h) in the in vitro release test than in the

TABLE 3

Effect of the addition of tartaric acid on the entrapment ratio and
initial release of TRH in PLGA microspheres

Added Entrapment ratio Remaining
tartaric (%) (%, 1 day)
acid ?

0 98.5 84.2

0.2 87.7 40.1

0.5 823 1.7

# Molar ratio to TRH.

in-water drying process (room temperature, 3 h).
Furthermore, aqueous channels will be formed by
the freeze drying in preparation to cause the burst.

The effects of the addition of other acids were
also examined. Table 4 lists the entrapment ratio
of TRH in the microspheres and 1-day remaining
percent after the release tests. When strong acids
such as hydrochloric, tartaric and citric acids were
added, almost all of the drug was released after 1
day. On the other hand, the addition of weak
acids like acetic or butyric acid caused only a
slight increase in the burst. TRH is a basic com-
pound with pK, 6.9, and PLGA has carboxylic
acid residues in the terminal region. It seems that
rigid structures of the microspheres are based on
an ionic interaction between the cationic residue
of TRH and the anionic residue of PLGA. The
addition of a strong acid makes the terminal
groups of the carboxylic acid of PLGA undissoci-
ated, resulting in interference with the interaction.

TABLE 4

Effect of addition of acids on the entrapment ratio and initial
release of TRH in PLGA microspheres

Acid (pK,)) Entrapment ratio Remaining
(%) (%, 1 day)

None 98.5 84.2
Hydrochloric acid 85.7 1.2
Tartaric acid (2.9) 93.2 0

Citric acid (2.9) 91.8 0

Acetic acid (4.6) 90.4 66.8
Butyric acid (4.6) 100.4 77.2
Sodium citrate 36.9 40.3

Loaded amount of TRH was 2%.



Makino et al. (1988) reported that the dissocia-
tion constant of the terminal groups of carboxylic
acid of PLGA is 4.0. If it is assumed that the
dissociation constant of this PLGA is also 4.0,
weak acids are scarcely likely to inhibit the ionic
interaction.

When a TRH derivative with a carboxylic acid
residue (2-hydroxy-4-carboxybutyryl-L-histidyl-L-
prolinamide) was incorporated into PLGA micro-
spheres, all of the drug was released after 1 day.
The experimental results also suggest that the ionic
interaction between the drug and the polymer is of
importance. The microspheres containing sodium
citrate exhibited a small initial burst compared
with those containing citric acid, suggesting that
the ionic interaction between TRH and PLGA is
increased by elevation of the pH. However, the
addition of sodium citrate gave rise to a low
entrapment ratio and still a large burst probably
due to the high osmotic pressure in the inner
water phase.

The viscosity of the w /0 emulsion

Table 5 shows the viscosity of w/o emulsions
containing different amounts of TRH with or
without tartaric acid. The viscosity of the w/o
emulsion increased with increasing drug loading.
The increment of viscosity of the emulsion was
much larger than could be expected from the
increase in volume of the inner water phase, indi-
cating an interaction between the drug and the
polymer. The viscosity of the emulsion decreased
with addition of tartaric acid which should inter-

TABLE 5

Viscosity of the w/o emulsion consisted of water containing TRH
and dichloromethane containing PLGA

Loading Addition of acid  Viscosity =~ Temperature
TRH (%) (cp) (°0

1.0 none 200 18

4.8 none 2800 18

9.1 none 11800 18

2.0 none 800 15

2.0 tartaric acid 500 15
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fere the ionic interaction of TRH in competition
with PLGA. These results indicate that the in-
crease in viscosity was caused by the ionic interac-
tion between TRH and PLGA and likely resulted
in making the microsphere matrix becoming rigid,
thereby eliminating the large initial burst.

Scanning electron micrography

Fig. 3 shows typical scanning electron micro-
graphs of the microspheres prepared with TRH or
TRH tartrate at a loading amount of 4.8% in
PLGA. The microspheres prepared with TRH
tartrate had a rough porous surface. The porosity
was found to be well correlated with the large
initial burst. On the other hand, the microspheres
with a smooth surface which showed a small ini-
tial burst could be obtained by encapsulating TRH
as the free base. The morphological changes in
microspheres after 1 day in the release test were
closely correlated with the initial burst: the larger
the initial burst, the larger was the deformation of
the microspheres. As reported by Sato et al. (1988),
surface morphology is important for the release
characteristics of the microspheres. The effect of
ionic interaction was reconfirmed by this micro-
scopic observation.

The particle size of the microspheres prepared
with TRH free base was about 30 pm. The par-
ticle size distribution complied with the logarith-
mic normal distribution. The particle size of the
microspheres prepared with TRH tartrate was
much larger than those prepared with TRH free
base. During the evaporation process, water might
penetrate into the inner water phase from the
outer water phase along the osmotic pressure
gradient through the porous polymer matrix as a
result of the weak interaction. The penetration of
water causes swelling of the microspheres, result-
ing in large porous particles. It is presumed that
the differences in release characteristics between
these particles are ascribed to the differences in
the interaction between the drug and the polymer.

In conclusion, effective incorporation of a basic
drug in the PLGA microspheres is highly depen-
dent on the loading amount of the drug and on
the dissociation state of the drug and the polymer.
A rigid structure of polymer matrix can be ob-
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10 um

Fig. 3. Scanning electron micrographs of PLGA microspheres of TRH (left) and TRH tartrate (right) at the loading amount of 4.8%
as TRH.
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