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Abstract 0 The drug-releasekineticsof thyrotropin releasing hormone
(TRH) containing copoly(dLlacticlglycolic acid) (PLGA) microspheres
were evaluated both in vitro and in vivo. The drug was encapsulated
in PLGA using an in-water drying methodthrough a water in oil in water
emulsion. The drug release from the PLGA microspheres in vitro
correlated well with that in vivo, and pseudo-zero-order releasekinetics
were observed. The pharmacokinetics of TRH following administration
of this controlled-release parenteral dosage form have been also
examined in rats. Following a transient increase in the plasma level
due to an initial burst, steady-state plasma levels were observed. The
duration of drug release estimated from the plasma level was
comparable with the results in the in vitro and in vivo release studies.
The steady-stateplasma levels correlatedwell with the levels predicted
from the pharmacokinetic parameters following a single subcutaneous
or intravenous injection of TRH solution. The results of this study
confirm the previously reported in vivo sustained release of TRH
achieved with this drugdelivery system.

Introduction
Thyrotropin releasing hormone (TRH) plays a variety of roles
in the central nervous system (CNS) and has already been
developed as a CNS-stimulating drug (Hirtonin). Long-term
daily injection is often required for clinical use of TRH in the
treatment of CNS dysfunction, such as spinocerebellum degeneration or unconsciousness. Therefore, we have developed
injectable microspheres prepared with a biocompatible and
biodegradable polymer, copoly(dl-lactic/glycolic acid) (PLGA),
to produce a sustained-release dosage form of TRH. Recent
investigation has revealed that the continuous TRH treatment
using TRH microspheres causes shortening of pentobarbitoneinduced sleeping time a t doses lower than those required using
bolus injection' in rats.
Many studies on the release kinetics of drug-containing PLGA
microspheres have been reported and reviewed.2~3However, only
a few studies have dealt with the sustained release of highly
water-soluble drugs except for lutenizing hormone-releasing
hormone analogues,M probably due to the difficulty in controlling the release rate.
In a previous study,' we clarified that the sustained release
microspheres of TRH could be prepared in spite of the high
water solubility of TRH. The ionic interaction between the basic
functional groups of TRH and the carboxylic end terminal of
PLGA during preparation was found to be crucial in the
preparation of microspheres. The rate of TRH release has been
shown to be dependent on the molecular weight and the
copolymer ratio of PLGA.8
In the present study, the correlation between in uitro and in
uiuo release of the drug from the PLGA microspheres was
investigated. In addition, the pharmacokinetics of TRH after
a single injection of the microspheres were evaluated.,
0
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Experimental Section
Materials-TRH synthesized in the Pharmaceutical Production
Research Laboratories of Takeda Chemical Industries, Ltd (Osaka,
Japan) was used. PLGA was supplied by Wako Pure Chemical Ind.
Ltd. (Osaka, Japan). PLGA with a copolymer ratio of 75/25 (lactic acid/
glycolic acid) and weight-average molecular weight of 10 000 was used.
The molecular weight was determined by gel permeation chromatography.
Preparation of PLGA Microspheres-The PLGA microspheres
were prepared using an in-water drying method as described in our
previous paper.7 In brief, 7 g of TRH was dissolved in water, and 63 g
of PLGA was dissolved in 78.4 mL of dichloromethane. These solutions
were vigorously homogenized for a few minutes to make a water in oil
emulsion. The emulsion was poured into an aqueous 0.1 % polyvinyl
alcohol solution with stirring by a homogenizer to make water in oil in
water emulsion. To evaporate the dichloromethane, the water in oil in
water emulsion was further stirred for 3 h. After removing large particles
by sieving, the resulting microspheres were collected by centrifugation
and then lyophilizedinto apowder withmannitol. 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-11.
Determination of the TRH Content in the Microspheres-Fifty
milligramsof the microspheres was dissolved in 10mL of dichloromethane
and 20 mL of l/30 M phosphate buffer, pH 6.0, and the TRH in the buffer
layer was assayed by high-performance liquid chromatography (HPLC,
Shimadzu LC-3A) with ultraviolet (UV) detection as follows: column,
Nucleosil5-Cls (150 mm in length, 4.6 mm i.d.); mobile phase, a mixture
of 10 mL of methanol and 250 mL of 0.02 M NH4H2POa buffer, pH 3.65;
flow rate, 0.6 mL/min; wavelength, 215 nm.
In Vivo Release Studies-Zn vivo release characteristics were
evaluated by determining the residual amount of TRH at the injection
site in male rats (JCL Wistar, 11 weeks old). The microspheres were
injected sc into rats (8mg/kg as TRH, n = 5) after dispersion in a vehicle,
pH 5.5-7.0 (adjusted with HCl), containing 2.5% sorbitol, 0.9% NaC1,
0.1 % Tween 80, and 0.07 % NaZHP04. The microspheres were periodically excised and homogenized in 10 mL of l/m M phosphate-buffered
saline (PBS) containing 0.02% Tween 80, pH 6.0, using a Polytron
homogenizer (Kinematica GmbH, Luzern, Switzerland). The homogenate was 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 determined by HPLC.
In Vitro Release Studies-Fifty milligrams of the microspheres
was suspended in 10 mL of l/30 M, pH 7, phosphate buffer containing
0.02% Tween 80 in 17-mL vials. The vials were incubated in a
horizontally reciprocating water bath at 37 "C. The amount of residual
TRH in the microspheres was determined using the analytical method
described above after filtering the microspheres with a 1.2-pm Millipore
filter.
Pharmacokinetics in Rats-Male Wistar rats (11 weeks old)
supplied from Clea Japan Inc. were used for the pharmacokinetic study.
The kinetics of TRH (0.5 mg/kg in 1.0-mL of a saline solution) waa
studied after either intravenous (iv) and subcutaneous (sc) injection in
five rats, respectively. The iv injection dose was administered through
the femoral vein. The sc dose was injected into the back of the rats. In
a separate study, the bioavailability of the microspheres were studied
following sc injection into the back of the rats at doses of 0.5, 2, and 8
mg/kg as TRH. Blood was periodically obtained from the tail vein for
4 weeks and the plasma TRH levels were determined. The sampled
blood was immediately mixed with the TRH degradation enzyme
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Figure 2-Particle size distributionof PLGA microspheres containingTRH.
Table 1-Content and Particle Size of PLGA Microspheres
Containing TRH with Different Lots
~
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Figure 1-Scanning

electron photomicrographs of PLGA microspheres

containing TRH.
inhibitor containing 8-hydroxyquinoline, Tween 20, and EDTA-2Na
obtained from Mistubishi Yuka BCL Ltd. (Tokyo, Japan). Plasma was
separated by centrifuge and stored at less than -40 "C until assay of
TRH. The TRH in the plasma was determined at Mitsubishi Yuka
BCL Ltd. by a radioimmunoassay method (RIA). RIA was conducted
by a method similar to that of Kamijog et al.

Results and Discussion
1. Characteristics of the Microspheres-It is generally
difficult to encapsulate a water-soluble drug in microspheres at
a high entrapment ratio and t o prevent a large initial burst of
the drug from the microspheres. However, in previous experiments we have succeeded in preparing microspheres which
provide constant drug release over a long period by utilizing the
ionic interaction between a basic drug and the carboxylic end
groups of PLGA.7fJTRH was encapsulatedas its free base instead
of the salt to increase the interaction with the PLGA.

Lot No.

TRH Content (%)

Diametelg (pm)

E04
E06
E07

7.81
7.22
7.41

18.1
18.6
20.8

Weight-average diameter.

The TRH microspheres prepared by the in-water drying
method with a loading amount of 10% were spherical particles
with a mean diameter of about 20 pm and many fine pores on
the surface (Figure 1). The pores are thought to be formed when
the water and dichloromethane are removed during preparation.
Figure 2 shows the particle size distribution of the microspheres.
The distribution is relatively narrow, and the microspheres are
considered to be homogeneous because the TRH content of
microspheres sampled at random were uniform (data was not
shown). Table 1shows the content and the mean diameter of
the microspheres of three lots. It was found that there is little
interlot variability and that reproducible microspheres are being
produced. Microspheres of this size are easily injected using a
23-gauge needle after dispersion in the vehicle for injection.
Although these microparticles can also be called microcapsules,
they are referred to as microspheres in this paper.
2. In Vitro Release in Comparison with in Vivo
Release-The in uiuo release estimated from the TRH remaining
at the injection site correlated well with the in uitro release of
TRH from PLGA microspheres in l/30 M, pH 7 phosphate buffer.
This buffer composition was considered t o be most appropriate
for the estimation of in uiuo release.1° Figure 3 shows the i n uiuo
and in uitro release profiles of the PLGA microspherescontaining
TRH (mean of three lots). Pseudo-zero-order release kinetics
were observed both in uitro and in uiuo, and the in uiuo release
pattern was comparable to that in the i n uitro study. It was
confirmed that the in uiuo release can be conveniently estimated
by the i n uitro release.
3. Pharmacokinetics of TRH-Dosed
as Iv o r S c
Solutions-TRH pharmacokinetics after administration of the
microspheres were evaluated for further clarification of the in
uiuo drug-release pattern. To examine the pharmacokinetics
following sc injection of the microspheres, the pharmacokinetic
parameters after a single injection of a TRH saline solution were
determined. Figure 4 shows the plasma levels of TRH in male
rats after iv and sc injection of the drug solution at a dose of 0.5
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Flgure 3-Profiles of TRH release from PLGA microspheres: (0)in vitro,
( 0 )in vivo (mean f SE, n = 3).
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Flgure 4-Plasma TRH levels in rats after intravenous and subcutaneous
injection of TRH saline solution at a dose of 0.5 mg/kg (mean f SE, n
= 5): (0)intravenous injection, (0)subcutaneous injection.
Table 2-Pharmacokinetic Parameters of a TRH Saline Solution
In Rats after a Slngie I v and Sc Injectlond
Parameter

Value

Parameter

A (PLg/rnL)
B (Pg/mL)
a (min-l)
p (min-l)

2.22
0.327

F
k, (min-l)
Cltotal
(mL/min kg)

0.618
0.100

(c)

Value

0.883

sc injection. The k, was smaller than p, indicating the existence
of the flip-flop phenornenon.lz
Dosed as Microspheres-Figure 5 shows the plasma levels
of TRH after a single sc injection of the microspheres. A sharp
increase in the plasma level was observed due to the initial burst,
but this was followed by a sustained constant plasma level for
17 days, and essentially the same pattern was observed at
different doses. The duration for which the steady-state plasma
level was maintained was comparable to that estimated from
the in uitro release study, indicating that the pattern of drug
release from the TRH microspheres after administration to rats
can be conveniently estimated in vitro using an appropriate
buffer.
The TRH levels tended to decrease below the baseline after
3 weeks. This might be due to the feedback effects of TRH
regulation. Further study is required to elucidate the involvement of the regulation.
To evaluate the extent of TRH release in vivo, we predicted
the plasma level of the drug at steady state using the kinetic
parameters for the TRH saline solution. If the system is assumed
to obey linear kinetics with this low plasma TRH level, the
relationship can be represented as follows:5

Clbkl = dose/AUC
= 500 pg/kg/6.846 (pg min/mL)
= 73.0 mL/min kg

0.061

73.0

+

a Plasma level of TRH
at time t (iv), C = A e a t
Be-at; f ,
absorption fraction (sc); k,, absorption rate constant (sc); Cltotal,total
body clearance (iv).

mg/kg. The pharmacokinetic parameters were calculated by
simulating both iv and sc data with simultaneous model fitting
procedures using M U L T P (Table 2). Simulation was carried
out by the damping Gauss-Newton method. The residual sum
of squares" was 25.4, which was small enough toprove the validity
of the simulation.
The F value was 0.88, indicating that metabolism in+subcutaneous tissue was not extensive, and the k, value was 0.06,
indicating that TRH is rapidly transferred into the blood after
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Figure 5-Plasma TRH levels in rats after subcutaneous injectionof PLGA
microspherescontaining TRH (mean f SE, n = 5). Dose: (0)0.5 mg/kg,
(A)2 mg/kg, (W) 8 mg/kg. (a) Plasma level at 30 min: (A)35.9 f 2.27
ng/mL. (W) 85.8 f 8.14 ng/mL. (b) Mean plasma endogeneous TRH level
before administration of the microspheres.

= (8 X lo6 X 0.039 ng/kg per day)(0.883/24h/60 min)
= 191.3 ng/min kg

where C,, represents the steady-state drug level for 8 mg/kg, C,
represents the endogenous plasma TRH level, R,, represents
the subcutaneous constant infusion rate, Ri, represents the
intravenously available constant infusion rate, Clbd represents
the total body clearance of the drug after iv injection, and AUC
is the area under the curve after iv injection. R,, is obtained
from the regression line of the in viuo release data: Re, (% of

Table 3-Steady-State Plasma Levels (C,) of TRH after Sc
Injection of a TRH Solution

c, (ng/mL)

Dose
(mg/kg as TRH)

Predicteda

Observedb

0.5
2.0
8.0

0.24
0.74
2.70

0.24
0.44
2.24

* This was corrected by adding the observed endogeneous TRH
level of 0.08 ng/mL to the calculated value. Mean plasma level (117 days).
drug remaining) = 86.3 - 3.9T (time in day). The correlation
coefficient was 0.989. These results indicate that the release of
TRH from the microspheres at the injection site in rats followed
the zero-order kinetics of 3.9% of the dose released per day after
an initial release of 13.7%. Since TRH levels before administration are considered to be endogenous, C, was calculated by
addingthe endogenous level (0.08 ng/mL) to the calculated value.
The calculated and the observed C, are shown in Table 3. The
predicted C,, calculated by assuming linear kinetics, agreed
relatively well with the observed C,. The bias between the
predicted value and the observed value at doses of 2, and 8 mgj
kg may be attributed to the difficulty in determining the exact
TRH clearance at each doses because of the dose-dependent
nonlinear kinetics.13
In conclusion, the PLGA microspheres containing TRH
released the drug continuously following a small initial burst;
therefore, they should have long-acting effects. The rate of TRH
release from the microspheres in rats could be estimated
conveniently from the results of the in uitro release study. The
steady state plasma levels of TRH after administration of the
microspheres were consistent with the levels calculated using
the pharmacokinetic parameters after a single injection of TRH
solution, indicating the valid extent of drug release from the

microspheres in uiuo. Although there is concern with respect to
receptor sensitivity and down-regulation, the continuous TRH
treatment using microspheres was more effective than the
repeated daily injection of TRH solution, which causes pentobarbitone-inducedsleepingtime in rats,' indicating the usefulness
of this dosage forms. This depot formulation should provide a
more convenient method for treating brain diseases with TRH
than the daily injection of an aqueous solution.
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