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Abstract

The major purpose of this project is
to develop and in vitro- in vivo evaluati-
on of poly(lactide/glycolide) based micr-
osphere for nalbuphine prodrug controll-
¢d delivery .The in vitro release studies
showed that the different poly(lactide/gl-
ycolide) ratios and the different hydrop-
hilic prodrugs both affect the kinetics of
drug release. The in vivo release studies
showed that the release of more hydrop-
hilic prodrug is faster and more comple-
te. A good correlation can be observed
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from the in vivo and in vitro release
studies.
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Introduction .

Nalbuphine is a relatively new
morphine-like drug with partial agonist
activity at the x -opiate receptor and
antagonist activity at the g -opiate
receptor[1,2]. As an analgesic agent, it is
almost as potent as morphine and has
been widely used in-the treatment of
acute and chronic pain[1-3]. Due to its
short elimination half-life and low oral
bioavailability, frequent injections are
needed. It is obvious that the patient
compliance and therapeutic effectivene-
ss in pain management can be improved
by maintaining the blood nalbuphine
concentration. As a result, a sertes of
nalbuphine prodrug, including nalbuphi-
ne propionate, nalbuphine pivalate,
nalbupine enathate and nalbuphine
decanoate have been synthesized[4}.
Various nalbuphine prodrug formuiat-
ions such as biodegradable implant, and
oily suspension and microsphere have
also been developed [4,5].

In the present study, two major
goals are to be achieved. The first goal is
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to develop a séries of nalbuphine
prodrug loaded microsbhere based on
poly(lactide/glycolide). The second goal
is to evaluate the kinetics of drug release
from those microspheres both in vitro
and in vivo. The information obtained
can thus be utilized to develop the
optimum poly(lactide/glycolide) micro-
spheres for nalbuphine prodrug contro-

lled delivery.

Results and discussion
Preparation of drug loaded microsphere

Nalbuphine prodrug-loaded mic-
rospheres were prepared by the well-
kown emulsion-solvent evaporation pro-
cess. The 2% drug and 2% polymer we-
re dissolved in CH,CI, and drop in aque-
ous phase contain 7mM SLS and IM
NaCl. The microdroplets were then soli-
dified by the slow evaporation of the
organic solvent with ice bath.

The nalbuphine prodrugs used in
the present study were nalbuphine
enathate and nalbuphine decanoate . The
poly(lactide/glycolide) used in the study
were poly(lactide/glycolide) 75/25 and
50/50. Three various types microspheres
were used in this study. nalbuphine
enathate loaded microsphere (75/25),
nalbuphine enathate loaded microsphere
(50/50}) and nalbuphine deanoate loaded
microsphere(50/50). Under the examina-
tion of SEM, these microspheres looked
spherical and fairly uniform in size. The
diameter of the microspheres was
approximately 25 z m. The drug loading
327% ,31.38%,

precentages were

25.05%, respectively.
In vitro release study
The influence of prodrug hydro-
philicity and copolymer composition on
drug release_:‘ from microspheres were
evaluated using various nalbuphine
prodrugs and polymers with various
lactide/glycolide ratios. The nalbuphine
prodrugs used in the present study were
nalbuphine enathate and nalbuphine
decanoate. The polymer used in the
study were poly(lactide/glycolide) 75/25
and 50/50. |
Figure 1 shows the in vitro rele-
ase profiles of the different poly(lact-
ide/glycolide) ratio microspheres loaded
with nalbuphine enathate. According to
Figure 1, a greater drug release was obs-
erved for the more hydrophilic poly(lact-
ide/glycolide) i.e., copolymer with lower
lactide/glycolide ratic. For example,
after 96 hours, around 49.3%, 66.02% of
drug have released from the microsphere
with poly(lactide/glycolide) 75/25 and
50/50, respectively.
Figure 2 shows in vitro release
profiles for the poly(lactide/glycolide)
(50/50) loaded with

various nalbuphine prodrugs. According

microspheres

to Figure 2, a greater drug release was
observed for microspheres load with
more hydrophilic prodrug, i.e., prodrug

with higher aqueous solubility. After 96
hours, around 66.02%, 26.37% of drug
have released from the microsphere
loaded with nalbuphine enathate, nalbu-

phine decanoate, respectively.
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Invivo release study

The effect of prodrug hydrophil-
icity on in vivo drug release from micro-
spheres were examined using nalbuph-
ine enathate, nalbuphine decanoate. The
copolymer used was poly(lactide/glyc-
olide) (50/50).

After intravenous administration
of nalbuphine hydrochloride in rabbits,
the plasma nalbuphine concentration pr-
ofiles were shown in Figure 3. The appl-
ication of pharmacokinetic model on
dru-g concentration profiles of the three
rabbits revealed that nalbuphine follow-
ed a two-compartment model with one
distribution phase and one elimination
phase. Table 1 shows that the eliminat-
ion half life, elimination constant(k) and
AUC were 83,8t 18.4 minutes ,8.5%
184 x 10°, 4101 + 429(ng/ml)*hr,
respectively. (n=3,% s.d.)

After subcutaneous aministrat-
ion of nalbuphine enathate microsp-
heres in rabbits, the highest plasma
nalbuphine concentration (117.5% 25.3
ng/ml) (n=3%* s.d.) were observed at 12
then the
plasma concentrations decreased rapidly
afterwards on the first day (24 hours)
and slowly decreased until day 4 (96
hours) (Figure 4). The AUC and
absolute bioavailability were calculated
to be 2602% 133 (ng/ml)*hr and 63 4%
3.2 %, respectively.(n=3,% s.d.) (Table
2).

hours post administration,

After subcutaneous administrat-
ion of nalbuphine decanoate microsph-
ere in rabbits, the highest plasma conce-

ntrations ( 44.5% 33 ng/ml) (n=3,% s.d.)
were measured at 1 hours post adminis-
tration, the concentration then slowly
decreased until day 4 (96 h )( Figure 4).
The AUC and absolute bioavailability
were calculated to be 1669 *
1152(ng/ml)*hr and 407 £ 28 %,
respectively.(n=3,% s.d.} ( Table 3).

The in vitro nalbuphine pro-
drug release profiles suggest that the
nalbuphine enathate may release faster
and more complete in vivo. Indeed,
Figure 4 and Table 2-3 demonstrate that
AUC and bioav-
ailability were obtained for the release

a significant higher

of nalbuphine enathate in vivo. The
results clear demonstrate that a good
correlation can be observed between the
in vitro and in vivo nalbuphine prodrug
release from poly(lactide/glycolide)

based microsperes.
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(Table 1). The pharmacokinetics of nalbuphine hydrochloride after intravenous

administration in rabbits(n=3).

N K T Y2(minutes) AUC (ng/ml)*hr
1 6.5x 10° 106.1 4195

2 0.011 60.98 4573

3 8.2x 107° 84.46 3538

Meant SD. 8.5t 1.84 x 10° 83.8% 1.84 4101t 429

(Table 2). The pharmacokinetics of nalbuphine after subcutaneous administration of

nalbuphine enathate loaded microsphere in rabbits(n=3).

N AUC (ng/mh)*hr Absolute bioavailability (F)
) 2746 66.9% ,

2 2634 64.2%

3 2425 59.1%

Meant S.D. 2602+ 133 6341t 32%

(Table 3). The pharmacokinetics of nalbuphine after subcutaneous administration of

nalbuphine decanoate loaded microsphere in rabbits(n=3).

N AUC (ng/ml)*hr Absolute bioavailability (F)
1 3155 76.9%

2 347 8.46%

3 1506 36.7%

Meant S.D. 1669% 1152 40,7t 28 %

Comments

Most of the content in this study are in accordance with the proposal , although
two prodrugs were not incorporated due to the supply of drug and evolution of this

project.

publication in a scientific journal.

This study has been written in a paper format and prepared to be sent for
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(Figure 1). The in vitro release profiles for the poly(lac-
tide/glycolide) 75/25 and 50/50 microsphere loaded with
nalbuphine enathate, (n=3).

(Figure 2). The in vitro release profiles for the poly(lactide/
glycolide) 50/50 microsphere loaded with nalbuphine

enathate and nalbuphine decanoate.(n=3).

fese

ng/ml)

—

ot

NC

C

.5

CONCing/mi}

TivE )

{Figure 3). The nalbuphine concentration-time profile after
intravenous administration of nalbuphine hydrochloride in

rabbits. (n=3).

(Figure 4). The plasma concentration-time profiles of
nalbuphine after subcutaneous administration of nalbuphine
enathate and nalbuphine decanoate. loaded microsphere in

abbits. (n=3).




