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Abstract-Different batches of 50: 50 poly(( f )-lactide-glycolide) copolymer (PLG) were used as biode- 
gradable carriers for D-Phe6-gonadotropin-releasing hormone (GnRHa) in the form of injectable long- 
acting implants loaded with 10% GnRHa and tracer amounts of [1251]GnRHa. After their injection 
subcutaneously into rats, rabbits, and guinea-pigs, the release kinetics of the peptide were determined by 
counting the radioactivity remaining in the implants (i) after recovery from the rats after death or (ii) 
directly on the skin above the injection site of rabbits and guinea-pigs in-vivo. No significant differences in 
the release pattern of the peptide amongst the three species whether the release process was controlled by 
diffusion or by degradation of the polymeric matrix were found. It is concluded that the results of in-vivo 
release tests using laboratory animals are valid for man and that enzymes are not involved in the 
degradation of the polymeric matrix. The results may be of general importance for the use of long-term 
release PLG formulations of highly active drugs, especially peptides and proteins. 

Copolymers of (*)-lactide and glycolide (PLG) have been 
found to  be very useful in forming matrices for parenteral, 
prolonged controlled-release (depot) formulations of ago- 
nists of gonadotropin-releasing hormone (GnRH). These 
compounds effectively suppress the blood level of the steroid 
hormones and, therefore, are being used in the therapy of 
steroid hormone-dependent cancers such as prostatic cancer 
and other steroid-dependent diseases (e.g. endometriosis). 
For this purpose it is necessary that the peptides should be 
continuously present in the blood over months or even years. 
This can be conveniently achieved by means of injectable 
drug-loaded implants or microcapsules of PLG (for reviews 
see Dutta 1988; Filicori & Flamigni 1988; Waxman 1988). 

These biocompatible formulations are biodegradable, i.e. 
in the body the polymeric matrix is degraded to form non- 
toxic monomers (Hollinger & Battistone 1986). The peptides 
are thought to be released by two processes: (i) diffusion- 
controlled, which leads to a rapid release of part of the 
peptide immediately after injection of the formulation (burst 
effect) and (ii) degradation-controlled, determining the 
duration of the release process (Sanders et al 1984; Hutchin- 
son & Furr 1985; Mason-Garcia et al 1985; Fraser et al 1987; 
Gonzalez-Barcena et al 1989). 

We have found that the pattern of the release kinetics of 
the peptides from PLG implants as investigated in-vitro and 
in-vivo in rat is strongly dependent on the properties of the 
polymers and peptides used (Sanders et al 1984, 1986; 
Hutchinson & Furr 1985; Mason-Garcia et al 1985; Asano et 
al 1989). Therefore, reliable tests are required with any new 
batch of a PLG formulation or after changing the formula- 
tion. 

Of special importance for the use of these formulations in 
human medicine is the problem that the peptide release 
kinetics in man should be the same as observed in in-vivo 
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tests using laboratory animals. We thought it reasonable to 
draw such a conclusion if the release kinetics in different 
laboratory animals were identical. 

Materials and Methods 

Formulations 
Six batches of 50: 50 poly(( * )-lactide-glycolide) copolymer 
(PLG I-VI), obtained by ring opening polymerization of 
glycolide/lactide mixtures with tinoctoate as initiator (Rafler 
et al I990), were used as biodegradable carriers for D-Pheh- 
GnRH (Berlin-Chemie AG, Germany), a superactive agonist 
of gonadotropin-releasing hormone (GnRHa). The 
polymers differed in their intrinsic viscosities, varying from 
10 to 33 mL g I as measured in dimethylformamide at 20 C .  
The wetted copolymer and peptide (10%) w/w) together with 
1Z51-labelled peptide, obtained according to Berger et al 
( 1  982), were thoroughly mixed by grinding. After drying 
under vacuum and grinding, cylindrical rods (ca. 18 mg, 2.4 
mm diam., 2-3 mm long) were prepared with a spindle press. 
The rods contained about 40000 counts min-l of 
[1251]GnRHa as measured in a scintillation well counter. 

Administration 
The rods of PLG containing 10% GnRHa/[1251]GnRHa were 
injected through a needle (2.5 mm i.d.) subcutaneously into 
(i) the nuchal region of Wistar rats ( - 250 g) anaesthetized by 
pentobarbitone sodium (Nembutal, Serva), (ii) the flank of 
guinea-pigs ( -  300 g) under narcosis by Nembutal, and (iii) 
the flank of rabbits ( -  2.5 kg) under local anaesthesia by 2%) 
lignocaine (Ursocain, Serum-Werk Bernburg, Germany). 
Rats received one rod each while rabbits and guinea-pigs 
received three rods at  a single injection site to improve the 
detection of radioactivity by direct in-vivo counting at the 
skin. 
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Release profiles qf Gn R H 
The kinetics of release of GnRHa were determined by 
radioactivity measurements of ['251]GnRHa in the implants. 
Rats were, a t  the indicated times, killed by carbon dioxide 
and the remaining implants were excised from the injection 
site in the neck. The radioactivity was determined in a 
scintillation well counter and compared with that of the rods 
before their injection (zero time value). 

In rabbits and guinea-pigs, the radioactivity was moni- 
tored by placing a scintillation counter directly onto the 
shaved skin above the injection site. With the help of a 
pointer instrument, the optimum localization of the counter 
was searched out and the IZ51-activity was counted for I min. 
The procedure was repeated several times and the maximum 
value of the single measurements was used for calculation of 
the release. 

The zero time value was determined within 12 min of 
injection. Within this time, as control experiments with rats 
showed, no loss of radioactivity from the injection site 
occurred. It was also shown that there was at no time any 
accumulation of  radioactivity in the tissue surrounding the 
implant, i.e. all radioactivity monitored in-vivo originated 
from tracer bound in the formulation. 

The radioactivity measurements were corrected for the 
natural decay of the '251-isotope and for possible changes in 
the counting device during the course of the experiments by 
using '251-standards. From the time-dependent decrease of 
radioactivity following the injection of the formulations, the 
release of GnRHa was calculated and is shown here as plots 
of the percent peptide remaining at the injection site vs time. 

Comparariue experiments 
The following six experiments were performed to compare 
the release of peptide from the injected implants in rats, 
rabbits, and guinea-pigs, using six different batches, I-VI, of 
PLG: I, 1 rabbit, 25 rats; 11, 1 rabbit, 10 rats; 111, 1 rabbit, 10 
rats; IV, 1 guinea-pig, 10 rats; V, 6 rabbits, 34 rats; VI, 1 
rabbit, 5 guinea-pigs, 29 rats. 

Results 

There were no problems in monitoring 1251 of the implants 
with the counter on the skin above the subcutaneous 
injection site of rabbits and guinea-pigs. The efficiency of the 
counting of the implants in-vivo for rabbits and guinea-pigs 
was 20.0 f 0.46 and 20. I 50.62%. respectively, when com- 
pared with the counting in the well counter before the 
injection. This shows that the implants were uniformly 
localized in the animals, resulting in good conditions for 
monitoring their radioactivity. 

Control experiments on the direct in-vivo counting of 
implants in narcotized rats showed the counting efficiency to  
be of the same value (20,Ok 1.3%)). Furthermore, it was 
observed that the counting efficiency reached a stable value 
and did not change within 10 min immediately after the 
injection of the formulations, suggesting that they reached a 
fixed parition very rapidly. 

Fig. 1 shows plots of the time-dependent lz51 remaining in 
the implants a t  the subcutaneous injection sites of the 
animals. The 6 batches of copolymers, although all obtained 
from 50% (*)-lactide and 50% glycolide. released 
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FIG. I .  Time course of the percentage of 1251 remaining in the 
implants at the subcutaneous injection site of rats, rabbits, and 
guinea-pigs after administration of rods of 6 different batches (I-VI) 
of biodegradable 50: 50 poly(( & )-lactide-glycolide) copolymers con- 
taining 10% (w/w) D-Pheh-GnRH and about 40 000 counts min-' 
1251-labelled u-Phe6-GnRH. '251 was monitored in rabbits and 
guinea-pigs in-vivo and in rats after killing the animals and 
recovering the implants. A: implants of polymer I in I rabbit (*) and 
25 rats (0). B: implants of polymer I1 (*, 0) and Ill (X, 0 )  each in I 
rabbit (*, X) and 10 rats (0. 0). C:  implants of polymer IV in 1 
guinea-pig(a)and 10rats(O). D: implantsofpolymerVin6rabbits 
(*)and 34 rats (O), s.d. is given for rabbits. E: implants of polymer VI 
in I rabbit (*). 5 guinea-pigs (A) ,  and 29 rats (0). s.d. is given for 
guinea-pigs. 
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[1251]GnRHa at different rates when used as matrices for 
GnRHa at 10% (w/w). 

Whereas with implants from polymer 111 (Fig. IB) and IV 
(Fig. IC) no, or only a slight, burst effect was observed, the 
implants of polymer 11 released about 50% of the peptide as 
rapidly as within 3 days, the rest being released very slowly 
within about 5 weeks (Fig. 1 B). Implants of polymer I gave a 
polyphasic release pattern (Fig. 1A) with an extremely short 
burst of peptide and a second increase in the release 3 weeks 
after injection. Generally, the release of peptide was com- 
plete within 4 to 7 weeks. 

In no case was a significant difference in the release of 
[12SI]GnRHa observed, when rats, rabbits and guinea-pigs 
were compared. 

Discussion 

After the injection of implants of poly(( f )-lactide-glycolide) 
copolymer (PLG) containing D-Phe6-GnRH (GnRHa) and 
'2SI-labelled GnRHa subcutaneously into rabbits and 
guinea-pigs, it was possible to pursue the complete time 
course of the release of the peptide from the long-acting 
formulation using a single animal (Fig. 1). 

For rats the method is not so convenient because they have 
to be anaesthetized during every measurement to  keep them 
inactive. Furthermore, in this case the implants could not be 
injected into the nuchal region because a part of the released 
radioactivity, presumably [1251]iodide, was found to be 
accumulated in the thyroid gland, interferring with the 
monitoring on the neck. These drawbacks were not observed 
with rabbits or guinea-pigs; they also accumulated some 
radioactivity in the gland, but this did not disturb the 
measurement over the injection site in the flank. 

To determine the biodegradability of the formulations, 
rats were killed at  different times following implantation. 
From the decrease of weight of the implants recovered from 
the injection site, it was found that all batches of polymers 
used were degraded within 6-7 weeks (data not shown). 
Generally, combining the use of a small number of rats and 
one or  two rabbits or guinea-pigs should allow the assess- 
ment of the biodegradability and release kinetics of peptides 
that can be labelled with 1251 for subcutaneously injected slow 
release formulations. 

Although all PLG samples used here had the same 
composition with respect to the relative amounts of lactic 
and glycolic acid residues, they showed different release 
profiles of GnRHa from the implants. Generally, the release 
kinetics of peptides from implants or microcapsules of PLG 
depend on the average molecular weight and the polydisper- 
ity of the polymers, and on the arrangement of the monomers 

' within the polymer chain. The procedure for preparation of 
the implants may also influence the release pattern. This is 
shown in Fig. 1B where implants 111 were obtained by brief 
heating of implants I1 at 100°C. We found that this 
procedure generally lowers the release of the peptide (unpub- 
lished data). However, the exact mechanisms underlying the 
different release kinetics are not clear. 

The most striking result is that no significant differences in 
the kinetics of the in-vivo release of GnRHa from the 
implants were found when compared for rats, rabbits, and 
guinea-pigs (Fig. 1). This was true for the kinetic phases of 

rapid release of peptide immediately after injection, assumed 
to be controlled by diffusion, as well as for those of slow 
release thereafter, controlled by biodegradation. These 
results are most important for drawing conclusions about the 
kinetics of PLG slow release formulations of drugs in man; it 
is likely that the drug release pattern in man is the same as in 
any laboratory animal if there are no differences amongst 
various species. A similar but indirect conclusion may be 
drawn from Ogawa et al (1989) who found serum levels of 
leuprolide in dogs showed essentially the same pattern as 
those in rats, following the injection of a PLG formulation. 

Furthermore, our results lead to the conclusion that 
biodegradation of PLG is by hydrolysis of their ester bonds 
without participation of enzymes since it seems unlikely that 
such enzymatic activities would be precisely the same in all 
species. Similarly, identical release kinetics of a GnRH 
agonist were found in rats after subcutaneous and intramus- 
cular injection of PLG implants containing the peptide 
(Ogawa et al 1989). Certain enzymatic activities have been 
shown to accelerate the hydrolysis of polylactic and polygly- 
colic acid in-vitro (Williams & Mort 1977; Williams 1981; 
Fukuzaki et al 1989). However, studies on PLG in the form 
of rod-like implants (Sanders et al 1986) or microcapsules 
with incorporated GnRH agonists (Ogawa et al 1988) did 
not reveal differences in the kinetics of release of the peptides, 
when in-vivo experiments using rats were compared with in- 
vitro experiments; thus, participation of enzymes in the in- 
vivo degradation could be excluded. We have also found the 
release kinetics in-vivo to correspond with those of in-vitro 
studies (unpublished data). 

Parenteral biodegradable slow-release depot formulations 
have been studied mainly in combination with agonists of 
GnRH incorporated into implants or microcapsules of PLG. 
GnRH agonists are ideal compounds to be used in such 
dosage forms for several reasons. Like other peptides, their 
bioavailability after oral and other non-parenteral adminis- 
tration is too low to make use of them with the possible 
exception of administration by the nasal route (Yamazaki 
1984; Chan et a1 1988; Dutta 1988; Filicori & Flamigni 1988). 
For GnRH agonists to  be used in the therapy of hormone- 
dependent diseases, especially cancer, they need to be present 
in the blood continuously over months and even years, which 
can only be effectively achieved by injectable depot formula- 
tions such as  biodegradable PLG implants or microcapsules. 
Furthermore, the doses of the GnRH agonists necessary for 
their biological activity are extremely low, which means that 
they may be easily packed into an injectable depot form, to 
be effective for weeks or even months (Dutta 1988; Filicori & 
Flamigni 1988). 

However, it is unlikely that biodegradable long-acting 
depot formulations will be restricted to the GnRH peptide 
family. The number of biologically active peptides, such as 
natural regulatory peptides or analogues of such peptides 
obtained by chemical synthesis, is being increased and new 
peptide and protein drugs can be expected from develop- 
ments in biotechnology. 
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