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a b s t r a c t

Latex, a polyisoprene (PI) hydrophobic elastomer, was evaluated in vitro and in vivo as a matrix for
intravaginal steroid hormone delivery. Matrices containing hormone were prepared by swelling latex
in chloroform that contained soluble progesterone (P4). In vitro studies demonstrate that P4 release
from PI follows a zero order model during at least 100 h and depends on initial load up to 10 mg cm−2.
The release of P4 from a PI matrix was found to be two times faster than from a polydimethylsiloxane
eywords:
rug delivery systems
lastomer
strous control
olymer matrix

(PDMS) matrix. FT-IR and X-ray powder diffraction analysis of P4 polymorphs show that when nucleated
in PDMS, the hormone crystallizes only in �-form while in latex, crystallizes as a mixture of �- and
�-form. In vivo studies show that devices with a PI matrix containing 0.5 g of P4 are effective to reach
plasma levels above 1 ng ml−1 that are needed to synchronize estrous in cattle. Altogether, the results
show that PI, a vulcanized polymer with a carbon–carbon backbone, can be used as a new matrix for

ration
crysta
olymorphism
rogesterone

the intravaginal administ
matrix can influence the

. Introduction

Pharmacologic control of reproduction through the delivery of
ormones is an area of intense research (Vernon et al., 2004; Biruss
nd Valenta, 2008). In humans it is mainly used as a contracep-
ive method while in livestock it is widely used to synchronize
strous associated with artificial insemination for planned con-
eption programs (Rathbone et al., 1997; Vernon et al., 2004).
strous control can be achieved through the use of commercially
vailable drug delivery systems characterized by a daily release of
rogesterone (P4) or a synthetic derivative (Rathbone et al., 1997).
he best fertility results are obtained when the drug delivery sys-
em achieves a 7 or 8 days sustained progesterone delivery and

lasma progesterone concentration above 1 ng ml−1 (Macmillan
t al., 1991; Rathbone et al., 1998a). Silicones, in particular, lend
hemselves well to the release of steroid molecules (Malcolm et al.,
003). They are thermoset rubbers consisting of three-dimensional

∗ Corresponding authors at: Centro de Excelencia en Productos y Procesos de
órdoba (CEPROCOR), Ministerio de Ciencia y Tecnología de Córdoba, Pabellón
EPROCOR, CP 5164, Santa María de Punilla, Córdoba, Argentina.
el.: +54 3541 489651/53x143; fax: +54 3541 488181.

E-mail addresses: ibianco@ceprocor.uncor.edu (I.D. Bianco),
beltramo@ceprocor.uncor.edu (D.M. Beltramo).

378-5173/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2009.08.015
of progesterone with improved release profile than silicone and that the
lline state of the hormone.

© 2009 Elsevier B.V. All rights reserved.

polydimethylsiloxane (PDMS) networks held together by chemical
bonds. The fabrication of intravaginal devices used to synchro-
nize estrous in cattle consists of dispersing between 1 and 2 g
micronized progesterone in a high temperature vulcanizing PDMS
that requires a treatment at up to 190 ◦C during the manufacturing
process (Rathbone et al., 1997, 2002a). In a recent study, we charac-
terized the in vitro and in vivo kinetics of a new intravaginal device
consisting of a skin made with room temperature vulcanizing PDMS
impregnated with P4, supported on a reusable spine (Heredia et al.,
2008). This system was loaded with 6% (w/w) P4 (0.75 g total) and
delivered the drug in such a way that the hormone plasma concen-
tration required to synchronize estrous in cattle was achieved and
sustained over the period of time needed (Heredia et al., 2008).

Although a significant body of work has been published to
date to understand the kinetic release of P4 from PDMS matrices
(Rathbone et al., 1997, 2002a; Malcolm et al., 2003; Taghizadeh
et al., 2003; Woolfson et al., 2003; Heredia et al., 2008) few
attempts have been made to study other polymers as potential P4
carriers (Vernon et al., 2004; Biruss and Valenta, 2008; Wischke
and Schwendeman, 2008). One of the few examples is poly(�-

caprolactone) (PCL) that has been used within the veterinary field
to engineer a steroid intravaginal delivery system with a high reten-
tion rate in the vagina of cows (Rathbone et al., 2002b). This system
provided bioequivalent plasma levels to those attained with a com-
mercially available product (CIDR intravaginal insert) (Rathbone et

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:ibianco@ceprocor.uncor.edu
mailto:dbeltramo@ceprocor.uncor.edu
dx.doi.org/10.1016/j.ijpharm.2009.08.015
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l., 2002b). To manufacture intravaginal devices with either PDMS
r PCL, micronized P4 is mixed with the polymer before vulcan-
zation. In an attempt to improve the kinetic release, which is
riven by the aim of reducing the amount of residual hormone after
reatment, we evaluated a different strategy that involved load-
ng the hormone into a polymer already vulcanized by swelling it
sing a solution of hormone in an organic solvent. Latex is another
ydrophobic thermoset elastomer but unlike PDMS it contains
polyisoprene (PI) carbon–carbon backbone and absorbs some

rganic solvents such as chloroform. These structural differences
n the matrix network may result in different interactions between
he drug and the matrix that could modify drug release profiles. For
hese reasons, and in order to evaluate the possibility to use it in
he design of a novel intravaginal delivery system for cattle, a latex

atrix was studied to characterize the loading and release of P4.
In vitro testing showed that a matrix of PI loaded with solu-

ilized P4 in an organic solvent resulted in a mixture of �- and
-polymorphs, and was twice as efficient at releasing P4 than
matrix made with room temperature vulcanizing PDMS. Sup-

orting this finding, the in vivo studies showed that PI devices
ontaining as low as 0.5 g of P4 resulted in plasma levels (above
ng ml−1), suitable to synchronize estrous in cattle.

. Materials and methods

.1. Materials

Micronized P4 was obtained from Sigma Chemical Co. (St.
ouis, MO, USA). Polyisoprene (PI) sheets with 0.1 mm thickness
ere obtained from SEISEME S.A. (Buenos Aires, Argentina). Room

emperature vulcanizing (RTV) silicone monocomponents of acid
eticulation were obtained from Anaerobicos S.A. (Loma Hermosa,
rgentina). Chloroform and sulfuric ether of analytical grade were
btained from Ciccarelli (San Lorenzo, Santa Fe, Argentina). The
ommercial intravaginal insert, DIB®, was obtained from Syntex
Buenos Aires, Argentina).

.2. Methods

.2.1. Progesterone loading of latex and silicone matrix
Latex sheets (PI matrix) were loaded as follows: different

mounts of P4 were solubilized in chloroform (C) or chloro-
orm:ether 1:10 (v/v) (C/E), then latex was added and gently
gitated until the solvent was completely absorbed by the
olymeric matrix. Finally, the solvent was evaporated at room tem-
erature using an air stream. Control latex matrices were loaded
ith C or C/E without P4 and dried with a similar procedure.

Silicone sheets (PDMS matrix) were loaded in three differ-
nt ways: (1) Progesterone homogeneously distributed into PDMS
atrix: different amounts of micronized P4 were mixed with a
xed amount of RTV silicone to achieve a homogeneous mix-
ure. The mixture was then placed into a 2 cm × 2 cm × 0.2 cm
olyurethane mold and left to vulcanize for 24 h; (2) Progesterone
uperficially loaded onto PDMS matrix: samples of PDMS sheets
f 2 cm × 2 cm × 0.2 cm vulcanized for 24 h at room temperature
ere incubated in a sealed tube with a solution of C/E contain-

ng different amounts of P4. Afterwards, the tubes were gently
haken until PDMS absorbed completely the organic solvents and
hen was dried at room temperature using an air stream; (3)
rogesterone/chloroform solution homogeneously mixed with PDMS:

ifferent amounts of micronized P4 dissolved in C were mixed
ith a fixed amount of RTV silicone to achieve a homogeneous
ixture. The mixture was then placed into a 2 cm × 2 cm × 0.2 cm

olyurethane mold and let vulcanize for 24 h. Control matrices were
repared in all cases as described above without P4.
Pharmaceutics 382 (2009) 98–103 99

2.2.2. In vitro drug release assessment
The pH values of cow vaginal mucus ranges between 6.0 and 8.5

depending on the stage of the estrous cycle (Senger, 2003). As the
solubility of P4 in water does not change within this pH range (data
not shown), studies of P4 release from PI or PDMS were carried out
in 50 ml phosphate buffer saline (PBS) solution pH 7.0 with 0.02%
(w/v) sodium azide. Release medium was sampled and completely
renewed every 24 h, over a period of 10 days. The amount of P4
released was quantified by UV analysis at 248 nm using a Beckman
DU 650 UV-Vis spectrophotometer. Cumulative P4 release was cal-
culated using a calibration curve of P4 in PBS pH 7.0 with 0.02%
(w/v) sodium azide, and plotted against release time.

2.2.3. X-ray diffraction
Samples of PI and PDMS superficially loaded with P4 prepared

as described above were analyzed in a Bruker D8-Advance with Cu
anode X-ray diffractometer. The polymorphic form was identified
by comparing the X-ray powder diffraction pattern with crystallo-
graphic data of �- and �-form progesterone polymorphs. (PROGST
10: �-form of P4 data (Campsteyn et al., 1972) and PROGST 01:
�-form of P4 data (Foresti Serantoni et al., 1975)).

2.2.4. Infrared spectroscopy
The spectra were collected on a FT-IR spectrophotometer (FT-

IR-8501, Shimadzu, Japan), 4 cm−1 resolution for scans. P4 crystals
from samples of PDMS or PI matrices loaded with C or C/E were
mixed with KBr powder (1/20) and analyzed by diffuse reflectance
(DRIFT). The polymorphic form was evaluated by examining the
spectral region between 850 and 890 wavenumbers as �- and
�-form give characteristic bands at 870 and 864 cm−1, respectively
(Payne et al., 1999; Wang et al., 2000).

2.2.5. Optical microscopy
Silicone and latex sheets loaded with P4 were photographed and

analyzed without any staining using a stereoscopic magnifier (ST
30 2L, ARCANO) at 20×.

2.2.6. Intravaginal device and in vivo studies
Y-shaped intravaginal devices with PI matrices (150 cm2) loaded

with 0.25, 0.50 or 0.75 g P4 as described before, were tested in
ovariectomized cows with mean weight of 450 kg (Heredia et al.,
2008). Ovariectomy removed the endogenous source of P4 so that
plasma P4 measured can only have come from intravaginal inserts.
The control used was a commercially available V-shaped insert DIB
with PDMS matrix containing 1.0 g P4 and a surface area of around
150 cm2. Blood samples were taken during 9 days and the plasma
concentrations of P4 were determined by electrochemilumines-
cence as previously described (Heredia et al., 2008).

3. Results and discussion

3.1. In vitro kinetic of progesterone release from latex matrix

As expected, the in vitro release profile of P4 from latex sheets
loaded with increasing amounts of the dissolved hormone in chlo-
roform was dependent on the surface area (data not shown) and the
initial load of P4. Above the saturating concentration there was no
further increment in the release rate (Fig. 1A and B). Latex matrices
loaded with 0.55 mg cm−2 P4 or more display linear cumulative
release (R2 = 0.99) over 100 h, indicating that zero order release
kinetics are being obeyed and that constant source activity is being

maintained at least for the period evaluated (Woolfson et al., 2003).
However, matrices loaded with 0.28 mg cm−2 and 0.14 mg cm−2 did
not display linear cumulative release versus time profiles (R2 = 0.86
and 0.67, respectively), indicating that P4 initial load was not
enough to release a constant quantity during the period evaluated.
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Fig. 1. (A) Cumulative progesterone release profiles from latex matrices with dif-
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two times higher than from RTV-PDMS (0.93 �g cm h ) (Fig. 3).
However, it is important to note that silicone matrices are usually
loaded using micronized P4 that is mixed with PDMS before poly-
merization, while vulcanized PI matrices were loaded by swelling
them with a solution of the hormone in an organic solvent. We
erent initial loads. PI loaded with 16 mg cm−2 (�), 4 mg cm−2 (�), 1 mg cm−2 (�),
.55 mg cm−2 (�), 0.28 mg cm−2 (�); (B) progesterone release rate (Q) from PI matri-
es as a function of initial progesterone concentration. Data are means ± SD. Errors
ars in (B) are smaller than symbol size.

oreover, Fig. 1B shows that in vitro P4 release rate (Q) increases
ith the initial load up to a concentration of around 10 mg cm−2,

uggesting that in this concentration range the system reaches sat-
ration. The increase in release rate as a function of initial load

ndicates that the receptor phase is not saturated with proges-
erone under the experimental conditions employed. Furthermore,
hen loaded with 16 mg cm−2, the peak of progesterone release

i.e. within the first 24–48 h) reaches a hormone concentration
elow 50% saturation (data not shown). In agreement with these
esults, when latex was loaded with P4 concentrations of 6 mg cm−2

he surface appeared covered with a fine white powder, and with
oncentrations higher than 8 mg cm−2 the surface showed clearly
isible crystal structures.

.2. Effect of swelling latex matrix on the capacity to load and
elease P4

Latex is composed of a non-covalent interaction of hydropho-
ic polyisoprene that swells to different sizes when is incubated

n the presence of different volumes of chloroform and returns to
ts original size after solvent is removed. The fact that P4 is soluble
n chloroform, suggested the possibility that P4 molecules could
e located at different depths into latex as different volumes of
olvent were used when loading the matrices. To evaluate this pos-
ibility, we analyzed the effect of incubating latex in the presence of
ncreasing volumes of chloroform containing a fixed amount of P4

nd then analyzed the in vitro release of hormone. Latex matrices
ith surface area of 10 cm2 and thickness of 1.6 mm were loaded
ith two concentrations of P4 (0.5 mg cm−2 and 1 mg cm−2), but
sing different volumes of chloroform. Fig. 2 shows that PI loaded
ith both concentrations of P4 but with increasing volumes of chlo-
Fig. 2. Progesterone release rate from PI matrices loaded with different solvent
quantities: 0.625 ml (�), 1.25 ml (©) and 2.50 ml (�). PI loaded with 1 mg cm−2 (A)
and 0.5 mg cm−2 of progesterone (B). Data are means ± SD.

roform did not modify the in vitro hormone release kinetic. These
results suggest that, under the conditions employed, the final dis-
tribution of P4 in PI is independent on the swelling and volume
of solvent used. In agreement with these findings, similar release
kinetics was observed using latex matrices of different thicknesses
(data not shown). These results could be due to a migration of
dissolved progesterone with the solvent as it migrates from the
interior of the latex matrix to the surface during its evaporation.
For this reason, under the different loading conditions employed,
most of the hormone likely accumulated near the surface of the
latex matrix.

3.3. Comparative analysis of P4 release from latex and
polydimethylsiloxane (PDMS) matrix

Most commercial intravaginal devices for P4 release used to syn-
chronize estrous cycle in cows contain a matrix of high temperature
vulcanizing PDMS (Rathbone et al., 1997). Recently, we described
that polymeric PDMS matrices prepared by vulcanization at room
temperature (RTV) show an in vitro and in vivo behavior similar
to those vulcanized at high temperatures (Heredia et al., 2008). A
comparative study of P4 release from latex and RTV-PDMS sheets
showed that the release rate from latex (1.97 �g cm−2 h−1) was

−2 −1
Fig. 3. Cumulative P4 release profile from latex matrices (�) and room temperature
vulcanizing PDMS (�) with equal surface area loaded with 20 mg cm−2 P4.
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Table 1
Progesterone release rate (Q) from Silicone (PDMS) and latex (PI) matrices loaded with increasing initial load of pro-
gesterone (P4). A group of PDMS matrices were loaded mixing micronized P4 with the polymer before vulcanization
reaction (Powder). Another group of PDMS matrices and PI matrices were loaded incubating the polymer with a solution
of P4 in chloroform:ether 1:10 v/v (C/E) or chloroform alone (C).

Matrix Method of loading Q (�g cm−2 h−1)

Initial load of P4 (mg cm−2)

5 10 15 20

PDMS
Powder 0.95 ± 0.05 0.93 ± 0.04 0.93 ± 0.05 0.93 ± 0.04
C/E 1.25 ± 0.02 1.06 ± 0.02 1.16 ± 0.02 1.17 ± 0.02
C 0.73 ± 0.01 0.83 ± 0.02 0.77 ± 0.02 0.86 ± 0.01

C/E 1.65 ± 0.03* 1.30 ± 0.06* ND ND
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PI C 1.87 ± 0.05*

Data are means ± S.E.
* Difference versus PDMS C/E, p < 0.01.

esigned an experiment where both, PI and PDMS already vul-
anized, were loaded with P4 dissolved in an organic solvent in
rder to compare the release kinetics from these matrices under
imilar loading methods. As polymerized PDMS does not swell in
hloroform alone it was necessary to test the ability of different
olvents to swell silicone as well as to dissolve P4. We found that
mixture of chloroform and ether (C/E) displayed the capacity to
issolve the hormone and to swell both silicone and latex (data not
hown). Therefore, PDMS matrices were loaded using three differ-
nt procedures: (a) mixing micronized P4 with the polymer before
ulcanization, (b) mixing P4 solubilized in chloroform with PDMS
efore its vulcanization, and (c) incubating vulcanized silicone with
4 dissolved in C/E as described under materials and methods. In
rder to allow a comparison of solvent and matrix effect on P4
elease, PI matrices were swelled either with a solution of C/E or C
ith increasing amounts of P4. All matrices were evaluated in their

apacity to release P4 in vitro during 10 days and release rate (Q)
as calculated from the P4 release profiles (see Table 1). The results

how that release rates from PI matrices loaded with the hormone
n C or a mixture of C/E were higher than those from PDMS in all
ases (see Table 1). The higher release rate of P4 from latex matri-
es loaded with an organic solvent compared with that from PDMS
atrices loaded with micronized P4 could be due to the final loca-

ion of the hormone or the physical properties of the granules of
owder (i.e. crystal habit, polymorph, granule size) obtained after
olvent drying.

.4. Physical state of progesterone

It is known that among other factors, the release rate of a drug
rom a matrix may be also regulated by its physical state. In this
ontext, the presence of different P4 polymorphs could affect its
ioavailability. Therefore, the next step was to evaluate crystal
abit and polymorphism of crystalline material of P4 collected from
he matrices prepared as described above. Optical analysis showed
hat P4 crystal habits varies depending on the nature of the matrix,
he quantity of P4 loaded and the presence and nature of solvent
sed (Fig. 4). In this sense, PDMS matrices loaded with 200 mg P4
issolved in C/E and PI matrices loaded with the same quantity dis-
olved in C showed rombic crystals (Fig. 4A and E), while PI matrices
oaded with 200 mg P4 dissolved in C/E showed smaller crystals
Fig. 4C). PDMS loaded with 50 mg P4 dissolved in C/E showed a

ottled surface where white regions indicate a higher P4 concen-
ration (Fig. 4B). In contrast, PI matrices similarly loaded showed

ll surface covered with a homogeneous layer of small aggregated
rystals (Fig. 4D). PI matrices loaded with the same amount of P4
ut dissolved in C showed slender crystals that formed acicular
adial oolitic aggregates tightly associated to the matrix (Fig. 4F).
urprisingly, no crystals were seen on the surface of PDMS loaded
1.82 ± 0.03* 1.84 ± 0.05* 1.90 ± 0.04*

with P4 dissolved in C. In accordance with this observation the X-
ray diffraction analysis of this sample did not reveal the presence
of crystalline material on the surface of PDMS (data not shown).

It is well known that P4 exists in two crystal forms of equal phys-
iological activity, which are readily interconverted. The �-form
with prism-like crystals and the highest melting point (129 ◦C) and
�-form with needle-like crystals and melting point at 121 ◦C. The
former therefore might be expected to be the thermodynamically
stable polymorph (Payne et al., 1999). This is supported by the work
of Wang et al. who show that the appearance of �-form is always
preceded by the formation of �-form progesterone (Wang et al.,
2000). If two polymorphic forms exist, there enthalpy of fusion will
be different, and the enthalpy of dissolution depends essentially on
this term (Lengendre et al., 2003). Accordingly, preliminary results
from our laboratory indicate that the �-form of P4 is more read-
ily soluble in water based buffers than the �-form (Heredia et al.,
unpublished observations).

As far as we know there is not a classical procedure to obtain
single crystals of the metastable �-form of P4 (Fig. 4). Recently,
Lancaster et al. was able to produce a co-crystal of �-form with
P4 and pregnenolone after failing to produce this form with differ-
ent manufacturing processes previously reported (Lancaster et al.,
2007). To investigate the effect of matrix material on P4 polymor-
phism, crystalline material found on the surface of silicone and latex
that were loaded with P4 was analyzed by X-ray diffraction and
Infrared spectroscopy before evaluation of hormone release kinetic.
P4 polymorphs found on the surface of PI matrices loaded with dif-
ferent amounts of P4 dissolved in C or C/E are shown in Table 2.
Interestingly, the results show that loading PI with 5 mg cm−2 P4
dissolved in chloroform leads to �-form crystals, the more unsta-
ble and soluble P4 polymorph. Although, the higher Q of P4 from
PI matrices compared with PDMS observed in this work cannot be
fully attributed to the crystalline structure formed in each type of
matrix, the appearance of the �-form of P4 was in all cases associ-
ated with PI matrices and never with PDMS indicating the strong
influence of the matrix on the polymorphic outcome. This result
is in agreement with the recent discovery of new polymorphs by
templating with polymers (Price et al., 2005) or surfaces (Mitchell
et al., 2001). Altogether these results point to an influential role of
matrix and/or additives in determining the polymorphic outcome
of P4, even under conditions where it is not incorporated into the
polymer lattice.

3.5. Effect of formulation variables on progesterone levels in

plasma

P4 released upon insertion of an intravaginal device has an
important role on ovaric follicular dynamics: supra luteal levels in
plasma (>1 ng ml−1) obtained a few minutes after insertion induce
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Fig. 4. Photographs of Progesterone crystals formed on different polymeric matrices with different hormone quantities. (A) PDMS 200 C/E: silicone matrices loaded with
200 mg progesterone dissolved in chloroform:ether 1:10 (v/v) (20 mg cm−2); (B) PDMS 50 C
1:10 (v/v) (5 mg cm−2); (C) PI 200 C/E: latex matrices loaded with 200 mg progesterone d
loaded with 50 mg progesterone dissolved in chloroform:ether 1:10 (v/v) (5 mg cm−2); (E)
(20 mg cm−2); (F) PI 50 C: latex matrices loaded with 50 mg progesterone dissolved in chl

Table 2
Polymorph found on Silicone (PDMS) and Latex (PI) matrices loaded with increas-
ing initial load of progesterone (P4). PDMS and PI matrices were incubated with a
solution of P4 and chloroform:ether 1:10 (v/v) (C/E).

Matrix Solvents Polymorph

Initial load of P4 (mg cm−2)

5 10 15 20

PDMS C/E ALFAa ALFAa ALFAb ALFAa+b

PI C/E ALFAb ALFAb ND ND
C BETAa+b ALFAa+b ALFAb ALFAa+b

a DRX.
b IR.
/E: silicone matrices loaded with 50 mg progesterone dissolved in chloroform:ether
issolved in chloroform:ether 1:10 (v/v) (20 mg cm−2); (D) PI 50 C/E: latex matrices
PI 200 C: latex matrices loaded with 200 mg progesterone dissolved in chloroform

oroform (5 mg cm−2).

the regression of the dominant follicle, providing a potent suppres-
sion of estrous and ovulation. The extraction of the intravaginal
device at the end of the treatment period, results in a rapid drop
in concentrations of P4 in circulation that promotes a synchronous
estrous within the herd, allowing for mass artificial insemination to
take place (Macmillan et al., 1991; Rathbone et al., 1998a,b). In order
to explore the possible use of this matrix in the design of a delivery
vehicle for P4 we evaluated the in vivo release of P4 from PI. For this

purpose, Y-shaped polypropylene inert inserts already described
(Heredia et al., 2008) were covered with PI sheaths loaded with
0.25, 0.50 and 0.75 g of P4 and the levels of P4 in plasma were eval-
uated in comparison with a commercial PDMS device with 1.0 g of
P4 (DIB) (Fig. 5). Table 3 shows that it is possible to attain plasma
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Fig. 5. Plasma progesterone profile form commercially available DIB® insert (�),
and PI intravaginal devices loaded with 250 mg (©), 500 mg (�) and 750 mg (�)
progesterone initial loadings (n = 3). Data are means ± SD.

Table 3
Area under the curve data for in vivo plasma profiles of Silicone (DIB®) intravaginal
insert loaded with 1.0 g of progesterone and latex (PI) intravaginal insert loaded
with 0.25, 0.5 0 and 0.75 g of progesterone for a 8-day insertion period (n = 3).

Formulation AUC (average ± SD)

DIB insert with 1.0 g P4 573 ± 39
PI insert with 0.75 g P4 675 ± 13
PI insert with 0.5 g P4 412 ± 35
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mediated polymorphic transformation of progesterone using in situ Raman
PI insert with 0.25 g P4 282 ± 54*

ata are means ± S.E.
* Difference versus DIB, p < 0.05.

oncentrations similar to those of a commercial PDMS device with
I loaded with initial loads as low as 0.50 g.

. Conclusions

The in vitro controlled release of P4 from latex matrices has been
nvestigated for its possible application in the design of a delivery
evice for estrous synchronization treatment for cattle. The results

ndicate that the release rate of P4 is directly related to surface
rea and to the drug load up to a saturating initial concentration
f around 10 mg cm−2. Loading the hormone from a solvent solu-
ion proved to be a suitable strategy that may even enhance P4
elease from silicone matrices. Moreover, the release rate from latex
atrices could be modified changing the composition of the organic

olvent used to load the matrix. Loading silicone or latex with P4
issolved in an organic solvent is related to the appearance of P4
rystals on the surface of the matrix whose polymorphic state is
ependent not only on the concentration of P4 but on the polymer
upport. In vivo studies show that plasma levels of P4 observed in
ows treated with PI devices containing 0.75 and 0.50 g of P4 are
lways well above 1 ng ml−1 that is the level required to be attained
uring the 7–8 days of treatment in order to synchronize the estrous
ycle. Given the hydrophobic nature of progesterone, it is highly
robable that the limiting step in its transfer from an intravaginal

evice to the blood would be its dissolution in the water phase.
herefore, in an attempt to reduce the residual amount of proges-
erone after using the intravaginal device, further studies are in
rogress to characterize drug distribution and crystalline structure
r polymorphs of P4 in these delivery systems and their effect on
Pharmaceutics 382 (2009) 98–103 103

release rate. Altogether, the results show that latex can be used as
a new matrix for the intravaginal administration of progesterone
with improved release profile than silicone and that the matrix can
modify the crystalline state of the hormone.
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