
RESULTSPURPOSE
To better address the needs for contraception, especially in low- and middle-
income countries (LMIC), novel biodegradable contraceptive implants are
developed using a bioresorbable multi-block copolymer platform. The
formulation and performance assessment of such long-acting implants are
outstanding challenges due to the extended timescale traditionally required for
release testing. In this project, long-acting implants formulated with multi-block
copolymers are investigated using an innovative image-based approach to assess
microstructure characteristics of the implants during release testing. Release
performance is also simulated using the imaging data allowing for rapid
assessment of implant performance in days as opposed to months and years with
traditional release testing.

CONCLUSIONS
❖ The release mechanism of a novel LARC implant has been characterized using non-invasive imaging

and release modeling.

❖ Bulk erosion of the polymer in vitro results in extensive fracture formation, while in vivo release
proceeds primarily through surface erosion of the implants.

❖ Comparison of the in vitro and in vivo release curves allowed for an IVIVC correction attributed to the
different LNG solubilities between the releases, that results for excellent correlation with image-based
release predictions.

METHODS
❖ Six implant samples at different stages of in vitro (t = 0, 28, 56, 84 days) and in vivo (t

= 56, 240 days) release were prepared for this study. Implants were made by hot melt
extrusion of InnoCore's SynBiosys® polymer platform (Figure 1) with levonorgestrel
(LNG) loaded at 50% by weight. In vitro release testing was performed in PBS, sodium
azide, and SDS at 37 oC and pH 7.4. In vivo samples were implanted into Sprague
Dawley rats and allowed to release for the given time point before retrieval of the
implants.
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Figure 1. Graphical
illustration of the
SynBiosys® copolymer used
for these implants.

❖ Implants were imaged using a Zeiss Xradia Versa 510 system, at 0.8-1.5 µm/voxel
resolution (Figure 2). AI-based image analysis was carried out using DigiM I2S®
software. Material phases (polymer, pore, LNG) were segmented and used to
quantify the size and spatial distribution of each phase. Release was simulated using
a patented image-based method and the unreleased (t = 0) implant images,
assuming monolithic diffusion.

Figure 2. Schematic representation
of XRM imaging of the implant
samples, with different components
of the experiment labelled for clarity.

Figure 3. Cross sectional XRM images of the implants during in
vitro release at t = 0 days (top left), t = 28 days (top right), t =
56 days (bottom left) and t = 84 days. The different phases
have been segmented and color coded as follows: grey =
polymer, blue = LNG, gold = pores, red = cracks/fractures.

Figure 4. In vitro (purple circles) and in vivo (green diamonds) release profiles
with the corresponding imaged implant time points indicated for both in vitro
and in vivo.

Figure 5. Cross sectional XRM images of the implants during in
vivo release at t = 0 days (top), t = 56 days (bottom left), and t
= 240 days (bottom right), with implant diameters indicated.
The different phases have been segmented and color coded as
follows: grey = polymer, blue = LNG, and gold = pores.

Figure 6. In vitro and in vivo release over 1
month (symbols) with fits to the Higuchi
equation (dotted lines) to determine initial
monolithic release rate. Differences in
release rate for this epoch are attributed
solely to differences in drug solubility.

In vitro release is approximately 2.65 times
faster than in vivo over the first month,
indicating a reduction of solubility in vivo.

Figure 7. (a) Image-based release simulation showing the advancement of a release front (gold) towards
unreleased API (blue) towards the center of the implant. (b) Image-based simulation in vitro and in vivo
release profiles (dotted lines) plotted with experimental release curves (symbols).
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