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Key points

1

Custom-grade silicone elastomer formulations were
developed to overcome the low mechanical strength
observed with a first-generation DPV+LNG vaginal ring.

Background

2

Manufactured rings had mechanical properties similar
to other commercially available ring products. DPV
content recoveries were ~100%. Recovery of LNG
ranged between 94 and 100%.

3

DPV release from rings was permeability-controlled with
IPA+water and acetate buffer+surfactant media. LNG
release was permeability-controlled with IPA+water,
solubility-controlled with acetate buffer+surfactant, and
strongly correlated with drug loading in both media.

Results & Discussion

Previously, we have reported the issue of binding of steroid
molecules to vaginal rings manufactured from addition-cure silicone
elastomers. Here, three custom silicone elastomer materials were
evaluated for manufacture of a multipurpose technology (MPT)
vaginal ring releasing dapivirine (DPV) and levonorgestrel (LNG) with
optimised mechanical properties and a low extent of LNG binding.

Methods
1. Silbione™ biomedical silicone elastomers, patent pending, lots
07117-13, 14 and 15 varying in the % composition of filler,
silicone elastomer base, crosslinker and the molecular weight of
the silicone base polymer were supplied by Elkem Silicones
(Table 1, South Carolina, USA).
2. Cure characteristics were assessed using temperature ramp and
isothermal oscillatory rheology.
3. Matrix-type vaginal rings containing 200 mg DPV + 320 mg nonmicronized LNG were manufactured by injection molding
(100˚C/95 s).
4. Elastomer 14 was selected to prepare vaginal rings with 200 mg
DPV with each of 80, 160 and 240 mg non-micronised LNG.
5. Rings were extracted into acetone and the content of DPV and
LNG assayed by HPLC.
6. A battery of mechanical tests was performed on the rings to
compare performance with other ring types.
7. In vitro release testing was performed on the 07117-14 rings into
IPA+water (1:1 v/v) and sodium acetate buffer with 2% (w/v)
Kolliphor® HS15.

Methods

Table 1 Formulation changes for each silicone elastomer compared to a
commercially available addition cure elastomer (Silbione®LSR D135-TB).
Silicone Elastomer
13
14
15

% Silica filler
↑
↑
↑

% Base
↑
↑

% Crosslinker
↑
↑↑
↑↑

Polymer MW
↓
↓
-

Fig. 1 Temperature ramp cure profiles for A (drug loaded)
and B (blank) Elkem silicones formulations A 13, B 14, C 15
and a commercial comparator (CC) D.

Fig. 2 Daily and cumulative DPV (A & C) and LNG (B & D)
release profiles from Elkem 14 rings into IPA+water (1:1 v/v).

The three custom silicone materials showed similar cure profiles and viscosities
(Fig. 1A, B and C), and offered final storage modulus values one order of
magnitude greater than the first-generation comparator material (Fig. 1D). Mean
DPV content for each silicone type was ~100% while mean LNG recoveries were
101.5, 99.6 and 98.5% for Elastomers 13, 14 and 15, respectively. Shore M
hardness values ranged from 49–60, significantly higher than values measured
with the previous silicone formulation. Static, cyclical and varied depth
compression testing as well as twist testing, gave values similar to commercial
rings. With a superior work time, Silicone 14 was selected for manufacture of
200 mg DPV + variable LNG rings (80, 160 or 240 mg). Recoverable drug
content and mechanical test data from these rings are presented in Table 2. %
LNG recovery correlated with initial loading. Release of DPV and LNG into
IPA+water was permeation-controlled (Fig. 2). DPV release was also
permeation-controlled into acetate buffer + Kolliphor® HS15, although LNG
release was largely solubility-controlled (Fig. 3). In both cases, LNG release
increased with initial loading.

Fig. 3 Daily and cumulative DPV (A & C) and LNG (B & D)
release profiles from Elkem 14 rings into acetate buffer + 2%
w/v Kolliphor® HS15.

Table 2 Mean initial drug content (% ± SD) and mechanical test data for 200 mg
DPV, 80/160/240/320 mg LNG rings made with Elastomer 14.
Drug loading (DPV Mean DPV
+ LNG mg)
recovery (%)

Mean LNG
Mean Shore M Recovery post 28-day
recovery (%) hardness
static compression (%)

200 + 80

98.4 ± 0.7

94.2 ± 2.7

60.5 ± 0.1

90–100

200 + 160

99.8 ± 0.8

96.7 ± 1.6

60.5 ± 0.4

90–100

200 + 240

101.7 ± 1.0

100.1 ± 1.4

59.9 ± 0.7

90–100

200 + 320

101.3 ± 0.4

99.5 ± 1.6

62.5 ± 0.5

90–100

These new custom silicone elastomer materials (and particularly Elastomer
14) offer significantly improved mechanical performance and LNG recovery
values for DPV+LNG vaginal rings compared to previous silicone materials.
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Background
We previously reported the chemical binding of levonorgestrel (LNG) to vaginal rings
manufactured from addition-cure silicone elastomers. Here, three custom silicones were
evaluated for manufacture of a multipurpose technology (MPT) vaginal ring (VR) releasing
dapivirine (DPV) and LNG with the aim of reducing LNG binding and improving mechanical
performance.
Methods
Silbione® Biomedical D160 silicone elastomers (Lots 07117-13, 14 and 15) were supplied by
Elkem Silicones. Matrix-type VRs containing 200mg DPV and 320mg non-micronised LNG
(nmLNG) were manufactured by injection molding (100°C/95 sec). Elastomer 14 was also
used to prepare VRs containing 200mg DPV with 240, 160 or 80mg nmLNG. Various
mechanical tests were performed on the VRs and assay values for DPV and LNG were
determined. In vitro release testing was performed for the VRs using two different media –
IPA:water (1:1 v/v) and sodium acetate buffer with 2% Solutol® HS15.
Results
All three silicones showed similar cure profiles and viscosities conducive to practical ring
manufacture and performance (Table 1).
Table 1 Propetries of 200 mg/320 mg DPV/LNG Elekm VRs

DPV+LNG rings manufactured from Silicone 14 (selected for further study due to its
relatively long working time) showed high LNG recovery and good mechanical properties
(Table 2).
Table 2 Propetries of drug-loaded Elkem 14 VR fromulations

In vitro DPV release from the Elkem 14 VRs did not change significantly in repsonse to
varied nmLNG loading, while LNG release was significantly correlated with initial nmLNG
loading.
Conclusion
These new silicone materials, and particularly variation 07117-14, offered desirable
mechanical performance and acceptable LNG recovery values for further development of a
silicone based MPT ring.
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