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Formulation development of an ethylene 
vinyl acetate ring for sustained release of 
the experimental entry inhibitor DS003

Background

Methods

DS003 (Fig. 1.) is an experimental 
small-molecule entry inhibitor being 
developed as a vaginal microbicide 
for HIV prevention. Here, we report 
the development and in vitro release 
testing of ethylene vinyl acetate 
(EVA) vaginal rings containing DS003 
in support of pharmacokinetic (PK) 
and efficacy testing in macaques. 

1. Matrix-type EVA rings (22 external diameter x 6 mm cross-sectional 
diameter) containing 40% w/w DS003 manufactured using a 
Babyplast injection molding machine.

2. Drug content assay measured by dissolving ring segments in 
dichloromethane (72 hr, 37˚C) with DS003 quantification by UV.

3. In vitro release testing of rings into sodium acetate buffer, pH 4.2 
with 2% w/v Kolliphor® HS15.

4. Macaque study conducted (see poster for Abstract #453).
5. Residual drug content in rings measured following use in 

macaques.

Results & Discussion

In vitro DS003 release from EVA rings is largely solubility 
controlled. A ~45% decrease in release rate was measured 
after ring storage at 4˚C for 60 days, most likely be due to 
structural changes in the EVA or drug component. 

The measured initial and residual DS003 content values for rings used in 
a macaque study were so similar that it was not possible to 
quantify DS003 release in macaques. Measurement was constrained by 
the very high initial DS003 loading and the very small amounts of DS003 
released.

Key points
DS003 can be incorporated into an 
ethylene vinyl acetate (EVA) ring at 
loadings of up to 40% w/w.
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Fig. 2. A – Matrix-type EVA rings (22 x 6 mm) containing 40% w/w DS003 for use in macaque study. Daily (B) and cumulative (C) release of DS003 from the 
EVA rings over 28 days into acetate buffer, pH 4.2 with 2% w/v Kolliphor® HS15.

Table 1. Line gradients with 95% confidence intervals and associated 
r2 values from plots of DS003 release against time.
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Matrix-type rings containing 40% w/w DS003 were successfully 
manufactured (Fig. 2A). Daily (Fig. 2B) and cumulative (Fig. 2C) in vitro
release of DS003 into acetate buffer, pH 4.2 with 2% w/v Kolliphor® HS15 
was consistent with a solubility-controlled release mechanism rather than 
the more usual root time kinetics associated with matrix-type rings. This 
was attributed to the very poor aqueous solubility of DS003 in the release 
medium. Also, the in vitro DS003 release rate declined by ~45% upon 
storing the rings for 2 months (Table 1, Fig. 2B) which is most likely due to 
time-dependent structural changes in the EVA and/or drug component 
(although this has not been fully investigated).

Ring age (days) Release rate (µg/day) 95% CI r2 value
21 39.31 37.77, 40.85 0.9938
60 21.51 20.70, 22.32 0.9943

Two batches of 40% w/w DS003 rings were manufactured for the 
macaque study. Content testing on four rings from throughout each batch 
was performed prior to shipping them to the CDC for the macaque study.

Batch Mean initial 
content (mg/ring)

Mean residual 
content (mg/ring)

Mean 
difference (mg)

QUB-DS003-PC-03 628.9 ± 18.2 627.6 ± 16.2 1.3
QUB-DS003-PC-04 617.2 ± 9.8 628.8 ± 32.0 -11.6

Table 2. Mean initial and residual content (± SD) for each of the ring 
batches used in the macaque study.

Considering the difference between the initial and residual content (initial–
residual) for all rings, we calculated a mean change in DS003 content of  
–1.8 mg (Table 2). Based on the margin of error, it is not possible to 
definitively conclude that DS003 was released from the rings. The high 
drug loading and the small amounts released in vivo make it challenging 
to detect differences in drug content before and after ring use.
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Molecular Weight : 478.5 g/mol
Water solubility: 0.0001 mg/mL  
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Fig. 1. Chemical structure and some
physical properties of DS003

Two batches of 40% w/w DS003 rings were manufactured for the macaque study. Content testing on four rings from throughout each batch was performed prior to shipping them to the CDC for the macaque study.


