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A new vaginal ring technology, the insert vaginal ring (InVR), is presented. The InVR overcomes the c
rent shortfall of conventional vaginal rings (VRs) that are generally ineffectual for the delivery of hyd
philic and/or macromolecular actives, including peptides, proteins and antibodies, due to their p
permeation characteristics in the hydrophobic polymeric elastomers from which VRs are usually fab
cated. Release of the model protein BSA from a variety of insert matrices for the InVR is demonstrat
including modified silicone rods, directly compressed tablets and lyophilised gels, which collectively p
vided controlled release profiles from several hours to beyond 4 weeks. Furthermore, the InVR was sho
to deliver over 1 mg of the monoclonal antibody 2F5 from a single device, offering a potential means
protecting women against the transmission of HIV.
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There is a strong consensus within the HIV microbicide fi
that a greater diversity of delivery technologies is needed to b
effectively formulate the increasing number of microbicide ca
dates progressing through the development pipeline and to m
the needs and preferences of women in different cultural sett
[1,2]. The inherent disadvantages associated with many vag
delivery systems, such as poor user acceptability, leakage, s
duration of vaginal retention, coital dependence (in the cas
spermicides and HIV microbicides) and the inability to be u
covertly without the knowledge of the male sexual partner,
widely recognised [3,4]. Considerable advances have been m
toward the use of vaginally retentive semi-solid polymeric
tems, which aim to reduce leakage and improve vaginal reten
through mucoadhesion thereby prolonging the delivery of act
[5]. Vaginal ring (VR) delivery systems, however, eliminate a
the above listed disadvantages associated with vaginal deliv
systems and consequently are attracting interest for the deliv
of HIV microbicides and vaginally administered vaccines [6–
Conventional vaginal ring technologies, comprising hydroph
elastomeric polymers such as silicone or ethylene–vinyl ace
copolymers (PEVA) (extensively reviewed elsewhere [11,12]), g
erally contain the active agent(s) homogeneously dispe
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ing sheath (reservoir-type VR). Matrix VRs provide higher b
non-linear release rates, whereas lower but zero-order dr
release can be achieved with reservoir systems [13,14].

Active agents are released from hydrophobic, non-biodegra
able, elastomeric polymers via a permeation-controlled mech
nism that depends upon the solubility and diffusivity of t
active within the rate-controlling polymer [7,15–17]. Con
quently, the format of current VRs devices are particularly we
suited to the sustained administration of therapeutically pote
small molecular weight and lipophilic actives, such as steroid m
ecules, which typically require release rates in the order of l
micrograms per day [13,14]. Hydrophilic and/or high molecu
weight actives are generally poorly released from conventio
VR devices owing to poor permeation characteristics. Althou
the inclusion of hydrophilic excipients has been reported
enhance release of hydrophilic/macromolecular actives fro
hydrophobic polymers [18,19], this approach is not useful
the fabrication of VRs, since the excipients also cause swell
of the device through imbibing of the aqueous fluids, particula
at the high excipient loadings required to achieve effective relea
rates.

A large number of hydrophilic and/or macromolecular activ
are currently being developed as potential vaginal HIV microbic
and vaccine candidates, including several monoclonal antibod
such as 2F5, b12, 2G12, and recombinant proteins gp160, gp1
and gp41 [21–26]. Naturally occurring antibodies are of particu
interest as potential microbicides since there is less concern abo
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acquiring resistance to HIV as with antiretroviral microbicide
therapies [27,28]. In addition, VR technologies offer the potential
to sustain the delivery of both microbicide and vaccine candidates
to the vaginal mucosa. However, the potential of VR delivery of
such actives will continue to be constrained by their poor perme-
ability characteristics in conventional VR designs.

Here, we describe a new vaginal ring device, the ‘insert vaginal
ring’ (InVR), comprising a ring body into which various drug-
loaded inserts can be placed. The device is effective for the sus-
tained release of proteins, as exemplified by the model protein
BSA and the HIV monoclonal antibody 2F5 [25,26]. The ring device
comprises one or more protein-loaded rods, fabricated from either
modified silicone elastomer, a compressed solid tablet, or a lyoph-
ilised gel, that are inserted into cavities contained within a non-
medicated silicone elastomer ring carrier.

2. Materials and methods

2.1. Materials

The monoclonal antibody 2F5 was supplied by Polymun Scientific
(Vienna, Austria). Silicone elastomers MED-6382 and LSR9-9508-30,
and tetrapropoxysilane were supplied by Nusil Technology LLC
(Carpinteria, USA). BSA, hydroxypropylmethylcellulose (HPMC,
10 kDa, 86 kDa and 120 kDa), hydroxyethylcellulose (HEC, 250 K),
glycine and sucrose were purchased from Sigma–Aldrich (Gillingham,
UK). Ultra-pure water was obtained using an Elga Purelab Maxima
system. Medical grade PVC tubing (3.00 mm id, 4.00 mm od) was
purchased from BDH (Belfast, UK).

2.2. Preparation of BSA-loaded silicone rod insert formulations

Dispersed mixtures (2.0 g, Table 1) comprising Parts A and B of
LSR9–9508-30 addition-cure silicone elastomer mix, BSA (2% w/w),
and glycine, sucrose or HPMC (10, 30, 50% w/w) were prepared
using a DAC 150 FVZ-K Speedmixer (30 s, 3000 rpm). The mixtures
were injected into PVC tubing (100 mm length, 3.0 mm id) via dis-
posable plastic syringe and allowed to cure 24 h at room tempera-
ture. The outer PVC tubing was removed and the elastomeric cord
cut into 7.6-mm length sections (rod inserts).

2.3. Preparation of BSA-loaded directly compressed HPMC tablets

Directly compressed tablet formulations, comprising BSA (2%
w/w) and HPMC (98% w/w, molecular weight grades 10 kDa,
86 kDa and 120 kDa) (Table 2), were prepared according to the fol-
lowing general method. BSA and HPMC were mixed in a DAC 150
FVZ-K Speedmixer (60 s, 3000 rpm) followed by direct compres-
sion of the powder mixture on a Riva MK II Minipress using a
punch and die set specifically designed for production of tablets
Table 1
Composition and release characteristics of 2% BSA-loaded silicone rod inser

Formulation Excipient (% w/w) Day 28 cumulative release
amount (lg)/%

Glycine Sucrose HPMC

Si-0 – – – 124.8 ± 17.4/11.4 ± 1.6
Si-G10 10 – – 295.1 ± 93.6/27.0 ± 8.6
Si-G30 30 – – 516.1 ± 37.1/47.2 ± 3.4
Si-G50 50 – – 712.5 ± 68.3/65.1 ± 6.2
Si-S10 – 10 – 144.6 ± 17.2/13.2 ± 1.6
Si-S30 – 30 – 265.3 ± 45.6/24.3 ± 4.2
Si-S50 – 50 – 840.8 ± 74.1/76.9 ± 6.8
Si-HP10 – – 10 150.8 ± 26.2/13.8 ± 2.4
Si-HP30 – – 30 198.9 ± 43.6/18.2 ± 4.0
Si-HP50 – – 50 463.2 ± 54.5/42.3 ± 5.0
suitable for ring insertion. The final tablet inserts had the following
dimensions: 7.6 mm length, 3.0 mm width and 3.2 mm depth. The
mean mass per tablet insert was 73.30, 70.71, 74.65 mg of BSA for
10 kDa, 86 kDa and 120 kDa HPMC, respectively.

2.4. Preparation of HPMC lyophilised gel insert formulations
containing BSA or 2F5

Lyophilised inserts, comprising 10% w/w dry-weight BSA or 2F5,
were prepared by lyophilisation of aqueous 9% w/w HPMC gels
(various molecular weight grades of HPMC – 10 kDa, 86 kDa and
120 kDa) containing 1.0% w/w BSA or 2F5 (Table 2). Briefly, the re-
quired quantities of water, BSA powder or 2F5 solution (14.59 mg/
mL), and HPMC were mixed in a DAC 150 FVZ-K Speedmixer (30 s,
3000 rpm) and allowed to hydrate overnight at 5 �C. The gels were
mixed again before injection via syringe into PVC tubing (3.0 mm
id). The tubing was cut into approximately 40 mm length sections
which were subsequently lyophilised using a laboratory freeze-
dryer (VirTis adVantage). Tube sections were placed inside the
freeze-dryer at room temperature, the shelf temperature ramped
to �60 �C and held for 2 h, followed by primary drying at �30 �C
for 15 h. The shelf temperature was then increased to +20 �C over
60 min and held at this temperature for 10 h. Chamber pressure
was maintained at 100 millitorr throughout the drying cycle. After
lyophilisation, the silicone tubing was removed, the inner lyophi-
lised cord cut into rods of 7.6 mm length, and the rods stored in
a desiccator until further use.

2.5. Preparation of silicone elastomer vaginal ring devices

Silicone elastomer base MED-6382 and tetrapropoxysilane
(ratio 25:1) were blended to produce the silicone elastomer mix.
Silicone elastomer mix (30.0 g) was mixed with stannous octoate
(0.5% w/w) for 30 s before injection into a laboratory-scale, electri-
cally heated, reaction injection moulding machine fitted with spe-
cially designed stainless steel injection moulds for manufacture of
vaginal rings containing cavities for placement of the drug-loaded
inserts. The injection mixes were cured at 80 �C for 2 min produc-
ing VRs with dimensions 7.6 mm csd, 43.0 mm id, 58.0 mm od and
comprising three equidistant holes (3.0 mm id) traversing through
the body of the ring (Fig. 1).

2.6. In vitro release testing of BSA and 2F5 from Silicone rod InVRs

VR devices containing a single BSA-loaded silicone rod, a single
BSA-loaded directly compressed tablet, or three BSA or 2F5-loaded
lyophilised gel inserts were individually placed in 100-mL polypro-
pylene jars with ammonium acetate buffer (30 mL, 0.1 M, pH 5.5)
and stored in an orbital shaking incubator (37 �C, 60 rpm). VRs con-
taining directly compressed tablets and lyophilised gel inserts
t formulations and their in vitro release characteristics.

Release
exponent

Mean BSA release rate over 28 days
(lg day�0.5)

0.44 21.0
0.46 51.3
0.56 101.6
0.54 130.2
0.35 19.6
0.56 51.3
0.62 162.7
0.39 21.6
0.38 28.9
0.50 89.0



Table 2
Composition and release characteristics of directly compressed tablets and lyophilised BSA and 2F5 gels.

Formulation Formulation components (%) Cumulative release amount (mg)/% Release exponent Mean BSA release rate (lg h�0.5)

Protein HPMC Water

Tab-BSA-10K BSA/2% 98 – 59.0 ± 5.7/0.87 ± 0.08 @48 h 0.67 186.6
Tab-BSA-86K BSA/2% 98 – 50.2 ± 2.9/0.71 ± 0.05 @168 h 0.65 75.8
Tab-BSA-120K BSA/2% 98 – 48.0 ± 3.5/0.72 ± 0.05 @158 h 0.72 76.2
Lyo-BSA-10K BSA/1% 9 90 94.0 ± 5.7/2.19 ± 0.13 @3 h – –
Lyo-BSA-86K BSA/1% 9 90 105.0 ± 6.5/1.78 ± 0.11 @48 h 0.59 303.3
Lyo-BSA-120K BSA/1% 9 90 108.0 ± 7.5/2.20 ± 0.14 @120 h 0.58 204.8
Lyo-2F5-10K 2F5/1% 9 90 60.9 ± 0.5/1.0 ± 0.01 @6 h – –
Lyo-2F5-86K 2F5/1% 9 90 65.9 ± 4.1/1.07 ± 0.07 @48 h 0.55 236.7
Lyo-2F5-120K 2F5/1% 9 90 80.7 ± 19.8/1.38 ± 0.34 @168 h 0.66 118.7

Fig. 1. (i) Silicone insert vaginal ring, (ii) Injection moulds for In VR manufacture, (iii) directly compressed insert manufacture, (iv) silicone insert, (v) directly compressed
tablet insert, and (vi) lyophilised insert.
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were sampled (2 mL) with media replacement at 1, 3, 6, 24, 48, 72,
96, 120, 144, 168 h. VRs containing excipient-modified silicone
elastomer rod inserts were sampled with complete media replace-
ment on days 1, 2, 3, 4, 7, 11, 14, 18, 21, 24 and 28. BSA was quan-
tified by SEC-HPLC, and 2F5 by ELISA.

2.7. Quantification of BSA by high performance liquid chromatography

BSA was quantified using SEC-HPLC with ultraviolet detection
(Waters Breeze HPLC system); Biosep SEC S3000 column (5 lm,
25 cm � 4.6 mm id, Phenomenex, Ireland); mobile phase ammo-
nium acetate (0.1 M, pH 5.5) flow rate 1.0 mL/min; detection wave-
length 220 nm; injection volume 100 lL; BSA retention time
8 min). A linear calibration plot for BSA was obtained over the
range 0.5–100 lg/mL (R2 = 0.99; y = 2E�05x + 1.3971).

2.8. Quantification of 2F5 by ELISA assay

Antibody levels of 2F5 were quantified by a double-sandwich
ELISA using the 2F5 antibody and the peptide aa:GGGLELDKWASL
as the capture antigen. Bound 2F5 was detected with goat anti-
human (GAH) IgG (c-chain specific) antibody conjugated with
horseradish peroxidase. TMBE was added as substrate, and optical
density values of the formed blue coloured product were obtained
at 450 nm.

2.9. Determination of fluid uptake into silicone rod InVRs

In parallel with release studies, VRs containing silicone rod in-
serts were immersed in deionised water (30 mL). The rings were
removed at the same sampling time points, blotted dry and the
mass of each ring measured to quantify fluid uptake.

2.10. Qualitative assessment of water ingress into silicone rod,
lyophilised rod and directly compressed tablet inserts

Sections of PVC tubing (n = 4, 3.0 mm id and 7.6 mm length; to
mimic the cavities in the vaginal ring holder) containing the vari-
ous solid dosage inserts (rods, tablets, lyophilised gels) were pre-
pared and immersed in a methylene blue aqueous solution
(20 lg/mL). The samples were removed after 1, 2, 4, 6, 24, 48
and 72 h, blotted dry and the ingress/uptake of dye assessed visu-
ally. The silicone elastomer rod samples were also assessed at ex-
tended timepoints (7, 12, 21 and 28 days).



Fig. 4. In vitro percentage release profile for BSA from vaginal rings containing a
single directly compressed tablet insert (mean BSA loading per tablet insert 1.47,
1.41, 1.49 mg of BSA for 10 kDa, 86 kDa and 120 kDa HPMC, respectively).
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3. Results

3.1. In vitro BSA release from InVRs containing excipient-modified
silicone elastomer inserts

BSA was released continuously over 28 days from InVR devices
containing silicone elastomer rod inserts (Fig. 2). The rate of BSA
release was observed to depend significantly upon both the type
of excipient (sucrose > glycine > HPMC) and its initial loading
(50% > 30% > 10% > 0%) in the rod insert. With no excipient
included, only 11% BSA was released (and most within the first four
days), compared to 76% (day 28) for the 50% sucrose insert.
Summary release data are presented in Table 1 for each silicone
rod insert VR formulation.

3.2. Water uptake into InVRs loaded with excipient-modified silicone
elastomer inserts

InVRs containing a single excipient-modified silicone elastomer
BSA rod insert showed an increase in weight of between 2.0% and
3.5% (total ring weight) due to water uptake upon immersion
(Fig. 3), compared to 1.5% for the control InVR containing a silicone
elastomer BSA rod insert without excipient. Compared to sucrose
and glycine, HPMC displayed the lowest percentage weight change
over the 28-day dissolution. For glycine InVRs, the 10% loaded in-
serts displayed the highest percentage weight change, whereas
with sucrose and HPMC InVRs with 50% loadings produced the
highest increase in mass after 28 days. In general, the percentage
Fig. 2. In vitro percentage release profile for BSA from vaginal rings containing a
single excipient-modified silicone elastomer rod insert (mean BSA loading per rod
insert 1.09 mg).

Fig. 3. Percentage weight change for vaginal rings containing a single excipient-
modified silicone elastomer rod insert immersed in deionised water.
weight changes for the various rod insert formulations correlated
in vitro release (Fig. 2).

3.3. In vitro BSA release from InVRs loaded with directly compressed
HPMC tablet inserts

Percentage BSA release versus time profiles for VRs containing
HPMC tablet inserts are presented in Fig. 4 and the release data
summarised in Table 2. It is evident as molecular weight of the
HPMC tablet inserts increased so the rates of BSA release de-
creased. For the 10 kDa molecular weight HPMC insert, BSA is re-
leased over two days, compared with four days for the higher
molecular weight grades of HPMC.

3.4. In vitro BSA release from InVRS loaded with lyophilised HPMC gel
rod inserts

Release of BSA from InVRs containing three lyophilised HPMC
gel inserts showed a marked dependency on HPMC molecular
weight (Fig. 5, Table 2), where an increase in molecular weight
provides a reduction in the release rate. Release was sustained over
approximately 3, 50, and 100 h for low (10 kDa), medium (86 kDa)
and high (120 kDa) MW HPMC, respectively.

3.5. Qualitative assessment of methylene blue dye uptake by the
various ring insert formulations

Representative photographs indicating the extent of methylene
blue ingress into the ring inserts via their exposed ends are
Fig. 5. In vitro percentage release profile for BSA from vaginal rings containing
three lyophilised gel inserts (mean BSA loading per three inserts 2.31, 1.70, 1.86 mg
of BSA for 10 kDa, 86 kDa and 120 kDa HPMC, respectively).
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presented in Table 3. The low MW HPMC lyophilised gel insert al-
lowed rapid ingress of dye within 1 h and complete dissolution of
the dosage form within 2 h. The higher MW HPMC systems
(86 kDa and 120 kDa) showed slower ingress of the dye solution
and were still intact at 48 h; complete dissolution occurred within
72 h.

All of the directly compressed HPMC tablets showed dye uptake
at their exposed ends after 1 h. After 24 h, dye had ingressed into
all but a 2-mm section in the middle of the low MW HPMC tablet,
and by 48 h dissolution was complete. Both medium and high MW
directly compressed HMPC tablets showed considerable swelling
at their exposed ends after 24 h. By 72 h (not shown), most of
the medium MW HPMC tablet had dissolved while the high MW
HPMC still had 2 mm of gel extending out each end of the tube.
After 7 days, the medium MW HPMC tablet had completely dis-
solved and only a small portion remained for the high MW tablet.

For the silicone elastomer rod inserts, only the glycine-loaded
formulations are shown; the other excipients showed similar char-
acteristics. Silicone rods with no excipient displayed a very light
blue colouration over the length of the rod by day 28, indicating
limited ingress of the dye solution. The rate and extent of ingress
Table 3
Photographic images showing the ingress of aqueous methylene blue dye into covered s
colours in this table, the reader is referred to the web version of this paper.)

Formulation 1 h 24 h

Lyo-BSA-10k

Lyo-BSA-86k

Lyo-BSA-120k

Tab-BSA-10k

Tab-BSA-86k

Tab-BSA-120k

Si-0

Si-G10

Si-G30

Si-G50
of dye solution increased with increasing glycine loading, and
some swelling at the rod ends was observed with prolonged
immersion.
3.6. Release of 2F5 from InVRs containing lyophilised HPMC gel inserts

In vitro release of monoclonal antibody 2F5 from InVRs contain-
ing three lyophilised HPMC gel inserts depended significantly on
the HPMC molecular weight (Fig. 6); time to complete dissolution
was approximately 2, 24 and 100 h for the 10 kDa, 86 kDa and the
120 kDa MW inserts, respectively. With the current insert formula-
tions, a InVR device containing three lyophiised HPMC inserts was
capable of delivering over 1 mg 2F5 in total, representing approx-
imately 70% of the total 2F5 loading.
4. Discussion

The concept of an insert vaginal ring device (InVR), in which the
active pharmaceutical agent is loaded into one or more discrete so-
lid dosage units which are subsequently inserted into the ring body
ilicone rods, lyophilised gels and directly compressed tablets. (For interpretation to

48 h Day 7 Day 28



Fig. 6. In vitro percentage release profile for 2F5 from vaginal rings containing three
lyophilised gel inserts (mean 2F5 loading per three inserts 1.64, 1.62, 1.70 mg for
10 kDa, 86 kDa and 120 kDa HPMC, respectively).
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to aid its vaginal retention, is novel, and offers a number of distinct
advantages over more traditional vaginal drug formulations.
Conventional vaginal dosage forms, such as tablets, pessaries and
semi-solid gels, generally display poor mucosal retention [3,4],
require frequent dosing, and employ manufacturing methods that
are generally not conducive to the stability of complex biological
macromolecules, such as peptides, proteins and DNA [29–31]. By
comparison, conventional vaginal ring designs can provide effec-
tive, controlled or sustained release of actives over many months,
at least for those molecules that have the requisite physicochemi-
cal characteristics (relatively lipophilic and small molecular
volume) to permit both significant permeation in the polymer
materials used to fabricate ring devices and some degree of solubil-
ity in cervicovaginal fluid [7]. Release of hydrophilic and/or macro-
molecular actives from non-biodegradable elastomers is generally
not feasible unless relatively high concentrations of hydrophilic
excipients are incorporated [18,33]. When placed in an aqueous
environment, the excipients absorb fluid to form a network of
interconnected aqueous pores throughout the polymeric device
that serve as conduits for subsequent drug permeation [18,19].
However, this approach has limited use in the fabrication of vagi-
nal rings, since the absorption of aqueous fluid is accompanied
by swelling of the polymeric device [20,34]. Also, commercial
production of both thermoplastic and silicone elastomer vaginal
rings requires high-temperature processing techniques (hot melt
extrusion and reaction injection moulding, respectively) which
are detrimental to protein structure. With the InVR design, the
elastomeric ring body acts primarily as a holder for various solid
dosage inserts, potentially providing increased vaginal retention
and sustained release compared to the insert alone.

Three different types of ring inserts were selected for evaluation.
The excipient-modified silicone elastomer rods were based on
implantable matrix and covered-rod formulations described previ-
ously in the literature [34–38]. The directly compressed tablets rep-
resent the most common and inexpensive drug dosage form, with
widespread use for oral administration and occasionally used vagi-
nally. The lyophilised gel inserts, described recently as vaginal dos-
age forms for the HIV microbicide dapivirine [39], were selected as
a means of administering an aqueous gel dose in a format likely to
maintain protein stability. Previous studies involving the HIV enve-
lope protein gp140 as a mucosal vaccine candidate formulated in an
aqueous gel demonstrated poor protein stability [40].

The in vitro release data for the silicone elastomer rod insert
rings (Fig. 2, Table 1) underlines the difficulties in achieving sus-
tained delivery of proteins from silicone elastomers except with
the incorporation of high concentrations of hydrophilic excipients.
For all formulations, the release profiles display a biphasic pattern,
i.e. rapid surface release from the exposed ends of the ring inserts
during the first four days followed by slower sustained release out
to 28 days. The amount of BSA released during both phases was
dependent on the type and loading of the excipient, with higher
loadings of the glycine and sucrose showing the greatest release
enhancement. The control silicone elastomer insert (no excipient)
and those containing 10% excipient loadings generally showed no
release after four days, illustrating the inability of these systems
to form an interconnected pathway of aqueous channels into the
bulk of the insert. The dye ingression studies (Table 3) and the
weight change data (Fig. 3) with the same insert ring formulations
confirm the mechanism by which protein is released from the rod
inserts; slow and minimal penetration of the aqueous medium into
the rod inserts is observed at lower excipient loadings, while the
30% and 50% loadings show very significant ingress of the aqueous
dye solution. The increase in the weights of the rings, ranging from
1.5% to 3.5% of total ring weight, is a function of excipient type and
loading attributed to diffusion of the aqueous medium into the
excipient-modified rod insert.

For certain clinical applications (such as vaginal vaccination), it
may be desirable to have protein release sustained over shorter time
periods, as exemplified by BSA release from the directly compressed
tablet insert rings (Fig. 4) and the lyophilised gel insert rings (Fig. 5).
HMPC was selected as a hydrophilic mucoadhesive polymeric com-
monly used as an excipient in pharmaceutical gels and solid dosage
forms. In these systems, release of BSA was sustained for up to 4 days
depending on the molecular grade of the HMPC used to prepare the
inserts. The 10K HPMC lyophilised inserts provided fastest release, a
consequence of their highly porous structure permitting rapid fluid
uptake and dissolution of the short polymer chains. Increasing the
HPMC molecular weight in the lyophilised systems served to signif-
icantly prolong BSA release, consistent with increased polymer dis-
solution time. Unlike the silicone elastomer rod inserts, practically
all the original BSA loading was quantifiably released from the
lyophilised HMPC gel inserts, a pertinent issue when dealing with
highly expensive recombinant protein actives. By comparison, total
release of BSA from the directly compressed tablet inserts was less
than 60%. It is postulated that the high compression and shear forces
generated in direct compression tablet manufacture are responsible
for protein degradation [29,30,32].

Vaginal administration of HIV monoclonal antibodies such as
b12, 2F5 and 2G12 to inhibit intravenous, intravaginal or oral chal-
lenge of SHIV (a genetically engineered hybrid virus having an HIV
envelope and an simian immunodeficiency virus core) has been
established, and thus if present in the vaginal cavity in high con-
centrations could offer protection against HIV during intercourse
[25,26]. Vaginal administration of a buffer solution containing
the broadly neutralizing human monoclonal antibody b12 has
been shown to protect macaques against infection following vagi-
nal challenge with simian-human immunodeficiency virus (SHIV)
[37]. Combinations of the monoclonal antibodies 4E10, 2F5 and
2G12, each having broad cross-clade neutralizing properties and
relatively conserved binding epitopes, are also being investigated
as vaginal HIV microbicides in gel formulations [26]. However,
both solution and gel-based formulation strategies for HIV micro-
bicides will require vaginal administration immediately before
intercourse in order to be effective; both adherence and effective-
ness might be increased if release can be sustained over multiple
days from a ring device. In vitro 2F5 release from vaginal rings
comprising three lyophilised gel inserts (Fig. 6) demonstrates that
between 60% and 80% of the original 2F5 loading was effectively
released from the inserts, with approximately 10–15% of 2F5 activ-
ity being lost during the lyophilisation stage as measured by ELISA.
As with release of BSA from the directly compressed tablet and
lyophilised gel insert rings, the HPMC molecular weight of the
HPMC employed significantly influenced the 2F5 release rates.
The 120 kDa HPMC lyophilised gel inserts sustained 2F5 release
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over at least five days with daily release rates of between 250 and
350 lg/day for the first three days followed by approximately
100 lg/day for subsequent days (Fig. 6). Assuming upper limits
for the volumes of cervicovaginal fluid (8 mL) and semen (8 mL),
and assuming that in vivo release rate from the insert vaginal ring
is similar to that observed in vitro, then vaginal concentrations in
the combined fluids greater than 10 ug/mL might be established
within hours of ring placement, similar to the in vitro IC50 value
for 2F5. Increased 2F5 release could be readily achieved by (i)
increasing the rod diameter (up to 4 mm diameter inserts can be
included in the current design), (ii) increasing the number of holes
in the ring body to accommodate up to 12 inserts, and (iii) increas-
ing the 2F5 loading in each insert.
5. Conclusion

The insert vaginal rings offer the potential to extend the remit
of vaginal ring technology to actives that do not possess the perme-
ation characteristics to achieve clinically effective release rates
from conventional matrix and reservoir ring designs. The study
has demonstrated that both the rate and duration of model protein
release can be readily tailored through choice of insert type, num-
ber of inserts, and the molecular weight grade of the polymeric
excipients. In particular, the lyophilised gel inserts offer mild man-
ufacturing conditions conducive to protein stability. The multi-
compartment nature of the insert vaginal ring may also ultimately
prove useful in the administration of combination actives. For
example, the ring body might be used to provide release of a
small-molecule antiretroviral microbicide, such as dapivirine
[7,8], while inserts within the device simultaneously release a pro-
tein or DNA-based HIV microbicide or antigen. From a mucosal
vaccination perspective, it might also be possible to mimic tradi-
tional prime-boost schedules by developing separate inserts that
provide immediate and delayed release behaviour.
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