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The objective of this investigation was to develop a thermosensitive vaginal gel containing raltegra-
vir + efavirenz loaded PLGA nanoparticles (RAL+EFV-NPs) for pre-exposure prophylaxis of HIV.
RAL+EFV-NPs were fabricated using a modified emulsion-solvent evaporation method and characterized
for size and zeta potential. The average size and surface charge of RAL+EFV-NP were 81.8 + 6.4 nm and
—23.18 £ 7.18 mV respectively. The average encapsulation efficiency of raltegravir and efavirenz was
55.5% and 98.2% respectively. Thermosensitive vaginal gel containing RAL+EFV-NPs was successfully

lli?l/tvgo;gxsz;r prepared using a combination of Pluronic F127 (20% w/v) and Pluronic F68 (1% w/v). Incorporation
Efavirgenz RAL+EFV-NPs in the gel did not result in nanoparticle aggregation and RAL+EFV-NPs containing gel

Pre-exposure prophylaxis showed thermogelation at 32.5 °C. The RAL+EFV-NPs were evaluated for inhibition of HIV-1y;4-3 using
Nanoparticles TZM-bl indicator cells. The ECgy of RAL+EFV-NPs was lower than raltegravir + efavirenz (RAL+EFV)
HIV solution but did not reach significance. Compared to control Hela cells without any treatment,
Thermosensitive gel RAL+EFV-NPs or blank gel were not cytotoxic for 14 days in vitro. The intracellular levels of efavirenz
in RAL+EFV-NPs treated HeLa cells were above the ECoq for 14 days whereas raltegravir intracellular
concentrations were eliminated within 6 days. Transwell experiments of NPs-in-gel demonstrated rapid
transfer of fluorescent nanoparticles from the gel and uptake in HelLa cells within 30 min. These data
demonstrate the potential of antiretroviral NP-embedded vagina gels for long-term vaginal pre-exposure

prophylaxis of heterosexual HIV-1 transmission.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Prevention of HIV-1 infection to reduce the number of newly in-
fected individuals is an international priority. Various modalities
such as male circumcision (Warner et al., 2009), prophylactic HIV
vaccines (Munier et al., 2011), vaginal microbicides (Kelly and
Shattock, 2011) and oral pre-exposure prophylaxis (Garcia-Lerma
et al., 2010) have been explored to prevent sexual contraction of
HIV. Prevention of HIV infection by using antiretroviral agents as
vaginal microbicides has received more attention in recent years.
However, clinical trials focusing on vaginal prophylaxis of HIV
using topical microbicides have shown mixed results. Early-phase
topical microbicides such as PRO 2000 (McCormack et al., 2010)
and Carraguard™ (Skoler-Karpoff et al., 2008) have failed to show
efficacy in clinical trials whereas coitally-dependent administra-
tion of 1% tenofovir gel has shown success in CAPRISA 004 trial
(Abdool Karim et al., 2010). Conversely, the VOICE trial employing
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a coitus-independent, once daily administration of 1% tenofovir gel
was halted due to lack of efficacy (Adams and Kashuba, 2012). The
VOICE trial setback has prompted investigators to examine alterna-
tive strategies such as the use of a combination of antiretroviral
agents acting on different stages of viral replication. Combination
antiretroviral therapy (HAART) has already demonstrated success
in the treatment of HIV infected individuals. Recently, gels contain-
ing a combination of tenofovir and UC-781 (a hydrophobic non-
nucleoside reverse transcriptase inhibitor) are being evaluated
(Kiser et al., 2012).

Efavirenz (EFV) is a FDA-approved non-nucleoside reverse
transcriptase inhibitor with ability to inhibit HIV at nanomolar
concentrations in vitro. The long elimination half-life (~40 h) of
EFV could be useful for achieving long term pre-exposure prophy-
laxis of HIV-1 (Maggiolo, 2009). Maurin et al. (2002) have demon-
strated efavirenz has maximum stability at pH 4. Thus, efavirenz
could have optimal stability in the vaginal environment if devel-
oped as a vaginal microbicide. Raltegravir (RAL) is the only HIV-1
integrase inhibitor currently approved by FDA. Recently,
Clavel et al. (2011) reported that raltegravir-containing regimen
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Nomenclature

RAL raltegravir

EFV efavirenz
NP nanoparticles
NMP N-methylpyrrolidone

DMSO  dimethylsulfoxide
RAL+EFV-NP raltegravir + efavirenz loaded PLGA nanoparticles

RAL+EFV solution raltegravir + efavirenz solution prepared with
DMSO and water

PLGA poly-lactide-co-glycolide

ICH international conference on harmonisation of technical
requirements for registration of pharmaceuticals for hu-
man use

results in penetration of raltegravir in the genital tract of HIV-1-in-
fected women. Until today, there have been no attempts to
evaluate potential of raltegravir and/or efavirenz as a vaginal
microbicide.

The advent of nanotechnology has brought a paradigm shift in
the treatment of all life-threatening diseases including HIV. In fact,
a nanotechnology-based product (VivaGel®, Starpharma, Australia)
has been developed for prophylaxis of HIV and other sexually
transmitted infections and has undergone extensive preclinical
and clinical safety evaluation (Price et al., 2011). Woodrow et al.
(2009) have demonstrated that intravaginal administration of
PLGA-siRNA nanoparticles can induce sustained gene silencing in
vagina for 14 days. This investigation clearly indicated that PLGA
nanoparticles could have potential for long-term vaginal prophy-
laxis of HIV. However, there are no reports describing use of PLGA
nanoparticles containing combination antiretroviral drugs for vag-
inal prophylaxis.

The mode of delivery of vaginal microbicides is also very impor-
tant aspect in HIV prophylaxis. Until today, majority of clinical tri-
als have employed conventional gels for vaginal microbicide
delivery. However, gel leakage, uneven distribution and messiness
are major disadvantages of conventional gels for women (Adams
and Kashuba, 2012). Thermosensitive gels have gained greater
attention as an alternative to conventional gels in last decade.
Thermosensitive gels are liquid at room temperature but form a
highly viscous gel at 37 °C once delivered inside the body (Ruel-
Gariépy and Leroux, 2004). Thermosensitive gels are easy to handle
and deliver as compared to conventional gels due to their liquid
nature, can spread evenly on gelation whereas their high viscosity
at body temperature can minimize chances of gel leakage (Roy
et al,, 2001). Furthermore, thermosensitive gels can also sustain
the delivery of drugs (Baloglu et al., 2011).

The objective of this investigation was to evaluate potential of
a thermosensitive gel containing raltegravir + efavirenz loaded
PLGA nanoparticles (RAL+EFV-NPs) for vaginal prophylaxis of
HIV.

2. Materials and methods
2.1. Materials

Poly-lactide-co-glycolide (Avg. Mol. Wt. 52000 Da, inherent vis-
cosity: 0.59 dL/g in hexafluoroisopropanol) was purchased from
Birmingham Polymers (Birmingham, AL). Raltegravir (RAL) and
efavirenz (EFV) were purchased from Sequoia Research Ltd. (Pang-
bourne, UK). Potassium dihydrogen phosphate (HPLC grade), ace-
tonitrile (HPLC grade), dimethyl sulfoxide (DMSO, AR Grade),
ethyl acetate (AR grade), citric acid (AR grade), trisodium citrate
(AR grade), polyvinyl alcohol (88% hydrolyzed; Mol. Wt. 88000)
and Rhodamine 6G were purchased from Fischer Scientific Ltd.
(Pittsburg, PA, USA). Pluronic F127, Pluronic F68 (BASF Corp., Edi-
son, NJ, USA) and N-methylpyrrolidone (Pharmasolv®, Ashland
Inc, Wayne, NJ, USA) were received as gift samples. Ultrapure
water was used for all the experiments.

2.2. Cell culture

Human cervical (HeLa) cells, T cells (H9 cells) and HIV indicator
(TZM-bl) cells were used for multiple experiments. Culture meth-
ods and cell use are described in the Supplementary data.

2.3. Preparation of PLGA nanoparticles containing RAL and EFV
combination (RAL+EFV-NP)

Briefly, PLGA (50 mg) and Pluronic F127 (100 mg) were dis-
solved in 3 ml of ethyl acetate by heating at 40°C in an incubating
shaker bath. RAL (5 mg) and EFV (5 mg) were dissolved in a mix-
ture of DMSO (0.15 ml) and N-methylpyrrolidone (0.1 ml) by heat-
ing at 40 °C in an incubating shaker bath. Ethyl acetate solution
was added to the DMSO and N-methylpyrrolidone mixture con-
taining RAL and EFV to obtain a homogenous solution (organic
phase). The organic phase was emulsified in 10 ml of ultrapure
water using a probe sonicator (UP100H; Hielscher USA, Inc., NJ,
USA; amplitude: 80% and intensity: 0.8) for 15 min in an ice bath.
The resultant oil-in-water emulsion was transferred to a 50 mL bea-
ker and stirred at 700 rpm for 2 h using a magnetic stirrer to evap-
orate the ethyl acetate. Particle size, polydispersity index, and
surface charge of resulting RAL+EFV-NPs were measured using dy-
namic light scattering (ZetaPlus instrument, Brookhaven Instru-
ments Corp, NY, USA) as previously described (Shibata et al,
submitted for publication). All experiments were carried out in trip-
licate. RAL+EFV-NPs were sterile filtered through a 0.22 pm filter
and used for further studies. For fabrication of fluorescent nanopar-
ticles, Rhodamine 6G (1 mg) was dissolved in 3 mL ethyl acetate in
place of antiretroviral drugs and processed as described above.

2.4. Imaging of RAL+EFV-NPs by SEM

RAL+EFV-NPs were placed on the slide surface and allowed to
dry. The slide was sputter coated with 2% w/v uranyl acetate, dried,
and then visualized by using a JEOL-40A (JEOL Ltd., Sheboygan, WI)
scanning electron microscope (Shibata et al., submitted for
publication).

2.5. In vitro cytotoxicity studies

Long-term in vitro cytotoxicity of RAL+EFV-NPs was evaluated
in Hela cells. Briefly, cells were seeded in 12 well plates at a den-
sity of 1.0 x 10 cells/well in triplicate and allowed to attach to
wells overnight. RAL+EFV-NPs were added to obtain a RAL and
EFV concentration of 5 pg/mL in each well. Blank gel containing
no nanoparticles (50 pL) was added to triplicate wells to determine
cytotoxicity of this component. Cell viability was assessed on days
1,2,4,7,10and 14 as per MTT method (Destache et al., 2009). The
absorbance obtained for RAL+EFV-NPs was compared to control
cells (no treatment). Assuming non-Gaussian distribution, non-
parametric statistics were used to determine significance.

2.6. Anti-HIV activity

Activity of RAL+EFV-NPs and RAL+EFV solution against HIV-
1n14-3 Was determined using TZM-bl HIV-1 indicator cells as per re-
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ported method with suitable modifications (Fletcher et al., 2009).
Further description of these experiments is included in Supple-
mentary data.

2.7. Studies on intra-cellular release of raltegravir and efavirenz from
RAL+EFV-NPs

Intracellular release of RAL and EFV from RAL+EFV-NPs was
studied using HeLa cells. HeLa cells (1 x 10° cells/well) were
seeded onto 12-well plates and cultured overnight. RAL+EFV-NPs
were added to wells with a combined starting raltegravir + efavi-
renz concentration of 10 £ 2 pg/well. Release of RAL and EFV in
HeLa cells and in culture media was analyzed by HPLC on day 1,
2,4,5,6,7,10 and 14. Further details are described in the Supple-
mentary data.

2.8. Development of a thermosensitive vaginal gel

For development of a thermosenstive vaginal gel, RAL+EFV-NPs
were prepared in pH 4.5 aqueous citrate buffer. Table 1 outlines
the gel composition that was used for further experiments. Various
quantities of Pluronic F127 and Pluronic F68 were used for identi-
fying suitable composition of thermosensitive gel. Further descrip-
tion of the preliminary experiments to fabricate the
thermosensitive gel is provided in Supplementary data.

2.9. Characterization of transfer of fluorescent PLGA nanoparticles
from thermosensitive gel using transwells

Hela cells were plated at 0.5 x 10° cells/ml on Poly-p Lysine
precoated 12 mm BD BioCoat* coverslips (BD Biosciences, San Jose,
CA). Cells were cultured overnight in DMEM plus 10% fetal calf ser-
um at 37 °C, 5% CO,. Thermosensitive gel (100 pl) containing Rho-
damine 6G labeled fluorescent PLGA nanoparticles was placed on
0.4 pm transwell permeable supports (Corning Inc. Life Sci., MA,
USA) at 37 °C for 10 min to allow gel solidification. Transwells were
placed above Hela cells for 15, 30 min, 2, 12 and 24 h. At the
appropriate time, the HeLa cells were fixed and imaged using fluo-
rescence microscopy to determine the transfer of the nanoparticles
from the gel into the HeLa cells. This is described in Supplementary
data.

2.10. Statistical analysis

Results are reported as mean + SEM for all experiments. Differ-
ences were considered statistically significant at p < 0.05.

3. Results
3.1. RAL+EFV-NP preparation and characterization

The PLGA nanoparticles containing RAL and EFV combination
(RAL+EFV-NPs) had particle size of 81.8 £ 6.4 nm, polydispersity

Table 1

Composition of the RAL+EFV-NPs loaded thermosensitive gel.
Components Quantity
Pluronic F127 2 g (20% w|v)
Pluronic F68 0.1g (1% w/v)
DMSO 0.15ml (1.5% v/v)
N-Methyl pyrrolidone 0.1 ml (1% w/v)
RAL+EFV-NPs in citrate pH 4.5 buffer 10 ml

The pH 4.5 citrate buffer was prepared by dissolving citric acid (42 mg) and triso-
dium citrate dehydrate (59 mg) in the 1000 ml of ultra-pure water. RAL+EFV-NPs
were prepared in pH 4.5 citrate buffer for preparation of thermosensitive gel.

index of 0.15 + 0.02 and the surface charge was —23.18 £ 7.18 mV
(n=3). The entrapment efficiency of the RAL and EFV in the nano-
particles averaged (+SEM) 55.5+5.61% and 98.2 + 1.2%, respec-
tively (n=3). The RAL+EFV-NPs demonstrated physical and
colloidal stability with no significant change in particle size and
pH for at least 1 month. Scanning electron microscopy showed
the presence of sub-100 nm RAL+EFV-NP (Fig. 1) validating the re-
sults of dynamic light scattering. The osmolarity of RAL+EFV-NPs
averaged 405.3 + 0.57 mOsm/kg due to presence of 1.5% v/v DMSO
and 1% v/v N-methylpyrrolidone.

3.2. In vitro cytotoxicity studies

Long term in vitro cytotoxicity of RAL+EFV-NPs was carried out
to ensure that RAL+EFV-NPs did not cause any cytotoxicity to HeLa
cells during the intracellular drug release study (discussed in Sec-
tion 3.4.). It was observed that RAL+EFV-NPs at the RAL and EFV
concentration of 5 pg/ml did not cause any significant toxicity as
compared to control cells or blank gel (Fig. 2).

3.3. Anti-HIV activity

The efficacy RAL+EFV-NPs was compared to RAL+EFV solution
by evaluating their ECqy values against HIV-1y;4.3 strain (Fig. 3).
The inhibitory concentration for the RAL+EFV-NPs was less
(mean + MSE, NP formulation 90.3 + 0.02, solution 144 + 0.067 ng/
mL; P> 0.05) than RAL+EFV solution.

3.4. Studies on intracellular release of RAL and EFV from PLGA
nanoparticles

Intracellular and media concentrations of RAL and EFV released
from RAL+EFV-NPs in HelLa cells are shown in Fig. 4. The nanopar-
ticle formulation offered sustained intracellular release of raltegra-
vir and efavirenz. We have previously shown that intracellular
efavirenz concentrations were undetectable from efavirenz solu-
tion after 2 days in vitro (Destache et al., 2009). The intracellular
concentration of EFV on day 14 was >150 ng/10° cells. The ECqg
in our experiments averaged 90.3 ng/mL and therefore the concen-
tration of efavirenz on day 14 was above the ECy, for the entire
14 days. Raltegravir intracellular concentration declined over the
course of 6 days and was below the detectable limit of our assay
on day 6. However, RAL was present in the media for 10 days, lead-
ing one to conclude that protection from HIV-1 infection could
occur for 7 days with this combination product. Further experi-
ments in vivo are necessary to confirm these results.

Fig. 1. SEM image of the raltegravir + efavirenz loaded PLGA nanoparticles.
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Fig. 2. Long-term cytotoxicity of RAL+EFV-NPs or blank gel incubated with HeLa

cells over 14 days in vitro (n = 3; data expressed as mean + SEM). Data represents
percent cell viability compared to HeLa cells without any treatment.
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Fig. 3. Dose-response curves for RAL+EFV solution and RAL+EFV-NP. RAL+EFV
solution and RAL+EFV-NP were incubated with HIV-1 indicator TZM-bl cells at
different concentrations starting for RAL + EFV concentration of 10 pg/ml (n=9;
data expressed as mean + SEM).
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Fig. 4. Intra-cellular (HeLa cells) and media concentration of RAL and EFV released
from RAL+EFV-NP over a period of 14 days (n = 6; data presented as mean + SEM).

3.5. Development of a thermosensitive vaginal gel

In the present investigation, we focused on developing thermo-
sensitive gels to enable vaginal delivery of RAL+EFV-NP. Various
compositions were studied to obtain a thermosensitive gel with

optimal characteristics. The temperature of thermogelation ob-
tained for various compositions is listed in Supplementary data
(Table S1). The addition of Pluronic F68 had considerable effect
on the thermogelation of the Pluronic F127. This is in agreement
with others (Aka-Any-Grah et al., 2010). Pluronic F127 (20%) and
Pluronic F68 (1%) showed optimal thermogelation in our investiga-
tion. The sol-gel transition curves for this composition and effect of
temperature on the viscosity obtained using rheometry are pro-
vided in Supplementary data (Figs. S1 and S2). Fig. S3 shows a
photo of the RAL+EFV-NP gel before and after thermogelation.

3.6. Characterization of nanoparticle transfer from the thermosensitive
gel using transwells

We sought to determine whether nanoparticles could be re-
leased from thermosensitive gel, move through a semi-permeable
membrane and be taken up by HelLa cells. To perform these exper-
iments, we utilized transwell experiments where the gel is placed
on the top of the transwell support and the cells are adhered to the
bottom of the culture well. We used fluorescent nanoparticles fab-
ricated similarly to the RAL+EFV NPs to determine the time before
the nanoparticles transfer to the cells. The results of these experi-
ments are shown in Fig. 5A and B. Fluorescent nanoparticles were
able to transfer through transwell membrane and were taken up by
Hela cells within 30 min.

4. Discussion

The present investigation was focused on exploring the poten-
tial of polymeric nanoparticles for coital-independent vaginal pro-
phylaxis of HIV. For successful vaginal delivery, the developed
nanoparticles should preferably have small particle size and ability
to rapidly penetrate through vaginal mucus in order to deliver the
antiretroviral drug to the vaginal epithelium. We successfully
developed sub-100 nm nanoparticles composed of PLGA, a FDA ap-
proved biodegradable polymer to deliver a combination of ralte-
gravir and efavirenz (RAL+EFV-NPs). The Pluronic F127 was
employed as a stabilizer for the development of RAL+EFV-NP.
Recently, Yang et al. (2011) demonstrated rapid penetration of Plu-
ronic F127 coated polystyrene nanoparticles through cervicovagin-
al mucus. Since, we employed Pluronic F127 for fabricating
RAL+EFV-NPs, RAL+EFV-NPs were thought to have mucus-pene-
trating ability and a very recent study published by Hanes and
coworkers proved our assumption (Ensign et al., 2012). Fabricated
RAL+EFV-NPs demonstrated different entrapment efficiency for
raltegravir and efavirenz. This difference can be attributed to dif-
ference in their physicochemical properties. Raltegravir is a hydro-
philic drug with negative log P value at pH 7.4 (Moss et al., 2012)
whereas efavirenz is a lipophilic drug with positive log P value (Ta-
naka et al., 2008). During emulsification of the organic phase of the
nanoparticle fabrication process, some amount of raltegravir
would partition into aqueous phase due to its hydrophilicity while
efavirenz would reside mainly in the organic phase due to its high-
er lipophilicity resulting in increased association with hydrophobic
PLGA as compared to raltegravir.

Osmolarity is an important criterion for development of suc-
cessful vaginal formulations. The 1% tenofovir gel used in the
CAPRISA-004 trial was hyperosmolar (3111 mOsm/kg) and re-
sulted in epithelial stripping of polarized explants (Dezzutti
et al,, 2012). Vaginal gels should have an osmolarity less than
1000 mOsm/kg to prevent mucosal irritation and damage to epi-
thelial lining of the vagina (Friend, 2010). Our studies showed that
RAL+EFV-NPs had osmolarity less than 500 mOsm and are likely to
be well tolerated compared to tenofovir 1% gel.
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Fig. 5. Transfer of Rhodamine 6G labeled PLGA nanoparticles from thermosensitive gel through transwell membrane and uptake by HeLa cells. Fluorescence imaging of HeLa
cells after (A) 15 min and (B) 30 min incubation with fluorescent nanoparticle containing gel in the transwell.

The long-term cytotoxicity experiments were designed to
determine whether any of the components used for the fabrication
of RAL+EFV-NPs containing gel were toxic to HeLa cells. We com-
pared the RAL+EFV-NPs (at RAL and EFV concentration of 5 pug/mL)
and blank gel to control cells without any treatment. The selection
of drug concentration for the cytotoxicity experiment was based on
the preliminary study which ensured that this concentration is
completely nontoxic to HeLa cells (data not shown). The gel con-
taining RAL+EFV-NPs did not show long-term toxicity to HeLa cells
over the 14-day time period. The HeLa cells overgrew the wells
after the 10-day time point. The MTT assay registered at the max-
imum limit of detection at these times and continued for the end of
the 14-day experiment. This study also ensured that RAL+EFV-NPs
did not affect HeLa cell viability during in vitro cell release studies.

It should be noted that the concentration-response experi-
ments carried out in this investigation were adapted to establish
the potential of RAL+EFV-NPs and RAL+EFV solution for prophylac-
tic treatment. TZM-bl cells were treated with the RAL+EFV-NPs
and RAL+EFV solution overnight, the media was removed, cells
were washed, media was replaced with fresh media and the cells
were infected with HIV after 24 h. Thus, cells would be infected
with HIV-1 only if the treatment was unable to maintain effective
concentrations. RAL+EFV-NPs were more active compared to the
RAL+EFV solution. The lower ECqq of the nanoparticle formulation
could be due to ability of nanoparticles to transport and maintain
higher concentrations of raltegravir and efavirenz inside the cells.

The difference in intracellular concentrations of raltegravir and
efavirenz is likely due to differences in their half-lives and meta-
bolic profiles. Raltegravir has a half life of 7-12 h (Iwamoto et al.,
2008) whereas efavirenz has a half life of 40-55 h (Bumpus et al.,
2006). Raltegravir is metabolized by uridine diphosphate glucuron-
osyltransferase (UGT1A1, UGT1A3 and UGT1A9) mediated
glucuronidation (Kassahun et al.,, 2007). Efavirenz is primarily
metabolized by cytochrome P450 (CYP2B6) mediated hydroxyl-
ation (Bumpus et al., 2006). It has been reported that HeLa cells ex-
press UGT1A1 and UGT1A9 (Nakamura et al., 2008) whereas
cytochrome P450 isoforms such as CYP3A4 are not present in HeLa
cells (Rodriguez-Antona et al., 2003). The absence of CYP2B6 mRNA
in cervical epithelia has also been reported (Farin et al., 1995). In
view of this, it can be assumed that HeLa cells can readily metab-
olize raltegravir released from the nanoparticles whereas efavirenz
may not undergo intracellular metabolism. This may explain the
difference in the intracellular release of the raltegravir and efavi-
renz. We focused on the intracellular drug levels as this is the site
of the drugs and HIV replication. However, the extracellular drug
levels were also above the ECqq for the virus.

Development of suitable vehicle to enable vaginal delivery of
RAL+EFV-NPs is an important aspect for bench-to-bedside transla-
tion. In the present investigation, we focused on developing ther-
mosensitive gels for vaginal delivery of RAL+EFV-NPs. However,
it is important to develop a thermosensitive gel that can remain li-
quid even in sub-tropical and tropical countries or in the zone IV as
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classified by the ICH guidelines where average temperature is usu-
ally greater than 30 °C. At the same time, thermogelation temper-
ature should not be too close to 37 °C as body temperature shows
variation as well. Thus, optimal thermogelation point of the gel
was set to be between 30-33 °C for this investigation. Pluronic
F127 (20%) and Pluronic F68 (1%) showed optimal thermogelation
in our investigation and the RAL+EFV-NPs did not show any visible
signs of aggregation after incorporation in gel.

Finally, the transwell experiments were carried out to evaluate
the transfer of the nanoparticles from the thermosensitive gel into
the environment and cellular uptake. Interestingly, nanoparticles
were taken up by HeLa cells within 30 min indicating release of
nanoparticles from gel and rapid uptake of released nanoparticles
by Hela cells.

5. Conclusion

Combination antiretroviral PLGA nanoparticles containing ral-
tegravir and efavirenz were successfully developed and incorpo-
rated into a thermosensitive gel suitable for vaginal delivery.
Sustained intracellular release of raltegravir and efavirenz from
the nanoparticles indicated that the developed gel-nanoparticle
could have potential for long-term vaginal pre-exposure prophy-
laxis for prevention of heterosexual HIV transmission.
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