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HIV-1 prophylaxis

Bictegravir (BIC), a newly FDA-approved integrase strand transfer inhibitor (INSTI), as a single tablet regimen
has proven efficacious in treating HIV-1 and SIV viruses, with reduced resistance. BIC clinical trials have not
investigated its prophylaxis potency. This study investigates the HIV prevention potency of a novel long-acting
BIC nano-formulation aimed to improve adherence. Poly (lactic-co-glycolic acid) loaded BIC nanoparticles (BIC
NPs) were formulated using an oil-in-water emulsion methodology. BIC NPs were < 200 nm in size, with
47.9 + 6.9% encapsulation efficiency. A novel, sensitive and high throughput LC-MS/MS method was used to
estimate intracellular pharmacokinetics (PK) of BIC NPs and compared to BIC solution demonstrated prolonged
intracellular BIC retention. BIC NPs safety was assessed based on cytotoxicity. Further, in-vitro prevention study
of BIC NPs vs BIC solution was assessed against HIV-1y;x and HIV-1,ps on TZM-bl cell line and PBMCs, re-
spectively. BIC nanoencapsulation demonstrated elevated cellular cytotoxicity concentration (CCsp: 2.25uM
(BIC solution) to 820.4 uM (BIC NPs)] and lowers HIV-1 inhibitory concentration [ECso: 0.604 uM (BIC solution)
to 0.0038 uM (BIC NPs)) thereby improving selectivity index (SI) from 3.7 (BIC solution) to 215,789 (BIC NP) for
TZM-bl cells. Comparable results in PBMCs were obtained where BIC NPs improved SI from 0.29 (BIC solution)
to 523.33 (BIC NPs). This demonstrates long-acting BIC nano-formulation with sustained drug-release potency,
improved BIC cytotoxicity and enhanced HIV-1 protection compared to BIC in solution.

1. Introduction

Bictegravir (BIC) is a new integrase strand transfer inhibitor (INSTI)
approved by Food and Drug Administration (FDA) in 2018 (Gilead
Sciences, 2018). It has shown potency against resistant and sensitive
HIV-1 and SIV viruses (Gallant et al., 2017a, 2017b; Hassounah et al.,
2017; Sax et al., 2017a, 2017b). In all reported Phase II-III trials, BIC
has been formulated as a single daily tablet regimen (STR) along with
emtricitabine (FTC) and tenofovir alafenamide (TAF). Phase III clinical
trials have reported > 90% efficacy. BIC-based regimens were well
tolerated with < 2% of patients discontinuing therapy due to adverse
events (Gallant et al., 2017a; Sax et al., 2017b).

To improve patient's adherence to a regimen, the search for long-
acting (LA) antiretroviral (ARV) drugs is presently one of the major
goals of the HIV research agenda. Various long-acting injectable small
molecule ARV agents are already in clinical trials (Spreen et al., 2013).
Our research goal is to introduce long-action to conventional ARVs by
fabricating single or multiple ARV (combination ARVs, cARVs) in

polymeric nanoformulations as a long-acting parenteral drug delivery
system for HIV treatment and prevention (Mandal et al., 2017b, 2017c;
Prathipati et al., 2017; Shibata et al., 2013). Our long-acting FTC NPs
(Mandal et al., 2017a), TAF+FTC NPs as well as TAF + elvitegravir
(EVG) NPs were efficacious as prevention regimens (Mandal et al.,
2017b, 2017c; Prathipati et al., 2017; Shibata et al., 2013), and TAF
+FTC+EVG NPs demonstrated efficacy as chronic HIV treatment
(Mandal et al., 2018) in humanized mice.

In the current study, BIC was nano-formulated into a polymer with
the potential for extended release upon parenteral delivery. This report
describes preliminary in vitro studies reflects the incorporation of BIC
into a nanoformulation for extended release with improved therapeutic
selectivity.
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Abbreviations

BIC bictegravir

INSTI integrase strand transfer inhibitor
STR single daily tablet regimen
FTC emtricitabine

DTG dolutegravir

LA long-acting

ARV antiretroviral

cARV combination ARV

EVG elvitegravir

TAF tenofovir alafenamide

NPs nanoparticles

PLGA poly lactic-co-glycolic acid
DCM dichloromethane

PBS phosphate-buffered saline

ACN acetonitrile

AcOH acetic acid

EDTA ethylenediaminetetraacetic acid
DMSO  dimethyl sulfoxide

%EE percentage encapsulation efficiency
SEM Scanning Electronic Microscope

DLS Dynamic light scattering

PDI polydispersity index

HPLC high pressure liquid chromatography

LC-MS/MS liquid chromatography-tandem mass spectrometry
MWCO molecular weight cut-off

AUC area under the curve

CCso 50% cytotoxicity concentration
ECso 50% effective concentration

SI selectivity index

2. Materials and methods
2.1. Materials

BIC (purity: > 98%) was purchased from MuseChem, (San Gabriel,
CA, USA). Whereas, poly lactic-co-glycolic acid (PLGA, with lacti-
de:glycolide at 75:25 ratio, Mw 4000-15,000), dichloromethane
(DCM), acetic acid (AcOH), ethylenediaminetetraacetic acid (EDTA),
interleukin-2 (IL-2), phosphate buffered saline (PBS) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). DTG (purity: > 98%) was
purchased from Biochempartner Co., Ltd., China. Acetonitrile (ACN)
and methanol were purchased from Fisher Chemicals (Fair Lawn, NJ,
USA), whereas Pluronic F127 (PF-127) was from D-BASF (Edinburgh,
UK). Dimethyl sulfoxide (DMSO) and formic acid were purchased from
ThermoScientific (Rockford, IL, USA). High glucose Dulbecco's
Modified Eagles Medium (HiDMEM) with L-Glutamine, Roswell Park
Memorial Institute (RPMI) 1640 medium, fetal bovine serum (FBS)
trypsin-EDTA solution 10S and antibiotic-antimycotic solution 100 x
(AA) were purchased from Corning (Manassas, VA, USA). All the re-
agents were used without any further purification.

2.2. Cell line

TZM-bl cells were obtained from NIH AIDS reagent program
(Kappes and Wu, 2018; Kappes et al., 2015). Peripheral blood mono-
nuclear cells (PBMCs) were obtained from commercial vendor (AllCells
Inc. Alameda, CA). TZM-bl cells were maintained in complete HHDMEM
medium (supplemented with 10% FBS and 1XAA solution). PBMCs
were maintained in complete RPMI-1640 medium (supplemented with
10% FBS, IL-2 100U/mL and 1xAA) under 5% CO-, at 37 °C and > 80%
humidity.

2.3. HIV strains

HIV-1n1x and HIV-1,pa viruses were obtained from the NIH AIDS
reagent Program (Malcolm, 2017). Further, the HIV-1yx and HIV-15pa
viruses were expressed and purified by following previously described
protocol (Cartier et al., 2003). Tissue Culture Infective Dose for 50% of
strains (TCIDso/mL) was found to be 10 uL and 20 pL for HIV-1y;x and
HIV-1,p, viruses (representing 1.5 x 10° and 1.58 x 10° viral parti-
cles/uL, respectively).

2.4. BIC NP formulation and characterization
BIC loaded NPs (BIC NPs) were formulated using previously re-

ported oil-in-water (o-w) emulsion method with some modifications
(Destache et al., 2016; Mandal et al., 2017c; Prathipati et al., 2017).
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Briefly, the 5mL DCM (organic phase) containing PLGA, PF-127 (sta-
bilizer) and BIC at 10:10:2 (w:w:w), respectively, was added dropwise
to 20 mL of 1% PVA solution (aqueous phase), under high speed con-
tinuous stirring condition. The o-w emulsion thus obtained was probe-
sonicated (% Amplitude: 90; cycle: 0.9; UP100H ultrasonic processor
(100 W, 30 kHz), Mount Holly, NJ, USA) for 5min on ice. The organic
phase was eliminated by overnight (O/N) evaporation. BIC NPs ob-
tained were freeze-dried by Millrock LD85 lyophilizer (Kingston, NY,
USA) and stored at 4 °C until used. All the methodology was carried out
in a biosafety cabinet to maintain sterility.

For physicochemical properties determination, an appropriate
amount of freeze-dried BIC NP was dispersed in ultrapure water at room
temperature (RT). Dynamic light scattering (DLS), polydispersity index
(PDI; a measure of the NP size heterogeneity in the given population)
were performed to determine the size and size-distribution pattern of
BIC NP, whereas surface charge was determined by zeta potential
analysis using the ZetaPlus Zeta Potential Analyzer (Brookhaven
Instruments Corporation, Holtsville, NY, USA).

The percentage encapsulation efficiency (%EE) was evaluated by
high performance liquid chromatography (HPLC) analysis (Shimadzu,
Kyoto, Japan). Briefly, BIC (absorbance maximum at 260 nm, retention
time 6.5 min) loading concentrations in 1 mg of BIC NPs dissolved in
DMSO was verified based on the standard curve determined by HPLC
analysis (details in the HPLC section below) (Mandal et al., 2018). The
%EE was calculated by the following equation:

(Amount of drug loaded in the NP)
(Amount of drug used)

%EE = X 100

@

Three different batches of BIC NPs were produced to evaluate the
reproducibility of the formulation. Data were reported as mean =
standard error of mean (SE).

The morphology and tomography of BIC NPs were determined by
Scanning Electronic Microscope (SEM) imaging following our pre-
viously described method (Mandal et al., 2017a). Briefly, BIC NPs were
filtered through ~50nm pore size Whatman® Nuclepore Track-Etch
Membrane (Sigma-Aldrich, St. Louis, MO, USA), air dried on SEM stub,
sputter coated and imaged with a Hitachi S-4700 Field-emission SEM
instrument (Hitachi, NY, USA).

2.5. BIC release profile in simulated endosomal pH

To evaluate BIC sustained release from the nano-formulation, 5 mg/
mL BIC NP (i.e. 50 ug BIC entrapped) dissociated in simulated en-
dosomal solution (20 mM citrate buffer, pH 5.5), as described pre-
viously (Prathipati et al., 2018). Briefly, at specific times (1 and 16 h, 1,
4, 7, and 14 days), 200 uL supernatant was collected after brief vor-
texing. The supernatant was filtered through spin-filter (100 K MWCO,



S. Mandal, et al.

PES filter; ThermoScientific, Rockford, IL, USA). For BIC standards the
same procedure was followed. The BIC standards and amount of BIC
release were evaluated by HPLC following methodology described
below in HPLC chromatography section. The % BIC released at re-
spective time-point was calculated by following equations

(BIC concentration in sup,)

% BIC released = -
(BIC in BIC NR)

X 100

@

Where, ‘sup/, ‘NP, represents ‘supernatant collection at respective
time’, and ‘BIC still entrapped at respective time’.

To maintain sink condition, at each time-point equal volume was
collected, and spun down by centrifugation (14000xg for 5 min at 4 °C)
for supernatant collection. To determine the amount of BIC released
from BIC NP at respective time and volume, the BIC concentration was
determined by HPLC analysis as described in the HPLC chromatography
method section and % BIC release was calculated by equation (2). The
result represents mean = SE of 3 independent sets of experiments
(performed in triplicate).

2.6. HPLC chromatography method

The BIC % EE in BIC NPs and the BIC release profile in simulated
endosomal pH was estimated by HPLC chromatography. Briefly, the
Phenomenex” C-18 (150 X 4.6 mm, particle size 5um) column
(Torrance, CA, USA) was used for chromatographic separation, using
isocratic elution process with the mobile phase (0.5% AcOH:ACN ratio
at 45:55, v/v). The column was maintained at the flow rate of 0.5 mL/
min; temperature: 25°C; and BIC was detected by UV-detector at
260 nm (retention time 6.5 min). Quantification was based on the area
under the curve (AUC) analysis. The amount of BIC in the unknown
samples was analyzed based on the BIC standard concentrations ran-
ging between 0.0019 and 0.5 mg/mL (a linear correlation, r? > 0.99).
The HPLC instrument (Shimadzu Scientific Instruments, Columbia, MD,
USA) equipped with SIL-20AC auto-sampler, LC-20AB pumps, and SPD-
20A UV/Visible detector. The inter-day and intra-day variability of the
instrument was < 10%.

2.7. Cytotoxicity assay

The comparative in-vitro cytotoxicity between BIC NP and BIC so-
lution was evaluated on TZM-bl cells and PBMCs using CellTiter-Glo
luminescent assay, as described previously (Mandal et al., 2017a).
Briefly, triplicate TZM-bl cells (10* cells/well) were treated with BIC NP
and BIC solution respectively, at different concentrations (44.5, 22.25,
2.225, 0.2225, and 0.02225 uM) for 96 h in triplicate. The 5% DMSO
treated cells were considered as the positive control and treatment
equal-volume 1xXPBS was added to untreated cells was considered the
negative control. Similar procedures as described above were followed
to treat triplicate PBMCs (10° cells/well). The CellTiter-Glo® lumines-
cent cell viability assay kit (Promega, Madison, WI, USA) was used to
determine cytotoxicity following manufacturer protocol. The lumines-
cence was read on a Synergy II multi-mode reader with Gen5TM soft-
ware (BioTek, Winooski, VT, USA). The percentage cytotoxicity values
were calculated based on % viability normalized against the untreated
negative control group. The experiments were carried out for three
independent times and the results are presented as mean * SE.

2.8. Intracellular PK studies

For in vitro PK and time-dependent BIC uptake/retention studies,
TZM-bl cells (10* cells/well) were seeded in Nunc 96-well plates; the
cells were treated at 2.225puM of BIC as BIC NPs or in solution, re-
spectively. For time-dependent uptake studies, cells were treated re-
spectively for 1, 4, 8, 16 and 24h (before wash). At specific time,
treated and control cells were washed thrice with 1xXPBS and after wash
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the cell number per well were re-counted (considered for BIC in-
tracellular concentration determination). Whereas for retention studies,
after 24 h of treatment, the treatment was washed-off by warm 1 x PBS
wash (thrice) and cells were maintained in fresh complete HIDMEM
medium until harvesting (i.e. 1, 4, 8, 16, 24, and 96 h after wash,
corresponding to 25, 28, 32, 40, 48, and 120 h, respectively). All the
plates were air dried in biosafety cabinet and stored at —80 °C until
analysis. The samples were further processed as per our standardized
reported method (Prathipati et al., 2018) and described in LC-MS/MS
section below.

2.9. LC-MS/MS method

The adhered dried cells were detached from the surface of 96-well
plate by adding 30 pL of 0.5% EDTA solution and vortexed for 30 min.
Later, cells were lysed with 70 uL methanol and vortex mixed for
30 min. The samples were thoroughly mixed, transferred to micro
centrifuge tubes and centrifuged at 14,000 rpm for Sminat 4°C. A
50 uL clear supernatant was added to 200 uL. ACN containing 100 ng/
mL internal standard, DTG. Samples were vortexed, centrifuged and
transferred to autosampler vials for analysis using LC-MS/MS
(Prathipati et al., 2018).

AB Sciex 5500 Q Trap mass spectrometer (Applied Biosystems,
Foster City, CA, USA) operated in positive mode with Exion liquid
chromatograph (Applied Biosystems, Foster City, CA, USA) as front end
was used for analysis. An isocratic mobile phase comprising 80: 20 v/v
ACN and water with 0.1% formic acid at a flow rate of 0.25 mL/min
and Phenomenex Kinetex EVO C18 column (50 x 3.0 mm, 5pum) were
used. BIC and DTG mass transitions were 450.1 — 289.1 and 420.1 —
277.1, respectively. A two-microliter sample was injected into LC-MS/
MS equipment. The LC-MS/MS assay for BIC detection was validated in
human plasma at the range 1-10,000 ng/mL.

2.10. In vitro protection study

The in vitro short-term HIV protection (24 h pre-treatment) against
HIV-1n1x and HIV-15ps was performed on TZM-bl, a HIV-1 reporter cell
line and on PBMCs following previously reported standardized meth-
odology (Mandal et al., 2017a, 2017c). Briefly, TZM-bl (10* cells/well)
and PBMCs (10° cells/well) were treated with different concentrations
of BIC (44.5, 22.25, 2.225, 0.2225, 0.02225, 0.00223, 0.00022 uM)
either as BIC NP or BIC solution. As negative and positive control re-
spectively, untreated/uninfected cells and untreated/infected cells
were used. After 24 h of treatment, the TZM-bl cells were inoculated
with HIV-1yx virus (MOIL: 0.1) and PBMCs were inoculated with HIV-
1apa (MOL: 1) for 16 h. Subsequently, the inoculated and control cells
were washed thrice with warm 1 x PBS. TZM-bl cells and PBMCs were
maintained in respective fresh complete HHIDMEM medium for 4 days.
HIV-1 infectivity of TZM-bl cells and PBMCs were determined by
Steady-Glo® luciferase assay company defined protocol (Promega, Ma-
dison, WI, USA) and p24 Antigen ELISA kit (ZeptoMetrix, Buffalo, NY),
respectively following company protocol. For Steady-Glo luciferase
assay, luminescence intensity was read as relative luminescence units
(RLU) and p24 ELSIA was read as optical density at 450 nm on the
Synergy HT Multi-Mode Microplate Reader (BioTeck, Winooski, USA).
The % HIV-1 infection was calculated by following equation (4):

(Luntreated/ infected — Lyreated /infected. )

% HIV protection/inhibition = X 100

Luntreated/ infected
3

Where, ‘Luntreated/infected’ T€presents the luminescence intensity or op-
tical density respectively of untreated + virus infected TZM-bl cells or
PBMCs. Similarly, ‘Lieated/infected’ T€Presents BIC treated (as BIC NP or
BIC solution) + virus infected TZM-bl cells or PBMCs. As a negative
control, untreated + uninfected cells were used. Three independent
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experiments were performed with three different BIC NP batches (each
performed in triplicate) for TZM-bl cells and from three different PBMC
donors. Finally, the selectivity index (SI), was evaluated by following
equation

_ CC5()

SI =
ECso

4

Where, ‘CCsy’ and ‘ECsq’ represents respectively, 50% cytotoxic con-
centration and 50% effective concentration.

2.11. Statistical analysis

All experimental results are presented as mean *+ SE of the ob-
tained data from three independent experiments. The CCsq value was
determined by non-regression curve fitting based on log (BIC) vs. nor-
malized luminescent (four parameter logistic fits) cytotoxicity response
curves. Whereas, the ECsy was analyzed based on [BIC] vs. normalized
TZM-bl luminescence or PBMC optical density (four parameter logistic
fits) curves. Both CCso and ECso were determined using GraphPad
Prism 7 software (La Jolla, CA, USA). Significant differences among
treated (BIC NP and BIC in solution) and control groups were de-
termined at p < 0.05.

3. Results
3.1. BIC NPs characterization

BIC, a highly hydrophobic drug was encapsulated in the PLGA NPs
using o-w emulsion solvent evaporation method. The physiochemical
characteristics of BIC NPs are summarized in Table 1. The BIC NP size
was 189.2 = 3.2nm diameter with a narrow size distribution window
(PDI < 0.2) and low negative surface charge (—24.3 = 3.9mV). The
SEM image reveals the BIC NPs obtained were uniform and smooth
spherical surface (Fig. 1). The encapsulation efficiency of BIC was es-
timated to be 47.9 + 6.9% (Table 1).

3.2. BIC release kinetics at endosomal pH

To assess the BIC release profile from BIC NP at the endosomal
subunit of cell, we studied BIC release kinetics from NP in simulated
endosomal pH (pH = 5.5) (Fig. 2). The result demonstrated ~45% BIC
from BIC NP were released within 1 h. After initial release, BIC tends to
release relatively constantly with effective time constant (teg) of 15.02h
(rate constant, K = 0.066 h™') until 70.0% release, as the plateau
phase is reached. By the end of the experiments (14 days) the NP re-
leased ~72% of its total BIC content. The one phase decay analysis
estimates the release half-life of 10.41 h.

3.3. Intracellular PK study

The intracellular uptake and retention kinetics of BIC as NP and
solution were determined from obtained LC-MS/MS data analysis by
using Phoenix WinNonlin 8.0 software. The intracellular BIC NP con-
centration maximum (C,x) and area under the time-concentration
curve (AUC,) was found to be 2.4 and 3.1 times higher for BIC NP
treatment compared to BIC solution (Table 2). It is apparent from Cax
and AUC,;, that BIC nano-encapsulation promotes BIC uptake and
prolongs its intracellular retention. Additionally, BIC nanoformulation
demonstrates slower clearance rate than free drug in solution.

Moreover, the BIC uptake kinetics demonstrates BIC NP enhances
BIC uptake compared to BIC solution (Supplementary Fig. 1). There-
fore, these study results demonstrate overall NP formulation enhanced
the PK properties of BIC.
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3.4. In vitro cytotoxicity

Encapsulation of BIC in NPs provides BIC a totally new physio-
chemical entity, therefore proper evaluation of BIC NP cytotoxicity
prior to determining functionality is a mandatory step. TZM-bl are a
modified HeLa cell line that mimic the functionally of endothelial cells
(Kappes et al., 2015). These cells would be the first cell type that BIC
nano-formulation will encounter upon ARV administration such as in-
travaginal, intramuscular or subcutaneous (subQ) administration. The
cytotoxicity study in TZM-bl cells demonstrated CCs, values for BIC
solution (2.25 = 1.46uM) and significantly enhanced by nano-en-
capsulation (BIC NPs 820.4 *= 2.27 uM) (Table 3). PBMC cytotoxicity
assessment was also elevated 4.6 times (15.7 = 1.33 uM) by BIC nano-
encapsulation (Table 3).

3.5. In-vitro protection studies

The ARV property of BIC NPs compared to BIC solution was eval-
uated using a short-term 4-day protection study in TZM-bl cells and
PBMCs after HIVy;x and HIVp,a infection. The ECsg from TZM-bl cells
was estimated to be approximately 0.0038 uM for BIC NPs, compared to
0.604 uM for BIC in solution. The ECs, for BIC NPs from PBMCs aver-
aged 0.076 = 0.45pM compared to 2.33 = 2.15uM for BIC solution.
Therefore, BIC NPs enhances protection efficiency by ~159 times
compared to BIC in solution for TZM-bl cells and 30 times for PBMCs
(Table 3).

Finally, BIC nano-encapsulation demonstrated significant elevation
in SI for both TZM-bl cells and PBMCs, calculated to be 215,789 and
523.33, respectively whereas the SI value for BIC in solution was esti-
mated to be 3.7 and 1.5 (Table 3). BIC NP encapsulation increases
significantly the therapeutic selectivity.

4. Discussion

All the above studies support the long-acting potency of na-
noencapsulated BIC for HIV protection, with the overall goal to reduce
the daily dosing to monthly and thus improve adherence. Compared to
other marketed INSTIs including raltegravir, elvitegravir and dolute-
gravir administered once-daily, BIC displays improved PK and patient
tolerability. BIC additionally has a high barrier for HIV-1 resistance
(Tsiang et al., 2016). As nanotechnology induces long-acting potency to
ARVs, besides polymeric nanoformulation, wet milling and solid lipid
NPs are also being evaluated (Freeling et al., 2015; Spreen et al., 2013).
Both formulations are in trials in animal models and humans. However,
the physiochemical characteristics of this BIC NP formulation demon-
strates small size (< 200 nm), low negative surface charge, and smooth
spherical shape (Fig. 1) suggesting that BIC NPs could avoid fine ca-
pillary damage and blockage (Bose et al., 2014; Shao et al., 2015; Zhang
and Lu, 2014). Additionally, the encapsulation of BIC (very hydro-
phobic drug) in PLGA as BIC NP, enhances BIC solubility compared to
the solubility of BIC powder in aqueous medium (Drugbank, 2016).

The endosomal BIC release results (Fig. 2) are consistent with ty-
pical biphasic drug-release characteristics of PLGA nano-formulations
(Makadia and Siegel, 2011). Therefore, the simulated endosomal re-
lease study suggests that upon endosomal uptake, 45% of the BIC is
released due to initial burst, which contributes to the preliminary ef-
fective concentration in the cell to inhibit HIV integrase activity and

Table 1

BIC NP physicochemical characteristics.
Size (nm) PDI Surface charge (mV) % EE
189.2 = 3.2 0.142 = 0.014 —24.3 = 39 479 = 6.9

Data represents as mean * standard error of means (SE), n = 3; PDI=
Polydispersity index; % EE = percentage encapsulation efficacy.
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Table 3
In vitro safety and efficacy comparison of BIC NP versus BIC solution.
Cell type  Treatment Cytotoxicity HIV inhibition Selectivity (SI)
Type (CCso (M) (ECso (M)
TZM-bl BIC NP 820.4 = 2.27 0.0038 = 0.0023 215,789
cell BIC 2.25 = 1.46 0.604 + 0.593 3.7
line solution
PBMCs BIC NP 15.7 = 1.33 0.076 = 0.45 523.33
BIC 3.4 + 1.26 2.33 = 215 1.5
solution

The data represents means + SE of three independent experiments or donors
analyzed in triplicate, respectively. SI = CCs0/ICso.

™ components contributing to reduced cellular efflux and probably re-
duced in vivo clearance. As PLGA polymer degrades, polymeric pro-
‘ tection increases the tolerability index of BIC compared to BIC solution.
5.0kV 19.9mm x20.0K This is important when considering a subcutaneous delivery modality
to deliver BIC NPs. Moreover, recent phase III randomized clinical trials

Fig. 1. SEM image evaluating morphological characteristic of BIC NP. The NP demonstrated good tolerability of BIC/TAF/FTC regimen (Gallant et al.,

appear spherical in shape and average < 200 nm in diameter. 2017a; Sax et al.,, 2017a, 2017b). Thus our study demonstrates BIC
nanoencapsulation may potentially improve the sustained-release
80+ M properties and thus promote better adherence.

The in vitro HIV-1 prevention studies demonstrate that nano-en-

Plateau phase =70.2 % capsulation of BIC, in addition to lowering cytotoxicity also enhances

o

=

® 70 JEOR U B S

= o Dl anti-HIV potency and therefore, markedly extends the therapeutic se-

€ 8 lectivity compared to BIC in solution (Table 3). The endosomal release

g E 60 (Fig. 1) and PK (Supplementary Fig. 1) further suggests that BIC na-

g o noencapsulation enhances BIC intracellular concentration and con-

g o (o g firmed sustained BIC retention (Supplementary Fig. 1) and therefore

£ 50+ .:2 2 could be a reason protection against HIV-1 infection at a low (nano-

2 u_; T molar) concentration. Further, on average BIC elucidates ~ 215,789
40 I 5 and 523 times higher SI values compared to BIC solution on lympho-

T

0.1 1 1'0' 160 1 OIOO blastoid T—cell. line and primary cell types. .
In conclusion, the above results demonstrate that nano-formulation

Time (h) improves BIC therapeutic selectivity, intra-cellular delivery, retention,
Fig. 2. BIC release kinetics from BIC NP in simulated endosomal fluid (pH 5.5). and induces controlled-release that potentially promotes sustained
One-phase decay non-linear regression curve fitting equation was used for protection from HIV-1 challenge. Hence, this BIC nano-formulation
graph fitting and to analyze the half-life, effective release constant (te) and could potentially be an efficient sustained-drug release delivery system
plateau release phase. The BIC release rate constant, K, was estimated to be that could potentially participate in both HIV-1 prevention and treat-
0.066 h™1. Each data point represents mean * SD values of three independent ment strategies.

batches study (n = 3).
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phocytes, macrophages, resting and activated peripheral blood mono- design or results and interpretation of the obtained data.
nuclear cells (PBMCs), respectively (Tsiang et al., 2016). Na-

noencapsulation of BIC significantly elevates the CCso > 350 times
compared to BIC in solution in the TZM-bl cells and 4.6 times for

PBMCs (Table 3). The enhanced CCso value of BIC is due to en- Supplementary data to this article can be found online at https://
capsulation protecting BIC from direct contact with the cellular doi.org/10.1016/j.antiviral.2019.04.007.

Appendix A. Supplementary data

Table 2

In-vitro pharmacokinetic parameters of bictegravir (BIC) as NP and solution.
PK Parameter/10° cells Unit BIC NP BIC Solution
Cinax pmole 888.54 *+ 226.73 372.3 + 137.54
AUCy, h X pmole 31,654.77 + 4186.15 10,053.24 = 1187.96
Clearance pmole/(h X pmole) 0.010 0.044

Data represents mean + standard error of means (SE), n = 3; AUC,; = area under the plasma concentration-time curve (from 0-end of experiment).
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