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Abstract

Purpose Antiretroviral therapy remains the most effective means of managing the human immune deficiency virus/acquired
immune deficiency syndrome (HIV/AIDS). Application of therapeutics has been hampered by factors including poor bioavail-
ability of most anti-retroviral compounds (ARV), side effects and an alarming emergence of drug resistant strains of the virus.
Methods Recent developments and use of drug delivery systems (DDS) has shown potential for improving the pharma-
cological profile of ARV. Amongst these complex DDS, liposomes have been explored for delivery of ARV. In this study,
we have aimed at exploring efficient encapsulation of efavirenz (EFV), a potent ARV using different mass ratios of crude
soybean lecithin and cholesterol.

Results The EFV-loaded liposomes (EFL) were prepared using thin film hydration and evaluated for particle size, zeta
potential (ZP), encapsulation efficiency (EE%), morphology and drug release studies. Differential scanning calorimetry
(DSC), X-ray diffraction (XRD), energy dispersity spectroscopy (EDS) and Fourier transform infrared (FTIR) spectroscopy
were used for comprehensive physicochemical characterization of EFL. EFL exhibited high encapsulation (99%) in 1:1 crude
lecithin to cholesterol mass ratio. The average particle size and Zeta Potential of EFL were found to be 411.10+7.40 nm
and —53.5.3+0.06 mV, respectively. EFL showed a relatively controlled EFV release behaviour that was similar to the dis-
solution profile of un-encapsulated EFV.

Conclusion This suggests that EFL represents a promising vehicle for effective EFV delivery while providing the advantages
of a nano-scaled delivery system.

Keywords HIV/AIDS - ARV - Efavirenz - Drug delivery systems - Liposomes

Introduction

The human immunodeficiency virus and acquired immune
deficiency syndrome HIV/AIDS is one of the most deadly
and life threatening infectious diseases that is a challenge to
public health globally (Ojewole et al. 2008). According to
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the United Nation over 36.9 million people globally are liv-
ing with HIV/AIDS including 1.8 million children (UNAIDS
2019). An estimated 21.7 million people globally were receiv-
ing antiretroviral therapy (ART) as of 2017 (UNAIDS 2019).
HIV patients are mostly subjected to intensive highly antiret-
roviral therapy (HAART) that involves frequent administra-
tion of multiple ARV. Unfortunately, the use of this therapy is
for temporal treatment and effective management of the virus
and only reduces the replication of the virus within infected
cells, thereby improving the quality of life of patients (Gupta
and Jain 2010). Being a lengthy drug administration regi-
men, HAART results in poor patient adherence due to severe
adverse effects associated with ARV, which leads to thera-
peutic failure and development of resistance (Shah and Amiji
2006; Ramana et al. 2010). In addition, the intracellular loca-
tion of HIV makes it relatively inaccessible to ARV, which in
return become ineffective in controlling the viral proliferation.
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Another concern is the fact that the ARV exhibit poor oral bio-
availability due to hepatic first pass metabolism, short half-life,
which necessitates a steady administration of high doses that
leads to low patient adherence (Li and Chan 1999). Since ARV
remain pivotal to HAART there is an urgent need to improve
the pharmacological profiles of ARs.

Efavirenz is a non-nucleoside reverse transcriptase inhibi-
tor (NNRTTI) approved by the U.S. Food and Drug Admin-
istration (FDA) for treatment of HIV infection in adults and
in children 3 months of age who weigh at least 7 1b 12 oz
(3.5 kg). The poor solubility of efavirenz in water requires
high doses required for therapeutic activity, hence 800 mg
daily is recommended (Gaur et al. 2014; Velmurugan et al.
2014). This results in several adverse effects associated with
efavirenz including insomnia, liver failure, severe rash, nausea,
diarrhoea, confusion, depression, hallucination and serious
psychiatric effects such as suicidal ideation (Carr and Cooper
2000; Ramana et al. 2014).

Therefore, the development of a carrier such as liposomes is
of interest for enhancing the solubility of efavirenz to provide
possible targeted and controlled delivery of ARV which may
result in improved bioavailability and reduced side effects of
the molecule (Mallipeddi and Rohan 2010; Ochubiojo et al.
2012).

A number of reports addressing the encapsulation of efa-
virenz using different polymeric nano-material such as poly-
meric micelles (Chiappetta et al. 2010), solid lipid nano-par-
ticles (Makwana et al. 2015), nano-emulsions (Senapati et al.
2016) have been reported which have demonstrated improved
bioavailability. To the best of our knowledge, there is no report
for encapsulation of efavirenz in liposomes.

Liposomes are small artificial vesicles of spherical shape
prepared using phospholipids and cholesterol, and have been
extensively studied since the 1970’s as delivery system (Gre-
goriadis and Florence 1993; Sathigari et al. 2009; Dwivedi
and Verma 2013) Liposomes have improved the therapeutic
index of established or emerging ARV through modification
of absorption and metabolism resulting in a prolonged plasma
half-life and reduced toxicity (Chowdary and Naresh 2011;
Chowdary and Enturi 2013). Liposomes are commonly used
as vehicles for poorly soluble drugs to facilitate intracellular
delivery to infected cells (Zylberberg and Matosevic 2016).

Therefore, liposomal encapsulation of efavirenz was
investigated and characterization undertaken using a variety
of physicochemical techniques.

Materials and methods
Materials

The soybean lecithin used was purchased from Sigma
Aldrich (Oakland, USA) and cholesterol were procured from
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Carlotiba/Divisione chemical (Brescia, Italy). Efavirenz,
mono- and dibasic sodium phosphate, orthophosphoric acid,
chloroform, methanol, acetonitrile (chromatographic grade)
were purchased from Merck (Johannesburg, South Africa)
and were used without further purification.

Validation study

The HPLC method for quantitation of efavirenz was vali-
dated for linearity, precision (inter and intra-day) and accu-
racy. The chromatographic system comprised an HP1100
Agilent LC-MSD (Foster City, USA), with a quaternary sol-
vent delivery module fitted with an in-line degasser, DAD
detector, MSD 1100, Chemstation software was used for the
collection and analysis of data. A Zorbax Elipse plus C18
4.6 mm i.d. X 150 mm 5 pm column was used for HPLC
analysis.

The chromatographic conditions were isocratic with
a mobile phase of acetonitrile, HPLC grade water and
orthophosphoric acid (70:30:0.1) at a flow rate of 1.0 ml/
min, an injection volume of 20 pl and UV detection set at
252 nm. A standard stock solution of efavirenz was prepared
in mobile phase at a concentration of 2000 pg/ml and serial
dilutions with the mobile phase performed to produce solu-
tions in the concentration range of 8—40 pg/ml. All the sam-
ples were filtered using a polyvinylidene difluoride (PVDF)
0.45 pm Millipore filter (Peoria, USA) prior to chromato-
graphic experiments.

Validation experiments were conducted over 4 days
and samples injected daily (n=3) except for the 20 pg/ml
standard that was injected six times daily. Samples were
eluted within 7 min with a retention time for efavirenz of
5.254 min. Peak areas were plotted against concentration
(840 pg/ml) to produce a calibration curve and for deter-
mination of the linearity and range assessed by evaluation
of the regression equation and correlation coefficient. The
percent recovery and relative standard deviation (RSD) were
calculated to establish precision and accuracy, respectively.
The limits of detection (LOD) and quantitation (LOQ) of
the procedure was established using the standard deviation
for the lowest concentration of the calibration curve to the
regression equation three times for LOD and 10 for LOQ
respectively (Branch 2005; Shabir et al. 2007; Nkanga et al.
2017).

Liposome manufacture

The lipid components viz., soybean lecithin and cholesterol
were tested in different quantities as described in (Table 1).
The lipids were dissolved in 1 ml chloroform in a clean,
moisture free 25 ml round bottom flask. The solution was
dried using a rotary evaporator R-205, (Buchi, Switzer-
land) at 200 rpm for 5 min. The thin film layer produced



Journal of Pharmaceutical Investigation (2020) 50:201-208

203

Table 1 Lipid composition of liposomes

Formulation code Lecithin amount (mg) Cholesterol
amount
(mg)

F1 100 0

F2 75 25

F3 50 50

was stored in a desiccator overnight at room temperature
of 22 +3 °C. The film was hydrated using 8 ml phosphate
buffer pH 7.4 for 1 h at 60 °C and agitated at 400 rpm.
A control solution of efavirenz without lipid was treated
under the same conditions to determine the encapsulation
efficiency (EE). Based on EE data, only formulations with
the greatest %EE was selected for further evaluations and
a blank or efavirenz-free liposome was prepared using the
same preparation procedure for the purposes of comparative
analyses.

Determination of encapsulation efficiency

The yellow liposomal suspension was transferred to a 50 ml
centrifuge tube. The mixture was centrifuged at 4000 rpm
using MSE Mistral 1000 (London, UK) centrifuge for 5 min
to remove non-encapsulated efavirenz. The supernatant was
decanted and homogenized by ultrasonic agitation using the
water bath sonicator (Digital Cleaner, Spellbound 909, Lon-
don, UK) at 60 °C for 1 h. The homogenized liposomes
were freeze dried using the Apolo scientific Lyo Lab-300
(Johannesburg, South Africa) and stored at 4 °C in a desic-
cator until further analysis. The isolated pellets (viz., non-
encapsulated efavirenz particles) were dissolved in 30 ml of
the mobile phase of acetonitrile, and the resultant solution
was subjected to HPLC analysis of efavirenz. For the assess-
ment of encapsulation efficiency (EE), a positive control dis-
persion of efavirenz (without lipids) was produced following
the liposome’s preparation procedure “except addition of
lipids”. The resultant control sample was used for theoretical
estimation of the total amount of efavirenz used in the for-
mulation (Nkanga and Krause 2018). The validated HPLC
method was used for determination of efavirenz concentra-
tion in each sample using efavirenz standard calibration
curve. Prior to HPLC analysis, samples were diluted 1/100
using mobile phase and filtered through PVDF 0.45 pm
Millipore filters. The encapsulation efficiency (%EE) was
calculated using the following equation (Panwar et al. 2010;
Costa et al. 2014).

Efavirenz total amount — Efavirenz pellet amount

%EE = X 100

ey

Efavirenz total amount

Particle size analysis

Freeze-dried liposomes were dispersed in HPLC grade
water at room temperature (22 +3 °C) for particle size,
size distribution and Zeta Potential elucidation using
dynamic light scattering (Nano Malvern Instrument,
Worcestershire, UK) at a scattering angle of 173°.

Morphology of liposomes

The morphology of liposomes was determined using trans-
mission electron microscopy (Carl Zeiss Libral20 kV,
Oberkochen, Germany). The aqueous samples used for
particle size and Zeta Potential were spotted onto a copper
grid and left at room temperature overnight to dry prior to
microscopic experiments.

Differential scanning calorimetry (DSC)

The thermal behaviour of pure efavirenz, efavirenz loaded
liposomes and empty liposomes was investigated using a
Perkin Elmer Model 6000 DSC (Waltham, USA). The DSC
thermograms were recorded over the temperature range 50
to 175 °C at a heat flow rate of 10 °C/min under a nitrogen
atmosphere set at a flow rate of 20 ml/min.

Fourier transform infrared (FTIR)

The FTIR spectra of pure efavirenz, efavirenz loaded
liposomes and empty liposomes were collected using a
Perkin Elmer Model 100 Spectrum FT-IR Spectrometer
(Shelton, USA) at 8 scans over the wavenumber range
4000-650 cm™".

X-ray diffraction (XRD)

X-ray diffraction analysis of pure efavirenz, efavirenz loaded
liposomes and empty liposomes was conducted to evaluate
the crystalline nature of materials using a Bruker D8 Dis-
cover XRD (Berlin, Germany). The freeze-dried samples
were placed into a sample holder, and the pattern generated
and analysed in the 2-O range 10° to 80°. A cu-ka Discover
equipped with a lynx Eye detector and a slit width of 1.1 mm
and 6.0 mm was used for collection of all XRD spectra.

Energy dispersive spectroscopy (EDS)

The elemental surface composition of pure efavirenz, efa-
virenz loaded liposomes and empty liposomes were evalu-
ated using a TESCAN thermionic emission SEM (VEGA3,
Eching, Germany) connected to an INCA penta FET.

@ Springer



204

Journal of Pharmaceutical Investigation (2020) 50:201-208

EFV in vitro release

Prior to evaluating EFV release, freeze-dried efavirenz
loaded liposomes that had demonstrated the best %EE
was evaluated for efavirenz content. A five 5 ml aliquot
of the liposome dispersion used for DLS experiments was
placed into a 25 ml A grade volumetric flask containing
10 ml methanol in order to disrupt the liposome structure
and ensure dissolution of efavirenz. This solution was then
made up to volume with HPLC grade water. The volumetric
flask was then sonicated using a Digital Ultrasonic Cleaner,
Spellbound 909 sonicator at 60 °C for 30 min and analysed
using the validated HPLC method.

In vitro release was investigated using dialysis method
described by (Dixit et al. 2010). A 3 ml aliquot of the
liposome suspension equivalent to 6 mg efavirenz was
transferred into a membrane weight cut off (MWCO) of
12,000-14,000D dialysis bag (DM70, Himedia) of pore size
2.4 nm placed into 150 ml phosphate buffer saline (PBS) pH
7.4 at 37 °C and stirred at 100 rpm. Samples (5 ml) were
removed from the bulk solution at 0.5, 1.5, 2, 3,4, 5, 6,
8, 10, 12, 24, 48 and 72 h analysis and replaced with an
equivalent volume of fresh PBS. An aqueous solution of
efavirenz raw material was also tested using the same con-
ditions in order to evaluate EFV diffusion in comparison to
release from liposomes. All experiments were conducted in
triplicate.

Results and discussion
Validation studies

The calibration curve (shown in Supplementary Informa-
tion Fig. 1) reveals a linear correlation between concen-
tration and corresponding peak area with an R?=0.9998.
The LOD and LOQ were 0.017 pg/ml and 0.038 pg/ml
respectively. The interday and intraday precision data are
listed in (Table 2) expressed as a relative standard devia-
tion (% RSD) arising from the efavirenz samples. The %
RSD for intraday and interday precision were <2% and 5%
respectively. The HPLC method therefore possesses the
necessary repeatability and intermediate precision (Gee-
tha et al. 2012; Paithankar 2013) for use in development
studies. The percent recoveries arranged between 92.31
and 103.27% indicating the accuracy of the method as the
recoveries are within the range of 90-10% (Geetha et al.
2012).
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Table 2 Relative standard deviation and recovery data of validation

Concentra-  Intraday preci- Interday preci- Recovery (%RSD)
tion (pg/ml) sion (%RSD)  sion (%RSD)

10 0.77 2.26 103.27

15 0.48 1.14 98.55

20 0.26 0.73 92.42

25 0.16 0.52 101.34

30 0.82 1.76 96.34

45 0.14 0.16 99.28

Encapsulation efficiency (EE)

The encapsulation efficiency (EE) increased as the amount
of cholesterol incorporated into the liposomes increased.
The formulation containing 50 mg each of lecithin and
cholesterol exhibited the greatest EE. The increase in EE
may be attributed to the effect of incorporation of cho-
lesterol (Pattni et al. 2015) suggesting that efavirenz is
embedded within the lipid bilayers as it is hydrophobic.
Cholesterol increases the hydrophobicity of the liposo-
mal membranes and creates additional voids as the hydro-
phobic segment content is increased facilitates inclusion
of additional efavirenz molecules into the lipid bilayers
(Ramana et al. 2014).

Particle size, PDI and zeta potential

The particle size, PDI and zeta potential values are sum-
marised in Table 3. The plots of size distribution by inten-
sity are presented in Supplementary Information Fig. 2.
The mean particle size looks promising for delivery of
ARV as the liposomes are sufficiently small to perme-
ate from the leaky vasculature and target infected blood
cells (Limasale et al. 2015). All formulations exhibited
PDI < 3.5, revealing that homogenization resulted in uni-
form particle sizes (Danaei et al. 2018). The encapsu-
lation of EFV in liposomes influenced the particle size
as did increases in the amount of cholesterol used. This
suggests high embedment potential of solubilized EFV
within the lipid bilayers, thereby increasing the particle
size of the liposomes whereas the particle size of empty
liposomes were much smaller than those containing EFV.
The Zeta Potential were negative indicating a negatively
charged surface on the liposomes that was > —40 mV.
This suggested that the formulations would be stable and
aggregation of the liposomes was unlikely. The inclusion
and encapsulation of EFV had some impact on the Zeta
Potential of the liposomes and no correlation with use of
increased amounts of cholesterol.
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Table_3 Mgan p article size, Formulations Average size +SD (nm) PDI+SD ZP +SD (mV) EE+SD (%)
polydispersity index, Zeta
P;)ﬁteptial ans encallﬁsulaﬁon Fl 172724211 0.301+0.02 49774175  20.13%£2.225
Foosomes” EFV loaded ) 33232+ 17.04 0.337+0.12 58824121 568241654
F3 411.10+7.40 0.319+0.06 —53.53+0.06 98.86+0.010
Empty liposome 70.29+0.53 0.272+1.84 -41.82+1.86 NA
Fig.1 TEM images of EFV loaded liposomes
Morphology
TEM analyses (Fig. 1) revealed the presence of nanosized
particles spherical in shape. The nanoparticles were indi- g
vidually and homogenously dispersed suggesting the pres- oS
. . . . ©
ence of liposomal vesicles with high surface charges as 2
revealed with Zeta Potential measurements resulting in §
dispersion due to particle repulsion. B
EFV in vitro release O 201 —e— Liposomal EFV
—O— Free EFV
The results of in vitro release studies conducted in PBS 0
pH 7.4 are presented in Fig. 2. Over 72 h of experiment, 0 20 40 60 80

EFYV loaded liposomes exhibited approximately 63% EFV
whereas the dissolution profile of raw EFV exhibited 79%
release using the dialysis bag method. The two dissolu-
tion profiles tend to describe a biphasic pattern of release
in which a sudden increase in percentage release over the
first 10 h followed by slower or sustained release behaviour
over the remainder of the time. However, the release data
showed no significant difference between the efavirenz-
loaded liposomes and free efavirenz. This behaviour could
be due to the structural specificity of efavirenz as a hydro-
phobic compound and has been previously observed by
other authors who investigated efavirenz release from micro-
emulsion (Hemal et al. 2015). Since there is no other report
discussing efavirenz release from liposomes, and there is

Time (hr)

Fig.2 EFV release from liposomes and raw material

no other study describing similar drug diffusion profiles
between a free hydrophobic drug and its liposomal formu-
lations, our findings encourage future biological evaluation
of liposomes containing efavirenz. A comparative assess-
ment of antiretroviral efficacy between free and drugs loaded
liposomes would provide insights into the rate of drug diffu-
sion in the two cases, which will allow to confirm the present
observation.
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Fig.3 DSC thermograms of A pure EFV, B EFV loaded liposomes,
C empty liposomes

Differential scanning calorimetry (DSC)

DSC studies were performed to investigate the physical state
of EFV encapsulated in the liposomes during continuous
heating. DSC data of the pure EFV, EFV loaded liposomes
and empty liposomes is depicted in Fig. 3. The presence of
a sharp endothermic peak at approximately 138 °C for raw
material indicates its crystalline nature. The absence of an
endothermic peak in the DSC for EFV loaded liposomes
suggests all components were in an amorphous state since
the melting peaks of empty liposomes were not evident.

X-ray diffraction

The XRD data for pure efavirenz, efavirenz loaded liposome
and empty liposomes are depicted in Fig. 4. From these data,
it appears that empty liposomes are amorphous in nature
whereas both EFV loaded liposomes and EFV raw material
exhibited some sharp peaks that indicate the presence of
crystalline material. Despite the persistence of some crystal-
line peaks due to EFV in liposomes with many peaks due to
EFV absent. The data suggests that changes in the physical
state of EFV occurs and is corroborated by DSC data which
suggests the loss of crystallinity following encapsulation in
liposomes. The loss of crystallinity due to liposomal encap-
sulation has been reported as evidence of molecular interac-
tions within the lipid bilayers in which the cargo molecule is
trapped (Nkanga et al. 2018).
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Fig.4 XRD patterns of A pure EFV, B EFV loaded liposomes, C
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Fig.5 FTIR spectra of A empty liposome, B EFV loaded liposome,
C pure EFV

Fourier transform infrared (FTIR)

FTIR spectra of pure EFV, EFV loaded liposome and empty
liposome are presented in Fig. 5. The FTIR spectrum of
efavirenz raw material exhibited characteristic peaks at
689 and 652 cm™' (~CF Stretch), 1096, 1057, 1074 cm™"
(C-O—C Stretch), 1492 cm™" (C=C) of benzene ring stretch-
ing vibration, 1742 cm™! (C=O0 Stretching vibration) and
3314 cm™' (-NH Stretch vibration) (Gaur et al. 2014). The
spectrum of EFV loaded liposomes exhibited some of char-
acteristics peaks of EFV in the same spectral regions, in
addition to peaks due to the lipid components that appeared
at 2911-2931 cm™' and 1455-1468 cm™! for the alkane
C—H stretches, at 1248 cm™" for the ester sigma bonds and
at 1103-1110 cm™! for the ether region (Senapati et al.
2016). In combination with the FT-IR spectrum of empty
liposomes, it appears that there are no major EFV-lipid
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Fig.6 EDS spectra of A pure EFV, B EFV loaded liposome, C empty
liposome

interaction in loaded liposomes, suggesting that encapsu-
lation did not affect the chemical structure of EFV (Gaur
et al. 2014).

Energy dispersive spectroscopy (EDS)

The elemental surface composition of pure EFV, EFV loaded
liposomes and empty liposomes are depicted in Fig. 6. The
elemental composition of EFV raw material was C, O, Cl
and F. However, none of these elements were found on the
surface of EFV loaded liposomes, which exhibited a similar
composition with empty liposomes viz., C, O and P suggest-
ing that no EFV was located on the surface of liposomes due
to its hydrophobic nature which result in it being sequestered
into the lipid bilayers of the liposome (Nkanga and Krause
2018).

Conclusion

The encapsulation of efavirenz, a hydrophobic non-nucle-
oside transcriptase inhibitor in crude soybean lecithin
liposomes was successfully achieved. An encapsulation
efficiency of 98.8% was achieved revealing the solubiliz-
ing effect of crude soybean that can solve the challenge of
poor solubility of efavirenz. Furthermore, efavirenz loaded
liposomes exhibited nanoparticulate characteristics, with a
particle size of 411 nm and a Zeta Potential of —54 mV,

which looks promising for the targeted delivery of EFV to
the infected lymphocytes. In vitro release studies revealed
the potential for sustained release of EFV and for specific
site delivery. The potential benefit of the liposomal efa-
virenz includes the possibility for surface modification of
the resultant nano-system (efavirenz-loaded liposomes), for
site targeting. This will minimize side effects of efavirenz
as a result of poor solubility and wide spread delivery to
non-infected cells. At this stage, antiviral efficacy evaluation
of this mono-drug formulation could not be considered due
to the alarming issue of drug resistance, of which antiret-
roviral drugs (ARVDs) are commonly used in combination
therapies. However, our labs are currently investigating the
possibility of adding one or more ARVD to the formulation
under development. The multi-drug loaded liposomes will
be prepared and subjected to animal studies for anti-HIV
efficacy assessment since these formulations will meet the
requirement for multidrug therapy that is currently recom-
mended for HIV management. Since, to our knowledge, no
evidence of the liposomal encapsulation of EFV has been
reported, the insights from the present study will be valu-
able as a set of preliminary data. This will encourage further
investigations of the encapsulation and delivery of EFV like
antiretrovirals for enhanced solubility, site targeting and pro-
longed release using liposomes. We are currently working
on surface modification of liposomes in order to delay EFV
release (coating liposomes with self-adhesive polymers, like
chitosan and alginate) and extend liposomes blood circula-
tion time (by grafting polyethylene glycol).
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