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20
21  SUMMARY:
22 This study describes classical hydration using the thin lipid film method for
23 nanoliposome preparation followed by nanoparticle characterization. A 47 kDa-
24 hydrophilic and globular protein, tarin, is successfully encapsulated as a strategy to
25  improve stability, avoid fast clearance, and promote controlled release. The method can
26  be adapted to hydrophobic molecules encapsulation.
27
28  ABSTRACT:
29 Liposome nanocapsules have been applied for many purposes in the pharmaceutical,
30 cosmetic, and food industries. Attributes of liposomes include their biocompatibility,
31 biodegradability, non-immunogenicity, non-toxicity, and ability to entrap both
32  hydrophilic and hydrophobic compounds. The classical hydration of thin lipid films in an
33  organic solvent is applied herein as a technique to encapsulate tarin, a plant lectin, in
34  nanoliposomes. Nanoliposome size, stability, entrapment efficiency, and morphological
35 characterization are described in detail. The nanoliposomes are prepared using 1,2-
36 dioleoyl-sn-glycerol-3-phosphoethanolamine  (DOPE), 1,2-distearoyl-sn-glycero-3-
37 phosphoethanolamine-N-[amino(polyethylene glycol)-2000] (ammonium salt; DSPE-
38 MPEG 2000), and cholesterylhemisuccinate (CHEMS) as the main constituents. Lipids are
39 first dissolved in chloroform to obtain a thin lipid film that is subsequently rehydrated in
40 ammonium sulfate solution containing the protein to be entrapped and incubated
41  overnight. Then, sonication and extrusion techniques are applied to generate nanosized
42  unilamellar vesicles. The size and polydispersity index of the nanovesicles are
43  determined by dynamic light scattering, while nanovesicle morphology is assessed by
44  scanning electron microscopy. Entrapment efficiency is determined by the ratio of the
45 amount of unencapsulated protein to original amount of initially loaded protein.
46 Homogeneous liposomes are obtained with an average size of 155 nm and
47  polydispersity index value of 0.168. A high entrapment efficiency of 83% is achieved.
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INTRODUCTION:

The number of studies investigating efficient drug delivery systems has risen in recent
years. However, limitations such as rapid clearance, poor biodistribution, and solubility
at physiological pH and insufficient cellular uptake still need to be surpassed. The use of
nanosystems has emerged as recent progress in cancer therapeutics, applied to increase
the intracellular concentration of drugs inside cancerous cells while minimizing toxicity
in healthy cells. Moreover, nanoparticles obtained from a different range of materials
(i.e., polymers, dendrimers, liposomes, viruses, carbon nanotubes, and metals such as
iron oxide and gold) are currently being applied to enhance anticancer effects and
reduce systemic toxicity!. Liposome nanocapsules in particular have been applied for
many purposes in the pharmaceutical, cosmetic, and food industries. In recent years,
various nutraceutical products such as vitamins, enzymes, and herbal extracts have been
formulated using liposome technology?.

Liposomes are spherical vesicles consisting of one or more concentric lipid bilayers
spontaneously formed by the dispersion of phospholipids in aqueous media®“. The polar
heads of the phospholipids are located on the outer and inner surfaces of the
membranes, in contact with the aqueous environment. In contrast, fatty acid chains
form the hydrophobic core of the membranes and are protected from water>. Some
attributes of liposomes that make them attractive drug delivery systems include their
biocompatibility, biodegradability, non-immunogenicity, non-toxicity, and ability to
entrap both hydrophilic and hydrophobic compounds®.

Liposomes can be prepared using various processes steps such as agitation, sonication,
extrusion, lyophilization, freezing, and thawing. Classical methods include reverse phase
evaporation, solvent injection, and detergent dialysis. The most applied method is thin
lipid film hydration, also known as Bangham’s method, which is used to obtain vesicular-
lipid forms’-1. Lamellarity (the number of phospholipid bilayers) and particle size are
classical parameters used to characterize liposomes as either 1) unilamellar vesicles
(ULVs), formed by a unique phospholipid bilayer and varying in size as follows: i) small
unilamellar vesicles (SUVs, ~0.02—0.20 um), ii) large unilamellar vesicles (LUVs, ~0.2-1.0
pum), and iii) giant unilamellar vesicles (GUVs, >1 um); or 2) multilamellar vesicles (MLVs,
>0.1 um)>12, Vesicle size is an important parameter when considering for therapeutic
use, such as in cancer treatment, in which sizes of <200 nm are ideal to allow
nanovesicles to cross the endothelial barrier and reach tumoral tissues®.

Herein, the encapsulation procedure following the classical hydration of a thin lipid film
technique’ using tarin, a plant lectin described and characterized as a hydrophilic
globular protein'®1>, Nanosized vesicles are produced by including sonication and
extrusion steps in the main technique, resulting in stable liposomal nanovesicles with
high entrapment efficiency?®.

PROTOCOL:

1. Preparation of tarin liposomal nanocapsules'®
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NOTE: All preparations should be prepared in triplicate in order to obtain a larger volume
(7 mL) and enable the sample to be centrifuged in an ultracentrifuge (see details below).

1.1. Weigh the liposome components using an analytical balance, as shown in Table 1.

1.2. Dissolve the lipid components in chloroform using a 250 mL volumetric flask that
fits in a rotary evaporator to avoid loss of material.

1.3. Stir the mixture at 150 rpm for 15 min.
1.4. Remove the chloroform using a rotary evaporator under the following conditions:

1.4.1. Adjust the volumetric flask mouth to the standard position (25°) for optimal
efficiency, while in contact with the water from the heating bath.

NOTE: The equipment arm should be inclined at 25° to maintain contact between the
volumetric flask and water bath, while not affecting evaporation efficiency or damaging
the sample. The standard position can vary according to the equipment brand.

1.4.2. Set the condenser temperature to a minimum of 3 °C.

1.4.3. Set the heating bath temperature to 40 + 1 °C.

1.4.4. Set the rotation to 120 rpm.

1.4.5. Adjust the vacuum to 207 mbar and boiling point to 20 °C.

1.4.6. After ~25 min, remove the flask and discard the evaporated solvent, remaining in
the condenser, appropriately.

NOTE: A thin and opaque film, consisting of the liposome components, is formed in this
step and can be easily visualized. The evaporated solvent remaining in the condenser
must be stored into disposal recipients (chlorinated) to be handled by a specialized

company for appropriate discarding.

1.5. Hydrate the lipid film to reach a 0.01 M lipid concentration in 0.3 M ammonium
sulfate solution (pH = 7.4) containing tarin at 1 mg/mL to a final volume of 10 mL.

1.5.1. Stir the mixture for 40 min and incubate overnight at 4 °C.
NOTE: This step can be considered a stop point. Overnight incubation is not obligatory.

1.6. After incubation, sonicate the suspension for 1 min at 25 °C (room temperature; RT)
to reduce vesicle size and avoid aggregation.

NOTE: Size reduction was performed in an ultrasonic sonicator under the following
conditions: 130 W and 40 kHz.
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1.7. Perform a 12-cycle extrusion through a 0.2 um polycarbonate pore membrane.

NOTE: Before the extrusion process, test the mini-extruder assembly using water to
avoid sample leakage. A 0.1 um pore membrane is also suitable. In this case, pre-heat
the mini-extruder holder above the lipid transition temperature to facilitate extrusion,
while maintaining the physicochemical characteristics of both lipids and proteins.

1.7.1. Fit the parts of the mini extruder, as described in the manufacturer’s manual.

1.7.2. Place the polycarbonate membrane between two pre-wet filter supports and
place it into the holder.

1.7.3. Insert a 1 mL empty syringe into the device, fill the other syringe to its total
volume with the liposomal suspension, and insert it on the opposite side.

1.7.4. Perform a 12-cycle extrusion through a 0.2 um polycarbonate pore membrane.
Push the sample from one syringe to another, slowly. Collect the extruded suspension
in a pre-cooled tube.

NOTE: The polycarbonate membrane should be replaced only when sample
transference from one syringe to another becomes difficult. The liposomal suspension
should become clear during the extrusion process as a result of size reduction due to
the formation of SUVs. About 0.2 mL of the sample can be lost during this step.

1.8. Separate liposomes by ultracentrifugation.

NOTE: Maintain the samples in an ice bath until the ultracentrifuge is ready to be used.
Separate SUVs from the remaining components and ammonium sulfate by
ultracentrifugation using an ultracentrifuge with a swing-bucket rotor (see details
below).

1.8.1. Weigh the sample in the titanium tube that fits the rotor and balance the tubes.
Check the minimum volume required according to the rotor used to avoid damaging the
tubes, and adjust the liposomal suspension volume with ammonium sulphate, if
necessary.

NOTE: The swing bucket should always be supported on the stand when outside of the
centrifuge to avoid scratching the “zebra stripes” (i.e., the black and white stripes on the
bottom), which are used by the centrifuge to determine rotation speed.

1.8.2. Turn on the vacuum before using the centrifuge to allow it to refrigerate.

1.8.3. Fit the titanium tubes into the swing bucket.

NOTE: Lift the tubes to the position they assume when running to ensure that they are
perfectly fitted.
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1.8.4. Release the vacuum, open the centrifuge door, and place the rotor inside.

NOTE: Pay attention to the circle mark on the bottom of the rotor, which must fit in the
opposite direction of the same circle mark into the centrifuge itself.

1.8.5. Close the centrifuge door, press Vacuum and wait until the vacuum reaches from
200 to <20 microns or from 26 Pa to <3 Pa.

1.8.6. Adjust the parameters in the ultracentrifuge display to 150,000 x g (the equivalent
to 29,600 rpm for the aforementioned swing bucket) for 90 min at 4 °C (acceleration:

max, deceleration: max).

NOTE: Always convert the speed to x g if the specific centrifuge is set in rpom. Use the
centrifuge website to convert the unit according to the rotor used.

1.8.7. Press Recall, check the conditions, and press Start to run.
NOTE: Wait until the centrifuge reaches the desired speed.

1.8.8. After 90 min, release the vacuum by pressing the Vacuum button and open the
centrifuge door when the vacuum reaches 200—700 microns (equivalent to 26—93 Pa).

1.8.9. Switch off the centrifuge, remove the rotor from the inside, and leave it on the
bench with the buckets to dry.

1.8.10. Maintain the ultracentrifuged samples on ice.

1.9. Carefully, separate supernatant from the pellet by turning the tube upside down
into a disposable 15 mL centrifuge tube to separate the supernatant and pellet.

NOTE: Store the supernatant containing the unencapsulated protein at 4 °C. It will be
used to determine the encapsulation efficiency. The pellet appears as a translucent jelly.

1.10. Suspend the pellet containing the encapsulated protein in HEPES buffered saline
(3 mL of 1x HBS).

NOTE: The HBS 2x (stock solution) is prepared by diluting the following amounts of
reagents in distilled water: 140 mM NaCl, 1.5 mM NazHPOs, 50 mM HEPES, then
adjusting the pH to 7.4 and final volume to 100 mL. NazHPOascan be replaced by NaHCO3
or omitted to avoid interference if liposome concentration is to be determined. The HBS
2x stock solution should be diluted in distilled water to obtain HBS 1x before use.

2. Encapsulation efficiency

NOTE: Determine the encapsulation efficiency using Peterson’s protocol’ in order to
avoid lipid interference in protein quantification. All samples (BSA standards and
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liposome supernatant) should be analyzed in triplicate. Also prepare a blank tube.
2.1. Preparation of stock reagents and working solutions'’

2.1.1. For stock reagents, prepare copper-tartrate-carbonate (CTC) by mixing 10 mL of
20% sodium carbonate, 200 pL of 0.1% copper sulfate, 200 pL of 0.2% potassium tartrate
with 9.6 mL of distilled water. Prepare 100 mL of 10% sodium dodecyl sulfate (SDS) and
0.8 N sodium hydroxide (NaOH).

2.1.2. For working solutions, prepare 10 mL of 0.15% sodium deoxycholate (DOC) and
72% trichloroacetic acid (TCA). Dissolve 10 mg of bovine serum albumin (BSA) in 10 mL
of distilled water to obtain a 1 mg/mL standard solution. Prepare reagent A by adding
equal parts of CTC, NaOH, SDS, and H,0. Prepare reagent B by diluting Folin-Ciocalteu
phenol reagent 1:5 in distilled water.

NOTE: Reagent A requires 1 mL for each reaction tube, while reagent B requires 0.5 mL.
To determine the final volumes of reagents A and B, first define the number of reaction
tubes to be used, considering three distinct concentrations of BSA, blank, and samples
in triplicate. Reagent A must be well-homogenized before use and can be stored at 25
°C (RT) for 2 weeks. Reagent B is also stable at 25 °C (RT) if stored in an amber bottle.
2.2. Precipitation

NOTE: This step is performed in microcentrifuge tubes.

2.2.1. Dilute the liposome supernatant with water to a final volume of 1 mL containing
5-100 pg of protein.

NOTE: The blank tube should be filled with 1 mL of distilled water.

2.2.2. Add 0.1 mL of 0.15% DOC, homogenize by vortexing, and incubate for 10 min at
RT.

2.2.3. Add 0.1 mL of 72% TCA, mix well, and centrifuge at 3,000 x g and RT for 15 min.

NOTE: DOC-TCA promotes protein precipitation, forming two distinct phases. The target
protein can be recovered by centrifugation, avoiding lipid interference.

2.2.4. Carefully discard the supernatant by verting the tube downwards and laying it on
an absorbent paper. Save the pellet for the subsequent step.

NOTE: The pellet can be very difficult to see, but the tube should be turned upside down
even if it is not visible.

2.3. Spectrophotometry

2.3.1. Suspend the pellet obtained from step 2.2.4 in 1 mL of distilled water. Mix
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thoroughly to make sure the pellet is dissolved and transfer the sample to a new test
tube.

2.3.2. Prepare dilutions of albumin (BSA) standards to a final volume of 1 mL.
NOTE: Protein standards must be prepared between 5—-100 pg/mL.

2.3.3. Add 1 mL of reagent A to the tubes from step 2.3.1 and 2.3.2 without exception,
mix well, and incubate for 10 min at RT.

NOTE: SDS can relieve possible lipid interferences while aiding in protein solubilization.

2.3.4. Add 0.5 mL of reagent B to the tubes from step 2.3.1 and 2.3.2, mix well, and
incubate for 30 min at RT while protected from the light.

NOTE: The Follin-Ciocalteu phenol reagent is a mixture of phosphomolybdate and
phosphotungstate used for colorimetric assays of some nitrogen-containing
compounds, such as proteins. Copper complexation increases the reactivity of phenols
towards this reagent, producing a blue/purple complex according to protein
concentration.

2.3.5. Determine absorbances at 750 nm using a spectrophotometer.

2.3.6. Calculate the protein concentration in the supernatant based on the standard
curve as follows.

2.3.6.1. Plot absorbance value (Abs) vs. BSA concentration (mg/mL) to obtain the
angular coefficient (k) considering a linear tendency line.

2.3.6.2. Determine the supernatant protein concentration (C) by the ratio between the
absorbance value and angular coefficient (k), then multiply by the total volume as

follows:

Abs
- [T] X supernatant volume (mL)

2.4. Determine encapsulation efficiency according to the following formula:

£ lation Ef fict %) = Loaded Protein — Nonencapsulated Protein (mg) < 100
ncapsulation Ef ficiency (%) = Loaded Protein (mg)

where loaded protein = 10 mg, nonencapsulated protein = value of C obtained in step
2.3.6.2.

NOTE: In this case, a total of 10 mg tarin dissolved in ammonium sulfate solution (1
mg/mL) is used to perform the encapsulation procedure, since this concentration is

sufficient to obtain satisfactory in vitro effects!316:18,

3. Size and stability determination
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NOTE: Size distribution and polidispersity index (Pdl) of the liposomal preparations are
evaluated by dynamic light scattering (DLS). A Pdl close to 0.1 indicates a homogeneous
preparation. Nanoliposomes are stored at 4 °C and analyzed for 180 days, indicating
stability during this time period. For stability determination, store liposomes at 4 °C and
check size distribution and size average regularly.

3.1. Turn on the DLS equipment 30 min before use to warm up the laser lamp.

3.2. Transfer the liposomal preparation obtained in step 1.10 to a disposable sizing
cuvette.

3.3. Set the equipment parameters as follows: dispersant type = water (Rl = 1.33);
material = lipids (Rl = 1.45); and RT.

3.4. Press Start and wait while the equipment finishes its reading.

3.5. Remove the cuvette and turn off the equipment.

NOTE: Either transfer the sample from the cuvette back to the disposable 15 mL
centrifuge tube for subsequent analyses, or discard it if there is a sufficient amount for
new reads.

4. Morphological characterization

NOTE: Liposome characterization is performed according to Murtey and Ramasamy?°.
Samples containing nanoliposomes obtained in step 1.10 are prepared in triplicate.

4.1. Fix the glass coverslips (13 mm diameter) in the bottom of a Petri dish with double-
sided tape. Cut the tape into small pieces (appropriate size to fix the coverslips), remove
the protective paper underneath, and fix it on the bottom of the Petri dish. With the aid
of tweezers, remove the protective paper on top of the tape and fix the coverslips on it.

NOTE: Be careful in the following steps not to release the coverslips, and use a strong
tape.

4.2. Coat the coverslips with poly-L-lysine. Place wet filter papers inside the Petri dish to
maintain moisture and incubate for 1 h at RT (25 °C).

4.3. After coating, rinse the coverslips with distilled water.

4.4. Fill the coverslips with a drop of the sample from step 1.10 and allow them to dry
for 1 h at RT.

4.5. To fix the samples, cover them with 4% glutaraldehyde prepared in 0.1 M phosphate
buffer, pH =7.2. Place wet filter papers inside the Petri dish and seal the dish to maintain
moisture levels. Incubate at 4 °C for 48 h.
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4.6. Rinse the coverslips 3x for 5 min with the same phosphate buffer.
4.7. Dehydrate samples as follows: 35% ethanol 1x for 15 min, 50% ethanol 1x for 15
min, 75% ethanol 1x for 15 min, 95% ethanol 2x for 15 min, and absolute ethanol 3x for

20 min.

4.8. Chemically dry the samples by immersion 2x in 1-2 mL of hexamethyldisilazane
(HMDS) for 10 min.

NOTE: The HMDS should be manipulated carefully inside a fume hood. Samples should
be allowed to dry overnight inside a desiccator or inside the fume hood at RT.

4.9. Mount the dried samples on a stub with a carbon conductive adhesive tape.

4.10. Sputter the surface of the coverslip in a vacuum with an electrically conductive
layer (20 nm thickness) of gold-palladium.

4.11. Record images with a scanning electron microscope (SEM) at low vacuum mode
and low voltage (20 kV).

REPRESENTATIVE RESULTS:
Figure 1 describes the nanoliposome preparation!®2%21, Phospholipids, 1,2-dioleoyl-sn-
glycerol-3-phosphoethanolamine (DOPE), 1,2-distearoyl-sn-glycero-3-

phosphoethanolamine-N-[amino(polyethylene glycol)-2000] (ammonium salt; DSPE-
MPEG 2000), and cholesterylhemisuccinate (CHEMS), the main liposome constituents,
were first dissolved in chloroform to obtain the lipid film. The lipid film was then
rehydrated in ammonium sulfate solution containing the hydrophilic protein (tarin) to
be entrapped, and the incubation was performed overnight. Then, sonication and
extrusion techniques were applied to generate small unilamellar vesicles. The
ultracentrifugation step separated the liposomal preparation from free lipids and
unencapsulated protein, while the supernatant was used for the determination of
entrapment efficiency.

Nanoliposomes produced using the aforementioned methodology exhibited a size
distribution ranging from 51-396 nm and an average size of 155 nm (Table 2). The
preparation was homogeneous, since the polydispersity index was 0.168. A high
entrapment efficiency of 83% can be reached if the liposomes are extruded through a
0.2 um pore size membrane (Table 2).

Morphological nanoliposome characteristics were evaluated by SEM. Figure 2A,B
displays round-shaped liposomal vesicles in the range of 121 nm and analyzed at 20 kV,
whereas Figure 2C,D displays inadequately prepared samples. Nanoliposomes were
simply air dried without previous fixation or any other treatment described in this study.
As a result, larger and damaged vesicles in the range of 332 um and analyzed at 5 kV
were observed.
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FIGURE AND TABLE LEGENDS:

Figure 1: Schematic representation of nanoliposome preparation. DOPE, PEG, and
CHEMS, the main liposome constituents, were first dissolved in chloroform to obtain the
lipid film (1, 2, 3). The lipid film was then rehydrated in a saline buffer containing the
hydrophilic protein (tarin) to be entrapped, and the incubation was performed overnight
(4). Then, sonication and extrusion techniques were applied to generate SUVs (5, 6). The
ultracentrifugation step separated the liposomal preparation from free lipids and
unencapsulated protein, while the supernatant was used for the determination of
entrapment efficiency (7). This figure has been modified from Correa et al.'®.

Figure 2: Nanoliposome photomicroscopy by SEM. (A,B) Images of round-shaped
liposomal vesicles in the range of 121 nm and analyzed at 20 kV. (C,D) Images of
inadequately prepared samples. Mistreated samples allowed for the observation of
larger and/or damaged vesicles, which cannot resist vacuum and/or voltage conditions
at 5 kV. This figure has been modified from Correa et al.1®.

Table 1: Preparation of tarin liposomal nanocapsules.

Table 2: Size, polidispersity index, and entrapment efficiency of the nanoliposome
preparation.

DISCUSSION:

The protocol described herein was tested by Correa et al.'® to encapsulate tarin, an
immunomodulatory and antitumoral lectin purified from Colocasia esculenta®?. The
methodology yielded successful results, allowing for the production of stable
nanoliposomes of appropriate size for therapeutic applications. The formulation
presents controlled release at different pH levels under physiological conditions. It also
potentiates tarin pharmacological properties, such as inhibition of human glioblastoma
U-87 MG and breast cancer MDA-MB-231 cell lines and stimulation of mice bone
marrow cells. The liposomal preparation exhibited no toxic effects in healthy mice
cells?®.

The classical method, first described by Bangham et al.’, allows for the production of
large multilamellar liposome vesicles, heterogeneous in size and shape. Adaptations of
this method, as reported in the present study, are successfully applied by including
additional steps such as sonication and extrusion through a 0.2 um polycarbonate
membrane. This allows production of a more homogeneous dispersion regarding size in
the nanometer range'®2324, Therefore, to ensure successful results, the encapsulation
protocol and liposomal formulation described here should be strictly followed.

The nanoliposome composition was carefully selected in order to ensure the formation
of a bilayer membrane with DOPE, MPEG 2000-DSPE, and CHEMS as the main
constituents. These are natural animal membrane bilayer constituents and the latter can
confer fluidity to nanoliposome architecture, ensuring broad application for bioactive
compound delivery in human beings.
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Nanoliposome pegylation is essential to guarantee liposome structure stability. The
absence of PEG leads to size enlargement, a high polydispersity index, and low
entrapment efficiency. Optimal results can be obtained with DOPE as the main liposome
component. However, this is a high-cost phospholipid. The financial costs of
nanoliposome production can be achieved by replacing DOPE with other similar lipids
such as DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine). CHEMS is a cholesterol
molecule naturally found in animal cell membranes, which should not be excluded from
the formulation, since it is important to ensure lipid bilayer fluidity and malleability®®.

Other aspects of the encapsulation protocol can also be adapted. The chloroform used
to dissolve the liposomal components can easily be replaced by methanol with no
effects on size average, homogeneity, and entrapment efficiency. However, some
protein leakage can occur at storage under 4 °C!6, The overnight incubation step with
ammonium sulfate solution containing tarin is not mandatory; however, for
convenience it can be performed with no damage to nanoliposomal biophysical
characteristics, encapsulation, or stability efficiency losses, as demonstrated by Correa
et al.’®. The extrusion step is performed at room temperature, which can decrease flow
rate between the syringes if a 0.1 um pore size membrane is used.

To overcome this issue, use of a 0.2 um pore size membrane or heating of the extruder
holder above the lipid transition temperature should be considered. The analyst must
be careful not to damage the lipids or protein that can be inactivated and lose biological
activity. Alternatively, liposomal preparation can be dialyzed against HBS instead of
ultracentrifugation, using a cut-off membrane according to protein molecular weight.
The choice of chemical nature of the buffer in which nanoliposomes are suspended after
ultracentrifugation is directly related to its subsequent application. Since perspectives
of this study include in vivo and in vitro assays, suspension in HEPES buffered saline was
adequate to ensure no cytotoxic effects and a pH range close to physiological conditions.

Liposomes should be finely treated, similar to living cells, to obtain higher quality SEM
images. Fixation and drying procedures are important to ensure the visualization of
smaller intact vesicles that support values higher than 20 kV under vacuum conditions.
Figure 2A,B displays nanosized vesicles compatible with the extrusion procedure.
Visualization of vesicles ranging from 51-396 nm is possible if adequate sample
preparation following this procedure is performed. The steps include fixation, drying by
increasing ethanol concentrations, and chemical dehydration to avoid the formation of
aggregates and ruptured vesicles caused by the vacuum and electron beam. On the
other hand, Figure 2C,D shows liposome vesicles dried under room temperature and not
subjected to any treatments described here, which means that they were prepared
inadequately. As a result of the inadequate procedure, giant vesicles are formed, even
after extrusion through a 0.2 um pore size membrane. Ruptured vesicles are also
observed in both panels as a result of vacuum and electron beam damage.

Nanoliposome vesicles have been explored as an encapsulation and delivery system for
hydrophobic molecules, including resveratrol (3,5,4’-trihydroxystilbene), a bioactive
compound against colorectal cancer cells. The encapsulation procedure can overcome
the poor solubility of lipophilic compounds in addition to providing biocompatibility,



517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

biodegradability, non-immunogenicity, and non-toxicity characteristics inherent to
liposome nanocapsules®®. Protocol adaptations must be taken into consideration
depending on the administration route and purpose, such as the development of new
liposome formulations for oral administration.
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Table 1
. X Concentration .
Liposome Components Weight (g) Final volume
(mM)
DOPE 0.0420 5.7
MPEG 2000-DSPE 0.1059 3.8 10 mL
CHEMS 0.0024 0.5

DOPE - 1,2-dioleoyl-sn-glycerol-3-phosphoethanolamine); MPEG 2000-DSPE - 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N- [amino (polyethylene glycol)-2000] (ammonium salt);
CHEMS — cholesterylhemisuccinate.
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Membrane pore | Size distribution | Average size | Polydispersity Entrapment
. X Peak (nm) L.
size (um) (nm) (nm) index (Pdl) Efficiency
0.2 51-396 155 0.168 94 + 39 0.83

Size and polydispersity index were evaluated by dynamic light scattering, while encapsulation efficiency was determined according to Peterson®’.
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course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associatea materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5: Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

i Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11 JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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We believe we have fully addressed reviewer concerns. The text was modified according
to the editor suggestions, with all modifications highlighted in green. The narration text was
highlighted in yellow. All video concerns were addressed. After all text modifications, language
was revised by a specialized editing company in order to improve English grammar and syntax.

We hope that the manuscript and video in its revised form will be found suitable for
publication as a research article in this reputable journal.

CHANGES TO BE MADE BY THE AUTHOR(S) REGARDING THE MANUSCRIPT:

1. This is commercial. Please remove it.
Answer: The commercial name was removed as requested (Line 96).

2. Please specify the volume.
Answer: The volume of the volumetric flask was specified (250mL) in line 101.

3. What is this angle?

Answer: The equipment arm should be inclined at 25° to maintain the volumetric flask in contact
with water bath without affecting evaporation efficiency or damaging the sample. The standard
position can vary according to equipment brand.

A note containing this explanation was included in lines 111-113.

4. What solvent list?

Answer: The solvent table that accompanies the equipment manual. This document lists the
appropriate vacuum value according to the solvent. However, in this case, as the water bath
temperature was set to 40 °C, the vacuum value was corrected to 207 mbar. For this reason, the
authors judged appropriate to remove this information (line 121).

The boiling point was accidentally mistyped and was corrected in the revised manuscript (line
121) and in the video.

5. In the condenser?

Answer: The evaporated solvent collected in the condenser must be discarded into a special
recipient, which will be collected by a specialized company responsible for the appropriate
discard.

A sentence with this information was included in the Note of Lines 129-131.

6. What volume is used? 10 mL?
Answer: The final volume was added, as requested (Line 134).

7. Please specify the size of the syringe.
Answer: The size of the syringe was specified (1mL) and the sentence was modified (Line 158-
159).

8. What does this mean? Reunite?
Answer: The sentence was rewritten to avoid misunderstandings (Line 164).

9. Please be specific.
Answer: A sentence was added (Line 180-181) to specify that the minimum volume is
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determined according to the rotor used.

10. Please use the Sl unit (Pa) for pressure. Microns have different meanings.
Answer: The corresponding value in Pascal was included, as requested (Lines 201 and 216).

11. Clicking or pressing?
Answer: The word clicking was replaced by pressing (Line 214).

12. Is to be determined?
Answer: The modification was included (line 236). In this study the lipid concentration was not
determined, however the information is given in case the readers decide to do this.

13. What volumes are needed?
Answer: The sentence was rewritten to clarify the volumes required for the SDS and NaOH
solutions (lines 249-250).

14. What volumes are needed?
Answer: A note was included to inform how to determine the volume required for reagents A
and B (lines 256-259). The volumes required for DOC and TCA were included in line 250.

15. How? By vortexing?
Answer: “by vortexing” was added to the sentence (Line 276).

16. How many test tubes?
Answer: The sentence was rewritten to specify that the transference should be done to a new

test tube (Lines 294-295).

17. Do you mean the tubes in step 2.3.1 and 2.3.2?
Answer: Yes. Tube specifications were added as required (Line 301).

18. Do you mean the tubes in step 2.3.1 and 2.3.2?
Answer: Yes. Tube specifications were added as required (Line 306).

19. DLS equipment?
Answer: The word DLS was added to specify the equipment (Line 347).

20. From which step?
Answer: The step corresponding to the liposomal preparation was added (Line 349).

21. Can this be rephrased to: set the equipment parameters as follows:?
Answer: The sentence was rephrased, as requested (Line 352).

22. Press “Start”
Answer: The word “click” was replaced by “press”, as requested (Line 355).

23. Please update step number.
Answer: The step number was updated, as requested (Line 365).

24. From which step?
Answer: The corresponding step was added (Line 381).

25. It seems that this reference is not listed in the references. Please included it; each



reference cited in text must appear in the reference list.
Answer: The reference is already in the reference list but the year was accidentally mistyped
and was corrected in the manuscript.

CHANGES TO BE MADE BY THE AUTHOR(S) REGARDING THE VIDEO:

1. 1:32: The video shows 270 mbar while the written manuscript (step 1.4.5) says 207 mbar.
Please be consistent. Please also fix typo (minimum instead of minimum).
Answer: The vacuum value and the word “minimum” were corrected in the video, as requested.

2. 06:23-6:30: This detail is not included in the written manuscript. Please add a step in section
3 of the manuscript for stability determination.

Answer: The corresponding sentence from the narration was added to the manuscript (Lines
338-339).

3. Please show the title card at the end of the video.
Answer: A title card was included at the end of the video, as requested.

4. While the voiceover narration is playing, the music volume should be lowered by about 6
dB.
Answer: The music volume was lowered, as requested.

5. 1:00 - This shot of adding the components to a flask needs to be extended or cut out. It is
currently not on screen long enough, and the viewer does not have enough time to process
what they are seeing.

Answer: The shot was extended, as suggested.

6. 1:06, 1:23, 1:30, 1:51, 1:54, 2:09, 2:18, 2:19, 2:22, 2:27, 2:37, 3:49, 4:37, 5:42, 6:13, 6:18,
6:38, 7:22, 7:27, 8:16 - The edits here are jump cuts, which tend to have a jarring effect on the
viewer. They should be smoothed out with crossfades instead.

Answer: The edits were modified as suggested.

7. 2:27 - The quick camera zoom seen here should be cut out.
Answer: The quick camera zoom was cut out, as requested.

8. 3:52 - This shot should be extended a bit. There is detail there for the viewer to see, but
they are not allowed much time to do so.
Answer: The shot was extended, as requested.



