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SUMMARY: 21 
This study describes classical hydration using the thin lipid film method for 22 
nanoliposome preparation followed by nanoparticle characterization. A 47 kDa-23 
hydrophilic and globular protein, tarin, is successfully encapsulated as a strategy to 24 
improve stability, avoid fast clearance, and promote controlled release. The method can 25 
be adapted to hydrophobic molecules encapsulation. 26 
 27 
ABSTRACT: 28 
Liposome nanocapsules have been applied for many purposes in the pharmaceutical, 29 
cosmetic, and food industries. Attributes of liposomes include their biocompatibility, 30 
biodegradability, non-immunogenicity, non-toxicity, and ability to entrap both 31 
hydrophilic and hydrophobic compounds. The classical hydration of thin lipid films in an 32 
organic solvent is applied herein as a technique to encapsulate tarin, a plant lectin, in 33 
nanoliposomes. Nanoliposome size, stability, entrapment efficiency, and morphological 34 
characterization are described in detail. The nanoliposomes are prepared using 1,2-35 
dioleoyl-sn-glycerol-3-phosphoethanolamine (DOPE), 1,2-distearoyl-sn-glycero-3-36 
phosphoethanolamine-N-[amino(polyethylene glycol)-2000] (ammonium salt; DSPE-37 
MPEG 2000), and cholesterylhemisuccinate (CHEMS) as the main constituents. Lipids are 38 
first dissolved in chloroform to obtain a thin lipid film that is subsequently rehydrated in 39 
ammonium sulfate solution containing the protein to be entrapped and incubated 40 
overnight. Then, sonication and extrusion techniques are applied to generate nanosized 41 
unilamellar vesicles. The size and polydispersity index of the nanovesicles are 42 
determined by dynamic light scattering, while nanovesicle morphology is assessed by 43 
scanning electron microscopy. Entrapment efficiency is determined by the ratio of the 44 
amount of unencapsulated protein to original amount of initially loaded protein. 45 
Homogeneous liposomes are obtained with an average size of 155 nm and 46 
polydispersity index value of 0.168. A high entrapment efficiency of 83% is achieved. 47 
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 48 
INTRODUCTION: 49 
The number of studies investigating efficient drug delivery systems has risen in recent 50 
years. However, limitations such as rapid clearance, poor biodistribution, and solubility 51 
at physiological pH and insufficient cellular uptake still need to be surpassed. The use of 52 
nanosystems has emerged as recent progress in cancer therapeutics, applied to increase 53 
the intracellular concentration of drugs inside cancerous cells while minimizing toxicity 54 
in healthy cells. Moreover, nanoparticles obtained from a different range of materials 55 
(i.e., polymers, dendrimers, liposomes, viruses, carbon nanotubes, and metals such as 56 
iron oxide and gold) are currently being applied to enhance anticancer effects and 57 
reduce systemic toxicity1. Liposome nanocapsules in particular have been applied for 58 
many purposes in the pharmaceutical, cosmetic, and food industries. In recent years, 59 
various nutraceutical products such as vitamins, enzymes, and herbal extracts have been 60 
formulated using liposome technology2. 61 
 62 
Liposomes are spherical vesicles consisting of one or more concentric lipid bilayers 63 
spontaneously formed by the dispersion of phospholipids in aqueous media3,4. The polar 64 
heads of the phospholipids are located on the outer and inner surfaces of the 65 
membranes, in contact with the aqueous environment. In contrast, fatty acid chains 66 
form the hydrophobic core of the membranes and are protected from water5. Some 67 
attributes of liposomes that make them attractive drug delivery systems include their 68 
biocompatibility, biodegradability, non-immunogenicity, non-toxicity, and ability to 69 
entrap both hydrophilic and hydrophobic compounds6.  70 
 71 
Liposomes can be prepared using various processes steps such as agitation, sonication, 72 
extrusion, lyophilization, freezing, and thawing. Classical methods include reverse phase 73 
evaporation, solvent injection, and detergent dialysis. The most applied method is thin 74 
lipid film hydration, also known as Bangham’s method, which is used to obtain vesicular-75 
lipid forms7-11. Lamellarity (the number of phospholipid bilayers) and particle size are 76 
classical parameters used to characterize liposomes as either 1) unilamellar vesicles 77 
(ULVs), formed by a unique phospholipid bilayer and varying in size as follows: i) small 78 
unilamellar vesicles (SUVs, ~0.02–0.20 μm), ii) large unilamellar vesicles (LUVs, ~0.2–1.0 79 
μm), and iii) giant unilamellar vesicles (GUVs, >1 μm); or 2) multilamellar vesicles (MLVs, 80 
>0.1 μm)3,12. Vesicle size is an important parameter when considering for therapeutic 81 
use, such as in cancer treatment, in which sizes of <200 nm are ideal to allow 82 
nanovesicles to cross the endothelial barrier and reach tumoral tissues4. 83 
 84 
Herein, the encapsulation procedure following the classical hydration of a thin lipid film 85 
technique7 using tarin, a plant lectin described and characterized as a hydrophilic 86 
globular protein13-15. Nanosized vesicles are produced by including sonication and 87 
extrusion steps in the main technique, resulting in stable liposomal nanovesicles with 88 
high entrapment efficiency16. 89 
 90 
PROTOCOL: 91 
 92 
1. Preparation of tarin liposomal nanocapsules16 93 
 94 



NOTE: All preparations should be prepared in triplicate in order to obtain a larger volume 95 
(7 mL) and enable the sample to be centrifuged in an ultracentrifuge (see details below). 96 
 97 
1.1. Weigh the liposome components using an analytical balance, as shown in Table 1. 98 
 99 
1.2. Dissolve the lipid components in chloroform using a 250 mL volumetric flask that 100 
fits in a rotary evaporator to avoid loss of material.  101 
 102 
1.3. Stir the mixture at 150 rpm for 15 min. 103 
 104 
1.4. Remove the chloroform using a rotary evaporator under the following conditions: 105 
 106 
1.4.1. Adjust the volumetric flask mouth to the standard position (25°) for optimal 107 
efficiency, while in contact with the water from the heating bath. 108 
 109 
NOTE: The equipment arm should be inclined at 25° to maintain contact between the 110 
volumetric flask and water bath, while not affecting evaporation efficiency or damaging 111 
the sample. The standard position can vary according to the equipment brand. 112 
 113 
1.4.2. Set the condenser temperature to a minimum of 3 °C. 114 
 115 
1.4.3. Set the heating bath temperature to 40 ± 1 °C. 116 
 117 
1.4.4. Set the rotation to 120 rpm. 118 
 119 
1.4.5. Adjust the vacuum to 207 mbar and boiling point to 20 °C. 120 
 121 
1.4.6. After ~25 min, remove the flask and discard the evaporated solvent, remaining in 122 
the condenser, appropriately. 123 
 124 
NOTE: A thin and opaque film, consisting of the liposome components, is formed in this 125 
step and can be easily visualized. The evaporated solvent remaining in the condenser 126 
must be stored into disposal recipients (chlorinated) to be handled by a specialized 127 
company for appropriate discarding. 128 
 129 
1.5. Hydrate the lipid film to reach a 0.01 M lipid concentration in 0.3 M ammonium 130 
sulfate solution (pH = 7.4) containing tarin at 1 mg/mL to a final volume of 10 mL. 131 
 132 
1.5.1. Stir the mixture for 40 min and incubate overnight at 4 °C.  133 
 134 
NOTE: This step can be considered a stop point. Overnight incubation is not obligatory.  135 
 136 
1.6. After incubation, sonicate the suspension for 1 min at 25 °C (room temperature; RT) 137 
to reduce vesicle size and avoid aggregation. 138 
 139 
NOTE: Size reduction was performed in an ultrasonic sonicator under the following 140 
conditions: 130 W and 40 kHz.  141 



 142 
1.7. Perform a 12-cycle extrusion through a 0.2 μm polycarbonate pore membrane. 143 
 144 
NOTE: Before the extrusion process, test the mini-extruder assembly using water to 145 
avoid sample leakage. A 0.1 μm pore membrane is also suitable. In this case, pre-heat 146 
the mini-extruder holder above the lipid transition temperature to facilitate extrusion, 147 
while maintaining the physicochemical characteristics of both lipids and proteins.  148 
 149 
1.7.1. Fit the parts of the mini extruder, as described in the manufacturer’s manual. 150 
 151 
1.7.2. Place the polycarbonate membrane between two pre-wet filter supports and 152 
place it into the holder. 153 
 154 
1.7.3. Insert a 1 mL empty syringe into the device, fill the other syringe to its total 155 
volume with the liposomal suspension, and insert it on the opposite side. 156 
 157 
1.7.4. Perform a 12-cycle extrusion through a 0.2 μm polycarbonate pore membrane. 158 
Push the sample from one syringe to another, slowly. Collect the extruded suspension 159 
in a pre-cooled tube. 160 
 161 
NOTE: The polycarbonate membrane should be replaced only when sample 162 
transference from one syringe to another becomes difficult. The liposomal suspension 163 
should become clear during the extrusion process as a result of size reduction due to 164 
the formation of SUVs. About 0.2 mL of the sample can be lost during this step. 165 
 166 
1.8. Separate liposomes by ultracentrifugation. 167 
 168 
NOTE: Maintain the samples in an ice bath until the ultracentrifuge is ready to be used. 169 
Separate SUVs from the remaining components and ammonium sulfate by 170 
ultracentrifugation using an ultracentrifuge with a swing-bucket rotor (see details 171 
below). 172 
 173 
1.8.1. Weigh the sample in the titanium tube that fits the rotor and balance the tubes. 174 
Check the minimum volume required according to the rotor used to avoid damaging the 175 
tubes, and adjust the liposomal suspension volume with ammonium sulphate, if 176 
necessary. 177 
 178 
NOTE: The swing bucket should always be supported on the stand when outside of the 179 
centrifuge to avoid scratching the “zebra stripes” (i.e., the black and white stripes on the 180 
bottom), which are used by the centrifuge to determine rotation speed. 181 
 182 
1.8.2. Turn on the vacuum before using the centrifuge to allow it to refrigerate. 183 
 184 
1.8.3. Fit the titanium tubes into the swing bucket.  185 
 186 
NOTE: Lift the tubes to the position they assume when running to ensure that they are 187 
perfectly fitted. 188 



 189 
1.8.4. Release the vacuum, open the centrifuge door, and place the rotor inside. 190 
 191 
NOTE: Pay attention to the circle mark on the bottom of the rotor, which must fit in the 192 
opposite direction of the same circle mark into the centrifuge itself. 193 
 194 
1.8.5. Close the centrifuge door, press Vacuum and wait until the vacuum reaches from 195 
200 to <20 microns or from 26 Pa to <3 Pa. 196 
 197 
1.8.6. Adjust the parameters in the ultracentrifuge display to 150,000 x g (the equivalent 198 
to 29,600 rpm for the aforementioned swing bucket) for 90 min at 4 °C (acceleration: 199 
max, deceleration: max).  200 
 201 
NOTE: Always convert the speed to x g if the specific centrifuge is set in rpm. Use the 202 
centrifuge website to convert the unit according to the rotor used.  203 
 204 
1.8.7. Press Recall, check the conditions, and press Start to run.  205 
 206 
NOTE: Wait until the centrifuge reaches the desired speed. 207 
 208 
1.8.8. After 90 min, release the vacuum by pressing the Vacuum button and open the 209 
centrifuge door when the vacuum reaches 200–700 microns (equivalent to 26–93 Pa). 210 
  211 
1.8.9. Switch off the centrifuge, remove the rotor from the inside, and leave it on the 212 
bench with the buckets to dry. 213 
 214 
1.8.10. Maintain the ultracentrifuged samples on ice. 215 
 216 
1.9. Carefully, separate supernatant from the pellet by turning the tube upside down 217 
into a disposable 15 mL centrifuge tube to separate the supernatant and pellet.  218 
 219 
NOTE: Store the supernatant containing the unencapsulated protein at 4 °C. It will be 220 
used to determine the encapsulation efficiency. The pellet appears as a translucent jelly. 221 
 222 
1.10. Suspend the pellet containing the encapsulated protein in HEPES buffered saline 223 
(3 mL of 1x HBS).  224 
 225 
NOTE: The HBS 2x (stock solution) is prepared by diluting the following amounts of 226 
reagents in distilled water: 140 mM NaCl, 1.5 mM Na2HPO4, 50 mM HEPES, then 227 
adjusting the pH to 7.4 and final volume to 100 mL. Na2HPO4 can be replaced by NaHCO3 228 
or omitted to avoid interference if liposome concentration is to be determined. The HBS 229 
2x stock solution should be diluted in distilled water to obtain HBS 1x before use.  230 
 231 
2. Encapsulation efficiency  232 
 233 
NOTE: Determine the encapsulation efficiency using Peterson’s protocol17 in order to 234 
avoid lipid interference in protein quantification. All samples (BSA standards and 235 



liposome supernatant) should be analyzed in triplicate. Also prepare a blank tube. 236 
 237 
2.1. Preparation of stock reagents and working solutions17 238 
 239 
2.1.1. For stock reagents, prepare copper-tartrate-carbonate (CTC) by mixing 10 mL of 240 
20% sodium carbonate, 200 µL of 0.1% copper sulfate, 200 µL of 0.2% potassium tartrate 241 
with 9.6 mL of distilled water. Prepare 100 mL of 10% sodium dodecyl sulfate (SDS) and 242 
0.8 N sodium hydroxide (NaOH).  243 
 244 
2.1.2. For working solutions, prepare 10 mL of 0.15% sodium deoxycholate (DOC) and 245 
72% trichloroacetic acid (TCA). Dissolve 10 mg of bovine serum albumin (BSA) in 10 mL 246 
of distilled water to obtain a 1 mg/mL standard solution. Prepare reagent A by adding 247 
equal parts of CTC, NaOH, SDS, and H2O. Prepare reagent B by diluting Folin-Ciocalteu 248 
phenol reagent 1:5 in distilled water. 249 
 250 
NOTE: Reagent A requires 1 mL for each reaction tube, while reagent B requires 0.5 mL. 251 
To determine the final volumes of reagents A and B, first define the number of reaction 252 
tubes to be used, considering three distinct concentrations of BSA, blank, and samples 253 
in triplicate. Reagent A must be well-homogenized before use and can be stored at 25 254 
°C (RT) for 2 weeks. Reagent B is also stable at 25 °C (RT) if stored in an amber bottle.  255 
 256 
2.2. Precipitation 257 
 258 
NOTE: This step is performed in microcentrifuge tubes.  259 
 260 
2.2.1. Dilute the liposome supernatant with water to a final volume of 1 mL containing 261 
5–100 µg of protein. 262 
 263 
NOTE: The blank tube should be filled with 1 mL of distilled water.  264 
 265 
2.2.2. Add 0.1 mL of 0.15% DOC, homogenize by vortexing, and incubate for 10 min at 266 
RT. 267 
 268 
2.2.3. Add 0.1 mL of 72% TCA, mix well, and centrifuge at 3,000 x g and RT for 15 min. 269 
 270 
NOTE: DOC-TCA promotes protein precipitation, forming two distinct phases. The target 271 
protein can be recovered by centrifugation, avoiding lipid interference.  272 
 273 
2.2.4. Carefully discard the supernatant by verting the tube downwards and laying it on 274 
an absorbent paper. Save the pellet for the subsequent step.  275 
 276 
NOTE: The pellet can be very difficult to see, but the tube should be turned upside down 277 
even if it is not visible.  278 
 279 
2.3. Spectrophotometry 280 
 281 
2.3.1. Suspend the pellet obtained from step 2.2.4 in 1 mL of distilled water. Mix 282 



thoroughly to make sure the pellet is dissolved and transfer the sample to a new test 283 
tube. 284 
 285 
2.3.2. Prepare dilutions of albumin (BSA) standards to a final volume of 1 mL. 286 
 287 
NOTE: Protein standards must be prepared between 5–100 µg/mL.  288 
 289 
2.3.3. Add 1 mL of reagent A to the tubes from step 2.3.1 and 2.3.2 without exception, 290 
mix well, and incubate for 10 min at RT.  291 
 292 
NOTE: SDS can relieve possible lipid interferences while aiding in protein solubilization. 293 
 294 
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 295 
incubate for 30 min at RT while protected from the light.  296 
 297 
NOTE: The Follin-Ciocalteu phenol reagent is a mixture of phosphomolybdate and 298 
phosphotungstate used for colorimetric assays of some nitrogen-containing 299 
compounds, such as proteins. Copper complexation increases the reactivity of phenols 300 
towards this reagent, producing a blue/purple complex according to protein 301 
concentration. 302 
 303 
2.3.5. Determine absorbances at 750 nm using a spectrophotometer. 304 
 305 
2.3.6. Calculate the protein concentration in the supernatant based on the standard 306 
curve as follows. 307 
 308 
2.3.6.1. Plot absorbance value (Abs) vs. BSA concentration (mg/mL) to obtain the 309 
angular coefficient (k) considering a linear tendency line.  310 
 311 
2.3.6.2. Determine the supernatant protein concentration (C) by the ratio between the 312 
absorbance value and angular coefficient (k), then multiply by the total volume as 313 
follows:  314 

𝐶 = [
Abs

𝑘
] ×  𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 315 

 316 
2.4. Determine encapsulation efficiency according to the following formula: 317 
 318 

𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) = [
Loaded Protein −  Nonencapsulated Protein (mg)

𝐿𝑜𝑎𝑑𝑒𝑑 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 (𝑚𝑔)
] × 100 319 

 320 
where loaded protein = 10 mg, nonencapsulated protein = value of C obtained in step 321 
2.3.6.2. 322 
 323 
NOTE: In this case, a total of 10 mg tarin dissolved in ammonium sulfate solution (1 324 
mg/mL) is used to perform the encapsulation procedure, since this concentration is 325 
sufficient to obtain satisfactory in vitro effects13,16,18.  326 
 327 
3. Size and stability determination  328 
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 329 
NOTE: Size distribution and polidispersity index (PdI) of the liposomal preparations are 330 
evaluated by dynamic light scattering (DLS). A PdI close to 0.1 indicates a homogeneous 331 
preparation. Nanoliposomes are stored at 4 °C and analyzed for 180 days, indicating 332 
stability during this time period. For stability determination, store liposomes at 4 °C and 333 
check size distribution and size average regularly. 334 
 335 
3.1. Turn on the DLS equipment 30 min before use to warm up the laser lamp. 336 
 337 
3.2. Transfer the liposomal preparation obtained in step 1.10 to a disposable sizing 338 
cuvette. 339 
 340 
3.3. Set the equipment parameters as follows: dispersant type = water (RI = 1.33); 341 
material = lipids (RI = 1.45); and RT. 342 
 343 
3.4. Press Start and wait while the equipment finishes its reading. 344 
 345 
3.5. Remove the cuvette and turn off the equipment.  346 
 347 
NOTE: Either transfer the sample from the cuvette back to the disposable 15 mL 348 
centrifuge tube for subsequent analyses, or discard it if there is a sufficient amount for 349 
new reads.  350 
 351 
4. Morphological characterization 352 
 353 
NOTE: Liposome characterization is performed according to Murtey and Ramasamy19. 354 
Samples containing nanoliposomes obtained in step 1.10 are prepared in triplicate.  355 
 356 
4.1. Fix the glass coverslips (13 mm diameter) in the bottom of a Petri dish with double-357 
sided tape. Cut the tape into small pieces (appropriate size to fix the coverslips), remove 358 
the protective paper underneath, and fix it on the bottom of the Petri dish. With the aid 359 
of tweezers, remove the protective paper on top of the tape and fix the coverslips on it. 360 
 361 
NOTE: Be careful in the following steps not to release the coverslips, and use a strong 362 
tape.  363 
 364 
4.2. Coat the coverslips with poly-L-lysine. Place wet filter papers inside the Petri dish to 365 
maintain moisture and incubate for 1 h at RT (25 °C). 366 
 367 
4.3. After coating, rinse the coverslips with distilled water.  368 
 369 
4.4. Fill the coverslips with a drop of the sample from step 1.10 and allow them to dry 370 
for 1 h at RT.  371 
 372 
4.5. To fix the samples, cover them with 4% glutaraldehyde prepared in 0.1 M phosphate 373 
buffer, pH = 7.2. Place wet filter papers inside the Petri dish and seal the dish to maintain 374 
moisture levels. Incubate at 4 °C for 48 h.  375 



 376 
4.6. Rinse the coverslips 3x for 5 min with the same phosphate buffer.  377 
 378 
4.7. Dehydrate samples as follows: 35% ethanol 1x for 15 min, 50% ethanol 1x for 15 379 
min, 75% ethanol 1x for 15 min, 95% ethanol 2x for 15 min, and absolute ethanol 3x for 380 
20 min. 381 
 382 
4.8. Chemically dry the samples by immersion 2x in 1−2 mL of hexamethyldisilazane 383 
(HMDS) for 10 min.  384 
 385 
NOTE: The HMDS should be manipulated carefully inside a fume hood. Samples should 386 
be allowed to dry overnight inside a desiccator or inside the fume hood at RT.  387 
 388 
4.9. Mount the dried samples on a stub with a carbon conductive adhesive tape. 389 
 390 
4.10. Sputter the surface of the coverslip in a vacuum with an electrically conductive 391 
layer (20 nm thickness) of gold-palladium. 392 
 393 
4.11. Record images with a scanning electron microscope (SEM) at low vacuum mode 394 
and low voltage (20 kV). 395 
 396 
REPRESENTATIVE RESULTS:  397 
Figure 1 describes the nanoliposome preparation16,20,21. Phospholipids, 1,2-dioleoyl-sn-398 
glycerol-3-phosphoethanolamine (DOPE), 1,2-distearoyl-sn-glycero-3-399 
phosphoethanolamine-N-[amino(polyethylene glycol)-2000] (ammonium salt; DSPE-400 
MPEG 2000), and cholesterylhemisuccinate (CHEMS), the main liposome constituents, 401 
were first dissolved in chloroform to obtain the lipid film. The lipid film was then 402 
rehydrated in ammonium sulfate solution containing the hydrophilic protein (tarin) to 403 
be entrapped, and the incubation was performed overnight. Then, sonication and 404 
extrusion techniques were applied to generate small unilamellar vesicles. The 405 
ultracentrifugation step separated the liposomal preparation from free lipids and 406 
unencapsulated protein, while the supernatant was used for the determination of 407 
entrapment efficiency.  408 
 409 
Nanoliposomes produced using the aforementioned methodology exhibited a size 410 
distribution ranging from 51−396 nm and an average size of 155 nm (Table 2). The 411 
preparation was homogeneous, since the polydispersity index was 0.168. A high 412 
entrapment efficiency of 83% can be reached if the liposomes are extruded through a 413 
0.2 μm pore size membrane (Table 2). 414 
 415 
Morphological nanoliposome characteristics were evaluated by SEM. Figure 2A,B 416 
displays round-shaped liposomal vesicles in the range of 121 nm and analyzed at 20 kV, 417 
whereas Figure 2C,D displays inadequately prepared samples. Nanoliposomes were 418 
simply air dried without previous fixation or any other treatment described in this study. 419 
As a result, larger and damaged vesicles in the range of 332 μm and analyzed at 5 kV 420 
were observed.  421 
 422 



FIGURE AND TABLE LEGENDS: 423 
 424 
Figure 1: Schematic representation of nanoliposome preparation. DOPE, PEG, and 425 
CHEMS, the main liposome constituents, were first dissolved in chloroform to obtain the 426 
lipid film (1, 2, 3). The lipid film was then rehydrated in a saline buffer containing the 427 
hydrophilic protein (tarin) to be entrapped, and the incubation was performed overnight 428 
(4). Then, sonication and extrusion techniques were applied to generate SUVs (5, 6). The 429 
ultracentrifugation step separated the liposomal preparation from free lipids and 430 
unencapsulated protein, while the supernatant was used for the determination of 431 
entrapment efficiency (7). This figure has been modified from Correa et al.16. 432 
 433 
Figure 2: Nanoliposome photomicroscopy by SEM. (A,B) Images of round-shaped 434 
liposomal vesicles in the range of 121 nm and analyzed at 20 kV. (C,D) Images of 435 
inadequately prepared samples. Mistreated samples allowed for the observation of 436 
larger and/or damaged vesicles, which cannot resist vacuum and/or voltage conditions 437 
at 5 kV. This figure has been modified from Correa et al.16. 438 
 439 
Table 1: Preparation of tarin liposomal nanocapsules.  440 
 441 
Table 2: Size, polidispersity index, and entrapment efficiency of the nanoliposome 442 
preparation.  443 
 444 
DISCUSSION:  445 
The protocol described herein was tested by Correa et al.16 to encapsulate tarin, an 446 
immunomodulatory and antitumoral lectin purified from Colocasia esculenta22. The 447 
methodology yielded successful results, allowing for the production of stable 448 
nanoliposomes of appropriate size for therapeutic applications. The formulation 449 
presents controlled release at different pH levels under physiological conditions. It also 450 
potentiates tarin pharmacological properties, such as inhibition of human glioblastoma 451 
U-87 MG and breast cancer MDA-MB-231 cell lines and stimulation of mice bone 452 
marrow cells. The liposomal preparation exhibited no toxic effects in healthy mice 453 
cells16.  454 
 455 
The classical method, first described by Bangham et al.7, allows for the production of 456 
large multilamellar liposome vesicles, heterogeneous in size and shape. Adaptations of 457 
this method, as reported in the present study, are successfully applied by including 458 
additional steps such as sonication and extrusion through a 0.2 µm polycarbonate 459 
membrane. This allows production of a more homogeneous dispersion regarding size in 460 
the nanometer range16,23,24. Therefore, to ensure successful results, the encapsulation 461 
protocol and liposomal formulation described here should be strictly followed.  462 
 463 
The nanoliposome composition was carefully selected in order to ensure the formation 464 
of a bilayer membrane with DOPE, MPEG 2000-DSPE, and CHEMS as the main 465 
constituents. These are natural animal membrane bilayer constituents and the latter can 466 
confer fluidity to nanoliposome architecture, ensuring broad application for bioactive 467 
compound delivery in human beings. 468 
 469 



Nanoliposome pegylation is essential to guarantee liposome structure stability. The 470 
absence of PEG leads to size enlargement, a high polydispersity index, and low 471 
entrapment efficiency. Optimal results can be obtained with DOPE as the main liposome 472 
component. However, this is a high-cost phospholipid. The financial costs of 473 
nanoliposome production can be achieved by replacing DOPE with other similar lipids 474 
such as DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine). CHEMS is a cholesterol 475 
molecule naturally found in animal cell membranes, which should not be excluded from 476 
the formulation, since it is important to ensure lipid bilayer fluidity and malleability16.  477 
 478 
Other aspects of the encapsulation protocol can also be adapted. The chloroform used 479 
to dissolve the liposomal components can easily be replaced by methanol with no 480 
effects on size average, homogeneity, and entrapment efficiency. However, some 481 
protein leakage can occur at storage under 4 °C16. The overnight incubation step with 482 
ammonium sulfate solution containing tarin is not mandatory; however, for 483 
convenience it can be performed with no damage to nanoliposomal biophysical 484 
characteristics, encapsulation, or stability efficiency losses, as demonstrated by Correa 485 
et al.16. The extrusion step is performed at room temperature, which can decrease flow 486 
rate between the syringes if a 0.1 μm pore size membrane is used.  487 
 488 
To overcome this issue, use of a 0.2 μm pore size membrane or heating of the extruder 489 
holder above the lipid transition temperature should be considered. The analyst must 490 
be careful not to damage the lipids or protein that can be inactivated and lose biological 491 
activity. Alternatively, liposomal preparation can be dialyzed against HBS instead of 492 
ultracentrifugation, using a cut-off membrane according to protein molecular weight. 493 
The choice of chemical nature of the buffer in which nanoliposomes are suspended after 494 
ultracentrifugation is directly related to its subsequent application. Since perspectives 495 
of this study include in vivo and in vitro assays, suspension in HEPES buffered saline was 496 
adequate to ensure no cytotoxic effects and a pH range close to physiological conditions. 497 
 498 
Liposomes should be finely treated, similar to living cells, to obtain higher quality SEM 499 
images. Fixation and drying procedures are important to ensure the visualization of 500 
smaller intact vesicles that support values higher than 20 kV under vacuum conditions. 501 
Figure 2A,B displays nanosized vesicles compatible with the extrusion procedure. 502 
Visualization of vesicles ranging from 51–396 nm is possible if adequate sample 503 
preparation following this procedure is performed. The steps include fixation, drying by 504 
increasing ethanol concentrations, and chemical dehydration to avoid the formation of 505 
aggregates and ruptured vesicles caused by the vacuum and electron beam. On the 506 
other hand, Figure 2C,D shows liposome vesicles dried under room temperature and not 507 
subjected to any treatments described here, which means that they were prepared 508 
inadequately. As a result of the inadequate procedure, giant vesicles are formed, even 509 
after extrusion through a 0.2 μm pore size membrane. Ruptured vesicles are also 510 
observed in both panels as a result of vacuum and electron beam damage.  511 
 512 
Nanoliposome vesicles have been explored as an encapsulation and delivery system for 513 
hydrophobic molecules, including resveratrol (3,5,4’-trihydroxystilbene), a bioactive 514 
compound against colorectal cancer cells. The encapsulation procedure can overcome 515 
the poor solubility of lipophilic compounds in addition to providing biocompatibility, 516 



biodegradability, non-immunogenicity, and non-toxicity characteristics inherent to 517 
liposome nanocapsules25. Protocol adaptations must be taken into consideration 518 
depending on the administration route and purpose, such as the development of new 519 
liposome formulations for oral administration. 520 
 521 
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Liposome Components Weight (g)
Concentration 

(mM)
Final volume

DOPE 0.0420 5.7

MPEG 2000-DSPE 0.1059 3.8

CHEMS 0.0024 0.5

Table 1

10 mL

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. 

1
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Membrane pore 

size (µm)

Size distribution 

(nm)

Average size 

(nm)

Polydispersity 

index (PdI)
Peak (nm)

Entrapment 

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 Peterson17.

1
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Name of Material/ Equipment Company

Ammonium Sulfate Sigma-Aldrich Co

Analitycal Ballance Mettler H10Tw Mettler Inc.

Beckman DU-640 Spectrophotometer Beckman Coulter

Bovine serum albumin (BSA) Sigma-Aldrich Co

BUCHI Rotavapor R-300 Rotary Evaporator with Controller and V-300 Pump
Thermo Fischer 

Scientific

CHEMS (cholesterylhemisuccinate) Sigma-Aldrich Co

Chloroform Sigma-Aldrich Co

Copper (II) Sulfate (Pentahydrate) Sigma-Aldrich Co

Coverslips (13mm diameter)
Thermo Scientific 

Nunc

DOPE(1,2-dioleoyl-sn-glycerol-3-phosphoethanolamine) Lipoid GMBH

Ethanol Absolute Sigma-Aldrich Co
Folin -Ciocalteu phenol reagent Sigma-Aldrich Co

Glutaraldehyde Sigma-Aldrich Co

HEPES Sigma-Aldrich Co

Hexamethyldisilazane (HMDS) Sigma-Aldrich Co

JEOL JSM-6460 LV Sacnning Electron Microscope JEOL LTD

Mini Extruder 7 Avanti Polar Lipids

MPEG 2000-DSPE 1,2-distearoyl-sn-glycero-3- phosphoethanolamine-N-

[amino(polyethylene glycol)-2000] (ammonium salt)
Lipoid GMBH

Optima L-90k Ultracentrifuge Beckman Coulter

Phosphate Buffer Sigma-Aldrich Co

Poli-L-lysine Sigma-Aldrich Co

Potassium L-tartrate monobasic Sigma-Aldrich Co

Sodium Carbonate Sigma-Aldrich Co

Sodium chloride Sigma-Aldrich Co

Sodium Deoxycholate (DOC) Sigma-Aldrich Co

Sodium Dodecyl Sulfate Sigma-Aldrich Co

Sodium Hydroxide Sigma-Aldrich Co

Sodium phosphate dibasic anhydrous Sigma-Aldrich Co

TESCAN VEGA 3 Scanning Electron Microscope Tescan
Trichloroacetic Acid (TCA) Sigma-Aldrich Co

Zetasizer Nano ZSP
Malvern Panalytical 

LTD

 Ultrasonic cleaning bath  model 2510 Branson
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Manuscript JoVE59900 
 

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 SI 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. 
 

 
 
 
 
 
 
 
 

 


