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SUMMARY:  20 
A simple yet reliable light scattering based protocol is described to monitor the phospholipid 21 
phase transitions. The simplicity of such a protocol can provide a new solution for routine 22 
evaluation of the interaction between chemical entities with phospholipid bilayers.  23 
 24 
ABSTRACT:  25 
Biological membranes are spherical boundaries formed by self-assembled lipid bilayers that 26 
enclose an internal aqueous core and are surrounded by an external aqueous environment. 27 
Biological membranes have strict biophysical properties that are essential for their function, such 28 
as defined thickness, structure, microviscosity, order, lateral pressure, surface charge and 29 
permeability. Considering the similarity between biological membranes and liposomes in their 30 
ability to mimic biophysical properties of the membrane, it is easy to understand why liposomes 31 
are simple but relevant cellular membrane models. In fact, liposomes are widely used to study 32 
the drug-induced effects on membrane biophysics, which can often be related to the drug’s 33 
capacity to cross membranes and distribute to tissues or may be associated with membrane 34 
toxicity. In practical terms, the effects of drugs on membrane biophysics can be assessed by 35 
changes in the thermotropic behavior of lipid membranes which can be studied by monitoring 36 
parameters such as the main phase transition temperature (Tm) and the cooperativity (B) of the 37 
phase transition.  38 
 39 
Herein we propose a probe-free protocol that uses dynamic light scattering (DLS) as the detection 40 
technique to determine Tm and B, taking advantage of the light scattering changes observed 41 
when the lipid components of a membrane transit from an ordered gel-phase (Lβ) to a less 42 
ordered fluid phase (Lα). This protocol consists of a detailed explanation of a temperature trend 43 
standard operating procedure (SOP) based on the Dynamic Light Scattering technique as well as 44 
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an analysis of the data collected from the thermotropic study of liposomes in the presence and 45 
absence of drugs. For its simplicity, standardization and probe–free nature, this protocol has the 46 
potential to be used with a variety of drugs and other potential therapeutic agents to screen their 47 
effects on membrane biophysics and, more broadly, to relate these effects to drug biodistribution 48 
and membrane toxicity. 49 
 50 
INTRODUCTION:  51 
Liposomes are hollow spherical assemblies formed by single or concentric bilayers (unilamellar 52 
or multilamellar) enclosing an aqueous medium. Due to its spherical form and phospholipid 53 
composition, liposomes have been described as potential mimetic models of biological cell 54 
membranes, in which phospholipids (e.g., phosphatidylcholine) are the most abundant 55 
membrane components. Phospholipids are a family of amphiphiles consisting of a polar 56 
hydrophilic headgroup, a hydrophobic hydrocarbon tail (acyl chain) and an ester linkage 57 
attaching the head and tail groups. Considering liposomes as biomimetic models of cell 58 
membranes, their interesting thermodynamical properties are being widely studied towards a 59 
deeper understanding of the thermotropic behavior of cell membranes in conditions that are not 60 
compatible with live cells. Additionally, considering that these lipid bilayers are markedly 61 
influenced by their surroundings, the presence of exogenous molecules, such as therapeutic 62 
agents, can produce dramatic changes in the bilayer dynamics. Therefore, liposomes can be used 63 
to study the biophysical properties of membranes but can also be used to evaluate the effect of 64 
a chemical entity on these biophysical properties. Actually, changes in thermotropic phospholipid 65 
phase transitions in biological media may be correlated to impairment in biophysical properties 66 
of membranes with consequences in stability, fluidity or permeability of cell membranes1.  67 
 68 
Phospholipid bilayers can mainly assume three lamellar temperature-dependent phases (a 69 
crystalline phase (LC), a solid-crystalline or gel phase (Lβ’), and a liquid-crystalline or fluid phase 70 
(Lα)) and its existence or co-existence is regulated by the temperature. The temperatures at which 71 
the lipid phase transition occurs are called the sub-transition temperature, occurring from LC to 72 
Lβ’ (TS) and the main transition temperature (Tm), occurring from Lβ’ phase to Lα. It is also possible 73 
for an intermediated lipid phase – the ripple gel phase (Pβ’) between Lβ’ to Lα, and the temperature 74 
at which the Lβ’ → Pβ’ occurs is called the pretransition temperature (TP). In the crystalline sub-gel 75 
phase (LC), the hydrocarbon chains are in a completely stretched all-trans conformation and the 76 
polar headgroups are relatively static. After the sub-transition, at the gel phase (Lβ’) the acyl 77 
chains remain preferentially in an all-trans conformation. Because the lateral chain-chain packing 78 
favors van der Waals attractive interactions in this lipid phase, the all-trans acyl chains are tightly 79 
packed together. The close packing loosens as the temperature reaches the Tm due to thermally 80 
mediated trans-gauche isomerization of C – C along the acyl chains. This isomerization results in 81 
an increased lipid molar volume, decreased bilayer width, and increased lateral chain-chain 82 
interaction gap within the bilayer, as well as increased intra- and intermolecular motion rates 83 
and amplitudes. The loose packing between the side chains also allows their average cross-84 
sectional sum to almost perfectly match that of the headgroup, resulting in non-tilted acyl chains, 85 
nearly perpendicular to the surface of the bilayer. Regarding the characteristics of each lipid 86 
phase, it is easy to realize that the biophysical properties of cell membranes (stability, fluidity and 87 
permeability) are intimately connected to their phase transitions. Studies on the interactions of 88 



   

various drugs with biomimetic models of cell membranes are extensively described in the 89 
literature, and it has been shown that the way drugs influence the conformational properties of 90 
phospholipids and/or their molecular order causes changes in the thermodynamic properties of 91 
the biomimetic system2-7. Consequently, the thermodynamic parameters of lipid membranes are 92 
being used as a tool in assessing drug biodistribution as part of the drug pharmacokinetic 93 
profiling8.  94 
 95 
The thermotropic behavior of lipid membranes can be studied by monitoring parameters such as 96 
Tm and the cooperativity (B) of the phase transition, which together allow prediction of the 97 
location of chemical entities interacting with the membrane. Actually, across the lipid bilayer of 98 
a membrane exists a fluidity gradient both above and below the transition temperature, in which 99 
the part of acyl chains near the center of bilayers (between C10 and C16) is more disordered than 100 
the part of the acyl chain closer to the headgroup region (C1 to C9)9. Regarding these 101 
assumptions, the cooperativity of the transition is largely regulated by the interaction in the 102 
region near C1 and C9, whereby changes in cooperativity induced by an external molecule can 103 
be taken as an indication of its location at a bilayer level. On the other hand, considering the 104 
increased disorder existent at bilayer core (C12 to C16), if an external molecule is placed at this 105 
level it would have subtle or no effect on the cooperativity of the transition9.  106 
 107 
Although the most widely used method to evaluate the lipid phase transition is Differential 108 
Scanning Calorimetry (DSC)10-13, other methods for precisely determining the phase transition 109 
temperatures of lipids have been identified and include Nuclear Magnetic Resonance (NMR)14,15, 110 
Electron Paramagnetic Resonance (EPR)16,17, Fourier Transform Infrared spectroscopy (FT-IR)18,19, 111 
fluorescence polarization or anisotropy studies6, and Small and Wide-Angle X-ray Scattering 112 
(SAXS/WAXS)20. DSC measurements take into account the changes of enthalpy associated with 113 
the changes of the heat capacity of phospholipids during the phase transition from the gel to the 114 
fluid phase8. The determination of lipid phase transitions by FT-IR is focused on the temperature-115 
dependent changes in the fundamental vibrations of CH2 groups of hydrocarbon chains due to 116 
the trans-gauche C – C bond rotational isomerism that occurs at the hydrocarbon chain-melting 117 
phase transition14,21,22. However, some difficulties can be found in this analysis, since absorption 118 
bands from these vibrationally active groups are often very broad and there is the possibility of 119 
being in the middle, overlapped or obscured by adjacent or overlapping bands arising from the 120 
solvent. In addition, when lipid bilayers are in the hydrated form, the infrared activities of groups 121 
located on the polar region of headgroups will be dominated by interaction with the solvent, 122 
including when the lipids are forming quasi-crystalline lipid phases14. On the other hand, 123 
experiments of NMR studying the relaxation times of the protons of ammonium methyl groups 124 
(N+(CH3)3) can be conducted to study lipid membrane dynamics, since NMR relaxation times 125 
associated with spin-lattice and spin-spin are both sensitive to the mobility of the NMR active 126 
species. Thus, as a molecule undergoes random thermal motion, fluctuating magnetic fields arise 127 
from interactions with the lattice. From the NMR spectra it is possible to obtain the lipid phase 128 
transitions by monitoring the variation of either the amplitude or the area of peaks originated by 129 
such protons14. Other methods require the incorporation of paramagnetic spin or fluorescence 130 
probes (EPR and fluorescence anisotropy, respectively). Both methods allow the phase transition 131 
temperatures determination by monitoring the rotational motion of extrinsic probes. The main 132 



   

drawback of both methods relies precisely on the requirements of extrinsic molecules, that 133 
although are interesting to study the biophysical properties of cell membranes, become a 134 
hindrance on the evaluation of drug-induced effects, since the probe constitutes a secondary 135 
external element capable of disturbing the biomimetic system. In SAXS/WAXS studies, it is 136 
possible to distinguish the different lipid phases on fully hydrated lipids by monitoring the 137 
temperature-dependent changes in molecular order and packing 20. Although all these methods 138 
allow observation of changes that phospholipids undergo with temperature with good 139 
agreement in the obtained results, the highly specific and complex instrumentation and skills 140 
required make them far from the ideal solution for routine study of phase transitions as a critical 141 
step toward elucidating drug-membrane interactions1. With demand for a simple method to 142 
determine the phase transitions of phospholipids as well as the effect provoked by a chemical 143 
entity aiming for a molecular understanding of its biodistribution, a method based on the 144 
application of the dynamic light scattering (DLS) will be described in this protocol. This protocol 145 
is based on the liposomal optical properties’ dependence on the temperature, in which at critical 146 
temperatures, such as those temperatures at which phase transitions occur, the changes in 147 
conformational structure, lateral diffusion and expansibility as well as bilayer thickness, lead to 148 
modification on the light that is scattered. Basically, at lower temperatures (T˂Tm), the rigid 149 
structure of liposomes causes a higher scattering of the incident beam light and with the 150 
temperature increasing (T˃Tm) as the lipid membranes are transitioning to a less organized and 151 
more fluid conformation, the ability to promote the scattering of the incident beam light is 152 
decreased1,3,4. Therefore, by monitoring the intensity of the light scattered as a function of the 153 
temperature, it is possible to analyze the phases’ transitions. The average number of photons 154 
detected per second are reflected by the mean count rate (MCR) measured by DLS. This value is 155 
a representation of an emerging macroscopic phenomenon and not directly size dependent and 156 
reflects the changes in optical properties of the different phase transition state of the liposomes. 157 
The validity and reproducibility of this method was first proved by Michel et al.1 and in this 158 
protocol, this method will be validated as a routine step in the pharmacokinetic profiling of 159 
chemical entities, such drugs. Thus, representative results of one very-well characterized lipid –160 
dimyristoylphosphatidylcholine (DMPC) – was analyzed by the proposed method and compared 161 
with literature. Also, the same lipid systems were analyzed in the presence of several model drugs 162 
– caffeine (CF), diclofenac (DCF), resveratrol (RSV) and acyclovir (ACV) – and the results were 163 
compared to what were previously published in literature.  164 
 165 
PROTOCOL:  166 
 167 
1. Preparation of the lipid systems 168 
 169 
1.1. In a volumetric flask of 25.00 mL, dissolve 338.97 mg of DMPC powder in an organic 170 
solvent (e.g., ethanol absolute HPLC grade) to achieve a final concentration of 2.00 x 10-2 M.  171 
 172 
NOTE: Chloroform can be also used instead of ethanol absolute. 173 
 174 
1.2.  Transfer an adequate portion of the stock solution obtained in the step 1.1 to a round 175 
bottom glass flask. For example, to obtain a LUVs final concentration of 1.00 x 10-2 M in 5 mL of 176 



   

buffer solution, transfer 2.5 mL to the round glass flask.  177 
 178 
1.3. Evaporate the organic solvent under a nitrogen flow and constant flask rotation to 179 
promote the formation of a thin-lipid film on the bottom of a glass flask. 180 
 181 
1.4. Hydrate the dried lipid films with an adequate quantity of aqueous solution (Tris Buffer, 182 
100 mM, pH 7.4) pre-heated at a temperature above the main transition temperature of the lipid 183 
(for DMPC T> 23 °C) to achieve a final lipid concentration of 1.00 x 10-2 M. 184 
 185 
1.5. Perform ten cycles of 1 min of vortex and 1 min of heated bath at a temperature above 186 
the main phase transition, to promote the formation of multilamellar vesicles (MLVs).  187 
 188 
1.6. Extrude the MLV suspension (Step 1.4) at controlled temperature (T˃ Tm) five times 189 
through polycarbonate filters with pore diameters of 400 nm, ten times through polycarbonate 190 
filters with pore diameters of 200 nm, and ten times through polycarbonate filters with pore 191 
diameters of 100 nm to obtain Large Unilamellar Vesicles (LUVs). 192 
 193 
2. Sample preparation 194 
 195 
2.1. Prepare a drug stock solution by dissolving the drug in an aqueous solution. 196 
 197 
2.2. Prepare the samples by mixing adequate portions of LUVs suspension, Tris buffer solution 198 
(100 mM, pH 7.4) and drug solution accordingly to the desired final concentrations. 199 
 200 
NOTE: Herein, a final concentration of liposomes of 5.00 x 10-4 M was used in the presence and 201 
absence of pre-established drug concentrations of 100 μM CF and DCF, 150 μM of ACV, and 200 202 
μM of RSV.   203 
 204 
2.3. Incubate the samples for 30 min at 37 °C (a temperature chosen because it is above the 205 
main transition temperature of the lipid and to mimic physiological conditions).  206 
 207 
2.4. Keep the samples at low temperatures (in the refrigerator at T = 4° C) for least 24 h to 208 
promote the phospholipid organization in the crystalline sub-gel phase (if it is intended to 209 
monitor the transition temperatures below the Tm).  210 
 211 
3. Adjust measurement configurations for the sample 212 
 213 
3.1. Transfer 1 mL of the buffered suspension containing liposomes (in the presence or 214 
absence of a drug) to a disposable polystyrene cell. 215 
 216 
3.2. Place the cell on the sample holder of the DLS equipment. 217 
 218 
3.3. Perform a ‘Size’ measurement to allow the equipment to automatically optimize the 219 
measurement setting parameters: ‘Cell position’ and ‘Attenuator Value’.  220 



   

 221 
3.4. Take note of the optimal values for such parameter established be the equipment.  222 
 223 
4. Setting up the temperature trend standard operating procedure (SOP) 224 
 225 
4.1. Configure a New SOP in the DLS equipment software (menu File → New → SOP).  226 
 227 
4.2. Choose the Size Temperature Trend as ‘Measurement Type’ (Trend → Temperature → 228 
Size). 229 
 230 
4.3. Fill the ‘Sample’ configurations (‘Material’, ‘Dispersant’ and ‘Cell configurations’) 231 
according to the experiment. Herein, polystyrene latex, water, and a disposable cuvette, were 232 
respectively filled. 233 
 234 
4.4. Change configurations of the ‘Trend’ section according with the temperature range 235 
chosen. This choice depends on the lipid used and on its main phase transition temperature. For 236 
example, in the case of DMPC, to be able to evaluate pre-transition and main transition 237 
temperatures, the range of temperatures should vary from 10 °C to 40 °C with temperature 238 
increments of 1 °C. 239 
 240 
4.5. Define the ‘Size measurement’ section, 300 seconds of equilibration time for each of the 241 
5 measurements. 242 
 243 
4.6. Change the attenuator position of the cell in the Advanced → Measurement Settings 244 
section, from ‘automatic’ to ‘Fixed position’ and introduce the values annotated in step 3.4.  245 
 246 
4.7. Start the measurement. 247 
 248 
5. Data treatment 249 
 250 
5.1. Represent the MCR (Kcps) as a function of the temperature (T in °C) to obtain a sigmoidal 251 
profile.  252 
 253 
5.2. Apply two independent linear fittings to both plateaus of the sigmoid trend obtained in 254 
step 5.1.  255 
 256 
5.3. Use the modified Boltzmann regression curve presented below to fit the sigmoidal profile: 257 
 258 

𝑀𝐶𝑅 = 𝑏1 +𝑚1 ∙ 𝑇 +
𝑏2 − 𝑏1 +𝑚2 ∙ 𝑇 − 𝑚1 ∙ 𝑇

1 + 10
𝐵(1 𝑇⁄ −1 𝑇𝑚

⁄ )
 259 

 260 
where m1 and m2 are the slopes resultant from the two independent linear fittings applied to the 261 
plateaus before and after Tm, respectively, and b1 and b2 are the corresponding y-intercepts. 262 



   

 263 
5.4. Fix m1, m2, b1 and b2 values to determine Tm and B.  264 
 265 
REPRESENTATIVE RESULTS:  266 
The main purpose of this protocol is to prove the reliability of a simple method to evaluate the 267 
lipid phase transition of liposomal systems as well as to monitor the biophysical changes 268 
provoked by exogenous molecules. Following the protocol, sigmoidal profiles are obtained by 269 
plotting the average of photons scattered by the liposomal systems as a function of the 270 
temperature. The thermodynamic parameters Tm and B can be calculated from the sigmoidal 271 
profile using a non-linear fitting method based on the Boltzmann regression, as described in the 272 
protocol (5.3).  273 
 274 
Figure 1A presents the full profile of the DMPC transition from 10 °C to 40 °C, with insets for each 275 
of the observable transitions in Figure 1B, 1C and 1D. Moreover, Table 1 presents the values for 276 
each phase transition observed by DLS in comparison with the temperatures observed using 277 
other common techniques. From the Boltzmann regression fitting to the data points, it was 278 
possible to determine the pre-transition of DMPC from the Lβ’ → Pβ’ phase occurring at 14.66 ± 279 
0.13 °C. This transition was also observed by DSC and fluorescence anisotropy23. However, Pentak 280 
et al. were unsuccessful to observe this transition by DSC, FTIR, NMR and EPR14. From Figure 1C 281 
it was possible to determine Tm and B of the transition from the Pβ’→ Lα phase as 24.03 ± 0.05 °C 282 
and 591.3, respectively. The value of Tm agreed with the value described in the literature. 283 
Interestingly, a less marked transition was also found at 33.10 ± 0.63 °C. This transition was firstly 284 
observed by Pentak et al.14 by DSC and FTIR; however, the authors were not able to observe this 285 
latter transition by the other tested techniques (EPR and NMR). This transition at higher 286 
temperatures may be due to the spontaneous formation of some MLVs from extruded LUVs24 287 
during the storage time, as the electrical neutral charge of DMPC liposomes makes them more 288 
prone to aggregation. 289 
 290 
In order to test the applicability of this protocol to unveil possible biophysical perturbations 291 
produced by interaction of cell membrane biomimetic models with chemical entities with 292 
biological interest, the thermotropic study of the DMPC system was also performed in the 293 
presence of CF, ACV, DCF and RSV. Thus, Figure 2 shows the sigmoidal profiles of the DMPC phase 294 
transition from Lβ’ → Lα in the absence (black dots and lines) and in the presence of each of these 295 
compounds (grey dots and lines). From the sigmoidal profiles obtained, it was possible to 296 
determine the Tm and B by a modified Boltzmann regression fitting curve and the results are 297 
presented in Table 2. With these studies, it is intended to show that the technique presented in 298 
this protocol can be applied to a varied range of chemical structures.  299 
 300 
CF is a small amphiphilic molecule that has been widely investigated due to its potential 301 
antioxidant activity25 and in previous studies with lipid membranes it was found that it has the 302 
ability to incorporate in the lipid bilayers at the headgroup-acyl chain interface, promoting a 303 
decrease in the membrane fluidity through formation of local water pockets at this interface25,26. 304 
In the present study, CF does not significantly change the Tm (24.12 °C); however, the addition of 305 
this compound to the lipid system increased the cooperativity of the transition (870.4) as can be 306 



   

seen in Figure 2A, which is in line with the studies presented in the literature25,26. Since the 307 
cooperativity reflects the lipid organization, increased values of cooperativity are correlated with 308 
a faster lipid transition between phases, which in turn suggests an increased lipid organization 309 
on the bilayer with decreased fluidity27. This decreased fluidity can be correlated with the 310 
preferred location of the CF on the bilayers (on the interface of headgroups region and the acyl 311 
chains) as previously documented26. 312 
 313 
ACV is an antiviral drug used for the treatment of herpes simplex28 and little is known about its 314 
interaction with biomimetic models of cell membranes. Herein, it is possible to observe that its 315 
addition to the DMPC system causes no significant changes in Tm but provokes a significant 316 
increase in the cooperativity of the system. Once again, as the cooperativity is intimately 317 
connected with the mean size of the ordered or fluid regions existing at different stages of the 318 
transition, this means that a high cooperative process is characterized as a transition where the 319 
fluid regions increase rapidly simultaneously with a fast decrease of ordered regions29. Thus, it is 320 
possible to conclude that the addition of ACV to the lipid system decreases the phospholipid 321 
mobility. Even for temperatures above the Tm, it is possible to see that the normalized average 322 
number of photons scattered by the liposomal system increases in the presence of ACV, which 323 
corroborates the lower lipid fluidity and higher lipid organization promoted by the presence of 324 
ACV that acts as a stiffening agent at the bilayer.  325 
 326 
Figure 3C presents the sigmoidal profile resultant from the addition of DCF to the DMPC system 327 
as a comparison with the pure DMPC system. DCF belongs to the class of non-steroidal anti-328 
inflammatory drugs (NSAIDs) and it is one of the most widely used NSAID worldwide3. Several 329 
studies have been performed regarding the molecular understanding of the interaction of such 330 
drug with PC bilayers3,30,31. It is well documented that the anionic form of DCF at pH 7.4 331 
preferentially locates in a shallower region of the bilayer3,30. This is in accordance with the 332 
significant decrease observed in the Tm value (20.66 °C) of the DMPC upon DCF addition. In 333 
general, a decrease in Tm is associated with alterations in the lipid headgroups hydration and thus 334 
with headgroup-headgroup interactions, which leads to changes in the packing density at this 335 
region. In fact, these changes in packing density can be intimately related to the decrease in 336 
cooperativity of the transition observed upon addition of DCF to the DMPC system (Table 2). 337 
Thus, from the reduction of Tm and B value it is possible to conclude that DCF has a significant 338 
membrane disordering effect.  339 
 340 
RSV is a polyphenolic molecule present in grapes and red wine that has been studied due to its 341 
therapeutical potential in several diseases32. Regarding its therapeutic potential, numerous 342 
studies have been published documenting its interaction with lipid bilayers32-34. From the Figure 343 
2D it is possible to understand that RSV largely affected the phase transition profile of DMPC. The 344 
decrease in Tm and B is in accordance with the results documented in the literature32-34. From the 345 
sigmoidal profile, it is possible to highlight the fluidizing effect of RSV since a phase transition 346 
occurs at lower temperatures than the pure DMPC. However, an interesting fact is that although 347 
RSV have this fluidizing effect, which leads to a phase transition at lower temperatures, for 348 
temperatures above the Tm, a stiffening effect is clear, since the number of photons scattered 349 
increased. This ambivalent behavior of RSV is in agreement with the literature32-34. Additionally, 350 



   

the values obtained suggest an interaction of RSV with the polar headgroups of the bilayers and 351 
regarding the high decrease in cooperativity it is possible to predict a preferential location of RSV 352 
at the interface region between the polar headgroups and the C1 – C9 region9. 353 
 354 
In the figures shown, the phase transitions were clearly shown as the measurements were 355 
expressed as MCR as a function of temperature. It is important to highlight that although size 356 
changes also occur during phase transitions, it is not advised to use size alterations to infer about 357 
phase transitions, as the differences can be negligible. Figure 3 shows a comparison of the 358 
transition temperature profiles of DMPC liposomes obtained by measuring MCR or size as a 359 
function of temperature. There is a clear variation in liposomal size with increasing temperature, 360 
but this variation is not as clear as the variation in average count rate of light scattered intensity. 361 
Because all the conclusions drawn were consistent with those reported in the literature and 362 
obtained using other techniques such as DSC, EPR, SAXS, WAXS, and NMR, the results presented 363 
are indicative of the reliability of the DLS-based protocol as a probe-free characterization method 364 
of drug-induced biophysical changes in lipid membranes. 365 
 366 
FIGURE AND TABLE LEGENDS:  367 
Figure 1 – Evolution of the normalized mean count rate as function of temperature for DMPC 368 
liposomes displaying the whole curve obtained by DLS (A) and insets of three phase transitions: 369 
B) the pre-transition (Tp 14.66 ± 0.13 °C), C) the main phase transition (Tm 24.03 ± 0.05 °C) and 370 
D) a latter transition at 33.10 ± 0.63 °C. The whole curve experiment had the duration of 9 hours. 371 
All experiments were performed at pH 7.4 (Tris Buffer, 100 mM). 372 
 373 
Figure 2 – Sigmoidal profiles of normalized mean count rate as function of temperature for 374 
DMPC liposomes in the presence of 100 μM of Caffeine (A), 150 μM Acyclovir (B), 100 μM 375 
Diclofenac (C) and 200 μM Resveratrol (D), including the non-linear fitting by Boltzmann 376 
regression. All experiments were performed at pH 7.4 (Tris Buffer, 100 mM) and each experiment 377 
had the duration of 90 minutes. 378 
 379 
Figure 3 – Profiles of mean count rate (Kcps) (red) and of liposomal size (blue) both quantified 380 
as function of temperature for DMPC liposomes. All experiments were performed at pH 7.4 (Tris 381 
Buffer, 100 mM). 382 
  383 
Table 1 – Comparison of the values obtained by DLS for the different phase transition 384 
temperatures with the values described in the literature using the main techniques for this 385 
determination 14,23. 386 
 387 
Table 2 – Thermodynamic parameters (Tm and B) calculated from the Boltzmann regression 388 
fitting applied to the data obtained for DMPC in the absence and in the presence of caffeine, 389 
acyclovir, diclofenac and resveratrol. 390 
 391 
DISCUSSION:  392 
This DLS-based protocol has proven to be a simple, probe-free alternative method for evaluating 393 
drug-induced biophysical changes in lipid membranes, specifically how thermodynamic 394 



   

parameters like Tm and B are altered. When the purpose is to evaluate the lipid phase transition 395 
of liposomal systems per se, it is advisable to test several different concentrations, although the 396 
method has been proven to be independent of the liposomal concentration. However, when the 397 
main objective of the study is to evaluate the effect of chemical exogenous molecules on the 398 
bilayer dynamics, the pure liposomal system serves as the control, and the results must be a 399 
comparison between the absence and the presence of the external molecules. Furthermore, the 400 
comparison should be always done after a normalization of the data obtained. Different scenarios 401 
can be obtained; however, it is worth highlighting that changes in Tm should be always evaluated 402 
considering the changes in B. Additionally, although this protocol is very useful in routine 403 
evaluation of lipid phase transitions, it is important to be complemented with other techniques, 404 
such as drug location at bilayer level, order and packing evaluation, and others, to support the 405 
discussion of results. Although herein not presented, the influence of the external molecules on 406 
pre-transition temperature can be also monitored. Another important point is that although the 407 
main phase transition results in size changes, it is not advisable to use size alterations to infer 408 
about phase transitions, as the differences can be negligible.  409 
 410 
In comparison to other techniques used to determine similar biophysical techniques, it is 411 
important to note that, while this protocol based on DLS analysis may take longer periods of time, 412 
there is no operator intervention required during the measurement of MCR with the temperature 413 
range, as this can be done automatically. Furthermore, the data treatment is expedited. Finally, 414 
the reliance and applicability to analysis of bioactive compounds/membrane interactions was 415 
demonstrated.  416 
 417 
In conclusion, because this protocol is simple, reliable, and requires minimal operator 418 
intervention, it has the potential to be used as a screening procedure in routine assays to evaluate 419 
drug-membrane interactions for in vitro drug distribution evaluation or, in the case of the 420 
development of liposome-based nanocarriers, to evaluate the effect of drugs loaded in the lipid 421 
carrier. 422 
 423 
ACKNOWLEDGMENTS:  424 
This work was supported by Fundação para a Ciência e Tecnologia (FCT) in the framework of the 425 
Strategic Funding Funding [UID/FIS/04650/2019], and by the project CONCERT [POCI-01-0145-426 
FEDER-032651 and PTDC/NAN-MAT/326512017], co-financed by the European Regional 427 
Development Fund (ERDF), through COMPETE 2020, under Portugal 2020, and FCT I.P. M Lúcio 428 
thanks FCT and ERDF for doctoral position [CTTI-150/18-CF (1)] in the ambit of the project 429 
CONCERT. Eduarda Fernandes (SFRH/BD/147938/2019) grants are supported by FCT, POPH and 430 
FEDER/COMPETE. 431 
 432 
DISCLOSURES:  433 
The author reports no conflicts of interest in this work. 434 
 435 
REFERENCES:  436 
1 Michel, N., Fabiano, A. S., Polidori, A., Jack, R., Pucci, B. Determination of phase transition 437 
temperatures of lipids by light scattering. Chemistry and Physics of Lipids. 139 (1), 11-19 (2006). 438 



   

2 Maswadeh, H. et al. A molecular basis explanation of the dynamic and thermal effects of 439 
vinblastine sulfate upon dipalmitoylphosphatidylcholine bilayer membranes. Biochimica et 440 
Biophysica Acta (BBA) - Biomembranes. 1567 (1-2), 49-55 (2002). 441 
3 Fernandes, E. et al. A Molecular Biophysical Approach to Diclofenac Topical 442 
Gastrointestinal Damage. International Journal of Molecular Sciences. 19 (11) , 3411-3437 (2018). 443 
4 Carvalho, A. M. et al. Prediction of paclitaxel pharmacokinetic based on in vitro studies: 444 
Interaction with membrane models and human serum albumin. International Journal of 445 
Pharmaceutics. 580, 119222-119236 (2020). 446 
5 Pereira-Leite, C., Nunes, C., Lima, J. L., Reis, S., Lucio, M. Interaction of celecoxib with 447 
membranes: the role of membrane biophysics on its therapeutic and toxic effects. The Journal of 448 
Physical Chemistry B. 116 (46), 13608-13617 (2012). 449 
6 Lúcio, M. et al. Influence of some anti-inflammatory drugs in membrane fluidity studied 450 
by fluorescence anisotropy measurements. Physical Chemistry Chemical Physics. 6 (7), 1493-1498 451 
(2004). 452 
7 Lúcio, M. et al. Effect of anti-inflammatory drugs in phosphatidylcholine membranes: A 453 
fluorescence and calorimetric study. Chemical Physics Letters. 471 (4-6), 300-309 (2009). 454 
8 Demetzos, C. Differential Scanning Calorimetry (DSC): A Tool to Study the Thermal 455 
Behavior of Lipid Bilayers and Liposomal Stability. Journal of Liposome Research. 18 (3), 159-173 456 
(2008). 457 
9 Nunes, C. et al. NSAIDs interactions with membranes: a biophysical approach. Langmuir. 458 
27 (17), 10847-10858 (2011). 459 
10 Alaouie, A. M., Smirnov, A. I. Cooperativity and kinetics of phase transitions in nanopore-460 
confined bilayers studied by differential scanning calorimetry. Biophysical Journal. 88 (2), 11-13 461 
(2005). 462 
11 Owusu-Ware, S. K., Chowdhry, B. Z., Leharne, S. A., Antonijević, M. D. Phase behaviour of 463 
dehydrated phosphatidylcholines. Journal of Thermal Analysis and Calorimetry. 127 (1), 415-421 464 
(2016). 465 
12 Ali, S., Minchey, S., Janoff, A., Mayhew, E. A Differential Scanning Calorimetry Study of 466 
Phosphocholines Mixed with Paclitaxel and Its Bromoacylated Taxanes. Biophysical Journal. 78 467 
(1), 246-256 (2000). 468 
13 Chiu, M. H., Prenner, E. J. Differential scanning calorimetry: An invaluable tool for a 469 
detailed thermodynamic characterization of macromolecules and their interactions. Journal of 470 
Pharmacy & Bioallied Sciences. 3 (1), 39-59 (2011). 471 
14 Pentak, D. Alternative methods of determining phase transition temperatures of 472 
phospholipids that constitute liposomes on the example of DPPC and DMPC. Thermochimica 473 
Acta. 584 36-44 (2014). 474 
15 Holland, G. P., McIntyre, S. K., Alam, T. M. Distinguishing Individual Lipid Headgroup 475 
Mobility and Phase Transitions in Raft-Forming Lipid Mixtures with 31P MAS NMR. Biophysical 476 
Journal. 90 (11), 4248-4260 (2006). 477 
16 Catte, A., White, G. F., Wilson, M. R., Oganesyan, V. S. Direct Prediction of EPR Spectra 478 
from Lipid Bilayers: Understanding Structure and Dynamics in Biological Membranes. 479 
Chemphyschem. 19 (17), 2183-2193 (2018). 480 
17 Camargos, H. S., Alonso, A. Electron Paramagnetic Resonance (EPR) Spectral Components 481 
of Spin-Labeled Lipids in Saturated Phospholipid Bilayers: Effect of Cholesterol. Quimica Nova. 36 482 



   

(6), 815-821 (2013). 483 
18 Bista, R. K., Bruch, R. F., Covington, A. M. Infrared spectroscopic study of thermotropic 484 
phase behavior of newly developed synthetic biopolymers. Spectrochimica Acta, Part A: 485 
Molecular and Biomolecular Spectroscopy. 81 (1), 583-589 (2011). 486 
19 Lewis, R. N. A. H., McElhaney, R. N. in Handbook of Vibrational Spectroscopy (2006). 487 
20 Quinn, P. J., Wolf, C. Thermotropic and structural evaluation of the interaction of natural 488 
sphingomyelins with cholesterol. Biochimica et Biophysica Acta (BBA) - Biomembranes. 1788 (9), 489 
1877-1889 (2009). 490 
21 Lewis, R. N. A. H., McElhaney, R. N. Membrane lipid phase transitions and phase 491 
organization studied by Fourier transform infrared spectroscopy. Biochimica et Biophysica Acta 492 
(BBA) - Biomembranes. 1828 (10), 2347-2358 (2013). 493 
22 Lewis, R. N., McElhaney, R. N. Fourier transform infrared spectroscopy in the study of lipid 494 
phase transitions in model and biological membranes: practical considerations. Methods in 495 
Molecular Biology. 400, 207-226 (2007). 496 
23 Chang, H. H., Bhagat, R. K., Tran, R., Dea, P. Subgel studies of 497 
dimyristoylphosphatidylcholine bilayers. The Journal of Physical Chemistry B. 110 (44), 22192-498 
22196 (2006). 499 
24 Gorshkova, Y. E., Ivankov, O. I. Structure and phase transitions of the multilamellar DMPC 500 
membranes in presence of the DMSO and DESO. Journal of Physics: Conference Series. 848 501 
(012014), 1-9(2017). 502 
25 Sharma, V. K., Srinivasan, H., Sakai, V. G., Mitra, S. Caffeine modulates the dynamics of 503 
DODAB membranes: Role of the physical state of the bilayer. Journal of Applied Physics. 128 (15), 504 
154701-154711 (2020). 505 
26 Khondker, A. et al. Partitioning of caffeine in lipid bilayers reduces membrane fluidity and 506 
increases membrane thickness. Physical Chemistry Chemical Physics. 19 (10), 7101-7111 (2017). 507 
27 Jain, M. K., Wu, N. M. Effect of small molecules on the dipalmitoyl lecithin liposomal 508 
bilayer: III. Phase transition in lipid bilayer. The Journal of Membrane Biology. 34 (1), 157-201 509 
(1977). 510 
28 Hassan, H. et al. Acyclovir-Loaded Solid Lipid Nanoparticles: Optimization, 511 
Characterization and Evaluation of Its Pharmacokinetic Profile. Nanomaterials. 10 (9), 1785-1803 512 
(2020). 513 
29 Marsh, D., Watts, A., Knowles, P. F. Cooperativity of the phase transition in single- and 514 
multibilayer lipid vesicles. Biochimica et Biophysica Acta (BBA) - Biomembranes. 465 (3), 500-514 515 
(1977). 516 
30 Pereira-Leite, C. et al. Neutral Diclofenac Causes Remarkable Changes in 517 
Phosphatidylcholine Bilayers: Relevance for Gastric Toxicity Mechanisms. Molecular 518 
Pharmacology. 97 (4), 295-303 (2020). 519 
31 Manrique-Moreno, M., Garidel, P., Suwalsky, M., Howe, J., Brandenburg, K. The 520 
membrane-activity of Ibuprofen, Diclofenac, and Naproxen: a physico-chemical study with 521 
lecithin phospholipids. Biochimica et Biophysica Acta. 1788 (6), 1296-1303 (2009). 522 
32 Neves, A. R., Nunes, C., Amenitsch, H., Reis, S. Effects of resveratrol on the structure and 523 
fluidity of lipid bilayers: a membrane biophysical study. Soft Matter. 12 (7), 2118-2126 (2016). 524 
33 de Ghellinck, A., Shen, C., Fragneto, G., Klosgen, B. Probing the position of resveratrol in 525 
lipid bilayers: A neutron reflectivity study. Colloids and Surfaces B: Biointerfaces. 134 65-72 526 



   

(2015). 527 
34 Fei, Q. et al. Molecular Mechanism of Resveratrol’s Lipid Membrane Protection. Scientific 528 
Reports. 8 (1), 1587-1599 (2018). 529 
 530 



Figure 1 Click here to access/download;Figure;FIGURE 1.tif

https://www.editorialmanager.com/jove/download.aspx?id=1313916&guid=41bf7664-a876-4b8e-80a6-56c91192ae4f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1313916&guid=41bf7664-a876-4b8e-80a6-56c91192ae4f&scheme=1


Figure 2 Click here to access/download;Figure;FIGURE 2.tif

https://www.editorialmanager.com/jove/download.aspx?id=1313917&guid=73fa7f06-1c02-45b4-b6ed-b4d2eb79f9dc&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1313917&guid=73fa7f06-1c02-45b4-b6ed-b4d2eb79f9dc&scheme=1


Figure 3 Click here to access/download;Figure;FIGURE 3.tif

https://www.editorialmanager.com/jove/download.aspx?id=1313923&guid=2ba54855-2511-4405-a2fd-79a7a6b616f4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1313923&guid=2ba54855-2511-4405-a2fd-79a7a6b616f4&scheme=1


Tp (°C) Tm (°C) Other transition (°C)

23.58 (DSC)

23.65 (FTIR)

23.72 (EPR)

24.13 (NMR)

DLS results 14.82 24.07 33.86

DMPC

32 - 34 (DSC and FTIR)15 (DSC)Literature Values
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Lipid System Tm (°C) B

DMPC 24.03 ± 0.05 591.3 ± 64.15

DMPC+CF 24.12 ± 0.01 870.4 ± 39.18

DMPC+ACV 24.14 ± 0.05 724.4 ± 112.1

DMPC+DCF 20.66 ± 0.29 209.4 ± 44.87

DMPC+RSV 21.99 ± 0.20 389.9 ± 114.0
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Name of Material/ Equipment Company Catalog Number Comments/Description

1,2-dimyristoyl-sn -glycero-3-

phosphocholine (DMPC)

Avanti Polar 

Lipids
850345 

Acyclovir

Kindly offered by Labesfal 

Genéricos (Lisbon, 

Portugal)

Caffeine

Sigma-

Aldrich C0750

Diclofenac Sodium

Sigma-

Aldrich D6899

Disposable Polystyrene Cuvette

Malvern 

Panalytical DTS0012

Ethanol Absolute Enzymatic E/0650DF/C17 Brand - Fisher Chemical
Membrane Nucleopore 25 mm 

0.1 μm Enzymatic 110605 Brand - Whatman
Membrane Nucleopore 25 mm 

0.2 μm Enzymatic 110606 Brand - Whatman
Membrane Nucleopore 25 mm 

0.4 μm Enzymatic 110607 Brand - Whatman

Resveratrol

Sigma-

Aldrich R5010
Tris buffer Molecular Biology 

Grade

Sigma-

Aldrich 648315-100ML

Zetasizer nano ZS

Malvern 

Instruments 

Ldt
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suggestions while also improving the overall quality of the manuscript to meet JOVE 

requirements. Following that, all changes made to the manuscript are highlighted with word 

revision tools in the revised version, and a more detailed explanation and answers are provided. 
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to date. In fact, in this pandemic scenario, all laboratories and universities in Portugal remain 

closed, making it impossible to submit the video protocol for consideration for publication 

alongside the manuscript. However, we would like to inform you that as soon as the government 

grants permission to open universities and laboratories, we will record and edit the video that 
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EDITORIAL CORRECTIONS:  

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. .e.g line 193 

Following the suggestion of the editor, all the spelling or grammar was carefully revised on entire 

manuscript as it is possible to confirm by the changes highlighted in the new document.  

2. Please revise the following lines to avoid previously published work: 82-85 

To avoid excessive repetition in the text of other published work, not only the indicated lines, but 

also the entire introduction text, were revised. 

3. Please provide an email address for each author. 

The affiliations and contact information were updated to include each author's email address. 

Instead of a number representing one institution, each number is assigned to one of the authors, 

and all author information is provided below. 
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2- CF-UM-UP and CBMA –, Centro de Física das Universidades do Minho e Porto and Centro de 

Biologia Molecular e Ambiental, Departamento de Biologia, Universidade do Minho, Campus de 

Gualtar, Braga, Portugal, mlucio@fisica.uminho.pt‘ 

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 

example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 

using bullets or dashes. 

We sincerely apologize for the authors' misinterpretation of the JOVE template. The protocol's 

numbering was changed in response to revision indications. In addition, bullets and dashes were 

removed from the protocol. 

5. Line 168: Please specify the quantity of DPMC dissolved. Also, specify the grade/concentration 

of solvent used. 

Although this type of information is dependent on the assayed desired final concentrations, we 

agree with the editorial comments about the lack of information. Following that, the amount of 

DMPC used and the grade of ethanol used were added to the protocol text. A DMPC mass of 

338.97 mg is dissolved in ethanol absolute of HPLC grade to produce a stock solution with a DMPC 

concentration of 2.0x10-2 M.  

6. Line 199: How much suspension is used? 

This is an important question, and while the suspension quantity varies depending on the 

equipment and cuvette used, the used quantity was added to the protocol text. In the case of 

our equipment and sample cuvette requirements, we performed the measurement with 1 mL of 

suspension. 

7. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 

described in the imperative tense in complete sentences wherever possible. Avoid usage of 

phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that 
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cannot be written in the imperative tense may be added as a “Note.” E.g.: “Place samples in…” 

instead of “Samples are placed in..”, etc. 

We deeply understand the concerns expressed in the editorial comments, and as a result, all of 

the protocol text has been revised and all of the editorial comments have been taken into 

account. The word revision tool highlights all changes made in the revised manuscript, allowing 

you to double-check them.  

 

8. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 

remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials. E.g. ZetaSizer, 

Excel, Origin, etc. 

We agree with the editorial comment, so all commercial language was removed to meet JOVE 

requirements, and the products are referenced in the Table Materials. 

 

9. Please include a figure or a table in the Representative Results showing the effectiveness of 

your technique backed up with data and describe the result with respect to your experiment, you 

performed an experiment, how did it help you to conclude what you wanted to and how is it in 

line with the title. 

The JOVE template was misinterpreted, and the representative results were included in the 

discussion. As a result of reorganizing the text, we believe we now have a correct representative 

results section emphasizing how the results confirm the protocol's success and how to interpret 

the data. We've also included a third figure to show an example of both a positive (MCR 

measurement) and a negative result (size measurement). 

 

10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 



LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 

6 authors, list only the first author then et al. Do not abbreviate journal names. 

We appreciate the observation and have revised and corrected all references in accordance with 

the Editorial comments. All of the abbreviated journals were also corrected to the full title. 

 

Reviewers' comments: 

Reviewer #1: 

General comment: 
 

This paper reports a protocol where the effect of drugs on the main phase transition temperature 

and cooperative of lipid membranes is evaluated by dynamic light scattering. This is an important 

topic once those membranes are used to mimetize the biological membranes. Besides the use of 

this new technique allows to provide a simple and fast way for membranes' characterization. The 

paper is well written, the protocol is detailed and clearly described and the discussion is a logical 

outcome of the data. Thus, I truly recommend this paper for publication as is.                                       

Response to reviewer’s general comment: 

We were grateful for the reviewer's recognition of our work as an important topic, as well as all 

of the compliments on the significance of such protocol. In addition, we appreciate the time spent 

reviewing our manuscript as well as the publication recommendation. 

 

Reviewer #2: 

 

Manuscript Summary: 

This manuscript reports a method that uses dynamic light scattering to rapidly assess phase 

transitions and, biophysical changes created by exogenous molecules in the phospholipid bilayer 

of liposomal systems. This simple approach is a very important in the context of drug-induce 



effects on biomembranes, therefore key to drug discovery and formulation. 

 

The title proposed well describes the method presented. 

The introduction is well organised and give a good overview on the method theory and 

approach. I therefore recommend this method-manuscript for publication in JOVE. 

 

Response to reviewer’s general comment: 

We deeply acknowledge the interest demonstrated in our work and the availability to review 

our manuscript, as well as the positive feedback regarding the publication.  

 

Major Concerns: 

None 

 

Minor Concerns: 

Line 25: The sentence of the Abstract sounds confusing, I would suggest to re-word it. 

We agree with the reviewer's observation. Indeed, the sentence sounded odd. However, the 

sentence was reworded, and we believe that it sounds clearer in its current format. 

BEFORE CHANGES 

‘Biological membranes are self-sealing spherical boundaries that enclose an internal aqueous 

core, protect it from an external aqueous environment and consist of self-assembled lipid 

bilayers.’  

AFTER CHANGES 

‘Biological membranes are spherical boundaries formed by self-assembled lipid bilayers that 

enclose an internal aqueous core and are surrounded by an external aqueous environment.’ 



 

Line 97: The authors use the word "along" maybe they mean "across". 

We acknowledge the reviewer suggestion and actually, ‘across’ fits in better in this context. Thus, 

we have changed the phrase: 

BEFORE CHANGES: 

 ‘Actually, along with the lipid bilayer in a membrane exists a fluidity gradient…’  

AFTER CHANGES 

 ‘Actually, across the lipid bilayer in a membrane exists a fluidity gradient..’ 

 

Line 185: It says ".....liposomes (LUVs) in aqueous solution is diluted in buffer ...." I would suggest 

to specify which buffer the authors are referring to. 

The buffer solution used in the protocol was specified as suggested. Additionally, some changes 

in the phrase were made by suggestion by Editor. Thus, the final text form is ‘2.2. Prepare the 

samples by mixing adequate portions of LUVs suspension, Tris buffer solution (100 mM) and drug 

solution accordingly to the desired final concentrations. NOTE: Herein, a final concentration of 

liposomes of 5.00x10-4 was used in the presence and absence of pre-established drug 

concentrations of 100 μM CF and DCF, 150 μM of ACV, and 200 μM of RSV.’ 

 

Line 192: A space is missing between the number 37 and the sign °C 

We acknowledge the reviewer's observations, and a space between the number and the sign of 

unity has been added. 

 

Line 193: A space is missing between the number 4 and the sign °C 

Once again, we acknowledge the reviewer’s observations , and a space between the number and 

the sign of unity has been added.  

 


