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Abstract. The biomedical potential of destabilizing liposomes through photoinduction relies on 

the use of near-infrared light, which offers inherent therapeutic advantages. Researchers have explored 

the effects of infrared laser light on dipalmitoyl phosphatidylcholine (DPPC) multilamellar vesicles, 

specifically investigating the interaction between the laser and zwitterionic dipalmitoyl 

phosphatidylcholine multilamellar vesicles using Fourier transform infrared spectroscopy and 

differential scanning calorimetry measurements. The results revealed that laser irradiation increased the 

number of gauche conformers and led to conformational changes within the acyl chains of the 

phospholipids. The transition temperature of lyophilized dipalmitoyl phosphatidylcholine multilamellar 

vesicles was also shifted to a lower temperature after laser irradiation, indicating that the laser had a 

significant effect on the acyl chains in the dipalmitoyl phosphatidylcholine bilayers and decreased the 

transition cooperativity of lipid acyl chains. These findings could aid in the development of more 

effective liposomal drug delivery systems by enhancing our understanding of the interaction between 

laser and lipid bilayers.  
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INTRODUCTION 

According to research, the most commonly used laser for laser-induced 

thermotherapy is the neodymium-doped yttrium aluminium garnet (Nd: YAG) laser, 

which emits light at a wavelength of 1064 nm. This therapy involves using laser light 

to ablate benign or malignant lesions in various organs. Laser light offers a unique 

advantage in thermotherapy due to its ability to precisely deposit a specific amount of 

energy in a particular region, making it a preferred method over other techniques. 
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The application of Nd:YAG lasers in oncology is versatile, with some of its uses 

including the removal of skin cancers [21], reduction of benign thyroid nodules [33], 

and destruction of primary and secondary malignant liver lesions [24, 25]. By inducing 

a local increase in temperature, laser light provides an efficient way to carry out cancer 

therapy. Vaporization of tumours has been effective in palliative treatment of cancers 

such as those of the oesophagus, liver, pancreas, and breast. Its primary aim is to 

concentrate the treatment locally in the tumour region of the body while preserving the 

original structure of the parenchymal tissue, making it an ideal method for cancer 

therapy. 

Liposomes have been utilized in various diagnostic and therapeutic applications 

in the medical field for the past five decades. They are versatile and can deliver 

different substances such as enzymes, antibiotics, antivirals, chemotherapy agents, 

vaccines, and gene therapy. In addition, liposomes can be engineered to release their 

contents upon stimulation with heat or laser in vivo. This makes them an attractive 

option for targeted drug delivery [2, 5, 11]. External stimulation of liposomes through 

heat or laser can lead to the release of their contents in vivo. This photoinduced 

destabilization of liposomes provides a means to combine radiation with reagent 

delivery, allowing for precise temporal and spatial control over drug release. This 

approach has significant potential in medical applications [10, 22]. 

Hyperthermia and thermosensitive liposomes are promising methods to 

enhance tumour accumulation and increase liposomal drug bioavailability. The use of 

thermosensitive liposomes for heat-triggered drug delivery and the utilization of 

tumour vasculature or tumour cell-targeted liposomes are both effective strategies for 

improving liposomal chemotherapy. The combination of these two strategies can result 

in targeted thermosensitive liposomes (TTSL), which have the potential to 

revolutionize tumour drug delivery [9, 13, 26]. 

The analysis of frequency or bandwidth changes of different vibration modes of 

lipid molecules using FTIR can detect subtle alterations in the structure and function 

of lipid assemblies. Information about structural interactions and conformational 

rearrangements can be obtained by measuring spectral parameters such as band 

frequency, width, and intensity changes. Different types of information can be 

obtained from these bands, including the acyl chains, interfacial region, and head group 

region of lipid molecules [16, 28]. 

The DSC technique is a non-invasive, inexpensive, and fast thermodynamic 

method for studying the thermotropic phase behaviour of lipids in both biological and 

model membrane systems. By analysing the phase transition temperatures, the DSC 

technique can provide insights into the various mechanisms that take place in the 

liposomal membrane, which serves as a model for the biological membrane system. 

In cancer nanomedicine, photo-triggering is being explored as a method to 

enhance drug or bioactive molecule delivery. To study the interaction between 

dipalmitoyl phosphatidylcholine multilamellar vesicles and infrared (IR) laser, FTIR 

spectroscopy, and DSC measurements were utilized in this study. 
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MATERIALS AND METHODS 

L-α-dipalmitoyl phosphatidylcholine 'DPPC' in powder form of purity 99 % 
from Avanti polar lipids Inc, Alabama, USA. Chloroform was of analytical grade and 
obtained from Merck (Heliopolis, Cairo, Egypt). All other reagents and solvents were 
of analytical grade and were used without further purification. 

LIPOSOMAL PREPARATION 

Multilamellar vesicles (MLV) of DPPC liposomes were prepared according to 
the reverse phase evaporation method [30]. The initial step in liposomal preparation 
involves dissolving the lipids in ethanol. The concentration of lipids in ethanol was 2 
mg/mL. Using rotary evaporation, the organic solvent is then eliminated, producing a 
thin lipid film on the round bottom flask. The lipid film is then hydrated by adding 
Trizma-buffer (pH 7.4) to the container of dry lipid and agitating it above the phase 
transition temperature of the lipid. The final lipid concentration of 2 mg/mL results in 
the formation of multilamellar vesicles (MLV). 

LIPOSOMES LASER IRRADIATION 

The DPPC multilamellar vesicles liquid samples were irradiated with a pulsed 
IR laser (three pulses of 8 mJ energy, pulse duration 5 ns, and wavelength of 1064 nm) 
from Nd/YAG Pulsed Laser (Q-Switched Nd:YAG compact oscillator, Quantel 
Lasers, Bozeman, MT, USA). Irradiation was performed from above so that the whole 
sample was irradiated homogeneously. In this way, there will be no loss of the 
measured incident laser irradiance due to reflections from the cuvette wall. 

DIFFERENTIAL SCANNING CALORIMETERY 

Differential scanning calorimetry (DSC) was carried out using (SHIMADZU 
DSC-50, USA) to investigate thermal behaviour of lyophilized DPPC multilamellar 
vesicles (DPPC) and laser exposed DPPC multilamellar vesicles (DPPC/IR). 
Lyophilization of multilamellar vesicles was made by Edwards’s lyophilizer freeze 
dryer, Buch and Helma, England. The thermo grams covered the 25–200 oC 
temperature range at a 5 oC/min heating rate.  

FTIR SPECTROSCOPY 

The interaction between DPPC multilamellar vesicles liquid samples and an 
infrared (IR) laser was investigated using FTIR spectroscopy. The spectra of DPPC 
multilamellar vesicles (DPPC) and laser-exposed DPPC multilamellar vesicles 
(DPPC/IR) were recorded on a NICOLET 6700 FTIR Thermo scientific spectrometer 
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in England. The scanning was performed from 400–4,000 cm–1 at a speed of 2 mm/s 
and a resolution of 4 cm–1 at room temperature. The deposited samples were in KBr 
disks. 

RESULTS AND DISCUSSION 

FTIR STUDIES 

Figure 1 shows the full FTIR spectrum of the DPPC multilamellar vesicles 

sample before (DPPC) and after laser irradiation (DPPC/IR). As shown from this 

figure, the spectrum of DPPC multilamellar vesicles (DPPC) displays the main 

characteristic bands of DPPC multilamellar vesicles, especially those are due to the 

symmetric and antisymmetric CH2 stretching vibrations of the acyl chain (2850 and 

2920 cm–1, respectively), OH stretching and bending vibrations at 3470 and  

1640 cm–1, respectively, the CH2 bending vibration CH2 (1470 cm–1), and the 

symmetric and antisymmetric PO2
– stretching vibrations PO2

– (1090 and 1226 cm–1, 

respectively). These findings are in good accordance with the data reported in the 

literature [15, 17, 18, 20, 31]. 

 

 
 

Fig. 1. Full FTIR spectra of DPPC multilamellar vesicles samples before (blue)  

and after laser irradiation (red). 

As can be seen from Fig. 2, the CH2 asymmetric stretching bands intensities of 

DPPC were decreased after laser irradiation (DPPC/IR), revealing that IR laser 
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irradiation caused a conformational disorder of the bilayer or may cause destabilization 

of the multilamellar vesicles (disruption of the lipidic bilayer) due to the 

creation/collapse of vapor bubbles. There may be a direct thermo-damage to the lipid 

molecules by pulsed IR laser, causing a perturbation in the lipid bilayer leading to 

multilamellar vesicles destabilization. 
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Fig. 2. The magnified part (3000–2800 cm–1) of FTIR spectra of DPPC multilamellar vesicles (blue) 

and irradiated DPPC multilamellar vesicles (red) samples. 

            

Fig. 3 shows that OH bending vibration at 1640 cm–1 for DPPC multilamellar 

vesicles was shifted to higher frequency (1643.9 cm–1) after laser irradiation 

(DPPC/IR). The CH2 bending vibration (1470 cm–1) was shifted to lower value  

(1458 cm–1) after laser irradiation. As seen from the figure, the frequency the 

symmetric PO2
– stretching vibrations PO2

– (1090 cm–1) was shifted to lower values 

(1084.6 cm–1), after irradiation of DPPC multilamellar vesicles by IR laser. A decrease 

in the frequency corresponds to the hydrated phosphate groups [1, 29]. The frequency 

of this band determines the presence of hydrogen bonding between phosphate group 

and hydrogen atoms of water or biological macromolecules. These spectral changes 

may be due to the formation of curved and lipid planes that lead to the lipid lateral 

diffusion and cause a rotational change of the lipid molecules, these changes may result 

in an increase in structural disordered of the membrane components. 
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Fig. 3. The magnified part (1800–800 cm–1) of FTIR spectra of DPPC multilamellar vesicles (blue) 

and irradiated DPPC multilamellar vesicles (red) samples. 

THE PHASE BEHAVIOUR OF DPPC MULTILAMELLAR VESICLES 

Figure 4 shows the thermal grams of lyophilized DPPC multilamellar vesicles 

before (DPPC) and after laser exposure (DPPC/IR). The pre-transition temperature 

was around 60 oC for pure DPPC multilamellar vesicles, while the main transition 

temperature of DPPC was 106 °C upon dehydration, in accordance with previous 

studies [8, 19, 23]. 

The pre-transition temperature is shifted to a lower temperature (38.5 oC) for 

irradiated DPPC multilamellar vesicles which revealed the conformational change in 

the polar head group of phospholipids. The main transition temperature of DPPC 

multilamellar vesicles (106 oC) is shifted to a lower temperature (69.5 oC) for irradiated 

DPPC multilamellar vesicles (DPPC/IR), which suggests that IR laser irradiation has 

a significant effect on the acyl chains of DPPC bilayers, creating a conformational 

disorder within the acyl chains of phospholipids and decreases the transition 

cooperatively of lipid acyl chains. The decrease in phase transition temperature after 

IR laser irradiation was caused by the increase in the spacing between the head groups, 

which allowed for decreasing van der Waals interactions between the lipid 

hydrocarbon chains promoting gauche rotamer formation [7, 15, 32]. In this case, the 

lipid hydrocarbon chains are converted from a relatively rigid, extended, and highly 

conformation in the gel state to a more oriented disordered state. 
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Fig. 4. DSC thermograms of DPPC multilamellar vesicles (blue) and irradiated DPPC multilamellar 

vesicles (red) samples. 

 

Laser exposure causes some changes in the membrane packing properties, 

which are reflected on its transition temperature. Consequently, the interaction 

between laser and multilamellar vesicles may cause a rotational change of the lipid 

molecules resulting in an increase in structural disordered of the membrane 

components. This may lead to a change in the membrane packing properties, which is 

accompanied by an increase in the freedom motion of the hydrocarbon chain and a 

substantial increase in the partial volume of the bilayer structures [6, 12]. 

CONCLUSIONS 

On the basis of the present findings, we can conclude that such studies of FTIR 

and DSC of the multilamellar vesicles are very important for getting information about 

the intermolecular structural change of the membrane bilayer. This information can be 

used for understanding the interaction mechanism of external radiation with the 

liposomal membrane bilayer and with the biological cells. The combination between 

both heating and laser irradiation can be used as a powerful conjunction that may give 

us the benefit of the therapeutic and radiotherapy treatment. Multilamellar vesicles 
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may be made photosensitive by the use of uniquely designed lipids that can alter the 

liposome properties via photoisomerization, photocleavage, or photopolymerization. 

There is also the possibility of using gold nanoshells, fullerenes, and magnetic 

nanoparticles for the controlled drug release using infrared laser pulses [3, 4, 14, 27, 

34]. 
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