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Abstract

LED light is used for many medical and cosmetic applications such as phototherapy and 
skin rejuvenation. Such physical methods can be combined with drug therapy, such as LED-
responsive drug delivery system, the subject of present investigation.

To perform this investigation, a nanoliposome composed of DPPC, DSPE-PEG2000, and 
DC8,9PC, was prepared as LED-sensitive systems. Calcein was loaded in the liposomes as a 
fluorescent probe for drug release studies. Different LED wavelengths (blue, green and red) were 
used for triggering release of calcein from nanoliposome. Indoor daylight, darkness, and sunlight 
were applied as controls.

Results showed that liposomes do not release their cargo in darkness, but they released it in 
response to indoor daylight, sunlight and LEDs, with the blue light showing the highest effect. 
Results also showed that release of calcein was sensitive to wavelength.

Our results reveal potential of LED-sensitive liposomes for medical and cosmetic applications 
and that such system can be combined with phototherapy. Such concomitant therapies can increase 
medical/cosmetic effects and decrease adverse reactions to phototherapy.
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Introduction

Liposomal drug delivery has been studied 
for decades and in spite of wide application and 
advantages (1-3), their spatially and temporally 
drug release behavior is remained to be a major 
challenge for precise and responsive drug 
delivery. Triggered controlled drug delivery 
systems can be used for such purposes (4-6). 
As a drug-delivery approach, trigger-release 
liposomes can offer sophisticated targeting 
and greater control-release capabilities, that 
provide a greater degree of control over time 
and place of the drug action (7). Different 
conditions and energy sources can be used for 

triggering control release including pH (8, 9), 
magnetic fields (10, 11), ultrasound (12, 13) 
and light (14, 15). Some of these triggers, such 
as light, which is the subject of the present 
investigation, have therapeutic applications 
as well (16, 17), like phototherapy and 
photodynamic therapy (18-22).

Light-sensitive nanoliposomes have been 
under investigation for years and several release 
mechanisms have been studied. Different 
light sources can be used for the above-
mentioned applications such as laser, LED 
(Light Emitting Diode), UV, near –infrared 
(NIR), and fluorescent lamps (23-30). Among 
these, and based on the subject of the present 
investigation, laser and LED are discussed 
here. Laser light is a single wavelength beam 
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at a high intensity and LED has a narrow 
range of wavelength, lower intensity and is 
safer. Both light sources are used in different 
areas of the body, including the eyes and skin 
(31-37) and are used for cosmetic applications 
such as skin rejuvenation, acne treatment, and 
hyper-pigmented spot removal (38-44). In 
comparison to laser, LED is much safer and 
more user friendly. Teuschl et al., studied the 
healing effects of blue and red LED lights on 
different type of cells in an in-vitro scratch-
wound model and showed that these effects 
depend on the wavelength (18). 

In terms of liposomal drug delivery, laser 
has been used extensively for triggering 
liposomes using photo-responsive compounds 
such as plasmalogen, bis-sorb PC, and 
azobenzene (45-47). However, there is not 
much data on application of LED in liposomal 
drug delivery. Of the rare studies in this area, 
Bisby et al., showed that blue LED is able to 
trigger the release of cargo from Bis-Azo PC 
coating liposomes that works through photo-
isomerization (48).

In the present investigation, we introduce 
application of LED light with different 
wavelengths in trigger release of drugs from 
the liposomes using photo-polymerization 
mechanisms provided by (1,2 bis(tricosa-
10,12-diynoyl)-sn-glycero-3-phosphocholine 
(DC8,9PC). DC8,9PC is a diacetylene lipid  
(Figure 1) and has two diacetylenic hydro-
carbon chains which in exposure to light, 
can bind with maximum 4 nearby DC8,9PC 
molecules to make a polymeric cross-linked 
network. DC8,9PC polymerization have been 
studied and was concluded that it only occurs 

when the matrix lipid has a liquid condensed 
phase in the monolayer or a gel phase in the 
bilayer liposomes (49), therefore closely 
packed DPPC matrices have been chosen for 
the current study.

Experimental

Materials
1,2-dipalmitoyl-sn-glycero-3-phospho-

choline (DPPC, > 99.8%), and 1,2-distearoyl 
-sn-glycero-3-phosphoethanolamine-N-[me-
thoxy(polyethylene glycol)-2000 (DSPE-
PEG2000, >98.8%) were purchased from 
Lipoid GmbH (USA), (1,2 bis(tricosa-10, 
12-diynoyl)-sn-glycero-3-phosphocholine 
(DC8,9PC, > 99%) were purchased from Avan-
ti Polar (USA), calcein and HEPES were pur-
chased from Sigma (Germany), cobalt chlo-
ride (CoCl2 . 6H2O), methanol and chloroform 
were purchased from Merck (Germany). All 
other materials were of pharmaceutical grade.

Preparation of liposomes
Light-sensitive calcein-loaded liposomes 

were prepared and used in the investigation. 
For this purpose, a liposomal formulation 
containing DPPC (86 mol%), DC8,9PC (10 
mol%), and DSPE-PEG2000 (4 mol%) 
reported by Yavlovich and coworkers (50), 
was chosen here. They used this system as 
laser-sensitive liposomes (not LED). For the 
present study, the system was loaded with 0.1 
mM calcein as described below. DC8,9PC is the 
light sensitive moiety and DSPE-PEG2000 
increase the stability of liposomes in-vitro 
(50). Increased stability is expected to prevent 

 

Figure 1. (1,2 bis(tricosa-10,12-diynoyl)-sn-glycero-3-phosphocholine (DC8,9PC) molecular structure 

  

Figure 1. (1,2 bis(tricosa-10,12-diynoyl)-sn-glycero-3-phosphocholine (DC8,9PC) 
molecular structure
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unwanted drug release in the absence of the 
trigger, an important factor for triggered-
release systems including our LED-responsive 
liposomes.

Nanoliposomes were prepared by a lipid 
film hydration method. Probe sonication was 
used to reduce their size and increase their 
uniformity. To perform this method, lipids 
(DPPC/DC8,9PC/DSPE-PEG-2000) were diss-
olved in chloroform:methanol mixture (2:1) 
in an amber vial. The organic solvent was 
then evaporated at room temperature under 
nitrogen gas flow while the vial was rotated. To 
remove trace amount of solvent, the vial was 
kept under vacuum desiccator overnight. 1ml 
of HEPES buffer (10 mM HEPES, 140 mM 
NaCl, pH 7.5) containing 1 mM calcein was 
then added to the lipid film and the mixture 
was sonicated by probe sonicator (Ultrasonic 
Technology Development Co., Iran) for 5 min 
(10 sec on,10 sec off, 376 W).

Liposomes were then characterized for 
size, uniformity, and zeta potential. Images 
of liposomes was also studied using Atomic 
Force Microscopy (AFM) and Cytation 
Imaging Reader as described below.

Size and zeta potential
Zetasizer Nano ZS ZEN3600 (Malvern 

Co., England) was used to evaluate the zeta 
potential, particle size and polydispersity index 
(PDI) of the prepared nanoliposomes at room 
temperature. Sizing technique is by dynamic 
light scattering (DLS) and zeta potential 
uses laser doppler velocimetry (LDV). 
Nanoliposomes were diluted in distilled water 
(1:9), then poured in quartz cell and their size 
and zeta potential were evaluated.

Quenching of free calcein
To discriminate between free and 

entrapped calcein, CoCl2.6H2O was added 
to the prepared liposomes to quench the free 
calcein (51). Cobalt chloride does not enter 
liposomes and remain in the external medium 
(52), therefore, only the released calcein after 
liposomal breakdown is quenched. In the case 
liposomes breakdown, the released calcein 
will all be quenched. For this purpose, 10 
µl 40 mM CoCl2 was added to the prepared 
nanoliposomes in HEPES buffer (5:95) and 
vortexed for 30 seconds.

Imaging
To evaluate the morphology of liposomes, 

the system was studied by imaging using AFM 
and cytation imaging reader. AFM images 
were taken with the Nanowizard II AFM, with 
the intermittent mode manufactured by JPK 
Company (Germany). 50-100 µL of the prepared 
nanoliposomes were spread on a microscope 
slide, dried at room temperature and AFM images 
were then obtained at the same temperature.

The fluorescence images of the 
nanoliposomes were taken using the Cytation 
Imaging Reader (Cytation III) with the GEM5 
software (BioTEK, USA). This technique 
showed calcein loaded nanoliposomes as 
green spots. This technique uses λEm and λEx of 
the probe, which were adjusted to be 511 and 
485 nm, respectively for calcein. λEm and λEx at 
experimental conditions were measured here 
using f-2500 Fluorescence Spectrophotometer 
(HITACHI, Japan).

Release studies

Release studies at different light conditions 
were performed using blue, green, red and 
white (blue+green+red) LEDs (Table 1), as 
described below.

Release of calcein from liposomes 
under different LED light wavelengths 
was investigated at room temperature. The 
quenched nanoliposome mixture split into 
several vials and each vial was exposed to a 
specific condition. The conditions included 
amber vial in darkness and transparent vial 
exposed to sunlight, daylight in laboratory, 
white LED light, blue LED light, green LED 
light and red LED light as shown in Table 1. 
To measure the maximum possible calcein 
release, liposomes were broken by methanol 
to release all the cargo. Methanol was added to 
the liposomes, and the resulting mixtures were 
vortexed for 5 min to lysis them. Our study 
also showed that water and methanol does 
not affect fluorescence intensity of calcein. 
Exposure time of the liposome to LED/lights 
was chosen to be 5 min, as it has been stated 
that longer exposure times might end to 
unwanted reactions (53). Cytation imaging 
reader was used to measure the fluorescence 
intensity of the samples as discussed later.  
Each experiment was repeated for three times.
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Calcein measurement
The amount of calcein in the sample was 

measured by a fluorescence method. Calibration 
curve of calcein dissolved in HEPES buffer was 
obtained by plotting fluorescence intensity vs. 
calcein concentration using cytation imaging 
reader. A 0.1 M stock solution of calcein in 
HEPES buffer (10 mM HEPES, 140 mM NaCl, 
pH 7.5) was prepared and calibration curve 
was drawn up over 10-9 to 10-7 mM calcein in 
HEPES buffer using λEm and λEx of 511 and 485 
nm, respectively. All points were measured in 
triplicates, and the experiment was performed 
at room temperature.

LED source
Light emitting diode (LED) is a 

semiconductor light source that emits light 
when current flows through it. The LED used 
in the present study was manufactured and 

validated in our laboratory at Shahid Beheshti 
University of Medical Sciences. Wavelengths 
and intensities were validate using UV-
Vis spectrometer (190-850 nm) EPP2000 
StellarNet Co. (USA) and luxmeter MS6610 
MASTECH Co. (USA).

Results and Discussion

Characterization of liposomes
Figure 2 shows the fluorescence image of 

calcein loaded liposomes at room temperature 
(a) and AFM (Atomic Force Microscope) 
image of the liposomal formulation (b). The 
fluorescence image shows round hollow 
nanosize particles containing fluorescence 
agent as green spots; and AFM image indicate 
uniform spherical particles. The particle size 
of liposomes was estimated to be around 100 
nm by AFM.

 

Figure 2. The fluorescence (a) and AFM (b) images of nanoliposomes at room temperature. AFM image shows uniform 

spherical particles and green spots in fluorescence image are calcein loaded nanoliposomes. 

  

Figure 2. The fluorescence (a) and AFM (b) images of nanoliposomes at room temperature. AFM image 
shows uniform spherical particles and green spots in fluorescence image are calcein loaded nanoliposomes.

 

Table 1. Characteristics of the LEDs used in the current study. 

LED light  Wavelength (nm)a Intensities (lx, in 5 cm distance) 

Blue 452 53200 

Green 511 40700 

Red 630 17400 

White (blue+green+red) 452 + 511 + 630 83600 

Sunlight  99300 

Indoor daylightb  44 
a LEDs have narrow range of wavelengths which center at a specific number, shown in this table. 
b Indoor daylight, is the indirect light in the lab while lamps are turned off. 

 

Table 1. Characteristics of the LEDs used in the current study.
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Figure 3. Size distribution and zeta potential of liposomal formulation; nanoliposome size is 83.87 ± 8.49 nm (mean ± SD, 

n=3) and zeta potential is -4.66 ± 0.7 mV (mean ± SD, n = 3). 

  

Figure 3. Size distribution and zeta potential of liposomal formulation; nanoliposome size is 83.87 ± 8.49 
nm (mean ± SD, n = 3) and zeta potential is -4.66 ± 0.7 mV (mean ± SD, n = 3).

 

Figure 4. Calcein calibration curve at pH 7.5 using cytation imaging reader at room temperature. 

  

Figure 4. Calcein calibration curve at pH 7.5 using cytation imaging reader at room temperature.
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Figure 3 shows particle size and zeta 
potential of prepared liposomes obtained by 
nanozetasizer. Liposomes showed a partially 
negative zeta potential of -4.66 ± 0.7 mV (mean 
± SD, n = 3). In term of size, liposomes showed 
a particle size of 83.87 ± 8.49 nm (mean ± SD, 
n = 3) in good agreement with AFM results. 
Their PDI was 0.163, which represent a good 
uniformity, in good agreement with imaging 
results.

Calcein calibration curve
Calibration curve was drawn up from 10-9 

to 10-7 mM calcein using 11 concentrations at 
pH 7.5 (Figure 4). Calcein concentration vs. 
intensity showed a good linear relationship 
(R2 = 0.995) over the studied range (Figure 4).

Release of calcein from liposomes
Figure 5 shows calcein release from 

liposomes in several conditions including 
lysis with methanol, placing in darkness and 
exposing to the indoor daylight, sunlight, 
sunlight exposure using vials covered with 
an opaque film (to study the thermal effect 
of sunlight), white LED light, red LED light, 
green LED light and blue LED light. In this 
study, liposome lysis by methanol which have 
the maximum release, was considered as 100% 
release and other liposomal formulations were 
evaluated in comparison to this value.

According to the results shown in Figure 
5, liposomes, placed in darkness (at room 
temperature) and opaque vials exposed to 
sunlight showed no significant release over 
time, while exposing to the indoor daylight 
and direct sunlight led to up to 10 and 34% 
release, respectively. White LED with 
approximately 50% release, showed the 
highest effect (Figure 5). Light insensitive 
liposomal formulation (without DC8,9PC) also 
did not show any calcein release. Statistical 
analysis showed that the difference between 
sunlight and indoor daylight (P-value = 0.000) 
and white LED and sunlight (P-value = 0.021) 
are significant. These results show that the 
DC8,9PC liposomes release their cargo only in 
the presence of light and that the effect of light 
is not a thermal effect. These results indicate 
that liposomes should be kept in darkness to 
prevent any possible release due to light from 
other sources such as daylight. Therefore, such 
systems require special packaging. However, 
heating by sunlight did not result in release of 
the cargo and no protection is required in this 
regard.

DC8,9PC is a lipidic monomer which will 
be polymerized when exposed to the light as 
demonstrated by Yavlovich, et al. (54), using 
DC8,9PC-containing liposomes exposed to UV 
laser radiation for up to 45 min. Application of 
LED in our system provides some advantages. 

 

Figure 5. Comparison of release percentage of the nanoliposome formulation exposed to various conditions and LEDs at 

room temperature. Lysis with methanol was considered as 100%. Data are mean ± SD (n=3). ND: Not Detected 

 

Figure 5. Comparison of release percentage of the nanoliposome formulation exposed to various conditions and LEDs at room 
temperature. Lysis with methanol was considered as 100%. Data are mean ± SD (n = 3). ND: Not Detected.
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In comparison to laser, LED is much safer 
and more user friendly with lower cost (55, 
56). Besides this, the LED used in the present 
investigation is in the wavelength range of 
visible light that is safer than UV.

It worth to note that Kenaan et al. (53) 
studied DC8,9PC reactions with UV irradiation 
and showed that exposing DC8,9PC liposomes 
to UV radiation could result in oxidative 
reactions and formation of products such as 
ketones, aldehydes and alcohols, in a time-
dependent manner and if they are exposed 
to UV for more than 8 min. Accordingly, 
and in spite of the fact that LED is expected 
to be safer than UV, the radiation time in the 
present investigation was chosen to be 5 min 
to reduce such a risk. However, further studies 
are required to assess reactions of these lipids 
with LED lights.

Our results show that light-triggered 
calcein release from liposomes depends on 
light type and intensity. Exposure to sunlight 
showed higher release than indoor daylight 
(10% vs 34%). Intensity of sunlight is 
about 2000 times of that of indoor daylight. 
Considering our results (Figure 5) and light 
properties (Table 1), we can conclude that the 
sensitivity of liposomes to light more depends 
on the type (wavelength) of the light than 
to intensity. This is in good agreement with 
Leung and Romanowski who suggested that 
wavelength is the most affecting factor on 
cargo release from light-sensitive liposomes 
(57). Each wavelength has a specific effect on 
a specific compound and, therefore, specific 
release percentage. Therefore, we cannot 
expect full release for all wavelengths, even 
by increasing the intensity. This will explain 
the small difference in calcein release between 
sunlight and indoor-daylight, in spite of huge 
difference between their intensities.

White light contains all the wavelengths 
in the visible area. There are some reports 
about different effects of various wavelengths 
on biological materials. P. Moore, et al. 
investigated the effect of wavelength on 
proliferation of cultured murine cells and 
concluded that both wavelength and cell type 
influence the cell proliferation response to low 
intensity laser irradiation (58). It has also been 
shown that different doses and wavelengths of 
low-level laser therapy (LLLT) show different 

effects on cytochrome-c oxidase activity in 
intact skeletal muscle of rats (59). Wang et 
al. also reported that photobiomodulation 
of human adipose-derived stem cells under 
different wavelengths operates via different 
mechanisms of action (60). However, there 
is no systematic study on the effects of 
wavelength of light on the release of cargos 
from light-sensitive liposomes and to the 
best of our knowledge, reported experiments 
in the literatures usually deal with only one 
wavelength (57, 61, 62).

To determine which part of white LED 
shows more effect, we studied several 
wavelengths (red, green and blue) in the 
present investigation. These wavelengths are 
used for clinical and cosmetic applications. 
For instances, red range of wavelengths is 
used in wrinkles, scars, and persistent wounds 
treatments, green range of wavelengths is used 
for skin calming, anti-aging and increasing 
the collagen in the skin and blue range of 
wavelengths is used for treatment of acne 
vulgaris, combination therapy and seasonal 
affective disorders (63).  

Our findings indicate that different 
wavelengths show different effects on calcein 
release from liposomes. The highest release 
was observed for blue LED with about 30% 
calcein release, followed by 24% release 
by red LED (Figure 5). Green LED showed 
lowest amount of calcein release (less than 
10%) (Figure 5). Statistical analysis show that 
the differences between all light LEDs (blue, 
green and red) or these lights with white LED, 
are significant (P-value < 0.003). Their effects 
on release are different and red LED with the 
lowest intensity was more effective than green 
light, by about 2.5 times. These data are in 
good agreement with Leung and Romanowski 
who have suggested that wavelength is the 
most affecting factor on cargo release from 
light-sensitive liposomes (57).

Conclusion

The present investigation introduces a 
LED sensitive liposome that works through 
photopolymerization, as a novel responsive 
drug delivery system. LED is widely 
employed in phototherapy and combination 
of this technique with sensitive liposomal 
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systems can provide several benefits such as 
drug therapy for healing during phototherapy. 
Different agents such as healing agents, 
peptides, and anti-inflammatory drugs that 
can improve photo-therapy or decrease its 
side effects, can be loaded in such liposomes. 
LED-sensitive liposomes can be used for 
other applications as well such as responsive 
topical drug delivery systems or delivery of 
different agents for cosmetic purposes such as 
anti-wrinkle peptides. Our results also show 
that the sensitivity of liposomes to LED is 
type (wavelength) dependent. Such a property 
allows adjustment of the treatment through 
controlling the release of the cargo by using 
proper light. Our results also show that such 
liposomes should be kept in darkness to 
prevent any possible release due to light from 
other sources such as daylight. Therefore, such 
systems require special packaging. However, 
heating by daylight does not result in release 
of the cargo. Further studies are required to 
fully explain this area of drug delivery.
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