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Fluorescent silver nanoparticles (AgNPs) were embedded in 

the bilayer of liposomes and acted as a photothermic switch 

for photoinduced drug release. AgNPs in the liposome could 

absorb light energy, convert optical energy into localized heat, 

induce phase transition of liposome and release drug. The 10 
drug released from the AgNPs-liposome could be controlled 

by the irradiation time and AgNPs concentration.   

Liposomes are spherical vesicles consisting of phospholipid 

bilayers surrounding an aqueous cavity that offer several 

advantages as lipoidal drug-delivery vehicles, and there are 15 
several liposome-mediated drug delivery products approved for 

clinical trials.1-4 One of the main challenges for the modern 

pharmaceutical research is the controlled drug release at the target 

site.5 Liposomes can be modified for controlled and triggered 

drug release to maximize the release at the desired site while 20 
minimizing it elsewhere.5 The modified liposomes include 

thermosensitive,6,7 pH-sensitive,8,9 photosensitive,10,11 and 

electromagnetic field-triggered12,13 liposomes. The success of the 

approaches requires high selectivity of the activating mechanism 

thus rendering the liposome susceptible to the signal while 25 
leaving the cell membranes unaffected.14 The phase transition 

temperature of gel-to-liquid crystalline in the liposome is called 

lower critical solution temperature (LCST) and the drug in the 

liposome can be release above LCST.14 However, it is difficult to 

control the LCST using traditional methods, because the LCST of 30 
liposome is easily influenced by type of drug, additive and 

medium pH value. The main challenges of current drug release 

remain to be the spatial and temporal control of the release. 15 

The noble metal nanoparticles (NPs) with various sizes have 

been used for many novel applications in biolabeling and 35 
luminescent tagging in biological areas.16 Ag nanoparticles 

(AgNPs) can exhibit surface plasmon resonance, and thereby they 

absorb energy at a distinctive wavelength in UV-vis region. Most 

of the absorbed energy is converted into localized heat producing 

a selective photothermal effect, while part of it is emitted as 40 
fluorescence. AgNPs encapsulated in the liposome are used as 

functional material because AgNPs have both properties of photo 

thermal conversion and fluorescence. The photo thermal 

conversion can be used to control release drug from liposome, 

and the fluorescence can be used in drug tracing. Nonetheless, it 45 
is essential to determine their potential toxicological effects in 

vivo, prior to fully using them in living organisms, and the 

potential toxicological effects of AgNPs was estimated in vivo.17 

According to the newest research on the toxicity of AgNPs,18  

AgNPs show toxicity to mammals when the particle size was 50 
greater than 12 nm.18 In this work, the small size AgNPs (about 

3.5 nm) as functional material were encapsulated in the liposome, 

and the AgNPs concentration in liposome was no more than 81 

µM. Therefore, the AgNPs potential toxicological effects in vivo 

may be neglected. 55 
 There are many disadvantages in the traditional liposome 

preparation methods, such as low drug encapsulation, poor 

stability and residue organic solvent and so on. Supercritical 

carbon dioxide fluids (scCO2) has been used as a green and safe 

method in the preparation of liposomes,12,16,20 owing to its high 60 
density, high solubility, high mass transfer rate, moderate critical 

pressure and non-toxicity. There are some advantages in the 

preparation of liposome, such as high encapsulation, good 

monodispersity, high stability, without any residual organic 

solvent and so on.  The high pressure of scCO2 may promote the 65 
drug encapsulation, the high mass transfer rate may accelerate the 

hatching process of liposome, and the high solubility could be 

used to remove the residual organic solvent in the liposome.  

 Berberine is an alkaloid that has been reported to exhibit 

inhibitory and antitumor effects on esophageal cancer cells 70 
(ECCs) and liver cancer cell line HepG2.16  

    In this work, a thermosensitive liposome with embedded 

fluorescent silver nanoparticles (AgNPs) in the bilayer of the 

liposome was prepared by the supercritical carbon dioxide 

(scCO2) method and berberine as a model drug was encapsulated 75 
in the central aqueous compartment of the AgNPs-liposome. The 

drug encapsulated in AgNPs-liposome was released by UV light 

irradiation in a short time, where the AgNPs acted as a 

photothermic nano-switch for controlled drug release both 

spatially and temporally.  80 
    AgNPs were prepared by microemulsion method.19 The 

AgNPs-liposomes were synthesized through film–scCO2 hatching 

process.20 The AgNPs were relatively monodisperse spherical 

nanoparticles (Fig. 1a). The sizes of AgNPs were measured by 

dynamic light scattering method (Fig. 1b) and the average 85 
diameter of AgNPs was 3.5 nm. The morphology of AgNPs-

liposome was obtained by transmission electron microscope 

(TEM) (Fig. 1c). The relation between berberine encapsulation 

efficiency and AgNPs concentration in the liposome was shown 

in Fig. 1d. It revealed that the encapsulation efficiency of 90 
berberine was gradually reduced with addition of AgNPs because 

the additive AgNPs occupied part of the space of the liposome 

and resulted in decrease of useful space for berberine.22 
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Fig. 1 (a) TEM image of AgNPs, (b) The size and size 

distribution of AgNPs, (c) TEM image of AgNPs-liposom and (d) 

The encapsulation efficiency of the berberine in liposome with 

various CAgNPs. 5 

 
Fig. 2 (a) The LCST of AgNPs-liposome measurement (DSC) 

and (b) The berberine released from thermosensitive AgNPs-

liposome at various temperatures for 10 min. 

 10 
 LCST of the liposome obtained from differential scanning 

calorimetry (DSC) was about 41.37 °C (Fig. 2a). The berberine in 

AgNPs-liposome was released at various temperatures for 10 min 

(Fig. 2b). The berberine released slowly below temperature of 

41 °C, but it released quickly above temperature of 42 °C. It  15 
revealed that the AgNPs-liposome was thermosensitive, and drug 

release temperature was about 41.5 °C, which accorded with 

LCST of liposome obtained from DSC (Fig. 2a). 

 To explore the effect of the photothermal effect of AgNPs on 

release drug of the liposome, the berberine in the liposomes with 20 
various AgNPs concentrations (CAgNPs) were released at room 

temperature by irradiation of UV light (250 nm) (Fig. 3a). It 

demonstrated that the berberine almost can not be released from 

the liposome without AgNPs (Fig. 3a, CAgNPs = 0 µM), but it was 

released very quickly (Fig. 3a) from the AgNPs-liposome by UV 25 
irradiation (250 nm) at room temperature. The berberine release 

rate increased with the AgNPs concentration in the AgNPs-

liposome (Fig. 3a). Nearly 70% berberine was released from the 

AgNPs-liposome (CAgNPs = 81 µM) in 5 min (black line in Fig. 3a) 

because the AgNPs embedded in the bilayer of the liposome had 30 
a photothermal effect due to light irradiation, and it resulted in 

phase transition of gel-to-liquid crystalline, and the berberine was 

released from liposome by photothermal effect.16 It suggested 

that drug was released by photoinduction using AgNPs as a 

photothermal switch. It also revealed that the amount and the rate 35 
of the released berberine could be controlled by altering the 

AgNPs concentration in the AgNPs-liposome and irradiation time.     

 
Fig. 3 (a) Drug release of the berberine in AgNPs-liposome with 

various CAgNPs by UV light (250 nm) irradiation and (b) 40 
Repetitious release of the berberine in AgNPs-liposome with 

various CAgNPs by commutative irradiation with UV light (3 

min) and visible light (3 min). 

 
Fig. 4 (a) The fluorescence excitation spectra (dotted line) and 45 
emission spectra (solid line) of AgNPs and (b) The fluorescence 

emission spectra of AgNPs-liposome with various AgNPs 

concentration (CAgNPs) excited by 363 nm UV light. 

 

     As further proof of AgNPs as a photothermic switch in the 50 
AgNPs-liposome, repetitious release of the berberine 

encapsulated in AgNPs-liposome with various CAgNPs was 

undertaken by commutative irradiation with UV light (3 min) and 

visible light (3 min) as shown in Fig. 3b. An important feature 

was that the berberine was markedly released by UV light 55 
irradiation, but it could not be released by visible light irradiation, 

and this phenomenon can be repeated. It proved that berberine 

release from the AgNPs-liposome was due to the photothermic 

effects inducing phase transition of gel-to-liquid crystalline in the 

liposome rather than destruction of the bilayer of the liposome. 60 
Therefore the controlled release in the AgNPs liposome could be  

achieved by the use of AgNPs as a photothermic switch. 

 AgNPs could show fluorescence (excitation wavelength and 

emission wavelength were 363 nm and 420 nm, respectively) as 

shown in Fig 4(a). The fluorescence emission spectra of AgNPs-65 
liposome with various CAgNPs were shown in Fig. 4b at excitation 

wavelength of 363 nm. As we all know, liposome can’t show 

fluorescence in general. However, AgNPs-liposome display 

fluorescence with emission wavelength of 482 nm. Even though 

the AgNPs-liposome emission wavelength is a bit redshift, it 70 
would be easy to believe that the fluorescence of AgNPs-

liposome comes from AgNPs. The redshift of emission 

wavelength was probably due to the interaction between the 

positive charges of the inner surface of the liposome bilayer and 

the negative charges on the free terminals of surfactant molecules 75 
of the AgNPs surface.23  

    In conclusion, a novel fluorescent AgNPs-liposome was 

prepared by the supercritical CO2 method and it was possessed of 

a structure of the AgNPs embedded in the bilayer and drug 

encapsulated in the polarity area of the liposome. The drug 80 
encapsulation efficiency of the AgNPs-liposome decreased with 
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incremental AgNPs concentration. The AgNPs-liposome can 

absorb light energy and release drug by photothermal effect. The 

AgNPs in the liposome acted as a photothermic switch for drug 

release. The drug release can be controlled by altering the AgNPs 

concentration in the liposome and irradiation time. The 5 
repetitious release of AgNPs-liposome by commutative 

irradiation with UV light and visible light suggested that drug 

release from the AgNPs-liposome was due to the photothermic 

effect inducing phase transition of the liposome rather than 

destroying the bilayer of the liposome. The result demonstrated 10 
that the fluorescent nanoparticle was successfully encapsulated 

into liposome. The part of the absorbed energy in the AgNPs-

liposome was converted into localized heat and produced a 

selective photothermal effect, while part of it was emitted as 

fluorescence. It was the possibility and potential for AgNPs acted 15 
as a new class of fluorescent probe in biolabeling application. 

Experimental 

Materials 

Sodium bis-(2-ethylhexyl) sulfosuccinate (AOT, 96.0 %) was 

purchased from Alfa Aesar. AgNO3 (99.9 %) was provided by 20 
Hubei Xinyin Noble Metal Co. Ltd. Soybean lecithin was 

purchased from GengBen Biotechnology Shanghai Co., Ltd. and 

cholesterol was provided by Sinopharm Chemical Reagent Co., 

Ltd. N2H4·H2O, cyclohexane (99.5 %), toluene (99.5 %), 

chloroform (99 %), and methanol (99.5 %) obtained from 25 
commercial sources were used as received. All other chemicals 

were analytic grade reagents without further purification. 

Preparation of AgNPs 

AgNPs were synthesized in a water-in-oil microemulsion 

consisting of cyclohexane as the continuous oil phase and AOT 30 
as the surfactant.19 A metallic precursor (AgNO3, 0.1 M) and a 

reducing agent (N2H4·H2O, 0.3 M) were separately loaded into 

0.1 M AOT/cyclohexane solution followed by intensely stirring. 

The molar ratio of water-to-oil was fixed at 3.  The AgNO3-

dispersed microemulsion and the N2H4 · H2O-dispersed 35 
microemulsion were mixed under vigorous stirring until the color 

changed to dark yellow. The AgNPs were stabilized by AOT 

surfactant molecules. Then, methanol as extractant was added 

into the AgNPs-dispersed microemulsion to remove the 

excrescent AOT surfactants by extraction method. After this, the 40 
AOT modified AgNPs (AgNPs/AOT) were dispersed in toluene, 

followed by sonication for 30 min. The whole process was 

carried out at the room temperature. 

Preparation of AgNPs-liposome 

The AgNPs-liposome was synthesized by the supercritical CO2 45 
method.20 The soybean lecithin (0.1 g) and cholesterol (0.0333 g) 

(mass ratio 3:1) together with a certain amount of hydrophobic 

AgNPs were dissolved in methanol–chloroform (15 ml, volume 

ratio of 1/2) solution. The mixture solution was evaporated in 

rotating vacuum evaporator, and a bilayer membrane with AgNPs 50 
was formed and the organic solvents were removed. Then the 

membrane was dissolved in berberine aqueous solution (10ml, 1 

mg/ml) and transferred to a high pressure cell. Supercritical CO2 

fluid was introduced into the cell and the incubation process was 

performed with a magnetic stirrer at a certain high pressure (16 55 
MPa) and incubation temperature (42 °C) for 30 min. Finally the 

CO2 was released slowly and the transparent AgNPs-liposome 

aqueous solutions were obtained. 

Characterization 

Morphology of AgNPs and AgNPs-liposome was obtained by 60 
transmission electron microscope (TEM, Hitachi H-7650, 120 

kV). The particle size analysis of AgNPs was performed by 

dynamic light scattering (DLS). The LCST of the AgNPs-

liposome was measured by the differential scanning calorimetry 

(DSC, Diamond DSC, Perkin-Elmer). The fluorescence spectra of 65 
AgNPs and AgNPs-liposome were recorded using a PerkinElmer 

LS-50B fluorescence spectrometer with fixed slit width of the 

raster (2.5 nm). 

The drug encapsulation efficiency of AgFNPs-liposome 

After berberine encapsulated in the liposome, unencapsulated 70 
berberine (Wunencapsulated) was separated by dialysis process, and 

Wunencapsulated was determined by UV-vis spectrophotometer 

(Agilent 8453). The encapsulation efficiency (Eencapsulation) of the 

berberine in the liposome was calculated as follows: 16,20 

Eencapsulation = (Wencapsulated) / Wtotal) × 100%  75 
= (Wtotal – Wunencapsulated) / Wtotal) × 100% (1) 

Wtotal, Wencapsulated and Wunencapsulated were the amount of total drug, 

encapsulated drug and unencapsulaed drug, respectively.  

The  drug release from AgFNPs-liposome 

After drug release, the released berberine in the liposome solution 80 
was separated through dialysis process. The released berberine 

amount (Wrelease) was determined using UV-Vis spectrometry. 

The release efficiency (Erelease) of the berberine in the liposome 

was calculated as follows: 16,20 

Erelease =  (Wrelease / Wencapsulated) × 100%  (2) 85 
Wrelease and Wencapsulated were the amount of release drug, and 

encapsulaed drug, respectively.  
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