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Abstract 

We demonstrate that ciprofloxacin can be actively loaded into liposomes that contain 

small amounts of porphyrin-phospholipid (PoP). PoP renders the liposomes 

photoactivatable, so that the antibiotic is released from the carrier under red light 

irradiation. The liposome formulation was optimized for ciprofloxacin loading, 

storage stability, and rapid light-triggered drug release. Use of 2 molar % PoP 

liposomes allowed maximum active loading of Ciprofloxacin. Inclusion of 2 molar 

% of an unsaturated phospholipid further accelerated light-triggered drug release 

(more than 90% in less than 30 seconds). With or without laser treatment, 

ciprofloxacin PoP liposomes inhibited the growth of Bacillus subtilis in liquid 

media, apparently due to uptake of the liposomes by the bacteria. However, when 

liposomes were first separated from smaller molecules with centrifugal filtration, 

only the filtrate from laser-treated liposomes was bactericidal, demonstrating 

effective release of intact antibiotic. These results establish the feasibility ofactively 

loading antibiotics into photoactivatable liposomes, which could create new 

possibilities for enhanced localized antibiotic therapy. 
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1. Introduction 

An aim of drug delivery systems is generally for the selective accumulation of 

bioavailable drugs at target sites[l-3]. Several nanoparticles have shown their ability 

to cause site-specific drug-release by means of intrinsic and extrinsic triggers[4]. 

Drug delivery at target sites by intrinsic triggers like pH[5-10], enzymes[l 1-13] or 

by external application of stimulus like heat[14-18], light[19-28] and magnetic 

pulses[29, 30] has been designed to aid in better disease treatment while protecting 

the healthy organs from any side-effects caused by the drug. 

Liposomes are lipid-based self-assembled nanostructures used as carriers for drug 

delivery[31-33]. The properties of liposomes show potential as a carrier for 

antibiotic drug delivery[34]. 

Various strategies have been recommended to enhance drug bioavailability by 

providing stimulus to the liposomes. Over three decades of extensive studies on 

thermosensitive liposomes show that generally heat trigger mechanisms including 

photothermal trigger methods have limited stability in physiological conditions as it 

is difficult to develop materials that stay stable at 37 °C but release cargo around 42 

°C[14, 16, 35]. Alternatively, studies on light trigger methods involving design 

strategies, release rate and mechanisms are still emerging[35]. 

1 
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Photosensitive liposomes have been developed by altering the design of liposome 

structure. One strategy is by incorporating reactive unsaturated lipids which 

photopolymerizes under ultraviolet light to incite permeabilization of lipid 

bilayers[12, 28, 36, 37]. Another way is by inducing reaction to release singlet 

oxygen that oxidizes unsaturated phospholipids[28, 38, 39] resulting in membrane 

permeabilization[28, 40, 41]. Porphyrin phospholipid (PoP) is a lipid like molecule 

that can be used to produce nanostructures with theranostic applications. PoP 

comprises of a glycerol backbone structure of phosphatidylcholine with a palmitoyl 

group at the sn-1 position and the central hydroxyl group at sn-2 position esterified 

to a monocarboxylic porphyrin derivative[30]. Figure 2 is an illustration ofPoP. The 

efficiency of PoP liposomes loaded with Gentamicin on bacterial growth has been 

reported[ 4 2]. 

Phototherapeutic antimicrobial applications including photodynamic therapy (PDT) 

have been explored for a range of infectious disease targets [ 43, 44]. It is possible 

that combining light-triggered release of antibiotics could offer advantages for 

treating local infection. 

Ciprofloxacin (1-cyclopropyl-6-fluor-1 ,4-dihydro-4-oxo-7-(1-piperazinyl)-3-

quinoline carbonic acid [CIP]) is a fluoroquinolone carboxylic acid derivative with 

a broad spectrum of antibacterial activity against both gram positive and gram 

2 



MS Thesis - S. Ghosh, State University ofNew York at Buffalo - Biomedical Engineering 

negative bacteria[ 45, 46]. It is administered by both intravenous infusion and oral 

dosing form[ 4 7]. CIP is the most effective fluoroquinolone against infections, 

frequently caused by pseudomonas, associated with cystic fibrosis. It is also used for 

the prevention and treatment for anthrax. Hence, CIP is the most widely used 

fluoroquinolone in the United States [ 48]. However, there are some reports of 

adverse effects. Fluoroquinolones have been associated with heart abnormalities 

including Torsades de Pointus (TdP) which is a rare but lethal form of polymorphic 

ventricular tachycardia. Due to this, other members of fluoroquinolones like 

grepafloxacin and sparfloxacin are not used. There are several reports on TdP 

associated with CIP[ 49]. It has also been suggested that CIP administration may 

contribute to tendon disorders [50]. Liposomal drug formulation for doxorubicin has 

been shown to minimize cardiotoxicity [51]. Liposomal CIP formulation have 

previously been demonstrated using active loading techniques with ammonium 

sulfate [52, 53]. 

3 
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2. Materials and methods 

2.1. Liposome preparation 

Lipids were obtained from CordenPharma International and other materials were 

acquired from Sigma; unless stated otherwise. 1,2-distearoyl-sn-glycero-3-

phosphocholine (DSPC, CordenPharma #LP-R4-076), cholesterol (CordenPharma 

#CH-03 5 5), 1,2-Dioleoyl-sn-Glycero-3-Phosphocholine (DOPC, CordenPharma 

#LP-R4-070) and 1,2-Distearoyl-phosphatidylethanolamine-methyl

polyethyleneglycol conjugate-2000 (MPEG-2000-DSPE, CordenPharma #LP-R4-

039) were used. Pyro-lipid was synthesized as previously described[54]. Various 

liposome formulations were prepared by dissolving 100 mg of the lipids at indicated 

molar ratios in 1 mL of ethanol at 60°C, then the lipid solution was injected with 4 

mL of 250 mM ammonium sulfate (pH 5 .5) buffer at 60°C. To extrude the 

liposomes, the lipid solution was passed 10 times through a high pressure nitrogen 

extruder (Northern Lipids) with sequentially stacked 0.2, 0.1 and 0.08 µm pore size 

polycarbonate membranes at 60°C. Removal of free ammonium sulfate and ethanol 

was done by dialysis ( at least twice) in an 800 mL solution of 10% sucrose with 10 

mM PBS (pH 5.8). Ciprofloxacin (CIP, Sigma Aldrich 17850-5G-F) was loaded into 

the liposomes by adding CIP in 1:10 drug:lipid (D:L) loading molar ratio and 

incubating the solution at 60°C for 60 minutes. 

4 
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2.2. Liposome characterization 

Liposome sizes and polydispersity index were determined in PBS by dynamic light 

scattering in a NanoBrook 90 plus PALS instrument. Loading efficiency was 

estimated by passing 1 mL of loaded liposomes over a Sephadex G-75 column and 

collecting 24 x 1 mL fractions. The loading efficiency of the liposomes was 

measured as the percentage of the drug determined by the amount of drug 

fluorescence in the column fractions containing liposomes. CIP fluorescence was 

measured with an excitation of 277 nm and emission of 455 nm using a TECAN 

Safire fluorescent microplate reader. 

2.3. Fluorescence emission spectra and light release experiments 

Fluorescence emission spectra of CIP in liposomes and liposomes alone with and 

without Triton Xl00 (TX) was investigated with a fluorometer (PTI) at excitation of 

277 nm. The CIP light release experiments were conducted by diluting liposome 

samples 1000 times in PBS and then irradiating it with a 665 nm diode laser (RPMC 

laser, LDX-3115-665) at a fluence rate of ~310 mW/cm2
. CIP release was 

determined in real time with PTI and the percentage of CIP release was calculated 

by the formula% Release= (Final- initial)/(FTX-100-Finitial) x 100%. 

5 
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2.4. Antibacterial effect ofliposomes 

Bacillus subtilis(CmR) culture was inoculated in liquid LB media at 37 °C overnight. 

The CIP-PoP-liposomes were pre-treated with laser at fluence rate of 310 mW/cm2 

for 10 minutes. The CIP concentration in CIP-PoP-liposomes was 0.01 ug/mL. For 

experiments with filtrates ofCIP-PoP-liposomes, laser treated or untreated CIP-PoP

liposomes were centrifuged and filtered using eppendorf tubes with 1 00kDa 

membrane filters at 15000 ref for 15 minutes. B. subtilis was incubated in LB broth 

with empty PoP-liposomes or laser treated/untreated CIP-PoP-liposomes with 

constant agitation of250 rpm at 37 °C. The growth of the bacteria was monitored by 

measuring the Optical Density (OD) of the culture at 0, 1, 2, 4, 6, 8 and 10 hours 

respectively. 

6 
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3. Results and Discussion 

3.1. Drug loading and release 

To generate liposomes loaded with ciprofloxacin, we prepared PoP liposomes by 

modifying an active-loading technique developed for doxorubicin using an 

ammonium sulfate gradient [30]. Beyond a few molar percent PoP, active 

doxorubicin loading was impeded. On the other hand, irinotecan could be loaded 

into PoP liposomes without PoP having an impact on loading [55]. To evaluate how 

this phenomenon would apply to Ciprofloxacin (CIP), we prepared liposomes with 

DSPC:Cholesterol (molar ratio 67:33) and Pyro-lipid (in different mole¾) was 

titrated into the liposomes replacing DSPC. 
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Figure 1: Loading CIP into PoP liposomes. A) Loading efficiency of liposomes 

consisting ofDSPC:CHOL(molar ratio 2:1) including different amounts of PoP. B) 

Change in size ( effective diameter) of liposomes at different stages of liposome 

preparation and loading. C) Change in Polydispersity index ofliposomes at different 

stages of liposome preparation and loading. 

Liposomes with 2 mole% pyro lipid showed maximum loading efficiency of CIP 

which was found to be 94 % of the drug added. It was observed that CIP could be 

loaded into the liposomes with much higher pyro-lipid content of 15 mol¾, so there 

was no limitation towards the amount of pyro-lipid that could stop loading CIP as 

shown in Fig. lA. 

The size and polydispersity index of the liposomes was evaluated at different stages 

of its preparation. Fig lB shows that the size of PoP liposomes shrunk to about 100 

nm after extrusion and remained almost the same size till CIP was loaded. Fig. 1 C 

shows that the polydispersity index of the PoP liposomes dropped after extrusion 

and remained close to O.1 at all stages of the preparation. 

9 
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Figure 2: Fluorescence emission spectra of CIP in PoP liposomes and light

triggered CIP release: A) Emission spectra of CIP in PoP liposomes and B) PoP 

liposomes alone with and without Triton Xl00 (TX) measured at excitation 

wavelength 277 nm. C) Light induced release of CIP from liposomes consisting of 

DSPC:PoP:Chol (molar ratio 65:2:33) under 665 nm irradiation at different fluence 

rates of ~50 mW/cm2
, ~100 mW/cm2

, ~200 mW/cm2
, ~300 mW/cm2 performed for 

10 minutes. D) Shows the relation between energy required for 50% drug release 

from this formulation of given concentration. Data represent the average of three 

experiments. 

The fluorescence emission spectra of CIP in PoP liposomes was examined. Fig. 2A 

and Fig. 2B shows the actively loaded drug was substantially quenched. However, 

upon addition of detergent, released CIP had a strong emission spectra peak around 

440 nm. PoP liposomes themselves did not not exhibit background fluorescence with 

or without detergent lysis. These spectral properties provide a convenient method 

for monitoring the release of CIP from liposomes. 

Light triggered release of CIP from CIP-liposomes containing 2 mole¾ pyro-lipid 

was assessed in vitro, in PBS. As shown in Fig. 2C, CIP-PoP-liposomes were 

irradiated with 665 nm laser at four different laser fluence rates (~50 mW/cm2
, ~100 

12 
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mW/cm2
, ~200 mW/cm2 and ~300 mW/cm2

) for 10 minutes and it was found that 

though the PoP-liposomes were able to release CIP at all the laser fluence rates, 

fastest release was observed at highest fluence rate of ~300 mW/cm2
. At laser 

fluence rate of ~300 mW/cm2
, more than 90% of the encapsulated CIP was released 

in less than 4 minutes. Fig. 2D shows the relation between amount of energy 

required for 50% CIP release from this formulation of given concentration, the 

formula being y = 45.995x-0·332 where y is time in seconds, xis laser fluence rate in 

W/cm2 and energy is in J/cm2
. 

3.2. DOPC accelerates light-triggered drug release: 

To expedite release of CIP from CIP-PoP-liposomes, an unsaturated lipid DOPC 

was titrated into CIP loaded PoP-Liposomes of formulation DSPC:CHOL:PoP 

(molar ratio 65:33:2) replacing DSPC and the NIR light-triggered release ofCIP was 

tested. In a previous study, it was reported that light triggered drug release was 

greatly accelerated by the inclusion of a small amount of DOPC[28]. Hence, we 

conducted a comparative study on the NIR light triggered CIP release from CIP

PoP-liposomes containing different amounts of DOPC titrated into PoP-liposome 

formulation replacing DSPC. This study was conducted in vitro in PBS under 665 

nm laser at laser fluence rate of ~310 mW/cm2 for 10 minutes. 

13 
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Figure 3: DOPC accelerates light triggered release. DOPC was titrated into 

liposome consisting of DSPC:PoP:Chol (molar ratio 65:2:33). Data represents the 

change in liposomes on adding 2% DOPC into liposomes. A) Laser induced release 

ofCIP under 665 nm irradiation from the liposomes with different amounts ofDO PC 

in it. B) Laser induced CIP release under 665 nm irradiation from liposomes with 

2% DOPC at different fluence rates of~50 mW/cm2
, ~100 mW/cm2

, ~200 mW/cm2
, 

~300 mW/cm2 performed in triplicates, each for 5 minutes. C) Laser irradiation time 

required for 90% CIP release in PBS. D) Shows the relation between energy required 

for 50% drug release from this formulation of given concentration. E) Liposome 
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loading. F) Liposome size. G) Liposome polydispersity. Data show mean+/- S.D. 

for each sample being tested 3 times and the mean reported. 

We observed that 2 mole % DOPC titrated into PoP-liposomes showed fastest 

release of 100% of the encapsulated drug as shown in Fig. 3A. Fig. 3B shows the 

influence ofdifferent laser fluence rates on the rate ofCIP release from the liposome 

formulation DSPC:CHOL:PoP:DOPC (molar ratio 63:33:2:2). Fig. 3C shows the 

rapid release ofCIP as an effect ofDOPC at different laser fluence rates as compared 

to the formulation without DOPC. Under 665 nm laser irradiation at fluence rate of 

300 mW/cm2
, adding 2 mole% DOPC into PoP-liposomes escalated the release rate 

to an extent such that more than 90% of the loaded CIP was released in less than 0.5 

minutes whereas the formulation without DOPC took about 4 minutes. Fig. 3D 

shows the relation between amount ofenergy required for 50% CIP release from this 

formulation of given concentration, the formula being y = 13.595x-0·521 where y is 

time in seconds, x is laser fluence rate in W/cm2 and energy is in J/cm2
. Fig. 3E 

shows that the drug loading capability ofthe new formulation ofPoP-liposomes with 

DOPC was not reduced much as compared to the previous formulation devoid of 

DOPC. Fig.3F shows the size of the liposomes contracted after extrusion and 

remained close to 100 nm even after loading the drug. Fig.3G shows that the 

polydispersity index of liposomes reduced after extrusion and remained lesser than 

18 
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0.1 even after loading CIP which indicates that the liposomes were in a 

monodispersed pool ofnanoparticles. However, when the CIP-PoP-liposomes were 

stored at 4 °C, we found that it had a tendency to settle at the bottom leaving a clear 

liquid at the top. In a previous study it was reported that inclusion of 5 mole¾ of a 

lipid containing Polyethylene glycol into PoP-liposomes enabled them to develop 

stealth PoP liposomes with long blood circulation, longer storage stability and rapid 

light triggered release[30]. Therefore, to optimize the formulation, we added PEG

lipid into PoP-liposomes replacing DSPC which made them stay as a homogenous 

suspension for a longer time. Therefore, the optimized PoP liposome formulation 

developed, keeping the molar ratio of each lipid component intact except reduced 

DSPC being replaced by PEG-lipid, was DSPC:CHOL:PoP:DOPC:PEG-lipid with 

a molar ratio of 58:33:2:2:5. 

3.3. Antibacterial activity ofCIP-PoP-liposomes: 

The efficiency of the CIP-PoP-liposomes was assessed by comparing the effects of 

laser treated or untreated CIP-PoP-liposomes and empty PoP-Liposomes on B. 

subtilis (Lia model gram positive bacteria) growth patterns. 

19 
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Figure 4: Impact of CIP-loaded PoP liposomes on B. subtilis growth. The CIP

liposomes were pre-treated with 665 nm laser at fluence rate of ~310 mW/cm2 for 

10 minutes. The concentration ofCIP entrapped PoP liposomes was 0.01 ug/mL. B. 

subtilis culture was incubated in LB broth with following liposomes: Empty PoP 

liposomes, CIP liposomes ( +Laser or laser treated), CIP liposomes (-Laser or not 

treated with laser), Filtrate of CIP liposomes (+Laser or laser treated), Filtrate of 

CIP liposomes (-Laser or not treated with laser). The bacteria was then allowed to 

grow in constant agitation of 250 rpm at 37 °C and Optical density was measured at 

0, 1, 2, 4, 6, 8 and 10 hours respectively. A) B. subtilis growth curve with empty PoP 

liposomes, plus or minus laser treated whole CIP-liposomes determined by optical 

density ofthe cultures measured at different time points of incubation. B) The uptake 

ofPoP liposomes by bacteria was monitored over time by incubating B. subtilis with 

empty liposomes at room temperature, then bacteria was washed, treated with 10% 

Triton xl00 and Fluorescence of PoP in bacterial cells was measured on TECAN. 

C) B. subtilis growth curve with empty liposomes, filtrate of CIP-liposomes 

pretreated or untreated with laser determined by optical density of the cultures 

measured at different time points of incubation. D) Percentage ofB. subtilis growth 

inhibition with filtrate of pre-irradiated CIP-liposomes, expressed as [(optical 
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density of control minus optical density of sample)/(optical density of control)] X 

100, determined at different time points of incubation. Data show+- S.D. for n=3. 

We observed that though empty liposomes did not show any inhibition in the growth 

of bacteria, laser treated and untreated CIP encapsulated liposomes showed almost 

equivalent efficiency in inhibiting the growth of bacteria over time. The growth 

curve of B. subtilis with CIP-liposomes plus laser and minus laser showed similar 

growth patterns over 10 hours incubation (Fig. 4A). To investigate the reason behind 

high bacteria killing efficiency ofuntreated CIP-liposomes, the ability ofbacteria to 

absorb PoP-liposomes was tested. We found that the presence of PoP increased in 

the bacterial cells over time (Fig. 4B). This showed that the bacteria took up the PoP

liposomes effectively. To demonstrate efficacy of light-triggered release, we 

separated all small molecules from CIP PoP liposomes following laser treatment 

using microcentrifugal filtration. We inoculated bacteria with filtrate oflaser treated 

or untreated CIP loaded liposomes and measured growth over time. This showed 

that no inhibition of growth was found in bacteria with filtrate ofuntreated samples 

whereas ~100% inhibition ofgrowth was seen in samples with filtrate oflaser treated 

CIP-PoP-liposomes (Fig 4C, D). Thus, the approach of light-triggered CIP release 

is effective in releasing the intact antibiotic from the liposomes. Additional studies 
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should try to find conditions in which released drug diffusion or uptake could differ 

from the liposomal drug. 
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4. Conclusion 

We report a PoP liposome formulation of CIP with 1) high active drug loading, 2) 

rapid light induced drug release and 3) storage stability. Maximum encapsulation 

and significant light induced release rate of CIP was achieved by adding 2 mole¾ 

PoP in liposomes as the entrapment efficiency of CIP into PoP liposomes began 

reducing with increasing molar¾ of PoP into PoP liposomes above 2 mole¾. 

Simultaneously, inclusion of 2 mole¾ DOPC enabled rapid light triggered CIP 

release following NIR light irradiation under 665 nm laser at ~310 mW/cm2 for 10 

minutes. The stability of this formulation was augmented by incorporating 5 mole¾ 

PEG-lipid into PoP liposomes. The final formulation of PoP liposomes for CIP thus 

designed, to achieve high active loading of CIP with high Drug:Liposome ratio, 

rapid light induced drug release and better storage stability, was 

DSPC:CHOL:PoP:DOPC:PEG-lipid in molar ratio of 58:33:2:2:5. Though this 

approach of drug encapsulation and release enabled us to develop a PoP liposome 

formulation for CIP, further studies are required to study the encapsulation and 

release characteristics of PoP liposomes of other antibiotics. 

The efficiency of CIP entrapped PoP liposomes in killing bacteria was examined by 

observing the growth pattern of Bacillus subtilis (a model gram positive bacteria) 

25 



MS Thesis - S. Ghosh, State University ofNew York at Buffalo - Biomedical Engineering 

over time. The CIP loaded PoP liposomes showed ~ 100% inhibition of growth of B. 

subtilis thus proving the successful drug loading, drug release and efficiency of PoP 

liposomes as a nanocarrier for antibiotic therapy. Though, this approach showed the 

ability of CIP entrapped PoP liposomes in killing bacteria, in vitro and in vivo 

cellular studies are required to determine the drug administration and efficacy in 

treating bacterial infections in a patient. Furthermore, similar investigation is 

recommended to examine the potential of PoP liposomes for usage as a carrier for 

antibiotic therapy involving other antibiotics. 
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