
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Lasers and liposomes : a potentially efficacious combination for the non-invasive
removal of pathological cutaneous vasculature

Heger, M.

Publication date
2009

Link to publication

Citation for published version (APA):
Heger, M. (2009). Lasers and liposomes : a potentially efficacious combination for the non-
invasive removal of pathological cutaneous vasculature. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/lasers-and-liposomes--a-potentially-efficacious-combination-for-the-noninvasive-removal-of-pathological-cutaneous-vasculature(ec94b346-6040-4ada-94a6-e06195b0e28b).html


���

 

���Chapter � - Lasers and Liposomes

1. 0605 Michal_Heger.indd   127 05-06-2009   11:54:20



���

1. SITE-SPECIFIC PHARMACO-LASER THERAPy

In Chapters 1 and 5 we proposed that the treatment efficacy of selective photothermolysis 

may be enhanced by site-specific pharmaco-laser therapy (SSPLT), a treatment modality that 

combines conventional laser therapy with the prior systemic administration of prothrombotic 

and/or antifibrinolytic pharmaceutical agents encapsulated in a drug delivery system (DDS). 

The underlying principles of SSPLT are derived from the fact that thrombosis constitutes 

an inherent component of endovascular laser-tissue interactions in incompletely coagulated 

vessels. With permanent hemostasis as the primary goal of selective photothermolysis, the 

hemodynamic response may be used as a means to occlude vascular lumens that have not 

been completely thermolysed during laser irradiation (60% of PWS patients). In this respect, 

manipulating hemostatic conditions by the administration of prothrombotic and/or antifibri-

nolytic pharmaceuticals may function as an adjuvant in complementing an inadequate endo-

vascular damage profile.

 In the ideal scenario, a combination of procoagulants and antifibrinolytics is adminis-

tered to enhance and sustain thrombus development and integrity. An important distinction 

in these classes of drugs is that the currently marketed procoagulants are primarily recom-

binant proteins, whereas the two major antifibrinolytics – tranexamic acid (TA) and aminoca-

proic acid – are low molecular weight synthetic compounds composed of a carbon backbone 

and an amino and a carboxylic acid group. This distinction is crucially relevant in assessing 

the qualifications of a drug in regard to its molecular complexity, shape and size, stability, 

as well as pharmacokinetics, inasmuch as these factors will have an impact on the physical, 

chemical, and physiological properties of the DDS. Due to the evident disadvantageous fea-

tures of proteins and possibilities to circumvent their use as procoagulants, the development 

of an antifibrinolytic DDS was preferred over its procoagulant counterpart. 

2. ANTIFIBRINOLyTIC-ENCAPSULATINg LIPOSOMAL DRUg DELIvERy SySTEM

The evident hazard of parentally administering prothrombotic and/or antifibrinolytic substanc-

es to non-coagulopathic patients is impairment of the hemostatic “checks and balance” 

system. Consequently, the pharmaceutical efficacy must be constrained to the laser-treated 

birthmark region only, insofar as regulation of naturally occurring hemostatic events is not 

compromised. A rudimentary DDS for SSPLT should therefore be characterized by: 1) stable 

physicochemical properties with minimal passive release rates of the encapsulated drug 

over time, 2) high encapsulation efficiency since enclosure of the drug will limit its bioavail-

ability, 3) targeting to the site of laser-induced damage, 4) efficacious drug release mecha-

nism, and 5) low immunogenicity. 

 In light of these criteria, the initial focus is on developing a liposomal DDS for the 

encapsulation of TA, an antifibrinolytic agent that is widely used in the clinical setting to 

deter peri- and postoperative blood loss in cardiac surgery [1,2] and other highly invasive 

procedures, including scoliosis corrections in children [3] and hip arthroplasties [4]. TA is also 

prescribed as a prophylactic for patients with hemophilia and von Willebrand disease [5], 

Chapter � - Lasers and Liposomes

1. 0605 Michal_Heger.indd   128 05-06-2009   11:54:20



���

as well as excessively mennorhagic women [6]. TA completely antagonizes the biological 

activity of plasmin(ogen) by occupying its lysine-binding sites [7]. Plasmin, which is gradu-

ally formed with the onset of blood coagulation, is responsible for cleaving cross-polymer-

ized fibrin strands that make up the reticular network of the clot (Fig. 1) [8]. The absence of 

Figure 1. Simplified schematic representation of the coagulation cascade (secondary hemostasis) and fibrinolysis. 
Upon endothelial damage and exposure of tissue factor, a cascade of conversions of zymogens (factors) to their active 
form (“a”) is initiated, culminating in the formation of thrombin, which in turn acts as an enzyme in the conversion 
of soluble fibrinogen to fibrin strands. Aggregated platelets at the lesional site (primary hemostasis) are tethered by 
cross-polymerized fibrin strands to constitute a thrombus, where the cross-linked fibrin strands provide the skeletal 
framework. The fibrinolytic pathway is initiated concomitantly with the onset of the coagulation cascade to propor-
tionally restrain thrombus growth to the extent of injury. The end-product of this pathway is plasmin, which solubilizes 
polymerized fibrin through proteolytic action, thereby degrading the thrombus. Prothrombotic drugs influence the 
coagulation cascade by augmenting thrombin production, whereas antifibrinolytic drugs, such as tranexamic acid 
(TA), inhibit plasmin(ogen) and inhibit thrombus dissolution. tPA: tissue plasminogen activator, PAI-1: plasminogen 
activator inhibitor-1, -2-AP: -2-antiplasmin, TAFI: thrombin-activatable fibrinolysis inhibitor. The bilayer segments 
represent cytoplasmic membranes of platelets and endothelial cells.
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fibrinolysis by the inhibitory effect of TA will therefore preserve clot integrity and promote 

clot stability during and after laser-induced thrombus formation, delaying gradual thrombus 

dissolution as a result of fibrinolysis and shear stress.

 The chemical simplicity of TA (a cyclohexane with a carboxylic acid and an aminometh-

yl attached at the 1 and 4 positions, respectively; MW =157.2), together with its hydrophilic 

properties, high solubility, pharmacological efficacy, and (off patent) FDA approval status 

make this molecule a suitable compound for encapsulation. For the purposes of SSPLT, lipo-

somes constitute the most advantageous carrier system due to their manipulatable attributes 

(Fig. 2) and their ability to encapsulate hydrophilic and lipophilic molecules at high efficien-

cies. In addition to the inherent non-toxicity of neutral phospholipids [9,10], liposomes can be 

modified compositionally to facilitate the unique prerequisites of the DDS. Enhancement of 

the in vivo circulation time can be accomplished by proper sizing [11] and by the conjugation 

of polyethylene glycol (PEG) to polar phospholipids, usually phosphatidylethanolamine [12-

15]. It has been proposed that the presence of a “dense conformational cloud” by the PEG 

polymers over the liposome surface [16], the repulsive interactions between PEG-grafted 

membranes and blood constituents [17], the hydrophylicity of PEGylated formulations [18], 

and the decreased rate of plasma protein adsorption on the hydrophilic surface of PEGylated 

liposomes [19] impose so-called ‘stealth’ properties through which rapid clearance by cells 

of the reticuloendothelial system is considerably forestalled [20]. Inclusion of PEG chains is 

also useful for designing long-circulating immunoliposomes capable of homing to the target 

site through the attachment of antibodies or Fab’ fragments to a chemically modified distal 

end of a liposome-grafted PEG chain [21-24]. Antibodies directed against platelet epitopes, 

including CD41 (glycoprotein IIb/IIIa) and CD62P (P-selectin), or antibodies against fibrin are 

suitable candidates for SSPLT.

Figure 2. Compositional versatility of liposomes. Left 
panel: Conventional liposomes are composed of neu-
tral phospholipids (primarily phosphatidylcholine) with 
encapsulated compounds in either the aqueous phase 
or embedded in the membrane (e.g., lipophilic drugs), 
or with molecules attached to the outer membrane sur-
face. Top panel: Anionic lipids such as phosphatidyl-
serine can be incorporated into the bilayer to facilitate 
uptake by cells. Charged moieties can also be attached 
to various polymers chemically linked to the lipid head 
group. Right panel: Stealth liposomes contain polyeth-
ylene glycol-grafted phospholipids to evade rapid uptake 
by leukocytes and to prevent aggregation through steric 
stabilization. Bottom panel: Immunoliposomes have 
antibodies, antibody fragments, or peptides attached to 
their surface to facilitate targeting to cells or tissues that 
specifically recognize the conjugated epitopes.

Chapter � - Lasers and Liposomes

1. 0605 Michal_Heger.indd   130 05-06-2009   11:54:22



���

3. THERMOSENSITIvE LIPOSOMES

An additional benefit of liposomal DDSs is that the drug release mechanism can be accom-

modative to the specific application and physiological context. For SSPLT, the active trig-

gering mechanisms can be engineered around thermosensitivity (membrane destabilization 

through kinetic energy) [25-27], photochemical modification of bilayer structure [28,29], or a 

combination thereof. In all cases, light can be used for the active triggering of drug release, 

either through kinetic energy (heat) or photochemistry (oxygen radicals, acyl chain confor-

mational modifications).

  Given the thermal nature of endovascular laser-tissue interactions, the triggering 

mechanism of the rudimentary antifibrinolytic DDS will be designed around thermosensi-

tivity. Contrary to photochemical triggering mechanisms, which require the co-encapsula-

tion of a photosensitizer, liposomal thermosensitivity is strictly derived from the selection of 

thermodynamically suitable phospholipids. Due to its neutral head group and clinically favor-

able gel (L) to liquid-crystalline (L) phase transition temperature (Tm = 41°C), dipalmitoyl 

phosphatidylcholine (DPPC) has been used as the basal phospholipid for in vivo DDSs, often 

blended with phospholipids with a variable acyl chain length of ±2 carbon atoms to ensure 

ideal mixing of phases and to extend the temperature shoulders of the Tm [30,31], and/or 

chain-matched lysoPC for speeding up release kinetics [26,27]. Hyperthermia has been em-

ployed in numerous liposomal formulations in vitro and in vivo [26,27,32-38] to initiate a 

thermotropic alteration in membrane permeability that will lead to a rapid, triggered release 

of the loaded molecules. 

 Two interrelated hypotheses have been formulated to account for the increased perme-

ability as a function of energy input. The first hypothesis is centered around the existence 

of grain boundaries (Fig. 3A) that arise in mixed systems of phospholipids coexisting in the 

relatively ordered L and relatively disordered L phases or in monolipidic and mixed systems 

undergoing main phase transitions [39-44]. Upon reaching Tm, “the gain in configurational 

entropy of the lipid chains” drives the chain-melting transition that chiefly results in rotational 

isomerisation (the transition from a trans to gauche conformation, Fig. 3B) and alterations in 

the ordering of water molecules (i.e., hydration state of the membrane) [43]. The former is a 

highly cooperative event given the anisotropic constraint imposed by the molecular organiza-

tion of the lipid matrix; kinks in one hydrocarbon tail will unequivocally affect the conforma-

tion of adjacent tails [42], hence the lateral propagation of the chain melting process from its 

origin at the grain boundaries (Fig. 2C, D). This, in turn, results in membrane surface-span-

ning molecular packing defects whereby polar and charged molecules can transgress the hy-

drophobic core through thermotropically-induced cavities. Secondly, increases in membrane 

permeability have been correlated to increases in lateral compressibility, i.e., the changes 

in the cross-sectional area of lipid chains (or volume per lipid molecule) near and at the Tm 

[43,45,46]. According to theoretical models [45,46], these critical density oscillations in the 

bilayer display a maximum at the Tm and lower the transmembrane free energy barrier to dif-

fusion of ions and supposedly lower molecular weight compounds such as doxorubicin and 

carboxyfluorescein – an effect that has been extrapolated (mathematically) to a temperature 

range from several °C below to several °C above Tm. The spacing between the polar head 
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groups in the near-critical state exposes the hydrocarbons to H2O, which, according to Evans 

and Waugh [47], coincides with the exposure of the hemispherical cavities that could thus 

act as permeability gateways.

 It should be emphasized that empirical findings clearly and unequivocally demonstrate 

membrane permeability at the Tm and in its transition shoulders. However, explications of 
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Figure 3.    A) Electron micrograph of grain boundaries in a gel phase lipid monolayer of distearoyl phosphatidylcho-
line coated onto a gas bubble. Recent evidence from electron micrograph images of dimyristoyl phosphatidylcholine 
(DMPC) liposomes [86] and giant vesicles [65] and atomic force microscopy (AFM) images of supported single DMPC 
bilayers [87] corroborate the existence of grain boundaries in monolipidic formulations. Courtesy of David Needham, 
used with permission. B) Diagram of a lipid bilayer leaflet of dipalmitoyl phosphatidylcholine in the gel phase (left mol-
ecule) transiting to the liquid-crystalline phase (right molecule). The figure is a superimposable representation at the 
molecular level of the thermogram/phase diagram in (C). The hydrocarbon chains of the gel phase phospholipid are in 
an all-trans state before phase transition. Following phase transition into the liquid crystalline phase, the hydrocarbon 
chains exhibit considerable rotameric disorder that is characteristic of linear alkyl chains at T>Tm. The thinning of the 
membrane is shown by I = Ib – Ia and the molecular areas Aa (gel phase) and Ab (liquid crystalline phase) are indicated. 
The horizontal solid line marks the midplane of the bilayer. Partially adapted from [80]. C) The gel to liquid crystalline 
phase transition for a lipid bilayer. The maximum in several physical properties and characteristics, such as (all on y-
axis) specific heat, membrane permeability, and interphase boundary (between the melted liquid phase and still solid 
gel phase) are all at a maximum at Tm, and define Tm. The pre-melting and the post-melting at the grain boundaries, 
corresponding to respectively the low temperature and high temperature shoulder, could in principal provide signifi-
cant membrane permeability for the release of entrapped molecules. Partially adapted from [65]. D) AFM images (3x3 
µm) of the main phase transition of a DMPC supported single bilayer. Differential phase transition kinetics arise at the 
substrate (mica)-lipid interface and the lipid-solution interface due to the non-equivalent (thermal) environment of the 
membrane leaflets, characterized by differences in lipid densities [87]. The darkest areas are cavities in the bilayer. 
The sample was continuously heated under the AFM tip at a rate of 0.1°C·min-1. Phase transition invokes the lateral 
expansion of the higher order entropic phase, as depicted in (C). Courtesy of Anne Charrier, used with permission.
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the exact mechanisms underlying membrane permeability remain partially elusive inasmuch 

as they have been based on model assumptions of primarily isolated systems where certain 

input variables have often been omitted, albeit in some cases supplemented with (structural) 

information obtained from NMR, X-ray diffraction, electron spin resonance spectroscopy, 

differential scanning calorimetry, or atomic force microscopy data [40-49, and references 

therein]. 
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