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Abstract

Characterization of enzyme sensitive responsive
hydrogel/lipid system for triggered release 

Pétur Rafn Jónsson

This master thesis aimed to create and characterize 
multilayer coatings upon mesoporous silica particles 
(MSP). The properties of the coating aimed for, was to 
have a triggerable controlled release, where a
targeted enzyme within the intestine, alpha-amylase, 
is supposed to degrade the coating. The coating was 
created from a bilayer consisting of DOTAP and DOPC 
in a 1:3 molar ratio, which serves as a protective 
coating. The second layer interacting with the 
surroundings consisted of a starch component, 
amylopectin, which is degraded by alpha-amylase.
The study of the coating was performed with 
ellipsometry, where the adsorption of the different 
layers of the coating on a planar silica surface and the 
enzyme-triggered degradation was recorded. The 
adsorbed amount of DOTAP/DOPC was 4,22 ± 0,11 
mg/m2 and amylopectin 1,82 ± 0,94. The effects of 
different pH where performed, simulating the coated 
particle going through the gastro-intestinal system.
Two enzymes alpha-amylase and phospholipase A2 
(PLA2) where used for degradation of the coating. 
The knowledge from ellipsometry was applied to 
coating mesoporous silica particles and it was 
confirmed that the two layers had formed with 
zetapotential measurement.
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Populärvetenskaplig sammanfattning 
 
Inom läkemedelsutvecklingen är det av ett stort intresse att kunna målstyra ett 
läkemedel till sin verkningsplats. Med målstyrningen undviker man att läkemedlet 
interagerar eller skadligt påverkar andra platser eller organ i kroppen. Som ett 
exempel är cancerläkemedel ute efter att ta död på celler som genomgått en mutation 
och har lett till bildandet av cancertumör vid celldelning. Cancerläkemedlet påverkar 
dock både friska celler och cancerceller. Det man vill uppnå är att läkemedlet endast 
ska påverka cancercellerna för att slippa biverkningar som uppstår. 
Målstyrningen kan göras på många olika sätt där man idag använder sig mycket av 
kroppens egna signaler. Signaler som framhävs vid sjukdomstillstånd som t.ex. höga 
halter utav ett enzym som utsöndrats kring en plats i kroppen. Den höga halten av 
enzym kan man dra nytta av för att använda ett ämne som bryts ner av enzymet och 
som kan kapsla in läkemedlet. Inkapslingen skapar ett hölje runt läkemedlet. 
 
Det är inte alla typer av läkemedel som man kan ha inuti höljet vilket beror på om 
läkemedlet är fettlösligt eller vattenlösligt. Med hjälp av så kallade mesoporösa 
silikapartiklar, sfärliknande partiklar med mängder av håligheter, kan man ladda in ett 
läkemedel i håligheterna. Man kan med hjälp av olika tekniker ändra egenskaperna i 
håligheterna för att olika typer av läkemedel ska passa in. Ytan på silikapartikeln är 
laddad, vilket möjliggör att komponenter med motsatt laddning kan användas för att 
bilda höljet som ska omsluta hela partikeln. Man vill därför använda sig utav 
komponenter som gör att läkemedlet inte läcker ut ur sfären då den är i kroppen. I det 
här arbetet har man därför använt sig utav fosfolipider som finns i cellernas membran 
och är där för att skydda cellernas inre miljö från den yttre. På lipidmembranet kan 
man sedan lägga ett lager med målstyrande komponenter, i detta fall amylopektin som 
är en stärkelsekomponent, som ska brytas ner av det eftertraktade enzymet. På det här 
viset kan en målstyrd läkemedelsfrisättning i kroppen skapas. 
 
Resultatet av den här studien leder till en större förståelse för hur en skyddande 
barriär ska byggas upp för att undvika läckage av läkemedel från den mesoporösa 
silikapartikeln. Arbetet beskriver hur det målstyrande höljet byggs upp runt den 
skyddande barriären och karaktäriserar de två lagren med hjälp av z-
potentialmätningar. De två lagren studeras även utifrån kroppens pH längs mag-
tarmkanalen. Detta för att förstå om barriären klarar av att inte brytas ner av kroppens 
pH eller enzymer längs mag-tarmkanalen tills den når enzymet som barriären är 
målstyrd att brytas ner av. Samtidigt ska barriären kunna skydda läkemedlet innanför 
under passagen. 
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1. Introduction 
 
The possibility to target a site within the body for drug release is of great interest for 
researchers and there are many clever ways in which this can be done. The key of 
targeting is the internal environment, i.e. by utilizing degradation by enzymes, 
different gradients of pH, different temperatures, changes in redox potential, 
substrates at the target site and ionic strength which can differ within different parts of 
the body (1). There are also external stimuli such as applying electric or magnetic 
field, ultrasound or heat after intake of a drug that can be used to release the active 
substance. From this knowledge one can start tailoring a coating, to encapsulate the 
drug and that only responds to a specific stimuli at the target site. This type of system 
is often described as a stimuli-responsive system that secure that the loaded active is 
released at the correct site. For example these systems can be used for anticancer 
active drugs, where the extracellular pH is slightly more acidic than normal pH or 
where higher levels of a certain enzyme is used as a defense mechanism by the tumor	  
(1)	  (2) (3). 
 
The benefits of targeting a site is that the amount of active component can be reduced 
and undesired side-effects avoided. For instance in anticancer treatment drugs the 
active component is supposed to be toxic only for the cancer cells, but the active is 
toxic also to healthy cells. The requested toxic effect is also lowered for the rest of the 
body and is only toxic at the targeted site. Usually a larger amount of active is used to 
make sure that the right amount of active reaches the site where effect is requested to 
give therapeutic effect. By targeting the specific site of action the amount of active 
can be reduced and still give a therapeutic effect. 
 
This thesis has investigated an enzyme-stimuli system with lipid and polymer layers 
encapsulating carrier particles containing the active. The enzymes at the target site 
breaks down the polymer and lipid layers to release the active compound. A polymer 
layer forms the outermost layer of the coating, whereas the inner layer is a 
phospholipid bilayer. A bilayer is the main structural component of a cell membrane 
and serves as a protective barrier, by in this case keeping the actives inside and 
protecting it from the external environment. The positive aspect of using 
phospholipids is that they have proven to be biocompatible, biodegradable and 
nontoxic. These also have low accumulation in heart, kidney and the nervous system. 
Liposomes are rapidly cleared from blood stream by opsonization but with an outer 
polymer encapsulation this is prohibited. As carrier for the active mesoporous silica 
particles (MSP) have been proven of great interest due to their great versatility not 
only within the pharmaceutical area. It has also shown to be of use for the paint and 
food industry. The MSP offers a particle that is biodegradable, biocompatible, has a 
large specific area, tunable pore size and large pore volume(4)	  (5). The surface of 
mesoporous silica particles can be multifunctionalized with different coatings due to 
its charged silanol-group. The pores of the system can be modified to be either 
hydrophobic or hydrophilic depending on what active that is of interest. 
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1.1 Aim 
 
The aim of the master thesis is to establish a process to build up and study the 
properties of a protective and enzyme triggered coating for controlled release within a 
human body. The enzyme α-amylase will be used as a target of this thesis as it is 
linked with diseases were it is found at high concentrations in the pancreas that is part 
of the gastro-intestinal system. The thesis is a part of the CODIRECT consortium and 
the outline is based on knowledge generated within the consortium in terms of loading 
and release strategies as well as design of responsive systems.  
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2. Mesoporous Silica Particles  
	  
The formation of mesoporous silica particles is a well-studied process at YKI. Two 
separate doctoral studies regarding industrial production of MSP have been done (4) 
(5). The name mesoporous comes from classifying the diameter size of the pores in 
the particles. Definitions from IUPAC classify microporous as < 2 nm, mesoporous 2-
50 nm and macroporous as > 50 nm. These pore systems are created from inorganic 
silica as matrix and an organic material, used as template for the pores. The organic 
template is then evaporated leaving a porous structure. The template is a surfactant 
and surfactants are amphiphilic molecules, which can be divided into three classes: 
ionic, non-ionic and zwitterionic. When adding surfactants and water in different 
proportions different structural phases are created. The different phases; hexagonal, 
lamellar, or cubic, lead to different sizes and packing structure for the pore system of 
the particle. The size of the pores can be controlled by altering the length of the 
surfactant hydrocarbon tail. 
 
Mesoporous silica particles (MSP) provide  several benefits for applications within 
drug delivery. Due to the charged silanol groups on the surface, various substances 
can be introduced to the surface. (2) The positive aspects of MSP, is that they have 
excellent biocompatibility and biodegradability. They also have high specific surface 
area, large pore volume, tunable pore structure and stable physicochemical properties	  
(6)	  (7).  

Within MSP active substances can be loaded into the pore-network. Due to the 
hydrophilic silanol-groups an electrostatic interaction maintains the active compounds 
within the network. The interaction with the silica when loading and unloading the 
active compound depends on the properties of the compounds. The pores can be 
modified to have either hydrophilic or hydrophobic properties. In that sense the active 
compounds of both types can be loaded into the MSP. 

The toxicity of MSP has been studied by Qianjun He et al. (7), which showed that 
calcinated MSP have  different  surface properties which led to lower cytotoxicity 
compared to particles not calcinated. 

 

2.1 Vanillin as Active Component Loaded into Mesoporous Silica 
Particles 

 
In the present work vanillin was the model substance chosen for loading into the 
MSP. It is a small, hydrophilic and uncharged molecule at pH 7,4 (pKa 7,781), which 
is suitable for loading into hydrophilic pores. The loading of vanillin and a range of 
other substances into MSP have previously been studied within CODIRECT-projects 
but nothing published. The positive properties of vanillin are that it is uncharged and 
therefore not expected to interact with the coatings. Vanillin is not hydrophobic and 
will not interact with the hydrophobic chains of lipids and water/buffer can be used as 
media for release studies and during coating of the particles. The time for vanillin to 
be released from the MSP is short, less then 2 minutes and is therefor good for 
studying the release profile from MSP. 
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Figure 1. Structure of vanillin molecule. 
 

3. Components of the Coating 
  
The aim, as described in section 1.1, for the thesis is to create a two-component 
coating from lipids and polymers on mesoporous silica particles (MSP). The MSP is 
loaded with a model substance as described in section 2. 
The lipids are aimed to create a bilayer on the surface of MSP are described in section 
3.2. On the outside of the bilayer, a polymer-layer is formed. The two coating layers 
are aimed to be protective as described in section 3.1 and to be enzyme triggerable as 
described in section 4. The coatings are formed due to different charges of the 
components that are shown in the figure 2.  
 

 
Figure 2. Illustration of the system composed of anionic vanillin-loaded mesoporous 
silica particles coated by a cationic bilayer and an anionic polymer layer  
 
 

3.1 Phospholipid Bilayer 
 
A phospholipid is an amphipathic molecule consisting of a hydrophilic head and two 
hydrophobic tails (8). The hydrophilic head group contains charged atoms or polar 
groups that are attracted to water, interacting electrostatically or via hydrogen 
bonding. The phospholipids hydrophobic tails are fatty hydrocarbon chains that do 
not contain any polar nor charged atoms. When phospholipids are added to water they 
will disrupt the order of the water molecules, which are linked through hydrogen 
bonding. The hydrophobic head will interact with water molecules while the water 
molecules surrounding the hydrophobic tails have to order themselves so that they can 
form as many hydrogen bonding as possible. This is an entropic effect as water gets 
disordered when phospholipids are added and as hydrophobic tails group together the 
disorder of the water molecules increases and so does the entropy. The increase in 
entropy leads to negative Gibb’s free energy making the occurring grouping of the 
hydrophobic tails spontaneous. The grouping of the phospholipids forms a bilayer. As 
the bilayer is formed the surrounding water molecules can move more freely, form 
hydrogen bonding in several directions and is more energetically favored. 
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The meaning of the word vesicle is a bilayer that is spherical. Vesicles do not form 
single-handedly and are not thermodynamically stable. To form vesicles energy is 
need and if they are not to small when formed they can be long lasting.   
The bilayer itself is fluid and the phospholipids move within it with lateral diffusion, 
rotation, flexion and flip-flop movements. The lateral diffusion is most important 
when fusing of two phospholipid vesicles forming a larger one. 
The cells in the human body consist of phospholipid bilayer that serves as a protective 
barrier for the cells inner environment from the outside.  
 

3.2 Bilayer Theory 
 
To create a bilayer on a supported silica surface, vesicles of phospholipid bilayers 
described in section 3.1 ruptures on the surface and grow towards a complete bilayer. 
The silica surface is hydrophilic and charged, containing SiO--groups. Attracting 
forces (van den Waals/dispersion forces and electrostatic forces) between the surface 
and the phospholipids head leads to the vesicle approaches. The vesicle adsorbs to the 
surface and attaches as seen in figure 3. The attached vesicle starts to collapse in the 
edges and flattens towards the middle of the liposome. In this state the tension in the 
edges of the bilayer are unfavorable leading to the flattened vesicle to rupture in one 
of the edges. In A, the electrostatic forces between the vesicle and the surface, is so 
great that the vesicle ruptures directly and forms a disc. If the vesicle is created from 
more than one lipid the one with more affinity for the surface will diffuse laterally in 
the membrane towards the surface. Thereby the other lipid will lag behind and this 
creates deformation in the vesicle, which then leads to spontaneous rupture. The 
distribution within the layer will also be different due to the affinity of the lipid (9). In 
example C, a vesicle has already ruptured and will cause a neighboring vesicle to 
undergo spontaneous rupturing due to its active edge. An active edge is a 
thermodynamically unstable state of bilayer disc that will cause the other un-ruptured 
vesicles, to rupture. In B, two liposome vesicles fuse together to create a larger 
vesicle, which then eventually will rupture.  Observed in AFM imaging, bilayer discs 
will eventually fuse together through coalescence between bilayer discs through the 
active edges (9, 10). 
In D, the cooperation of several neighboring vesicles leads to one vesicle rupturing 
this vesicles active edges will then promote the others to rupture and coalescent 
together. 
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Figure 3. Following scenarios of how vesicles deploy on a surface and rupture to 
create a bilayer (9).  
 
There are two mechanisms as seen in figure 4, one where the bilayer rolls over to 
adsorb to unoccupied surface E. The second mechanism is where an upper bilayer 
slides down to the surface and links to the active edge of the lower bilayer F. The 
vesicles rupture either by themselves or with help from their neighbor. The active 
edge on the bilayer causes also the neighboring vesicle to collapse and rupture, finally 
fusing together to a bigger bilayer patch.  
 

 
Figure 4. Rupturing process, in E the vesicle has ruptured and the bilayer rolls out 
onto the surface. In F there can be a scenario where the bilayer rolls on top of 
another bilayer, the upper bilayer will then slide down towards the surface (11)	  (12). 
 
As seen in the figure 3-4, the bilayer doesn’t form as a two dimensional bilayer, but 
forms as three dimensional bilayer discs at the surface. These create small islands on 
the surface, but as adsorption progresses at the surface the growth of a complete 
bilayer is formed.  
 
The rupturing of vesicles is facilitated by different salt concentration on the inside and 
the outside of the vesicles, which causes osmotic pressure. However, in this thesis for 
instance it was observed that the bilayer formed regardless of different salt 
concentration. But there are numerous conditions that causes formation of bilayer: the 
vesicle composition, size, surface charge, surface roughness, solution pH and ionic 
strength (13)	  (9). 
 

3.3 Bilayer Components 
 
In the present work a cationic phopholipid 1,2-Dioleoyl-3-Trimethylammonium-
Propane (Chloride Salt) (DOTAP) and a zwitterionic phospholipid 1,2-Dioleoyl-sn-
glycero-3-phosphocholine (DOPC) are combined to make liposomes to form bilayer 
on the planar silica surface. The liposomes are prepared in a 1:3 molar ratio 
DOTAP:DOPC. In figure 5 below the structures of the DOTAP and DOPC are 
shown. 
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Figure 5. a 1,2-Dioleoyl-3-Trimethylammonium-Propane (Chloride Salt) (DOTAP), b 
1,2-Dioleoyl-sn-glycero-3-phosphocholine (DOPC). 
 

3.4 Polymer Layer from Amylopectin 
 
Starch is composed of two glucose polymers, amylose and amylopectin. Both 
polymers are linked with an α-1,4-glycosidic linkage(14). Amylose is a linear 
molecule and amylopectin is a branched molecule with α-1,6-glycosidic linkages at 
each branch. 
For this thesis amylopectin was chosen as a component for the polymer layer. 
Amylopectin will be degraded at a site where α-amylase is found. Therefor 
amylopectin is suitable as triggerable layer due to α-amylase degrading the layer, 
which result in a controlled release. This is described further in section 4.  
In the human body α-amylase degrades the α-1,4-glycosidic linkage. The advantage 
of using amylopectin instead of amylose is that amylopectin is a branched structure 
thus being more accessible for α -amylase. It is also has a higher solubility in water 
than amylose. The product after degradation of amylopectin is maltose that consists of 
two glucose molecules.  
The chain structure of amylopectin polymer does not undergo any conformational 
changes in the pH interval pH 5-10 as observed by Lee et al (15). 
 

 
Figure 6. Structure of amylopectin. 
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4. Stimuli-Responsive System 
 
The idea of stimuli-responsive systems is to add a triggerable agent, which for 
example can be a polymer or lipid. This triggerable agent will encapsulate an active 
component in a protective manner and will respond by degradation or swelling when 
at the target site. The response can be for example an enzyme, temperature or pH. By 
adding this feature, the release of the active is controlled and the active will only be 
released when exposed to for example the right enzyme. In this sense the correct 
amount active will be released at the desired site of action within the body while the 
rest of the body will not be exposed to the active.  
When the right amount of active reaches the target site, the amount of drug 
administered can be lowered and the toxic effect on other parts in the body is avoided. 
The therapeutic effect can be sustained for a longer time	  (16).  

4.1 α-amylase 
 
α-amylase is an enzyme found in the salivary and in pancreatic juice. It acts by 
degrading starch at α-1,4-glycosidic linkage (14) as described in section 3.4. The 
activity is within  pH 5,5-6,5 and has an optimum around pH 5,9 which is similar to 
the pH in duodenum. The amylase is produced in pancreas and secreted through a 
large channel within it that leads to the duodenum. High levels of the enzyme in the 
blood stream can be linked to diseases such as acute pancreatitis and pancreatic 
cancer (17). By targeting this enzyme an active compound can be released at the 
targeted site. 
The enzyme used in this thesis is from Bacillus species type II-A (Bacillus 
amyloliquefaciens). The isoelectric point is 5,09-5,18	  (18) and the size of the crystal 
structure is	  (a = b = 119.6 Å, c = 85.4 Å) (19).	  

4.2 Phospholipase A2	  
 
Phospholipase A2 (PLA2) is a common mammalian pancreatic enzyme and can be 
found in higher levels around tumors (2). PLA2 catalyzes the hydrolysis of sn-1,2-
diacyl- phospholipids into an sn-1-acyl-lyso-phospholipid and a fatty acid (20). The 
activity of PLA2 is dependent on which phospholipid it is degrading, but has an 
optimum between pH 7-9 (21). It has two binding sites, an activator site, which 
requires a lipid molecule containing the phosphorylcholine moiety and a fatty acyl 
chain and a head-group nonspecific catalytic site. The enzyme binds into the surface 
and function at the polar-apolar interface between a membrane and water (22). The 
phospholipase used in this thesis is from Aspergillus niger.  PLA2 used in Vacklin et 
al (20) shows a size of 20 Å in thickness. The isoelectric point of human PLA2 is 8,5	  
(23). 
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Figure 7. The site where PLA2 degrades a phospholipid.	  

5. Experimental 
 

5.1 Materials 
 
The following chemicals were used: Amylopectin from maize (purity 98%, Fluka 
BioChemika,Buchs Switzerland), Vanillin (purity 98%, Fluka Analytical, Buchs, 
Switzerland), Sodium chloride (purity 99,5%, Merck,Darmstadt, Germany), di-
Sodium hydrogen phosphate dodeca hydrate (purity 99,5%, Merck, Darmstadt, 
Germany), Sodium dihydrogen phosphate mono hydrate (purity >99%, Merck, 
Darmstadt, Germany), α-amylase Type II-A from bacillus species (Sigma-Aldrich, 
St.Louise, USA), Phopholipase A2 (DSM Food Specialties, Delft, Netherlands), 1,2-
Dioleoyl-3-Trimethylammonium-Propane (Chloride Salt) (DOTAP) (purity >99%, 
Avanti Polar Lipids, Alabaster, USA), 1,2-Dioleoyl-sn-glycero-3-phosphocholine 
(DOPC) (purity >99%, Avanti Polar Lipids, Alabaster, USA), The water used was 
purified by a Milli-Q Plus Unit (Millipore). All glassware was rinsed with Deconnex 
3% and rinsed with Milli-Q water before use.  
 

5.2 Production of Mesoporous Silica Particles 
 
The production of MSP was done by the aerosol-based method described by Sörensen 
et al (24). The method starts with hydrolysis of tetraethyl orthosilicate at pH 2. A 
templating surfactant (cetyltrimethylammonium bromide (CTAB)) chosen to obtain 
desired pore size was dissolved in ethanol and mixed with this solution. The mixture 
is then fed to a two-flow spray nozzle connected to a vertical spray chamber. The 
nozzle will create droplets and the ethanol and water will evaporate. The droplets are 
fed into a furnace where polymerization of silicic acid is formed. Dry powder from 
the furnace is collected in a Teflon filter. To finalize the production of MSP the 
template surfactant is extracted at 550-600 °C by calcination for 4-5 hours. 
Characterization of the MSP size from aerosol-based method was performed with 
Scanning Electron Microscopy and the particles are ~5µm in diameter and with a pore 
size of 2,5 nm. 
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5.3 General methods 
 

5.3.1 Peparation of Liposomes 
 
Both lipids DOPC and DOTAP where purchased either dissolved in chloroform or in 
powder form. These were stored in freezer at -20 ºC. The powder was dissolved in 
chloroform at the desired concentration and prepared as separate stock solutions. 
From the stock solutions a mixture of DOPC and DOTAP were prepared at a molar 
ratio of 1:3 DOTAP:DOPC  in a 50 mL round bottomed flask. The chloroform was 
evaporated using a Büchi Rotavapor R-205 at 190 rpm and water bath temperature at 
40 ºC. Chloroform was left to evaporate for 40 min, until a visible lipid film had 
formed on the flask wall.  
To further remove any remaining chloroform the round bottom flask was placed in a 
vacuum drying oven (Binder GmbH, Germany) over night at 30 ºC. The lipid film 
was then re-hydrated with 10 mM PB, pH 7,4, or PBS, pH 7,4 and 150 mM NaCl, to a 
lipid concentration of 19,5 mM. By vortexing for 2-3 min the lipid film came off the 
wall forming a lipid suspension. The suspension was pipetted into a 10 mL vial.  
The lipid suspension was sonicated with Soniprep 150 (Sanyo Gallenkamp, UK) on 
ice with a titanium rod (Ø = 3mm) for 10 min at 15 amplitude on the apparatus, 
positioned 3 mm below the surface of the solution. The energy delivered is calculated 
with a transformation ratio depending on the probe size. For a 3 mm probe the energy 
delivered at 15 in amplitude is 2,415 MHz. 
During this process, the solution goes from milky white to a clear blue grey solution. 
Characterization of liposome size was done with dynamic light scattering (Zetasizer 
Nano ZS, Malvern instruments, USA) as described in section 5.3.6. 
	  

5.3.2 Preparation of Amylopectin 
	  
Amylopectin from maize was dissolved in 10 mM PB buffer, pH 7,4, to a 
concentration of 5 mg/mL. The solution was heated to approximately 100 ºC while 
stirring. The solutions was left at 100 ºC for 40-60 min until less turbid. Solutions 
were ultrasonicated with Sonorex Super (Bandelin, Germany) for 2 min. Amylopectin 
turned clear, yielding a blue solution.  
	  

5.3.3 Preparation of Enzyme Stock Solutions 
	  
α-amylase was dissolved in 10mM PB, pH 7,4, to a concentration of 2 mg/mL. PLA2 
was diluted in 10mM PB, pH 7,4, to a concentration of 20% by volume. 
	  

5.3.4 Loading Procedure of Vanillin into Mesoporous Silica Particles 
 
Vanillin was dissolved in acetone to enter the pores in MSP. The solubility of vanillin 
in acetone is 350 g/L. From 350 g/L, different degree of solubilization; 10%, 30% and 
70% was calculated. With the degrees the amount of acetone to be added was 
calculated. 



14	  
	  

First MSP and vanillin were prepared in a 1:3 weight ratio. For example in this thesis 
200 mg of particles were used and 600 mg vanillin. The amount of acetone added, 
was calculated from the amount of vanillin and its solubility. Calculations are shown 
in appendix 11.2.  
The solution was placed in a ultrasound bath for 10 min and then left to stir for 1 h 
with a magnetic stirrer at 300 rpm.It was then filtered over vacuum with a Whatman 
filter with pore size 3 µm. The solution was added drop-wise onto the vacuum and 
dried further for 5 min. 
The filter paper was placed in a petri dish to dry over night in a fume hood. 
The loaded particles were collected in a vial the next day. The yield of loaded vanillin 
was calculated as described in appendix 12.2. For more precise determination of the 
yielded amount, thermogravimetric analysis can be used. 
	  

5.3.5 Preparation of Silica Substrate for Ellipsometry 
 
Cleaning of silica surface has previously been described by Tiberg et al (25). To get 
rid of contaminations a two-step cleaning process was used before ellipsometry. 
Silica wafer disks with a SiO2 thickness of 270 Å were purchased from Wafernet (San 
Jose, USA). Smaller wafer substrates, 1x3 cm, were cut from the disks.  
During the first step of the cleaning process the silica substrates were treated with a 
base bath to get rid of organic contamination. The silica substrates were placed in a 
beaker with the reflecting side turned upwards. To the beaker, Milli-Q water, 25% 
NH4OH and 30% H2O2 (5:1:1, by volume) were added. The beaker was placed on a 
hot plate and the solution heated to 75-80ºC and kept there for 5 min. This solution 
was replaced by Milli-Q water by filling the beaker. This was repeated two times. 
Between cleaning steps the substrates were kept in Milli-Q water. 
During the second step silica substrates were treated acid bath to get rid of residual 
atomic and ionic contaminations. To a beaker, Milli-Q water, 25% HCl and 30% 
H2O2 (5:1:1, by volume) was added. The solution was heated on a hotplate to 80ºC, 
substrates placed in it and solution kept at 80 ºC for 5 min. 
This solution was replaced by Milli-Q water by filling the beaker with Milli-Q which 
was repeated four times and between refilling the solution were poured out. 
Each substrate was rinsed with 99,5% ethanol before storing in a 10 mL vial filled 
with 99,5% ethanol.	  
Before use in ellipsometry, the substrates were rinsed with ethanol. The substrates 
were dried with N2 gas before being put in a plasma chamber (Harrick PDC-3XG, 
USA) for 5 min under vacuum and at the highest plasma level.  
 
  

5.3.6 Dynamic Light Scattering 
 
The liposome size was determined by dynamic light scattering with a Zetasizer Nano 
ZS (Malvern instruments, USA). 
All spherical particles within a solution undergo Brownian motion. Brownian motion 
is random movement of particles due to collisions with solvent molecules that 
surrounds them. The size of the particle is defined from how fast the fluctuations from 
these collisions fade out using the autocorrelation function. For a large particle the 
movement is slow and its velocity can be related to a diffusion coefficient D. The 
particle will move faster with increasing temperature. When the particles stop 
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diffusing they instead start to sediment, which is the upper limit of the method and 
depends on the density of the particle measured.  
Monochromatic light (4 mW 633 nm HeNe, laser) hits the 12 µL quartz cuvette 
containing the particle solution. The detector measures the fluctuations in light 
intensity of back-scattered light, angle 173º, from particles passing by. Small particles 
moving quickly will cause more rapid light intensity fluctuations over time than larger 
particles. The velocity of the particle is related to the diffusion coefficient D in Stoke-
Einstein equation (26): 
 
𝐷 = !!!

!!"!!
         Equation (1) 

 
Where kB is Boltzmanns constant, η is the viscosity, T is the temperature and rh the is 
hydrodynamic radius of the particle. The hydrodynamic radius is dependent on the 
surface structure, solvent medium and particle concentration(27).  
The liposome concentration during DLS measurements was 19,5 mM . The 
measurements were performed at 25 ºC and the refractive index of the liposomes was 
1,47. The ambient was PB but settings set for water because the buffer consists of no 
salt ions and the buffer concentration at 10 mM tells that the buffer mostly is 
composed of water. Waters physical properties are minimally affected by the buffer 
components at low concentrations and so the waters physical properties were chosen 
and the viscosity of water is 8,872*10-4 Pa s and the refractive index 1,33. The buffer 
used was 10 mM PB pH 7,4 and 10 mM PBS at pH 7,4. Three measurements were 
performed with normal resolution for each sample. 
  

5.3.7 Ellipsometry 
 
Ellipsometry was used for studying the build-up of lipid bilayer on planar silica 
substrates in situ and adsorption of amylopectin polymer to the bilayer. Degradation 
of both amylopectin layer as well as the bilayer by α-amylase and PLA2 was also 
studied. The study was performed with in situ null-ellipsometry	  (28). 
Ellipsometry is an optical method measuring the change in elliptically polarized light 
upon reflection. The elliptically polarized light is decomposed into two components, s 
and p, upon reflection. The s component is oscillating perpendicular and the p 
component is oscillating parallel to the plane of incidence. Both components, after 
reflection normalized to their starting values to give the reflection coefficients rs and 
rp. These are called complex Fresnel coefficients.  
By measuring the complex reflectance ratio, ρ, the ellipsometric parameters Ψ and Δ 
are obtained according to the following optical model: 

 
𝜌 = !!

!!
= tan Ψ ∗ 𝑒!!       Equation (2) 

 
Ψ describes the amplitude ratio upon reflection and Δ the phase shift.  
From Ψ and Δ the refractive index (n) and the thickness (d) of the layer is obtained.  
Shown in figure 8, the light refraction going from media (n0) to the film (n1) is 
dependent on their different refractive index. When the light is refracted, the 
polarization changes depending on the film characteristics such as refractive index 
and its thickness. 
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Figure 8. Incident light reflections and refractions. 
 
 By using de Fejiters formula (29) the absorbed amount (Γ) is calculated: 
 
Γ = (!!!!!)

!"/!"
∗ 𝑑        Equation (3)  

 
Parameters dn/dc is the refraction index increment, n0 is the refractive index of 
ambient media, n1 is the refractive index of the film, and d is the film thickness. The 
parameter dn/dc is how much the refractive index of an adsorbed film changes when 
changing the concentration. 
In figure 9, the optical system is described. L is the laser beam light source with 
monochromatic light with λ=532 nm. The monochromatic light goes through the 
polarizer P where the light becomes linearly polarized. The compensator C, turns it 
into elliptically polarized light and after reflecting from substrate S the light turns 
linear and hits analyzer A before being detected in D. The analyzer works with the 
polarizer, changing angles so that minimum amount of light reaches the detector. The 
compensator is set to a specific angle and is not changed as polarizer and analyzer.  
 

 
Figure 9. Schematic description of an ellipsometer. All of the flowing parts are 
described as: L light source, P polarizer, C compensator, S substrate, A analyzer, D 
detector. 
 
The angle of incidence was 67,57º, the refraction index increment (dn/dc) used was   
0,154 cm3/g (Tiberg, 2000), the bulk refractive index used at T=25°C was 1,3362 and 
this was used also when temperature was increased to T = 37°C. 
 

5.3.7.1 Starting Procedure for Ellipsometry 
 
The trapezoidal ellipsometry cuvette was cleaned with Hellmanex 2% and all surfaces 
of the cuvette were cleaned with cotton tipped applicators (Selefa Trade). The cuvette 
was rinsed with ethanol and water, and finally with water to avoid stains. The cuvette 
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was then dried with N2 gas. If there were still stains remaining the procedure was 
repeated. 
When clean, the cuvette was mounted in the ellipsometer (Multiskop, Optrel, 
Germany) equipment at S in figure 9. A 5 mm magnetic stirrer was placed in the 
cuvette. Tubings to and from the cuvette were mounted for flushing excess material 
and changing to fresh buffer during experiment. Silica wafers prepared as described in 
section 5.3.5, were mounted onto the ellipsometry substrate holder S.  
The wafer was lowered into the trapezoidal cuvette to a correct level so that the laser 
hits the substrate about 0,5-1 cm from the bottom of the wafer. 
Before starting the experiment, measurements determining the thickness and optical 
characteristics of the silica substrate were performed in air and water. During 
alignment of the substrate, the polarizer and analyzer were set to 0° in the 
ellipsometry program.  
The optical characteristics of air/surface interface is first measured during which the 
polarizer and analyzer was set to approximately 20°. The position of the analyzer and 
polarizer then changes to get exact values for minimum of light hitting the detector by 
performing manually one-zone measurement. Then a two-zone measurement is 
performed and Ψ and Δ for the surface in air is obtained. 

Before measuring the optical parameters of the water/surface interface an 
alignment of the surface is again performed in water. When measuring in water,  the 
polarizer is set to 25° and analyzer to 10°. According to the same procedure as in 
air/surface interface, Ψ and Δ are obtained. 
The Ψ and Δ values from air and water were used to calculate the thickness (d) of the 
SiO2-layer by a three-layer calculation in ellips32 program. The three-layer describes 
the system as ambient/SiO2/Si as shown in figure 8. From this system the thickness 
(d) and refractive index for SiO2 is obtained. Experiment data-files were then 
calculated with a four-layer calculation, were the system is treated as 
ambient/Film/SiO2/Si to give adsorption-, refractive index-, and thickness-profiles of 
the adsorbed film. 
 

5.3.8 Controlled Release 
 
The release of vanillin from MSP was investigated by a spectrophotometer (Cecil 
3021, Cecil Instruments, UK) connected to a release-bath equipment (Pharma Test 
PTWS 610 Dissolution test instrument, Chem-tech, Germany).  The release-bath 
equipment is a water-bath fitted with 6 dissolution vessels that contain 250 mL buffer 
each and to each vessel a stirring paddle is mounted. The stirring speed was 150 rpm 
for all experiments and the temperature was maintained at 25 ºC or 37 ºC. As shown 
in figure 10, tubing from the cuvette goes through pumping (Watson Marlow SciQ, 
Chem-tech, USA) at 45 rpm to a 10 mm flow cell where the absorbance of released 
vanillin was measured by the spectrophotometer at λ = 230 nm. The time between 
measurements was 15-30 sec. The program used to record data from the 
spectrophotometer was DataStream CE3000 series. From the spectrophotometer the 
solution was pumped back to the vessel.  
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Figure 10. Schematic description of the controlled release equipment. 
 
In the beginning of each experiment buffer was pumped for 30 min to collect the 
background absorbance and to make sure that the measurement was stable.  
Before adding the vanillin loaded MSP to the dissolution vessel, a 25 mm syringe 
filter with a 0,2 µm polypropylene membrane was fitted to the tubing to hinder MSP 
to enter the tubing.  The filter was wetted with PBS using a syringe. The tubing was 
lowered into the vessel and PBS pumped through. The pump was stopped and the 
peddles lifted up. The vanillin loaded MSP in plastic weighing boat were placed in the 
vessel whereupon the peddles were immediately lowered into the vessel again and  
pumping was started. For coated vanillin loaded MSP a solution containing the 
particles in a vial was placed in the vessel instead. 
The added amount of vanillin loaded MSP or coated MSP was calculated from the 
standard curve in appendix 12.1 for desired absorbance at 0,6-0,8. The experiments 
were repeated at least twice. 
 

5.3.9 Electrophoretic Mobility 
 
The zeta potential of the liposomes as well as MSPs before and after coating was 
investigated by electrophoretic mobility with a Zetasizer Nano ZS (Malvern 
instruments, USA). 
When a particle is dispersed in a solution, a layer of opposite ions creates a net charge 
on its surface. Around this particle an electrical double layer is created. The ions 
closest to the surface are strongly bound and the outer layer is a more diffuse region 
and less bound. When a particle moves with Brownian motion, the ions inside the 
boundary of the diffuse region will travel with the particle, but any ion outside the 
boundary will not. The boundary is called the slipping plane and this is where the zeta 
potential forms (26). Visualization is shown in figure 11 below.  
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Figure 11. Representation of electrical double layer and slipping plane were zeta 
potential is measured. 
 
When measuring the zeta potential, a cell containing the solution is fitted with two 
electrodes and an electrical field is applied across the solution. The particle then starts 
to move towards the electrode of opposite charge. The viscosity of the solution will 
oppose the movement and finally this will reach an equilibrium. Then the particle will 
move with a constant velocity, which is referred as the electrophoretic mobility (UE). 
The zeta potential is obtained from Henry’s equation. 
 
𝑈! =

!!"#(!")
!!

         Equation (4) 
 
where  𝑓(𝐾𝑎) is Henry’s function, ε is the dielectric constant, z is the zeta potential 
and  η is the viscosity. Smoluchowski approximation was used, were 𝑓 𝐾𝑎 = 1,5, 
and applies on particles larger than 0,2 µm and in electrolyte with 10-3 M salt and 
above. The velocity of the particles are then related as z-potential (30). 
Prior to measurements the solution in the cuvette was equilibrated at T = 25 ºC for 30 
sec. The buffer used was PB pH 7,4 but preferences in the measuring program was set 
for water. Viscosity of water (η) was set to 8,872*10-4 Pa s, the refractive index (RI) 
of water was 1,33 and dielectric constant (ε ) was set to 78,5. The amount of 
measurements was minimum 10 and maximum 50 until satisfied for each experiment. 	  

6. Results and Discussion 
 

6.1 Characterization of Liposome Size 
 
To characterize the liposome size, dynamic light scattering described in section 5.3.6 
was used. In table 1 below, results from size measurement of liposomes are presented, 
where sonication time, sonication amplitude, buffer and lipid composition has been 
varied. A desired liposome diameter for the adsorption and coating experiments was 
10-50 nm, because of the small size there is a lot more tension in the active edge of 
the collapsed liposome and therefor the liposomes ruptures more easily which is 
advantageous for the bilayer formation. 
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Table 1. The mean liposome diameter of different liposome batches, A-E, are shown. 
For batch A and B progress from first sonication of the batch to the last is shown. 
These batches were the first ones prepared in the present thesis. From results in A 
and B, sonication amplitude and time where chosen for batches C-E. 

 
Sonication for 10 min at an amplitude of 15 was chosen as final preferences, giving 
an acceptable size in a short time. The method for preparing the liposomes is 
described in section 5.3.1 and the process of developing the method can be seen in 
table 1, going from A to E. During method development for liposome batches A and 
B, the amplitude at first was quite low and the aim was to divide larger aggregates to 
smaller liposomes by increasing the sonication amplitude. For example in B going 
from 10 in amplitude to 13 lowers the size of the liposomes drastically. Still there 
were larger aggregates above 1 µm present and to get rid of these, sonication was 
continued. When increasing the sonication amplitude to 15 for B larger aggregates 
had disintegrated into smaller liposomes and after increasing the amplitude to 17 there 
was no major difference. Because of this small difference between amplitude 15 and 
17, 15 was used for the following batches. The result from the method used in B was 
applied on liposome batch C and also became the final method to prepare liposomes.  
The liposome batches were prepared in different buffers, either in PBS or PB, both at 
pH 7,4. For C and D the type of buffer is altered in addition to the lipid composition 
whereas the preparation method is the same and results in similar liposome sizes but a 
more narrow size distribution that is likely an effect of the lipid composition. The 
method can be concluded to be independent of which buffer is used. 
In E, the only difference compared to D is that the DOTAP stock solution was 
prepared from DOTAP powder dissolved in chloroform.  
Liposomes from E are the liposomes used in section 6.2.1-6.2.7. 
 

6.2 Ellipsometry 
 
Before coating particles with the lipid and polymer layer, a study on the formation of 
bilayers on planar silica surfaces and how the polymer adsorbs to the formed bilayer 
was performed. To further understand the behavior of the coating different pH values 
were used to simulate the transport through gastro intestinal tract. To simulate the 

 Batch Lipid 
composition 

Molar 
ratio 

Buffer Amplitude Time 
(min) 

Mean diameter 
(nm) 

A DOPC 1 PBS 5 10 153 ± 118 
    8 5 41.1 ± 13.3 
    10 5 40.4 ± 1.3 

B DOPC 1 PBS 10 10 2200 ± 962 
    13 10 56.5 ± 4.5 
    15 10 58.1 ± 17.0 
    17 10 49.8 ± 3.5 

C DOTAP/ 
DOPC 

1:3 PBS 15 10 30.6 ± 6.5 

D DOTAP/ 
DOPC 

1:3 PB 15 10 30.3 ± 1.7 

E DOTAP/ 
DOPC 

1:3 PB 15 10 18.9 ± 3.9 
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stomach pH 2,5 was used, pH 5 was used to simulate the beginning of the intestine 
(the duodenum) and pH 6 continuing in the intestine. Finally the coating was tested in 
pH 7,4 which corresponds to normal pH in the human body and also simulates the pH 
of jejunum in the intestine.  
When building up coating layers on planar substrates the temperature was 25ºC. After 
formation of the coating layers a buffer with pH simulating a specific part in the 
gastro intestinal tract was used and the temperature increased to 37ºC. This thesis 
aims to create a coating for triggered release by degradation of enzymes. A study on 
how the enzymes, α-amylase and PLA2 degraded the coating was performed at all the 
previous mentioned pH values simulating the gastro-intestinal tract. In the salivary α-
amylase is secreted to start digestion process of starches and glycogen. It is a isozyme 
less effective then α-amylase found in pancreas. Both enzymes are part of the 
digestive enzymes produced within the pancreas. The enzymes are stored as zymogen 
granules were they remain inactive until secreted by acinar cells into the duodenum. 
The secreted concentrations vary depending on how much food is emptied from the 
stomach to the intestine.  
 

6.2.1 Layer’s Created at pH 7,4 and T=25ºC and Degraded at pH 7,4 
and temp T=25ºC 

 
The ellipsometry experiment shown in figure 12 below represents one of three 
experiments produced at 25ºC and pH 7,4. It shows an adsorption profile for the 
bilayer and polymer layer and also the degradation as a result of addition of enzymes. 
A 10 mM phosphate buffer (PB) pH 7,4 was used in this experiment in addition to a 
10 mM phosphate buffer with 150 mM in ionic strength (PBS). The results for the 
other two experiments are shown in appendix 11.4 figure 25-26.  
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Figure 12. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water.  
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC liposomes in PB reaching 20 µM in the cuvette, 4 pumping PB pH 
7,4, 5 stop pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 
mg/mL in cuvette, 7 pumping PB pH 7,4, 8 stop pumping PB pH 7,4 and increase 
temperature to 37 C, 9 addition of α-amylase in PB reaching 0,005 mg/mL in cuvette, 
10 pumping PB pH 7,4, 11 stop pumping PB pH 7,4, 12 addition of PLA2 in PB 
reaching 0,2% in the cuvette, 13 pumping PB pH 7,4, 14 stop pumping PB pH 7,4, 15 
addition of PLA2 in PB reaching 0,2% in the cuvette, 16 pumping PB pH 7,4, 17 stop 
pumping PB pH 7,4. 
 
The results from figure 12 shows that the DOTAP/DOPC layer in step 3 and the 
amylopectin layer in step 6 reach a plateau were each has been fully adsorbed. The 
degradation of the amylopectin layer by α-amylase was successful in step 9, while 
PLA2 degraded half of the bilayer in step 12. When comparing all the three 
experiments together differences in the build-up of the amylopectin layer is observed. 
The amylopectin adsorbed in the two experiments shown in appendix 11.5 figure 25-
26 are comparable to each other but the adsorbed amounts are significantly lower 
compared to the adsorbed amount in figure 12. In the table 2 below the results for all 
three experiments is shown. 
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Table 2. Results showing the mean adsorbed or desorbed amount of the added 
compounds from three experiments. The standard deviation between the three 
experiments is also shown. Also the mean % degraded of the total layer from the three 
experiments are shown together with the standard deviation. 
 

Added compound Mean adsorbed/desorbed 
amount (mg/m2) 

Mean % 
degraded of the 

total layer 

DOTAP/DOPC 4.3 ± 0.1 
 

Amylopectin 1.4 ± 1.7  
α-amylase -1.7 ± 1.8 25.5 ± 19.3 

PLA2 -2.4 ± 0.3 46.5 ± 17.7 
 
After analyzing all data it could be concluded that the boiling time of the amylopectin 
stock solution had a major effect on the amylopectin adsorption. Because there is a 
big variation in the amount of adsorbed amylopectin (comparing figure 12 to figure 
25-26) due to not fully dissolved amylopectin a further study on dissolution of 
amylopectin is suggested. The method would be to test the adsorption for different 
boiling times of an amylopectin stock solution, using different temperatures or 
different concentrations of amylopectin. The amylopectin solutions were all prepared 
fresh daily and all ultrasonicated for 2 min. Prior to ultrasonication the solution was 
heated to 100°C. The adsorption profile of amylopectin seen in figure 12, is the result 
of a longer boiling time for amylopectin. In this case it was boiled for about 40-60 
min before ultrasonicated compared to figure 25-26, where the solutions were boiled 
for only 5-10 min. Visually there were no difference between the solutions.  
 

6.2.2 Layer’s Created at pH 7,4 and T=25ºC and Degraded at pH 7,4 
and T=37ºC 

 
In this following experiment shown in figure 13, the set-up of the experiment is 
similar as in section 6.2.1 but this time the degradation was investigated at 37ºC. This 
experiment was produced twice and the experiment represented in figure 13 illustrates 
the importance of selecting the correct buffer for the amylopectin stock solution. Two 
amylopectin stock solutions were prepared, one in PB and the other in PBS. The 
result from the second experiment is shown in appendix 11.5 figure 27. A 10 mM 
phosphate buffer (PB) pH 7,4 was used in this experiment in addition to a 10 mM 
phosphate buffer with 150 mM in ionic strength (PBS). 
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Figure 13. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water.  
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC liposomes in PB reaching 20 µM in the cuvette, 4 pumping PB pH 
7,4, 5 stop pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PBS reaching 1 
mg/mL in cuvette, 7 pumping PB pH 7,4, 8 stop pumping PB pH 7,4, 9 addition of 1 
mL amylopectin in PB reaching 1 mg/mL in cuvette, 10 pumping PB pH 7,4, 11 stop 
pumping PB pH 7,4 and increase temperature to 37 C, 12 addition of α-amylase in 
PB reaching 0,005 mg/mL in cuvette, 13 pumping PB pH 7,4, 14 stop pumping PB pH 
7,4, 15 addition of PLA2 in PB reaching 0,2% in the cuvette, 16 pumping PB pH 7,4, 
17 stop pumping PB pH 7,4. 
 
The results in figure 13, concludes that amylopectin should be dissolved in PB instead 
of PBS. This is observed between step 6 and step 7 where amylopectin in PBS is 
added. As seen, there is no visible adsorption and can be explained by the fact that 
salt ions screen the charged groups resulting in no adsorption. It could also be that the 
amylopectin polymer has another conformation in PBS. In the present thesis no 
analysis of the secondary structure of amylopectin was performed. For future studies 
circular dichroism (CD) measurements of amylopectin in different buffers is 
suggested to verify this. After changing the milieu in the cuvette by pumping out the 
amylopectin in PBS a solution of amylopectin in PB was added in step 9. This 
resulted in an adsorption of amylopectin, and illustrates that electrostatic interactions 
promotes the adsorption of amylopectin. In table 3 below the results comparing the 
two experiments are shown. 
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Table 3. Results showing the mean adsorbed or desorbed amount of the added 
compounds from two experiments. The standard deviation between the two 
experiments is also shown. Also the mean % degraded of the total layer from the two 
experiments are shown together with the standard deviation. 
 

Added compound Mean adsorbed/desorbed 
amount (mg/m2) 

Mean % 
degraded of the 

total layer 
DOTAP/DOPC 4.3 ± 0.02  

Amylopectin 1.9 ± 0.6  
α-amylase -2.3 ± 0.4 37.4 ± 9.3 

PLA2 -2.2 ± 0.5 34.6 ± 5.5 
 
When comparing table 3 with table 2 similarities in the adsorbed amounts can be 
found. But what is different is the adsorbed amount of amylopectin, which in turn 
affects the amount degraded by α-amylase. However, the total degradation is similar 
in 37°C and 25°C. Compared to the experiments performed at 25°C  (section 6.2.1) 
the reproducibility is much better, which is likely an effect of the homogeneity of the 
amylopectin stock solution.  
The degradation of polymer layer by α-amylase seen in table 3, shows that in the 
second experiment performed the degradation of the polymer layer was higher and 
went to a level lower then the bilayer plateau. It was not investigated why this 
happened. In step 16 in figure 13, when pumping out excess PLA2 the adsorbed 
amount is further reduced even though the PLA2 had reached a plateau. This could be 
due to some of the adsorbed PLA2 loosening from the silica surface or further 
degradation of the bilayer. Worth noticing is also the short adsorption time about ~30 
sek in step 3 of the DOTAP/DOPC liposomes to create a bilayer. The solution was 
taken out from a fridge and pipetted a few minutes later. This was tested on 
afterwards on some experiments but was not repeated. 

 

6.2.3 Layer’s Created at pH 7,4 and T=25ºC and Degraded at pH 2,5 
and T=37ºC 

 
After studying the coatings adsorption at T=25ºC and degradation at both T=25ºC and 
T=37ºC in natural pH, there was of interest to study how the coating would behave in 
different pH of the body. In this section the pH is supposed to resemble the pH of the 
stomach and the knowledge of interest is to see if the pH has any effect on the 
coating. The pH of the stomach varies between pH 1-5 and pH 2,5 was chosen as 
representative for the stomach. The experiment was produced twice and one is shown 
in figure 14 below and the other in appendix 11.6 figure 28. A 10 mM phosphoric 
acid buffer for pH 2,5 and 10mM phosphate buffer for pH 7,4 was used in this 
experiment in addition to a 10 mM phosphate buffer pH 7,4 with 150 mM in ionic 
strength. 
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Figure 14. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water.  
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
ellipsometry cuvette, 7 pumping phosphoric acid buffer pH 2,5, 8 stop pumping 
phosphoric acid buffer pH 2,5 and increase temperature to 37 C, 9 addition of α-
amylase in PB reaching 0,005 mg/mL in the cuvette, 10 pumping phosphoric acid 
buffer pH 2,5, 11 stop pumping phosphoric acid buffer pH 2,5, 12 addition of PLA2 in 
PB reaching 0,2% in the cuvette, 13 pumping PB pH 7,4 at, 14 stop pumping PB pH 
7,4, 15 addition of 50 µL PLA2 in PB reaching 0,2% in the cuvette, 16 pumping PB 
pH 7,4 at, 17 stop pumping PB pH 7,4. 
 
From figure 14 it can be seen that in step 9 and in step 12 the two enzymes have been 
added and show no effect similar to the experiments performed at pH 7,4 in section 
6.2.1-6.2.2. For example in step 9, the α-amylase does not degrade the amylopectin 
layer completely. It can only be seen that there is a fast dip in adsorbed amount that is 
observed in all ellipsometry experiments and will be discussed later in section 6.2.8. 
When the PLA2 is added in step 12, it only continues to remove the rest of the 
amylopectin from the surface and reaches a plateau at the bilayer level. To further 
investigate if the pH-dependence on the bilayer degradation/PLA2 activity the pH was 
increased to pH 7,4. In step 15 PLA2 was added again and as shown in figure 14 this 
resulted in a degradation of the bilayer. The adsorbed amount reaches a plateau but 
when pumping out the excess PLA2 in step 16 the adsorbed amount starts to decrease 
as observed also at pH 7,4 and 37°C and discussed in section 6.2.2.  In table 4 below 
the results from figure 14 and the experiment in appendix 11.6 figure 28 is shown. 
 
 
 
 
 
 
 
 

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	  11	   12	   13	  14	  15	   16	   17	  

-‐1	  

0	  

1	  

2	  

3	  

4	  

5	  

6	  

7	  

0	   5000	   10000	   15000	   20000	   25000	   30000	  

Γ	  
(m
g/
m
^2
)	  

Time(s)	  



27	  
	  

Table 4. Results showing the mean adsorbed or desorbed amount of the added 
compounds from two experiments. The standard deviation between the two 
experiments is also shown. Also the mean % degraded of the total layer from the two 
experiments are shown together with the standard deviation. The addition of PLA2 is 
presented from two additions in different pH. 
 

Added 
compound 

Mean 
adsorbed/desorbe
d amount (mg/m2) 

Mean % 
degraded of the 

total layer 
DOTAP/DOPC 4.2 ± 0.01  

Amylopectin 1.8 ± 0.3  
α-amylase -1.0 ± 0.5 15.7 ± 7.2 

PLA2 in pH2.5 -0.5 ± 0.6 8.7 ± 10.2 
PLA2 in PH7.4 -2.4 ± 0.1 39.9 ± 0.08 

 
The results in table 4 shows that the adsorbed amount of the bilayer and the 
degradation in pH 7,4 are similar to the results in table 2 and 3. Most importantly the 
enzymes do not tend to degrade the layers in pH 2,5. The enzymes are active at their 
optimal pH and for α-amylase it is 5,5-6,5 and for PLA2 7-9. In this case the enzymes 
are outside their optimal pH range and results in decreased activity. Enzymes are 
proteins and at low or high pH outside their optimal range they can become 
denaturated. At low pH increased concentration of H+ is present and will start to 
interfere with the enzymes internal ionic and hydrogen bonds. The overall effect 
results in interfering with the tertiary and quaternary structures of the enzyme. This 
pH-induced denaturation leads to aggregation or precipitation of the enzyme leaving it 
with no catalytic activity	  (31).	  
Comparing experiments in previous sections (6.2.1-6.2.2) with how α-amylase 
degrades the amylopectin layer at pH 2,5 there is a notable difference. There is a sign 
of degradation but it does not fully decrease to the level of the bilayer. At the same 
time a drop in the adsorption profile after introducing α-amylase is recurrent in all 
profiles. This drop could possibly be due to a change in dn/dc after α-amylase has 
been added. In the other experiment seen in appendix 11.6 figure 28 more of the 
amylopectin layer is degraded after addition of α-amylase but not fully.  
 

6.2.4 Layer’s Created at pH 7,4 and T=25ºC and Degraded at pH 5 
and T=37ºC 

 
For the experiment representing pH of the duodenum pH 5 was used. In figure 15 
below the experiment is shown. A 10 mM acetate buffer for pH 5, 10 mM phosphate 
buffer (PB) pH 7,4 was used in this experiment in addition to a 10 mM phosphate 
buffer pH 7,4 with 150 mM in ionic strength (PBS). 
 



28	  
	  

 
Figure 15. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water.  
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
cuvette, 7 pumping acetate buffer pH 5, 8 stop pumping acetate buffer pH 5 and 
increase temperature to 37 C, 9 addition of α-amylase in PB reaching 0,005 mg/mL in 
cuvette, 10 pumping acetate buffer pH 5, 11 stop pumping acetate buffer pH 5 at, 12 
addition of PLA2 in PB reaching 0,2% in the cuvette, 13 pumping PB pH 7,4, 14 stop 
pumping PB pH 7,4. 
 
The results from figure 15 show that α-amylase successfully degrades the 
amylopectin layer in step 9 as it is close to its pH activity of 5,5-6,5. Interestingly, 
when PLA2 is added in step 12 the enzyme starts to adsorb to the bilayer surface. This 
could be due to the charge of the PLA2 as it adsorbs to the silica surface. The enzyme 
is not within its pH optima of 7-9 and therefor does not degrade the bilayer at pH 5. 
When the pumping is started in step 13 to remove excess PLA2 it can be seen that the 
bilayer starts to degrade. This is due to the fact that in step 13 PB is pumped into the 
cuvette, which leads to a gradually increase of the pH in the cuvette. Some of the 
PLA2 is then adsorbed to the surface and when the pH increases the PLA2 starts to 
get more active and therefore starts to degrade the layer. Results from figure 15 are 
summarized in table 5 below. 
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Table 5. Results in figure 15 showing the adsorbed or desorbed amount of the added 
compounds and at the adsorbed amount level. Also the % degraded of the total layer 
by the enzymes from the experiment is shown. 
 
Added compound Adsorbed/Desor

bed amount 
(mg/m2) 

Adsorbed amount 
level (mg/m2) 

% degraded of the 
total layer 

DOTAP/DOPC 4.2 4.2  
Amylopectin 2.8 7  
α-amylase -2.5 4.5 35.6 

PLA2 in pH 5 0.6 5.1  
PLA2 in pH 7,4 -1.9 3.2 18.3 

 
In this experiment it was not tested to add PLA2 in PB pH 7,4. It would probably 
show a degradation to a similar level as previously described experiments. 
In contrast to pH 7,4 (section 6.2.1-6.2.2) the polymer layer is not fully degraded at 
pH 5. These differences could be due to the pH affecting the structure of the 
amylopectin layer which in turn affect how well the α-amylase is able to access the α-
1,4-glycosidic linkages. Addition of PLA2 results in a lower degradation compared to 
previous experiments performed at pH 7,4, again showing the pH dependence on the 
PLA2 activity.  
 

6.2.5 Layer’s Created at pH 7,4 and T=25ºC and Degraded at pH 6 
and T=37ºC 

 
Continuing in the intestine the pH gradually increases and an experiment monitoring 
the degradation at pH 6 was produced. In figure 16 below the result of degradation at 
pH 6 is shown. 10 mM citrate buffer pH 6 and 10 mM phosphate buffer pH 7,4 was 
used in this experiment in addition to a 10 mM phosphate buffer pH 7,4 with 150 mM 
in ionic strength. 
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Figure 16. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water.  
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
cuvette, 7 pumping citrate buffer pH 6, 8 stop pumping citrate buffer pH 6 and 
increase temperature to 37 C, 9 addition of α-amylase in PB reaching 0,005 mg/mL in 
cuvette, 10 pumping citrate buffer pH 6, 11 stop pumping citrate buffer pH 6, 12 
addition of PLA2 in PB reaching 0,2% in the cuvette, 13  addition of PLA2 in PB 
reaching 0,4% in the cuvette, 14 pumping citrate buffer pH 6, 15 stop pumping citrate 
buffer pH 6, 16 pumping PB pH 7,4, 17 stop pumping PB pH 7,4, 18 addition of  
PLA2 in PB reaching 0,2% in the cuvette, 19 pumping PB pH 7,4, 20 stop pumping 
PB pH 7,4. 
 
From figure 16 a fast degradation by the α-amylase can be seen in step 9 as the pH is 
close to the optima of α-amylase at pH 5,9. This could be due to degradation by 
enzyme or the typical dip mentioned before. In step 12, PLA2 is added but results in 
no degradation and doubling the PLA2 concentration does not promote degradation. 
After changing the buffer in step 14-17 to a PB pH 7,4 the bilayer is degraded by 
PLA2 at step 18. The same behavior is observed in step 19 as many of the previous 
experiments where the rinsing leads to more of the bilayer is desorbed when the 
PLA2 has reached a plateau. In the following table 6 the results from figure 16 are 
summarized. 
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Table 6. Results in figure 16 showing the adsorbed or desorbed amount of the added 
compounds and at the adsorbed amount level. Also the % degraded of the total layer 
by the enzymes from the experiment is shown. 
 

Added 
compound 

Adsorbed/Desorbed 
amount (mg/m2) 

Adsorbed amount 
level (mg/m2) 

% degraded of the 
total layer 

DOTAP/DOPC 4.2 4.2  
Amylopectin 1.1 5.2  
α-amylase -0.8 4.4 15.7 

PLA2 in pH6 -0.2 4.2 4.02 
PLA2 in pH7.4 -2.3 1.9 43.7 
 
 

6.2.6 Degradation of the Bilayer Observed at pH 7,4 and T=25ºC 
 
To understand how the PLA2 interacts with a pure DOPC/DOTAP bilayer an 
experiment without any adsorbed amylopectin or added α -amylase was conducted as 
shown in  figure 17. 
 

 
Figure 17. Profile showing build-up of DOTAP/DOPC and degradation of the bilayer 
by PLA2. 1 pumping PBS, 2 stop pumping PBS, 3 addition of DOTAP/DOPC to give 
20 µM in the cuvette, 4 pumping PB, 5 stop pumping PB, 6 addition of PLA2 to give 
0,2% concentration in the cuvette, 7 pumping PB, 8 stop pumping PB. 
 
The results show that the enzyme acts differently than in the previous experiments 
(section 6.2.1-6.2.5). In the graph 6 it can be seen that the PLA2 starts to adsorb to 
the bilayer whereupon it partly degrades the bilayer to a level were it reaches a 
plateau. The enzyme definitely degraded the bilayer much faster in the previous 
experiments. When starting to remove excess PLA2 by rinsing it is revealed that more 
of the bilayer is degraded. In table 7 below the results from figure 17 are shown 
combined with results from both section 4.2.1 and 4.2.2. 
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Table 7. The degraded amount of the bilayer in figure 17 is shown with the mean 
values of degraded amount of the bilayer in figures 12 and 13. 
 

 Temperature 
(ºC) 

pH Degraded amount 
by PLA 2 (mg/m2) 

DOTAP/DOPC 25 7.4 -1,9 
After amylopectin 
and α-amylase 

25 7.4 -2.3 ± 0.4 

After amylopectin 
and α-amylase 

37 7.4 -2.3 ± 0.3 

 
It is seen in table 15 that it differs in the degraded amount of the bilayer by PLA2. 
This could mean that the amylopectin has an effect on the bilayer by rearrange or 
change its conformation leading to the bilayer to be more easily degraded by the 
PLA2. It could also be an effect of α-amylase on the lipid bilayer. In table 8 the 
percentage of how much the bilayer is degraded in figure 17 is shown. 
 
Table 8. The percentage of how much the bilayer is degraded by the PLA2. 
 

Layer % degraded of the 
layer 

Bilayer 45.6 
 
The result shown in table 8 shows that there is no difference in the amount degraded 
by PLA2 than the amount degraded by PLA2 when α-amylase and amylopectin being 
present when compared to table 2.  
But it could also be that the PLA2 in section 6.2.1-6.2.5 also including desorbing the 
amylopectin before starting to degrade the bilayer. 
 
Vackling et al (20) studied the degradation of DOPC bilayer using PLA2 from cobra 
venom. In their study it was shown that the bilayer degraded to a level where only 
11% of the bilayer remained. The studied phospholipids in Vacklin et al (20) were 
DPPC, POPC and DOPC. DPPC does not contain any double bonds in the fatty 
hydrocarbon chains while the other two have one or two double bonds. It was shown 
that DPPC with no double bonds was not degraded, while DOPC and POPC had 
similar degradation. In the present study DOPC and DOTAP are used were both have 
the double bond in the hydrocarbon chains. But the difference is that DOTAP has no 
phosphor-part in the head group. Because of non present phosphor-part in the head 
group the PLA2 might not bind to the DOTAP to be guided towards the sn-1,2-diacyl- 
phospholipids.  This could be one reason for why only 45,61% is degraded in figure 
17. But when looking closer at degradation profile of DOPC in Vacklin et al (20) and 
comparing to the results from the present work, there is a difference in terms of time 
where one can see that the degradation was recorded for a longer time in the study by 
Vacklin et al. By comparing the time of the degradation in above figure 17 with 
Vacklin et al there are similarities in the degradation profile and in the degraded 
amount of the bilayer. Still the PLA2 degrades more in Vacklin et al and could be due 
to the entity of the PLA2. 
When comparing addition of PLA2 to a single bilayer and a bilayer with adsorbed 
amylopectin layer that has been degraded by α-amylase it results in PLA2 degrading a 
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bilayer where amylopectin has been degraded much faster. The difference in 
degradation of a bilayer could be due to packing defects in the bilayer caused by 
adsorbed amylopectin or remaining α-amylase. Leidy et al.	  (32) describe how the 
activity of PLA2 is increased due to conformation changes of a bilayer. With packing 
defects are present or when the curvature of the bilayer is increased the activity of 
PLA2 increase as the sn2-position is more accessible. In the present thesis no study on 
the bilayer defects was done. To study if amylopectin causes defects in the bilayer a 
method were degradation of the bilayer by addition of a nonionic surfactant in 
different concentration in absence and presence of amylopectin can be used. If the 
desorption of the bilayer is more pronounced at lower concentration of nonionic 
surfactant with amylopectin present then it confirms that amylopectin destabilizes the 
bilayer. 
 

6.2.7 α-amylase Added to a Bilayer 
 
The interaction between α-amylase and the DOPC/DOTAP bilayer was also 
investigated as shown in figure 18. 

	  
Figure 18. Results from adding α-amylase to a formed bilayer to see if α-amylase has 
any effect on the bilayer. Finally PLA2 is added to see if the bilayer still can be 
degraded. 1 pumping PBS, 2 stop pumping PBS, 3 addition of DOTAP/DOPC to give 
20 µM in the cuvette, 4 pumping PB, 5 stop pumping PB, 6 addition of α-amylase to 
give 0,005 mg/mL concentration in the cuvette, 7 pumping PB, 8 stop pumping PB, 9 
addition of PLA2 to give 0,02 % concentration, 10 addition of PLA2 to increase 
concentration in cuvette with 0,04 %, 11 addition of PLA2 to increase concentration 
in the cuvette by 2 %, 12 pumping PB. 
 
The results in figure 18 shows that interestingly α-amylase adsorbs to the bilayer with 
an adsorbed amount of 1,77 mg/m2. The reason for this is because the pH is above 
isoelectric point of α-amylase at 5,09-5,18 and has a negative charge, which is 
attracted to the positive charge of the bilayer. In step 11 PLA2 is added and shows 
that the “layer” of α-amylase starts to desorb. This shows that it is not necessarily the 
α-amylase being removed but might be bilayers without any α-amylase adsorbed that  
has started to degrade.  
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6.2.8 Summing up the Ellipsometry Experiments 
 
To summarize the experiments presented in section 6.2.1-6.2.7 it can be seen that the  
bilayer formation is reproducible and is the bilayers are degraded by PLA2. Table 9 
below summarizes all the experiments on bilayer formation from different liposome 
batches included in this thesis. 
 
Table 9. Adsorbed amount of DOTAP/DOPC bilayers created from different 
liposome batches produced in section 6.1. Differences in D,1 and D,2 is the 
temperature used in ellipsometry, were D,1 was at room temperature 20-22ºC and 
D,2 at 25ºC. For C the temperature was 20-22ºC and for E it was 25ºC. 
 

Liposome 
Batch 

Mean adsorbed 
amount (mg/m2) 

C 4.3 ± 0.1 
D,1 4.1 ± 0.2 
D,2 4.2 ± 0.1 
E 4.2 ± 0.1 

Total 4.2 ± 0.1 
 
The results in table 9 shows that a bilayer will form on the silica surface 
independently of PBS or PB buffer in the ellipsometry cuvette. The attraction towards 
the silica surface is probably that great that it collapses and ruptures almost 
immediately. When comparing all experiments it can be concluded that the overall 
build up of bilayer is quite stable and does not differ so much as seen from the 
standard deviation. The bilayers formed in room temperature (T=20-22°C) seems to 
differ very little to the ones formed in T=25ºC. To compare if the resulting adsorbed 
amount of the bilayer are reasonable it was compared with DOPC bilayer formed in 
Vacklin et al.	  (20). The adsorbed amount was 4,4 mg/m2 and comparing to the present 
studies result of 4,2 mg/m2 it is seems reasonable that the DOTAP gives the adsorbed 
amount a little bit different value. The thickness of the bilayers formed in present 
thesis increases to 40 Å indicating that the bilayer is formed resembling reported 
values in (33) (34) (35). The formed bilayers in the present thesis draw the conclusion 
from the thickness and adsorbed amount of the bilayer to resemble the bulk lamellar 
structures of the lipids. The area of a DOPC molecule calculated in the thesis agree 
with presented area in Vacklin et al.	  (34).  	  
When looking at the polymer layer a larger difference in the adsorbed amount of 
amylopectin to the lipid bilayer is observed as summarized in table 10. 
 
Table 10. The mean adsorbed amount of amylopectin to DOTAP/DOPC from 
amylopectin stock solutions treated either by ultrasonicating or by not 
ultrasonicating. 
 

 Mean adsorbed 
amount (mg/m2) 

Not ultrasonicated 2.2 ± 0.9 
Ultrasonicated 1.7 ± 1.0 

Total 1.8 ± 0.9 
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The results in table 10 show that ultrasonication of the amylopectin stock solution is 
not critical for the adsorption. However, ultrasonication affects the homogeneity of 
the amylopectin stock solution. To receive a more homogenous amylopectin stock 
solution a longer boiling time combined with ultrasonication resulted in a larger 
adsorbed amount in the ellipsometry experiments. The problem is still that there is not 
a complete disintegration of amylopectin and which gives rise to large spread of the 
adsorbed amount. The method preparing a stock solution of amylopectin was based 
on information from previous thesis done at YKI	  within	  CODIRECT	  (36). The 
amylopectin was turbid after boiling at 100ºC and only resulted in random adsorption 
of either not adsorb or low adsorption. No particle size analysis was run on 
amylopectin solution. With ultrasonication the solution turned clear assuming that the 
amylopectin had dissolved. A suggested method for preparing amylopectin solution is 
one prepared by Sasaki et al. (37) were a 0.6 mg/mL suspension was prepared in 10 
and 100 mM (pH 7.0) sodium acetate buffer containing 100 mM NaCl. This was then 
heated at 100 °C for 15 min and stored at room temperature for approximately 1 h.  
In figure 19 below shows all experiments producing the coating with DOTAP/DOPC 
and amylopectin from section 6.2.1-6.2.5 at pH 7,4 and temperature 25ºC. 
 

	  	  	    
 Figure 19. The adsorbed amount of the coatings produced in experiments shown in 
6.2.1-6.2.5 formed in pH 7,4 with the temperature 25 ºC. n table 2, n table 3, n table 
6, n table 5 and n table 4. The experiments are presented with their standard 
deviation except for table 6 and table 5 who were produced only once. 
 
Looking at the resulting degradation figures in figure 19 shows that formation of the 
bilayer is stable and less varying then amylopectin. There is clearly a sign of 
amylopectin needs a further development of a more reliable method with good 
repeatability. The different adsorbed amounts of amylopectin makes it hard to 
compare the degradation of the layers by looking at adsorbed amount and instead 
present it in figure 20 as percent degraded of the total adsorbed amount.  
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Figure 20. The degradation of the coatings created in section 6.2.1-6.2.5 are 
presented as % of the coating degraded after α-amylase and PLA2 are added. n 
coating is degraded at pH 7,4 at temperature 25 ºC, n coating is degraded at pH 7,4 
at temperature 37 ºC, n coating is degraded at pH 6 at temperature 37 ºC and later 
pH increased to pH 7,4, n coating is degraded at pH 5 at temperature 37 ºC and later 
pH increased to pH 7,4.and n coating is degraded at pH 2,5 at temperature 37 ºC and 
later pH increased to pH 7,4. 
 
There is a notable difference seen in how much of the layers are degraded by α-
amylase at the different pH seen in figure 20. The amylopectin seems to be least 
degraded by α-amylase at pH 2,5 and the reason for this is that the α-amylase is below 
its pI at 5,09-5,18 indicating that the enzyme has a positive net charge. With the 
positive charge it might result in adsorption towards the silica surface. The optimum 
of α-amylase is within pH 5,5-6,5 and gradually the activity decreases because of the 
low pH. When adding PLA2 to the surface there is a big difference between pH 7,4 
and the rest. The PLA2 is not very active at these pH as its pH optimum is between 
pH 7-9. There is slight adsorption of PLA2 in pH 5 which could be to its net charge is 
positive and might adsorb to sites on the silica surface were the bilayer has defects. In 
the columns for “PLA2 in pH 7,4” in figure 20 the pH is increased to pH 7,4 and 
PLA2 activity increases and degrades to an almost similar level as. 
With the results in figure 20 we can see a significant difference at what pH the layers 
degrade. In presence of α-amylase the amylopectin layer is least degraded at pH 2,5 
and also shows that if any α-amylase from the saliva would follow down to the 
stomach it would lower its activity. If an per oral formulation of this system would be 
given to a patient it would be best to administrate when the patient has not eaten as 
the pH in stomach is low. When the pH increases, more of the amylopectin layer is 
degraded as the enzyme is secreted in the intestine. There is a significant difference 
between PLA2 added in different pH. The difference shows that as the coated 
particles reaches further down into the intestine the bilayer coating would start to 
degrade. 
From the ellipsometry data shown, there are possibilities to further develop this 
coating system. In the present thesis, the knowledge of what the layers consist of after 
adding the enzymes in ellipsometry is unknow. After adding α-amylase to the 
amylopectin layer and pumped out the excess α-amylase after degrading the 
amylopectin layer, we can’t be entirely sure that the layer only consists of the 
expected bilayer. A known fact is that enzymes after catalyzing a degradation of a 
substrate will stay at the site and it would probably stay even after pumping away the 
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excess α-amylase. Another constituent might be rest product of the degradation. 
Further analysis is needed to investigate the composition of the layers in presence of 
enzymes, for example the enzyme or the compounds of the coating can be isotope 
marked and analyzed with a radiographic method. Another method would be to mark 
specific bonds in a compound and see if these are broken. 
 

6.3 Controlled release 
 
The second part of the present thesis concerns coating of MSP loaded with vanillin 
with the layers studied in ellipsometry and to characterize the barrier properties of the 
coatings using an controlled release equipment. 
Before coating the particles a release study of vanillin loaded MSP was done see 
figure 21. The amount of vanillin loaded MSP used in figure 21 was; 25 mg of 9 
weight % vanillin in MSP, 10 mg of 23 weight % vanillin in MSP and 7 mg of 31 
weight % vanillin in MSP. 
 

 
Figure 21. Release profile of MSP loaded with vanillin at different solubility degree. 
The names V-10% were V stands for vanillin loaded MSP and the percentage stand 
the percentages of vanillin solubilized in the medium when loading into the MSP. 
Vanillin was added after 45 min. 
 
 
The results in figure 21 show that vanillin is very rapidly released from the particles, 
within 2 minutes after addition of the particles to the dissolution chamber.  
Ellipsometry data show that the bilayer is formed within 8-20 min after addition of 
liposomes but when transferring this to coating of particles it is important to consider 
that the MSP have a much larger surface area to be coated. With the knowledge of the 
release this is a limiting factor for preparing the coating since vanillin likely will be 
release before the bilayer has been completely created on the surface. Many methods 
were developed but no one succeeded in keeping the vanillin inside, even though the 
deposition of liposomes onto the MSP was performed in saturated vanillin solution.  
The coating procedure was used for 10 mg of 31 weight % vanillin in MSP, weighed 
into a vial were adding saturated solution of vanillin in PBS. The solution was set to 
stir at 300 rpm and while stirring liposome suspension was pipetted to the vial and the 
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solution left to stir for 1h. Three times the supernatant was pipetted from the 
sedimented MSP solution to get rid of excess liposomes and replace it with PB. In 
between removal of supernatant the solution was stirred. Next step was to centrifuge 
the solution for short time at 3000 rpm and then pipette away the supernatant and 
replace with 1,7 mL of PB. The sediment was vortexed back into solution and 
centrifuged again. This procedure was repeated three times. The last change of 
supernatant for PB and vortexed was done just before adding the vial to the controlled 
release bath. 
In Cleason et al. (38) the formation of POPC bilayers on MSP with 2, 4 and 6 nm 
pore size was studied to see if the bilayer would span over the varying pore sizes. It 
was found that for all pore sizes bilayers successfully formed spanning over the pores 
and suggests for the present thesis bilayer would form on MSP with pore size 2,5 nm. 
Another study by Ng et al. (39) studied the leakage from MSP with different pore size 
using cationic and anionic fluorescent molecules loaded into the MSP  using confocal 
laser scanning microscopy (CLSM). 
 

6.4 Investigation if Vanillin Molecule had Effect on the Silica Surface 
 
An ellipsometry study was performed to get a better understanding of how vanillin 
would affect the silica surface by either adsorbing to it or if it hindered the bilayer to 
be created. In figure 22 below the experiment is shown.  
 

 
Figure 22. Adsorption profile recorded with build up of DOTAP/DOPC liposomes 
after applying saturated vanillin solution in PBS. At start measured in water.  
1 pumping of PB pH 7,4, 2 stop pumping of PB pH 7,4, 3-7 1 mL pipetted from the 
cuvette and 1 mL saturated vanillin solution in PBS added 8 pumping PB pH 7,4, 9 
stop pumping PB pH 7,4, 10 addition of 5,1 µL DOTAP/DOPC in PBS reaching 20 
µM in the cuvette, 11 pumping PB pH 7,4, 12 stop pumping PB pH 7,4. 
 
The experiment was done by taking out 1 mL from the cuvette and add 1 mL of a 
saturated vanillin solution in PBS every 15 mins. In between additions no flushing of 
excess vanillin was done. This was done to simulate if having real MSP in saturated 
vanillin solution, also to reach a saturated concentration within the cuvette. The 
representation of having saturated solution of vanillin in PBS was because many 
coating attempts for controlled release were performed in this solution.  
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In figure 22 it can be seen that there is no sign of vanillin adsorbing to the surface and 
the adsorbed amount of the bilayer is similar to the ones recorded in section 6.2.1-
6.2.6. It can be concluded that vanillin does not interfere with the adsorption of the 
liposomes to the silica surfaces and therefore proves that bilayers can form in 
presence of vanillin. It also indicates that complete release of vanillin during or after 
bilayer coating not is due to formation of leaky bilayers. The experiment does not 
exactly reassemble the coating procedure with MSP and would gather more 
information if the liposomes were added before pumping out vanillin. 
 

6.5 Conversion of Ellipsometry Data to Coating Procedure 
 
From ellipsometry on DOTAP/DOPC and amylopectin layers a coating procedure for 
MSP can be obtained. The total area of the ellipsometry cuvette and the substrate is 
approximately 21 cm2. 
10 mg of MSP with properties as described in section 5.2 have a total outer surface 
area of 77 cm2 which is ~4 times the surface area of the ellipsometry cuvette. 
The adsorbed amount of DOTAP/DOPC to the silica substrate was 4,22 mg/m2 shown 
in section 6.2.8 corresponding to 5.68*10-6 mol/m2 DOTAP/DOPC. This implies that 
coating 10 mg MSP particles with DOTAP/DOPC requires 4,4 10-8 mol. The volume 
needed from the 19,5 mM liposome solution is thus 2,3 µL. However, an excess of 
DOTAP/DOPC is required to assure complete coating.  
The adsorbed amount of amylopectin on the cuvette surface was 1,82 mg/m2 

corresponding to 8.08*10-9 mol/m2 and was calculated with value from section 6.2.8. 
The radius around the particle increases with the bilayer by ~40 Å observed by 
Ringstad et al (33) and the coating around the bilayer on 10 mg MSP requires  
6.3*10-11 mol amylopectin. From a 1 mg/mL amylopectin solution a volume of 14 µL 
is needed to coat the MSP according to ellipsometry data. Again, an excess of this 
value is requires to assure coating.  
 

6.6 Calculations for Coating the Mesoporous Silica Particles 
 
In Nordlund et al. (40) a calculation is described, vesicle:particle surface area (VPSA) 
ratio (𝐾!/!! ), which was used together with ellipsometry data for calculating correct 
amount of added liposomes to encapsulate the whole MSP.  
𝐾!/!! = !!!"#

!!
!"#        Equation (5) 

Where Av
tot is the total vesical surface area and Ap

tot is the total particle surface area. 
A suitable amount of 10 mg of MSP was used for the calculation. Av

tot is calculated 
from the amount of mols added from the 19,5 mM liposome solution, the volume of a 
DOPC lipid 1,3 nm3 (41) and the radius of liposomes from batch E in section 6.1.  
Ap

tot is calculated from the dimensions of the particles and the particle density, 
1,55*10-21 g/nm3 (42). The aim is to get a ratio of Av/AP >15 for efficient coating of 
the 10 mg MSP (40). 
 
With equation 5 the ratio Av/AP =15 is acquired if 19,4 µL is used of a 19,5 mM 
liposome suspension the bilayer that should give an efficient coating. With the results 
from section 6.5 the Av/AP of the amount needed from ellipsometry data results in 
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Av/AP ≈ 2. This shows that the volume of liposomes used in ellipsometry needs to 
increase by at least ~8,4 times to reach a ratio of 15. 
 

6.7 Zeta potential measurements 
 
The lack of progress in controlled release studies led to investigation of the z-potential 
of unloaded particles instead. The z-potential was measured after coating with 
DOTAP/DOPC as well as DOTAP/DOPC and amylopectin. In addition, the effect of 
added enzymes on the z-potential was studied. The z-potential of the coated particles 
was compared to the z-potential of the single components. The coating procedure was 
proceeded with 0,3 mL of 19.5 mM DOTAP/DOPC liposomes added to 10 mg 
unloaded MSP in PBS (Av/AP =232) and left to stir for 1h. After 1h the solution was 
left to sediment for 5 min and then solution was pipetted out to gradually remove 
excess liposomes. The solution was stirred for another 5 min. This procedure was 
repeated 3 times. The amylopectin was added by pipetting out 0,4 mL of the solution 
and adding equal amount of 1 mg/mL amylopectin back to it and left to stir for 1 h to 
coat. The same rinsing procedure as previous (after liposome adsoption) was done to 
get rid of excess amylopectin. 5 µL of α-amylase was pipetted into the solution and 
was left to stir for 50 min. Previous rinsing step was done but twice this time. 20 µL 
of PLA2 pipetted into the solution and left to stir for 50 min. Previous rinsing step 
was done but twice this time. In table 11 the results from zeta potential measurements 
is shown. 
 
Table 11. Zeta potential and standard deviations for free components of the layers in 
PB and PBS and also z-potentials of particles with layers and degraded layers. 
 
 Zetapotential (mV) 
Unloaded MSP in PB  -43.2 ± 0,3 
Unloaded MSP in PBS  -24.2 ± 0,6 
DOTAP/DOPC liposomes in PB  42.2 ± 1,7 
DOTAP/DOPC liposomes in PBS  20.7 ± 1,3 
Amylopectin in PB  -1.3 ± 0,2 
Unloaded MSP coated with DOTAP/DOPC in PB  47.1 ± 0,8 

Unloaded MSP coated with DOTAP/DOPC and Amylopectin 
in PB  

-4.7 ± 1,1 

Unloaded MSP coated with DOTAP/DOPC and Amylopectin 
in PB treated with α-amylase 

-19.1 ± 2.5 

Unloaded MSP coated with DOTAP/DOPC and Amylopectin 
in PB treated with α-amylase and PLA2 

-12.3 ± 2.3 

 
The results from table 11 shows that the bilayer and also the amylopectin layer are 
formed on the particles. The surface charge of MSP, -43,20 mV, changed to 47,1 mV 
when liposomes had form a bilayer. Comparing the z-potential of the bilayer coated 
particles (47,1 mV) to free liposomes (42,2 mV), it could be concluded that a bilayer 
had been formed on the particles. The difference in z-potential, the bilayer being more 
positive, could be due to the positive lipid, DOTAP, had a bigger affinity for the 
surface than DOPC. The z-potential of particles coated by DOTAP/DOPC as well as 
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amylopectin was -4,4 mV, which resembled result of -1,1 mV of free amylopectin, 
showing that an amylopectin layer is formed on the bilayer-coated particles.  
When it comes to degrading the two layers, z-potential of the enzymes have not been 
measured which complicated the interpretation of the results in this case. In case the 
polymer layer is degraded in presence of α-amylase, as observed in the ellipsometry 
experiments, an increase of the z-potential is expected resembling the bilayer. 
However the z-potential measured after addition of α-amylase was negative. α-
amylase might need more time to degrade amylopectin and in the preparation method 
it was left for 50 min, which is 10 min longer then in the ellipsometry section 6.2.1. A 
known fact is that enzymes stay on the surface of the layer it has degraded. At pH 7,4 
α-amylase has a negative net charge, which explains the negative z-potential 
measured. More rinsing between steps is suggested for removing the α-amylase. 
Because the z-potential value after α-amylase degradation was a little bit unexpected, 
the value for PLA2 addition is also seen as uncertain. The values are not to be related 
to unloaded z-potential values of MSP in PB. Still in ellipsometry in section 6.2.1-
6.2.6 one can see that the bilayer is not fully degraded. And potentially the value 
could be valid.  
When analyzing both the z-potential and ellipsometry measurements it can be 
concluded that there is no information in the data what exactly the coating layers 
consist of after addition the enzymes. To analyze the actual consistent of the layers 
two methods are suggested for future studies. The first one would be to mark a certain 
compound of the coating with an isotope or enzyme and see if there are rest products 
of the enzyme degradation that adsorb to the surface or if the enzyme stays on the 
surface after degrading that layer. Another method would be to look for a certain 
chemical bond of a compound before and after addition of enzyme and see it has been 
degraded. Both methods would give valuable information about the products of 
degradation and if the adsorb to the layer surface as they are for now unknown. We 
can for example see in z-potential that after adding α-amylase and rinsing the 
measurement would show positive charge as the bilayer. The measurement instead 
shows a negative charge and suggests that some unknown degradation product having 
a negative charge is present or the enzyme still at the surface. Looking at the z-
potential after addition of PLA2 the charge is less negative. It could indicate that α-
amylase has been flushed. It also could mean that the positive lipid DOTAP has not 
been degraded by PLA2 because it lacks the phosphorus part in the head group 
distinguishing it from the other phospholipid DOPC. In this case isotope labeling of 
DOTAP would be of interest to see if it is degraded even though it lacks the 
phosphorous part. 
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7. Conclusions 
 
In this thesis the build-up of a coating were studied consisting of a bilayer from 
DOTAP/DOPC liposomes in (1:3) molar ratio and a polymer outer layer from 
amylopectin. The study was first done on a planar silica surface in ellipsometry to see 
what concentration of the components did adsorb at room temperature and at what salt 
concentration of the buffer adsorption proceeded. The degradation phase of the 
components was studied by varying the pH simulating the pH gradient of the human 
intestine and also the how degradation proceeded at human body temperature. It was 
shown that DOTAP/DOPC liposomes in PB pH 7,4 adsorbed to the planar silica 
surface in ellipsometry to an adsorbed amount of 4,22 ± 0.11 mg/m2. It was also 
shown that it differed very little in adsorbed amount in-between batches and the 
buffer liposomes where in.  
 
The second layer, amylopectin, was adsorbed to the bilayer surface in different 
amounts. Disintegration of amylopectin was a critical factor. A boiling time of 40-60 
min combined with 2 min of ultrasonication resulted in 3,39 mg/m2 in figure 12.  
 
A coating method was developed from the gathered data from ellipsometry 
experiments. The coating system on MSP was analyzed with z-potential 
measurements and compared with the z-potential of free components showing that the 
coating had formed. 
 
During the present thesis a study in ellipsometry on how pH effects the coating was 
done. It could be concluded that the layers did not degrade due to pH studied and 
temperatures 25ºC and 37ºC. Degradation of the two layers by a-amylase and PLA2 
where performed and it could be concluded that the degradation by these enzymes is 
pH-dependent.  
 
α-amylase at 37 ºC resulted in fully degrading all amylopectin-layer at pH 7,4, 6 and 5 
except at pH 2,5 which was expected. α-amylase degraded all layers independently of 
the adsorbed amount of amylopectin. It was concluded that PLA2 degraded the 
bilayer but not fully, having its best activity for degradation seen at pH 7,4. 
 
There were not successful results from release studies of particles that had been 
coated with DOTAP/DOPC and therefore a study if vanillin had leaked out from MSP 
and if it adsorbed at the silica surface. It was concluded that vanillin did not adsorb to 
the surface where DOTAP/DOPC liposomes could adsorb afterwards in figure 22. 
Therefor it proves further together with the z-potential that a bilayer is able to form. 
It has to be pointed out that the experiment produced in figure 22 pumped out vanillin 
solution before adding DOTAP/DOPC liposomes. It is still uncertain if the vanillin 
would have an effect on the adsorption of the liposomes. 
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8. Future Prospects 
 

• For future studies of the coating-system it could be of interest to try to load 
another active drug into the MSP. Vanillin was originally chosen as model 
substance because it was hydrophilic, small molecule and neutral at pH 7,4. 
Also it would easily be dissolved in water, to be able to coat the MSP in water 
and released from the MSP within a short amount of time. At the same time it 
was chosen because it would not interact with the components of the system. 
In order to obtain a slower release a suggestion would be to use compounds 
that are either more hydrophobic, positively charged or have larger Mw. 
Another solution would be to modify the interior surface of the pores to alter 
the release time from the MSP. 

• It would be an option of making a coating system with only the bilayer and 
therefor skip the double enzyme triggering coating. The coating was not 
intentionally produced as a double triggered coating. In the present thesis the 
aim was to create a coating that would be degradable by α-amylase because 
there are diseases linked to high concentrations of α-amylase in the human 
body. Amylopectin would not be adsorbed to the MSP surface directly due to 
charges but with a positively charged layer between the two, amylopectin 
would be added. At the same time the active needed a coating barrier that 
would not let it leak out from the MSP. In previous thesis (36) it was found 
that amylopectin did not serve as a barrier and left MSP interior leaking out. 

• Because the amylopectin solution showed variations in adsorbed amount a 
more reliable method is need to establish repeatability. The turbid solution 
needs to be analyzed by different boiling times and the resulted adsorbed 
amount. By analyzing this way to find the best method for preparing 
amylopectin. To gather more information size measurement of amylopectin 
with dynamic light scattering. Further circular dichroism (CD) measurements 
of amylopectin secondery structure is suggested. A suggested method for 
preparing amylopectin solution is one prepared by Sasaki et al. (37) were a 0.6 
mg/mL suspension was prepared in 10 and 100 mM (pH 7.0) sodium acetate 
buffer containing 100 mM NaCl. This was then heated at 100 °C for 15 min 
and stored at room temperature for approximately 1 h.  

• Continue ellipsometry experiments adding both enzymes at the same time for 
analyzing the behavior of how the coating system is degraded.  

• To analyze what the coating layers consists of after addition of enzymes. A 
radiographic analyzing method is suggested by marking the enzymes or 
components of the coating-system with an isotope. Results would show if 
components are in solution or adsorbed in on the surface. 

• Analyze what the layer consists of by marking specific bonds in the 
components and see if these are broken or if still present in the layer after 
addition of enzyme. 

• To know how the amylopectin affects the bilayer by causing defects.              
A method adding a nonionic surfactant with and without the presence of 
amylopectin to a bilayer is suggested. 

• There would be of interest to see how and if it’s possible for scaling up the 
production.  

• The thought of being able to dry the complete coating-system with a active 
component inside for production of a oral tablet.  
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• It would be of interest to see how well the coating protects the active drug 
when there is a higher concentration of enzyme. 

• For the ellipsometry studies there was never a study on each pH when 
degrading having a salt concentration simulating the intestine or the gallsalts. 
This would yield in valuable results for the coatings behavior inside the 
intestine. 
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11. Appendix 
 

11.1 Standard curve for vanillin in PBS 
	  

 
Figure 23. Standard curve for vanillin at λ = 230 nm in PBS pH 7,4 with ionic 
strength 150 mM, T = 25 C 
 

11.2 Calculated amount of V-10%, V-30% and V-70% for controlled release 
study 

 
% of vanillin within the loaded particles: 
 
V-10%: 8,66 % 
V-30%: 22,78 % 
V-70%: 31,32 % 
 
From example calculating for V-10% for absorbance 0,6: 
 
In appendix 7.1 the formula in the graph is used to calculate the mg/L of vanillin 
needed for absorbance 0,6. 
 

𝑥 =
0,6+ 0,0065
0,0678 = 8,9454  𝑚𝑔/𝐿 

 
And the knowledge of a cuvette is filled with 250 mL of buffer and to get for 1 L 
there one should take 8,9454/4 = 2,23635 mg/L. 
Then the percentage vanillin calculated for V-10% is used to calculate the amount of 
loaded MSP with vanillin to get 2,23635 mg/L. 
 
2,23635/0,866 = 25,8358 mg  
 
This corresponds to the amount of vanillin in MSP that is weighed for release study in 
section 6.3. 

y	  =	  0.0678x	  -‐	  0.0065	  
R²	  =	  0.99989	  
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The calculated amount of V-30% and 70% for weighing is: 
 
mV-30%=9,8172 mg 
mV-70%=7,1392 mg 
 
	  

11.3 Liposome Size of Batch E 
 

	  
Figure 24. Shows the size distribution curve of the liposomes produced in batch E 
and that were used for ellipsometry experiments. 
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11.4 Complementary Ellipsometry at pH 7,4 and T=25ºC and Degraded at pH 
7,4 and T=25ºC 

 

 
Figure 25. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water. 
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
cuvette, 7 pumping PB pH 7,4, 8 stop pumping PB pH 7,4 and increase temperature 
to 37 C, 9 addition of α-amylase in PB reaching 0,005 mg/mL in cuvette, 10 addition 
of α-amylase in PB reaching 0,05 mg/mL in cuvette, 11 pumping PB pH 7,4, 12 stop 
pumping PB pH 7,4, 13 addition of PLA2 in PB reaching 0,2% in the cuvette, 14 
pumping PB pH 7,4, 15 stop pumping PB pH 7,4. 
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Figure 26. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water. 
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
cuvette, 7 pumping PB pH 7,4, 8 stop pumping PB pH 7,4 and increase temperature 
to 37 C, 9 addition of α-amylase in PB reaching 0,005 mg/mL in cuvette, 10 addition 
of α-amylase in PB reaching 0,05 mg/mL in cuvette, 11 pumping PB pH 7,4, 12 stop 
pumping PB pH 7,4, 13 addition of PLA2 in PB reaching 0,2% in the cuvette, 14 
pumping PB pH 7,4, 15 stop pumping PB pH 7,4. 
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11.5 Complementary Ellipsometry at pH 7,4 and T=25ºC and Degraded at pH 
7,4 and T=37ºC 

 

 
Figure 27. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water. 
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PBS reaching 1 mg/mL in 
cuvette, 7 pumping PB pH 7,4, 8 stop pumping PB pH 7,4, 9 addition of 1 mL 
amylopectin in PB reaching 1 mg/mL in cuvette, 10 pumping PB pH 7,4, 11 stop 
pumping PB pH 7,4 and increase temperature to 37 C, 12 addition of PLA2 in PB 
reaching 0,2% in the cuvette, 13 pumping PB pH 7,4, 14 stop pumping PB pH 7,4, 15 
pumping PB pH 7,4, 16 stop pumping PB pH 7,4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	   13	   14	  15	  16	  

-‐1	  

1	  

3	  

5	  

7	  

9	  

0	   5000	   10000	   15000	   20000	   25000	  

Γ	  
(m
g/
m
^2
)	  

Time	  (s)	  



54	  
	  

11.6 Complementary Ellipsometry at pH 7,4 and T=25ºC and Degraded at pH 
2,5 and T=37ºC 

 

 
Figure 28. Adsorption profile for build up of a DOTAP/DOPC bilayer and a 
subsequent amylopectin layer. Also degradation of the two layers is shown. Initially 
the measurement is performed in water. 
1 pumping of PBS pH 7,4, 2 stop pumping of PBS pH 7,4, 3 addition of 
DOTAP/DOPC in PB reaching 20 µM in the cuvette, 4 pumping PB pH 7,4, 5 stop 
pumping PB pH 7,4, 6 addition of 1 mL amylopectin in PB reaching 1 mg/mL in 
ellipsometry cuvette, 7 pumping phosphoric acid buffer pH 2,5, 8 stop pumping 
phosphoric acid buffer pH 2,5 and increase temperature to 37 C, 9 addition of α-
amylase in PB reaching 0,005 mg/mL in the cuvette, 10 pumping phosphoric acid 
buffer pH 2,5, 11 stop pumping phosphoric acid buffer pH 2,5, 12 addition of PLA2 in 
PB reaching 0,2% in the cuvette, 13 pumping PB pH 7,4 at, 14 stop pumping PB pH 
7,4, 15 addition of 50 µL PLA2 in PB reaching 0,2% in the cuvette, 16 pumping PB 
pH 7,4 at, 17 stop pumping PB pH 7,4. 
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