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surfactant proteins. (b) Effect of surfactant proteins on 

translocation of the nanoparticles through the LSM. (c) Effect 

of surface tension on nanoparticle translocation into the LSM. 
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Figure 2.19 Interaction of different nanoparticles with LSM (DPPC-

POPG-SP-B1-25-SP-C). (a) Injection of nanoparticles from air 

space into the simulated LSM system separated by water box 

between two monolayers. Comparison of pressure-area 
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isotherms from simulation (MD) with experimental 

(Langmuir) results of LSM. The lateral patterns of the LSM 

monolayer are shown in the insets (top image: AFM and 

bottom image: MD simulation) across the plateau area of the 

compression isotherms. (c) Three different types of 

hydrophobic and hydrophilic nanoparticles (neutral, cationic, 

and anionic) translocation into the LSM in three compressed 

stage of monolayers (60.0, 51.4 and 44.1 Å2).  

Figure 2.20 Interaction of different nanoparticles with LSM (DPPC-

POPG-SP-B1-25-SP-C). (a) The initial final configuration of 

the DPPC phospholipid monolayers (a, c) Naringin and (b, d) 

Naringenin. (e) Gibbs free energy profiles of translocation of 

the Naringin (top) and Naringenin (bottom) for octano-water 

and water-octanol phase. (f) the intensity curves of GIXOS 

scattering patterns pure monolayer (blue curve), Naringin 

containing monolayer (green) and Naringenin containing 

monolayer (red) at 28 mNm-1 surface tension. 
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Figure 2.21 (a) The antibiotic levofloxacin containing LSM (DPPC-

POPC) system. The levofloxacin is first incorporated into the 

lipid-air interface. (b) The density profile of DPPC (green), 

POPC (red), amphoteric levofloxacin (yelow), and water 

(blue) in the system at surface pressures of 55 (top) and 43 

(bottom) mNm-1. (c) Experimental surface pressure-area 

isotherms as a function of the trough area in the absence of 

drug (black) as well as in the presence of 0.1% w/w (red), and 

10% w/w (blue) drug concentration. (d) BAM images of 

drug-free LSM, and 0.1% and 10% w/w of levofloxacin at 

different surface pressure of 0, 10, 20, 30, ad 40 mNm-1.  
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Figure 2.22 (a) Pressure-area isotherms for DPPC-DPPG LSM at drug 

free (black) and a range of drug concentration at the air-water 

interface. (b) Compression modulus-pressure curves of the 
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same monolayer obtained from Langmuir experiment. (c) 

Simulated tension-area curves for drug-free and presence of 

drug. (d) Experimental tension-area curves in the absence and 

presence of drug. 

Figure 2.23 Simulation system of CG model with (a) 10 prednisolone 

molecules in the vacuum space, (b) the LSM states including 

monolayer collapsing at two different surface tensions and (c) 

the order parameter of phospholipids at three different surface 

tension and various drug content. 

79 

Figure 3.1 (a) Atomistic to CG mapping strategy of DPPC lipid, the 

image has been reproduced from Molecular Physics (Song et 

al. [57], copyright 2022 with permission from Taylor & 

Francis. with permission from Taylor & Francis, Molecular 

Physics). (b) CG model for Benzene, DPPC and Cholesterol, 

(c) CG water, (d) CG butane, (e) CG octanol and (f) CG 

hexadecane.  

115 

Figure 3.2 The schematic of periodic boundary conditions for MD 

simulation are represented in two-dimensional graph. The 

simulation cell is infinitely reproduced in three dimensions. 

When a particle 'leaves' a simulation cell, it returns from the 

other side, ensuring that the total number of particles in each 

cell remains constant. 

118 

Figure 3.3 Flow chart for overall simulation protocols used in this 

investigation. 
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Figure 3.4 (a) Chemical and (b) schematic of coarse-grained structure of 

prednisolone, mometasone, cortisone and hydrocortisone. 

The collor represent the corresponding bead types (SNa: lime; 

SC4: black; SC3: purple; SP1: red; SNda: dark red; SC2: light 

black; SC1: green; C3: blue; P2: pink). See also Table 3.1. 
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Figure 3.5 Flow chart for drug parameterisation by partition coefficient 

calculation procedure. 

126 

Figure 3.6 Simulation system for potential mean force calculation of 

steroid drug transferred from octanol phase to water phase. 

Schematic of octanol-water model to calculate potential mean 

force of drug molecule from octanol phase to water phase. 
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Figure 3.7 Schematic of system to generate a LSM simulation model 

comprised of lipids, surfactant proteins. (a) Bilayer, (b) Drug-

free monolayer and (c) Drug containing monolayer.  The lipid 

head groups are shown in ochre. Lipid tails for DPPC, POPC, 

POPG are shown in green, blue and cyan respectively. 

Cholesterol, SP-B and SP-C, water and corticosteroid drug 

are shown in red, orange, yellow and silver, respectively. 
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Figure 3.8 Simulation overview for this thesis to investigate the effect of 

drugs on the LSM. (a) The drug-free LSM is used as a 

reference system with two extreme cases of breathing 

(expanded and compressed states). The drug-LSM simulation 

systems were prepared from equilibrated reference systems. 

(b) n number of drug-LSM systems were used to investigate 

the concentration-dependent effect of the drug on the LSM. 

Each of the drug-LSM system was simulated in the expanded 

and compressed state as reference systems. 

132 

Figure 4.1 Inhaled prednisolone interaction with LSM at different time. 146 

Figure 4.2 Simulation system. (a) Schematic representation of the 

simulation system with lipid-containing surfactant monolayer 

separated by 6 nm water layer and 40 nm vacuum above and 

below. The LSM system is composed of DPPC, POPC and 

cholesterol. (b) LSM in the absence of prednisolone 

molecules. (c) Top view of LSM with 11.2% w/w 

prednisolone molecules. DPPC is shown in green, POPC in 

blue, cholesterol in red and prednisolone in purple. (d) 
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Topology and bead types for DPPC, POPC, cholesterol and 

prednisolone (SNa: yellow; SC4: black; SC1: grey; SNda: 

blue; P2: light blue). Parameters for prednisolone and 

cholesterol can be found in Table 4.2A1. 

Figure 4.3 Surface pressure-area per lipid (π-APL) isotherms for the 

mixture of DPPC-POPC-CHOL (7:3:1 mol %) with 

increasing concentrations of prednisolone (310 K, water 

subphase); inset: (a)-(d) BAM images taken during the 

experiment for the system without prednisolone and (e)-(h) 

for the system with 11.2% w/w of prednisolone. 
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Figure 4.4 Compression modulus (Cs−1) as a function of surface pressure 

(π) for the mixture of DPPC-POPC-CHOL (7:3:1 mol %) 

with different content of prednisolone. 
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Figure 4.5 The simulated pressure-area per lipid (π-APL) isotherm of 

mixed monolayer composed of DPPC-POPC-CHOL (7:3:1) 

at different drug concentrations (0-5.9% w/w). The inset table 

shows the calculated effective surface tension and collapsing 

surface area of the simulated systems at different drug 

concentrations. The errors bars indicate the standard 

deviation of the data from two independent runs of the 

simulation. 
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Figure 4.6 The order parameter of DPPC sn-1 and sn-2 tail groups (a, b) 

and POPC sn-1 and sn-2 tail groups (c, d) at 20 mNm-1 in the 

presence of increasing concentrations of prednisolone. Order 

parameters were calculated from the last 1 µs of the 2 µs 

production simulations of DPPC-POPC-CHOL (3:7:1) 

monolayers. The calculated order parameters were adjusted 

considering one-fourth of the second-ranked order parameter 

to account for the coarse-graining of the lipids. The lines for 

0%, 0.5% and 1.0% w/w prednisolone are in some cases not 
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distinguishable. The error bars represent standard deviation 

across at least two repeated runs of the simulation. 

Figure 4.7 Snapshots from the simulation of DPPC-POPC-CHOL 

monolayers in the presence of 5.9% w/w prednisolone as the 

representative for all drug concentrations, simulated at 20 

mNm-1 surface tension. (a) Initial configuration of the system 

with 60 prednisolone drug molecules (equivalent to 5.9% 

w/w) in the vacuum space outside each monolayer, (b) at 10 

ns NVT equilibration, (c) at 10 ns NPγT equilibration, and (d) 

at 1500 ns production run. Prednisolone molecules are shown 

in purple. DPPC and POPC lipids are shown in green and 

blue, respectively, while cholesterol is shown in red. Water 

between the monolayers is shown in silver colour. 
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Figure 4.8 Aggregation of drug molecules (a) at 50 ns (b) 400 ns. The 

subsequent buckling followed by the complete collapse of the 

monolayer in simulations of the DPPC-POPC-CHOL model 

at surface tension γ = 0 mNm-1 with drug concentration 5.9% 

w/w as the representative case of other drug concentrations. 

Drug molecules are shown in purple surface representation. 

The lipids head region (NC3 and PO4 beads) is shown in 

ochre surface representation. The hydrophobic lipid tails 

(DPPC-green; POPC-blue) and cholesterol (red) are shown as 

sticks. The water molecules are shown in silver colour. 
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Figure 4.9A1 The area per lipids at two different surface tensions (0 and 20 

mNm-1) in the presence and absence of cholesterol with 

simulations of DPPC-POPC (7:3) and DPPC-POPC-CHOL 

(7:3:1) monolayer model at 0 and 20 mNm-1 surface tensions. 

Error bar represents the error calculation by using the 

standard deviation. 
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Figure 4.10A1 Effect of cholesterol on the order parameter (Sz) of DPPC and 

POPC lipids in a LSM composed of DPPC-POPC-CHOL, 
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7:3:1 (solid lines), and DPPC-POPC, 7:3 (dashed lines) at 

surface tension 0 mNm-1 (a, b) and 20 mNm-1 (c, d) in the 

absence of drug molecules. Order parameters were calculated 

from the last 1 µs of the 2 µs simulations of a given system. 

The calculated order parameters were adjusted considering 

one-fourth of the second-ranked order parameter to account 

for the coarse-graining of the lipids. The error bars represent 

standard deviation across at least two repeat runs of the 

simulation. 

Figure 4.11A1 Effects of cholesterol on the density profiles of monolayer 

components DPPC, POPC and water from simulations of 

lung surfactant monolayers composed of DPPC-POPC-

CHOL, 7:3:1 (solid lines), and DPPC-POPC, 7:3 (dashed 

lines) at surface tension 0 and 20 mNm-1. Both the figures (a, 

b) are the density profiles from simulations in the absence of 

prednisolone. 
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Figure 4.12A1 The effects of drug (PRED) concentrations on phospholipids 

(DPPC and POPC) order parameters. The order parameters of 

DPPC sn-1 and sn-2 tail groups (a, b) and POPC sn-1 and sn-

2 tail groups (c, d) were calculated from the last 1 µs of the 2 

µs production simulations of DPPC-POPC-CHOL (7:3:1) 

monolayers at 0 mNm-1 in the presence of increasing 

concentrations of drug molecules. The calculated order 

parameters were adjusted considering one-fourth of the 

second-ranked order parameter to account for the coarse-

graining of the lipids. The low level of drug concentrations 

(≤1.0 % w/w) in the monolayer showed negligible effect on 

phospholipids order parameters, meaning the overlapping of 

the phospholipids order parameters curves at these low-level 

concentrations. The error bars represent standard deviation 

across at least two repeat runs of the simulation. 
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Figure 4.13A1 Order parameter (sz) calculation for both chains (sn-1 and sn-

2) of POPC and POPG lipids in a LSM composed of DPPC-

POPC-CHOL, 7:3:1 and DPPC-POPG-CHOL, 7:3:1. (a, b) at 

surface tensions 0 and 20 mNm-1 in the absence of drug 

molecules, respectively. Order parameters were calculated 

from the last 1 µs of the 2 µs simulations of a given system. 

The calculated order parameters were adjusted considering 

one-fourth of the second-ranked order parameter to account 

for the coarse-graining of the lipids. The error bars represent 

standard deviation across at least two repeated runs of the 

simulation. 
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Figure 4.14A1 The density profile of DPPC, POPC, water and cholesterol 

from simulations of DPPC-POPC-CHOL (7:3:1) at surface 

tension 20 mNm-1 and with increasing prednisolone drug 

concentrations, calculated from the last 1 µs of the 2 µs 

production runs. The density profiles are plotted at the half of 

the monolayer normal due to the symmetricity of the profile. 

Note that the profiles for 0%, 0.5%, 1.0 % and 3.0% w/w are 

overlapped. The lines for 0%, 0.5%, 1.0% and 3.0% w/w 

prednisolone are not distinguishable. 
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Figure 4.15A1 The density profile of DPPC, POPC, water and cholesterol 

from simulations of DPPC-POPC-CHOL (7:3:1) at surface 

tension 0 mNm-1 and with increasing prednisolone drug 

concentrations, calculated from the last 1 µs of the 2 µs 

production runs. The density profile is plotted at the half of 

the monolayer normal due to the symmetricity of the profile. 

Note that the profiles for 0%, 0.5% and 1.0% w/w are 

overlapped. The lines for 0%, 0.5% and 1.0% w/w 

prednisolone are not distinguishable. 
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Figure 4.16A1 Mean square displacement (MSD) of phospholipids (DPPC 

and POPC combined), calculated from the simulation of a 
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DPPC-POPC-CHOL (7:3:1) monolayer in the presence of the 

different drug concentrations, at surface tension 20 mNm-1. 

The curves were fitted from 500 ns to 1500 ns of total 2 µs 

MSD calculation. 

Figure 4.17A1 Two-dimensional lateral diffusion coefficient (D) of the 

phospholipids (DPPC and POPC combined) and 

prednisolone calculated from simulations of a DPPC-POPC-

CHOL (7:3:1) LSM model at 0 and 20 mNm-1. Diffusion 

coefficients were calculated at surface tensions, 0 and 20 

mNm-1 using the Einstein diffusion equation. Error bars 

correspond to the standard deviation of the data, and it is 

calculated using the block averaging method. 
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Figure 4.18A1 Clustering analysis of drug molecules at 3.0% w/w drug 

concentration of DPPC-POPC-CHOL model. The x-axis 

represents the simulation time, and y-axis indicates the 

number of clusters and the number of drug molecules in the 

largest cluster. The number of clusters (top two panels) and 

the number of drug molecules in the largest cluster (bottom 

two panels) at 0 mNm-1 surface tension (a, c) and at 20 mNm-

1 surface tension (b, d). Color bar represents the number of 

drug molecules. 
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Figure 4.19A1 Clustering analysis of drug molecules at 5.9% w/w drug 

concentration of DPPC- POPC-CHOL (7:3:1) model at 20 

mNm-1 surface tension. The x-axis represents the simulation 

time, and y-axis indicates the number of clusters of drug 

molecules (a) and the number of drug molecules in the largest 

cluster (b).  Color bar represents the number of drug clusters 

(a) and drug molecules in the largest cluster (b) in the 

monolayer.  The data was prepared using 2.5 µs simulation 

time: including equilibration with NPγT (first 500 ns) 

equilibration. 
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Figure 4.20A1 Aggregation of drug molecules at 1000 ns (a) 1200 ns (b). 

The subsequent buckling followed by the complete collapse 

of the monolayer in simulations of the DPPC-POPC-CHOL 

(7:3:1) model at surface tension γ = 0 mNm-1 with drug 

concentration 11.2% w/w. Drug molecules are shown in 

purple surface representation. The hydrophobic lipid tails 

(DPPC-green; POPC-blue) and Cholesterol (red) are shown 

as sticks. The water molecules are shown by silver colour. 
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Figure 5.1 Inhaled mometasone interaction with LSM at inhalation and 

exhalation breathing condition for different drug 

concentration. 
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Figure 5.2 Schematic of the simulation system consisting of two 

monolayers composed of DPPC-POPC-POPG-CHOL with 

surfactant proteins SP-B1-25, SP-C. (a) Lateral view of the 

simulation system at drug concentration 3.51% w/w. DPPC 

is shown in green, POPC in blue, POPG in cyan, cholesterol 

in red, mometasone in purple, SP-B1-25 in light yellow, SP-C 

in orange, positive ions in light blue and negative ions in light 

yellow. (b) Coarse-grained structure of surfactant proteins 

(SP-B1-25, SP-C) and mometasone. 
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Figure 5.3 The effect of drug concentrations on the surface tension of an 

LSM calculated from fixed-APL simulations at APL 0.48, 

0.52, 0.56 and 0.60 nm2. Simulations were carried out in the 

absence and presence of mometasone at concentrations 1.78 

and 3.51% w/w. 
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Figure 5.4 Mass density profiles of phospholipid molecules in the 

monolayer. Comparison of density profiles from simulations 

of DPPC-POPC-POPG-CHOL model at surface tension, γ= 0 

(green), 20 (purple) and 25 (red) mNm-1, in the absence (solid 

lines) and in the presence (dotted lines) of surfactant proteins. 

(a) Drug free monolayer and (b) at a drug concentration of 
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6.78% w/w. The monolayer normal is the z-axis of the 

simulation system, and z = 0 denotes the center of mass of the 

monolayer. 

Figure 5.5 The effect of drug concentrations on order parameter of 

DPPC (solid lines) and POPC (dashed lines) for lipid chain-1 

(sn-1) (a, c) and lipid chain-2 (sn-2) (b, d) of the monolayer 

at surface tensions 20 mNm-1 (a, b) and 25 mNm-1 (c, d). Drug 

concentrations in % w/w are 0 (black), 0.60 (green), 1.78 

(purple), 3.58 (blue), 6.78 (red) and 12.69 (orange). Order 

parameters were calculated from the last 1 µs of the 2 µs 

production simulations of DPPC-POPC-POPG-CHOL 

(60:20:10:10) monolayers with surfactant proteins SP-B1-25 

and SP-C (1:1). The error bars represent standard deviation 

across at least two repeat runs of the simulation. 
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Figure 5.6 Mean square displacement (MSD) of phospholipids (DPPC, 

POPC and POPG) at different surface tensions (0, 20 and 25 

mNm-1) in the absence of drug (solid lines) and the presence 

of mometasone (12.69% w/w drug concentration, dashed 

lines). Data was calculated from simulation of a DPPC-

POPC-POPG-CHOL (60:20:10:10) monolayer with 

surfactant proteins (SP-B1-25 and SP-C=1:1) The MSD curves 

were fitted for entire 2 µs simulation. The MSD for 0 mNm-1 

surface tension at drug concentration 12.69% w/w is not 

consider due to the collapse of the monolayer. 
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Figure 5.7 Cluster size analysis of surfactant proteins in the (a) absence 

and (b) presence of drugs on the monolayer composed of 

DPPC-POPC-POPG-CHOL (60:20:10:10) with surfactant 

proteins at surface tensions 0 mNm-1(red), 20 mNm-1 (purple) 

and 25 mNm-1 (green). The x-axis represents the simulation 

time, and y-axis indicates the number of clusters. The 

analyses have been performed over 2 µs simulations. The 
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clustering analysis at 0 mNm-1 surface tension in the presence 

of drug was not estimated due to collapse of the monolayer. 

Figure 5.8 Snapshot of the monolayer at different simulation time in the 

presence of two extreme drug content (a) 0.60% and (b) 

12.69% w/w at surface tensions 0 mNm-1. The system 

contains DPPC-POPC-POPG-CHOL (60:20:10:10) with 

surfactant proteins, SP-B1-25 and SP-C (1:1). DPPC is shown 

in green, POPC in blue, POPG in cyan, cholesterol in red, 

mometasone in purple, SP-B1-25 in light yellow, SP-C in 

orange and water in grey. 
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Figure 5.9 Proteins cluster size analysis in the presence of mometasone 

(1.78% w/w). Data was obtained from a fixed-APL 

simulations of a monolayer composed of DPPC-POPC-

POPG-CHOL (60:20:10:10) with surfactant proteins, SP-B1-

25:SP-C (1:1) system. (a) APL = 0.48 nm2 and (b) APL= 0.60 

nm2. Density map of peptides at APL= 0.48 nm2 (c) and 

APL= 0.60 nm2 (d). The colour scale bar represents the 

probability of low (0) and high (1) density of the surfactant 

proteins. 
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Figure 5.10A2 Chemical, schematic, and coarse-grained structure of (a) 

Prednisolone and (b) Mometasone. The collor represent the 

corresponding bead types (SNa: lime; SC4: black; SC3: 

purple; SP1: red; SNda: dark red; SC2: light black; SC1: 

green; C3: blue; P2: pink). 
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Figure 5.11A2 Schematic representation of octanol-water model to calculate 

potential mean force of mometasone drug from octanol phase 

to water phase. 
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Figure 5.12A2 The weighted histogram analysis of the overlap between 

umbrellas windows from 0 to 8 nm in the reaction coordinate 
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(along, z-axis). The color has no meaning unless a better 

visualisation of the overlapping between windows. 

Figure 5.13A2 Potential mean force (PMF) at various simulation time as the 

function of reaction coordinate of the steroid drug 

(mometasone) to get the well converged potential mean force 

curve. 
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Figure 5.14A2 Free energy profile (PMF) of mometasone transferred from 

octanol phase to water phase. 
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Figure 5.15A2 Comparison of partition coefficient (logP values) of different 

sterols/steroids between experimental and predicted results 

from cheminformatics tools (ChemAxon and Alog P). 
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Figure 5.16A2 The effect of drug on phospholipids density profiles of the 

monolayer in the absence (dotted lines) and in the presence of 

6.78% w/w drug concentration (solid lines) from the 

simulations of DPPC-POPC-POPG-CHOL-SP-B1-25-SP-C 

(60:20:10:10:1:1) at surface tension, γ= 20 mNm-1. The 

monolayer normal, z = 0 denotes the center of mass of the 

monolayer. 
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Figure 5.17A2 The density profiles of monolayer components (DPPC, 

POPC, POPG, CHOL, proteins and water) from the 

simulations of DPPC-POPC-POPG-CHOL-SP-B1-25-SP-C 

(60:20:10:10:1:1) at surface tensions, (a) γ=20 mNm-1 and (b) 

γ=25 mNm-1. The solid lines indicate low drug concentrations 

(0.60% w/w) and the dotted lines denotes drug concentration 

(12.69% w/w). The inset figure represents POPC, POPG, 

CHOL and surfactant proteins density for clarity. 
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Figure 5.18A2 The effect of drug concentrations on order parameter of 

POPC (dashed lines) and POPG (dotted lines) for lipid chain-

1 (sn-1) and chain-2 (sn-1) at surface tensions (a, b) γ=20 

mNm-1 and (c, d) γ=25 mNm-1. Drug concentrations in % w/w 
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are 0 (black), 0.60 (green), 1.78 (purple), 3.58 (blue), 6.78 

(red) and 12.69 (orange). Order parameters were calculated 

from the last 1 µs of the 2 µs production simulations of 

DPPC-POPC-POPG-CHOL (60:20:10:10) monolayers with 

surfactant proteins SP-B1-25 and SP-C (1:1). The error 

represent standard deviation across at least two repeat runs of 

the simulation. 

Figure 5.19A2 The effect of surfactant proteins on order parameter of DPPC 

(black lines), POPC (dark red lines) and POPG (purple lines) 

for lipid chain-1, sn-1 (a, c) and chain-2, sn-2 (b, d) of the 

monolayer at surface tension, γ=20 mNm-1 (a, b) and γ=25 

mNm-1 (c, d). The solid lines indicate the monolayer without 

surfactant proteins and the dashed lines refers to the 

monolayers with surfactant proteins (SP-B1-25 and SP-C). 

Order parameters were calculated from the last 1 µs of the 2 

µs production run simulations of DPPC-POPC-POPG-CHOL 

(60:20:10:10) monolayers with and without surfactant 

proteins (SP-B1-25 and SP-C, 1:1) at drug concentration 

6.78% w/w. The error bars have been calculated using the 

standard deviation across at least two repeat runs of the 

simulation. 
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Figure 5.20A2 Mean square displacement (MSD) of phospholipids (DPPC, 

POPC and POPG), calculated from the simulation of 

surfactant proteins (SP- B1-25 and SP-C=1:1) containing 

DPPC-POPC-POPG-CHOL (60:20:10:10) monolayer in the 

presence of the different drug concentrations, at surface 

tension (a) 20 mNm-1 and (b) 25 mNm-1. The curves were 

fitted for entire 2 µs simulation. 
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Figure 5.21A2 Snapshot of protein clustering at different simulation time for 

three different surface tensions in the absence of drugs on the 

monolayer composed of DPPC-POPC-POPG-CHOL 
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(60:20:10:10) with surfactant proteins, SP-B1-25 (yellow) and 

SP-C (orange). 

Figure 5.22A2 Snapshot of the monolayer at different surface tension in the 

absence and presence of three different drug content. The 

system contains DPPC-POPC-POPG-CHOL (60:20:10:10) 

with surfactant proteins, SP-B1-25 and SP-C (1:1). DPPC is 

shown in green, POPC in blue, POPG in cyan, cholesterol in 

red, mometasone in purple, SP-B1-25 in light yellow, SP-C in 

orange and water in gray. 
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Figure 5.23A2 Protein cluster size analysis in the presence of mometasone 

(1.78% w/w). Data was obtained from a fixed-APL 

simulations of a monolayer composed of DPPC-POPC-

POPG-CHOL (60:20:10:10) with surfactant proteins, SP-B1-

25:SP-C (1:1) system. (a) APL = 0.52 nm2 and (b) APL= 0.56 

nm2. Density map of proteins at APL= 0.52 nm2 (c) and APL= 

0.56 nm2 (d). The colour scale bar represents the probability 

of low (0) and high (1) density of the surfactant proteins. 

262 

Figure 6.1 Illustration of the simulation system and its components for 

(a) the drug-free system and (b) for a system with drugs. The 

system consists of two surfactant monolayers separated by a 

12 nm water box, and 21 nm vacuum on either end of the two 

monolayers. The monolayer system is comprised of DPPC, 

POPC, POPG and cholesterol with surfactant proteins B and 

C (SP-B and SP-C). The system components are indicated by 

DPPC (green), POPC (blue), POPG (cyan), cholesterol (red) 

and cortisone (purple), SP-B1-25 (light yellow), SP-C (orange) 

and water (silver). (c-e) Schematic representation of the CG 

topology of phospholipids DPPC, POPC and POPG, 

cholesterol, the surfactant proteins SP-B1-25 and SP-C, and the 

corticosteroid drug cortisone. 
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Figure 6.2 Area per lipids (APL) as a function cortisone content from the 

system simulation of DPPC-POPC-POPG-CHOL 

(60:20:10:10) in the absence and presence of surfactant 

proteins SP-B1-25 and SP-C at surface tension, γ=20 mNm-1. 

The APL data were calculated over the last 1 µs of the 

simulation. The errors represent standard deviations of the 

APL data from two independent simulations. 
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for drug-free system. The error bars denote standard 

deviations of two independent simulations. 
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proteins. The error bars denote standard deviations of two 

independent simulations. The corresponding data from the 

protein-free monolayer is shown in supplementary Fig. 

6.13A3. 
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Figure 6.9 Snapshots of simulation systems for monolayers at surface 
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five different cortisone concentrations of 0.48, 1.42, 2.82, 
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Components are shown as DPPC (green), POPC (blue), 

POPG (cyan), CHOL (red), SP-B1-25(orange), SP-C (yellow), 
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Abstract 

Glucocorticoids are used to treat a wide range of inflammatory conditions, including 

lung diseases such as asthma, respiratory allergies, chronic obstructive pulmonary 

disease, bronchitis, and emphysema. The use of glucocorticoids via oral, intravenous, or 

topical administration causes side effects by systemic pathway i.e., the drug enters the 

bloodstream. The lung airways are the most effective routes for corticosteroid drug 

administration by inhalation or nebulisation, both for the upper airways and the peripheral 

airways at alveoli, especially for drugs with low solubility in aqueous media and poor 

bioavailability by avoiding systemic side effects. The benefits of corticosteroid 

administration by inhalation over other modes of drug administration are corticosteroid 

delivery to the target area with relatively low systemic adsorption, avoiding side effects 

of the drug, and reducing drug wastage.  

The lung surfactant monolayer (LSM) is the main barrier to drugs entering the lung. 

Understanding the molecular interaction of corticosteroid drugs with the LSM is critical 

for the effective dosing and delivery of existing drugs. The rational design of new 

corticosteroid drugs is to avoid damage to the LSM by the adsorption. However, the 

molecular-level mechanism of how drugs interact with the LSM is poorly understood. 

Part of that is a lack of a molecular-level model that mimics the physicochemical 

properties of the LSM. This study carried out biomolecular simulations to investigate the 

molecular interactions between LSM and several clinically relevant glucocorticoid drugs 

(prednisolone, mometasone, cortisone and hydrocortisone). Specifically, coarse-grained 

(CG) molecular dynamics (MD) simulations were carried out to understand the 

concentration-dependent interaction of the different corticosteroids under different 
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breathing conditions (inhalation and exhalation). The major components of the LSM, 

namely phospholipids, cholesterol, and the surfactant proteins B and C (SP-B and SP-C), 

were used to mimic the structural and dynamical properties of the LSM at the air/water 

interface. Based on these simulations, the effect of drug concentrations on the structural 

and dynamical properties and phase behaviour of the LSM were characterised. In addition 

to these, the role of individual components of lung surfactants on the diffusion of 

corticosteroid drugs over the LSM was studied. The effect of cholesterol and LSM 

associated surfactant proteins will also be examined. The outcomes from this study 

demonstrate that corticosteroid drug has a concentration-dependent effect on the 

structural and dynamical properties of LSM for a critical drug concentration (~5-6% 

w/w), and structural damage of the LSM has been seen once the drug exceeds the critical 

concentration. The structural damage of LSM can also be found in the time exhalation 

breathing condition, i.e., at low surface tension (< 5 mNm-1). Surfactant protein and drug 

concentration both contribute to influence the LSM instability. Cholesterol has a major 

impact on controlling the LSM fluidity.  Precise spreading of the drug over the LSM is 

found at higher surface tension. The findings will provide a better understanding of the 

interaction mechanism between corticosteroid drugs and lung surfactants, particularly 

how altering the spreading mechanism might be used to prevent monolayer collapse. The 

current PhD project will also provide guidelines for the future design of effective 

corticosteroid dosing to treat various lung diseases. 
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