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cell barrier to drug delivery decreases as the rurabbronchial bifurcations increases and decsease
even further with increased depth into the respiyatone. Taken from [4-6].
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intestines are displayed. Adapted from [68].
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Table 1.1 SLC transporters of clinical significandeach transporter has the capacity to in some way
influence a drugs’ pharmacokinetic profile vivo. The selected transporters below represent the
transporter families of interest; other family mesrdomay also be of clinical significance. Notettha
only examples of transporter substrates and irdribiare included and that listed diseases do not
necessarily correlate to specific members mentidveed. (GABA) -aminobutyric acid, (DDI) drug-
drug interaction, (ACHC) cis-3-aminocyclohexane boaaylic acid, (DABA) 1-2, 4-diamino-N-

butyric acid [68, 70-75].
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Table 1.2 ABC transporters of clinical significandéach transporter has the capacity to in some way
influence a drug’s pharmacokinetic profile vivo. The selected individual transporters included
represent the transporter family of interest; ofhenily members may also be of clinical significanc
Note that only examples of transporter substratekihibitors are included and that listed diseases
do not necessarily correlate to specific memberstimeed here. (DDI), drug-drug interaction,
(CBAVD), congenital bilateral absence of the vasfedsns, (FPHHI) familial persistent
hyperinsulinemic hypoglycaemia of infancy. [68;74].
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Table 1.3 Advantages and disadvantages of 3 melmigues employed to examine drug transport in
the lung. TheEx vivoisolated perfused organ model marries the advaataf bothin vivo andin
vitro techniques providing an excellent model to exantingy delivery to the lung. [23, 75, 76, 80,
81].
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Table 2.1 Studies examining the expression of tARE transporters of interest to drug discovery in
human lung cell tissue and primary cell culture:) gignifies reported presence within a sample.
Primary peripheral cells were cultured from humastal bronchial tree samples. Adapted from

Gumbletoret al, 2010 [117].
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Table 2.2 Overview of the advantages and disadgastaf several experimental techniques with the

capacity to identify the presence of specific dteansporter mRNA/gene/protein target within an
experimental sample [118-124].
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Table 2.3Forward (F) and reverse (R) primer sequences dedigor each individual rat ABC
transporter to be studied.
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Table 2.4 Forward (F) and reverse (R) primer secemesigned for each individual rat amino acid

transporter to be studied.
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6 ) %' CArB66!16 6 6! (= ‘A. NM_138827
CA4666!166! !6!4=:
6 % ) % % CAllee! 1B | i= %& NM_012879
CA4!1166 1 166!4=:
6 . ) %. CA. 6166666! 6 (= %= NM_012751
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CA466l6!l6! 6!4=:
6 ¢ ) A’ C A6'1666!66 6! 6 (= '9% NC_005113
CAA4illigle 11 ll4=;
Pz I( CAc6ll 6 16 61111 i= %Y NM_031144
CA4!'116/1666666 4=:

Table 2.5 Forward (F) and reverse (R) primer secgerdesigned for each individual rat glutamine

transporter to be studied.




6 6 (-
A = <
I ) %?' CAme6!I61! TN = ‘@¢ NM_053863
CA:466 !l 66 666 4=
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% ) %>9 cpnlr et 1le L= '@ NM_031738
CAA4ll 6611166 6!4=;
= ) %>= CALl 1 666!166 6! L= > NM_181639
CA46 6 666!666 64=:
Fz I( C A6l 6 16 611 1T = %% NM_031144
CAA4!116/666666 4=:

Table 2.6 Forward (F) and reverse (R) primer sece®resigned for each individual rat nucleoside

transporter to be studied.

6 6 (-
A = <
! ) '@ % CAs 1ol 11111 = ‘A& NM_147216
CA:461'6! 6 '16!114=:
I ) '@ CpleeB!INI 61 = %= NM_012716
C A:46!666 66 666 ! !4=:
9( )@@ CApele!l I TNl = ‘A& NM_198760
CA:4 666 66!6 !66 4=:
F< ( C A6l 6 16 61111 = %% NM_031144
CAA4!116/666666 4=:

Table 2.7 Forward (F) and reverse (R) primer secgendesigned for each individual rat

monocarboxylate transporter to be studied.
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A = <
' ) ‘A’ CpMlele!l 6! 16 = ‘&' NM_057121
CA:A4lllll 6 6666 6!4=:
% ) 'A% C A666!6! 6 666 L= ' NM_031672
CA:4! 6! 611166 664=:
Fz I( C A6l 6 16 6! 1T = %% NM_031144
CAA4!116/666666 4=:

Table 2.8 Forward (F) and reverse (R) primer sece®rdesigned for each individual rat peptide

transporter to be studied.
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CA4l66 el 4=
2% ) %% ¢ CAs 116 666! 16 = %Y NM_031584
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21 <% ) %% / CAllpe!El6G!! L= '>9 NM_019269
CA4 66!!164=
Pz I( CABll 6 16 61111 i= %Y NM_031144
CAA4!'116/1666666 4=:

Table 2.9 Forward (F) and reverse (R) primer secgesigned for each individual rat organic cation
transporter to be studied.

6 6 (-
A = F*, <
' ) CAlg T 1T 1l = |'@° NM_017111
CA% !66 6!!666664
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Table 2.10 Forward (F) and reverse (R) primer sece® designed for each individual rat organic anion
transporter to be studied.
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Table 2.11 Expression profile of 12 ATP Binding Sette transporter family members, profile was
determined from RT-PCR analysis in pulmonary ceaimples. Transporter expression was
‘quantitated’ by signal intensity and assigningaaofexpression index. Mean data are shown, n=3.
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Figure 2.4 Representative gel electrophoresis isdlfjgstrating selected ABC transporter mRNA

expression in 5 rat lung cell samples.

Each seRDIPCR reactions included aactin positive

control and an RT-negative negative control to emsesult integrity.
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Table 2.12 Expression profile of 12 amino acid smorter family members, profile was determined
from RT-PCR analysis in pulmonary cell samples. miguantitative analysis of transporter
expression was undertaken by examining signal $itierand assigning an appropriate expression
index. Mean data are shown, n=3.
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Figure 2.5 Representative gel electrophoresis imalthestrating selected amino acid transporter
MRNA expression in rat lung cell samples. Eaclo&T-PCR reactions included aactin positive
control and an RT-negative negative control to emsesult integrity.
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Table 2.13 Expression profile of 5 glucose trantggamembers; expression profile was determined
from RT-PCR analysis in pulmonary cell samples. miSguantitative analysis of transporter

expression was undertaken by examining signal $itierand assigning an appropriate expression
index. Mean data are shown, n=3.
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Figure 2.6 Representative gel electrophoresis isatjestrating mRNA expression of selected
Glucose transporters in 5 rat lung cell samplesichEset of RT-PCR reactions included -actin
positive control and an RT-negative negative cditrensure RT-PCR reaction/result integrity.
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Table 2.14 Expression profile of 5 Monocarboxylasasporter family members, profile determined
from RT-PCR analysis in 5 pulmonary cell sampleBransporter expression was determined by
signal intensity and assigning of an expressiomindMean data are shown, n=3.
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Figure 2.7 Representative gel electrophoresis imagestrating selected MCT transporter mRNA
expression in 5 rat lung cell samples. Each seRDHPCR reactions included aactin positive
control and an RT-negative negative control tsue@ result integrity.
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Table 2.15 Expression profile of 4 Nucleoside tpmmter family members; transporter expression
profile was determined from RT-PCR analysis in fmmnary cell samples. Expression was semi-
guantitated assigning an expression index to sigtahsity. Mean data are shown, n=3.
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Figure 2.8 Representative gel electrophoresis isdtastrating selected Nucleoside transporter

MRNA expression in 5 rat lung cell samples.

Eaehof RT-PCR reactions included aactin

positive control and an RT-negative negative cditr@nsure result integrity.
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Table 2.16 Expression profile of 2 Peptide transggdiamily members; transporter expression profile
was determined from RT-PCR analysis in 5 pulmoneeyl samples. Expression was semi-
guantitated assigning an expression index to sigtesity. Mean data are shown, n=3.

. * o>
1P4 1 34K -:
# 1 %1
1 % >

7@



Whole lung
Peptide transporters

€—300bp
€ 200bp
€ 100bp

€— 300bp
€— 200bp

€— 100bp

Figure 2.9 Representative gel electrophoresis isdlyestrating selected Peptide transporter mRNA
expression in 5 rat lung cell samples. Each sdRDBPCR reactions included aactin positive

control and an RT-negative negative control to emsesult integrity.
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Table 2.17 Expression profile of 3 organic catioansporter family members where expression
profile was determined from RT-PCR analysis in G9nmnary cell samples. Expression was
‘quantified’ by signal intensity and assigning of @xpression index. Mean data are shown, n=3.
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Figure 2.10 Example gel electrophoresis imagesstiiiting chosen OCT transporter mRNA
expression in 5 rat lung cell samples. Each seRDIPCR reactions included aactin positive
control and an RT-negative negative control tauemsesult integrity.
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Table 2.18 Expression profile of 6 organic ani@ngporting polypeptides as determined by RT-PCR
analysis in 5 pulmonary cell samples. Transpaxgression was ‘quantified’ by signal intensity and
assigning of an expression index. Mean data arershn=3.
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Figure 2.11 Example gel electrophoresis imagesstitiing selected OATP transporter mRNA
expression in rat lung cell samples. Each setToPRR reactions included aactin positive control
and an RT-negative negative control to ensure trexegrity.
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Figure 3.1 Byroret al.isolated perfused rat lung setup which was adafatederosol administration
of substrates to the isolated lung. Key: (A) Cadio supply, (B) pH electrode, (C) Temperature
probe, (D) Peristaltic pump, (E) Bubble trap, (FYiBge (20 ml), (G) Water-jacketed glass thorax,
(H) Air removal trap, (I) Water-jacketed perfusaeservoir, (J) Perfusate. Diagram representing
IPRL of Byronet al.[95].
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1.1 mm |‘ | inserted
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3 on tubin
Aim to have DR _SHE P azﬁjstable tg allow
extend beyond TC by optimal positioning of
~1mm DR to deliver drug
20 il ’_ dose
23 2.5 mm —
3mm [ .
1.9 mm I Glass walls of
= TC _ __:"'/ """"" DP  artificial thorax.
(e e -:Iqamnm
O \
Rubber bung (A2)
o with drilled path to
take DP
o——=@
40 mm
(
92 mm
[ L
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sophagus g
ErETeERe *——0
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Hanging Rod (DR) 1.6 mm diameter
The profile of this depends on the individual AGT.
Lung hangs below rod and is attached via the oesophagus.

Figure 3.2 Profile and measurements of equipmestoou made for the IPRL._ Figure 3.2A
represents the Dosing Rod (DR), Dosing Port (DRY, BrachealCannula (TC) for use with IPRL.
Each component was individually custom made/adafmedse with this specific IPRL model. Also
depicted is the organisation of each componentllmvadosing to the isolated lung via the DR.
Figure 3.2B represents the specific measurementtseofustom made hanging rod for use within an
individual artificial glass thorax.
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Figure 3.3Schematic of IPRL equipment setup; kindly provitlgdMasahiro Sakagami. The setup is
adapted from that first described by Byron and Niv&he isolated lung is situated within a water-
jacketed artificial glass thorax and is dosed whilanging’ inside. Perfusate is maintained at'G7
and flow controlled by a peristaltic pump. In artieretain a recirculating setup, perfusate iarretd

to the reservoir post-circulation of the pulmonaasculature. This recirculating setup also allows
easy sampling from the reservoir and easy maintsnahperfusate volume.
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Figure 3.4 Diagram illustrating the tying off ofetipulmonary artery catheter (PAC) after positioning
in the pulmonary artery.
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Figure 3.5 Calibration curve representing F-Naacheof the three different perfusate samples; Fig
3.5A - Sigma BSA, Fig 3.5B - Biosera BSA, Fig 3.5@0 BSA. Lower limit of detection was
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deemed to be 1 ng/mL in each perfusate sampld;-Na fluorescence reading was three times that of
background. Data shown are mean = S.D (n=6 fdr gaatment).
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Table 3.1 Background fluorescence of three peréusammples containing either no BSA or BSA from
different sources. Data shown are mean = S.D {or@ach treatment). Fluorescence readings are
measured in arbitrary fluorescence units (afu).
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Table 3.2 Amount of dose retained in the custoningpsquipment (expressed as a % of dose) afteogiegint of a test
dose. Each constituent part was analysed separ&ata are expressed as percentage of dose ktaindosing
equipment in comparison to actual dose instilledhs dosing equipment. Only dose instilled in pinesence of lung
showed statistical difference (p<0.05) when comgbaie all other dose instillations, i.e. variatiof @perator and
variation of individual pMDI. Data shown are mea.D (n=3 for each treatment).
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Figure 3.6 Mean amount of dose remaining, as %ugtom dosing equipment after deployment of a
test dose to the IPRL in the presence of a lunger&@l, when dosing to the IPRL, the largest % of
dose remaining in equipment was found in the trakbannula, the least in the dosing port. Data
shown are mean = S.D. (n=3).
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Figure 3.7 Deposition pattern of Evans blue dyeedd® the IPRL via a forced solution instillation
technique. Figure 3.7A demonstrates rat lung ldis&ribution, the same layout being mimicked in
Figure 3.7B. The distribution of dye can be seerung parenchyma however, dye can also be
visualised in the lower trachea and left major lofon
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Table 3.3 Deposition pattern of Evans blue dyePBL expressed as % deposited to
each lobar region. Percentage deposition was letéclias a percent of the actual
dose delivered to the lung, actual dose being ctde by subtracting the dose
deposited in the dosing equipment. Data are egpdeas mean + S.D, (n=3).
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Table 3.4 Deposition pattern of F-Na delivered e tPRL via intra-tracheal forced solution
instillation. Percentage values represent caledlatye deposited to each lobar region expressed
as a percentage of actual dose delivered to tle |Data are expressed as mean + S.D, (n=3).

'%.



9998%$ $ "# & U 3 " $# 3 %

3 # 3 # 1
3 =71
4< 3 H O#
Z %& 3 4<
H &H '@&H 4< 1 # *Y& &A,
4<

¢ 4ugdose
O 40ugdose
A 160ug dose

% deposited F-Na
dose absorbed

30 40 50 60
Time (min)

Figure 3.8 Cumulative % of deposited dose of F-Waosbed with time across the IPRL. The
transport of F-Na was not affected by dose escalatData shown are expressed as mean = S.D (n=3
for 4 pg dose, n=17 for 40 pg dose, n=3 for 160IpsE).
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Table 3.5 Transport of airway administered F-Naedasross the IPRL. Increasing nominal dose of F-
Na had no significant (p> 0.05) effect on F-Na sqaort. Data are expressed as mean + S.D, (n=3
except F-Na 40 pg where n=17);, was determined from the initial linear portion dif @sorption
plots, all F-Na data in table 3.5 was determineglaye-reader assay.
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Figure 3.9 Cumulative % of deposited dose of Flalelled dextran absorbed with time across the
IPRL. The transport of F-Na (40 pg) was includedreference. Data shown are expressed as mean
+ S.D (n=3, except n=17 for F-Na 40 ug dose).
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Table 3.6 Transport of airway administered FITCelédnl dextran across the IPRL. Data shown areesspd

as mean = S.D (n=3).,kvas determined from the initial linear portion difabsorption plots, all FD data in
table 3.6 was determined by plate-reader assay.

*Percentage deposited dose significantly differ@at0.05) to all other FITC-labelled dextran proliesable
3.6

tKin significantly different (p<0.05) to all other FITi@belled dextran probes in table 3.6
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Figure 3.10 Gel filtration chromatography of FITExtrans; pre IPRL dose solution and post IPRL
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expressed as mean = S.D. (n=3 for each sample).
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Table 4.1 Several clinically relevant examples absirates of the ABCB family transporter P-gp.
Substrates are structurally and functionally digdrgyhlighting of the importance of P-gp in phareaaecal
research. Adapted from [162, 355].
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Table 4.2 Selected P-gp specific transport modrdatddapted from [358, 359].
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Figure 4.4 Example of a HPLC chromatogram produmgdrkh123 sample spiked with GF120918
(500nM; 0.1% DMSO)
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Table 4.3 Efficacious concentrations of GF12094iksatl experimentally for the inhibition of P-gp.
Key: PEG - Polyethylene glycol, HPMC — Hydroxyprbpyethylcellulose, WFI — Water for

injection, DMSO — Dimethyl sulfoxide.
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Table 4.4A Calculated coefficient of variation (%)@or sample quantitation across a concentration
range for the P-gp substrate, Rh123, and the phnaceprobe, F-Na. (n=3 for each concentration
point)
(0 # # + 1 # #
0= 4< # ?& 8 '%& |
0 L=@.M

|@%



Table 4.4B Calculated accuracy, expressed as afeasured concentration / theoretical or nominal
standard concentration, across a concentratiorerfongRh123 and F-Na (n=3 for each concentration
point)
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Table 4.5 Mean % Rh123 recovered from Rh123 pedusamples containing BSA compared to
perfusate where BSA had not been included. Dataeapressed as mean = S.D. (n=3 for each

concentration point)
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Table 4.6 Mean % Rh123 recovered from perfusateeplan IPRL tubing. The effect of Rh123

concentration, presence or absence of GF12091&hengumped or static nature of the perfusate
conditions investigated. The order of addition e§p°inhibitor GF120918 was also investigated.
Data are expressed as mean * S.D. (n=3 for eadewcwation point)
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Figure 4.5 Dose-dependencies in cumulative % af deposited dose absorbed in the IPRL: Figure
4.5A — Cumulative % of deposited Rh123 dose absbriitgh time. Data are expressed as mean +
S.D (n=4 for each treatment); Figure 4.5B — Cunivga® of deposited dose of F-Na absorbed with
time. The transport of F-Na is not affected byedescalation. Data shown are expressed as mean +
S.D (n=3 4 ug dose, n=17 40 ug dose, n=3 160 pg)dos
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Table 4.7 Transport of airway administered doseRbi23 and F-Na across the IPRL:, Was
determined from the initial linear portion if thesorption plots. Data are expressed as mean + S.D
with n=4 for each Rh123 treatment and n=3 for FANag dose, n=17 for F-Na 40 pg dose and n=3
for F-Na 160 pg dose. F-Na data in table 4.7 datexd by plate-reader assay (Chapter 3),
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Figure 4.6 Effect of the P-gp inhibitor, GF1209i8 gerfusate and airway instillate) upon cumulative
% of lung deposited dose absorbed in the IPRL: lEigu6A — Effect of GF120918 at concentrations
of 150 nM and 500 nM upon cumulative % of deposidl23 absorbed with time. The agueous
vehicle for GF120918 contained 0.1 % DMSO. The B8 was present in the pulmonary
perfusate and co-instilled into the airways with1RB. Data shown are expressed as mean = S.D
(n=4 for each treatment). Figure4.6B — Effect d¥130918 at a concentration of 500 nM upon
cumulative % of deposited F-Na absorbed with tifdata shown are expressed as mean + S.D (n=4
for each treatment).
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Table 4.8 Effect of GF120918 upon the transpoRRioi23 and F-Na in the IPRL. The P-gp inhibitor
was present at 150 nM or 500 nM in the perfusateimthe co-instilled airway doses of either Rh123
or F-Na. Data shown are expressed as mean + SDf¢n each treatment). F-Na data in table 4.8
determined by HPLC analysis. * - Cumulative % epdsited Rh123 dose absorbed by 90 minis
statistically different (p<0.05) compared to Rh123GF120918 treatments.” - Rh123 k, is
statistically different (p<0.05) compared to Rh#2GF120918 treatments.
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Figure 4.7 Effect of the P-gp inhibitor, GF120918 &irway instillate only) upon cumulative % of

lung deposited dose absorbed in the IPRL: Figuré 4.Effect of GF120918 at a concentration of
500 nM upon the cumulative % of deposited Rh123ddexl with time. The aqueous vehicle for
GF120918 contained 0.1 % DMSO. The GF120918 wesept only in the co-instilled airway dose
of Rh123. Data shown are expressed as mean mS4X¢r each treatment). Figure 4.7B - Effect of
GF120918 at a concentration of 500 nM upon cumuda¥ of deposited F-Na absorbed with time.
Data shown are expressed as mean = S.D (n=4 fa @&0lung) + GF120918 (500 nM), n=17 for F-
Na (40 pg) *Dose ranging studies*.
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Table 4.9 Effect of GF120918 upon the lung accutrareof Rh123. The P-gp inhibitor was present
at 500 nM in only the co-instilled airway dosesRbf123 or F-Na. Data shown are expressed as mean
+ S.D (n=4 for Rh123 treatment, n=4 for F-Na + 500 GF120918, n=17 for F-Na alone ‘dose
ranging data’). * - statistical difference (p<O)@®mpared to Rh123 + GF120918 treatments. F-Na
(40ug) ‘dose ranging data’ in table 4.9 determifgdplate-reader assay (Chapter 3), all F-Na
‘cumulative mass’ and ‘percentage’ data are 60 nedlings.
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Figure 4.8 Example plots generated by fitting a Ménlin model to Rh123/F-Na dose ranging
data.
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Figure 4.9 Example plots generated by fitting a Ménlin model to Rh123 +/- GF120918 data where
the P-gp inhibitor was both co-instilled with Rh1@3se and present in the IPRL perfusate.



Figure 4.10 Example plots generated by fitting aaMénlin model to F-Na +/- GF120918 data where
the P-gp inhibitor was both co-instilled with F-Nase and present in the IPRL perfusate.

Figure 4.11 Example plots generated by fitting anMénlin model to Rh123/F-Na +/- GF120918
data where the P-gp inhibitor was present onlyokinstilled Rh123/F-Na dose.
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Table 4.10 Pharmacokinetic parameters generatditting a WinNonlin model to Rh123/F-Na data
in the presence and absence of the P-gp inhibikdr2G918. Absorption half-lives calculated gsst
0.693/Ky;.  All data used in model fitting yielded from IPRixperiments (above results section).
Data shown are expressed as mean + S.D. * - gtaligtdifferent (p<0.05).t compared to all other
Rh123 dose ranging data.
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Figure 4.12 Effect of the P-gp inhibitor, GF1209(i8 perfusate and airway instillate) upon
cumulative % of lung deposited dose absorbed inRRe: Figure 4.12A — Effect of GF120918 at a
concentration of 500 nM upon cumulative % of defgasidigoxin absorbed with time. Data shown
are expressed as mean + S.D (n=4 for each tregtméigure 4.12B — Effect of GF120918 at a
concentration of 500 nM upon cumulative % of defgmsMannitol absorbed with time. In this set of
experiments, mannitol was co-administered alondp @igoxin dose. Data shown are expressed as
mean + S.D (n=4 for each treatment).
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Table 4.11 Effect of GF120918 upon the transpodigbxin. The P-gp inhibitor was present at 500
nM in the perfusate and in the co-instilled airndgses of digoxin. kwas calculated by linear
regression. Data shown are expressed as mean (h-&4Dor each treatment).
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Figure 4.13 Effect of the P-gp inhibitor, GF1209(i8 perfusate and airway instillate) upon
cumulative % of lung deposited dose of flunisolatesorbed in the IPRL: Figure 4.13A — Effect of
GF120918 at a concentration of 500 nM upon cumwda¥ of deposited flunisolide absorbed with
time. Data shown are expressed as mean * S.Dflgmidolide + 0.1 % DMSO, n=5 for flunisolide

+ GF120918)._Figure 4.13B — Effect of GF12091& abncentration of 500 nM upon cumulative %
of deposited F-Na absorbed with time. Data aréhaf shown in figure 4.6B and are expressed as
mean + S.D (n=4 for each treatment).
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Table 4.12 Effect of GF120918 upon the transpoftuwfisolide in the IPRL. The P-gp inhibitor was
present at 500 nM in the perfusate and in the stlied airway doses of flunisolide. * - statistity
different (p<0.01) k when compared to flunisolide + GF120918 data. statistically different
(p<0.01) £, when compared to flunisolide + GF120918 data. al&diown are expressed as mean *
S.D (n=4 for flunisolide (2 pg) + 0.1 % DMSO, n=& flunisolide (2 pg) + 500 nM GF120918). F-
Na data are of that displayed in table 4.8 (n=4efeh treatment).
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Table 4.13 Comparison of the percentage depoditeddlide dose in the presence and absence of P-
gp inhibitor over a range of time points. Datawha@re expressed as mean = S.D (n=4 for flunisolide
(2 ng) + 0.1 % DMSO, n=5 for flunisolide (2 ug) 500 nM GF120918). * - significantly different
(p<0.05) when compared to corresponding timepaoata dvhere GF120918 was present in instillate
dose and IPRL perfusate at a concentration of 800 n
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Figures 4.14 Example of plots generated by nonfinegression. Data shown are expressed as mean
+ S.D (n=4 for flunisolide (2 pg) + 0.1 % DMSO, n&b flunisolide (2 pg) + 500 nM GF120918).
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Figure 4.15 Diagram illustrating pharmacokineticdebdescribing F-Na and Rh123 transport across
the IPRL. The chart illustrates parameters thghiraffect substrate transport by P-glycoprotein.
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Figure 5.1 Major upper thoracic vasculature ofrdite A — Key upper thoracic arteries of the rai, n
including pulmonary vasculature. B — Main uppeor#itic veins if the rat, again, pulmonary
vasculature is not detailed. C — Diagram of théera heart (distal view). The human heart is
essentially comparable in architecture. D - Depmsipattern of Evans blue dye dosed to the IPRL
via a forced solution instillation technique (Crep®; Figure 3.7) [419].
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Figure 5.2 Monoexponential model applied to all Rhperfusate loss data

4

c*,

|%=

U& &A

I%:

& @>?/D



)99
)999 # $$ 13" PR N
3 %= 'H * 'Y= && m, %AH*
'Y= & 8&%A m )2%&" 1/,
# 'Y=
'A4%S&, A=1
#=& % A H 1 #

*Y& &A, 6 '%8&>'? *A&& , 1

6 '%8&>'"? *A&& #*U& &A , 'Y=

'H 1* A=,

Figure 5.3 Effect of P-gp inhibitor, GF120918, ngbe % Rh123 dose remaining in the pulmonary
perfusate of the IPRL: Fig 5.3A - Rh123 dose (2¢bnominal dose) was added to the pulmonary
perfusate (volume ~100 mL) to achieve an initianmal concentration of 0.025 pg/mL. GF120918
(500 nM) in the IPRL perfusate did not significgnth>0.05) modify plateau levels of Rh123 in IPRL
perfusate. GF120918 did modify (p<0.05) the ihitiames O to 20 min.) rate of loss of Rh123 from
perfusate. Data shown are expressed as mean S30or each treatment). Fig 5.3B — Rh123 dose
(1 pg nominal dose) added to ~100 mL (as measuyechdrking 100 mL increment on perfusate
reservoir) perfusate to achieve an initial nomicahcentration of 0.01 pg/mL. Addition of
GF120918 (500 nM) significantly (p<0.05) alteredtbperceived plateau of Rh123 levels and initial
rate of Rh123 loss from the perfusate. Data shavenexpressed as mean + S.D (n=3 for each
treatment).
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Figure 5.4 Loss of F-Na from pulmonary perfusateravme. The addition of GF120918 was not
included as GF120918 nor its vehicle, DMSO, hawyipusly been shown not to influence transport
of F-Na. Data shown are expressed as mean + S¥).(n
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Table 5.1. Effect of GF120918 upon the lung acdatian of Rh123. Rh123 dose (2.5ug or 1 ug
nominal dose) was added to pulmonary perfusateifwel100mL) and loss of Rh123 from perfusate
monitored. The P-gp inhibitor GF120918 (500nM) waduded in IPRL perfusate to assess the effect
of P-gp upon Rh123 accumulation. *GF120918 treatmesulted in a statistically greater (p<0.05)
initial rates of loss (k) of Rh123 from perfusate compared to the respeatontrol. T GF120918
treatment resulted in a statistically lower (p<(Q.®h123 plateau levels when compared to the
respective control. Data shown are expressed aa m&.D (n=3 for each treatment).
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Figure 5.5 Non-linear regression modelling of RBXerfusate disappearance data. The model
applied to all data was described in Chapter 5 Naseand Methods section. Figure 5.5A - Non-
linear regression of data representing Rh123 lasa perfusate (1 pg nominal dose) in the presence
of 0.1 % DMSO. Figure 5.5B — Non-linear regrensiaf data representing Rh123 loss from
perfusate (1 pg nominal dose) in the presence 6f @ GF120918. Fig 5.5C — Non-linear
regression of data representing Rh123 loss frorfugate (2.5 pg nominal dose) in the presence of
0.1 % DMSO. Figure 5.5D — Non-linear regressiordata representing Rh123 loss from perfusate
(2.5 ug nominal dose) in the presence of 500 nM2BB18. Data are expressed as mean + S.D. (n=3
for each treatment).
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Table 5.2. Effect of GF120918 upon parametergcéfig Rh123 loss from pulmonary perfusate. *
The addition of GF120918 significantly altered (@B3%) the initial rate of loss of Rh123, calculated
by both linear (k) and nonlinear (k) regression and the disappearance half-lifedt Rh123 from
pulmonary perfusate. Data shown are expressecas tS.D (n=3 for each treatment).

%&%



998 $

Y%= #

7 3 # 1 %=

# Y%=
A& 3 1
HI *H 1 1 %=
)
* %&4=& ,
.
1 "Yo=
sl %=
C*,
Y%= #
%=5 *
2 # %A H
4
1 %A H
4 4 3
.
oo 4
%

1 4
3
1 4 6 '%&>"?
4 4
L=AAM
# >&
&&WA H/ *%AH |1
%= 6 '%&>'?
& &'
# #
0
1
I%=
*
1*,
l%=
I%=
"H
%= #
"H
I%=
&H ?2&H %=
AH %= #

%&=



+ 1 1 %=
%AH 'H *
# "%=
I
* , #
*
F %=
6 '%&>'? "H
I "%="H
- # 4
6 '%&>'? "H #
< 6 '%&>'? #
4 A, %AH
0=
#
1
#
+ 1 #
0
I #
# -1 4<1
&'H/
4< %= 4<
1 4<
- #
# 31 #
?& 3 1
=&& % 7

1

- #
#AAl 9% I #,

|%: *_
’

0=
0=
5 6 '%&>"? %= -
1 #1 4

|%=

/
%= =&4A& | %=
4<
3 4<1
98&4>& |
&@ I #

%&.



#% L.'9M
# #
#
%= #
#1
3
*@6,1
@6
1 #
6 '%&>
@6
4 L=AAM
#
- "%
#
- 0 I
@6
6 '%&>'?1
%A H
@Q@@X%n@l*) 1
L=AAM @6 #
%= # @6
L=@91 =9AM 1 #
#
1 #
1K
- L.=&4.=.M

(((

'8&
oom
L=@9M
# 1 @6
"%AH '%@H #
1
@6
e 1 % |
#
1 4
= 3 7
41
lo#1
1
Yoe
1 @6
29AX" 1%, 6 '%&>"?
# 4 %= L=A@M 7
# #
@6 K
# #
e
4: ((( # 1
# 1 1
#1 F O 1
1 4
4



4 # #
# 7 %=1 #
K 4
3 7 #
# 8 4
1 # # 4 - 4
#41 K
K # 4 A@ #
# 4 1 #41

Figure 5.6 Proposed transport of Rh123 and flumeolithin the IPRL, mediated by P-gp. Letter
‘A’ relates to Rh132 transport within the IPRL aftetra-tracheal instillation, i.e. transport frdomg

— to — perfusate. Letter ‘B’ relates to flunis@itransport within the IPRL, (lung — to — perfugate
post intra-tracheal instillation of dose. Lett€ relates to Rh123 transport, (perfusate — tong)u
after introduction of Rh123 dose to pulmonary peafe. All variations of dashed arrows denote the
predominant direction of substrate transport, ‘etbackground’ of diagram represents transport in
the absence of GF120918, ‘grey background’ ref@tesansport in the presence of GF120918. Each
cumulative transport plot, labelled A, B, or Cugtrates the % of substrate in perfusate over éinte
corresponds to respective letters relating to satesttransport within the IPRL (left panels of
diagram).
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Figure 6.1. Graphical presentation of all (101 iK/BU & USA) trademark products currently
produced by GSK. Figure 6.1A — Percentage of ditaggeting specific disease/condition areas.
Figure 6.1B — Generic composition of pulmonary ¢seg drugs presented as % of total trademark
pulmonary drugs produced by GSK. Figure 6.1C —cHBipepulmonary-associated diseases and
conditions treatable via trademark GSK ‘pulmonamugs’, expressed as % of total trademark
pulmonary drugs produced by GSK [440].
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Figure 6.2 Image representing fhesitu isolated perfused rat lung setup employed at GSK.
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Figure 6.3. Diagrammatic representation of singges IPRL preparation. Diagram also illustrates
situ cannulation of the heart to produce an isolateinpnary perfusion system and position of
animal and dosing method employed.
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Table 6.1. Each calibration line was prepareddikirsg into control rat lung homogenate:
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Figure 6.4 Example molecular ion peaks for subetrdosed to the single-pass IPRL (Analysed by
LC/MS/MS).
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Figure 6.5 Lobar distribution of Evans blue dyeisalated lungs of the single-pass IPRL following
intra-tracheal instillation with a Hamilton syringeLeft-hand panel shows anterior view of lung
parenchyma. Right-hand panel shows posterior wigwng parenchyma.
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Figure 6.6 Cumulative increase in percentage dagabdiose transported to pulmonary perfusate. The
percentage of deposited dose is influenced by bothinal dose concentration and inclusion of
GF120918 (in perfusate and airway instillate). éDsihown are expressed as mean + S.D (n=4 for
each treatment).
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Table 6.2 Dose escalation of Rh123 and the effe@F120918 upon the transport of Rh123 in the
single-pass IPRL. The P-gp inhibitor was preséri0® nM in the perfusate and in the co-instilled
airway doses of Rh123. Data shown are expressertas + S.D (n=4 for each treatment).
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Figure 6.7 Effect of dose escalation and additibB120918 (500 nM), in perfusate and instillate,
upon cumulative % of deposited flunisolide dos¢he IPRL. Data shown are expressed as mean *
S.D (n=4 for each treatment).
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Table 6.3 Effect of dose escalation and additio®B120918 upon the transport of flunisolide in the
single-pass IPRL. The P-gp inhibitor was preséri0® nM in the perfusate and in the co-instilled
airway doses of flunisolide. Data shown are exggdsas mean = S.D (n=4 for each treatment).
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Table 6.4 Corresponding AUC data for all ‘'singlespd®&h123’ data as calculated using the trapezium
rule. AUC calculations were employed as a convenigay to summarise the data gathered over
various time points. (n=4 for each treatment).
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Figure 6.8 Power curves modelled from mean and/JO data. N1 = number of subjects. Each power
curve represents a comparison between two datatgetlow estimation of meaningfulness of
comparison between each Rh123 treatment. (n=4afdr reatment)
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Table 6.5 Calculated AUC values and summary siegigor individual Rh123 dose-ranging treatments
(Cardiff data).
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Figure 6.9 Generated power curves comparing indalidlose treatments of the Cardiff dose-ranging
study. N1 = number of subjects. Only those pédisving meaningful comparison between treatments
(i.e. comparison between non-saturable and satitiisle) were included within these results.
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Table 6.6 Cellular localisation of P-gp within aesy of lung-specific cells. Localisation in athses
was determined by immunohistochemistry.
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Figure 6.10 Comparison of initial transport profdé Rh123 delivered to the WSOP IPRL and the
GSK IPRLu. Data are expressed as mean + S.D.
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Table 6.7 Key differences in experimental setup @odedure between two isolated perfused rat lung
preparations.
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Table 6.8 Summary of a power analysis study, frohiciv necessary experiment sample sizes to
allow reliable statistical analysis were graphigaétermined.
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Figure 7.1 Graphical presentation of drug trangpoepression in the rat lung. Black bars (front-
most bars) represent perceived expression in wiaildung samples. Light grey (middle bars)
represent mMRNA expression in freshly isolated Adells and dark grey (furthermost bars) represent
expression in AEI-'like’ cells at day 8 of cultureData are expressed as mean, n=3 for each
transporter)
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Figure 7.2 Transport profiles of two P-gp substakRh123 and flunisolide, after dosing to the IPRL.
Each profile illustrates non-linear substrate tpamsacross the IPRL, as dose deposited to the lung
increases; the percentage of deposited dose tndedgdo perfusate does not alter linearly sugggstin
involvement of an active transport process. Data expressed as mean + S.D, n=4 for each
treatment.
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Figure 7.3 Transport profiles of three P-gp subssracross the IPRL in the presence of GF120918.
Both Rh123 and flunisolide displayed altered transprofiles in the presence of the P-gp inhibitor
suggesting influence of P-gp upon transport iteabs. Data are expressed as mean + S.D, n=4 for
each treatment, ‘INS’ represents presence of GFI209instilled dose only.
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Figure 7.4 Mean transport profiles of Rh123 anchiflulide across the IPRLu. Substrate transport
was monitored in the presence and absence of GE820%he presence of this inhibitor caused an
alteration in observed transport profile of eachsstate. Data are expressed as mean + S.D, n= 4 fo
each treatment.
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