Characterization of in vitro glucuronidation clearance of a range of drugs in human
kidney microsomes: Comparison to liver and intestinal glucuronidation and impact of
albumin - Drug M etabolism and Disposition
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Figure S1. Mean fraction of drug remaining (+/- SD) over timein human kidney, liver
and intestinal microsomesin the presence (B, D, F and H) and absence (A, C, E and
H) of bovine serum albumin: o, A and o represent depletion in human kidney, liver and
intestinal microsomes without BSA, respectived;. A and m represent depletion in human
kidney, liver and intestinal microsomes with BSAspectively. A and B represent ezetimibe. C

and D represent gemfibrozil. E and F representgmpG and H represent telmisartan.
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Table S1: Protein concentration, incubation length and BSA concentration for use in human kidney, liver and intestine microsomes

glucuronidation depletion assaysfor 7 drugs

BSA Without BSA With BSA
D Acid/ , Protein Concentration Incubation L ength Protein Concentration Incubation Length
rug Concentration ; X
Base (%) (mg/mL) (mins) (mg/mL) (mins)
HLM HKM HIM HLM HKM HIM HLM HKM HIM HLM HKM HIM
Diclofenac Acid 1 0.5( 0.2¢% 0.5C  60.C 60.C  60.C 1.0C 1.0C 1.0C  60.C 60.C  60.C
Ezetimibe Neutra 2 0.2% 0.5( 0.5C 30.C 40.C 40.C 0.2¢ 0.5( 0.5C 30.C 40.C 40.(
Gemfibrozi Acid 1 0.5( 0.5( 1.0 30.C 30.C 60.C 1.0C 1.0C 1.0C  60.( 60.C  60.(
Mycophenolic Acit Acid 1 0.5( 0.2% 1.0C 60.( 600 60.C 0.5 0.2% 1.0C  60.( 60.C  60.(
Naloxone Bast 2 1.0C 1.0C 1.0C  60.C 60.C  60.C 1.0C 1.0C 1.0C  60.C 60.C  60.C
Propofo Bast 2 0.5( 0.5( 0.5C 40.C 40.C 40.C 0.5 0.5( 0.5C 40.C 40.C 40.(
Telmisarta Acid 1 0.5( 1.0C 1.0C 40.( 60.C 60.C 1.0C 1.0C 1.0C  60.( 60.C  60.(
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Table S2: Summary of plasma CL v data used for IVIVE

Weighted mean CL,y Minimum CL,y, Maximum CL,, Total number Total

AT S 11 S 1 . number of
(mL.min™.kg™) (mL.min"kg") (mL.min".kg") subjects studies

Diclofenac 4.84 3.97 5.81 23 3

Drug References

(Willis et al., 1979; Willis e
al., 1980; Hinz et al., 2005)

Gemfibrozi

ND 1

(Goodman and Gilman, 20(

Mycophenolic Acit

12 1

(Bullingham et al., 199

Naloxone

19.0

30.0

18 4

(Fishman et al., 1973; Albe«

et al., 1989; Harris et al.,
2000; Dowling et al., 2008)
(Cockshott et al., 1987; Gey
et al., 1987; Campbell et al.,
1988; Servin et al., 1988a;
Servin et al., 1988b; Simons
et al., 1988; Gill et al., 1990;
Servin et al., 1990; Doenicke
et al., 1997; Mertens et al.,
2004; Vuyk et al., 2009)
(Wallenstein et al., 199!
Stangier et al., 2000a;
Stangier et al., 2000b)

Propofof 27.7 21.8 34.9 121 12

Telmisartan 12.3 7.74 14.1 53 3

ND = no data.
# blood clearance data.

Page 4 of 22



Table S3: Summary of CLr data used for IVIVE

Dru Weighted mean CLg ~ Minimum CLg Maximum CLg  Total number nu-lr;\(l);:rl of Refer ences
9 (mL.min" kg™ (mL.min"kg")  (mL.min".kg™") subjects <udies
Diclofenac 0.0¢ - - 8 1 (Willis and Kendall, 197¢
Gemfibrozi 0.0 - - - 1 (Goodman and Gilman, 20(
Mycophenolic Acit 0.01 - - 12 1 (Bullingham et al., 199
i i i (Vozeh et al., 1988; Goodmi
Naloxone 0.00 2 and Gilman, 2006)
(Vree et al., 1987; Simons
Propofol 0.00 0.00 <28 20 3 al., 1988; Veroli et al., 1992)
Telmisarta 0.0C" - - - 1 (Moffat et al., 2004

" Data in similar range to Glcalculated from weighted mean Gland urinary fraction excreted data presenteddthdr studies
(http:/imww.pfizer.com/files/products/uspi_lopidfp@kerholm et al., 1976; Knauf et al., 1990; Reydan et al., 2004).
* minute amounts excreted in urine (Moffat et 2004).
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Table S4: Summary of f,, data used for IVIVE

: - , Total number  Total number
Drug Weighted mean f Minimum f, Maximum f subjects of studies References
(Brenner et al., 200:
Diclofenac 0.004 - - ND 3 Obach et al., 2008;
Deguchi et al., 2011)
Gemfibrozi 0.00%* - - ND 1 (Deguchi et al., 201
. . (Nowak and Shaw, 199
Mycophenolic Acid 0.010 0.010 0.020 59 2 Lévesque et al., 2008)
(Moffat et al., 2004
Naloxone 0.570 0.540 0.600 ND 2 Obach et al., 2008)
(Kirkpatrick et al., 1988
Servin et al., 1988b;
Propofol 0.015 0.0106 0.022 50 4 Dawidowicz and
Kalitynski, 2003;
Dawidowicz et al., 2004)
: (Stangier et al., 2000
Telmisartan 0.005 0.005 0.005 9 2 Stangier et al., 2000b)
ND = no data.

* measurement made in vitro.
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Table S5: Summary of Rg data used for IVIVE

Total number

Total number

Drug Weighted mean Rg Minimum Rg Maximum Rg subjects of studies Refer ences
Diclofenac 0.71 - - ND 1 (Deguchi et al., 201
Gemfibrozi 0.7%* - - ND 1 (Deguchi et al., 201

(Langman et al., 199.
. . Nowak and Shaw, 1995;
Mycophenolic Acid 0.60 0.50 0.69 ND 4 Bullingham et al., 1998;
Deguchi et al., 2011)
Naloxone 1.0C° - - - -
(Kirkpatrick et al., 1988
Propofol 0.88 0.78 0.97 22 2 Servin et al., 1988b)
Telmisarta 1.24* - - ND 1 (Deguchi et al., 201

* no data available;1 assumed for basic drugs.
* measurement made in vitro.
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Table S6: Summary of f,, usr data used for IVIVE

fm UGT fm UGT Minimum Maximum Total Total
Drug without BSA with BSA fuer fuer number numbgr of References
: : subjects studies
Diclofenac 0.62* 0.65* - - - 1 (Kilford, 2008
Gemfibrozi 0.79* 0.86* - 1 (Kilford, 2008
(Bullingham et al., 199¢
Mycophenolic Acid 0.95 0.95 0.90 1.00 ND 3 Morissette et al., 2001;
Miles et al., 2005)
Naloxone 0.65* 0.89* - - - 1 (Kilford, 2008
Propofo 0.14* 0.53* - - - 1 (Kilford, 2008
Telmisarta” 1.0C 1.0C - - ND 1 (Moffat et al., 2004
ND = no data.

* data taken from in vitro measurements.

* no suitable in vitro data available so in vivoalased insteadn f,crassumed to be the same with and without BSA.
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Table S7. Summary of kidney weight estimates

AgeRange Mean Body Weight Kidney Weight

Population / Country N (yrs) (k) (g/kg body weight) Reference
, M: 35E . 68 4.7 :
Caucasian T FE 32 Mainly <50 5g 17 (de la Grandmaison et al., 2001)
M: 2414 7C 4.4
NP “F 1oL 20-40 cq 17 (ICRP, 1975)
M: 19 16-83 70* 4.1
Denmark = 5087 cg* 21 (Nyengaard and Bendtsen, 1992)
NP NP NP 7C 5.C (Rowland and Tozer, 201
Tota” =  414¢ Weighted meg” = 4.5
Total M= 270¢ Weighted mean I’ = 4.
Total F= 1361 Weighted mean”= 4.7

F = Females; M = Males; NP = Not presented.
* Mean body weight of 70 kg for males and 58 kgfanales assumed as actual value not presented (ICH5).
# Totals and means do not include values preséyt&bwland and Tozer (2011).
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Table S8. Summary of kidney blood flow estimates

Age Range

M ean Body Weight

Kidney Blood Flow

Population / Country Method N (yrs) (kq) (mL /min/kg body weight) Reference
M: 3 22-4€ 70* 21.9-
NP PAH E ¢ Mean = 3 5g* 18.2- (Aas and Blegen, 1949)
NP PAH M: 13 24-43 70* 18.1- (Aurell et al., 196¢€
NP uUs 5 Mean = 2i 70* 17.7- (Avasthi et al., 198
NP Diodone M: 13 2C-24 70* 18.2- (Barclay et al., 1947
NP Diodone 1C NP 70* 17.2- (Barclay et al., 1947
M: 13 29-62 70* 17.2-
NP PAH FE NP Sg* 159 (Bolomey et al., 1949)
NP PAH 5 NP 70* 16.9- (Bradley and Halperin, 194
. M: 10 21-2E 70* 16.8-
NP Diodrast E1C 1027 Sg* 168 (Brun et al., 1947a)
NP PAH M: 8 23-37 70* 18.1- (Brun et al., 1947|
NP PAH F: & 29-51 58* 19.0- (Bucht, 194¢
M: 27 18-44 70* 15.2-
NP PAH o 1745 g+ 14.9- (Bucht, 1951)
NP PAH 6 22-3C 70* 13.6- (Bucht et al., 195!
NP PAH 1C NP 70* 18.9- (Cargill, 1949
NP PAH M: 9 21-32 70* 16.2- (Chapman et al., 194
M: 11 NP 70* 19.0- .
NP PAH E e NP 5g* 17 2= (Chasis et al., 1945)
NP Microspher: M: 6 27-67 70* 11.7- (Crean etal., 198
NP N,O M: 5 21-37 70* 18.2- (Crosley et al., 195
NP PAH M: 9 15-44 70* 16.0- (Culbertson et al., 195
NP Diodras M: 28 2C-5C 70* 18.1- (Davies and Shock, 19¢
NP NP NP NP 7C 17.7 (Davies and Morris, 199:
NP PAH M: 3 NP 70* 19.2- (De Wardener and McSwiney, 19
M: 8 Mean = 3. 70* 20.4-
NP PAH = Mean = 3 Sg* 19 o- (Edelman et al., 1950)
NP PAH M: 2 21/5:2 70* 18.0- (Fishman et al., 195
. M: 6 26-62 70* 15.6-
NP Diodrast FE 5258 Sg* 17 o- (Foa. P and Foa, 1942)
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Table 8 continued. Summary of kidney blood flow estimates

Age Range M ean Body Weight Kidney Blood Flow

Population / Country Method N (yrs) (kq) (mL /min/kg body weight) Reference
NP PAH 15 NP 70* 15.6- (Freeman et al., 19¢
. M: 6 22-5C 70* 21.7- :
NP Diodrast EE SEAC 5g* 16.9- (Friedman et al., 1941)
. M: 43 NP 70* 20.1- .
NP Diodrast E 17 Mean = 3. Sg* 17 1- (Goldring et al., 1940)
NP Dopplel 16 Mean = 2i 70* 11.7- (Greene et al., 198
NP PAH M: 15 21-44 70* 16.2- (Grimby, 1965
NP PAH M: 8 2C-4& 70* 18.9- (Heller and Jacobson, 19!
NP Xe 36 23-6¢ 70* 16.3- (Hollenberg et al., 196
. M: 36 i 70* 14.4- Hogeman, 194- reported ir(Smith,
NP Diodrast E o 20-50 Sg* 13.3- 1958)
M: 11 21-5€ 70* 17.3-
NP PAH E1C 5257 Sg* 14.0- (Ikkos et al., 1956)
NP PAH 25 Mean = 3. 70* 20.1- (Kirkendall et al., 195¢
M: 2 36/4¢ 70* 17.5-
NP PAH = 56.4¢ 5g* 17.0- (Kolberg, 1959)
NP Xe M: 6 23-27 70* 19.7- (Ladefoged and Pedersen, 1¢
NP Video Dilution 26 NP 70* 15.0- (Lantz et al., 198:
M: 4 42-62 70* 17.7-
NP PAH E 51/4¢ 5g* 17 2- (Lauson et al., 1944)
NP PAH M: 7 Mean = 2. 70* 20.2- (Lee et al., 196!
NP 70* 16.€
NP NP M: NP NP 70* 17.2 (Lentner and Pharmaceuticals, 1981)
F: NF 58* 16.¢
Caucasia EBCT 8 22-5E 9C 7.€ (Lerman et al., 199
NP PAH M: 7 24-42 70* 18.2- (Lewis et al., 195
NP PAH M: 18 2C-6€ 70* 16.6- (Maxwell and Breed, 195
NP PAH M: 9 Mean = 3 70* 20.1- (Miles et al., 195:
M: 1C 22-4C 70* 17.3-
NP PAH = 52.4E Sg* 19 1- (Mokotoff et al., 1948)
PAH & M: 8 17-4€ 70* 17.1- .
NP Diodrast F: 1 24-58 58* 15.6- (Nickel et al., 1954)
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Table 8 continued. Summary of kidney blood flow estimates

Age Range M ean Body Weight Kidney Blood Flow

Population / Country Method N (yrs) (kq) (mL /min/kg body weight) Reference
M: 4 NP 70% 16.1- .
NP PAH E 1] 53.57 5g* 15.5- (Pfeiffer et al., 1950)
NP PAH M: 5 NP 70* 20.7- (Radigan and Robinson, 19
NP Individual 8 NP 70 16.7~ (Reubi et al., 1973)
Dilution
NP PAH M: 10 2C-4¢ 70% 19.3- (Sirota et al., 195!
NP PAH M: 6 NP 70% 14.5- (Smith et al., 195:
. M: 67 16-6C 70* 20.4~ .
NP Diodrast E 1 1655 Sg* 17 1- (Smith, 1958)
M: 8 3C-52 70% 15.9-
NP PAH E1C 1637 Sg* 17 0- (Smythe et al., 1952)
MRIf 19.¢
USA MRIm 9 26-68 70* 11.¢ (Sommer et al., 1992)
PAH 15.C
NP TI M: 6 33-4¢ 70* 12.0- (Svensson et al., 19¢
. M: 3 18-54 70% 20.5-
NP Diodrast E 53/37 5g* 18.3- (Talbott et al., 1942)
M: 11 19-4C 70% 17.8-
NP PAH = 51-4C 5g* 16.2- (Thomasson, 1957)
NP PAH 5C NP 70% 16.6- (Werko et al., 195.
NP PAH 13 NP 70% 13.6- (Werko et al., 195.
M: 8 27-43 70% 16.6-
NP PAH = 10.33 5g* 14.8- (Wesson, 1964)
NP PAH M: 8 2C-3C 70% 15.6- (White and Rol, 1948
M: 2 36/4: 70% 19.0- -
NP PAH =% 30/4¢ Sg* 15 o- (Wiggins et al., 1951)
PAH . 15.7
USA MR 10 24-56 70 15 ¢ (Wolf et al., 1993)
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Table 8 continued. Summary of kidney blood flow estimates

Age Range M ean Body Weight Kidney Blood Flow

Population / Country Method N (yrs) (kq) (mL /min/kg body weight) Reference
Total” = 9717 Weighted meal” = 16.4
M Total” = 52( Weighted mean N = 16.7
F Total” = 177 Weighted mean * = 16.2
PAH Total = 514 Weighted mean PAH 16.€

EBCT = Electron beam computer tomography; F = femiel = males; MR = Magnetic resonance imaging; MRNagnetic resonance imaging, flow images; MRIm =
Magnetic resonance imaging, magnitude images; NBtpresented; PAH = Clearance of para-aminohipgpacid.

* Mean body weight of 70 kg for males or mixed plapions and 58 kg for females assumed as actuaévadt presented (ICRP, 1975).

# Totals do not include values presented by Gyl ables (Lentner and Pharmaceuticals, 1981 )anidd and Morris (1993).

~ Percentage of cardiac output data (Williams laeghett, 1989) converted to blood flow using cacdatput of 6700 mL/min for males and 5800 mL/manfemales.

Page 13 of 22



Table 9: Prediction accuracy for IVIVE for intravenous clearance data using the well stirred model to scale up in vitro human liver and

kidney microsomal CLntuuct in the presence and absence of BSA and comparison to in vivo CLygt (% predicted / observed)

Predicted / Observed CL gt (% of observed)

brug Invitro HLM data only InvitroHLM + HKM data
- BSA + BSA - BSA + BSA
Diclofenad 74. 102 75.€ 10€
Gemfibrozi* 77.¢ 36C 83.2 39¢
Mycophenolic Acit 26.5 71 33.¢ 10z
Naloxon¢* 28.1 60.¢ 30.¢ 68.¢
Propofo” 24.7 17.¢ 27.C 24.¢
Telmisarta 2.6¢ 12.¢ 2.6¢€ 13.C
N within 2-fold 2 3 2 3
Range (% of observed) 3-78 13-36C 3-83 13-39¢
Mean 39.C 104 421 118
Prediction Bias 0.Ce78 0.337 0.Csc1 0.45¢
Prediction Precision 5.5¢ 6.6C 542 6.6C

#in vitro fnust in the presence and absence of BSA taken fronongilf2008).
For mycophenolic acid and telmisartan,ér from in vivo data used.
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Table 10: Primary UGT referencesfor manuscript Tables3 and 4

Drug Reference

Diclofenac King C, Tang W, Tephly T and Braun M (20' Characterization of rat and human L-glucuronosyltransferases responsible for the o
glucuronidation of diclofenad.oxicol Sci6l: 49-53.

Kuehl GE, Lampe JW, Potter JD and Bigler J (200c@onidation of nonsteroidal anti-inflammatoryds: Identifying the enzymes

responsible in human liver microsomBsug Metab Dispo$83: 1027-1035.

Ezetimibe Ghosal A, Hapangama N, Yuan Y, Achar-Yeboah J, lannui R, Chowdhury S, Alton K, Patrick JE and Zbaid&804) Identification o
human UDP-glucuronosyltransferase enzyme(s) redgerisr the glucuronidation of ezetimibe (Zeti®rug Metab Dispos2: 314-320.

Gemfibrozi Sakaguchi K, Green M, Stock N, Fer TS, Zunic J and King C (2004) Glucuronidatiorcafboxylic acid containing compounds by L-

glucuronosyltransferase isoformds.ch Biochem Biophy&24: 219-225.
Mano Y, Usui T and Kamimura H (2007) The UDP-glumosyltransferase 2B7 isozyme is responsible forfigeozil glucuronidation in
the human liverDrug Metab Dispo$85: 2040-2044.

Mycophenolic
Acid

Cheng Z, Radomins-Pandya A and Tephly TR (1999) Studies on the satesgipecificity of human intestinal U-
glucuronosyltransferases 1A8 and 1ADRug Metab Dispo7: 1165-1170.

Bernard O and Guillemette C (2004) The main rol&GfT 1A9 in the hepatic metabolism of mycophenoticand the effects of naturally
occurring variantsDrug Metab Dispo82: 775-778.

Miles KK, Stern ST, Smith PC, Kessler FK, Ali S dritter JK (2005) An investigation of human andliegr microsomal mycophenolic
acid glucuronidation: Evidence for a principal roldJGT1A enzymes and species differences in UG$gécificity. Drug Metab Dispos
33: 1513-1520.

Picard N, Ratanasavanh D, Premaud A, Le Meur YNadjuet P (2005) Identification of the UDP-glucuosgltransferase isoforms
involved in mycophenolic acid phase Il metaboli@®rug Metab Dispo$83: 139-146.

Naloxone

Cheng Z, Radomins-Pandya A and Tephly TR (99) Studies on the substrate specificity of hunmestinal UDI-
glucuronosyltransferases 1A8 and 1ADRug Metab Dispo27: 1165-1170.

Di Marco A, D'Antoni M, Attaccalite S, CarotenutcaiRd Laufer R (2005) Determination of drug glucudation and UDP-
glucuronosyltransferase selectivity using a 96-wadiometric assayorug Metab Dispo83: 812-819.

Propofo

Court MH (2005) Isofori-selective probe substrates for in vitro studiesuwrhan UDI-glucuronosyltransferaseMethods Enzym 400: 104-
116.

Telmisartal

Ebner T and Roth W (1999) In vitro glucuronidatmirtelmisartan, a novel angiotensin Il receptomlgonhist (abstractd Hum Hyperter 13:
S12.

Yamada A, Maeda K, Ishiguro N, Tsuda Y, Igarashtbner T, Roth W, Ikushiro S and Sugiyama Y (20119 impact of
pharmacogenetics of metabolic enzymes and tramsparh the pharmacokinetics of telmisartan in hgalblunteersPharmacogenet
Genomic21: 523-530.
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