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Review of Journal Articles:

Method:

‘The octanol/water partition coefficients were determined using '“C labeled bile acids
and unlabeled bile acids. The partition coefficient was determined at concentrations
below the water solubility of the ionized species and below the water solubility of the
protonated species. The aqueous buffer was pre-saturated with 1-octanol before the
partitioning was determined. Samples were left to equilibrate for 2 weeks at 25°C.
Resuits:

The distribution coefficient determination took into account both ionized and protonated
- species.

D = P [H] + PIKA(H] + K)

where P'.. and P’, are the intrinsic partition coefficients of HA and A
respectively

K, the dissociation constant of the bile acid.

" Results: 3




Method:

Blood samples were collected form healthy fasting subjects. Lipoproteins and the
lipoprotein-free fractions were separated by sequential ultracentrifugation. Equilibrium
dialysis was carried out at 37°C with an incubation time of 36 hours against Tris buffer .
The bile acid concentration was at 100.M below CMC. Plasma concentrations for
UDCA would be in the O to 16 M range. Also, the distribution between lipoprotein
classes was determined. The % bound to plasma proteins was determined, but the
proteins were not identified per se.

Results:

This is a published article that uses human serum to determine binding. Most of the
other published literature uses rat or bovine serum albumin, which may give erroneous
conclusions. Lipoproteins may be a reserve transport system for BA in serum,
especially for hydrophilic BA that are less bound to proteins. From previous
publications, albumin was identified as the major bile acid carrier.

Composition of pooled plasma and lipoprotein fractions
used in dialysis experiments

C Protcin® PPhospho- Cho-  Trigly-
e e lipids lesterol cerides

. Plasma : 7.0 182 229 154
vLDL 0.035 1s 39 110
LDL 0.12 -2 150 48
HDL 0.30 107 40 16
d> 1.210 g/ml 3.5 18 - -

" g/dl
' Values expressed as mg/dl
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d > 1210 Plasma

. . . . 95.3 285 976+ 9.6
CDCA . . . . . . M6 =91 962+ 83
HDCA . . . . R . 74.3 £ 7.6 81.2 £ 9.3
UDCA . . o . . . 7+ 62 . 76.4 = 7.74—
CA . . . A . 48.3 + 4.5 30.2 x 4.9
UCAa . . . . . . 28.2 + 3.0 296 + 3.

Vaiues are expressed as percentage of initial bile sak concentratio (ﬁfm
bound (o the studied fraction. Mcan values = SD of § exper

Table 3
Distribution of bile salts between the lipoprotein fractions

VLDL

> 1.21
DCaA . 3 - . .0
.1
1
2

CDCA
HDCA .
UuDca .
CA . . . . . ] S.
UCA . .6 . . . . .5 = 6.
Values (mean of S experiments + SD) indicate the bile acid
content of each fraction (as percentage of the initial amount)
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The concentration used for UDCA (0.1mM) is higher than would be seen clinically,
where concentrations can be at the 30uM level. In healthy subjects not treated with
UDCA, the UDCA plasma level is in the range 0.15 to 0.27 uM, More protein binding
information is needed for a range of concentrations of UDCA and its conjugates in

patient serum.
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Method:

Five male and three female ileostomy patients were studied. The age range was 46 to

67 years. These patients had no evidence of liver disease. All had resection of the

sigmoid colon and/or of the descending colon, but no ileal resection. Their ileostomies

were within 15 cm of the ileocaecal valve. lleal excretion was measured at least 4

weeks after surgery. Patients were taken off drugs known to interfere with bile acid

metabolism.

Day 1: Duodenal intubation was used to collect concentrated bile after administration of

cholecystokinin.

Day 2: lleostomy bags were sampled every 2 hours.

Day 3: UDCA as 2 capsules =500 mg, was given before breakfast and ileal samples

were collected. '

Nonsulfated, nonglucuronidated BA were determined enzymatically. Total BA were
also determined. Fecal BA were determined from 8 healthy subjects acting as control

group.
Results:
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Most of the ileal excretion occurs in the 2-8 hour collection period.
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UDCA is mostly glycine-conjugated with much smaller amounts of taurine-conjugated
product. Conjugates of UDCA appear in the ileum 2 hours post administration of

UDCA.
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Parquet M.. Metman E.H.. Raizman A, et al, Bioavailability, gastrointestinal transit

solubilization and fecal excretion of ursodeoxycholic acid in man. Eur, J. Clin. investig.
1985.15:171-178.
Method:

12 healthy subjects (six males and 6 females) aged 21 to 24 years were divided into
two study groups.

Group 1: Four males and three females whose gastrointestinal tract was catheter-free.
Group 2: Two males and three females had a gastrointestinal catheter placed.

Group 1 had *H-UDCA administered as 500 mg a capsule with 50 mL water. 10 mL
blood samples were taken at 20 minute intervals up to 4 hours. Fecal and urine
samples were collected for 24 hours for 3 days.

Group 2 on Day 1, five subjects ingested 250, 500 or 750 mg 4C-UDCA and 200 mL of .
water containing *H- PEG 4000. Jejunal contents were sampled at 20 minute intervals
for 5 hours (distal jejunum, ileum and colon were excluded). Blood was sampled every
20 minutes up to 5 hours.

On Day 2, the subjects ingested 250, 500 or 750 mg *H-UDCA and 200 mL of water
containing '“C - PEG 4000. Jejunal contents were sampled 20 minutes before the
UDCA was administered and at 20 minute intervals for 5 hours, however an aliquot was
taken and the remainder reinjected into the intestinal lumen. Blood was sampled every
20 minutes up to 5 hours.

Total UDCA was determined (free and conjugated) in blood. '“C and *H radioactive
UDCA was measured in the jejunal samples with separation of free from conjugated
using t.l.c. Fecal and samples had total UDCA measured.

Results:
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From these graphs, it can be seen that the UDCA plasma time profiles vary according
to where the UDCA is being absorbed. It must be kept in mind that total UDCA was
being measured in the plasma.

Tabe 2 Distribution of sodebis and selid farmm of ermdeasycheli acid in e coment

UDCA %

Do % of soebe ; of b % of b0 UDCA st popebpion % UOCA
Sebyeens (mg) UDCA UDCA reovered nog Ve whils
¢ ; = 7 2 n n 2
DE : -9 s n 5
T w2 » . W O ::‘ 5
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There is slow solubilization of UDCA in the jejunum. This was under fasting conditions.
After food, solubilization is enhanced and the intestinal absorption would probably
change. The table is incorrect in the amount of UDCA absorbed. The amount
absorbed has not been corrected for the PEG recovered. The assumption of course is
that the disappearance from the jejunum means that this is the amount that is absorbed
across the gastrointestinal wall and into the bloodstream.
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Method:
Six male and two female ileostomy patients aged 43 to 55 and whose weight ranged from 55 to
78 Kg, took part in this study. These patients had no evidence of liver disease. All had
resection of the sigmoid colon and/or of the descending colon, but no ileal resection.
Their ileostomies were within 15 cm of the ileocaecal valve. Patients took one dose of 500
mg CDCA (from Chenofalk, Germany) and after one week they took 500 mg of UDCA
(Ursofalk, Germany) in a randomized crossover design. One week later 3 patients took one dose
of 1000 mg of UDCA. Ileal fluid samples were collected at 2 h intervals. There was a prior
control period in which no UDCA/CDCA was taken.

Results:
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Conclusions:

UDCA interferes with the absorption of common bile acids in the small intestine to decrease their
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absorption.

Method:

Six healthy subjects received the following treatments in a randomized order and separated by a
ten-day washout period:

Trt 1- 450 mg UDCA in a gelatin capsule

Trt 2- 475 mg sodium salt UDCA in a gelatin capsule

Trt 3- 475 mg of enteric-coated sodium salt UDCA

Trt 4- 515 mg of glycoursodeoxycholic acid in a gelatin capsule

Trt 5- 540 mg of enteric-coated sodium salt of glycoursodeoxycholic acid

An #ssay specific for UDCA was used.

Results:

All treatments were taken after a standard meal.

The first peak occurred after 1 hour and a second peak was observed in the plasma after four
hours post-administration of UDCA (trt 1). The intersubject variability was high for Cmax. Trt 2
gave comparative plasma-time profiles to trt 1. Trt 3 showed almost no UDCA levels for 2 hours
and then reached a Cmax at about 3 to 4 hours. Cmax was on average about four times higher

after trt3 than either trt 1 or 2 and was highly variable. The mean AUC was higher after trt 3
than the other treatments.
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Method:
Seven subjects took part in this study. Most subjects had normal liver function test
results, however one subject had elevated triglycerides and another was diagnosed as
having cholelithiasis. All subjects were given the same diet. The subjects were given
1G of UDCA orally per day for two weeks and then given a dose of IV [24-'“CJUDCA. A
two-month washout was followed by 1G CDCA orally per day for two weeks and then a
dose of IV [24-'“CJUDCA. This was a sequential design and not all subjects took both
treatments. Intestinal bile samples were taken after stimuiation of the galibladder with
CCK. Free and amidated bile acids were measured. Stool samples were collected
daily during week 2 and 3 of the study.

Tanix 3. Blliary lipid composition before and during trestment outh -n&-,rlnli:-id tUDCA ! and cAransrasycheler 80 N..'M-Al

Chelastorel Bile anvds [ o= Chnlostevel mtsration
B Cantrul UDCA*® CDCA* Cantrel UDCA CDCA Comtrdd - UDCA CDCA Cantral UDCA COCA
L) - - >

8 8.4 LS S A8 ) 3.8 . 19.9 1 3.0 1.8 173 152

: : T &8 . f XY s.3 ™9 2.8 .7 1.3 [} (V] 16.9 118 17.2

oW, 3.9 32 4.3 43 n.} [ X § *8 5.7 .3 159 »I 23
. 8w, . 5.0 4.4 920.7 . [ X ] 4“3 164 190
rd s 4.5 ™4 0.7 11.1 4.8 .3 21.0

HJ s 8 77.8 n.2 12.8 ‘8.1 10.8 19.9

Mann 1.9 4.7 i.0 .7 .l 8.0 s [ X ] a1 1.8 2.0 196

=4.8 =3.2 =21 =4.3 =29 =23 -=2.4 =38 =2.8




29
LABLE 3. PO SUT /BN VMl ] [ VSUAIASS V) Verame oy o -
Siets
paremelen, | %1 ]
%’““"" 2. 1L 0¥ Pl i WL L -
%mm weooAs W mow Wis2s
i WAPREr) K L8 8 aE L4 8 0324
Mmm e N M m w - u;_m\
b gty pobadieny 1 TR VR SR LIt
. CDCA trestment . | e
UDCA poal (pal/kg) “w 0 5 i Az T
UDCA PR (day™) o 12, 1 Lt
UDCA synthesis : . -
xmolkgidey M TR T oM UL
agday Wy D me e sl
 UDCA, srmdessycbolc acid; COCA, chemodeacychelc acid; FTX, fracional tarmover rle.

‘L&wuhﬂhhnhmdﬂdﬂmﬂbﬂmmhhﬁhumwﬂhhm
mmmwmumdm;
34 100

This assumes that there is a single pool and steady-state conditions exist. Total bile
acid is being measured ie. free bile acid has not been isolated from its metabolites.
This study showed that there was some precursor relationship between CDCA and
UDCA. The method is based on the Lindstedt isotope dilution method in which back
extrapolation of the radioactive decay curve to the value at time zero gives the pool
size.. One measurement is being taken per day during which there will be 6 to 12
enterohepatic cycles. If bile acid is being given orally, the input into the pool reflects
synthesis of bile acid and absorption. This assumes that the rate of absorption is
constant. This particular journal article is using the fact that the dose of UDCA being
given is much higher than the endogenous bile acid synthesis of UDCA. The UDCA
production(absorption) rate has been incorrectly calculated, since this should be the
product of the fractional turnover rate and the pool size. Also, if the free bile acid is not
being measured then errors wili be incurred by following total bile acids that includes
metabolites. This technique has not been validated as far as reflecting
production/absorption of UDCA.




Method:

Seven female PBC patients aged 34 to 58 years with histological confirmation of the
stage of their disease, took part in this study. A dose of 600 mg/d of UDCA was given
in two divided doses after lunch and dinner. After four weeks treatment, the cholesterol
index, biliary lipid and bile acid were measured as well as bile acid pool size, serum
bile acid levels and liver function tests.

Results:

i
:

Serum concent/ation (umoV.L )

o 83 &5 8 8

CCA CCOCA CUDCA
Ffig2 Elwduwm(@my)mmm
bile acid levels in seven subjects with primary biliary cisthosis.
(CCA = conjugated cholic scid: CCDCA ~ conjugated cheso-
deoaycholic acid; CUDCA = conjugated ursodeox ycholic acid.)

TABLE 3. BILIARY BILE ACID PATTERN IN FastTino
GALLBLADDER BILE EVALUATED Y HPLC

Percent Molar® )
Patient LCA DCA CDCA CcA ubca
Before UDCA

1 — 23 38 39

2 ] 11 34 449

3 2 24 32 2

4 4 5 23 62
- 3 10 33 356 P
6 7 17 29 B 7 AR
7 s 28 31 36 '

Mean 2.9 16.8 31.4 47.3

* SE 0.1 3.2 . 35
After UDCA

1 1 11 2 28

2 2 5 17 42
3 —_— 6 26 38

4 2 - 15 44

5 8 4 17 40

6 —_ 9 26 30
B 4 6 1 26 26
. Mean 2.8 6.6t 21.3¢ 35.47

= SE 0.9 1.5 1.8 2.6 B ) B

“HPLC =~ high performance liquid chroomwmtography; LCA =
‘lithocholic acid; DCA = deoxychoﬂc acid; CDCA = chenode-
.oxycholic acid; CA = cholic acid; UDCA = ursodeoxychaolic
acid.

TP < 0.02 vs bascline.
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TABLE 5. INDIVIDUAL BILE ACID SECRETION RATES

Output ( pmol/hr)*
Patient LCA DCA CDCA CA UDCA
Before UDCA -
! - 426 703 721 -—
2 19 211 653 94) 96
3 s 436 608 . | - |
4 n 97 444 1197 116 ‘
b 16 158 . s 88s -—
6 12 m 464 %2 -—
? & 336 mn 432 -—
Mean ¢ sE H=Is M = Sl 518 = 46 S8 =88 0z
Afer UDCA ,
| 47 m 1034 1316 170
2 M 95 33 ™ 66
3 -_— 162 347 1026 s
4 » —_ 2% 49 m
5 176 - 374 830 2
6 -_ 146 421 486 6
7 97 178 421 421 502
Mean = sg 1= 169 = &2 45998 Qs = 116 Q1 = 166t
*LCA= Mﬁ:w-mmﬂ:cm-wﬂu-ﬂ
acid; UDCA = ursodeoxycholic acid.
tP < 0.01.
Toted bife ‘ Individual bile acid poal sizes (mmal)®
acid pool
Patiem * (mmot) LCA DCA COCA cA UBCA
Before UDCA
1 4.4 - 10 .67 s ) n -
2 1 (Y [T ] 1.0 2460 [X)
3 an .0 1.04 133 1.8 -
4 “n .l (%] on 10 (L]
s 624 0.06 [ X1 208 .o -
¢ X1 al? [ (%)) 119 -
1 “a . 112 1.4 1.4 -
Meaa 2 3% oM 204 0.1 =0.03 [N/ 3 8} 1.40 = 0.0 210 T 030 ABT T 088
Afer UDCA
1 LA ]] 0.as (X 1S 146 X ]
2 .2 0.2 o 108 2.4 X ]
3 s - 82 18 1.9 1.5
4 o2 0 - () \» L%
[] (] (%7} (1Y an 18 1
s @ - () 128 14 L
1* o 030 .o X X 13
Maa = 496 =0.19 0.09 = 0.04 ‘) =208 LIl =088 173z 148 = &
“LCA = \thorhnlic acid: DCA = densycholic aci: CDCA = chasodeozycheiic scek CA = cholic ape UOCA = aresiamychelic acid

r <o

These tables show the enrichment of the bile with UDCA. The theory behind the use
of UDCA in the treatment of PBC is to replace the more cytotoxic bile acids with
hydrophic, noncytotoxic UDCA.




Am. J. Gastroenterol 1293, 88(5):691-700

Fourteen patients with PBC took part in this study. There were 12 females and two
males with mean age of 53 years. After discontinuing all medications for three months,
the patients then took three capsules of 300 mg UDCA (Actigall) or 10-12 mg/Kg/day
for six to 12 months. It was not stated whether this was taken as a divided dose or not.
Bile, fasting serum and urine samples were taken.

Resuilts:

Tams |
Effect of 2 Yr of Ursodiol Tremtment on the Biochemical Parameters in Patients with Primary Biliary Clrrhosis™

- anle

Treatment Al Phos. GGT ALT AST ™
Pregrestmentt 577 = 394 443 = 253 109 £ 59 12728 0221
Placebo$ -11 2 22%§ —£$+IJ7T% -7+ 38% -5 N8N 212 3%

NS)) (NS) (NS) " (NS) (NS)
Ursodialt (6 mo) -39 I8N -6) + 3% -42 = 20% —472 188 -132371%
(«<0.001) (<0.002) (<0.007) (<0.002) (NS)
Ursodiol®™ (12 mo) =532 2% ~56 2 27% —~49 £ 23% -39 %1% -6+ 8%
(<0.001) (<0.002) (<0.006) («<0.003) (NS)
Unodiol™ (18 mo) -50221% -0 2 21% —~40 = 17% -44 £ 2% 2221%
(<0.001) (<0.002) («<0.003) (<L002) Ny 2
Ursodiol™ (24 mo) —44 2 24% =32+ 39% -M+12% T -4l x221% 11 247% :
(<0.92) (<0.03) i (<0.03) . (<001) *: NSy 4

* Alk. Phox., alaaline phosphatase (vpper kmit of coatrol, 140 TU/L);, GGT, y-ghutamyltransiernss (wpper limit of costrol, 38 TU/L for malex
29 TU/L for females); ALT, alanine amisctransferase (upper limit of contol, 45 TU/L). AST, sparute amisotrassirass (wpper limit of control,
40 TU/LX TB, total bilirubis (upper Limit of cootrol, 1.2 mg/dl).
1 Fastisg pretrestment mrum was obtined from 14 patients.
$ Fasting scrum was obtained cvery month from ) mmmmtmmmnnn-hhusm
§ The vajues shown are perceat changes from the prereaiment enzyme levels, obtaised by single sunplo ¢ ot
} The sgnificance values were calculated by paired Student’s ¢ =t
§ Fasting scruso was obtaised froms ) | paticats receiving 900 mg/day ursodiol. The values shown are tans from last 3 months. .
* Fastiag scrurs was obtzined from eight paticnts receiving 500 mg/dsy unodiol The values shows are en fum last 3 mowthe.

LABLE &
Effecy of Ursodiol Treasrment on Sevurm Bile Acids --W—-hhvwﬂﬂlayw

Bile Acids (»M)
Treawment Uscommos -
~ - Owbare Toml
Esdogenous ¥ Hydroaylaist$ Ursadiol
Paticuts
Preugeatment ) 4. =154 24204 lLex 04 2902 $2.8 £ 12.6
Placebo? NIz 162 2403 1.7£03 15202 60.6 x 3143
Unodiol™ (6 mo) 200 = 421 35=06 198+ 6.71¢ 3en2s 8794
Ursadiol®™ (12 mo) 230 s.11? 30 =04 26.7 = 821t 621=27 89112
Ursodiol™ (24 mo) 227 £ 3.811 35=204e 30.9 x 7.6 2x22 03I x98
Conuoiatt
Preuentment 342058 02=x0) J6=02
Unsodiol (2 wk) 0.6 £ 03 02=0.) 72208 03 0.1 3306
'an.m-hhd-mmwwnmmw
+ Chenodeonychotic ackd, cholic scid. dsoxycholic acid, lithachokic acid.
tlﬂklb-fnhy&uy-smm 183a.78-ribyd $H-chol ic acid. 18.3e,7a,12 hydrexy-38-chak iC acid.
(1 acd, choli -nd.hyeehabeand.-—mmu:d.
i Fasting scrum was ioed i Vu.-m.naua:sn(n-u).
€ Fasting wrum was obuai ‘:v«y ‘lro-n H receiving placsho. Average of lax two & imemeh for exch - was used 10
. obulnmnnzSD(n-II).
= Fasting scrum was obt d every b from : recEiving diol Average of ch el igsermweatane Skl
effect.n = 1)), 1] and 12 (12-month effect. u = §), or 2) and 24 (24-mondh cffect, 0 = ) for cach paticnt wes samd 10 ODWID wiean = SD.

¢ p < 0.00).

$$ Faming serum was obtained from four bealthy subjocts. wiodiol (900 rmg/day) was fed for 10 days, and ssrue was collected before and on
the last day of bike acid fending. )
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Bile Acids (uM/G crestinine)
Treatment - . Uncommon
« - - Oxbersh Toul
Eadogenoust Hydraxylated$ Unsodiol
Patients .

Preweatment| 3713z 16.7 1422102 29205 78228 62+£222
Placebo? 5.7z 147 124 £ 89 27206 Liz2e B9+ 186
Ursodiol*™ (6 mo) 235+8.11t 137254 779 = 19.74¢ 239+73 1350 £ 28912
Ursodiol** (12 mo) 2491781 15048 120.) = 33.683 86127 196242783
Ursodiol** (24 mo) 18.5 £ 4.5 ILS =47 96.9 £ 23913 330287 1609 £ 34.782
Pretreatment 1.7£03 03+0.1 05201 1504
'Ursodiol (2 wk) 252058 21+£03 33.0%6.7 1L1 £22 47213

¢ Urinary bile acids were quantified by capillary gas-tiquid chrommography. Values are reported as percentage of towd bile acids.
# Chemodeaxycholc acd,eholic acid, doosychotic s, ibochobic aod.

cea @ +a .. e L Y

In terms of the composition of bile acid, it can be seen that % CDA out of the total bile acid pool
remains the same irrespective of treatment with UDCA. The % CA shows differences between
studies in that there may be a decrease or its % contribution remains the same. DCA is present in
healthy subjects in comparison to CA and there is a decrease in its % contribution with UDCA
treatment. The consistent change can be seen in the % UDCA irrespective of the disease state ie
there are marginal levels pre-treatment and then substantial increase post-treatment. In terms of
the presence of conjugated vs. unconjugated bile acid, about 6% unconjugated bile acids can be
found in the bile. CA predominates. In healthy subjects (control), this % is much lower being
about 0.5%. UDCA treatment results in UCDA becoming the predominant bile acid and a
decrease in other free bile acids. It can be seen that UDCA excretion increases in the urine with

treatment.
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Tante 4
Effect of Ursodiol on Biliary Bile Acids in Primary Biliary Cirrhosis®

Bile aid i ‘ Cotrk}
| Pret Placeba} Ursodiol§ Pr Ursediol
CDCAS Beg™ 412 9+8 Ut RENTYS
g?m B8 152 N P 15228
U 0J£02 01201 IR0, IR Py | 55278
Lc 07£03 - 05202 . o1&l 1#02 . 2404
om;;”_. je} - 04102 5¢3 B+6 9+0§
1£02 1204 let l;OJ

Biliary bile acids were quantified by capilary gas-liquid chromatoeranby. Vaiues are renarted ¢ nercntase of tnfsl Wle aeive

' TABLE §
ncon;uga:ed Bile Acids as Percemt of Total Biliary Bile Acids in
Patients with Primary Biliary Cirrhosis®

Free Bile Acids as % of Total Bile

. Patient Treatment Acids
. CDCAt CA DCA UDCA Total
EZ Pretreatment$ 0.4§ 5.1 05 — 6.0
i Placebol| 1.8 24 18 — 6.0
RG Pretreatment 02 04 — —_— 0.6
' Placebo 0.1 01 — —_— 0.2
DD Pretreatmnent 7.4 95 04 —_ 17.3
: Placebo - 4.1 125 03 _ 16.9
SD Pretreatment 1.3 24 04 —_— 4.1
: UDCAY 0.2 0.7 06 4.9 6.4
ME Pretreatment 0.1 12 - -— 1.3
UDCA 0.3 0.4 O.1 0.5 1.3
EA Pretreatment 2.6 s4 05 -_— 8.5
UDCA : 2.2 26 09 2.7 8.4
Contsol*™ Preueatment -— 05 — ——— 0.5
UDCA - — —_— — 0.6 0.6

"< Biliary bile acids were quantified by capillary gas-iquid chro-




Method:

Ten subjects were enrolled into the study, who had neither liver nor gallbladder
disease. These subjects were undergoing cardiac catheterization. Six of the subjects
got *C-CDCA as an iv bolus and four subjects got '“C-UDCA as an iv bolus. Another
22 patients with liver disease (divided into mild or severe according to serum albumin)
were studied: 10 of these had '“C-CDCA as an iv bolus and 10 got '“C-UDCA as an iv
bolus. Some of the patients also had ICG injected as a bolus (0.25 mg/Kg)
immediately after the radiolabeled bile acid. Blood samples were takenat5,7.5and 9
minutes post-injection from the hepatic vein. Blood samples were also taken from a
peripheral vein or the aorta in the cardiac catheterization patients. Total bile acid was
measured. Hepatic extraction was determined from the following calculation:

E = (peripheral vei - ic vei
. (peripheral vein or aorta)
Results:
.00 w P> 1.&-‘ 9 Ursoesesyeiuile asld IVDCAN
. 1 . I e = e
0-90 = Q.90
0-80 = Ad Q- 80 =
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] . -
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é o-50 - t. 080 ' e
T . {
i o0 hd 040
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Fro. 1. Hepatic extractioo ratios for (a)mm&-am(b)wwu
patients with and without liver disease. NS, Not significant

The extraction ratios for the two bile acids seem to correlate with ICG extraction ratio
(r=0.94, N=8, p<0.001 for UDCA and ICG). The extraction ratio for UDCA was 053¢
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0.01 (SEM) in patients without liver disease and was 0.43 + 0.05 (SEM) in mild and
0.07 +0.01 (SEM) in severe liver disease. A nonspecific assay was used for
measuring UDCA in serum.

d10 D11€ 4
Method:
Five patients (three with PBC and two with PSC) were studied along with four heaithy
men. Stable isotopes were used. Between 10 am and noon, 50 mg of 24-*C-CDCA
and 50 mg of 2,2,4,4,-*H,-DCA dissolved in 200 mL 0.25% sodium bicarbonate were
given orally. Postprandial blood samples were collected before the radiolabeled
compounds were given and once a day 2 hours post cibum at 24 hour intervals for the
next four days. After four days, subjects were given 13-15 mg/Kg/day UDCA. There is
no description whether UDCA was given with food or in divided doses. After four
weeks of UDCA treatment and between 10 am and noon, 50 mg of 24-*C-CDCA and
50 mg of 2,2,4,4,-*H,-DCA dissolved in 200 mL 0.25% sodium bicarbonate were given
orally. Postprandial biood samples were collected before the radiolabeled compounds
were given and once a day 2 hours post cibum at 24 hour intervals for the next four
days. Fasting bile acids were also determined the two days that the radiolabeled
compounds were administered.

Note that the radiolabeled compounds were given orally: this may lead to less than
- simple interpretation of pool size, fractional tumover and synthesis/input rates
. compared with iv administration.

Results:
Patients with Healthy voluntwe: >
cholestatic liver disease (md)
80 (r=S)
g -
= ® -
2 —~ 60 T
8 ‘e T ) oca
<« i 2 coca
8 3 404
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o I
g  20-
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dbefore afer betore  after
Joca voca

i icdi i ids (CDCA + DCA)

FiG. 2. Pool size of hydrophobic dihydroxy bile aci 2 )
DCAleefore and 1 mo after the start of UDCA treatment in pag.ents
with chronic cholestatic liver disease (n = 5) and healthy subjects

n = 4). *p < 0.02. ‘
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In healthy subjects UDCA treatment results in a decrease in the DCA pool size. UDCA
does not change the CDCA Pool size. The results were consistent across healthy
subjects, but in patients, there were conflicting resuits. These are very small numbers
that are being looked at. From the clinical trials, however, there is enrichment of the
bile acid composition with UDCA and a lowering of the %CA and %CDCA with UDCA
treatment.

Ten subjects (5 females and five males) acted as contro) group. 14 patients , six with
chronic liver disease and eight with cirrhosis of the liver were the comparison group.
UDCA was administered orally at a dose of 1.5 mg/Kg in a solution of sodium
bicarbonate. Note that this a much lower dose than given in the treatment of PBC.

solution, the time to maximum absorption was shorter than seen with studies where a
capsule or tablet was given.

Results:
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Only two of the healthy subjects and four of the patients with liver disease had data
available for both orally and iv administered UDCA. From the plasma UDCA-time
profiles, it can be seen that the peak plasma concentration of UDCA increases in liver
disease particularly in patients with cirrhosis. The bioavailability of UDCA increased to
136% in a patient with a portacaval shunt. The availability in the two healthy subjects
was in the order of 50%. Some errors in AUC determinations are introduced by not
sampling for a sufficient time particularly in patients where the elimination rate was
prolonged compared to healthy subjects.

APPEARS THIS WAY
ON ORIGINAL
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Bioavailability Study:
Protocol

Title: Bioavajlabili " i .
Investigator:
Clinical Stud .

Study Centers: NN

OBJECTIVE:

To determine the bioequivalence of 4 preparations of ursodeoxycholic acid (UDCA).

METHODS:

Study Design:

Single-dose S-way (six sequence) crossover study. 5 mL blood samples were taken
pre-dose and at one-hourly intervals up to 6 hours. T- tube bile collections were also
taken for eleven of the subjects. Three subjects took part in an extension of the study
protocol involving the administration of Drug A at doses of 250, 500 and 750 mg. Blood
samples alone were collected.
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Subjects:
Treatment and Administration:
Drug A: Tabiets = 500 mg total dose

Drug B: 2 Actigall capsules = 600 mg dose
Drug C: *tablets = 500 mg total dose
Drug D: psules = 600 mg total dose

24 Healthy subjects took part in the study. Different numbers of subjects repeated
treatments. See Table 1. Each subject took each of the four different drugs/treatments
with3 a one week washout period between each treatment.

Fomulatlwofalk Canada is essentially URSO manufactured at_
(Lot No. 14 1,1 1| {03) and Ursofalk USA is essentially URSO

manufactured at| (Lot No. L-0824-91).

Biological sampling:
S mL of blood was taken every hour for 6 hours. Bile acid composition was also
measured by collecting bile acid through a T-tube. '

Pharmacokinetic Analysis:

AUC's were adjusted to 500 mg dose on the assumption that the pharmacokinetics of
UDCA are linear. This has not been confirmed in studies. AUC’s for total bile acid and
ursodeoxycholic acid alone were determined from O to 6 hours. The tabulated AUC’s
were provided, but no individual plasma data. No report was given of the Cmax nor
Tmax. Tabulated results are included in the Appendix.

Statistical Analysis:

An independent t test for all AUC’s including repeats and a paired t-test was
undertaken for 24 subjects who had taken all treatments. The sponsors did not
describe how the 24 subjects were selected to form the repeats. The comparison of
treatment A to treatment C is relevant to this submission. This showed no significant
difference in the means from the independent t test for all values of AUC for both total
bile acid and ursodeoxycholic acid (p=0.269 and 0.127 respectfully, two-tailed
probability). There was no significant difference in the means from the paired t test for
values of AUC of 24 subjects for both total bile acid and ursodeoxycholic acid (p=0.391
and 0.212 respectfully, two-tailed probability). Tabulated resuits are included in the
Appendix. These results are incorrect since the assay was not validated and its
accuracy in measuring low levels of UDCA in the presence of other bile acids is
dubious.
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Comment:

The sponsors submitted NDA 19-808 in March 1990 to the Agency in which
_urs’odeoxycholic acid was to be indicated for the dissolution o

f radiolucent gallstones.
There were fi rug products compared. The formulations used in the clinical studies
includedﬂ has the same formulation used in the clini ies in
this submission, but not the same Lot numbers and not
ﬁ The study looked at Cmax and AUC(Oto 6 hours)
the products were bioequivalent based on unconjugated urs
plasma and non-transformed data. Re-analysis of the data

vealed that the formulations would not be bi
(see Appendix). However, the study used e

for 24 subjects. None of
odeoxycholic acid in

using log-transformation by
oequivalent under the

ssentially a truncated AUC.

FORMULATIONS AND DISSOLUTION DATA
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