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Effects_of Pantoprazole (B8610-023) and B8401-026 (a Thiol Metabolite of

Pantoprazele in Rats) on Selected Hepatic Drug Metabolizing Enzyme Activities

Following oral Administration to Female Rats for 4-Weeks (GTR-31321).

Methods: Groups of female rats (n=8/groun) were given oral (gavage) doses of yehlcle
(water), pantoprazole (300 mg/kg/day, pH 19.5), B8401-626 (50 mg/kuiday in 3/c°i
Methocel) or positive control (sodium phenobarbital, 75 mg/kg/day) _for 4 weeks. At the en

of study period, rats were killed and livers were remqved and yveug_hgd. Varlo'u.s. hepatic
enzyre activities were monitored. P450-dependent mixed function oxidase activities were
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assessed by determining the hepatic activities of 7-pentoxyresorufin-o-dealkylase (PROD),
7-ethoxyresorufin-o-deethylase (EROD), 7-ethoxycoumarin-o-deethylase (ECOD), and

aniline 4-hydroxylase (A-4H) as well as by measuring concentration of cytochrome P-450.
- Activities of enzymes which catalyze the conjugation reactions such as UDP-
glucuronyltranferase (UDPGT) and glutathione-s-transferase were also measured.
Activities of cyanide insensitive palmitoyl-CoA oxidase (peroxisomal marker) were also
measured.

Results: None of the tested compounds had liver peroxisome proliferating activity in rats
as evident by lack of increase in palmitoyl-CoA oxidase activity. Both phenobarbital and
pantoprazole significantly induced cytochrome P450-dependent mixed function oxidase
activities. The most profound effect was seen in the induction of 7-pentoxyresorufin-o-
dealkylase activities. Phenobarbital produced a 225-fold increase in PROD activity while
pantoprazole produced 13-fold increase. PROD activity is related to CYP2B1/2 isoform of

P-450. Pantoprazole acts as an inducer of specific isoforms of P-450 (CYP2BR/2), since -

it has no effect on the levels of cytochrome P-450. However, on molar basis, pantoprazole
is about 0.025 times as potent as phenobarbital as an inducer of phase | (cytochrome
P450-dependent mixed-function oxidase) activities in rats. Thiol metabolite had no
significant effect on cytochrome P450-dependent mixed function oxidase activities.
Pantoprazole, its thiol metabolite, and phenobarbital also significantly induced hepatic drug
metabolizing enzyme activities which catalyzes the conjugation reaction (Phase |l reaction:
p-nitrophenol UDPGT and glutathione S-transferase activities), and pantoprazole potency
was about 38-50% of that seen with phenobarbital on molar basis, while thiol metabolite
(B8401-026) potency was similar to that seen with phenobarbital on molar basis.

Effects on Nepatic Enz
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(Expresscd o3 o Fraction of Cantrol Values)
Parsseters
Phenabarbityl Pant
aprazole 8401~
é‘fss ::/lka//kﬁy L] (300 mg/kg/day = (50 lafok‘uo::y =
e/kg/day) £% gmole/kg/day) 231 mmoleskg/day)
Wicresomal Protein 1.4 1.1
. - .- 0.5 —
PR -
=] 285.% 13.% 0.9
- .
EROD 7.8 2.6 1.3
ECOb 7.3 2.7 1.5
A-d )
M _ 3.7 1.2 0.7
Cvtochrome eSO 2.9 1 )
. .1 0.8
LOPCT 2.0 2.7 1.7
Glutathione s-transferase ) 2.1 1.9 )
. . 1.7
Palmitoyi-Cok Oxidage ]
1.2 1.1 l
0.9

L L LT

—




NDA 20,987
Page 62

Effects of Selected Hepatic Drug-Metabolizing. Enzyme Activities After Oral

Administration to Female Rats for 4 Weeks Followed by a 4 Week Recovery (GTR-
31304).

In female SD rats, pantoprazole (200 mg/ kg/day for. 4 weeks) induced significant
increases in 7-pentoxyresorufin O-dealkylase, p-nitrophenol UDP-glucuronyltransferase
and glutathione S-transferase activities (340%, 130% and 70% respectively). Activities of
above mentioned enzymes returned to base-line after-4 weeks of recovery period. In this
study, pantoprazole had no significant effect on T3, T4 and TSH levels (even though p- -
nitrophenol UDPGT activity was induced). It is quite possible that an induction of T,
UDPGT activity alone may not change thyroid homeostasis, and increase rate of biliary
excretion of conjugated T4 may be compensated by a corresponding increase in the rate
of absorption of deconjugated T, through the gut (De Sandro et al., Biochemical
Pharmacology 43:1563, 1992).

L4y

Rat: Metabolism Characteristics and Metabolites

—_

Biotransformation of *C-Pantoprazole in Selected Organs of the Rat (GTR-31 30—2)

i ym

Methods: Metabolites of pantoprazole were identified in liver, kidneys, and lungs from
male Sprague Dawley rats following intravenous administration of [Pyridylmethyl-'*C)-
pantoprazole at 5 mg/kg. Five rats per time point were sacrificed at 0.083, 0.5, 1, 2, 4, 8,
24, and 48 hr after dosing. At each time point, blood-was collected and plasma and red
blood cells were isolated. Organs and tissues were collected as follows: adrenal glands,
brain, fat, gastrointestinal tract (divided into stomach, small intestine, large intestine, and
gut contents), hean, kidneys, lacrimal glands, lungs, liver, muscle (thigh), pancreas,
salivary glands (submandibular, sublingual, parotid), spieen, skin, testes, thymus, and
thyroid. The liver, lung, and kidney samples at 0.083, 0.5, 1, 2, 4, 8, and 24 hr were pooled
at each time point and lyophilized after determination of total radioactivity. Lyophilized

products were extracted and separated by
—

Results: Metabalites in liver, kidney, and lungs were identified over the first 24 hr after- --—
dosing. Percentages shown are % of the total dose. Metabolites, M64 and M75, of
unknown structures, were observed at varying levels in the liver, lung, and kidneys, but

were not found in the plasma, urine, or feces of rats.

1. Liver: Eleven radioactive peaks were identified in the liver. Major metabolites observed
at 5 min, which declined over the 24 hr study period were the demethylated sulfide
derivative of pantoprazole (B8710-042).at.1.88 to 0.02%, the sulfide derivative (B8510-028)
at 2.28 to 0.01%, a metabolite of unknown structure (M80) at 2.55 to 0.01%, and another
metabolite of unknown structure (M64) at 1.88 to 0.01%. Over the first 24 hr, unchanged
pantoprazcle declined from 0.67% to 0.01%. _ -

- —
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2. Kidney: Unchanged pantoprazole was observed over the first 2 hr after dosing (0.44%
10 0.1%). An unknown metabolite (M64) was observed at 0.59% at 5 min and declined to
0.03% at 4 hr. With the decline of pantoprazole and M64, there was concomitant
appearance of B8710-042 (0.08% at 5 min to 0.30% at 0.5 and 1 hr), B8510-028 (0.10%
at 5 min to 0.16% at 1 hr), the sulfone, B8610-014, (0.02% at 5 min to 0.09% at 1 hr), an
unknown metabolite (M10) (0.02% at 5 min to 0.10% at 1 hr), and another unknown
metabolite (M75) (0.02% at 5 min to 0.04 at 1 hr). Metabolite levels declined after 1 hr.

3. Lungs: Unchanged pantoprazole accounted for the majority of radioactivity observed

in the lung declining from 0.43% at 5 min to 0.02% at 2 hr. An unknown metabolite (M64)

also declined from 0.16% at 0.5 hr to 0.02% at 2 hr. B8610-014 remained relatively -
constant at 0.04 to 0.08% over the first 4 hr. .

NMetabolic Fate of "C-Pantograzole [Labelled at 2-position of Benzimidazole Ring]
in Rats After an Oral Dose of 5 or 500 ma/kq (GTR-31317). -«

Methods: Intact as well as bile-duct cannulated rats of both sexes were giver‘T’ single oral
(gavage) dose of 14C-pantoprazole (5 or 500 mg/kg). Urine, feces and bile samples were
collected at various time intervals. The time intervals for urine collection were 0-8, 8-24 and
then every 24 hour intervals through 96 hours. Feces were collected every 24 hr for up to
96 hours. Bile samples were collected from bile cannulated rats over (0.5 hr pre-dose), 0-2,
2-4, 4-6, 6-8 and 8-24 hr after drug administration. Plasma samples were collected at 1,
4 and 8 hours after drug administration. In the above experiment 3 rats/sex/time point were
used. Total radioactivity and metabolic profile were determined by mem——o

———— _ methods.

o

iy

Results: Irrespective of the dose, about 60% and 40% of administered radioactivity were
excreted in urine and feces, respectively, over 0-96 hr after drug administration, and most
of the excretion occurred during 0-24 hr period. In bile duct cannulated rats (both sexes),
about 40-44% of the administered radioactivity (low dose or high dose) was excreted in the
bile over 0-24 hr after drug administration. The 0-24 hr urinary excretion of 21-42% in bile
cannulated rats was much less than that seen in intact rats (see above), which indicates
“enterohepatic recycling. In intact rats over 0-72 hr, about 32% and 40% of the administered

radioactivity were eliminated in'feces after low and high doses, respectively. - : R
Percent of Radicactivity Excreted in Urine ard Feces (m=3)
Low Dose Nigh Doge
Ouration Chr) Urine l Feces Urine Feces
Male
0-2¢ 51.2 2 1.7 * 3830 42,9 = 1.3 6.7 ¢ 9.7
096 60.8 s 1,4 32.8: 1.5 59.5 1 3.2 40.4 2 2.5
female
Q-2¢ 5.6 1 2.7 2.3 1 7.6 42.7 ¢+ 3. 621 5.7
0-96’ 6.5 1 4.4 30.8 2 3.5 62.3 2 5.4 40.4 ¢ 6.5
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Percent of Radicacrivity Excreted in Bile Duct Corvulated Rots Over 0-2. hr peat Dose (me3)
Dose Level Sex (W/F) Urire Feces Bile
Lo Dote L] 42.3 + 27.9 7.9+ 7.0 43.6 ¢ 4.0
F 30.0 3 3.5 21.4 2 2.7 .1 2 2.3
High Dose ] 20.8 2 B.4 13.8 2 6.0 43.3 ¢ 11,5
F 22.4 1 5.8 10.1 ¢ 5.5 40,1 ¢ 10.0

Pantoprazole was extensively metabolized in rats generating — metabolites.

Urinary Metabolites: Greater than 95% of urinary radioactivity was excreted within the first

48 hr after dosing. Twenty-four metabolites of '“C-pantoprazole were detected and
structural data was acquired for 21 of these compounds. Most products were relatively
minor, each accounting for < 5% of the administered dose. Primary_z routes of
biotransformation for metabolites observed in urine wviere hydroxylation of the—
benzimidazole ring and demethylation of either of the two methoxy groups ofthe pyridyl -
ring. Subsequent conjugation with sulfation or glucuronidation occurred. The number of = ™
metabolites detected was further increased by simultaneous oxidation or reduction of the
sulfoxide group to either the sulfone or sulfide oxidation states. Hydroxylated metabolites
were all conjugated and included: RU12, RU15-21, and RU34. Metabolites conjugated with
glucuronide were RU12, RU16, RU17, and RU19. Metabolites conjugated with sulfate were
RU15, RU18, RU20, RU21, and RU34. “C-pantoprazole was susceptible to cleavage,
through a minor route, yielding metabolites that had lost the benzimidazole ring and the
radiolabe! (these metabolites were not quantified).

C ot ywm

Plasma Metabolites: Unchanged pantoprazole and its sulfone metabolite (RP24) were the
major circulating drug-related compounds at 500 mg/kg. Unchanged pantoprazole and
RU28, the sulfate conjugate of the 3-demethylated sulfide of pantoprazole were the major
circulating metabolites at 5 mg/kg. RP20 (sulfated hydroxylated pantoprazole) and RP21
(sulfated hydroxylated sulfide of pantoprazole) were the only hydoxylated metabolites
observed in the plasma. Six sulfated metabolites were observed in the plasma, which
included RP§, RP20, RP21, RP23, RP26, and RP28. No glucuronide conjugates were _
found in the plasma. Cleavage of pantoprazole was detected with the formation of RP29
(the benzimidazole methyl-sulfoxide) and RP30 (the benzimidazole methyl-sulfone) and
corresponding non-radiolabeled metabolites (RP42 and RP43).

Fecal Metabolites: Fecal elimination of pantoprazole and its metabolites constituted 30-
40% of the administered oral dose. No conjugates were detected in the feces and all
metabolites found had been reduced to the sulfide oxidation state. Major drug-related
compounds found in the feces includéd unchanged pantoprazole and RF25 (the
hydroxylated benzimidazole sulfide of pantoprazole), which comprised approximately 16%
of the administered oral dose. RF (4-demethylated RP25) was found at 8% of the
administered dose. At 5 mg/kg, a major metabolite was RF33, which constituted 9% of the
dose and not been structurally identified.

[——
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Bile Metabolites: In bile duct-cannulated rats, approximately 40-44% of the administered
dose was eliminated in the bile during the first 24 hr. Eighteen metabolites were identified
and 16- were _structurally identified. Nine metabolites were hydroxylated on the

benzimidazole ring, which included: RB-12, RB15-17, RB19-21, RB38, and RB41. Fifteen.

of the metabolites were conjugated with glucuronide or sulfate. Glucuronide conjuqates
included RBS, RB12, RB16, RB17, RB19, RB36, and RB39-41. Sulfate conjugates
included RB6, RB15,RB20, RB21, and RB38. There was one-acetyl cysteine conjugate,
RB9. - CL :

Routes of pantoprazole metabolism in rats and dogs.

Prasant in human
as sutfate conjugate
Conjunction with
sultate or
\/ \/ \/ @lucuronide -
-
A - A - -
o L >
Dealkylation Dealkylation Hydroxytation
Hy N @
QCHQ ©
~ CFaH

N@xidationq__;‘ -7
T " Cleavage and formation of
benzimidazole-thiol

{not datected in hurhans)

Onxidatior/Reduction

Sviphone or Sulphide
(Present in hurmans)
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-

The Metabolism o "C'-Pgntoprazole in the Rat After a Single Administra'tion_(GTR- ~
31202). -

Methods: The metabolism of pantoprazole was studied quantitatively by —

— i in plasma, urine and feces from male rats (n=5-6) following single L.V.
administration of '*C-pantoprazole (5 mg/kg) or after oral administration of '*C-
pantoprazole (5, 50 or 500 mg/kg). ~ _

Results: Following I.V. administration (5 mg/kg), parent compound and sulfone (B8610-14/
—— 97167) and two other polar component were present in plasma. After oral dosing,
parent compound, sulfone (96167), sulfide (96166) and unidentified polar metabolites were
present. According to sponsor, 96165 (thiol) was detected in ptasma followirrg oral dose
of pantoprazole at 5 mg/kg. However, such data was not submitted. No parent compound
was detected in the urine and feces. Urine samples up to 24 hr after dosing, consisted of
8 drug-related compounds when examined by — , however, the
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majority of radioactivity was found at the origin, suggesting the presence of polar
compounds. No unchanged drug or sulfide were found. Only traces of benzimidazolethiol
were found. ldentified compounds included the desmethylhydoxylated sulfide (B8710-42)
found as the conjugate or the hydroxysulfate (B8710-47). Treatment of urine samples
collected after intravenous administration with B-glucuronidase indicated the presence of
several compounds (i.e., M8, M12, B8710-42, B8710-47, and M-17) conjugated with
glucuronide. Treatment of urine samplés coliected after oral administration with B-
glucuronidase indicated the presence of glucuronides and sulfates (M12 and B8710-47).
In fecal extracts, 8 metabolites were detected after drug administration. Main metabolites
were the desmethylhydoxylated sulfide, sulfide, hydroxysulfide, M12 (unidentified), and -
polar compound(s). :

-
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-

A

Metabolism of ['*C-Pyridyl] Pantoprazole in Rats After a Single Oral or L.V. Dose 3
(5 ma/ka) (GTR-31325), :

Methods: Male rats were given a single oral or L.V. dose of '*C-pantoprazole (5 mg/kg).
Blood samples were collected by cardiac puncture at 5 min, 30 min, 1, 2, 4, 8 and 24 hours
after drug administration. Five rats per time point were used. Urine samples were collected
during 0-4 hr and 4-10 hr after drug administration. Fecal samples were also collected over
0-24 hr and 24-48 hr after drug administration. Parent drug and its metabolites were
identified by —— methods.

- Besults: Results were similar after oral and 1.V. administration of the drug. In plasma, as
a function of time, pantoprazole levels decreased along with a simultaneous increase in
the sulfone derivative. Apart from polar peak (and MS) two additional minor metabolites
(M64 and M65) were identified, which were not seen when pantoprazole labeled at 2-
position of benzimidazole ring was used in other studies, suggesting the cleavage of the
parent drug molecule. M64 was also seen in urine sample. Desmethylhydroxylated sulfide™
(B8710-42) and hydroxysulfide (B8710-47) free as well as conjugated metabolites were
also seen in urine and feces. In addition sulfide metabolite was also detected in feces.
Irrespective of route of administration no parent drug was seen in urine or feces.

APPEARS THISWAY_ _. _
ON ORIGINAL
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Percent -uf Dose (Radioactive Gards) Excreted in Urire wd Feces During 0-24 hr.
Wi . Feces

MeTabolites 1.V ] p.0. 1.¥. J_ P.0.
Polar metabolites 148 7.4 8.1 7.3
L} 1.3 4.3

10 a.7 - [ 3.3
58710-42 4.3 3.9 10.0 1.7 ’
M33 3.0 1.2

BNo-a7 5.9 5.0 6.1 9.2
Méh 3.2 1.7

Sulfide 1.6 0.6 .9 5.%

The Metabolism of 14C-Pantoprazole in Rat and Dog (GTR-31201).

-~
Methods: The metabolism of "“C-pantoprazole was examined in male Sprague Dawley ™™
and Wistar rats following intravenous administration of 5 mg/kg or in male beagle dogs - __
following either intravenous or oral administration of 10 mg/kg. Radiolabel was located at _

the C-2 position of the benzimidazole ring. Urine and fecal samples were collected from
male Sprague Dawley rats. Blood for determination of plasma metabolites was collected

from male Wistar rats by cardiac puncture. Metabolites in plasma, urine, and feces were
identified by

vy

Results: Radiolabeled metabolites identified in plasma and fecal extracts from dogs and
rats were similar.

1. Metabolism in Dogs:

Plasma: Pantoprazole and its metabolites were characterized at 1, 2, and 4 hr after
~ intravenous or oral administration. The two major component-identified-in- pl
unchanged pantoprazole and the sulfene i 97167).

asma were

Feces: Fecal elimination is main route of excretion in dogs. Fecal extracts upto 72

hr after drug administration consisted primarily of 2 or 3 components identified as the

sulfide —— 97166, peak 1), hydxoysulfide (peak 2), and desmethylsulfide (peak 1). No
unchanged pantoprazole was found. o

T
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14", ltl

|

Urine: Following intravenous or oral administration, 10-12 drug-related peaks were *
evident in radiochromatograms. No unchanged pantoprazole was found. Metabolites that
were identified consisted primarily of giucuronide conjugates. :

-

W W™ :|"|, .

2. Metabolites in Rats:

Plasma: At 5 min after dosing, the major components were pantoprazole and the
sulfone metabolite : — "97167). By 1 hr after dosing, the major component was ——

97167 as levels of unchanged drug”had significantly declined. Another unidentified
component was also present. oS AR . ) |

Urine: Urinary elimination is-the primary raute of excretion in rats. With samples up
to 24 hr after dosing, 10-12 drug-related peaks were observed. No unchanged
pantoprazole was observed. Compounds identified included the N-acetyl cysteine_
conjugate of the benzimidazole function of pantoprazole and products of desmethylation
and N-oxidation.

- —.

Feces: Fecal extracts from 0-24 hr after dosing, were found to contain 5 to 7 drug-
related peaks. No unchanged pantoprazole was found. The major metabolite was
desmethylsulfide, which was also observed in dogs. Another component was
hydroxysulfide, which was also observed in dogs. Two other components included
96022) and a N-oxide sulfone.

desmethylated sulfide (or desmethyl
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Metabolic Fate of 1'C-Pantcu‘arazolea‘ [Labelled at 2-Position of Benzimidazole Ring]
in Dogs After an Oral Dose of 10 or 100 ma/kg (GTR-3131 6).

Methods: Beagle dogs (n=3/sex/dose) were given a single oral (gavage) dose of ™C-
pantoprazole (labeled at 2-pasition of the benzimidazole ring, 10 mg/kg). When.dogs were
“given 100 mg/kg of **C -pantoprazole then emesis occurred in all dogs within 3 hr of the
dose, therefore, high dose study was terminated. Urine samples were collected at 0-8, 8-24
hour, and then every 24 hour intervals through 96 hr. Feces were collected every 24 hr for
up to 96 hours: Blood samples were collected from the cephalic vein at 1, 3, and 6 hours

after drug administration. Total radioactivity and metabolic profile were determined by —
_,',..—--_ -

Results: In males, about 22% and 56% of the administered dose were excreted in urine
and feces, respectively. In females, about 39% and 50% of the administered dose were
excreted in urine and feces, respectively. Most of urinary excretion occurred du ‘Qng the first
24 hr after drug administration-and-most of the fecal excretion took place during0-48 hours
after drug administration. '“C-pantoprazole was metabolizedto 24 produds in dogs.——
Metabolites identified in the plasma, urine, and feces demonstrated that metabolism B
occurred through oxidation (hydroxylation and/or demethylation) and conjugative pathways =
(sulfation and glucuronidation). Hydroxylation was restricted to benzimidazole ring. §
Demethylation occurred primarily at the 4-position on the pyridyl ring. In plasma, *®
unchanged drug and its sulfone metabolite (DP24) were the major circulating species, and
concentrations of parent drug decreased with time along with concomitantly increase of
DF24 levels. At 6 hr, DP27 (benzimidazole thiourea metabolite) was the second most
abundant circulating metabolite (9-22% of the dose). About 20 urinary radiometabolites
were detected and structures of 11 were characterized. Most of the metabolites accounted
for <5% of the administered dose. In urine, the levels of parent drug was minimal (about
0.1-0.4% of the dose). In feces, no conjugated metabolites were seen. The major
metabolite in the feces was the 4-demethylated sulfide metabolite (DF7), which constituted
12% of the oral dose. Unchanged parent drug and the 6-hydroxylated (benzimidazole)
sulf.de metabolite (DF25) constituted 10% of the oral dose. The fecal metabolites that were
identified, had been reduced to the sulfide oxidation state. There were no significant
(Qualitative differences in the biotransformation of '“C-pantoprazole between male and
female dogs. '

APPEARS THIS WAY
ON ORIGINAL
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Excretion
‘Mouse .

Excretion of Radioactivity in Mice After Oral Administration of-'*C-Rantoprazole-
[Labelled at 2-Position of Benzimidazole Ring] (GTR-31315).

Methods: Male and female NMRI mice (2-4 mice/sex/group) were given a single oral
(gavage) dose of '“C-pantoprazole at 5, 25 or 125 mg/kg. Urine and feces samples were
collected over periods of 24 hr for up to 96 hours after drug administration. Total
radioactivity in each sample was measured by

Results: Urinary excretion from 0-96 hr at doses of 5, 25 and 125 mg/kg was
approximately 34%, 30% and 34% of the administered radioactivity, respectively. Fecal
excretion from 0-96 hr at doses of 5, 25 and 125 mg/kg was approximately 54%, #1% and
38% of the administered dose, respectively. Most of the excretion (urinary and fecal)
occurred during the 0-24 hour period after the drug administration. No sex differénces were
evident with respect to excretion pattern. However, at the high dose (125 mg/kg), fecal
excretion was significantly lower than that seen at the other two dose levels.

i
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Rat

Pharmacokinetic Investigation of Pantoprazole in the Rat: "C-Kinetics in Blood and

Balance Excretion After Oral Dosing (GTR-311 96).

Methods: Pharmacokinetics and excretion of **C-pantoprazole were examined in male
Sprague Dawley rats following oral administration of 5, 50, or 500 mg/kg. Radiolabel was
located at the C-2 position of the benzimidazole nng. There were 5-6 male rats per dose.
Blood for determination of plasma radioactivity was collected at time points ranging from
0.25 to 168 hr after dosing. Urine and feces were collected separately in intervals from 0

to 168 hr after dosing. At 168 hr after dosing, animals were sacrificed and organs were
collected as follows: brain, thymus, spleen, adrenal glands, hear, lungs, kidneys, liver,
stomach, and skin. Erythrocytes were isolated from blood at 168 hr after dosing. Samples
were processed and radioactivity contents were measured by

Results: Cnax values for plasma radioactivity increased in a manner progortional to
ascending dose. However, AUC values for total radioactivity increased withascending——
dose, but increases were greater than proportional to dose. Half-life values were prolonged -
to > 215 hr due to association of radioactivity with red biood cells. Radioactivity was = =
primarily excreted in the feces (53-59%) with lesser amounts in the urine (39-46%). For &
doses of 5 and 50 mg/kg, 88-95% of the radioactive was excreted in the first 24 hr; ®
however, for 500 mg/kg, 95% of the radioactive was excreted in the first 48 hr. At 168 hr
after dosing, significant levels of radioactivity were still associated with the skin/hair shafts
and erythrocytes.

Pharmacokinetics parameters for plasma radioactivity in rats that received *C-
pantoprazole by the oral route at doses of 5, 50, and 500 mg/kg.

Dose, mg/kg Crmaxs Ma/L AUC,.., mg*hr/L Tmax hr T¥z, hr
5 2.65 139.5 221
50 35.1 2634 —_— 215
500 297 55867 | — 256

Percentage of total-radioactivity excreted in the urine and feces from 0-168 hr by rats
that received 1“C-pantoprazole by the oral route at doses of 5, 50, and 500 ma/kg.

Route 5 ma/kg 50 mg/kg 150 ma/k : i
_Urine - 54 59 53 —Lg—
Feces 39 41 25 !
APPEARS THIS WAY ‘ T

ON ORIGINAL -
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Pharmacokinetic Investi ation of Pantoprazole in the Rat: 1"C-.Kinetic's in Blbod and
Balance Excretion After Multi le Oral Administration (GTR-31196).

Methods: Pharmacokinetics and excretion of pantoprazole were examined in male
Sprague Dawley rats following oral administration of 5 or 500 mg/kg/day for 8 days. On
days 1 and 8 rats received 1"C-pa’ntopr.sazole. Radiolabel was located at the C-2 position
of the benzimidazole ring. On days 2-7, rats received unlabeled drug. There were 4 male
' 8, blood for determination of

1F;harmacokinetics parameters for plasma radioactivity on days 1 and 8 in rats that received

L L

C-pantoprazole by the oral route at doses of 5 or 500 mg/kg.
Dose, AUC, mag*hr/L Crmax, Mg/L Temax, br TV, hr
mg/kg/day | Day 1 Day 8 Day 1 Day 8 Day1 | Days Day 1 Day 8
5 102.7 80.65 2.3 4.5 —— — 173 67
L500 18363 17969 172 309 —— — 89 91

Percentage of total radioactivity excreted in the urine and feces on days 1 and 8.from 0-72
hr after dosing by rats that received "*C-pantoprazole by the oral route at doses of 5 or

500 my/kg.
Route - 5ﬂgikrﬂav — 50 mg/kg/day
Day 1 Day 8 Day 1 Day 8
Urine 80 - 44 - Y 46
Feces 46 57 26 27
Tcial 95 — 100 96 5

= —ap
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(14C—Pyridyl)-Pan_t0prazole in the Rat: Balance, Excretion, and Pharmacokinetic Study
Following Oral and Intravenous Administration (GTR-3131 0).

Methods: Male rats (n=6) were giVen a singié oral (gavage) or 1.V. dose of 5 mg/kg of
radiolabelled pantoprazole (**C at the pyridyl moiety of the molecule). Blood samples were

collected from tail vein at pre-dose, 5 (only after |.V. dose), 15, 30 min, 1, 2, 4, 6, 8, 10, 24, -

48, 56, 72, 96, 120, 144 and 168 hours after drug administration. Urine samples were
collected over the periods of 0-2, 2-4, 4-6, 6-8, 8-10, 10-24, 24-32, 32-48, 48-56, 56-72,
72-96, 96-120, 120-144 and 144-168 hours after drug administration. Feces were collected
every 24 hr for up to 168 hours after drug administration. In all samples, total radioactivity

was measured by ——————— Levels of unchanged drug and its sulfone derivative were_

also monitored as a function of time (0.08, 0.5, 1, 2, 4, 8 and 24 hr) in rats plasma.

Results: About 53% and 46% of the administered radioactivity were excreted in urine and
feces respectively during 0-168 hr after 1.V. administration of the drug. ;After oral
administration of the drug about 33% and 59% of the administered radioactivity was
excreted in urine and feces respectively. Irrespective of route of administration, Inost of the
excretion (urine and feces) occurred during 0-24 hr after drug administration (92.5% post
l.V. and 86.50% post oral). After oral dose, about 59% of the radioactivity was absorbed
(Tmax = ==———— ", The T beta for radioactivity from plasma were 32.2 hr and 24.9 hr
for LV. and oral doses, respectively. In plasma, levels of unchanged drug declined as a
function of time while levels of sulfone increased concomitantly.

Pharmacokinetics of 'C-Pantoprazole (radicactivity) in Rats
Plasma Single Dose (S mg/kq)’

Farameters I.V. oral

t. alpha (hr) 2.2 2.9

t, beta (hry. oot oo spac L oa

| Tras_(BT) - e ———

€l (L/h/kg) " 0.124 - BB
AUCs,, (mg.hr/2) 39,07 23.07 )
Bicavailability (%) - 59

1l = results are mean of 6 rats, no SD was provided by the sponsor

Pharmacokinetic Investigation of Pantoprazole in the Rat: "*C-Kinetics in Blood and
Balance Excretion Profile After Intravenous Dosing (GTR-31218).

Methods: Pharmacokinetics-and excretion-of-'*€-pantoprazole-were-examined in male
Sprague Dawley rats following intraverious administration of 5 mg/kg. Radiolabel was
located at the C-2 position of the benzimidazole ring. There were 6 male rats per dose.
- Biood for determination of plasma radioactivity was collected at time points ranging from
0.08 to 168 hr after dosing. Urine and feces were collected separately in intereals.from 0
to 168 hr after’dosing. At 168 hr after dosing, animals were sacrificed and organs were
collected as follows: brain, lungs, heart, liver, spleen, kidneys, adrenal glands, thyroid
gland, skinvhair shafts, erythrocytes, gastrointestinal tract, (stomach, small and large

intestine). Sampies were processed and radioactivity contents were measured by ————
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Results: Pharmacokinetic parameters for plasma radioactivity were as follows: AUC,. =
433.8 mg*hr/L; V4 = 4.516 L/Kg; Cl = 0.011 Uhr/kg; and TY = 268.9 hr. The volume of
distribution exceeded blood volume (0.054 L/kg) suggesting extensive distribution of
radioactivity into tissues. Clearance was significantly lower than hepatic (1.914 L/hr/kg) or
renal (1.28 L/hr/kg) plasma flow. The prolonged half-life was due to the association of
radioactivity with erythrocytes. Elimination of radioactivity into the urine (62.4%) was the
primary route of excretion as compared to feces (36.9%). At 168 hr after dosing, significant
levels of radioactivity were still associated with erythrocytes and the skin/hair shafts.

Biliérv Excretion and Metabolism of ["C-Benzimiciazole‘l-Pantoprazole in Rats (GTR-
31328).

Methods: Bile cannulated male rats (6=group) were given a single intravenous or
intraduodenal dose of 1“C-pantoprazole (labeled at 2-position of benzimidazole rng, 5 mg/
kg). Bile samples were collected at 30 min intervals up to 8 hr after drug administration.
Total radioactivity in each sample was measured by —————— | possibleuinchanged —
drug and metabolites were also identified by —————— - e
Results: Within 8 hr after drug administration, about 65% and 46% of the administeredg
dose were excreted in the bile following intravenous or intraduodenal doses, respectively.’
Drug was rapidly metabolized and no parent drug was seen in the bile. The data also
indicates that there was an incomplete absorption of the drug via intraduodenal route. It
should also be noted that no benzimidazole-thiol metabolite was seen in the bile.

Doq

'°C-Pantoprazole Balance Excretion and Pharmacokinetic Study in the Male Beagle
Dog Following Oral and Intravenous Administration at Target Dose Level of 10 ma/kg
(GTR-31191).

Methods: The pharmacokinetics and excretion of radioactivity were examined in 4 male

beagle dogs following oral or intravenous administration of "“C-pantoprazole at a dose of

10 mg/kg. Radiolabel was located at the C-2 position of the benzimidazele nng. There was-
a 3-month period between intravenous and oral phases of the study. Blood samples were

collected at time points up to 168 hr after dosing. Urine and feces were collected

separately at intervals up to 168 hr after dosing. Samples were processed and radioactivity

levels were determined by —— Plasma samples were assayed simultaneously for

pantoprazole and its sulfone | =—'97167, B8610-14) by e oomrrm——___

Results: Following oral or intravenous administration of *“C-pantoprazole to male beagle
dogs, radioactivity was primarily eliminated in the feces (53.6-65.0%) as compared to the
- urine (28.9-53.6%). The mean bioavailability of pantoprazole following oral administration
was 49%. Pharmacokinetic parameters for plasma radioactivity were not provided.
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Percent of total radioactivity excreted into urine and feces from 0-168 hr after dosing by
male beagle dogs that received "*C-pantoprazole by the oral or intravenous route at

10 mg/kg.

Route Oral Intravenous
Urine : 28.9 35.0

Feces 65.0 . 53.6

Total 94.2 89.8

Pharmacokinetic parameters for plasma pantoprazole and its sulfone metabolite following
intravenous or oral administration of pantoprazole to male beagle dogs at a dose of

10 mg/kg. .

Route AUC,. Cmax, yMOVL Tmax, W T%, hr Bioavall,
wmol*hr/L ] %

. Panto Sulfone | Panto Sulfone | Panto | Sulfone [ Panto Sulfone | Panto

v 86.73 101.5 |69 11 ) — -_— 0.63 57 -

QOral 46.45 74.975 | 26 8 | - 0.83 45 « |49

Monkey -

". .

Pantoprazole ; ("*C)-B8610-023: A Study of Absorption, Distribution, and Excretion
Following Oral and Intravenous Administration to the Cynomolgus Monkey (GTR-
31549). '

AR LU

Methods: The absorption, distribution;-and excretion of pantoprazole were examined in
cynomolgus monkeys. Four (2 male and 2 female) captive-bred cynomolgus monkeys
(Macaca tascicularis) were used for these studies. For oral and intravenous administration
studies, '“C-pantoprazole was administered at dose of 5 mg/kg. For oral administration
studies, 5 mL of a 0.1-M sodium bicarbonate was administered by oral gavage at 2 min
prior to dosing and at 10, 20, and 30 min after dosing in order to maintain a high gastric pH
to protect acid labile pantoprazole from premature degradation. For excretion studies,
monkeys were transferred to metabolism cages. Urine samples were collected as follows:
0-12 hr, 12-24 hr, and 24 hr intervals from 24-168 hr post-dosing. Feces were collected in
24-hr intervals from 0-168 hr post-dosing. Cage debris and cage washings were pooled
separately for each animal over the 168-hr collection period. Radioactivity in urine, cage - --—~
washings, feces, cage debris;- and-tissue-swabs-was-determined-by ~—mMmm———
_ At the end of the collection period, animals were swabbed to coliect any
radioactivity associated with'body surfaces, "~~~ ~—— ~ T B

Results: Following oral or intravenous administration of pantoprazole, the principal route
of elimination was renal excretion. Following oral administration, renal and fecal elimination
were > 90% complete by 48 and 72 hr after dosing, respectively. Following intravenous
administration, renal and fecal elimination were > 90% complete by 24 and 48 hr after
dosing, respectively. Excretion of radioactivity was similar between male and female
rnonkeys. :
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Excretion of radioactivity in cynomolgus monkeys following a single oral or intravenous
administration of *C-Pantoprazole at a dose of 5 rng/kag.

Excreta Percent of Administered Dose
Oral Adminijstration Intravenous Administration

: Male Female Male Female
Urine 42.47 40.36 32.58 35.58

Feces 15.28 17.28 12.47 18.66
Cagewash 14.53 12.57 23.79 18.31

Cage Debris 3.645 5.306 2.303 1.414

Final Cagewash 0.715 0.920 2.104 1.521

Body Wash 1.181 0.700 1.016 2.261

Total 77.82 77.14 74.26 77.74

. The absorption, distribution, metabolism, and excretion of pantoprazole were
examined in mice, rats, dogs, and monkeys. Pharmacokinetic studies in mice, rats, dogs,
and cynomolgus monkeys that received pantoprazole (radiolabeled in the begzimidazole
ring or adjacent to the pyridyl ring for several studies) by the intravenous or oral foute found——
that plasma Cmax and AUC values for total radioactivity and/or the parent drug increased -
with increasing dose, although, generally not in a dose-propoitional manner. Cnax and AUC =
values for unchanged drug in mice, rats, dogs, and mankeys encompassed values £
observed in healthy human volunteers that received pantoprazole at a therapeutic dose of ¥
40 mg/kg (equivalent to 0.8 mg/kg for a 50 kg person). Plasma AUC values for unchanged.
drug following a single oral administration of pantoprazole were as follows: B6C3F, mice
that received doses from 25 to 150 mg/kg were observed with values ranging from —_
—— nug'hr/mL; Sprague Dawley rats that received doses from 5 to 1200 mg/kg were
observed with values ranging from ug*hr/mL; Fischer rats that received
doses from 5 to 50 mg/kg were observed with values ranging from ug*hr/
mL, beagle dogs were that received doses of 7.5 to 100 mg/kg were observed with values
ranging from - pg*hr/ml, and cynomolgus monkeys that received a dose
of 5 mg/kg were observed with a value of 0.46 pg*hi/mL. Plasma AUC values for
unchanged drug in healthy human male volunteers, who received a therapeutic dose of
pantoprazole at 40 mg/day by the oral route ranged from ————_ ug*hr/mL. Plasma
AUC values for the parent compound were found to represent a small fraction of the total
radioactivity suggesting extensive metabolism. Pantoprazole appeared to undergo
extensive first pass metabolism and rapid elimination and bioavailability values displayed
high variability. Bioavailability of total radioactivity and parent drug following oral
administration of pantoprazole to rats at 5 mg/kg were 66 and 31%, respectively.
Bioavailability of parent drug in dogs following an oral dose of 60 mg/kg was 44%.
Bioavailability of total radioactivity and parent drug following oral administration of 5 mg/kg
pantoprazole to cynomolgus monkeys were 51.77 and 3.5%, respectively. The half-lives
of the parent compound in most species were generally < 1 hr. For studies with
pantoprazole in healthy human male vdlunteers, bioavailability of an oral therapeutic dose
at 40 mg/day ranged from —————— For humans, little acid degradation of the drug
occurred in the stomach and there was a low hepatic first-pass effect. The half-life of
pantoprazole following oral or .intravenous administration 40 human vokipteers was
approximately 1 hr. Non-linear toxicokinetics of pantoprazole may be due to reduced
absorption at higher dose levels (i.e., dissolution rate limited absorption) or increased first-
pass metabolism of pantoprazole. Pantoprazole [(+)-PAN] is a chiral sulfoxide. Following

- ——
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oral or intravenous administration of (+)-PAN to rats, there was significant chiral
interconversion to form (-)-PAN; however, no interconversion was found following
administration of (-)-PAN. Pantoprazole binding with rat and human serum protein
exceeded 95%. Binding with dog serum protein was lower at 80-90%. —_———
studies with rats that received pantoprazole, with '“C-label located at the C-2 position of
the benzimidazole ring, by the oral or intravenous route, found that radioactivity was widely
distributed following administration and peak concentrations of radioactivity were generally
found in all tissue at 1.hr after dosing. Plasma concentrations declined over time; however,
radioactivity levels in whole blood remained-relatively constant from 24 to 96 hr after dosing
due to association of radiolabeled material with red blood cells. The liver and kidney
appeared to be excretory organs. In *studies, using pantoprazole with '*C-
label adjacent to the pyridyl ring, results were similar; however, binding with erythrocytes
was not evident due to loss of the radiolabel. This experiment indicated that the
benzimidazole moiety and not the pyridyl ring of pantoprazole was responsible for binding

to cellular component(s) of red blood cells. Studies using pregnant female rat t&at received
“C-pantoprazole indicated that drug or its metabolites crossed the placera and fetal——
retention of radioactivity increased as the pregnancy progressed. Studies using lactating
female rats that received '*C-pantoprazole, found radioactivity in milk collected from
suckling neonates. Proton pump inhibitors, such as pantoprazole, undergo extensive
metabolism by cytochrome P450 as well as induce the activities of specific isozymes and
inhibit the metabolism of other substrates (i.e., drugs). Using human liver microsomes
fractions, it was found that pantoprazole was mainly metabolized by CYP2C19 and
CYP3A4 isozymes of cytochrome P450, but very little metabolism was carried out by
CYP2D6 isozyme. Other studies suggested that P450 isozymes, 206 and 2C9-10, also
appeared to play roles in biotransformation. For female rats treated with pantoprazole,
hepatic content of cytochrome P450, cytochrome b5, and NADPH-cytochrome C reductase
were increased and induction of P450 isozyme activities was determined to be of the
phenobarbital-type; although, it was 0.025 times as potent as phenobarbital on a molar
basis. Pantoprazole acted as a specific inducer of isoforms, CYP2B1 and CYP2B2. No
evidence of liver peroxisomal proliferation activity was evident. The thiol metabolite of
pantoprazole had-no effect on phase-| (P450-dependent mixed-function oxidase) activities
in rats; however, the thiol metabolite as well as pantoprazole significantly induced hepatic
drug metabolizing enzyme. activities which catalyze conjugation reactions (Phase 1l _
reactions: UDPGT- and glutathione S-transferase activities). The potency of pantoprazole
with regard to phase Il reactions was < 50% of phenobarbital on molar basis, while potency
of the thiol was equivalent to phenobarbital. For female rats treated with pantoprazole at
200 mg/kg/day for 4-weeks, there were no significant changes in T, T4 and TSH levels
even though UDPGT activity was induced. For mice, urinary and fecal excretion accounted
for 30-34% and 38-50% of the elimination of drug-related compounds. For rats, about 60°5
and 40% of administered radioactivity were excreted in urine and feces, respectively. For
dogs, 22-39% and 50-56% of the administered oral dose were excreted in urine and feces,
respectively. For cynomolgus monkeys, the principal route of elimination was renal
excreticn. Following orai or intravenous administration of drug to human volunteers, urinary
excretion accpunted for £ 90% of drug-related compounds, white fecal excretion accounted
ior < 18%. For bile duct-cannulated rats, about 40-44% of the administered radioactivity
was excreted in the bile. The total number of drug-related compounds detected in rats and
degs weare 31 and >24, respectively. Unchanged parent drug and the sulfone metabolite

e
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, == 97167) were the major circulating drug-related compounds detected in plasma for
rats and dogs. The thiol metabolite — 97165), associated with pulmonary toxicity was
also detected in rat and dog plasma at low levels. The number of urinary radiometabolites
detected in rats and dogs were 24 and 10-20, respectively, with each metabolite generally
accounting for <5% of the administered dose. The primary routes of biotransformation for
metabolites observed in urine for rats and dogs were hydroxylation of the benzimidazole’
ring and demethylation of either of the two methoxy groups on the pyridyl ring. Subsequent
conjugation with sulfation or glucuronidation occurred. The number of metabolites detected
was further increased by simultaneous oxidation or reduction of the sulfoxide group to
either the sulfone or sulfide oxidation states, Feces collected from rats were found to
contain no conjugated metabolites, as expected, and all metabolites had been reduced to
the sulfide oxidation state. The main identified metabolites in the feces were the
desmethylhydoxylated sulfide, sulfide, and hydroxysulfide. Fecal elimination was the main
route of excretion in dogs, and major components in fecal extracts were identified as the
sulfide —=~ 97166), hydroxysulfide, and desmethylsulfide. For rats, 18 metailites were
detected in the bile. Metabolites of pantoprazole undergo enterohepatic recycling. Four——
major metabolites of pantoprazole have been identified in human plasma. Three of these -
compounds designated as M1, M2, and M3 are sulfate conjugates of pantoprazole at the ¥ ™
4-position of the pyridine ring, which has been metabolically O-demethylated. M2 is ak
sulfoxide similarly to pantoprazole, whereas for M1 and M3, the sulfoxide group has been *
oxidized or reduced to the corresponding sulfone or sulfide, respectively. M2 is the
predominant metabolite observed in the plasma. A minimum of 10 urinary radiometabolites
were observed in humans, which accounted for 46-67% of the administered dose.
Unchanged pantoprazole was not observed. Based upon metabolites observed in the
urine, the major pathway of pantoprazole metabolism was p-O-desmethylation on the
pyridine ring moiety followed by sulfation or glucuronidation. Both reduction to the sulfide
and oxidation to the corresponding sulfone were also observed with and without
subsequent conjugation. Two major metabolites were observed in fecal extracts.
Metabolism of pantoprazole in healthy human male volunteers appears to occur through
many of the same pathways observed in rats-and dogs.

Plasma pharmacokinetic parameters of pantoprazole in B6C3F, mice, Sprague Dawley
rats, Fischer rats, Beagle dogs, and Cynomolgus monkeys following oral or intravenous
administration of drug. Results from male and female animals were averaged together.

Species and | Dose, AUC, Crax T enaxs T, CcL, vd
Route mg/kg/day | pg*hr/mL | pg/mL hr | hr L/hr/kg | Ukg
BSC3F, 25 35.35 15.25 0.25 - - -
Nouse-PO 150 114.5 61.3 0.375 8.15 - -
SD rat-PO 50 36.5 26.033 0.33 0.8 - -
300 1917 62.394 0.25 .22 - -
600 380.9 77422 - 1029 52 - -
1200 519.3 112.229 0.25 6.7 - -
S0 rat-lV 5 10.72 12.308 S::!;polated 047
Fischer .rat- | § 1.165 1.64 0.25 0.385 - -
PO 15 4.995 4.505 0.25 0.86_ S
-50 24.525 15.445 0.25 0.96 - -
Dog-PO 40 - 3.22 212 1.0 0.78 - -
160 41.30 22.54 0.50 0.64 - -
Dog-iV 60 10.63 - - 0.43 0.554 0.322
Monkey-PO | 5 0.46 0.56 0.63 0.48 - -
Monkey-IV 5 6.88 - - 0.30 0.737 0.316
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Pharmacokinetic parameters of pantoprazole in healthy human male volunteers following
oral or intravenous administration of drug.

Route and Dose, [ Number of Daily Pantoprazole Bioavailability, %
mg Doses AUC, Crmaxs
pg*hrimL po/mL
IV-40 mg 1 5.42 5.53"% -
QOral-40 mg 1 2.562 1.197 47.3
Oral-40 mg (R) 1 2.752 1380 -~ 50.8
Oral-40 mg 1 4.10 2.37 75.6
Oral-40 mg 7 4.92 2.52 90.8

A. Plasma concentration at 15 min after intravenous administration.

TOXICOLOGY:

For toxicology studles doses were expressed in terms of the free acid®except for
acute toxicity studies, where doses were expressed in terms of the sodium sqt. -

Acute Toxicity of Pantoprazole in the Mouse, Rat, and Dog.

Testing Laboratories:

Byk Gulden

Konstanz, Germany

HReport Number, Study Start and Completion Dates, and Druq Batch:

A. Baich No. 294160 = old batch and Batch No. 513150 = new batch -
B. Batch No. 033927 = stressed storage batch and Batch No. 349235 = cold storage
batch.

Report Animals Study Started | Study Completed | Drug
Number L _ . Batch
. GTR-31633 | Male NMRI! mice January 1990 [ March 12, 1990 489065
GTR-31834 | Male NMRI mice January 1880 { March 12, 1990 -| 489065
GTR-31635 | Female Sprague Dawley Rats June 1987 April 13, 1992 K23/144 -
GTR-31636 | Female NMRImice ' June 1987 June 15,1992 K23/144
GTR-31637 | Female NMRI mice June 1987 April 15, 1892 K23/144
GTR-31638 | Female Sprague Dawley rats June 1987 March 31, 1992 K23/144
GTR-31639 | Male and Female Sprague Dawley rats | August 1989 January 13, 1990 | 588085
GTR-31640 | Male and Female Sprague Dawley rats | August 1989 January 31, 1990 | 589085
GTR-321356 | Male Sprague Dawley rats August 1995 | May 14, 1996 294160"
513150
GTR-31650 | Male Sprague Dawley rats - - January 1995 | August 29, 1895 033927
349235
GTR-31642 | Male and Female Beagle Dogs July 1989 January 30, 1990 | 583085
Q1R-31643 | Male and Female Beagle Dogs July 1989 January 30, 1990 589085




