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I. BACKGROUND ~

The Division of Biopharmaceutics has no record of previous submissions
from the sponsor regarding enalapril maleate (MK-421).

MK-421 is the maleate salt of enalapril. Enalapril, the monoethyl ester
of enalaprilic acid, is a prodrug which is hydrolyzed to the active
diacid moiety enalaprilic acid (MK-422). MK-422 js an angiotensin
converting enzyme inhibitor indicated in the treatment of hypertension
and congestive heart failure.

Glossary of Names

Enalapril Maleate (E.M.) Nonproprietary name adopted by the USAN
council; equivalent to the terms L-154,739
and MK-421.

Enalaprilic Acid (E.A.) Refers to the active diacid of enalapril
maleate; equivalent to the terms L-154,628,
MK-422 and enalaprilat {the proposed
nonproprietary name for this moiety).

Enalapril The monoethyl-ester of enalaprilic acid.

Total Drug (T.D.) Enalaprilic acid measured in biological
fluids after hydrolysis; represents that
which was present in the sample as
enalaprilic acid itself plus that which was
present as enalapril. :

Equivalence: 1.308 mg E.M.= 1.0 mg enalapril free base = 0.926 mg E.A.

*Tables and graphs pertaining to the review of this submission are
contalned Tn coples sent to ﬁFﬂ-IIU and stored in Chron and Drug Files.




IT. CHEMISTRY: The structure and chemical name of enalapril maleate is
below.

(¥ 1.0 _COOH
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(S)-]-[N-[1-(ethoxycarbony1)-3-pheny1propy1]—L-aTany]]-L-proline,
(Z)-2-butenedioate salt (1:1) ,

Empirical Formula - CpgHpgN20s5 CqHq04 pKa - 3.0 and 5.4

Molecular Weight 492.53

Solubility - 25 mg/ml Hp0 at ambient temperature

Freely soTuble in methanol and dimethylformamide; soluble in ethanol;

stightly soluble in semi-polar organic solvents; insoluble in non-polar -
organic solvents; sparingly soluble in water. ‘

The pH solubility profile(Figure la) indicates the solubility of MK-421
increases with pH.

Formulation - Tables 2a, 2b and 2¢ provide formulations for tablets and
IV preparations used in clinical studies. Table 2d contains formulations
for the proposed dosage forms. Below is an outline of studies by
formulation and preparation. :



Reference

3

12

15

16

17

18

A. Capsule Preparation Studies

Study/Investigator Dosage Form/Strength Formulation #
“#512 Capsule
MK-421 10 mg MR-1548
MK-422 10 mg MR-1549
MK-521 10 mg MR-1550
_ #503 Capsule
MK-421 10 mg 80-55-04
MK-521 10 mg --
#518 Capsule
MK-421 10 mg 80-55-11
#555 Capsule
MK-421 2.5 mg 80-55-24
10 mg 80-55-26
40 mg 80-55-28
I.y.
MK-422 5 mg --
#523 Capsule
MK-421 10 mg 80-55-20 .
I.V.
MK-422 5 mg 0421 HSS 001 BO3
#17 Capsule
MK-421 10 mg 0421-DFC-001-B03
#570 Capsule
MK-421 10 mg 80-55-20
#634 Capsule
MK-421" 10 mg ] 80-65-26
#618 Capsule
MK-421 10 mg 80-55-37




B. Tablet Preparation Studies

‘Reference Study/Investigator Dosage Form/Strength Formulation #
} 9 “#110 ' Tablet -
| MK-421 10 mg 0421-0CT-026-B01
| 10 #168 Tablet
| MK-421 5 mg 0421-0CT-025-C004
| . MK-421 10 mg 0421-0CT-026-B010
| MK-421 20 mg 0421-0CT-007-D0T0
| MK-421 40 mg 0421-0CT-007-E006
| I.V.
| E.Maleate 5 mg 0421-HSS-005-A06
E.Acid 5 mg 0422-HSS-001-A05
13 #27 Tablet
MK-421 10 mg 0421-0CT-009-802
I.v. .
MK~-422 5 mg 0421-HSS-001-B03
14 #23 Tablet
MK-421 40 mg 0421-0CT-006-E0T

*This study utilized the proposed marketed preparation{that.used in pivotal
clinical efficacy and safety studies).

C. Tablet and Capsule Preparation Studies

Reference Study/Investigator Dosage Form/Strength Formulation #
1 #53 TabTet
MK-421 10 mg - 0421-0CT-026-B01
Capsule

MK-421 10 mg 0421-DFC-001-B07

D. Intravenous Preparation Studies

Reference Study/Investigator Dosage Form/Strength Formulation #
! #6, : IV
MK-422 2.5, 5, 10

D. 'Similar' Tablet preparations (seé tables 2a, 2b, 2b-2 in this review)

I* ' 11 . ITI
(;#g?) i (#110) ' #23)
2 ‘ '
(#168)




* These formulations are most similar to the proposed tablet formulation (see
table 2d in this review)

E. 'Similar' Capsule preparations (see tables 2b and 2b-1 in this review)

I - 11 II1 IV
{(#523) {(#53) (#503) : - (#518)
(#555)
(#570)

In a telephone conversation with a representative of the firm (Dr. David Blois) on
1/28/85 it was learned that pivotal clinical studies were performed using the
tablet formulation. Drs. Alice Ti1l and K.C. Kwan informed the Agency in a
teTephone conversation on 04/05/85 that the tablet preparation in study

#168 is the proposed marketed formulation and is also that used in
pivotal clinical efficacy and safety studies., The firm submitted a statement
showing the relationship between formulations used in BA studies and those used in

pivotal clinical studies of efficacy. This information is given in Tables 2d-1,
2d-2, and 2d-3.

IIT. DISSOLUTION

Method - USP apparatus II (paddle), 50 rpm, 900 ml water, 379C; min, )

sampling (capsules and early tablet formulations used 750 m] of water instead
of 900 ml1). ) '

Assay

Table 1 contains a summary of drug product dissolution data. Individual
dissolution profiles were not provided.

Proposed Dissolution Method:
USP apparatus II (paddie) at 50 rpm, 900 ml water, 37°C
specification - at least % dissolution in  minutes.

IV. ADMINISTRATION/DOSING

Tablets: 5, 10, 20, 40 mg (see Tables 2d and 6).
Usual Dose Range: 10-40 mg/day; QD or BID dosing.

V. RESULTS:

Pharmacokinetics:

4555 - (MK-422)

#523 - - (MK-422)

#168 - . {MK-421 and 422)

# 27 (MK-422)



TN

MK-422 has multicompartmental disposition. A terminal half-life of
approximately 40 hours has been described. The firm proposed that the
terminal phase represents saturable binding to angiotensin converting enzyme
(ACE) and showed that the terminal phase observed in dogs can be eliminated by
coadministering enalapril with captopril. Table 7 contains individual MX-422
serum concentrations observed after IV administration of MK-422 alone and with
captopril in dogs. The same data is displayed graphically in figure 4.
Similarly, table 8 contains individual data for coadministration of enalapril
and captopril in dogs. Figure 2 graphically shows loss of the terminal phase
when enalapril and captopril are coadministered. The mechanism is reported to
be competitive binding to angiotensin converting enzyme. No data obtained in
humans were submitted. It was explained that the dispositon of MK-422 is
determined by two separate pharmacokinetic processes, one linear and the other
non-1inear {saturable binding to ACE).

Parameters - (MK-422)

CT (total) - No value reported

C1 (renal) - 148 m1/min in normal subjects on average (study #6)

Volume of distribution - No value reported

half-Tife - The firm states that the terminal T1/2 is roughly 40 hours;
the disposition half-1ife for other compartments has not
been characterized;The "accumulation" half-1ife with single
daily dosing is approximately 11 hours.

Bioavaflability Studies

For the purpose of this review the term "availability" refers to the amount or
fraction of the dose that is absorbed and converted to enalaprilic acid
systemically.

(study #512) showed that enalapril maleate (E.M.) is better absorbed
than enalaprilic acid. Less than 5% of an oral dose of enalaprilic acid could
be accounted for in urinary collections. Absorption of enalapril after
administration of E.M. ranges from 60-70 percent. Approximately 60% of
enalapril absorbed is hydrolyzed to enalaprilic acid. Availability of active
MK-422 is 41% on average in healthy patients with normal renal function.

After an oral dose MK-421 serum concentrations peak in approximately 1 hour,
whereas MK-422 serum concentratifons peak in approximately 4 hours. Therefore,
hydrolysis of MK-421 to MK-422 appears to be the rate 1imiting step for
avilability of MK-422. The fate of unabsorbed drug was discussed with
representatives of the firm{Drs. A.Ti11 & C.Kwan) in a telephone conversation
on 04/04/85. It was learned that in an independent investigation by the fim,
6% and 27% of the dose administered was recovered in the feces as MK-421 and
MK-422, respectively. This suggests that parent drug 1s hydrolyzed in the gqut
to the nonabsorbable active species - MK-422,




study - absorption hydrolysis availability
{fraction)

#168 - (tab) 0.59 - 0.73 0.60 - 0.62 0.36 - 0.44

# 27 - (tab), 0.59 0.68 0.40

#555 - (tab) 0.52 0.61 0.32

#503 - (cap) 0.61 0.70 0.43

#523 - (cap) 0.78 0.72 0.56

# 53 - {cap) 0.61 0.68 0.42
(tab) 0.63 0.63 0.40

Dose Proportionality Studies:

#168 - (Iv}
#555 - {capsule)

The observed increase in the area under the serum concentration vs. time curve
with increasing dose is less than proportional (studies #6 and #555). This is
postulated to be secondary to saturable binding of E.A. to ACE and is

reflected in the prolonged terminal phase. To eliminate this phenomenon the -
AUC extrapolated from time O to infinity using the terminal slope was

subtracted from the total AUC (This procedure was performed-in studies #6 and
#168). This resulted in a proportional increase in AUC with increasing dose

in study #6. Figure 168~1 in this review shows the relatfonship of AUC
(O~infinity) to availability of MK-422,

In summary, the change in AUC is not proportional to the change in dose. The
cumulative % of the dose excreted in the urine is constant across the dose
range 10 to 40 mg. Based on urinary recovery of drug, the "availability" of
MK-422 is not significantly different across the dose range 10 to 40 mg.

Bioequivalency Studies:

#53 - (tablet vs. capsule)

There was no significant difference (P greater than 0.05) between tablets and
capsules in Total Urinary Recovery of MK-422 and Total Drug. Similarly, no
significant difference was observd for Cwax, Tmax» and AUC (0-72 hrs.).
However, for the parameter Total Drug, the power to detect a 20% difference
between treatments (alpha = 0.05) is 0.65 and to detect a 25% difference is
0.86. For the parameter MK-422(urinary recovery)}, the power to detect a 20%
difference is 0.71 and to detect a 25% defference s 0.90. 75/75 ratio
comparison of urinary recovery of Total Drug, AUC(0-72 hrs.) and urinary
recovery of MK-422 resulted in 72.7% (8/11) within 75-125% for both
parameters. As for conversion of MK-421 to MK-422, urinary recovery ratios of .
MK-422 to Total Drug following oral administration of Mk-422 tablets and
capsules resulted in 91%(10/171) within 75-125%.



Chronic Dosing Studies:

#518 - {capsule}

Based on repeated single daily doses of enalapril capsules (study #518), an
accumulation ratio of 1.3 was calculated (Cpip at SS/Cpin 7). Urinary
recovery of MK-422 on day 8 was 39% whereas total recovery as a percent of all
doses administered was 45% (statistical significance not stated). These

values are consistent with those for availability observed in other studies
(#168, 503, 523, 27).

Metabolism Studies:

#512 - (capsule)

Figure 1 shows the metabolic pathway for enalapril. Enalapril undergoes
little metabolism other than hydrolysis of MK-421 to MK-422, Approximately
14% of an IV dose of enalapril maleate was not accounted for by total urinary
recovery and 10% of an IV dose of enalprilic acid was not accounted for by
total urinary recovery studies (#168). Unidentified metabolites were also

found using thin-layer chromatography (#6). These observations suggest
Timited metabolism of the drug.

The role, if any, of biliary excretion has not been fully investigated.
Urinary recovery of MK-422 after IV administration of MK-422 was 92, 96, 93% .
recovery with 2.5, 5, and 10 mg doses respectively (#6 Ferguson). This is
consistent with 1ittle or no biiary excretion of MK-422 after administration
of MK-422, Although there is no direct evidence in humans of biliary
excretion of drug after administration of MK-421, evidence obtained by

A (#168) showed that a mean 86% of an intravenous dose of MK-421 was
accounted for in total urinary collection. In addition, fecal .recovery of
MK-422 may be due to incomplete absorption of MK-421, biliary excretion of
MK-421 or both. Data obtained in a perfused rat 1iver preparation showed that
approximately 23% of a dose of MK-421 appeared in the bile whereas 5% of the
MK-422 dose appeared in the bile. These findings suggest that MX-421
penetrates hepatocytes which faciliitates elimination in bile. In contrast,
the hepatic extraction of MK-422 was low in this experimental model (K Pang,
et.al., Disposition of Enalapril and its Diacid Metabolite, Enalaprilat, in a
Perfused Rat Liver Preparation - Presence of a Diffusional Barrier for
%ggl?pri1at into Hepatocytes, Drug Metabolism and Disposition, 12(3): 309,

Effect of Disease States on Drug Dispostion:

o - "(tablet): renal fmpairment

Renal impairment results in substantial accumulation of the drug. There is
also an increase in the extent of hydrolysis of MK-421 to MK-422 and thus an -
increase in "availabi1ity" of active drug (MK-422)., Dose adjustment {s
necessary in patients with renal impairment.



Interaction Studies:

#23 - (tablet): effect of food

#618 - {capsule): furosemide

17 - (capsule): hydrochlorothiazide (HCTZ)
#570 - (capsule}: propranolol

#634 - (capsule}: digoxin

Food - Coadministration of E.M. with food did not affect the availability of
MK-422.

Furosemide - Coadministration of E.M, with furosemide did not influence the
availability of MK-422.

Hydrochlorothiazide - Concomitant administration of E.M. and HCTZ under steady
state conditions resulted in a decrease in extent of absorption of HCTZ. The
extent of absorption of HCTZ following a single dose is not significantly
altered when coadministered with E.M. at steady state. An increase (not
significant) in Cpax (56.1 vs 68.2 ng/ml) and a decrease in Tpay (4.4 vs

3.9 hrs.) values for MK-422 were noted after addition of a sing?e dose of
Mk-422 to HCTZ under steady state conditions.

Propranolol - When single doses of propranolol and E.M. were coadministered

the extent of absorption of propranolol increased approximately 10%. Based on ~
urinary recovery of total drug, the extent of absorption of E.M. decrease
approximately 30% when coadministered with propranolol (53 vs. 36%). The
extent of hydrolysis of MK-421 to MK-422 was similar for the two treatments
(0.66 vs, 0.68). Thus, the availability of MK-422 is less when E.M. maleate
is coadministered with propranolol,

Digoxin - There was no significant difference in availability of MK-422 when
E.M., 10 mg PO, was coadministered with a single 0.25 mg oral dose of
digoxin. The impact on the bioavailability of digoxin was not assessed.

Protein Binding Studies:

Protein binding characteristics of enalaprilat (MK-422) was investigated by
equilibrium dialysis (ED) and ultrafiltration (UF). Binding in human plasma
exhibited biphasic Scatchard plots. High affinity binding predominated at
total concentrations less than approximately 20 nM (8 ng/ml) whereas low
affinity binding predominated above 30 nM (12 ng/m1). Data obtained by UF are

presented in Table 10 and Figure 5. Data obtained by ED are presented in
Table 11 and Figure 6.

It was reported that independent studies by the firm measured angiotensin
converting enzyme concentrations in human plasma as approximately 5 nM. The
firm concluded that high affinity binding corresponds to binding to plasma
angiotensin converting enzyme because of the agreement with the capacity of
the high affinity binding. In a telephone conversation with a representative
of the firm (Dr. Alice Ti11) on 1/24/85 it was suggested that low affinity
binding corresponds to binding to albumin. However, the identity of the Jow
affinity binding protefn was not given in this report,



A, Ultrafiltration

In the total concentration range[{ nM Jng/mI*) binding
decreased from approximately 78% to 60% as concentration increased. In the
total concentration_range [ " ng/ml) binding decreased
from approximately{ ° % as concentration incréased. '
High affinity binding Low affinity binding
Kd = 2.2 nM Kd = 1500 nM
Capacity = 10 nM Capacity = 1500 nM
B. Equilibrium Dialysis
In the total concentration range{' nM ( ng/m1*) binding decreased
from approximately 70% to 45% as the concentration increased. In the total
concentration range M ( Jng/ml) binding decreased from
approximate1y[_ % as concentration increased.
High affinity binding Low affinity binding
Kd = 5.1 nM Kd = 720 nM
Capacity = 15 nM 7 _ Capacity = 460 nM

In conclusion, plasma binding is concentration(dependent. In the

ultrafiltration experiment binding ranged from % over the ciinical

concentration range and in the equilibrium dialysis experiment ranged from
percent.

{*concentrations are approximations)

VI. ASSAY METHODOLOGY




VII,

COMMENTS:

In general,

1.

The pharmacokinetic disposition of the drug has been characterized. -
However, several less critical parameters were not described.
Although the terminal half-life has been described, the preceeding
half-lives have not, including the distribution half-1ife observed
after IV dosing. Although MK-422 is primarily renally eliminated and
renal clearance is given, total clearance was not given. No volumes

of distribution {Vd) are given (volume of central compartment, VD
(steady state), Vd area). :

Mean dissolution and ranges are given in Table 1 of this review.
Note that dissolution is consistently rapid and has a narrow range.

HFN-110 should note the following:

Water was the only dissolution media used in dissolution studies. In
a telephone conversation with the firm it was learned that
dissolution in other media was not investigated. It is normally
recoomended that dissolution profiles be provided in simulated
gastric fluid (without enzymes), simulated intestinal fluid (without
en s) and in deionized water. If a dissolution specification is
to be used as a quality control measure then it must be a sensitive
and discriminating indicator of differences in product
characteristics. In a telephone conversation on January 28, 1985,
the reviewer requested that dissolution be conducted in simulated
gastric juice (without enzymes) and buffer (pH 6). The firm felt
this data was unnecessary and did not provide the data. However,
upon request the firm agreéd to provide the pH solubiifty profile of
the parent drug (MK-421). The Division of Biopharmaceutics expresses

concern about the proposed dissolution specifications because of the
following observations.




a. Only approximately % of the dose administered is absorbed. The
capsule formulation used in the investigation by (#523)
resulted in % absorption, a value greater than that reported from
other studies. A solution was not used as a reference product in any
of the bioavailability studies. This was also confirmed in a
telephone conversation with the firm (Dr, Alice Til1). Of concern is
whether or not there is a formulation effect on extent of absorption
and the possibility that other formulations (i.e. by another firm)
may have greater absorption and result in a substantial difference in
clinical response. However, it was learned that unabsorbed drug is
primarily MK-422, the product of hydrolysis of MK-421 in the GI tract.

b. The proposed formulation contains NaHCO3. As per the firm, the
pH of the dissolution media was not monitored during dissolution
studies and a buffer was not used.

Data to support the appropriateness of the extrapolation methods used
by the firm to remove part of the AUC in studies #6 and #168 was not
provided. However, these methods have little impact on the outcome
of this review.

With respect to the package insert:

a. The package insert states that enalapril is

extensively hydrolyzed to enalaprilic acid. Only -
approximatlly 60% of enalapril absorbed is hydrolyzed
to enalaprilic acid. Use of the word "extensively" is
misleading.

b. CNS penetration - The statement regarding CNS
penetration ("enalapril does not énter the brain")
should say that in normally recommended doses CNS
penetration is neglible (Refer to comment #7 below).
Also, the data is extrapolated to humans from animal
studies.

c. In the package insert, the firm should explain the
meaning of "effective half-1ife for accumutation”, in
contrast to the conventional elimination half-11fe
which is most commonly used and understood by
clinicians.

d. The amount or fraction of drug removed during a usual
4 hour hemodialysis run is not stated. It 1s useful
to know if a replacement dose is necessary post
hemodialysis. If yes, include the amount.

e. The firm's explanation for the prolonged terminal
phase is a hypothesis.

The impact of dose on the rate of drug absorption (assessed with Tmax
in several studies) can be evaluated by using Enalapril
concentrations. Measuring MK-422 will reflect
availability(absorption and hydrolysis) of MK-422 and not only

absorption of MK-421. Hydrolysis appears to be the rate limiting
step for formation of MK-422 from MK-421.



7. Large doses of MK-421 ( 1.0 mg/kg PO) given repeatedly may result in
CNS penetration of MK-422 (Cohen M, Kurz K,; Captopril and MK-421:
Stability on storage, distribution to the Central Nervous System, and
onset of activity, Federation Proceedings, 42(2):171-175, 1983),

8. It is useful to include in the labelling protein binding values and a
statement that the percent drug bound over the concentration range of
clinical relevance(’ OM) ranged from in the
equilibrium dialysis and in the ultrafiltration experiment.

The following specific comments refer to the study listed before each section.

#512 - 1. The data suggest that the rate of absorption of MK-421 is faster
than the rate of hydrolysis to MK-422.

2, This study only accounts for approximately 85% of the dose
administered. Radioactivity found in the urine of subject #2
unaccounted for by MK-421 or MK-422 indicates limited metabolism of
one or both of these compounds.

3. The variability in Cmax and AUC for MK-421 is large.

#6 - 1. The renal clearances of MK-422 given in table 3 (refer to table 6-3 _
in this review) are based on AUC adjusted (extrapolated techniges -
employed). Statistical analysis showed a significant difference in

clearance with a change in dose (2.5 vs 5 mg). This is consistent
with a non-T1inear process.

2. The Area Under the Serum Concentration vs, Time Curve (AUC) was
adjusted by extrapolating the terminal slope to time 0 and
subtracting the corresponding AUC from the total AUC (also done in
study #168). :

#503 - 1. The data for MK-422 is quite variable. -

2. MK-521 (L-154,826) is not the subject of this NDA and therefore
will not be discussed or evaluated.

3. Based on urinary excretion data, 61% of the dose was absorbed and
43% was available as active drug (MK-422).

#518 - 1. Quality control statistics for MK-739 are given on page 2, in
attachment 3 (vol 3.335), however the structure or identity of
MK-739 was not given.

2. Subject #3 (wt. 103 Kg) may not be grossly overweight, however,
exclusion of the volunteer from the study might have been prudent
since he is about 34% above IBW (77 Kg) based on height and fails
to meet entry requirments.

3. It was not stated as to whether or not a statistically significant
difference in mean percent urinary recovery of MK-422 given in
Table 3, page 793, vol 3.335,was observed between treatments.
(refer to table 518-5 in this review)



#555 - 1. In the summary table on page 857, vol 3.335, the column heading
"Linear Log-dose Response" dose not refer to pharmacological
response. It was interpreted as the relationship between the log
transformed dose and each parameter measured. Expound on the
manipulation and comparison in case of misinterpretaticon.

2. From this study, approximately 50% of the dose is absorbed. The
remaining amount is either unabsorbed from the gut (as parent drug
or MK-422 or other metabolite) and/or absorbed and undergoes a
metabolic conversion prior to systemic availability (first-pass
effect). The former is consistent with data from other studies.

3. The urinary data normalized for dose shows a borderline significant
difference (P = 0.014) between 2.5, 10 and 40 mg doses [F = 0,28,
0.34, 0.35, respectively]. The dose adjusted AUC decreases
significantly (P less than 0.01} with increasing doses of 2.5, 10,
and 40 mg [AUC = 630, 423, 361, respectively]l, An explanation for
this inconsistency was not given, however, it is consistent with
saturable protein binding.

#110 - 1. How do the present observations affect dosing recommendations in
patients with renal failure? ' '

2. Does the volume of distribution of enalapril and enalaprilic acid -
change in renal failure? -
3. Since the drug was administered 1 hour prior to initiating dialysis
the firm is unable to separate variability in absorption of
enalapril and/or its hydrolysis to MK-422 from the effect of
dialysis as measured in this study.

4. Failure to recover 100% of administered MK-422 equivalents within
48 hours might also be due to incomplete urinary collection of
drug. Since MK-422 is primarily renally excreted a substantial
increase in half-1ife is expected in patients with renal
impairment. Urinary collection must be conducted for an
appropriate length of time. e

#168 - 1. It is true that the difference in cumulative urinary data of Total
Drug between oral and IV administration of enalapril maleate
(urinary data 0.63 vs. 1.0) is related to the absence of an
absorption phase {(no first-pass effect and/or formulation effect)
following IV administration, however, this does not explain the
similarity in "availability" of MK-422 for the different routes of
administration (D.38 vs. 0.43). It is unclear why the extent of
hydrolysis of MK-421 to MK-422 depends on the route of
administration (0.6 vs. 0.45).

2. Evaluation of urine vs. serum data shows inconsistent results.
Dose adjusted AUC from serum data is significantly different among
treatments. In contrast, no significant difference in
*availability" of MK-422 was seen in cumulative urinary data,

3. The AUC was adjusted by extrapolating the terminal slope to time 0

and subtracting the corresponding AUC from the total AUC (also done
in study #6). _ _ -




#53 - 1.

#523

#17

#634

#618

Statistical power was provided for urinary recovery of MK-422 and
Total Drug as percent of administered MK-422 equivalents.

AUC was not adjusted by extrapolating the terminal siope to time 0
and subtracting the corresponding AUC from the total AUC as done in
previous studies (#6,168). '

There was no significant difference (P greater than 0.05) between
tablets and capsules in Total Urinary Recovery of MK-422, For
Total Drug, the power to detect a 20% difference (alpha = 0.05) is
0.65 and to detect a 25% difference is 0.86. 75/75 ratio

comparison of Total Urinary Recovery resulted in 72.7% (8/11)
within 75-125%, -

The data shows the variability in absorption, extent of hydrolysis
and availability (see bioavailability section for comparison of
values). There is a tendency for the capsule to be better
absorbed, have a greater % hydrolysis and be more available than
the tablet but not significantly. Based on urinary recovery of
Total Drug (as % of dose given) 78% of the dose is absorbed.

In calculating statistical power to detect differences between
treatments, it was not stated whether or not the mean square of the

error term was obtained from ANOVA analysis of log transformed data. -

Blood sampling for digoxfn was conducted for a period less than 1
usual half-1ife of the drug (half-life approximately 40 hours).
Use of a nonspecific assay precludes formulating conclusions from
the data. The impact of enalapril on the absorption and
disposition of digoxin cannot be assessed. In addition,
extrapolation of the results of this study to the clinical setting
is limited to a single {solated 0.25 mg oral dose of digoxin.

The firm should have explained the increase in the coefficient of
variation observed with increasing plasma concentrations of
furosemide obtained from quality control standards analyzed with
each run of samples over a 1 month period, S



VIII. RECOMMENDATION:

The Division of Biopharmaceutics has determined that the data is
acceptable, It is concluded that this submission fulfils the
requirements demonstrating the bioavailability and pharmacokinetic
disposition’of enalapril maleate, the subject of NDA 18-998.

Comments number 5a, c, d and 8 should be forwarded to the firm.

The Division of Biopharmaceutics recommends that dissolution
specification be Q % in minutes using USP method II at 50 rpm in

900 ml of water, at 37°C. The firm should use the USP Acceptance
Table criteria for this specification.

The firm should forward 300 units of each strength to Dr. V.K.
Prasad, Chief of Biopharmaceutics Research Branch, HFN-224, FOB-8,
Room 6076, 200 C Street S.W.J Washinaton. DJT. 20204

1S

Gene D. Mason, Pharm.D.
Pharmacokinetic Review Branch

RD Initialed by M.Y.Huang, Ph.D. //
FT Initialed by C.T. Viswanathan, Ph.D. /,E;

cc: NDA 18-998 orig., HFN-110 (2), HFN-226 (Mason), Chron, Division, Drug
and Review Files.

GDM/dea/kek/smj/2639x (3/14/85)
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'IDA 18-998 Merck Sharp and Dohme
Fnalapril maleate : Submission Date:

Study #512 January 31, 1984
Wang #2445x

Title; A 3-way Crossover Study to Determine the Ahsorntion and Metabolic
Disposition of l4c -L-154, 826, 40 -L-154, 428, and 14C -L-154,739
in Hormal Volunteers

Ohjective: Tn characterize ahsorption and metaholic disposition of a, h, c
A.  \AC -L-154,826% MK-521
h. g =154, 628 MK-422
c. 4o _-154,739; MK-421

Investigator/Site: ["

,J

Design: Open, random assignment, 3-way complete crossover

Dasing: Single 10 mg oral doses of a, h, or c administered as dry-filled
capsules after an overnight fast. One week washout between dosing

a. MK~521: 92.32 ng.

b. MK-422: 9.62 ng

c. MK-421: 9.51 mg

Subjects: 6 healthy adult (22-43 year old) male volunteers: Average weight

70 kg;  Exclusion Criteria - history of cardiac, renal, or GI disease
(including ulcers); habitual drug use or history of drug and/or
alcohnl ahuse; Abnormal prestudy physical exam or laboratory screen
(hematology, blood chemistry, urinalysis)

Concomitant Medications: HNone allowerd. No other drug 7 days prior to
study. Moderate alcohol consumption allowed except on day 1 of each
treatment phase. ST T

Specimens:

ao BlODd —0 (pre-drug), 0-25, 015, l, 1-5, 2’ 3, l"’ 6’ 8’ 10’ 2"" ll-a,
72, 96, 120 and 144 hours post dosing

b. Urine (Intervals)
Day 1: 0-2, 2-4, 4-6, 6-8, 8-10, 10-24 hours after dosing

c. Fecal - Days 1-7: D-24 hours

Analytical Procedure-




Resutlts:
Tahle I
(mean + S.D.)
[ 140]-Mi-421 -
JTotal* MK-422 [14C]-MK-422 [14C]1-MK-521
T. Serum
frmax (Ng/ml} 90.4 59.4 2.2 39.0
+ 39.3 + 20.3 + 1.3 + 27.4
thax (hr) 1.6 3.5 22.0 7.0
+ 0.8 + 0.5 + 14,2 + 1.1
AUCH_eo{Ngenc/ml) — —-- 682 199 726
+ 173 + 69 + 306
II. Urine - - -
¥ recovery 60 43 3 32
% radioactivity 55.1 -_— 4.7 27.9
+3.7 +2.6 +16.3
I1I.Feces
% radioactivity (L4c)26.9  —- 80.7 55.9
+11 +21.3 15.4

IV, Total ¥ recovery
% radicactivity 83 85.4 83.8

* Total MK-422 after hydrolysis of MK-421

Statistically significant differences hetween treatments are given in Table
512-2.

Tahles:

Tahles 512-3 and 4: contain material balance data for MK-421 and MK-422
respectively

Tables 512-5 and 6: gives individual urine and serum data for MK-421 dosing.
Table 512-7: Individual Cpgyx and Tpax values. T

Table 512-8: Individual AUC (infinity) for MK-422 following oral
administration of MK-421 and MK-422,

Table 512-9: Thin layer chromatography.

Table 512-9: Urinary and Fecal recovery of radioactivity.

Firm's Conclusion:
1. MK-421 is more rapidly absorbed than MK-422 and MK-521,

2. MK-422 is poorly absorbed after oral administration.

GDM/kek/smj/2445x%




NDA 18-998 , Merck Sharp and Dohme
Eralapril maleate Submission Date:
Study #6 January 31, 1984

Wang #2547x

Title: A study toc compare the Safety, Tolerance, Humoral Effects and
Initiai Pharmmacokinetics of Single Increasing Intravenocus Doses of 2.5, 5
and 10 mg Mk-422 with Placebo in Healthy Male Volunteers.

Objective:

1. To evaluate the effects of sequentially increasing intravenous
doses of 2.5 to 10 mg of MK-422 versus placeho

2. To study serum and urine levels of MK-422 after I.V.
administration

3. To study the effects of I.V. doses of MK-422 on systolic and
diastolic BP in nomal volunteers

4. To study the effects of I.V. doses of MK-422 on plasma renin

~activity, aldosterone and converting enzyme activity.

Investigator/Site: r

A

Design: Double-blind, randomized, a-way complete crossover. Six day
washout period

Dosing: Sinale doses of MK-422 (L-154,628) given intravenously; 2.5, 5,
10 mg versus placebo (sterile sodium chloride for injection); suhjects
fasted overnight

Suhjects: 12 healthy adult (20-36 year old) male volunteers within + 10%
of their ideal body weight according to Metropolitan Life Insurance
Company, Statistical Bulletin #40, 1959; Inclusion Criteria: Normal-
medical history, clinical laboratory screen (hematology, blood chemistry,
urinalysis), physical exam and EKG; Exclusion Criteria: Hypertension,
cardiovascular, renal or hepatic disease, abnormal BUN, and medications
within 2 weeks of study or any investigational drugs 3 months prior to
study.

Concurrent Medications: Nore allowed

Specimens:
d. serum - 0, 10 min-, 20 mino, 30 min., 1, 1-5, 2’ 4, 6, 8, 12"
16, 24, 36, 48, 60, 72 hours

bo Urine (intervals): -l tD 0’ 0 tO l’ 1‘2, 2-4, 4-6’ 6-8, 8-24,
24=-36, 36-48, 4872, 72-96, 96-120 hours '




Analytical Procedure:

In-Vivo Results:

Pharmacokinetic Parameters(MK-442)-Mean + Standard Deviation

2.5 mg 5 ng
Terminal S%ope
(hr™) .0.0189  0.0195
+0.0036  +0.0034
Urinary recovery  92+10 S6+7
as MK-422
(% of dose)
Renal ciearance 137428 153+30
(mL/min.)
*AUCE (extrapolated)105+28  100+24
(ngehr/ml)
AUCE (ngehr/ml) 379479 639493
AUC o - AucE 274440  538+80

10 mg

0.0192
40,0041

93+9
152+28
120423

12034193
10824181

Comparisons

NS

NS

*AUCE: AUC extrapolated from terminal slope to O time.

Statistics: Comparison of treatments were analyzed using an analysis of

variance for a 4-way crossocver design.

Tables:

Table 6-1: Individual AUC values for 2.5, 5.0 and 10 mg doses.

Table 6-2: Individual urinary recoveries of MK-422.
Table 6-3: Individual renal clearances for MK-422,

Table 6-4: Mean serum concentrations of MK-422.

Table 6-5: Individual terminal slopes of MK-422 serum profiles.

Table 6-6: Individual serum concentrations of Mk-422.
Table 6-7¢ mean serum concentration vs. time profile.

Table 6-8: Individual urinary excretion of MK-422.

GPM/kek/sm}/2547x




NDA 18-998 , Merck Sharp and Dohme
Enalaprii maleate Suhmission date:

Study #503 January 31, 1984
Wang #2449x

Titie:  An Open, Randomized, Three-way, Crassover Study in Normal
Volunteers to Study the Biocavailahility of L-154,739 (MK-421),
L-154,628 and L-154,826

Investigator/Site:‘Y”

-
Ohjective:
a. Lo determine the bicavailability of single oral doses of L-154,739
(MK-421) and L-154,826 (MK521).
b. to evaluate the safety and tolerahility of MK-421 and MK=-521.
Note: The protocol originally specified a three-way crossover hut
was subsequently amended to include only MK-421 and MK-521.

Design: Open, randomly assigned, two-way complete crossover.

Dosin: Single oral 10 mg dose (capsule); One week washout period;
subjects fasted 12 hours prior to dosing.

Subjects: 12 healthy adult (22-33 year old) male volunteers with
proportionate weight and height; Inclusion Eriteria: Normal
pre-study laboratory screen (hematology, blood chemistry,
Urinalysis); Exclusion Criteria: history cardiac, renal, or
GI (including Ulcers) disease, history of drug or alcchol
abuse.

Concomittant Medications: None allowed.

Specimens: , o
Blood- 90, 0.25, 0.50, i, 1.5, 2, 3, 4, 6, 8, 10, 24, 48, and 72
hours postdrug.

Urine (Intervals)- O to 24, 0~-2, 2-4, 4-6, 6~8, 8~10, 10-24, 24-48,
48-72 hours postdrug.

Fecal (Intervals)- 0-24, 24-48, and 48-72 hours postdruqg.

Analytical Procedures:

.




Resuits:
Pharmacokinetics
Serum (mean +S.D.) Urine

cphax tmax tl/2  Aucfzhr % Recovery Clr
(ng/m1) hr) (hr)  (ng_ hr/mi) (.72 hrs) ml/min

MK-422% 40.5 4(3.75%*%) 35 490 43 158
+17.5 +152.2
Tev 43.2%) Tcv 31.1%)

Total Drug 59.0 - 1.2 S — 61 --
+21.5 '

MK-521 38.4 7 30 687 29 106
+22.3 +327.8
cv 58.1%) Tcv 47.7%)

*MK-422 = Active diacid of MK-421
**Calculated from data in Table IV, Attachment 3 in vol. 3.334.

Tahles:

——

Table 503-1: Individual Cpayx and Tp.. for MK=421 and MK-422

Table 503-2: Individual AUC (0-72 hrs.) for MK-422

Table 503-3: Individual urinary recovery as ¥ of administered dose
Tahle 503-4: Individual Renal clearancés of MK-422

Table 503-5: Individual serum concentrations of Total Drug as MK-422
Table 503-6: Individual serum concentrations of MK-421

Tahle 503-7: Individual serum concentrations of MK-422

Table 503-8 and 8: urinary excretion of MK-422 and Total Drug

Figure 503-1: Mean serum concentration vs. time profile of-MK-dzz

GDM/dea/kek/smj/2449x (10/9/84)




NDA 18-998 . Merck Sharp and Dohme
Enalapril Maleate Submission Date:

Study: #518 January 31, 1984
Wang #2451x ,

Titie: An open study to determine the steady-state kinetics of repeated
Single Oral Doses of MK-421 in nommal voluteers.

Investigator/Site:‘TJ

Ohjective: ,—i

1. To determine the serum profile, accumulation, and urinary excretion
of MK-422 (L-154,628)

Design/Dosing: Npen study; single daily oral 10 mg doses (capsuie) of
MK~421 x 7 days; subjects fasted gvernight.

Suhjects: 12 healthy adult (18-30 YO) male volunteers proportionate
for height and weight; nomal prestudy laboratory screen
(Hematology, Blood Chemistry, Urinalysis), physical exam
and EKG; Exclusion criteria - previously taken captopril,
history of cardiac, renal_or GI disease and history of drug
use and/or alcohol abuse

Concurrent Medications: HNone

Specimens:
Day 1 (Inpatient)

Blood: O, 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 20, and 24 (just
before next dose) hours.

Urine (Intervals): -l to 0, 0O-1, 1-2, 2-4, 4-8, 8-12, 12-24
hours. o —

Days 2-6 (outpatient)
Blood -~ 0 {(predrug) hour
Urine = 0=24 hours

Day 7 (Inpatient) and Day 8-11 (Outpatient)
Bleod - O (predrug), 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 20, 24, 36,
48, 60, -72 and 96 hours. .
- Urine (Intervals): O to 1, 1-2, 2-4, 4-8, 8-12, 12-24, 24-48,
48-72, 72-96 and 96-120 hours

Analytical Procedures: [

-




Results:

Table 518-1: Individual serum concentrations and AUC of MK-422 from 0-24
hrs. after dose 1.

Tahle 518-2: Individual serum concentration and AUC of MK-422 from 0-24
hrs. after dose 8.: :

Table 518-3: Individual urinary recovery (over 24 hrs.) of MK-422 for
days 1-8.

Table 518-4: Individual minimum serum concentrations of MK-422 24 hours
post administration on days 1-8.

Table 518-5: Individual urinary recovery (as % of dose) of MK-422,
Table 518-6: Urinary excretion of MK-422 on day 8 only.

Figure 518-1: Mean MK-422 serum profiles on days 1 and 8; and Cpjy ON
days 2-8.

Firm's Conclusion:
Steady state exists by the third or fourth dose of MK-421 and there is
little accumulation of MK-422 following 8 daily doses.

CDM/dea/kek/smi/2451x

APPEARS THIS WAY
ON ORIGINAL



NDA 18-998-Enalapril Maleate Merck Sharp and Dohme
Study #555 Submission Date:
Wanq #2457x January 31, 1984

Title: A Douhle-81lind, Single-Dose, 4-Periocd, Crossover Study in Normal
Volunteers to Determine the Effect of Dose on the Kinetics of
MK-0421(L-154,739)

Investigator/Site: (/

L

Objective: To determine the effect of dose (2.5 to 40 mg, P.0.) on
pharmacckinetic dispositicn aof MK-421

Design: Double-blind, 4-way, randomly assigned, complete crossover.

Dosing: Single oral doses (capsules) of MK-421 (2.5, 10, 40 mg); MK-422,
5 mg IV; overnight fast; ten day washout periods

Subjects: 13 healthy adult (20-34 year old) male volunteers were
entered, however only 12 completed the study. Inclusion Criteria:

Height proporticnal to weight, normal prestudy laboratory screen
(hematology, blood chemistry, urinalysis), PExam and £€G. Exclusion
Criteria: previously taken Captopril, history of cardiac, renal or GI
disease, history of drug use and/or alcchol abuse, multiple and/or severe
allermies.

Concurrent Medications: None allowed.

Specimens: Blood- O (predrug), 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 24, 36,
48, 60 and 72 hours for oral dosing; O (predrug), 10 mins., 20 mins, 0.5,
1, 1.5, 2, 4, 6, 8, 12, 16, 24, 36, 48, 60 and 72 hours for IV dosing
Urine (intervals): =1 to 0, 0-2, 2-4, 4-8, 8-12, 12-24, 24-36, 36-48,
48-72, 72-96, 96-120 hours. o

Analytical Methods: (~

J



Results:

MK-0421 MK-0421 MK-0421 Linear
2,5 MG P.O 10 MG P,0. 40 MG P.0. LOG-DOSE
N MEAN N MEAN N MEAN RESPONSE

Ratio of MK-0422/tctal drug 11 0.58 11 0.62 10 0.65 p=.06
for total urinary recovery®:P
geometric means

Bicavailability of-MK-04228:5:C  io0 0.28? 10 0.349 o 0.350  p=.014
(MK-0422 urinary recovery P.0O, ‘
JIV.)

Absorption of drugd:DsC 10 0.489 10 o.559 9 0.548  pYy.2
(urinary recovery total drug
P.0./MK-0422 I.V.)

MK-0422 AUCG_gofng hr/ml) 12 630 423 361 pd. 0L
{dose-adjusted relative to
10 mg capsule; subtraction of
extrapolated area not done)

Based on 2.5 mg capsule 158 i0e S0 i
(dose-adj? -
MK-0422 tpay (hours) 12 6.50 3.92 333 pd.0l
Enalapril Cpax (ng/mi) : 12 70.8 71.0 74.8  pH.2
(dose=-adj)
Enalapril tpgy (hours) 12 0.96 0.92 0.79 =.03

dAN 4-Excluded due to apparently incomplete urine collections
baN 11-Had missing data for the 40 mg dose - -~ -~ -~ 7
CAN 2-Fxcluded because 123% recovery after I.V.

dGeometric means

Tables:
Tahle 555-1: Individual Cpay and V., of MK-421 following oral dosing

Table 555-2: Individual Individual Cpgx and T, of MK-422 following oral
dosing

Tahle 555-3: Individual AUC (O-infinity) for MK-422 and Ratios of AUC
Table 555-4: Individual extrapolated AUC values obtained with IV dosing
Table 555-5: Individual total urinary recovery of Total Drug

Table 555-6: Individual total-urinary recovery of MK-42Z



Tahle 555-7: Mean serum concentration vs. time profile for MK-422

Table 555-8: Mean AUC for MK-422 versus F Dose with and without extrapolation
techniques

Table 555-9: Individual ratio of MK-422/Total Drug for total urinary reccvery

Firm's Conclusions:

a. The extent of absomtion of enalapril is similar for capsules
containing 2.5, 10 and 40 mg enalapril maleate

b.  Hydrolysis and hiocavailability of enalapril are similar for 10 and 40
mg, hut slightly less for 2.5 mg

€. The disposition of MK-0422 appears to he nonlinear, as evidenced by
the less than proportionate increases in AUCH_gp, Oreater than
proportionate Cppy for MK-0422 and decreases in fmaxfor MK-0422
with increasing doses of enalapril maleate

GDM/kek/smj/2457x
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NDA 18-998 _ Merck Sharp and Dohme
Ermalapril Maleate Submission Date:

Study #110 January 31, 1984
Wang #2478%

Title: An Acute, Single Dose Study to Evaluate Safety and Talerance and
Determine Serum Profiles and Urinary Excretion of Oral Enalanril Maleate
(10 mg) in Patients with Chronic Renal Disease Compared to that in
Normal Volunteers

Investigator/Site: (d

Ohjective:
1. To evaluate the effect of renal failure on the pharmacokinetic
disposition of enalapril maleate after a single dose
2. To investigate the clearance of enalapril maleate and
enalaprilic acid during hemodialysis

Design: 2 treatment periods; a. no dialysis b. dialysis
3 qroups of subjects:
Group 1: 10 patients with creatinine clearance €3 ml/min.
Croup 2: 9 patients with creatinine clearance 10-79 mi/min.
Group 3: 9 volunteers with creatinine clearance 2 80 ml/min.
Single dose, open design

Dosing: Treatment Period I (All Subjects): 10 mg of enalapril maleate
given orally under fasting conditions. :
Treatment Period II (Patients in Group 1 only):
10 mg of enapril maleate given orally 1 hour prior to a 4 hour
hemodialysis run; fasting conditions.
Two week interval between treatments.

Subjects: 19 male and 9 female patients and volunteers. . .4.subjects
over 70 years of age failed to meet criteria faor inclusion
(over age of legal consent to under 70 years old) but were
included because all other criteria were met.

Specimens: )
Treatment Period I

Blood (all groups) - 0, 0.5, 1, 2, 3, 4, 6, 8, 12, 24 and 48 hours
after dosing

Urine (Groups 2 & 3) - O to 4, 4-8, 8-12, 12-24, and 24-48 hours
post dosing.

Treatment Period II

Blood (Group 1) - 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 24 and 48 hours
after dosing. :




Analytical Procedures:

(,

Results: —
Effect of Renal Failure
Mean AUC (0-48 hrs) + S.D.
(ngehr/ml)
Normal 409 + 96
Mild to Moderate 1986 + 1430 (sig normal, p<0.0l)
Moderate only 2497 + 1267 (sig normal, p €<0.01)
Mean Urinary Excretion Rate (ug/hr)
0-4 4-8 8-12 12-24 24=48
EA TD EA TD EA TD EA 1D EA TD

Normal 186 545 228 251 122 127 39 39 6.8 6.8
Mild - Mod 55%*  j68%* 112%* 140%* 80 87 63 63 17 17
Med 24%% TPRE giRe (op%%  TQ 87 69% L9% 20* 20% -

¥, ** significantly different from normals, p<0.05, p<0.0l1, respectively

EA = Enalaprilic Acid; TD = Total Drug -~

48-hour Urinary Recovery (% of dose administered in terms of Enalaprilic Acid)

EA T EA/TD
Normal 40 + 5 62 + 8 0.64
Mild-Mod 30 ¥ 13 38 T 17%% 0.82%*
Mod 30 % 15 35 ¥ 19%* 0. 89%*

** Significantly different from normals, p< 0.0L

Medium AUC (0-6 hours) During Dialysis (hours 1-5)
(Enalaprilic Acid plasma curve following
Enalapril Maleate Administration)

I. Without Dialysis 319 ng hr/ml
II. With Dialysis 149 ng hr/ml (sig lower than I, p«€0.01)
Tables:

Figure 110-I: Mean serum concentration profiles of Enalapric Acid

Table llO-i: Individual AUC (0-6 hrs.) for enalaprilic acid with and witout
dialysis in severe renal failure

Table 110-2: Individual AUC (0-48 hrs.) for enalaprilic acid in normals and
patients with mild to moderate renal insufficiency



Tahle 110-3: Individyal urinary recovery (0-48 brs.) of enalaprilic acid and
Total Drug in normals and patients with mild to moderate renal insufficiency

Tahle 110~4 and 5: Individual urinary excretion rates of enalaprilic acid and
Total Drug

Firm's Conclusion:

A. Impaired remal function results in elevated serun/plasma concentrations of
enalaprilic acid following administration of enalapril maleate.

B. Mild to moderate renal impairment causes a decrease in the excretion rates
of enalaprilic acid and enalapril, with an apparent increase in the extent
of conversion of enalapril to enalaprilic acid (and/or an increase in
non-renal elimination of enalapril other than metabolism to enmalaprilic
acid) compared to normals.

C. Enalaprilic acid is dialyzable in patients with severe renal impairment.

GOM/dea/kek/smj/2478x (9/27/84)

PEARS THIS WAY
AP X ORIGINAL



NDA 18-998 ' Merck Sharp and Dohme
Enalapril Maleate Submission Date:

Study #168 January 31, 1984
Wang #2479 '

Title: A Double-Blind, Single-=Dose, Six-Pericd Crossover Study in
Normal Volunteers to Determine the Bicavailability of 5, 10, 20
and 40 mg Tahlets of Enalapril Maleate Utilizing an Enalaprilic
Acid (E.A.) (MK-422) and an Enalapril Maleate (E.M.){(MK-421)
Intravenous Standard

Investigator/Site: {

Obhjective: —

To determine the hicavailahility of enalapril maleate tahlets (5, 10, 20,
40 mg) when compared to an intravenous standard of enalapril maleate (5
mq) and enalaprilic acid (5 mg).

Desian:
Double-blind (with respect to oral doses), random assignment, six-period
complete crossover.

Dosing: Single dose; fasting conditions; six day washout period;
treatments: a. EM 5 mg tablet P.O.

bh. EM 10 mg tablet P.O.

c. EM 20 mg tablet P.O.

d. EM 40 mg tablet P.C.

e, EA 5 mg I.V.

f. EM 5mg I.V.

Subjects:
12 healthy adult (19-33 year old) male volunteers within + 10% of IBW
entered the study. Subject #10 was greater than approximately 20% of IBW
and was included in the study for unexplained reasons. Two subjects
voluntarily withdrew from the study. Data from Subject #6 was not
analyzed because of markedly consistent differences from other subjects.
Exclusion Criteria: history of cardiac, renal, GI disease, multipl%
al%ergies, history of alcohol and/or drug abuse, and WBC 4.0 x 10
mm” or urinary protein 500 ma per 24 hours.

per

Concurrent Medications: None allowed

Specimens:

Blood - E.A. and E.M. (IV): 0, 10 min, 20 min, 30 min, 1, 1.5, 2, 4,
6, 8, 12, 24, 36, 48, 60 and 72 hours.

E.M. (Ural): 0, 0'5’ l, 2’ 3, a' 6’ 8’ 12’24’ 36’ tl»e, 60 aﬂd 72
hours. i ‘

Urine (intervals) - All treatments: -1 to 0, 0-1,.1-2, 2-4, 4-8,
8-12, 12-24, 24-36, 36-48, 48-72, 72-96 hours.




Analytical Procedures: (

J
Results
* Table I Cumulative Urinary Daia
E.M. Tablets EM,.-IV ANOVA
5ma) 10mg 20mq  40mg 5ma (tahlets)
Ricavailahilityl
Geometric Mean 0.38 0.44 0.28 0.36 0.43 N.S. (».2)
(C.V.) (28.2) (20) (28.2) (29.7) (13.9)
Ahsorption2
Gecmetric Mean 0.63 0.73 0.62* [0.59% (1.0) 0.08
(C.V.) (23.4) (20.3) (28.1) (26.2)
Extent of Hydrolysis3 of Enalapril to E.A.
Geometric Mean 0.60 0.61 0.62 0.61 .45 N.S
(c.v.) (8.3) (9.8) (10.6) (9.8)

* sinnificantly different from 10 mg dose, p € 0.05

1. As estimated from the dose-adjusted urinary recovery ratio of E.A, -~
for the E.M. formulations to E.A. IV . :

2. As estimated from the dose-adjusted urinary recovery of total drug

(E.A, measured after hydrolysis) from E.M. tahlets to total drug from

enalapril maleate I.V.

3. Estimated from the ratio Biocavailahility/Absorption {or urinary

MK-422 & Total Drug in urine)

Table II - Mean AUC 0-00 (ng hr/ml) for E.A.

E.M. Tablets EM.-IV E.A.-IV -
5mg i0mg 20mg 40mg - 5mg 5mg
Mean AUCl 255 440 731 1331 270 652
(C.V.) (11.3) (9.4) (16.7) (18.7) (23.2) (14.6)
Dose Adjusted to 5 mg
255 220 183*%  le6%, %+ 270 652

* significantly less than 5 mg; p £.0L
** significantly less than 10 mg; p<g .05
1 - Areas not adjusted by extrapolation techniques.




Table III- Cpmax & tmax for Enalaprilic Acid

.M, Tablets E.M.-IV
Smg © '10mg  20ma 40mg 5mq
Co™aX (ng/m1)15.3 37.4 70.8 123.1 16.5
{C.V.) (41) (45} (48) (34) 27
Cp™@X (ng/ml)-dose adjusted*
15 19 i8 i5 16
gMmax 4,8 3.9 3.2%% 3 AR¥ 4.0

* No significant differences
** Significantly less than 5mg; p 0.05

Tahles:
Table 168-4: Individual Cpgx and Ty for enmalaprilic acid

Table 168-5: Individual AUC (0-infinity) for enalapril acid

Table 168-6: Individual values of absorption following oral enalapril
maleate,

Tahle 168-7: InGLV1dual values of "Biocavailability" (avalablllty of
active drug)

Table 168-8: Individual values of extent of hydroloysis of enalapril to
enalaprilic acid

Tahle 168-9 and 10: Urinary recovery of Total Orug and enalaprilic acid
Table 168-11 and 12: Statistical analysis (ANOVA) of serum and-urine data

Firm's Conclusion:

1. The "hioavailability" of emalaprilic acid is similar for 5, 10, 20
and 40 mg Enalapril Maleate tablets.

2. The bicavailability of enalaprilic acid from I.V. enalapril maleate
1s similar to that for the oral tablets. The mean extent of
hydrolysis of enalapril to enalaprilic acid however, is approximately
30% less than that for the tablets (see urinary data). The
difference imr bioconversion between oral and IV administration of
enalapril maleate likely reflects first-pass bioconversion following
oral administration.

GDM/dea/kek/smj/2479x (3/14/85)




NDA 18-998 , Merck Sharp and Dohme
Ernalapril Maleate Submission Date:

Study #53 January 31, 1984
Wangq #2482x

Title: A Study to Determine the Bicavailahility of MK-421 Capsules (10

m3) and MK-421 Tahlets (10 mg) Using MK-422 Intravenous (5 mg) as a
Standard

Investigator/Site:1/

J

Ohjective: To determine the BA of MK-421 tablets and MK-421 capsules
using MK-422 I.V. as a standard.

Design: Onen, randomized, single-dose, complete crossover.

Dosing: MK-421 tablet, 10 mg, P.0. vs.
MK-421 capsule, 10 mg, P.0. vs,.
MK-422 I.V., 5 rng.
13 day washout period; fasting 8.5 hours ante and 3 hours post
dosing.

Suhjects: 12 healthy normotensive adult.{(23-33 year old) male volunteers
within + 10% IBW. Subjects were judged to he healthy based on medical
history, PE, EKG and lahoratory data (hematology, blood chemistry,
urinalysis) Exclusion criteria: history of allergies, cardiac, renal or
GI disease, history of drug/alcohol abuse, WBC 4.0 x 10° per mm>,

total urinary protein 500 mg per 24 hours.

Concurrent Medications: None allowed; no other drugs for 7 days. prior to
initiation and until completion of the study.

Specimens: R
Blood

I.V. Dosing - 0, 10 mins, 20 mins, 30 mins, 1, 1.5, 2, 4, 6, 8,
12, 24, 48 and 72 hours.
Oral Dosing - 0, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48 and 72 hours

Urine (intervals): -1 to 0, 0-2, 2-4, 4-8, 8-12, 12-24, 24-48, 48-72,
72=96 hours.

Analytical Methods:

[l o




Results:

Table 53-1: Mean values for parameters derived from serum and urine data
Tahle 53-2: Statist%cal power for urinary recovery data ‘

Table 53-3: Individual and mean Cpgy and Tpoy of MK-421 in serum

Table 53-4: IndiQidual and mean Cpgx and To.. of MK-422 in serum

Tahle 53-5: Individual and AUC (0-72 hrs.) of MK-422

Tahle 53-6: Individual and mean urinary recovery ratios of MK-422 to
Total Drug '

Table 53-7: Individual and mean serum concentrations of MK-422 after
cral dosing

Tahle 53-8: Individual and mean serum concentrations of MK-=422 after IV
desing

Fiqure 53-1: Mean MK-422 serum profile following oral administration of
tablets and capules.

There were no statistically significant (p<0.05) differences between
tablets and capsules in, the following parameters; )

a. CpMX  ¢pk for serum concentrations.of MK-422 & MK-AZl,-

b. Urinary recovery of MK-422, total drug (MK-422 + MK-421), or
c. Urinary recovery ratio of MK-422 to total drug.

Statistical power analysis is given in table 53-2.

Firm's Conclusions:

1. Based on urinary recovery of MK-422 and total drﬁg, the
bioavailability of MK-422 following MK-421 tablets and capsules is the
same in healthy volunteers.

GDM/dea/kek/smj/2482x (3/14/85)



NDA 18-998 ) Merck Sharp and Dohme
Enalapril Maleate Submission Date:
Stuay #523 January 31, 1984

Wang #2483x

Title: An Open, Single-Dose, 2 period, Crossover Study in Normal
Volunteers to Determine the Bloavallablllty of MK-421 Capsules

Investinator/Site: 1’

-

Ohjective: To determine the bicavailability of MK-421 capsules relative
tO MK""422 I . Vo

Desinn: Open, randomly assigned, single-dose, two-=period complete
CroSSover

Dosing: 10 mg MK-421 capsule P.0. vs.5 mg MK-422 'I.V,
2 week interval between treatments; Fasting conditions prior to
dosing (since midnight) and for 3 hours after dosing.

Subjects: 12 healthy adult (23-50 year old) male volunteers, neither
grossly overweight nor underweight. Suhjects were free of cardiac, renal
and GI disease by history, PE and laboratory data. Exclusion criteria:
reqular drug use, history of drug/alcohol ahuse or previous use of
captopril. _

Specimens:
Blood;
Oral - 0, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48 and 72 hours post
dosing.
I.v. - 0, 10 min., 20 min, 0.5, 1, 1.5, 2, 4, 6, 8, 12, 2&, 48
and 72 hours post dosing

Urine (Intervals); -1 to 0, 0-2, 2-4, 4-8, 8-12, 12-24, 24-48, 48-72,
72-96 and 96-120 hours post dosing

Analytical Procedures:

p




Resuits:

Cp max MK-422 after Caps
Lmax .

Cp max Total Drug affer Caps
tmax

Urinary Recovery of MK-422 (as % of dose given)

after I.V.
after Caps
Of Tetal Drug after Caps

Ratio of Urinary Recovery (Caps to I.V.)

of MK 422
of Total Druq

a. geometric mean

Mean 95% Conf. Int.
42 ng/mi (34, 50)

3.6 hrs (3.3, 3.9)
66 ng/ml (58,74)

1.0 hrs. (0.6, 1.4)

107 % (101, 113)

56% (49, 63)

78% (71, 85)

0. 543 (0.47, 0.62)b
0.743 (0.67, 0.82)P

b. calculated from logyg of values and converted back

AUC 0 to_infinity Por MK-422 (ngehr/ml)

Treatment # Subjects
I.v. 109
I.V. gb
Caps 12

Mean

794
750
497

STD Range
151
62
81

a. data for subjects 2 and 6 did not pemmit calculation of slope of

AUC

b.  Omitting data from subject 1l whose value, 1192, was greater
than 2.6 standard deviations from the mean

Tables:

Table 523-1: Individual and mean Cpgy and Tp., for MK-422°

Table 523-2: Individual and mean AUC (O - infifhity) For MK-422

Tahle 523-3: Individual and mean ratios of urinary recovery of MK-422
and Total Drug for oral vs. IV administration

Table 523-4: Individual and mean urinary recovery of MK-422 and Total
Drug for oral vs. IV administration.

Firm's Conclusion:

1. Base upon urinary recovery ratios, the mean bicavailability of MK=422

from MK-421 capsules is approximatel

capsule is approximately 74%.

GDM/dea/kek/smj/2483x (3/14/85)

y 54%, and the mean absormption of the



NDA 18-998 , Merck Sharp and Dohme
Emnalapril Maleate Submission Date:

Study #27 January 31, 1984
Wang #2484x

Title: An Open, Single-Dose, Two-Period, Crosscver Study in Normal
Volunteers to Determine the Bicavailability of MK-421 Tablets.

Investigator/Site:'(

A

Ohjective: To determine hiocavailability of MK-422 from MK-421 tablets
using I.V. MK-422 as a standard.

Design: Open, randomized, single dose, 2-way Crossover.

Dosing: MK-421,10 mg tahlet (proposed marketed formulation)
MK=422,5 mg I.V. ' '
AM dosing with fasting since midnight; two week washout period
hetween treatments.

Subjects: 12 adult (23-34 year old) male volunteers judged healthy hy
medical history, PE and laboratory testing (hematology, blood chemistry,
urinalysis, EKG) and within + 20% of IBW. Exclusion criteria: history of
captopril use, cardiac, renal or GI disease, history of drug/alcchol
ahuse.

Concurrent Medications: None allowed. .

Specimens:
Blood;

Oral - O, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48 and 72 hours post
dosing. I.V.: 0, 10 mins., 20 mins., 0.5, 1, 1.5, 2, 4,. 6, 8,
12, 24, 48 and 72 hours post dosing from the arm opposite that
used for injection.

Urine (Intervals): -1 to O, 0-2, 2-4, 4-8, 8-12, 12-24, 24-48, 48-72,
72-96, 96-100 hours.

Ana;ytigal Procedures:

f -

|




Results:

95% Confidence

Parameter Treatment Mean + SD Interval
AUC for MK=422 I.V. 781 + 160 (680, 883)
(ngshr/ml) -+ Tablet 438 + 110 (368, 508)
CPM@X for MK-422 Tablet 35 + 20 (22, 48)
(ng/m1)
tmax for MK-422 - Tablet 3.9 + 1.1 (3.2, 4.6)
CpMaX for Total Drug Tahlet 66 + 21 (52, 80)
tmax for Total Drun Tablet i.1 + 0.5 (0.8, 1.4)
Urinary Recovery I.V. 95 + 7.8 (90, 100)
(% of administered  Tablet-MK-422 41 + 16 (30, 52)
MK-422 equivalents) Tahlet-Total Drug 58 + 16 (48, €9)
Urinary Recovery Ratio
MK-422 Tahlet/I.V, 0. 40%* - (0.30, 0.54)
Total Drug Tablet/I.V. 0. 59%* (0.47, 0.73)
Terminal Siope (hr=1) 1V 0.0129 (half-life = 53.7 hrs.)
Tahlet 0.0161 (half-life = 43.0 hrs.)

*  statistical tests for normality of the data indicate thét the 95%
confidence limits may not be exact.
**  Geometric Mean

Tabhles:

Table 27-1 and 2: Individual and mean serum concentrations of MK-422 and

Total Drug for oral administration

Tahle 27-3: Individual and mean serum concentrations of MK-422 for IV
administration Lo e

Table 27-4: Individual and mean Cpay and Tp.. for oral tablets

Tahle 27-5: Individual and mean AUC (O-infinity) of MK-422 for oral and
IV dosing

Table 27-6: Individual and mean urinary recovery of MK-422 and Total
Drug for oral-and IV dosing

Table 27-7: Ratios of urinary recovery of MK-422 and Total Drug

Fim's Conclusicns:

1. Based on urinary recoveries of MK 422 and total drug,. the
bigavailahility of MK-422 from the tablet formulation is 40% compared to
the I.V. preparation. Abscrption of total drug from the tablet is 59%
compared to the I.V. preparation.

GDM/dea/kek/smj/2484x



NDA 19-998 ] Merck Sharn and Dohme
Enalapril Maleate Submission Date:

Study #23 January 31, 1984
Wann #2496x

Title: An Open Two-Way Crossover Comparison of the Influence of Food on
the Single Dose Kinetics and Pharmacodynamics of MK-421 (Given in Its
Market Imane) in Healthy Volunteers (Lot #X0421-0CT-006~E01)

Investigator/Site: I/

A

Objective: To assess the effect of food on the rate and extent of
absorption of MK=421

Design: Open, randomized, single dose; Two-way crossover design

Dosing: 40 mg MK-421 (tahlet), orally under fasting conditions (midnight
of previous night) vs. 40 mg MK-421 orally, immediately after a
standardized breakfast (1 egg, 2 toast, 5 g margarine, 20 g orange
marmalade or jelly, 2 bacon or 2 sausage, 150 ml low fat milk or 100ml
orange juice, tea or coffee); there was a 7-day washout period between
treatments.

Concomitant Medications: None allowed (including aspirin and alcchol)
beginning one week prior to study until its termination.

Subjects: 12 healthy, normotensive, adult (19-32 year cld) male
volunteers within + 10% of ideal hody weight (according to the
Metropolitan Life Insurance Company Statistical Bulletin #40 November -
December, 1959) and judged to be in good health based on medical history,
P.E., lahoratory data (hematology, blood chemistry, urinalysis) and EKG.
Exclusion criteria: drug allergies, history of GI, cardiovascular,. -
hepatic or renal disease, history of alcohol abuse, use of
1nvest1gat10nal drugs 3 months prior to study, WBC 4.8 X 10°%/cu M.,
urinary protein 150 mg/24 hrs, positive pregnancy test and use of oral
contraceptives.

Specimens:

Blocd - 0, 1, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, 60 and 72 hours post
dosing -

Urine (lntervals) -1 to 0, 0-2, 2-4, 4-6, 6-8, 8-12, 12-24, 24-36,
36-48, 48-72, 72-96, 96-120 hours.

Analytical Procedures:

| .J




Results:

Mean and Standard Deviation of Serum and Urine Parameters

Fasting N Food
Tpk (hr) 3.3 + 0.5 12 3.4 + 0.5
of MK-422
CpMaX (ng/ml)  153.6 + 39.1 12 146.6 + 36.4
of MK-422 - -
AUC O to 24 hrs 1208.6 + 202.7 12 1172.8 + 211.8

for MK-422 (nge hr/ml)

AUC 0 to LSCP  1303.8 + 240.2 12 1261.7 + 219.9
for MK-422 (ngehr/ml)

Urinary Recovery: (% administered MK-422 equivalents)

MK~422 30.5 + 7.5 11D 31.6 + 8.8
Total Drug 53.1 ¥ 10.1 11 57.6 ¥ 12.4
Geometric Mean
Fasting n Food
Ratio of MK-422/Total Drug  0.56 11b 0.54

(Rased on Total Urinary Recovery)

N . Comparison

118 NS

12 NS

12 NS

1z NS

11€ NS

11 NS
n Comparison
11 NS

NS= no significant differences
LSC= last serum concentration

a. subject #2 was omitted because his value was more than 2.6 standard

deviations from the mean
b. 1incomplete urine collection for subject 2
t. 1incomplete urine collection for subject 5
d. no sample or unable to quantify drug

APPEARS THIS WAY
. ON ORIGINAL




The power of detecting differences at alpha = 0.05 siqnificance level for

urinary recovery of MK-422 and Total Drug as percent of a administered MK-422
equivalents is qiven below.

Detectable Difference

=
Q -

15% 20% 25% 30%
MK-422 0.5 0.55 0.82 0.96 0.99
Total Drun 0.5 0.55 0.81 0.96 0.99
Tahles:

Tahle 23-1: Individual and mean urinary recovery of MK-422 and Total Drug

Table 23-2: Individual and mean ratio of MK-422/Total Drug for urinary
recoveries

Table 23-3 and 4: Individual and mean ratio of MK=-422/Total Drug for
fractional urinary recovery to 24 hours under fasting and eating conditions.

Tahle 23-5: Individual and mean AUC of MK-422 cover 24 hours for fasting and
eating conditions.

Figure 23-1: Mean MK-422 serum profiles under fasting and eating conditions

Firm's Conclusion:

The serum and urine parameters for MK-422 and Total Drug are similar following
administration of MK-421 tablets with and without food. Food does not appear
to significantly alter the rate and extent of absorption of MK-421.

GDM/dea/kek/smj/2496x (10/3/84)

APPEARS THIS WAY
ON ORIGINAL




HDA 18-998 , Merck Sharp and Dohme
Enalapril Maleate Submission Date:

Study #17 January 31, 1984

Wang #2530x

Title:

A Double-Blind, Crossover Sturdy to Determine the Effect on
Ricavailability of MK~421 and Hydrochlorothiazide (HCTZ) Given Alone and
Comcomitantly to Normal Adults

Investiqator/Site:r'

—

Objective:

To Assess the effet of concomitant admainistration of HCTZ and MK-421 on
the hicavailahility of either preparation when given in single and
multiple doses.

Design: Double-blind, randomized, three-way balanced crossover design

Dosing: (MK-421, Capsule)

TREATMENT A
AM.

Days 1-3 Days 4-10 Day 11

2 Capsules Placebo 1 Capsule MK-421 10 mg 1 Capsule MK-421 10 mg
1 Capsule Placebo 1 Capsule HCTZ 25 mg

PM. e e

2 Capsules Placebo 1 Capsule MK-421 10 mg
1 Capsule Platcebo

TREATMENT B
A.M.

2 Capsules Placebo 1 Capsule HCTZ 25 mg 1 Capsule HCTZ 25 mg
1 Capsule Placebo 1 Capsule MK-421 10 mg




P.M.

2 Capsules Placebo 1 Capsule HCTZ 25 mq
-1 Capsule Placebo

' TREATMENT C
AM,

2 Capsules Placebo 1 Capsule MK-421 10 mg 2 Capsules Placebo
) 1 Capsule HCTZ 25 mg

P.M.

r—m————

2 Capsules Placeho 1 Capsule MK-421 10 mg
1 Capsule HCTZ 25 mn

Breakfast, lunch and dinner were respectively at approximately 1030, 1330
and 1830 hours; BID doses were given at 0830 and 2030; There was a 10-day
washout period between treatments.

Subjects: |

12 healthy normotensive adult (23-41 year old) male volunteers within +
10% of the ideal body weight and judged healthy on the basis of medical
history, P.E., EKG and lahoratory data (hematoloqy, blood chemistry,
urinalysis). Exclusion criteria: drug allergies, history of GI,
cardiovascular, hepatic or renal disease, WBC 4,800/cumm, history of
skin rash or proteinuria ( 150 mg/24 h) or alcoholism, consumption of
investigational drugs within three months prior to study.

Concomitant Medications: :
Other than study medications, none allowed beginning 7 days prior to
study (except occasional use of analgesics) until the end of the study.

Specimens:

Blood- 0, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 hours on days 4, 10 and -1} for
treatments A and B, and on days 4 and 10 for treatment C.

Urine (intervals): -1 to 0, 0-1, 1-2, 2-4, 4-6, 6-8, 8-12 and 12-24 hours
on days 4, 10 and '11. In addition, 0-24 hour collections were ctained on
days 5, 6, 7, 8, 9, 12, 13, 14 and 15.

Analytical Procedures:

[




Results:

I. Steady State Urinary Recovery (% of dose)

HCTZ alone (TxR) HCTZ + EM. (TxC)
«  day 10 day 10 :
0-12 12-24 hrs. 0-12 12-24 hrs,
Mean Urinary Recovery
HCTZ 77 52 68 44
E.M. alone (TxA) E.M. + HCTZ (TxC)
day 10 day 10
0-12 12-24 hrs. 0-12 12=24 hrs.
Mean Urinary Recovery*
MK-422 45 30 46 27
Total Drug 64 44 63 44

* Expressed as % of MK-422 equivalents administered

The power of detecting a 25 pct. difference between MK~-421 alone {(or
hydrochlorothiazide alene) and the combiniatin treatment in the steady
state urinary recovery of MK-422, total drug and hydrochlorothiazide was

Areater than 0.99.

II. Average* Steady State Urinary Recovery (% of dose)

E.M. alone (TxA) HCTZ alone (TxB) Combo (TxC)
Mean MK-422 35 - 33
Mean Total Drug 49 - 48
MK-422/Total Drug Q, 70%* - D.68%*
(Geometric mean)
HCTZ - 55

* Average of days 7-10 for MK-422; days 6-10 for HCTZ
** significant difference, p<£.05

52

Power of Detecting Differences Between Treatment A,.MK-AZI Alone (or B,
HCTZ alone) and Treatment C (MK-421/HCTZ Combination), at the & = .05
Significance Level for Average Steady State Urinary Recovery* is given

below.
Detectahle Difference
i 15% 20% 25%
Total Drug +66 .95 « 99 + 99+
HCTZ 47 .83 .98 + 99+

*Average of recoveries for Days 7-10 for MK-422 and total drug, and Days

6-10 for HCTZ.




III. Effect of Multiple Doses of E.M., on Single dose HCTZ

TxB* Tx A-day 11
(HCTZ=-S.S5.) (MK 421-S.S. + HCTZ-S.D.)

Mean Urinary Recovéry '
HCTZ 55 50 (Mo siqnificant difference)

The effect of multiple doses of HCTZ on a single dose of E.M., could not

be assessed because urine samples were missing for day 11 of TxB.
*average of days 6-10

IV, Cmax and Tmax

A. Tx A - Day 4 T8 - Day 11 Tx C - Day 4
(MK-421-S.0.)  (MK-421-S.D.+HCTZ-S.S.) (MK-421-S.D.+HCTZ-S,D.)
MK-422*%
Cpmax (ng/nl) 56.1 68.1
tmax (hrs) 4.4 " 3.9

5.D. + single dose; S.5. = steady state

*Ng significant differences for all treatments.

B. TxB-day 4 TxA-day 11 TxC-day 4
(HCTZ-S.D.) ~ {MK~42}1 S.S. + HCTZ S.D.) (MK 421-S.D, + HCTZ S.D.)
HCTZ
Cmax (ng/ml) 128.0 129.4 _ 128.0
tmax (hrs) 2.3 2.4 . 2.5

Table 17-7: Individual and mean Cmax and Tmax for treatments

Table 17-8: Individual and mean steady-state urinary recoveries of
MK-422, Total Drug and HCTZ for treatments

Table 17-9: Individual and mean urinary recovery of Total Drug for
treatment indicated

Tahle 17-10: Individual and mean urinary recovery of HCTZ for treatment

indicated

Tahle 17-11: Individual and mean Urinary recovery of HCTZ for treatment

indicated.



-

Statistical Methods:
Parameters were analyzed for differences hetween treatments using
ANOVA for a crossover design. Urinary recovery ratio analysis was
nerformed on the log of the ratics. '

Firm's Conclusions: ' '
Based on urinary excretion data, concomitant multiple doses of MK-421 and
HCTZ have little or no effect on the hiocavailability of MK=422 and HCTZ.

GDM/dea/kek/smj/2530x (3/14/84)

APPEARS THIS WAY
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NDA 18-998 _ Merck Sharp and Dohme
Enalapril Maleate Submisison Date:

Study #570 January 31, 1984
Wang #2513x

Title: An Open, Randomized, Single Dose, 3-Period Crossover Study to
Determine the Possihle Interaction of Enalapril with Propranclol in
Normal Volunteers

Investigator/Site:

J

Objective: To determine the effect of enalapril on plasma and urine
concentrations of propranclol when co-administered in a single dose. To
determine the effect of propranolol on plasma and urine concentrations of
enalapril when co-administered in a single dose.

Design: Open, randomized, single dose, 3-way, balanced crossover design.

Dosing: a. Enalapril Maleate (MK-421) capsule 10 mg, PO
b. dl-propranclol (Inderal ICI) tahlet 80 mg, PO
¢. Enalapril 10 mg + dl-propranolol 80 mg; PO
10 day washout period hetween treatments; fasting conditions.

Subjects: 12 normotensive healthy adult (21~25 year old) male volunteers
within + 15% of IBW (Met. Life Insurance Statistics Bulletin, 1959) and
judged healthy by laboratory screen (hematology, blood chemistry,
urinalysis), PE and EKG. Exclusion Criteria: previous ingestion of
captopril, history of cardiac, renal, GI or allergic disease, bradycardia
( 50 BPM), history of asthma or skin rashes, drug/alcohol abuse,
proteinuria 150 mg/d, WBC 4000/cu.mm.

Concurrent Medications: None allowed. No other drugs 7 days prior to and
until completion of study. '

Specimens:
Bloed - 0, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 hours post dose.
Urine (intervals): O-1, 1-2, 2-4, 4-8, 8-12, 12-24, 24-48, 48-72 and
72-96 hours post dosing.




IAnalytical Methods:

1. Standard Curves- see Tahle 570-1 and 2 and Figure 570-1

2, Linear Range - 10-100 ng/ml; see Figure 570-1 :

3. Limits of Sensitivity: lower 10 ng/ml (possibly lower if necessary);
upper-100 ng/ml (higher if necessary)

4. Reproducihility- Mean and SD are given in Table 570-2. Coefficients
of variation were respectively 5.2 and 3% for I-propranclol and 4.3 and
5.2 for d-propranciocl.

Results:

Propranolol plus
Propranclol Enalapril Maleate Ratio*

l-propranolol (mean)

AUC  (ngehr/ml) 175.95 196.30 1.11
d-propranolol {(mean) ) '
AUC  (ngehr/ml) 117.21»» 125,22%* 1.09
Enalapril Maleate -
plus
Enalapril Propranolol Ratio*
Mean Urinary Recoveries@
MK-422 36 24 .69
Total Drug 53 36 - .70
MK-422/Total Drug  0.68P 0.668 .98

a. Expressed as % of administered MK-422 equivalents

h. Geometric Means I
* ratio of single entity to propranclol and enalapril maleate

** means for those subjects with data for both treatments.

Tahles: :
Table 570-3: Individual and mean urinary recovery of MK-422 and Total
Drug with and without administration of propranolocl.

Table 570-4: Individual and mean AUC (D-infinity) for propranclol with
and without administration of enalapril maleate. )

Figure 570-2 and 3: Mean d and L propranolol serum profiles with and
without administration of enalapril maleate. IO

Figure 570-4: Mean MK-422 serum profile with and without admihistration*
of propranclol. : .



Firm's Conclusion:

1. The hioavailability of hoth d- and l-propranolol appears to he
increased slightly (10%) when single doses of propranolol and E€.M. are
ce=administerad.

2. The availahility of MK-422 is significantly (P<€.0l) reduced (30%)
when single doses of E.M. and propranolol are co-administered. This
reduction in availability may be secondary tc a decrease in drug
absomtion rather than to a decrease in the extent of hydrolysis.

GDM/dea/kek/smj/2513x (10/3/84)

PPEARS THIS WAY
AP oN ORIGINAL



NDA 18-998 , Merck, Sharp and Dohme
Enalapril Maleate Submission Date:
Study #634 January 31, 1984

Wang #2515x

Title: An Open, Randomized, Single-Dose, 3-period, Crossover Study to
Determine the Possible Interacticn of Enalapril with Digoxin in Normal
Volunteers

Investigator/Site: - h]

L

Objective: 1. To determine the effect of single doses of digoxin on serum
levels and urinary excretion of enalapril, and

2. to determine the effect of single doses of enalapril on
plasma levels of digoxin.

Design: Open, randomized, single-dose, three-way complete crossover

Dosing: a. Enalapril maleate 10 mg P.0. (Capsule)
h. Digoxin 0.25 mq, P.O.
c. Enalapril maleate 10 mg P.0. + Digoxin 0.25 mg P.Q. -
Two week washout period between treatments; breakfast allowed 2 -
hours after dosing

Subjects: 12 healthy, normotensive, adult (19-35 year old) male
volunteers within + 15% IBW and judged normal on the basis of medical
history, P.E., laboratory screen (hematology, clinical chemistry,
urinalysis). Exclusion criteria: drug allergies, history of cardiac,
renal, hepatic or GI disease, reqular drug use, drug/alcochol abuse.

Concurrent Medications: None allowed seven days prior to or during the
study. However, subject #6 took paracetamol after regimen B,

Specimens: . '
BlOOd (E-M- alone or E.M- + digOXin) -0’ 0.5’ l, 2, 3’ 4’ 6, 8, 12,

24, 48, 72 hours post dosing. (Digoxin alone) -0, 2, 4, 8, 12, 24
hours post dasing.

Urine (E.M. only) intervals: -1 to 0, 0-2, 2-4, 4-8, 8-12, 12-24,
24-48, 48-72, 72-96 hours post dose.-

Analytical Methods:




Results:

Mean Urinary Recovery* of MK-422 and Total Drug (TD)

MK-422 Total Drug MK-422/TD
E.M. alone 27 42 0. 64%*
EM. + Dinoxin 27 42 0.84%%

* expressed as ¥ of administered MK-422 equivalents

** neometric mean

The relative hiocavailability (MK~-422 urinary recovery ratio, treatment
C/R) of MK-422 from treatment C compared to treatment A is 0.96
(neometric mean of individual subject ratios)

Tahles:

Tahle 634-1: Relative bicavailability of MK-422 from treatment C -

compared to treatment A

Table 634-2: Individual and mean urinary recovery of MK-422 and Total
Drug with and without administration of digexin. -

Figure 634-1: Mean MK-422 urinary excrétion rate plot with-and without
administration of digoxin

Figure 634-2: Mean MK-422 serum profile with and without -administration
of digoxin

Figure 634-3: Mean urinary excretion rate plot for Total Drug following
administration of enalapril maleate with and without digoxin

Since a nonspecific digoxin assay was utilized, noc pharmacokinetie- -
parameters or variahles were calculated.

Fims Conclusions:

1. The rate and é;tent of absorption and disposition of enalapril
following oral administration of a single 10 mg capsule of E.M. are not
influenced by concomitant administration of a single 0.25 ma digoxin
tahlet. - :

GDM/dea/kek/sm}/2515x (3/14/84)



NDA 1B-998 . Merck Sharp and Dohme
Enalapril Maleate Submission Date:

Study #618 January 31, 1984
Wang #2518x

Title: An Open, Randomized, Single-Dose, 3-Period, Crossover Study to
Determine the Possible Interactlon of Emalapril with Furosemide in Normal
Volunteers

Investigator/Site:/’

-

Ohjective:

a. To determine the effect of E.M. on plasma and urine levels of
furosemide after coadministration

h. To determine the effect of furosemide on serum and urine levels of
enalapril after coadministration

Design: Open, randomized, single-dose, 3-way, halanced, crossover design

Dosing:

a. Enalapril Maleate-10 mq, P.0. {capsule)

h. Furosemide-80 mg P.0. (2 x 40 mg tablets)

c. Enalapril maleate 10 mg and furosemide 80 mg P.O.

Two-week washout périod between treatments: Drug was given approximately
2 hours hefore breakfast under fasting conditions.

Subjects: 12 healthy nomotensive adult (19-23 year old) male volunteers
within 15% of Ideal Body Weight (Metropolitan Life Insurance Company
Statistical Bulletin, 40, November-December, 1959) and judged to be
normal by medical history, P.E. laboratory tests (hematology, blood -
chemistry, urinalysis) and EKG. Exclusion criteria: drug allergies,
history of cardicvascular, hepatic, renal or GI disease, history of
drug-related skin-rash or leukopenia, regular drug use, history of
drug/alcohcl abuse.

Concurrent Medications: No other drugs taken seven days prior to or
during the study.

Specimens: _ _
Blood- O, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48 and 72 hours post dosing.

Urine (Intervals): -1 to O, 0-2, 2-4, 4-8, 8-12, 12-24, 24-48, 48~72,
72-96 hours.



Anaiytical Procedures:

-

—

Results: Tahle 618-2 provides values for Tmax, Cmax, AUC and cumulative
urinary excretion for furosemide. Urinary excretion data for MK-422 and
422 plus Enalapril (total drug) is given below.

72-hour Urinary Recovery of MK-422 and Total Drug *

Enalapril Maleate (E.M.) E.M. plus Furosemide

Mean + S.D.
MK-422 39 + 4.1 38 + 5.1
Total Drug 57 + 6.3 56 + 5.1
MK-422/Total Drug 0.69 (geometric) 0.68 (geometric)

* expressed as % of MK-422 eguivalents administered



Tabhles:
Table 618-3: Individual and mean AUC (0 to 12 hrs) for furosemide
administered alone and with enalapril maleate.

Table 618-4: Individual and mean 72 hour urinary recovery of furosemide
administered alone and with enalapril maleate. ‘

Tahle 618-5: Individual and mean 72 hour urinary recovery of MK-422 and
Total Drug following administration of enalapril maleate alone and with
furosemide,

Table 618-6: Individual and mean treatment ratios for Furosemide and:
MK-422 urinary recovery.

Figure 618-3: Mean furosemide plasma profiles with and without
administration of enalapril maleate.

Figure 618-4: Mean MK-422 serum profiles with and without administration
of enalapril maleate.

Fim's Conclusion:

1. Single doses of enalapril maleate (10 mg) and furosemide (80 mg) do
not affect the pharmacokinetics of the other agent (to more than 20%)
when taken concurrently.

GDM/dea/kek/smj/2518x (3/14/84)

PEARS THIS WAY
o ON ORIGINAL




Stedey 512

Dr. Leary's MK-421

Metabolic Disposition

Study (#512)

Teble, S12.- ﬁL

Table Il: Metabolic Disposition - Serum

95% Overall
Confidence ANOVA

Multiple
arisons

Varisble Treatment N Mean Std Interval p A-B &-
Maximum serum conc. A 6 90.4 3%.3 149.2, 131.6 - - - -
of total drug (ng/ml)

Maximum serum conc. A 6 59.4 20.3 38.1, 80.7 .001 ®& - -
of L-154,628 (ng/m1) B & 2.2 1.3 0.8, 3.6

Maxim Sef'llﬂ OOHQ- c 6 39-0 270“ 10.2' 67.8 - - - -
of L-154,826 (ng/ml)

Time to peak serum A 6 1.6 0.8 0.8, 2.4 .<.001 * =5 s
conc. of total drug B 6 22.0 14.2 7.1, 36.9

(hr) C 6 7.0 1.1 5.9, 8.1

Time to peak serum A 6 3.5 0.5 2.9, 4,1 <001 &= s s
conc, of L-154,628/ B 6 22.0 14.2 7.1, 36.9

L=-154,826 (hr) c 6 7.0 1.1 5.9, 8.1

AUCy for L-154,628 A 6 682 173 500, BAM  .002 % . o
(ng.hr/ml) B 6 19% 69 127, 211

AUC, for L-154,826 ¢ 6 726 306 405, 1047

(ng.hr/ml)

A= [1IIC]—L-1511,739‘
C = [14C)-L~15k,826

i

t#Significant difference between the indicated treatments, p < .01.
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#512
#6
#503
#518
#555
#110
#168
#53
#524
#27
#23
#17

Appendix 1T

les and Graphs

Order

#570 .
#634 .
4618 -
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Table 1: Dissolution Data
range/sean
Dosage Form/ Dlesolution Test Collection cv, 2
Study / Strengtha Formulation # Apparatus Condition Time (min) (n=6)
555 Capsule/2.5 mg  BO-55-24 * 750 al 10
. Water, 37°
! 10 mg -80~-55-26 * = 10
20
40 mg 80-55-28 » - 10
20
119 Tablet/10 mg 0423 -0CT-026-B01 * - *
523 Capsule/10 ug 80-55~20 A - 15
30
27 Tablet/10 ug 0421-0CT-008-R02 b " *
53 Capsule/10 ng 0421-DFC-001-807 * - A
o Tablet/10 ug 0421-0CT-026-D01 b - *
168 Tablet/ 5 mg 0#21-0(.-1"-025-000‘ L * * -
10 mg 0421-0CT-026-8010) * * . .
20 ng 0421-~0CT-007-D010 * * * -
40 ug G421-0CT-007-2006 * * *
23 Tablet /40 ng 0421-0CT-006-201 * 75C ml *
Water,37*
17 Capsule/10 mg 0421-DrC-001-80) * . 20
Rydrochloro- C0421-DPC-002-B01 UsP 1 900 =l 30
thiazide Capsule/ 150 rpm  0,1W HCL,37*
25 mg
C0870A~-DFC-003-801 - - -
570 Capsule/10 mg 80-55-20 * 750 ml TR ).
. Water ,37°
i X
Propranolol Inderal : use 11 - 30
Tablet/80 mg 50 rpm .
634 Capsule/10 mg 80-55-26 * 750 ml 10
Water, 37*
20
Digoxin Teblet/ Lanoxin UsP I 500 ml dil. 60
, «25 mg 120 rpm  HC1,37°
618 Capsule/10 mg 80-55-37 * 750 ml 10
Mater,37*
20
Furosemide Dryptal USPT 750 ml .OM 15
Tablet/40 ug 150 rpma  Phosphate
Buffer 30
pH 6.8, 37*
/
* "Propoled wethod: 900 ml water st 37° using USP apparatus 11 (paddles) at 50 rpm with
minute sampling, Speciffcations - at least [ dissolution in minutes

i

Enalapril maleate unlenn othervise tndicated
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Fiqure § We ENALAPRIL MALEATE
—t ’ pH vs SOLUBILITY PROFILE
1OODOOOT
S .
0 : .
L 100000~ /
U ? /
B ]
p /
L moooi ‘/
| /
T 1
Y oot /

" ' ‘ . '/O (Not saturated solutior _
G
+ i )
/ 100-- -
M L d
L o—
10 ]
1 2 a 4 & & ? 8 8
pH

~—.— CALCULATED PTS
o EXPERIMENTAL PTS

Enalapril Maleate - pH Solubility

The pR versus solubility profile for Enalapril Maleate
(attached) indicates the solubility of Enalapril Maleate increases
with p. The changes in sclubility as a function of pB can be
accounted for by changes in the degree of ionizstion of the
carboxylate group on Enalapril (pa = 5.35). Using the apparent
fRa for the drug, the theoretical curve fit to the data is almo
shown in the figure, ‘The less than ideal agreement between the
calculated curve and esperimental points is probably due to the non-
ideality of the saturated solutions. The solubility of Enalapril
Maleate is very high sbove pH 6 and is expectsd to change the
nature of the solvent. An attempt to determine the solubility at
P8 B wes discontinued when more than eight grams of waterial
dissolved in one gram of water.




TABLE 2a Tablet Formulations* Used in Bioavailability Study FL6B (10)
 Amount per Tablet (wg) _
0421-0CT-025-C004  0421-0CT-026-ROIC 042]-0CT-007-D0O10  0421-0CT-007-E006
Ingredient 5 mg Tablet 10 mg Tablet 20 mg Tablet 40 mg Tablet
MK-421 5.0 10.0 20.0 40.0 IR

(Enalapril Maleate)

Sodium Bicarbonste
Reagent Crade

Lactose USP !
Starch, NF Corn
Magnesium Stesrate

Mapico Red 347
(Iron Oxide)

Mapico Yellow Light
Lewmon 100 (Iron Oxide)

Assay: MK-421/Tab

Ennlapril Maleate Capsule and Tublet Pormulations For

Table 2b - Bilonvailablility Study Nos. 53, 523, and 27 (11,12,19)
Capsule Tablet
Amount per DFC - hwount _per C.1,
80-55-20 0kZ1-DFC-001-RO7 O IT-0CT-008-R0 2 042-0CT-026-30 1
Ingredient (Study 1523) (Study 153) Ingredient {Svudw 127) (Study 153)
; . -
Mx-421 10.0 »g 10.0 »g Mx-421 10.0 mg 10.0 mg
(Enslapril Malests) (Enslapril Maleate)
Lactose USP ng Sodiuve Bicarbonate mg ' mg
Hydrous Dense Reagent Crade :
Lactose Dutch, ny Lectose USP g ng
70/100 Mesh B0 Meah
Lactose B.P. g Corn Stavrch NF ny ng
Magnesium Stesrste g ) mg Mapico Red 47 ng g
(Iron Oxide)
[N |
Magnesium Stesrate NF mng [ 1]

Assayl




any

Table § ?.L"' 1

Enalapril Maleate Capsule Formulations
Used in M.A. #503, 555, 518, and 570

Ingredient q Amount/Capsule (Eg) -
) t‘ldy'- A Y. Y Y. Y.

Pnalapril Maleate 10.0 2.5 10,0  40.0 10.0 10.0
Lactose, .

Dutech 70/100 Mesh
Lactose, B.P. 80 Mesh
Magnesium Stearate

Dissolution: - 822 892 ) ¥ 4 - 982
(mean of 6) min).  wmin)( =min) min)

Tsble @ ZL-'?.

b\alapr:ll Maleate Tablet Formulations
Used in M.A. "23 and M.A, #110

Amount/Tablet (mg)
_I_nsredient oho oA

Enalapril Maleate 40.0 10.0
Sodiua Bicarbonate (Reagent Grade)
lactose USP

k- Stearate NP*
Starch NF or-Pre-Gelatinized Starch NF

‘in Place of Starch Paste
Purified Water USSPt
Magnesium Stearate NF
Mapico Red 347
Mapico Yellow 1000

Dissolution: 982X 1022
(n=6) ain) min)

* Calculated on anhwydrous basis
%% Used to granulate; not regarded as constituent of final product



Table fiY 2c

+ Enalaprilic Acid Intravenous

Formulations

Used in Bioavailability

Study Nos. 53, 523, and 27

(11,12,13)

1~154,628 (Enalaprilic Acid) for Injection

5 mg/ml,

Amo

unt per ml

0421 HSS 001 BO2 0421 HSS 001 BO3

Ingredient ) Study #53 Study Kos. 523, 27

L-154,628 | : 5.4 mg 5.15 ng

Sodium Phosphate

Dibasic Anhydrous ng ng _

(Added as Sodium Phosphate ng)

Dibasic 12 H,0) : :

Benzyl Alcochol _ - mg mg

Water for Injection ml ml

Assay mg/ml ? mg/ml
APPEARS THIS WAY

-~ ON ORIGINAL



TABLE 2d Quantitative Composition and Dosage Form Characteristics

= Proposed Tormulatton —

Quentitative Compositions of Enslapril Maleate Tablets

: Amount per Tablet (mp)
Tngredient ) S mg Tab, 10 mg Tab, 20 mg Tab. 40 ng Tab

Enalapril ‘Maleate 5.0 10.0 20,0 40,0 .

Sodiwm B carbonate -
(Reagent Grade)

Lactose USP
Stsrch NP®

Starch NF or Pre—gelatinized
Starch NF in Place of Starch Paste

Purified Water USPA®
Magnesium Stearate NF

Mapico Red 347 . . .
(Red Yerric Oxide NF) . -

Mepico Yellow 1000 -
(Yellow Parric Oxide NF) -

Total

4 Calculated on anhydrous basts.
** Used to grenulate; not regarded as constituent of final product,

Dosage Form Characteristice for Typical Lots of Enslapril Maleate Tablets

5 wug Tablet 10 mg Tablet 20 ng Tablat . 40 mg Tablet

Formulation Mo, 0421-0CT-025-C004  0A2]1-0CT-026~B010 0421-0CT-007-D010  0A21-OCT-007-E006

Color . White Rust Red Peach Yellow

Average Assayed
Tablet Drug
Content (mg) 4.82 9.9 19.85 40,1
Content
Uniformity "~

Dis lntegution
Time

Dissolution Time
(% Tablet Dpug
Content)” -
30 min

% Speciffcation — Maximua 15 min-in water st 37°C, no discs.

b Specification - At least I in nl.l\.l



.‘_rabu' ad -1 Fow  K.C Kwan (MSD)

oo Al 44|95 | \DA V618

This is in response to your request on April 4, 1985 to show the
relationship betweep formulations used in biocavailability studies and those
used in pivotal clinical studies of efficacy.

The formulations for the 5-, 10-, 20~, and 40-mg enalapril maleate
tablets that we propose to market are given in Table 1{43)A11 four potencies
have been shown to be similarly biloavailable in Study #£168 « The
same 5~ and 10-mg formlations have been used extensively in pivotal studies
of hypertension and congestive heart failure.

The 5-mg tablet formulation was used in the Multiclinic Dose Response
Study in Congestive Heart Failure (#72, #58, #55, #56, #59, #57, #521, #533,
#568, #567, and #591) and in the Multiclinic Placebo-Controlled Study in
Patients with Chronic Congestive Heart Failure (#95, #97, #98, #101, #99,
#100, #106, #102, #103, #104, and #105).

The 10-mg tablet was used in the Multiclinic Comparison with Hydrochlor o~
thiazide and Enalapril Maleate/Hydrochlorothiazide in Mild to Moderate Hyper—
tension (#29, #30, #31, #32, #34, #33, #35, #36, #37, #38, #39, #28, #40, #41,
#42, #43, 844, #45, #46, #47, #48, #49, #50 and #51).

Capsule formulations (2.5, 10, 20 and 40 mg) were used in the Multiclini€
Dose Response in HRypertemsion Study (#61, #62, #63, #64 and #65). Bioequiva-
lence of the 10-mg capsule formulation to the 10-mg market formulation tablet
was documented in bioavailability Study #53 R

The overseas Multiclinic Placebo-Controlled Study in Patients with
Congestive Heart Failure (#598, #621, #674, #557 and #574) used in support of
a congestive heart failure claim used a S-mg enalapril maleate tablet which
differed only slightly from the market formulation, i.e., 22.0 mg corn starch
vs. 25.3 ag, 168.5 mg lactose vs. 196.0 mg, and 1.0 wg magnesium stearate v8.

1.15 =ug. These differences are insignficant 1in light of the demonstrated
bicequivalence among formulations in the study (#168).

Finally, for your convenience, the locations of the above-cited gtudes in
the NDA are shown in Table 2.(2d-2)



Urs Je DRELLY - rp e kh Jy hIUS

. J. Skelly -3- April ¢, 1935

‘Table 2

Location of Pivotal Clinical Studies and ey Bioavailabilicy | 1
Studies in New Drug Application 18-998 - Enalapril Maleate !

- Study Volume No. Starting Page
Multiclinic Dose Response in Hypertension 319 I-07152
(f61, #62, #6313, #64, #65)

Multiclinic Dose Response in Congestive 3.22 1-0845)3

Heart Fallure (#72, #58, #55, #56,

#59, #57, #521, #533, #568, #567, #591)

Multiclinic Comparison with Hydrochloro—- .24 I-09314

thiazide and Enalapril Maleate/Hydrochloro—

thiazide in Mild to Moderate Hypertension

(#29, #30, #31, #32, #34, #33, #2315, #36,

#37, #38, #39, #28, #40, #4)1, 142, #L3, F44,

#45, #46, #47, #48, #49, #50, #51)

Multiclinic Placebo-Controlled Study in 3.11 and TA-2542)

Patients with Chronic Congestive Heart 3.12 -25499

Failure (#95, #97, #98, f101, #99, ~26073

#100, #106, #102, #103, 2104, #105) -25550
-25616
-25706
-25735
-25860
-2594)
-25984
~26009

Multiclinic Placebo-Controlled Study in 3.113 1A-26195

Patients with Congestive Heart Faflure -26304

(#598, #621, #6774, #557, #574) =-26354
-26420

. ~26440

Bloavailability of Final Market Image 3.333 VII-00018

Tablets (#168)

Capsule and Tablet Bioavailability 3.333 vII-00019

(153}

able 2d4-73

Table 1

Market Formulations of Enalapril Maleace Tablets

40 mg Tab

Amount per Tablet (mg)
10 mg Tab, 20 mg Tabh.

5 mg Tab.

Ingredient

10.0 20.0 40.0

5.0

Enalapril Maleate

Sodium Bicarbonate
{Reagent Crade)

Lactoae USP

Starch NF*

Starch NF or Pre-gelatinized

Starch NF in Place of Starch Paste

Purified Water USPe#

Magnesiue Stearate NP

{Red Ferric Oxide NF)

Mapico Red 347

Mapico Yellow 1000

(Yellow Ferric Oxide NF)

Total

* Calculated on anhydrous basis,
** Used to granulate; not regarded as constituent of final product.



Table 2e

Mvotal Study Dete Besmeary (Mesa Parsmeters)

Enaleprilic Enaleprilie Urina hcwﬁry
Acid . Acid 'E'-'EFITLT‘!L?W “Enalaprillc
Study Dose Toex ty/2 Acid® m-ug;£ Actd/Total
"o, Dosage Tora/Route (ng) (ng/al) (“ (“ + (X Dosw) {X Dosa) Drug®
6 Enalaprilic Acid/ 2.3 — -— —— 2 — ——
1.v. 3 — —— — | ] —— —-——
10 — — ——— 9 —-— —
518 . Capsule/p.o. 10 wg 11.14 as® 62° q
q24hn8 . .
553 Capsuln/p.o. 2.% 1.9 é —— 23 &6 +38
: 10 32.3 ] — 33 32 %2
Enaleprilic Acid/ 3 — — —— 92 | — —
Lova ,

53 Capealefp.0. 10 7.5 3.6, — A2 6t .48
Teblet/p.o. 10 4%.1 3.8 — 40 63 1
Enslaprilic acid/ L] —-— , — — 1064 — —nr—
i,v, ’ . -

168. Tablet/p.o0. 3 1%.3 4,0 . L 36 53

10 3.4 3.9 )] 3 N1
20 70.8 3.2 3% 56 63
‘ &0 123.1 3 » b} | N7 )
Enslaptil Maleste/ 5 16.3 4.0 : » 86 A
fa.v. .
Enaleprilic Acid/ 3 — — . 9 - -
i.v.
: Estimate of bioavailabliliry.

Estimate of minimum absorptiom} total drwg .ﬂlll‘ enalaprilic scid messured after sesple hpirolyels snd nﬁnmn
enslaprilic scid plue enalapril which wee prasent in the sesple.

Approninstion of extent of hypdrolysis; geometric meew of individusl valwes.
EZffective hall-1ife For accumulation,
Cumulative recovary for 8 doses.

Sespsef ﬁ“ S0% of swbjects hed values of more thea 100T indicating sctusl dose sduinistered 1s enderestimated by




TABLE 3

A Sample Standard Curve* for the

of Enalaprilic Acid

Nominal Read-back
Concentration Concentration Z_B/B°
(ag/ml). -
90.7
82.2
72.8
60.2
41.2
28.3
18.5
10.4
7.47
% bound, 39.0
Z NSB, 0.96
Conc. for 50% inhibition, 6.48 ng/ml
* Book 7853 p.251 (file XL)
TABLE 4
Quality Control Data* for
Inter-sassy Intra-sssay ‘
Concentration Concentration cv (X) {n)
Serm®:
Enalaprilic Acid ng/ul 8 (15)
’ [} (15)
3 (13
Enalapril Malestett ag/al & (43)
- 5 {43)
9 (41)
Urlna":
Enalapriliec -Acid ug/ml 2 {68)
5 (68)
9 (67)
Enalapril Maleater® ug/el ] (46)
2 (46)
9 (46)

»
L& I 3 )

Currant ss of June 1983

Expressad in terme of enalaprilic acid
Book 7853-229 (file XL)

Book 7912-81 (file XXIVIII)



TABLE 5

Analytical Methods Susmary

»
Study plological Lover Limft
No. Fluid Assay Method Yor Assay Validity Moieties Analyszed
512 Serua s
Total ! c
Enalaprilic acid#
Urine 14
Total “°C
Enaleprilic acid
Enalapril
Enalaprilic acid*®
Feces = 5
Total 8¢
503 Serum Enalaprilic acid®
Enalaprilic acid*
Urine Enalaprilic actd*
Feces Enalaprilic acid*
518 Serum Enalaprilic acid*
Urine _ Bnalaprilic acid*
6 Serm Enalsprilic acid*
: Urine Enalaprilic acid*®
553 Serum Enalaprilic scid*
Urine Enslaprilic acid*

* Enaleprilic acid is measured both before and sfter hydrolysis, enabling determination of
enalsprilic acid Lteelf and total drug (enalaprilic acid plus enalapril). R
A%  Selected samples,

{con't)
Study Blological Lower Limit
No. Fluid Assay Method For Assay Validity Holetfes Analysxed
110 Serun " Znalaprilic acid®
Plasmat# Enalaprilic mcid®
Urine Enalaprilic scid®
523 Serum Enalaprilic acid#
Urine Enalaprilic acid®
27 Serum Enalaprilic scid®
Urine Enslaprilic acid®
53 s.rua_ Enalaprilic acid#*
Urine Enalaprilic smcidt
168 Sarum Enalaprilic acid#*
: Urine _ Enslaprilic acid#
23 Serua Enalaprilic acid#®
Urine Enalaprilic acid*
17 Serum- Enalaprilic ecid®
Rydcochlocothiaside
Urine Enslaprilic scid®
' Hydrochlorothiaside

% Enalaprilic acid Is wmeasured Goth Efo_n and after semple hydrolysis, ensbling determination
of enaleprilic scid iteelf and totel drug (ensleprilic acid plus emalapril).

** For subjects on hemodialysis.
#4% Lowest conceatration on stsndard curvs.



TABLE 5 (con't)

Anglytical Methode Summary

Study  Biological Lover Limit
No. Fluid T Asssy Method For Aseay Validicy Moleties Analyzed
570 Serua Enalaprilic acid#
Propranclol
(d- and 1-)
Urine Enalaprilic scid*
634 Serum Enalaprilic acid#
Urine Znaleprilic acid*
618 Serum Enalaprilic actd®
Plasas Furosenide
Urine Enalsprilic acid#
Purosenidattd

b Enalaprilic acid 1is¢ measured both bdefors and after sssple hydrolysis, enabling

determination of enalaplic acid iteelf and total drug (enalaprilic seid plus enalapril),
**  Lowest concentration on standard curva.

**%  Measured before and after hydrolysis of the glucuronide.

pEARS THIS WAY



T

TABLE 6

Tablets
TRADEMARK
(VEnalapril Maleate, MSD)
BOW SUPPLIED
Ko, 3412 - 'rablet.si Trademark, 5 mg, are white barrel shaped, compressed
tablets, with code MSD 7]2 on one side and Trademark on the other. They are
surplied as follows:
NDC 0006-0712-68 bottles of 100 (with desjccant)
RDC 0006~0712-28 single unit packages of 100
NDC 0006~0712-58 unit of use bottles of 100 (with desiccant).
No. 3413 - Tablets Trademark, 10 mg, are red, barrel shaped, compressed
tablets, with code MSD 713 on one side and Trademark on the other. They are
supplied as follows: _:
NDC 0006-0713-68 bottles of 100 (with desiccant)
NDC 0006-0713-28 single unit packages of 100
RDC 0006-0713-58 umit of use bottles of 100 (with desiccant).

'No. 3414 - Tablets Trademark, 20 mg, are peach, barrel shaped, compressed

tablets, with code MSD 714 on one side and Trademark on the other. They are
supplied as follows: |

NDC 0006~0714-68 bottles of 100 (with desiccant)

NDC 0006~0714~28 single unit packages of 100

NDC 0006~0714-58 unit of use bottles of 100 (with desiccant).
Ro. 3415 - Tablets TRADEMARK, 40 mg, are yellow barrel shaped, compressed
tablets, with code MSD 715 on one side and TRADEMARK on the other. They are
suplied as follows:

RDC 0006-0715-68 bottles of 100 (with desiccant)

NDC 0006-0715-28 single unit packages of 100 _

NDC 0006-0715~58 unit of use bottles of 100 (with desiccant).
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Toble +

- » Effect of captopril Infusion on serum ementrltim (ng/mt) profile of intravenous
MK-422 in doga. *

Time after MK-423

p Yours i
Dog ¢ Qbose Raptopril 0.5 1.0 2.0 4.0 6.0 24 % A % 12 78
{body wt) ME-422 Infusion :
wg/kg (dose)
. -qlkglday
300538 0.21 -
80-0588(11.4kg) 12.8
a1921 0.21  ——
41921(12.2kg) 10.0
084083 .10 —
084085(8. 2kg) 17.6
520270 0.10 ——
520270(8.Okg) 10.0
65099 0.05. ——
§5099(8.Okg) 20.0
65374 0.05 —o
63374(9. 2kg) 19.2.
Underiimed values are apparent outliers. .-
R %*
7 1,34 . . . ,
1211/369 - b\s?lo\\lu\ a'vo.g\’\\u\\ \) F‘js 3 and .l'\' '
(hx Metab 111 .
7339-131, 132, 148 -
Q@ Metob 111

7339-145, 146

‘robh3 %

Mean serum concentrations (ng/ml) of MK-422 in dogs (n+5) recefving MK-422 i.v. plus or
minus captopril tnfusion. (N’S s)

Hours 0.5 1.0 20 40 6.0 8,0 12 18 .24 3 4 54 712

w-422 X
%50
30-72 v extrapolatien
& (M-422 - extrapolation)

"

M-422 with
captopril
Infus fon

Y - 283 136 5]
p 26.1 18.8 6.

Motebook/Page

m-421 File XIX x
L S W‘“““gw
_ JRES




ﬂgure 2

S Serus concertration profile of MK-422 i.v. with and without

continuous captopril infusion. (Do?s)

1 |

r o | [

O WK =422 6.0 ymole i.v.

o — e WA ﬁ.?‘u:}!“ié:. with
captopr u
[ A, Diﬂmﬂ‘!ﬂﬂ betwpen J0-T2 hr
extrapolation of MK-422 and
=422

—
L=]

8.0—
6.0 )

4.0

Serum MX-422 {ng/ml}

2.0 =

1. 0w
0.8

05 o

0.4 =

0.2 we

0.1

i | I 1 |
0 10 20 30 & 50

Hours after MK-422

8-—4

T‘E‘ Dose of MK-422 administerad. (Bogs )

() = M=422 alone
(+) - m-422with captopril

Notebook /Page
CE Metab IV 7335-297, 298, 315

Dose MK-422
| v 4 A Dog ¢ Wt(kg) (6 ymole) Period |  Period 11
| 142875 11.0 0.19 mp/kg (+) (=)
T&buﬂ 3- 346064 9.5  0.22 my/kg (-) (+)
148684 10.5 0.20 my/kg +) {-)
md Lo 2. 148903 10.2 0.21 mg/kg (=) {+)
149560 1.0 0.19 mg/kg {-) {+)
35041 12.5 0.17 mg/kg () {+)

e
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EEEE. Serum concentration profiles of MK-422 after i.v.
dosage to dogs

w T T T T T T T T 7T T

m - i
100 -~ -
80 - —
w ——
[ —
0 — —
10.0 - —
8.0 = -
-
,!_ &0 = , -
-4
& . 0=y -
2.0— —d
1.0 e
0.8 )
0.6 —
0. i —
02— nr
e.¥
LR Fr T i
0.% 1 2 ] 'y s s
12 kL » Al [ n

fours Tost Dase

. Y
‘One of three doses of ME—422 was administered to dogs. (0.21 mg/kg; 0.10
mg/kg and ¥0.05 mg/kg), Two time scales are used. The upper scale refars
to the higher concentrations cbserved over the initial 6 hrs and the lower
scale refers to the terminal phase.

Points with * are from one animal; all others are the sverage from 2 snimals. .

Figwre %

QIR . Serum concentration profiles of MK-422 after f.v. dosage
to dogs with continuous infusion of captopril, U’"&‘ﬂ
w = 1 I [ D { [ i L
m - —
100 = -
80 = —
@ - -
A - -
0 = A -
10 - pus
0.0 = o
$.0 = -
a0 =~ P
2.0 ™ —
1.0 = -
0.8 "-' -
0.6 =i —
0.5 o= —
0.2 = —
1 :
o1 T 1 1 1 T T 1 1 T©. T T.1
n.s 1 2 3 L] 3 [

ng/mi

Bours Post Deee

One of three doses of MK-422 was administered to dogs receiving & com-
tinuous infusion of captopril for 6 hrs prior to dosage with MK-422 1.v.
and for the remainder of the experiment, Two time scales are used. The
upper scale refers to the higher concentrations observed in the initial

6 hrs and the lower scale refers to the terminal phase. MK-422 doses were
0.21 mg/kg (@), 0.10 mg/kg (&), and 0.05 mg/kg (W).
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-SuplEEg" Binding 6! enalaprilat to pooled human

plasma determined by ultrafiltration.

{Pree)® [Bound} P Totel B/FC L]
0.67 nM 2.3 nM 29%F nM 3.5 78
0.70 2.3 3.0 3.3 77
0.66 2.3 236 3.6 78
3.6 6.4 lo 1.8 64
4.0 6.0 o 1.5 60
3.7 6.3 |0 1.7 63
13 17 30 1.2 55
15 15 20 1.0 50
14 16 10 1.1 53
46 54 lvo 1.2 54
54 46 100 0.87 46
51 49 loo 0.98 49
170 ' 130 300  0.79 4
150 150 oo 1.0 51
170 130 200 0.7 43
590 410 iooo 0.69 41
600 400 1000 0.66 40
580 420 1000 0.73 42

Linear regression of B/F vs B for the two lowest
concentrations yioldcd:

K4 = 2,2 nMC

Capacity = 10 nM®

Linear regression of B/F vs B for the throc highest
concentrations yioldods

K4 = 1.5 M€

Capacity = 1.5 w®

& cConcentrations were determined directly on
ultrafiltrates using DM-019 (enzyme inhibitien).

P calculation on basis of total concentration
added to sample and free concentration.

€ petermined using unrounded numbers and therefore
may vary slightly from values calculated using
values in table.

b

Table ||

~hmmisenld. Binding of enalaprilat to poocled human
plasma determined by equilibrium dialysis.

a c

uyof] {Bound] Tota B/F \B
1.3 nM 3.4 M 43 2.6 72
1.4 .1 Y5 2.2 68
5.9 8.3 42 1.4 39
5.9 8.1 4 1.4 58
21 17 3% 0.82 45
20 20 Yo 1.0 50
22 17 3 0.78 44
76 48 1y 0.64 39
79 43 122 0.55 35
260 88 349 0.34 26
230 130 360 0.58 37
880 240 lizo 0.28 22
880 240 itn 0.28 22

Linear regression of B/P vs B for the two lowest
concentrations yielded:

K4 = 5.1 nM€

Capacity = 15 nu®

Linear regression of B/F vs B for the three highest
concentrations yieldod:

Kd = 0.72 M€

Capacity = 0.46 S

Concentraticns were determined diroctly on
dialysates using DM-019 (enzyme inhibition).

Calculation on basis of total concentration
added to sample and free concentration.

€ Determined using unrounded numbers and therefore

¢ | - DAy vary slightly from values calculated using

 va ues in table,




i ) | !
§ - -
M, Binding of enalaprilat to pooled human plasma as determined
by ultratiltration.
q - -
Kd = 2.2 it
Capacity » 10 m
k B o
~
-
—_—— -
v Kd = 1.5 pn
,\I Capacity = 1.5 pn
£
’ —
a} . .
~— h—
| T ] J | T
L) 100 00 300 400
Notebook/Page: 7398/383-384 Bound Enalaprilat (nM)
3
(\ WAL
! | | |} | 1 I

Abgoummb. Binding of snalaprilat to

pooled human plassa as determined
by squillbrium dialysis.
§
k B )
o Sy bindins)
s [} (hahogpady
Xd = 5.1 nN
4 Capacity = 135 nM —
N 2 i
y
& (lowo Whu&«j)
—g 111 kd » 0.72 pn ! -
@ :' ° . Capacity = 0.4%5 pn
~ ' ——
L)
i
¢ ! ] | | T
0 100 200
Notebook/Page: 7398/391

Bound Enalaprilat (nN)
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Table. 5(2-3
-

- Material balance: uCi of lecag-s21 excrated in urine and fecas (dose = 10.968 JCi).

(Dieey “Cticwnd )

Subjeer =~ Period

1=1 2=2 3=3 4=3 =2 6-1 Mean + 5.0,
Orine
0=2 ar 1.25 + 0.49
2mds 1.49 * 0.47
Le=§ 0.9 + 0.22
-8 0.72 + 0.16
8=10 0.32 s 0.14
10-24 0.81 + 0.36
day 2 0.23 + 0.14
3 0.G7 « 0.02
& 0.0k + 0.02
5 0.02 = 0.01
[ 0.02 + 0.01
7 0.02 + 0.01
) _ Total .17 + 0.%
2 of dose 56.2 =+ 8.49
Feces
day )
2
3
&4
5
]
2
Total .95+ 121
2 of dose 6.9 =+ 11.06
Orine + Fecas 3.12+ 0.9
I of doas 83.1 &+ .10

a.5. ®* a0 sample
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. MK=421

Bioavailability Study
M.A, #512; D.M. #3236 -

Toble & 5 l__;-+

WD, Haterisl balance: pCi of 1é¢-1-184 628 axcrated in urine and Isces {dose = 10.3% ACL).

(Dot w15 a0 JolMk-upo.)

Subject = Pariod !

1-3 =1 3=2 h=1 5=3 6=2 Maan + 5.0,
Prine
0-2 0.04 + 0.02
24 0.04 + 0,02
m 0.08 » 0,15
é=8 0.0l + 0.00
3-10 0.012 0.01
(=12 ©.07 + 0.07
dry 2 0.09 + 0.04
3 0.05 + 0.03
& 0.04 = 0.02
5 0.03 % 0.02
6 0.02% 0.01
? 0.02 + 0.01 -
} _ Tetal — .- 0.48 ¢+ -0.27 - _
Z of doss 4.7 2 b -
Tecas -
day | 5.5 = 388
2 1.3 ¥ 0.6
2 6.2 + 0.0
& 1.1 & 2.67
5 0.1 + 0.18
(] 0.1 = 0.20
7 0.01s 0.01
Total §.3% + 2.2
Z of dose 8.3 =210
Orine + Faces ' 8.0+ 2.2
2 of o 5.4 217
B.5. * mo sample . -
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Table 5(2-5

Concentration (ng/mi) of L-156,628 in serum of human lubjects.duled with lécox-421.

Hours After Dose

Subject Period Aseay(®) 0.0 0.5 1 1.5 2 3 & 6 8 10 4 26 48 72 96

[}

120 144

1 1 Free
Total
l4p

2 2 Free
Total
l4p

3 3 Free
Total
l4p

4 3 Free
Total
lﬁc

5 2 Free
Total
lag

6 1 Free
Total -
lap

{a)Free drug is the concentration of L-154,628 before hydrolyesis ’ -
Total drug is the concentration of L-154,628 after hydrolysis
C is the ng-equivalents of L-154,628 calculated from the specific activiey, 1.279 yCi/mg. )

n.s. = no sample

Toable ,‘ 511~

m :
Concentration (yg/ml) of L-154,628 {n urine of humsn subjects dosed with léc-ux-471.

Subject Period Alll,(.) 0-2 2-4 &-6 6-8 B8-10 10-24 Day ! Day ) Day'b Daey 5 Day & Day 7

1 1 Free
Total
l4¢

2 2 Free
thll
l4g

3 3. Free
Total
Iag

& 3 !t;e
Totel
l4¢

5 2 Free
Total
lag

6 1 Free
Total
l4g

(2)rree drug {s the concentration (pg/ml) of L-154,628 before hydrolysie.
Total drug is the concentration after hydrolysis.
l4¢ {3 the concentration in L-154,628 equivalents calculated from the specific activity, 1.279 JCi/ng.
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T&ng ? Slq_-q- Observed Maximum Serum Con?zxtrations (C_..) of Total Drug*

and L-154,628 Following 19C-L-154,739 Administration,
and of 1L-154,628 Following L-154,628 Administration,
and Times (T ,,) at Which They Were Observed

_ Maey1s4,739 1oy <154, 628
Total Drug L=-154,628 _ L=-154,628
Sbgect (Bgal)  BF  Gho &S O &
1
2
3
4
5
6
Mean  90.4 1.6 59.4 3.5 2.2 22

* 1-154,628 plus “L-154,739"

Toble € 512-8
[ ]
AUC. (ng'hr/ml) fpr L-134,628 Fol]ﬂnng Oral Administration
o (we'hr/ml) ~L-154, 628 and L4C-L-154,739
AUC'B
Subject lhcoy-154,628 lagoq154,739
l -——
2
y-
&
5
6

Mean 199 682
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Srwdey * 51 | —

MK-421

Bioavailability Study

M.A., #512; D.M. £336 -
Toblke § 512~9
——

GRS Thin layer chromatography of 0-24 hr urine from subject(a) '
dosed with lac-Mr-421.

Rf values (X) in solvent systems (b)

1 11 IT1 v !

Urine 0.65 (38) 0.70 (4) 0.59 (43) 0.37 (60)
0.59 (59) 0.64 (39) 0.47 (57) 0.23 (60)
0.49 (2¥ .57 (53)

0.43 (1) 0.47 (3)

0.41 (1)
MK-421 0.67  0.65 0.56 0.37
L-154,628 0.59 0.56 0.45 0.21

- “(l)subject No. 2 (period 2), | 7 )
(b)gee Methods T -

Toble B512-10 - o T

Urinary and Fecal Recoveriff* of Rnd:loacrjifity Following

Oral Administration of C-L-154,628, ‘“C-L-154,6739
' and 14-1-154 826
Y4¢1-154,628 lhoope1ss, 730  léeor-yss 826
Subject Urine Feces Urine Feces Urine Feces
1
2 .
3
4
s
6
Mean 4.6 80.7  56.1 26.9 27.9 55.9

* Expressed as percent of adminigtered radiocactivity, basad on IM
dosage form assay values (see Table 2).



Individual AUC Values for MK-422 (nghr/ml 1B _
-~ Following LV. Doses of 2.5 mg url?.uz’z ! —_— Individual AUC Values for MK-422 (ng.hr/ml) ring
LY. Doses of 5 mg MK-422 isn 12 Healthy Volunceers

in 12 Healthy Volunteers

193 2 181

K AIC for extrapolated portiom. . ...
* Coomatric Mean ) '

E - E
Sabject AUc, auct Alx::-nm‘ A 1002 Subject  ADCT axcE ac=-anc® At o
[} ot . -
AvC; ATC
[-]
1 - 1
E 2
3 3
& s
s : 5
6 ' | 6
7 7
] s .
’ 9
10 10
11 11
12 12 .
" Meam R Y4 - 108 78 274 Mean 629 100 538 138
8.D.4& 49 28 40 S.D.& L 5] 24 80
B 4 for axtrapolated portd.n"- : :_.ll: for extrspolated portiom,
* Geometric Ness. Individsal AUC Values for MK-822 (ng.hr/mi) Following ometric Nesn.
1 C, LV. Doses of 10 mg MK-422 In 12 Healthy Vojunteers
w
g E
Subject  AUCS ancE ATt AZE. 00z
° ° R :
[ -]
1
2
3 —
: <
5
: e
7
s B q
9 -
10
! - r =
v
Mean 1202 120 1082 10 €
.04




Studutb

-—f% Individual Urinary Recoveries of MK-422 (% of Administered Dose)

Foliowing LV. Doses of 2.5, 5 and 10 mg of MK-422
in 12 Healthy Volunteers

TABLE § 6- -
Subject 2.5 mg 5.0 mg 10.0 mg
X -
2
3
'
5
6
7
8
9
10
11
12
Mean 92 © 96 93
S.D.% 10 7 9
* Incomplete urine collection. -
*% Missing data,
- . lllncmiclua;J Renal Clearances for MK-422 (mi/min)
- ollowing LV. Doses of 2.5, 5 and [0 of MK422 ~
T‘*"ﬂﬂ- ’ 6 3 in 12 Hea.lth;-.Volmteersmg K-z
Sub ject - 2535  \ 5.0 ag 10.0 ng
1 —_
2 .
s _
&
. .
6 -
7 ’_-
)
9
10 .
11 -
12
Mean 137 155 152
28 30 28

8$.D.%




St

Mean Serum Concentrations of MK-422 (L-154,628)
{ng/ml) Following LV. Doses of 2.5, 5 and 10 mg
MK -422 in 12 Healthy Volunteers

Individual Slopes of MK-422 Serum Profiles (hr™))

_ Following LV. Doses of 2.5, 5 and 10 mg of MK-422
Tle -5 B Healthy Volmteers =

Observed Terminal Slopes**®* of 1~154,628 Serum
Profiles Following Intravenous Administration

Subject . 5 ng 5.0 ug 10,0 mg*

efod L ¥ ENE YTW Y FY TP

Maan 0.0189 : 0.0195 0.0192
SeDed ' . .0.0036 : 0.0034 0.0041

e pl . | .
*% Determined by linear regression of last 3_03.' 6~ data points.
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MK421 STUDY #6, DM#3I4S D & .
| NS aes l
i 6
; 1 ! SEH“H u}NC. L—I54.623. NGIHL. -
' 8§ D . -
luEQ __TIME POST-DOSE ' ‘ - '
J E 0 10/ 204 .30 60 1.5 2H  4H &H H  12H  16H 244  36H 484  oOM  72R
1 20 ; B - _“
‘2 40
3 30
‘410
5 40
6 30
! Jo
20
9 30
40 30
m 20
12 40
1 125
2 12.5
EX
4 225
5 1 2.5
6 t 2.5
7 22.5
o 125
9 2 2.5
0 1 2.5
TEREN
12 ) 2.3
MEAN = 174.6 142.2 115.8 78,9 54,7 43.6 4.4 8.9 4.3 2.4 1.6 1.4 1.1 0.8 0.7 0.6

S.0, = 30.99 |6.6_3 14.63 12.94 11.88 10.01 4.071 2.61 .49 0.37 0,30 0.33 0.22 0.19 0,35, 0.16

TRT ¢ =

TTY—3R

cot# "H'C {9 V'R

1$600~TIA"



Ty~ ™ d\
U \\ “ !
c;i
- ?
] 5
| iNK421 STUDY #6, DN2345 Y ~$
l I Crrr ]
N SERUM CONC. L-154,628, NG/ML. z
T
.5 PD ' P bt
jy e TINE POST-DOSE . .
18 WS —— - ————e
II J E 0 104 20 304 60’ (I.5H 2H 4y 6H UH 12H I6H 244  36H 484  &OH 24
{1135
’ 225
3 2
1338
‘' 28
.6 258
7 38
4 35
A )
0 25
TN :
',IZ 25
MEAN = - 309.7 270.5 233.9 170.3 117,0 92.5 25.% 5.1 6.0 2.8 2.0 1.4 1,0 0.1 0.6 0.5
' 5.0, = 68.69 47.66 32.68 23,40 24.74 20.14 T.84¢ 6,25 331 0.82 0.5 0.42 0.26 0.8 0.i17 0.12
I 410
2 310
3 410
L4 4 10
': 5 310
'; 6 410
'] T 410
" 8 490
19 410
P10 410
il 410
12 310

"MEAN = 0.1 Ti4.1 596,06 404.0 333,2 249, 178.4 46.6 24.5 9.0 3.6 2.4 1.6 el 0.9 ‘0.6 0.6
S0, = 0.3 102,64 65,20 67.22 55.3) 49,32 45.4% 15,56 8.26 3.95 1.3 0._49 0.24 0.23 0.20 "0.12 0.12

'@ INDICATES NO OR INSUFFICIENT SAMPLE L ' ‘ _,
(. ' L A |

Am TS T

1=

SveEd "R°A 94 V'R

§S00=IIA

ki
LY



« ) - T T V11e00%4-
SICAL |

ME-421
M.A. #6; D.M, #345 JRE-
~ '
T Tole -7+
1000
4
06 hours
100 ]
-y -
2
£ g'. .-
( g
{ % 107
| s ]
‘ - p
\ '5 b
§ o
; -
- : £72 hours
rd 1-'
] ME-421: M.A. #6; DM, $345
T Serum concentration L-154,628 ng/ml
.0 10 wg L.v. )
Q Swugi.v.
d ® 2.5mgi.v.
12 2 3 48 s 7
0.1 v v . A
1 2 3 4 L 6
(( Hours Post Dose

==t mmiao— e e e - - L




__?Jf“'ﬂ_"{}b Table §6-8

MK42| STUDY #6, Dl“.'MS--URINARY EKCRETI()N

MRICROGRAMS L-l54 628 EXCRETED IN THE PERIODS SHOMN
TOTAL IN NILLIGRAHS

HOURS

|
&1
&

PER DOSE PRE 0-I -2  2-4 4-6 0-8B 8-24 24-36 36-48 48-72 72-96 96-120 TOTAL

- ——  pmnn

NmD O ~NOVA WA —
F STRERY .S RN RN .8
oo

mmmlummmw&mruu O0O0QOOQOOQ

L1 2.8

2 1 2.5

3 | 2.5

4 2 25

5 1 2.5

8 1| 2.8 -
7 2 2.8

8 1 2.5

9 2 2.5 _
o 1 2.5

I 1 2.5 -
12 1 2.5

T Ihse 573 323 15, v foY
HOURS

SUS PER DOSE PRE O-1 1-2 2-4 4-6 6-8 8-24 24-36 36-48 48-72 1296 96-120 TOTAL

i 35

2 2 5

325

4.3 5

5 2 §

5 2 8

7 3 8

g 3 5

9 1 B

0 25

1 3 5 )

12 2 85

- .

I 4 10 ~

2 3 10

3 4 10

4 4 10

5 3 10

5 4 10

7 4 to

8 4 10

9 4 10

10 4 10

i 4 10

12 3 10

% 4163 2123 1493 39 285 282




Studyy 503

Toble £503-1

Observed Maximum Serum Concentrations (C

) of Total I~154,628, 1-154,628
mx) at Which They Occurred

and MK-421 (by Difference), and Ti-es"(

v
1-154, 628

(M)
Total L-154,678

MK-421 -

C t
(:H-l) (h:‘i:gn)

-
NSO @ NAWK WM -

of
B

(+21.5)

~~
N

(£135)

Table @ 503-2

ae]? (ngehour/ml) for 1-154,628 and 1-154,826

1-154,628 (MK-122)

1~154,826

'

{

et s
efol-gt Y R AT R

687
(t329)




Studuy ¥ 603

Urinary Recovery Expressed as Percent of Administered
Dose of MK-421% and L~-154,826

-
do\e §503- abject Total 1~154,628+# 1~154,628 1-154,826

Woes~NoWn WM -

Mean &3

HEAN) (+ lg-l) (£ so.lj (gig.b)

* Equivalent to 6.9 mg of 1~154,628

#* That which was excreted both as the free base of MK=42] and as
the active diacid.

Table ‘503"‘"(' Renal Clearancest (ml/min) of L-154,628 and 1-154,826

ﬁ

Sub ject I~154,628 _ 1~=154,826

1
2
3
&

-5

-6
1
8
9

10
11
12

Maan 158 106

(S.0.) (* 46) : (£13)
]
t
* Renal Clearance = [Urinary Recoveg] t
[]
Auct

t




Tobla 503-5

SEHUNM CONC. OF TOTAL ORUO. AS L-1%4,620,.N0/AL
) HOURS

5uBJ 4] 0.2% 0.5'_ 1 1.5 2 3 L} ] [} ] 10 24 48 12 v4 AUCID—"JZ)
- e mimmy 7 .

3

6

7

]

10

]

3

4

1]

"

12 .
M= 0,52 1.69 28,92 52.26 51.55 47.9) 44,48 30.82 20,74 21.12 16.13 4.12 1.36  0.98 0.96 5%9.) - -
S«  0.,12 D.)8 5.60 48.42 5,79 5,28 4.8% 349 297 ),82 1.49 0.5 0.14 0.00¢ 0.07 d!_._”

Tahle $503-0 -
EXPNESSED AS Letbe.a2d, NOTMLY L :
HOURS .

Se) © 0.25 0.% ] 1.3 2 3 4 ) 8- 10. 24 48 T2 98  AUCLO-12)
5

]

!

8

0

1

s .

v

1 .

12

Ne 0,12 1.26 21.94 44,82 32,30 19.54 6.88 0.74 0,30 ~0.02 -0.86 O.(F 0.07 0,05 0.00 688
Su

0.03 .0.34 5,60 4.94 1,77 238 1.5% (.38 0.89 0.43 0.4 0,10 0,06 0.04 0.0! B. 04
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Fiﬁm $503-1

30~
1
a0
Flgers 1. L~154,620 Sarun Prefilte Following Crel
.i. Aduinistration of MK-421 (10 wg)
a0
-
3
!
E 20
a
10 -
9 1 T 7 T 1 T T T ¥ -
] ] 14 % n 40 L ] b [ 1] b}
Time (Moure) -~
Toble ¥ 503-7F
SEWUN CONC. OF L-154-620, NO/NL, .
, ' - HOURS . _ '
vl 0 0.23 0.5 0 1.5 2 3 4 6 . 10 24 48 T2 96 AICIO-12)
> v .
5
6
' .
8
10 -
9
1
12 -
Tme 0.40 0.40 0.98 7.4 10,24 20,40 37.62 .30.06 29.0% 21.73 16.99 .4.00 (.49 0.93 0.9% 4903
S=  0.10 0.10 4.78

.30 9.54 4,32 2.40 1.60 1.60 0.9 0.12 0.07 0.12 43.93
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URINARY EXCRETION:L-154,628, MICHROGRAM.

Toble @§503-8

HOURS
SUSJ 0-2 24 4-6 | 68 8-20  10-24 zeeas aasiz ronii
P - - —— - .
5
6
/
8
10
!
3
4
9
"
b2
W= 152 66l 593 . 454 308 562 168 66 2970
. G= kT 86 42 22 16 61 23 3199
Table. § 503-9
URINARY EXCRETIONtTOTAL DRUG AS MICROGM L-154,628.
HOURS _
SUsJ 0-2  2-4  4-6  6-8  B8-20  10-24 24-48 4972 TOTAL
- - -
5
6
T
s -
10
1
3
4
9
"
12
T M= 932 1092 o049 450 305 553 184 63 4234
S= 106 90 a“ 22 te 50 22 4 233




Btuduy %519
Toble  518-1

K420 MA#S{BY DNO34D
SERUM CONC. L-154,028, NO/ML..
DAY | ONLY. AUC TO 24HRS,
o HOURS, DAY |

SUB PER DOSE 0 0.5 | 2 3 4 s 4 * 12 15 22 24  AuUClO-24)
I 110
2 (10
J 1o
a4 110
5 11
6 | 10
1 110
8 110
9 110
10 110
n tio
12 110
NEAN® 0.0 t.1 1.2 27.6 33.7 34,1 26,0 17.8 1.8 6.2 j'-Lz.v 2.4
- - 7
value
‘nelud -
in meary
Talle 518-2-
MKX4210 MAZDI8Y DNRIAT,
SERUM CONC. L-154,628, NG/NL.
DAY B. AUC 0-24HRS DAY 8 OMLY.
HOURS POST DUSE (DAY 4)
SUs PER DOSE O 0.5 | 2 3 4 P o 12 I8 2 24 AUC 0-24
1 110
2 (10
3 110
4 110 -
5 .| 10
6 t 10
T 110
u 110
Y tl0
o0 110
" 110 .
12 140
NEANe 3.4 3.0 15.6 31.3 38.0 34.0 26,6 17.9 9.0 5.9 3.1 2.9 )

-
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Teble SiB-3

Urinary Recovery* of L-154,628 (mg) Following
Administration of 10 mg MK-42], P.0.

Subject 1 2 3 4

[y
NHO\DO‘JO\M&-UNH

J

2.41 3,28 3,15 3,06

3.13  3.53 3,03

2.67

r

* For a dosing interval, i.e., 0~24 hours.

(=) Incomplete data.

Toblae, SIB-4

Minimum Serum Concentrations (

'~ for Each 10 mg Dose of MK=&21

o)* of 1~154,628 (ang/ml)

Subject 1 2 3 &

3 6 7

[
S Ll ARl Ll

2.4 2.6 3.7 3.0
(3.1)%e

]

3.6 3.1 %4

2.9

* 24 hours ‘post drug administratiom.

** Subject 10 omitted from mean.
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able S18-5

[
Mo P®NRAU SN~

]

Toble 518-0

MK421s MA#5183 DM#347

* Expressed as percent of admiaistered 1~154,628 equivalents i_
(based on dosage form assay values).

wt From zero hour day 1 to 96 or 120 hrs (subjects 7, 11, 12) _
following last doss.

(=) Incomplete data.

URINARY EXCRETION, L-154,628, MICROGMS(SUM =NGS).

DAY & ONLY.

UB PER DOSE O-I

||
— ek damy P gt G T e g Bt e A

NZOO@~NOU AN~

— s

10
i0

Urinary Recovery* of L-154,628 Following
Administration of MK~-42l, P.O.

(?r25 hr)

HOURS POST DOSE DAY 8

12-24 SUM



L-154,628 %erum Concentration (ng/ml)

10

rPigure 11 Hean L~1%4,620 serum profiles following
once daily sdministration {)of MK-421
. 10 mg capsules p.o. for 0 days.

(0 - valus for subject 10 omitted from

0. wmean for Day 3).
10—~
4 -
-
1 L 1 L] 1 1' L) ¥ L 1 ¥ !! L] L T L] ¥ T T r—
0 12 18 20 H 8., 12 9% 120 144 180 172 176 180 184 160 192 -
- - 2
-
1 t A T A R O -
-]
(-]
Tine (Hrs) ' 2
=

APPEARS THIS WAY
ON ORIGINAL



3t udn*E53
— J | Maximm Serum Concentratioms, € (ng/m1), of Enalaprile

and Bwes at Which They Occurr:?.: ‘t.’ (hour), Following
TG\LEE 555-1 Ora) Administration of 2.5, 10 and 40 mg

Enslapril Maleate Capsules

. Enalspril Maleate Capsules _
- 2.5 mp_ 10 mg . 4wy
Bubject Caax Thax Casx Taax Conx Tax

TN RN T R

¥Mean 17.7 1.0 71.0 0.9 299.3 0.8

-—

* Obtained by difference between total drug and MK=422 gerum
profiles : ' . :

Tab -

_- Observed Maximm Serum Concentratioms, Caax (ng/ml), of
MR=~422 and Tmes at Vhich They Were Cbumtr. 5. (hour),
Following Oral Admtnistration of 2.5, 10 and 30 mg

Eoalapril Maleate Capsules

Enalapri{l Maleate Capsules
2.5 _®g 10 = &0 mp
c-x :x

s‘_.’b-" et Coax  Thex Caax  Tmax
1
2
3
&
5
6
7
8
9 C
10
11
12

Mean - 5.9 6 32.3 & 149.8 3



by 2555 Table 555-3

AUC _ (ng.hr/ml) for MR=k22
Folli®ring Oral Administration of
2.5, 10 and _&0 ng Enalapril Maleate Capsules

Fnalapril Maleate Capsules Rﬁ;x O-S Lto /
Subject Z S mg | 10 »g 40 ug 195‘5 5 (M
1 - _ -
2 __ -
3 _ S S
i . _ —_—
p B . B
. IR . -
T - - —_—
8 - - -_
9 - ——
10 - _
11 - -
12 - —
Mean 158 423 1443 a3 — 1 —

($.0.) (£3%5) (£32) (z413.5)

Tal\e 5884 - aoc_, aoc™ ane TAoc__ ~ Act)

(ng.hr/al) for MP~422 Following 1.V. Agmtntstration
of 5 mg MK=-422

Subject ATC Auc® (AvC__ - ATc”)

Mean 767 125 642

Predicted Mean 719 107« 612
(from regression
lines, Figure 4)

* AUCT & Area under the terminal phase of the serum profile
extrapolated from time zero to infinity.
*% Equivalent to the vartical distance between the parallel lines
(1i.e., the intercept).



S{\.L.AH X559 Dral Urtnary Recovery of Dtal Drug® Following
Orsl Administration of 2.5, 10 and 40 mg ‘T’A%L
Enalapril Maleate Capsules
585- 5

Enalapril Maleate Capsule
Sub ject 2.5 mg 10 mg 40 vp

N LT Y B PO

10
11
12

Mean 46 2 33
SD. (8D *}m(!@?) £12,3 (249 *!es(saﬂ

& Expressed as percent of ldn:lniltered HK-&ZZ equivalents ‘

(based on PRED asssy values) and romded to nearest percemt. o
b Onitted from mean. -
€ Missing data -

-—r bLﬂ- Total Urinary Recovery of MK-422" Following Oral Administration
(1% of 2.5, 10 and 40 mg Enalapril Maleate Capsules and
55 s_ ‘o I.V. Administration of 5 mg MR=422

Enalapril Maleate Capsules ) ME=422 1.V.
. Subject 2.5 ng 10 ng 40 [T ¥ ng

Ll l !
N BN RC N NP NN

[
N -0

of

28 33 36 92
8D4S) 2 2S(3%, £ %ib (2¢%) £133(3% 1330 (3.67%)

Expressed as percent of aduministered MK=422 gqquivalents
(hased on PRED assay values) snd rounded to nearest percent.
Omitted from mean.

Onitted from mesn for oral treatments.

Hissing data.

an o
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A ]

Toble 555-F
Enalapril Maleate 2.5, 10, 40mg Capstiles

-4 SN T, /)

PSP I T TN T DRSNS IO A TN N TN Y T T TN BN |

R EEEEEEEEEEEEEEEE

TINE pON

Toble 555-8

AT FOR MK-422 ¥S. FDISE
iy Bmdar) it 1.1




Enalapril Maleate
D.M. #384, M.A. #555 L Y

T‘a.lo!g. 555-9

Ratio of MK=-422/Total Drug® for Total Urinary Recovery
of Drug Following Cral Adminigstration of
2.5, 10 and 40 mg Enalapril Maleste Capsules

Enalapril Malezte Capsules

Subject 2.5 ng 10 mg 40 mg

\Dm‘-lU\Ulbu‘UNF'

—
N = O

GeometTic
Mean .58 .62 . 065

; Calculated from actual mg recovered.
Oritted from mean.
€ Missing data

VII=00917




;ori
(n=9)

'fa.-ﬂ

"ﬂ#’)

MK—421
Study No. 110
Dr. Lowenthal

Figure 1101

Mean Serum Profiles of Enalaprilic Acid (EA)
Following Oral Administration of Enalapril Maleate
to Patients with Severe Renal Insufficiency (Group 1)
and Moderate Renal Insufficiency (Group 2),
and Subjects with Normal Renal Function (Group 3)




Table (10-1

AREA UNDER THE ENALAPRILIC ACID PLASMA CURVE FOR
0 TO 6 HOURS FOLLOWING ENALAPRIL MALEATE ADMINISTRATION--
GROUP 1--SEVERE RENAL INSUFFICIENCY

Revised 7/25/83

., AUC (-6 Hours (ng.hlmlg
Patient Without Dialysis alysis**

1A
18
1c
10
1€
If
16
H
11
1
Median® 321 149

**AUC--0 to 6 hours--significantly lower than during
enalapri] maleate therapy without dialysis, p<.0l.

lexcludes Patient 1I.

NOTE: Patients were dialyzed for four hours beginning one
hour after drug administration.

Tob\e [10-2-

AREA UNDER THE ENALAPRILIC ACID SERUM CURVE FOR 0O TO 48 HOURS
FOLLOWING ENALAPRIL MALEATE ADMINISTRATION--GROUPS 2 & 3

GROUP 2 GROUP 3
Mild to Moderate Renal Insufficiency Normals

AUC 0-48 Hours

AUC 0-48 Hours

Patient {(ng.h/ml) . Patient {ng.h/m1)
27 W
2B (38
ac 3C
2D 3D
2F 3t
26 : 3F
Z2H 6
2L - 3R

31
k)

Mean 1986%* Mean® 409
S.Dh. 1430 S.D. 96
953 C.I. (790, 3181) 95% C.1. (335, 483)

Moderate Insufficienc_y2
Mean 2497w+
5.D. 1267 ‘
95% C.I. (1167, 3828)
} Excluding Patient 38 -

Excluding Patients 2A and 2C.
** Significantly greater than normals, p<.0l.

i

allw "Ys




v,
Tobla. (10-23 ,
SR - ¥
ZERO TO PORTY-EIGHT HOUR URINARY RECOVERY® OF ENALAPRILIC ACID AND TOTAL DRUGZ a3
FOLLOWING ORAL ADMINISTRATION OF ENALAPRIL MALEATE--GROUPS 2 & 3 So -
[ Y
Mild to Moderats Renal Insufficiency - Normals - 19]
Patient.  E.4. .. ' Total Drug (ID) EA./TD  Patient E.A, Totsl Drug (TD)  E.A./TD ;_
24 A T2
] 7 o
¢ i 24
1 n e,
a2y e
2 3r
m %
21 M ‘
3l |
1 |
Mean » 4w SOk Mun~ 40 62 .64
8.D, 13 17 - 5.D, s 8 -
958 C. 1. (19,81) (2%,32) (.71,.95) 95 C.1,  (36,44) (57,68) (.58,.71)
Hoderate l)nl!3
Maan 30 kL R
8., 13 19 : -
95% C.I.  (1A,46) (15,55} {.81,.97)

1 Percent of adainistered enslaprilic acid equlnleni:n.
Enalaprilic acid measured after sample hydrolysin, representing that which was In the sasple as
enalaprilic acid fteelf and that which was present as enalapril.
Excluding Patients 24 and 2C,

Excluding Patient 3B,

** Significantly differsnt from normals, p<.01.

E.A. Enslaprilic Acid.

ne0tT0=IIA
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Tabla 1O~ 4

URIRARY EXCRETION RATE OF ERALAPRILIC ACID {vg/h} FOLLONING
ORAL ADRINISTRATION OF ENALAPRIL WALEATE-- 23

Mild to Modsrsts Remel lmsuffictency - Time Peried {h) Normals - Time Period (N)
fattent 0-4 4-8 - 812 12-24 24-4 Pationt 0-4 -8 8-12 12-24 24-49
1) ']
n »
iy x
2 »
F 3
2 ¥F
] x
21 k)
N
1]
Mean g5 112% % 0 17 Neoe? 186 8 122 » 5.3
3.9, 87 58 5 2 13 1.8, n % » 12 2.9
BECI. (3,100  (81,06)  (30,130) (32,93} (€.27)  #3C.1. (110,250)  (200,255)  (93,181)  (0,48) (3.0,%.9)
Moderats Only® '
I P e n o
5.0, 10 5 o I 12
$ECL (L) (38,180)  (n,8) (1) (7,33 Revised 7/1/83
; 0-12 hour sample, aot included In mean.
H Excluding Pationts IR and 2XC. -
Exclwding Patient 3. §
"0 Significeat)y differant from normals, pc.0S, p<.01, respactively. _
MOTE: WY = pe veid.
CLAT « balow assay Vimit, considared to be 2ure. -
Table. [(0-5
URINARY. EXCRETION RATE OF TOTAL ORUG smmmc ACTO AFTER SAMPLE HYDROLYSIS)
fvy/b) FOLLONING ORAL ASMINISTRATION OF ENALAPRIL WALEATE--GROUPS 2 § 3
A1ld to Modurate Remal Insufficiency - Time Peried (h) Normals - Time Pertod (h
Patfent 0-4 4-8 5-12 1 8-48  Patlent 0-4 4-8 8-12 12-24 20-49
n N
n »
o x
n »
2F *x
2 ¥
Y %
21 »
]|
N
Mesn 1680 14ges 2 1] 1 Meoa? 548 251 2 » X
S0, 154 1] 0 3 1 5.0, 160 N 1] 1? 3.9
$1C.L. (16321) (79,2000 {32,143} - (32.99) (6,21} s3cC0. (20,6  (21,28)  (95.159) (30,40) (3.5.0.9)
Noderste Only® -
Win L yes 1248 ] [ 00

5.0, 9 7] 6 N 12
$51C.0. (-2,188) {a1,207) (9.168) (7,112) {7.99)

Revised 7/1/83

3 012 hewr semple, not Included in muss,
s Excluding Patients 24 and 2C. .
Excluding Patient 30,
% Significantly different from sormaly, p.08, p1.01, respactively.

MTE: &Y = pe vold.
AUNT = balew assay Timit, considered to be tere.
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Observed Maximum Serum Concentrations (Cmax)* for Enalaprilic
Acid and the Times They Were Observed (Tpa,)**
Following Oral Administration of 5, 10, 20, and 4u mg
tnalapril Maleate Tablets and I.V. Administration of

Enalapril Maieate (5 mg)

Table (6% -4

Tablets Maleats

sobgect L !‘m .“16 51“‘ n:zo !qm _W!t.“ 1.V,

1
2
3
4

s
] -
10

Vaaa 133, A8 3.4 L9 708 . 32 1231 3.4 165 4.0

(£ ((.3) (3 (23.8) '

b g’ﬂtl
a4 Excluded from sesm

@7 (1) (sd)  ¢B) (3)  (23)

Tﬁblﬂ. lloB-S AUCS_..o (ng.hr/ml) for Enalaprilic Acid
r

oe— Following Oral Administration of 5, 10, 20, and 40 mg
Enalapril Maleate Tablets and 1.V. Administration of
Enalapril Maleate (S mg) and Enalaprilic Acid

Tablets Istravenous Solatiow

Subject _sng 10 ng 70 ng &0 o aats e Al
1
2
3
&
s
‘. R —_—
7
s
’
10
Mesn 135 40 ™ 1331 ) 70 €32
S\0. (28.4) (41.5) (121.8) (2438Y  (623) _(95.2)

*  Excleded frem masem

v % (13) @4 (63 08F)  (2392) ()




Studa ¥ 1h

Tab\s 16%-6

Absorption of Drug® Following Oral Aaministration of
5, 10, 20, and 40 mg tnalapril Maleate Tablets

b
' Tablets
10 ng

3 mg 20 ng 50 ng

10

Geomatric .
Msan 63 713 62 359

Arith Bean, (S.0.) 0.64 (£.15) 0,34 (0.15

ose-adjusted urinary recovery of tota Tug
(enalaprilic acid sessured aftar hydrolysis), tablets to total

drug, snalapril maleate i.v.
&% Pxcluded from mean. (Low values reflect aboormally low

urinary recoveries for ths tablets compared to ralatively
norssl recovary for enalapril maleste {.v.)

Tabla |bB-3

Bioavailability* of Enalaprilic Acid from 5, 10, 20,
and 40 mg Tablets and Enalapril Maleate 1.V,

Tablets -
20 mg 40 ng

Enalapril
Maleate 1.v,

Subject Sng 10 ng

Vv o wom

Ghn

7

8

9
10

Geaometric
Maan 38 hé .3

8 36 43
Anth naan(s.0) 34( 1Y 45 (03) 39(.) )]

3101 H3(06)

* As sstimated from the dose-adjusted urinary recovery ratio of
snaleprilic acid for the enalapril walsate formulations to
enslaprilic acid t.v,

" Excluded from the mean.
bl :nf.lcetl abnormally low urinary recovery for enalaprilic acid
e




Studu ¥ ¥

| Table 1bH-F

Ex_tent of Hydrolysis of Enalapril to Enaprilic Acig
(tstimated from the Ratio of Bioavailability/Absorption)
Following QOral Administration of 5, 10, 20, ang 40 mg
Enalapril Maleate Tanlets

L3

Tablats
Subject S ng i0 ng 20 ng 40 ng

F T ™ R ]

aq%(n

9
10

Gaomatric ’
Maan .60 .61 52 -6l

* Excluded from mesa. These values are artiffically high due to
ths combined effect of abnormally low urinary reacoveries for
enalapril wmaleate p.o, and aenalaprilic acid 1.v., and
relatively normal recovery for emalapril maleate &.v,

MR 0wd 0kl 062 okl
(5:0-) (05)  (0b)  (0.066)  (0.06)

(N, 8,3% 9% Wik .8 7
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Table 168-9

Total Urinary Recovery* of Total Drug*™ Foilowing Oral
Administration of 5, 10, 20, and 40 mg Enalapril Maleate
Tablets ana 5 mg Enalapril Maleate I.v.

Tablets Enalapril

Subject 5 ng 10 ng 20 mg 40 ng Maleate 1.v,

wm e W M

Ghat
7

8
9

10 : . _

Mean 56 65 56 53 8é R

* Parcent of administered emalaprilic acid squivalents

** PEnalaprilic acid measured after hydralysio_
Wit  Excluded from mesn

Table, 168-10

Total Urinary Recovery* of Enalaprilic Acid Following
Oral Administration of 5, 10, 20, and 40 mg Enalapril Maleate Tablets
and 5 mg Enalapril Maleate and Enalaprilic Acid I.vV.

Subject

Tablets Iatrsvenous Solutiom

- & -

I N Y™




Shudsy 168 _

Ras imen
Cancontretion {imers)
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SaNSP BRYwhis e hy SUBSER Suagh

-

L ablet

. tabiet il
. tablat s,
. 1Y, .
L] ml“ '.
. tablet I B
. tablst 3.
- tablet 3.
. (A 'K

at actusl dese 2 -IE‘EE!-'i'.

Table. (6B -1\

Bioavailability - Mean Serum Parameters for Enalaprilic Acid

Table l6®-12

Bioavailability - Mean Urine Parameters

Yariable Treatment
Total Urinary Recovery 5 mg E.N. tablet
of Enalaprilic Acid 10 mg E.N. tablet
1 of administered 20 mg E.N. tablet
A, squivaients) 40 mg EN. tablet
Smg EN. l.l.;
5 mg E.A. 1.V,
Total Urinary !oeonry S mg E.N, tablet
of Total Drwy 10 mg .M. tadlet
{Z of administered 20 mg £.M. tablet
E.A. Equivalents) 40 ug E.N, ml,t
Swy EN. 1.Y.
Bloavailability of 2 S ng £.N. tablet
Enalapril Actd 10 oy E.N. tablet
(Dose adjusted wrimary 20 oy E.N. tablet
ratio of 40 mg EN. tadlet
E.A. for E.N. doses Sm EN LY,
to E.A. L,V,)
2.
Absorption of Drug § my E.N. tablet
{Dose-adjusted 10 mg E.N. tablet
urinary regovery of 20 mg E.N. tablet
total d + fablets 40 wg E.N, tablet
to total E.N. 1.Y.
2
Extent of Hydrolysis S wg E.N. tablets
of E.M. te E.A. 10 mg E.N. tablets
{Bioavailability/ 20 my E.N, tablets
Absorption) 40 my E.N. tablets

VWO eE VOBV OW |=

L L X" 1} w0 w o

MOV, - P
3.0, MECem int, Irm floct  Switiple Compyrisent
0.9 (2313, .4 p.0 AL D 4.0
41,6 (en.8, 21,2 FCC D ¢, 81
1214 (6376, a8
0.6 (1138.9, 1522.¢
Q.8 (2.2, .}
N (13203, DS . .
2 |ioee Py w8 et i
0.8 (190.4, 104.2
12 hard, 1.
2.8 (@22, 8.7 F30,00¢ 538 ¢ 00
6.2 NI % . .
e (e s . Tacan s
B4 (M9, %A
.7 {918, 184.2
o5 (131, ma
€3  {1a4, 2N, .
o1 |1 Ra ». it
04 2, N2
.2 e, W4
.6 i, e
1. 4, &, X .
I L
o.? ), 1}
8.7 1.9, a.oh .
1.7 3 P %1
ANQVA - P
Mean S.0. 95% Con, Int Treatment Effect
35.2 9.8 ' (27.9, 42.5 ' pe.19
41.2 9.4 .0, 48.5
35.6 10.8 27.3, 439
n,0 10.1 28.2, 41.8
k. 9| 4.8 5.4, 2.8
90.3 10.9 (81.9, 9.7
55,8 13.3  (45.6, 66.0 .08
4.7 15.4 52.9, 76.5
55.6 16.9 42.5, 64.¢
52.6* 1.8 42.0, 63.1
86.1 5.3 s2.1, 9.2
o.” - o-nl o-“ ,.z
0.“ - 0-31. 0.53
0.38 - 0.30, 0.48
0.“ - 0.2’. 0-‘5
0.43 - uo”' o-‘.
o." -t .s‘. -n -“
0.73 - .81, .8
0.‘2‘ - .". .7.
0.5" - .“' -n
0.60 - 0.56, 0.6§ .2
0.61 - 0.57, 0.66
0.62 - 0.57, 0.67
0.61 - 0.57, 0.66)

2Tota) Drug = Enalaprilic Actid measured after hydrolysts

n reported 1s
Not included the

tric msan
1ysis of Variance

*Stgnificantly differently from 10 wy dose, p<.0S)
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Toble 168-13

{

AlC (ng*h/ul) for Enalsprilic Acid Following Oral Administration of
5, 5, 20 and 40 mg Enalapril Maleate Tablets and I.V, Administratfon of
Enalapril Maleate {5 mg) and Enalaprilic Acid (5 mg)

Tablets — Intravenous Solution

Subject Ing 10 ng 20 mg 40 mg Enaispril Maleate  Enalesprilic Acid

1

2

3

4

5

1)

7

8

9

10
Mean 255 440 EY) 1331 270, (284)F1 652,(606)F2

. [AUC___-AUC ]#* 524,(478)F3
o—m
*  Excluded from mean )
&%  Mean residusl ares, where Auc® is the area under the terminal phase of the serum profile
extrapolated from zero to infinity
Pl yalue predicted from Figure 11  y=127.77 + 103.75I, whers X-mean bifoavatilability of
enalaprilic acid {(Table 5) times dose.

P2 value predicted from Figure 11 y=127.77 + 103.73X, where X-mean urinary recovery of
21 enalaprilic acid (Teble 3) times dose.

Value predicted from Figure 1:r y=103.73X, whers X=metan urinary recovery of enalaprilic __

scid (Table 3) times dose.
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Tl 53-1

Standard 95% Confidence

Parameter Treatment W%} Mean Deviation Interval
Dbserved maxiwum MK-422 serum Tablet 11 45.1 16.2 34.2, 5.0
concentration (ng/ml) Capsule 11 1. 13.5 28.4, 46.6
Time to observed maximum MK-422 Tablet 1 3.9 1.1 1.2, 46
sevum concentration (hr) Capsule 11 1.6 1.0 2.9, 4.3)
Observed maximm MK-421 serm  Tablet 10 2.3 15.8  (56.0, 78.6
concentratton {ng/ml) Capsule 11 69.3 Ma 46.4, 92.2
Tiwe to observed meximm Mk-421 Tablet 101?11 .5 0.7, 1.5
serum concentration (hr) Capsule 11 1.0 A 0.7, 1.3
AC]? (ng.hr/ul) for MK-422  Tablet 11 457.2 8.5  (403.1, 511.3
Capsule 11 436.3 112.% 360.7, 511.9
Urinary recovery of MK-422 1.¥Y. 11 106.1 15.1 96.0, 116.2
{2 of administered MK-422 Tablet 11 40.3 8.2 34.8, 45.8
equivalents) Capsule 11 41.9 9.7 35.4, 484
Urinary recovery of total drug Tablet n 62.8 8.8 (56.8, €8.8)
_ (% of adwinistered MK-422 Capsule 11 60.9 12.3 (52.6, 69.2)
\ equivalents)
1
; Urinary recovery ratfo of Tablat 1 .6553 -~ {.60, .70}
i MX-422 to total drug Capsule 1 .68 - .64, .72}

Cata not available for Patient #10.

;:i Subject #2 excluded due to missing data from one of the treatment pertods.
¢} Geometric mesn,

Table S3-2
S

Power of Detecting Differences Between Capsules

and Tablets at the a = .05 Significance Leyel
For Urinary Recovery of MKk—422 and Total Drug

48 Percent of Administered ME=422 Equivalents

Detectabla Differasce
o7 1% 208 258 302

ME-422 .22 45 o7l .90 .98 ‘
Total dm .20 80 065 .86 o”

P RTEA R cag s i o 1 RCARAPIVNS 36 SO NN Y A CEe £ X iR R SOL e O B e o e R e
- - ' R I T T L SR . S DY
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Tabls 53~ 3

Individual and Mean Peak Serum Concentration, {ng/m1)
of MK-421 and Time of Peak Serum Concentration, hour)
of MK-421 in Serum of Subjects Following
Administration of 10 mg MK-421 Capsuies
and 10 mg MK-421 Tablets

Sub ject _— Tablet Capsule _
Coex (2g/ml) T o (hr) Cagx (ng/ul) Taay (PT)

Fefogogr ¥ RNT SV

Maan ™~ 67.3 1 69,3 1

*Obtained as the difference in MX~422 squivalents before and after
sample hydrolysis.

Table, $3-4

Individual and Mean Peak Serum Concentration, C
{ng/m1) of MK-422, and Time of Peak Serum Concentr¥tfon,
T (hour) of MK-422 {in Serum of Subjects Following
™$¥al Administration of 10 mg MK-421 Capsules and

10 mg MK-421 Tablets

Subject Tablet .C.apan_h
Casx (ng/al) Thax (hr) Caax (3g/al) T, (hr)

[y
N._.O'OG‘-IOIUI.'UH!

45,1 4 37.5 Tk

]
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Ti.:_l,_L_._,;_ 53-5

Individual and Mean Areas Under the MK-422 Serum

Concentration-Time Curves (AUC 2) for the 10 mg MK-421 Tablet
(Treatment B) and the 10 mgoﬂi-421 Capsule (Treatment C)

) . o
Sub ject Tablet Capsule c‘f /T @L’
1 A Y
3
&
5
6
7
8
9 .
10
11
12 -
Mean ' 457 ‘ 436 % piss (13
15(75 Evllusdon
53-6
Table, 53
Urinary Recovery Ratios of ME~422 to Total
Drug Following Oral Administration of
MR=421 Tablets and Capsules
' - Rcd"lo
Sub ject Tablet Capsule
(MR~422/Total Drug) (MK~422/Total Drug) Chf/ﬂtlb
|
3
a —
5
6
-1
8
9
10
11
12
Geometric :
Mean 'Y .68 ‘,g't PASS
/35

Evaluetvem



Stuby X535 Table 53-F

Individual and Mean Concentrations (ng/ml1) of MK-422 in Serum
of Subjects Given the 10 mg MK-421 Tablet (Treatment B) and
the 10 mg MK-421 Capsule (Treatment C)

AR AR ARAA AR R A RN AR AR AR AR A A AR A A AR AR A A AR AR AR R AR R AR AR AR RSO AAARARSARAAARGES
SUM TER DOSE O - 0.5 1 2 l 4 6

s 12 26 48 720
0lilI...IQ‘.I&.Q.illiﬁ.l.i.ﬁ.lI..Q.l.‘..l..Q.‘l.ﬁ.‘..IQ..ﬁ.ﬁi‘...ﬁ.‘.....‘...‘l‘......
1 1
Y 2 0m
& b I |
I
6 1 » -
7 2 B '
L B
v 1 »
1
13
12 7 n

!'Ii...Q.Q..QQ.QI‘l.ﬁ.ﬁll..h.lﬁ.....ll.ll..l.‘...l.li‘QQIIO.......I.I..l.t.ﬁ.l.l....‘ﬂ'

HEAN= 0.0 1.4 5.3 24.2 42,7 J9%.% 32.8 24.5 11.0 3.0 1.2 0.8
SAAARRR AR AR A AR AR AR B AARA AR RARAARARA AR AR AR AR ARAARARAASORRASAARRARAARSSRAARAARGS

1 i ¢
) l 6
[ F I
s 1 ¢
[3 7 C
7 1 ¢ -
A b I
9 j ¢ -
in 2 C
1 1 c -
12 J ¢

-

AAARARARASRANARARSAAARAAAGARAANABAGAIARAREAAAARARAAAARARARAAAAAAARARARARARAARNRARARARARAY

MEAR- 0.0 1.4 6.0 26. 4 3‘." 3‘0, ’I-J 22.‘ I'o‘ J-! ‘1. & 0.?
lQnﬁlﬁQ.iI.QQ....l.l.ltlt...l..Q.l..l.i.ﬁ....0...Ql...Iill.Q.........Q...Q.....Ql.ﬁ...l

Toble 3-8

Individual and Mean Concentrations {(ng/ml1) of MK-422 in §erum of
Subjects Given the 5 mg MK-422 Intravenous Dose
(Treatment A)

ALY
AR AR AR RSN ARG RAAR AR AN A AR B ARARA ARG AR AANARARAARANAREANAARAAANRANRARSNNGANRAARSNARARRS
SUR TER DOSE O 10 0° jn- 1 1.3 2 & [

. 12 24 a8 T2mn
ﬂ.i.lIllltl.lll..QQQQi.IIIlll.lllll..ll.lll.‘ll'llII..!illl.l.llllllll....l!.l..i.!.lll.ii..Q.l...

1t 2 A

1 A

&1 A

5 1 A

& 3 A

T3 A

"1 A

y 1 A

10 3 a

n 2 A

t2 1 A

AR AANARRASABRARARIAN AR AAAAANAAARAAARNARARANSAAAAAGARAGARNEARRARARRARAARARARARARAGRASANS ARaRRSS

MEAN= 0.0 3J01.3% 230.7 213.)3 146.) 104.4 76.7 128.0 (L1.9 6.5 ).} 1.7 1. 0.8
ANAARABARAAAAROARAANESRARASAAARAMARAARNNAGARARARSAAOANAAANARARASOAARARAARRAAARAAARINARARARARAANRAAY
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‘F_"%.\&h 53-1

Mean MK-422 Serum Proffles Following Oral Administration
of 10 mg MK-421 Tablets and 10 mg MK-421 Capsules

-2 RN 000, $E/M)

»
TALEY
100X °
0 ) 3
00

TIRE hovn)
ool Drusg ~Urinany. Exoefion (fom toble A, ¢ 1380 9ol 3.330)

v Rodro
0-%howvI) W g _ .

San (0 )i gy e
Sbiedt  TokfEl M&“ e ol

H ?3:, e 422 — {05 '
3 — 38 — s — Ol;f‘ - R

T = g )l —— 365 — 0. e

5 — :"}3 ——— 9,002 —— O.48 Fonl
] W —— 38F — 044
1 —_— ‘-l"s’-‘ _ 43P — O.Q‘i

4 —— s — 432 —— 0.92-

?) — Yl — Y44 — 1.0%
l[l — *1%0 — 3.‘\'-} -_ 0. 83 R
1 — 3T — 488 — 1.33 — FaQ
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Studn %528 JTeMa 533-3

Ratios of Urinary Racoveries of L=154,628 and Total Drug
for Oral Administration of MK-421 Capsules to L-154,628
: for 1.V, L-154,628 Administration

(Amr'lnb'im‘])

PEDOENARV WM~

Ceomatric
Maan

.34 : T4

(=) Incomplats Data

Table 523-4

Urinary Bacovery* of 1-154,628 Yollowing Administration

‘of L-154,628 I.V. and Racovery of L-154,628 and Total

Drug Following Oral Administration of MK=-421 Capsules

Subject 1-154,628 (B/A)*' Total pm,( % )'*

bsorptien
(’i{;,l.m
below

Sab ject L=134,628 1.V, ME-421 Capsules, P.O.

L~154,628 L-ga.m mg Drug dwely 50

U-N- TR NV N Pl

[ B ada
N O

Gaomatric
Maan 107 56

78

0.33

* Expressed as parcent of adwinisterad L-l.'o&,ﬁﬂ squivalents

(based on dosage form sssay values).
(=) Incomplete data
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Table 533-1

Oburvud Maximm Serum Concentrations (C___) of I.a-154 628
and Total Drug, and Times (T___) at m!ﬁ’m, Occurraed

Following Oral Administration of ME-421 Capsules

L-154,628 Total Drug® -

Subject Caax (08/ml) Taax (hE) Caax (28/ml) T, (hr)

1

2

3

&

s

6

7

8

9

10

11

12
Mean 42,0 & 663 1 -

T&‘o\.l. 513"
_ 2‘ 0.10 m"\r\ ’\'E(\!\h
l\)o‘f‘ uwad_ o (Twmn
mco {ng"hr/m]) for L-154,623 A\LC E?f QVBSTW&%\N‘“
' 1ol AWC)
L-ISQ,GZS I'K-&Zl P.o.
Subject 5 =g I.V. 10 g Capsules Qf% \Y

1

2

3

&

.

6

7

B

9

10

11

12
Maan 79% - 497

$0- (109)

* Dgta did not permit caleulation :of mc';



3{'“&5)}“1 Table >3+-1

Individual and Mean Concentrations (ng/ml) of
L-154,628 in Serum of Subjects Given 10 mg
MK-421 P.O. (Treatment B)

. nouRs
SUB PER DUSE O 0.5 1 2 3 4 L] 8 12 24 48 T2 AUC
1 10
2 270
3 10
4« 290
$ 20
4 10
T 20
¢ 10
20
0 20
n 1o
12 10
HEAN® 0,0 0.8 3.5 23.4 4.3 32.4 25.5 18.7 0.2 2.4 1.1 0.7

Tl 23- 22

Individual and Mean Concentrations (ng/ml) of
Total Drug Expressed as L-154,628 in Serum of
Subjects Given 10 mg MK-421 P.O. {Treatment B) -

Sul PER.DOSE 0 0.5 | 2 3 4 & [} 12 24 48 12 AC

1 10
2 20
3 10
4 20
5 20
4 10
1 20
s {0
v 20
e 20
" (]
12 10
NEAN= 0.0 40.5 615 4%.1 44,1 304 208 198 104 2.4 L.l 0.
Individual and Mean Concentrations {rg/ml) of
L-154,628 in Serum of Subjects Given 5 mg
) L-154,628 LV. (Treatment A)
Tiug
WPEROOSE © 107 -20° 30 1.8 2 4 ¢ 8 12 0 4 m Mk
121
2 V1
3 21
a1
] [
6 2l
7 11
o2
e 11
o 11
o2l
22l

NEAN= 0.0 440.3 348.2 300.5 201.6 130.2 9.8 3.1 14.0 7.4 3.2 1.5 0.0 0.6
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Tabls 2% -4

Observed Maximum Serum Concentrations (C x) of L~154,628
and Total Drug*, and Times (T,,.) at whieh They Occurred
Following Oral Administration of MK-421 Tablets

Subject 1-154,628 Total Drug
Cpax (08/ml) Topax (BT) Cpax (n8/ml)  Tgay (h)

Woo bW

Maan 35.4 4 66.1 1

* 1-154,628 plus "MK~-421"

Table 245

AUCB (ng*hr/ml) for L-154,628

Sub ject L-154,628 MK=-421 P.0.
5 mg I.V. 10 mg Tablets
i
2
- 3
&
5
- 6
7
8
9
10.
11
12

Maan 781 438




studuy *2°T Table 2%-L

Urinary Recovery* of L=154,628 Following Administration
of L-154,628 I.V, and Recovery of L-154,628 and
Total Dfug Following Oral Administration of ME-421 Tablets

A, B, C.

™y

Subject 1-154,628 I.V. ME=421 Tablets, P.C.
o L=154,628 L=154,628 Total Drug

st s
N_O\nmqo\mbwhﬁn—

Mean 95 23 58

* Expressed as percent of administered 1-154,628 equivalents
(based on dosage form assay values). '

(=)} "Control” urine had measurable drug.

Toble 51-3

Ratios of Urinary Recoveries of L-154,628 and Total
Drug for Oral Administration of MR~421 Tablets
to L-154,628 for I.V. L=154,628 Administration

o\ % sec talde dbove
Subject L-156, 628 (B/ &)*. ' | Total Drug C/A_

'

b gt P’ :
fegad g Y R R

Geomatric
'!han 40 -39

(=) Incomplets Data.
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as Percent of Administared MK=422

Tab\g 25-1

Urinary Recovery of MX-422 and Total Drug Expressed

Equivalents

. Fasting Fed -
Subject MK=422 Total Drug MR=4122 Total Drug
1
2
3
4
5
&
7
8
9
10
11
12
Mean i1 53 32 58
" * Incomplete urine collectica.
Ratio of MK-422/Total Drug for Total
Urinary Recoveries
Sub ject Fasting Fed
1
2
3
- 4
5
6
-7
8
9
- - 10
11
12
Geometrie
Mean .56 .54

* Incomplete collection.



Thle 23-3

Ratioc of MK-422/Total Drug for Fractional
Urinary Recoveries to 24 Hours* - Fasting

Subject  0-2h 2-4h  4-6h 6-8 h 8-12 h  12-24 h
' . |

febed~gV T N SV RE S

Geometric ]
Mean o1& 51 «7h

(omit #11)

.88 .92 .95

Tebla 23-4

Ratio of MK-422/Total Drug for Fractional Urinary
Recoveries to 24 hre* - Fed

Sub ject 0-2 h 2«4 h 4=6 h 6-8 h . B8-12 h 12-24 h

* lgss than half the subjects had quantifiable drug concentration
in the 24=-36 h urine collection and only one had quantifiable

concantrations beyond 36 h. .
*% "Trace™ MK—-422 only.

NS = no sample (either lost or no void)
NQ = total drug not quantifiable.

[
N.—;\Ouumubum—-

Geometric
Mean .10 ."7 076 .85

.91 .96
(omit #2) :

* less than half the subjects had quantifiable drug concentrations
in the 24-36 h urine collection and only one had quantifiable
concentrations beyond 36h.

*%t Ho detectable MR~422,

N5 = no sample (either lost or no void).




SRR

Fasting

Fed

{60

140
130
120
110
100

Area Under the MK-42

Zero

to 24 h (AUCO } and From Time Zerfséo last
Observed Serum Concentration (AUCO )

72§erum Curve (ng-hr/ml) From Time

Fasting Ted
24 LSC 24 Lsc 24 1sC 4
T l \& Sub_'_'!ect AUC, " AUC, AUC, "/ATUC, AUC, AUC, AUCS MUC‘I;SC
——
1)‘3.. 5 Do 1
2
3
&
5
&
7
8
9
10
11
12
Mean 1209 1304 .93 1173 1262 .93
MK-422 serua conc. (ng/all $i aung, 3y - j_ -
:. Figure 1. Mean MK-422 Serum Concentration Profiles Following
| Adainistration of a MK-421 40 mg Tablet to Subjects
| Fasting and Fed.
ol !l P . . . .
0 4 8 12 1 20 24 A R X H 4 4 %2 5% 60 64 68 N

Tine (hour)

16
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Tdde  (3-1

Pwirde=®, Standard Curve for Hyérochlorothiazide Plasma Assay,

coné. (ng/ml)

0
12.35
3B8.7C
BE. 75

123.50
290.25
387.0
580.5

Tobla (32

PHR

0

0.07
0.12
0.25
0.64
0.91
l.22
1.86

Y= 0.0032x -0.0083

r2= 0.9986

Dminbpmiy. Standard Curve for Hydrochlorothiazide Urine Assay

conc (uwg/ml)

0
1.92
3.84
$.60
19.20
28.20
38.40
76.80

Table (3-

WHEKFOOOOO

PHR

-~

[eBUNSE NWE e
O woo b

¥= 0.0404x +0.0017

2
r= 00,9983

SuliBElh, Data for plasma repiicate samples assayeé on one day.

Lo-1
Lo-2
1o-3
L0-4
Lo=-5
Lo—-6

Mean * SD 79.25 £ 5.83 (ng/ml)
Ccvs 7.4%
Actual Conc. 77.40 {(ng/ml)

able (- Y
T ol
Lo-1
T Lo=2
Lo-3
Lo-4
Lo-5
Lo-6
Mean * SD 5.46 & 0.11 (wg/ml)
Ccvs 2.0%

Actual Cone. £5.76 (ug/ml)'

Hi-1
Hi~2
Hi-3
Hi-4
Bi-5
Bi-6

Hi-1
Hi-2
Bi-3
Hi~4
Hi-5
Hi-6

298.58 * 19.09 (ng/ml)

6.4%

290.25 (ng/ml)

~Data for urine replicate samples assayed on one day.

29.90 % 0.7 (pg/ml)
2.3%
2B.B0 (uwg/ml)
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Table 1F-5

“Nimbeef. Data for HCTZ plasma control standard.

Date assayed contrcl standard (ng/ml)
11/3/81 . 156.36
11/5/81 ' 184.35
11/11/81 188.80
11/12/81 176.29
11/16/81 189.50
- 11/18/81 ) 217.72
11/20/81 . 154.17
11/27/81 191.64
12/2/81 165.97
12/10/81 205.61
12/14/81 190. 34
12/15/861 189.69
12/16/81 154.04
12/17/81 154.07 Table(F-b
12/21/81 150.64 . .
12/24/81 162.54 PENEM. Data for HCTZ urine control standgré.
12/28/81 172.35 :
12/28/81 165. 06 Data assayed control standard (ug/m:l)
1/3/82 164.67 : 10/8/81 15.12 ,
1/5/82 1§1°79 10/14/81 12.56 -
i;;jgg isé'ig 10/15/61 14.43 :
y 10/16/81 14.26 .
1/21/82 177.53 10/17/81 15.45
1/23/82 163.14 10/21/81 ' 14.08
1/28/82 191.17 10/26/81 13 38
1/29/82 183.26 10/28/861 12.80
1/30/82 160. 38 11/5/81 12.97
1/31/82 ~169.31 . 11/6/81 14.51
2/4/82 183.55 11/21/81 14.10 .
2/6/82 . 180.23 11/22/81 13.89
11/24/81 14.03
11/25/61 13.73
Mean & SO (ng/ml) 174.62 * 16.29 1l/27%/8) 13.39
oA 9.3 11/30/81 13.54
_ 12/3/81 12.84
2/17/82 12.70
2/18/82 12.30
- 2/20/82 13.62
2/24/82 14.23
4/13/82 12.29

Mean * SD (ug/ml) 13.64 % 0.B5
Cva 6.3




StulyT17 Toble 13-

Ohnerved Maximus Serum and Plasma Concentrations,
Cpax (RR/mM1) for MK-422 and HCTZ and the

Tiwes, me (Yours), At Which They Were Obeerved

Treatment
A : B1) ‘ Cq Ry Ay
MK-422 MK-422 MEK~422 HC1Z HCTZ HCTZ -
su"je(:t CN&X Tmax cmax Tnax cnax TIIX cllﬂlr E&X CM&K '[;nax cmax ﬁnax
1 r
2
]
4
5
6
7
8
9
10
11
12A
Mean 56.1 4.4 68.2 3.9 - 56.9 6,2 127,99 2.5 127,98 2.4 129.41 2.2
Table H’-e-
R
Average Steady-State Urinary -Recoveries* (X of Dose) for MK-422,
Total Drug (D) and KCTZ
Teatment A _ Treatment B Treatment
Sub ject ME-422 ™ ME-322/TD HCTZ MK-422 i) ME-422/TD HCTZ
1 [
2
3
&
5
p ~
7
B -
9
10
ii
124 o | y
Mean 33 49 o TORA 55 X 48 «OR%% 52

* Average of recoveries for days 7-10 for MX-422 arnd T, and days 6~10 for KCTZ.
#% GCeometric Mean .



R Table (3-89

Urinary Recovery* of Total Drug Following B.i.d. Administration of
Enalapril maleate 10 mg p.o. for 7 Days Alone (A) and with
Hydrochlorothiazide 25 mg p.o. (C)

A e
Day
4 567 89 10 § S 6 7 B8 9 o
Sub_‘l (0-!2) (l2—24) (0—12) (12_24) (0_12) (12'24) (0_12) (I,Z'-Zﬁ)
1o
2
k)
4
5
6
7
8
9
10
|
124 ,l
M 47 45 45 45 50 45 42 64 44 42 49 46 49 47 42 45 63 44
* Expressed as percent of MK-422 equivalents administered 0-12, 12-24 h (1 dose each) on
days 4 and 10, 0-24 h (2 doses each) on‘days 5, 6, 7, 8, and 9. -
Table | -4 0
ion of
Administratio
Urinary Recovery* of Rydrochlorothiazide Following B.1.d.
f’!;:gyp.o. for 7 Days Alone (B} and with Fnalapril Maleate 10 mg p.o. (C)
( 7, v5 dvse
B . C
Nay
78 9 10
) 4 -5 6 7 8 9 10 4 5 6 _ .
Subj (0-12) (12-24) (0-12) (12-24) (0-12) (12-24) . (0-12) Q1 )
l ( - —
2 .
3l -
&
5
6 - -
7
8
9
10
11
12A . A T'j
- . s B _'\‘ ‘& \l
H 50 50 4B 48 50 53.5) 77 K\JE{/: 49 50 S0 52 50 48 49 68 (:;_’/

& ar 49.
% 0-12, 12-24 h (1 dose each) on days & and 10; 0-24 h (2 doses each) on days 5, &, 7, 8, an

[y




Vil=019
MK-421 (Enalapril Maleace) 1o

MA #17; DM 4357 |

Sy X%

Table f"t' “ n
.

Effect of Multiple Doses of Enalapril Maleate (EM) on a
Single Dose of HAydrochlorothiazide (HCTZ) as Evaluated
By Urinary Recovery of HCTZ (X of Dase)

Steady=-State : Urinary Recoverles
Subiect . Urinary Recoveries® Treatment A, Day 11P
1
2
3
4
5
i 6
. 7
8
G
10 -
11
124
Mean - 55 50 -

; Equivalent to total recovery for a sipgle dose
Total recovery for a single dose of T2 adminigtered with a
single dose of EM following multiple does of EM. :
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Shd, ® 530

Toha 530 -1

NS, Standard curves

1 d
_ Control 0 cm 0Ocm
10 ng/m}? 1,5 cm 1,7 cm
15 .ng/m! .6 cn 2,6 cm
25 ng/ml 4,2 ca 4,2 cm
50 ng/m 8,1 cn 8,6 cm
100 ng/m) 7 en 7,6cn ]
Tq‘a\.a. S3-% -
NPEED. Reproducibility data
Wmwam 50_ng/m)
1 [} 1 g
1.4 cm 1,8 co 8,3 cm 8,8 ¢cm
1.6 cm 8 em 8.3 ca 9,2 ca
1,6 ¢em 1,9 cm 8,2 c» 9,2 cm
1.5 cm 2,0 cm 8, on 8,6 ca
1,6 e 1,8 ca 7,7 e 8.2 cm
1,6 om 1,8 ca 7.9 9 4m
" + S0 1,85 + 0,08 1,85 ¢ 0,08 8,88 0,24 8,51 2 0,46




Stedey 510 Table % 530~ 3

Urinary Recoveries® of MK-422 snd Total Drug (TD)
_ Pollowing Oral Administration of Enalapril Maleate (EM)
Alone and With Propranclol (P)

. . EM Alone M with P ‘ b

Subject WK~-422, TD I‘K-‘ZZ]TD ME~-422 W MK-422/TD “E;E"ent ?’ltio
1
2
3
4
s
6
7
8
9
10
1t
12

Hean 6 - s3 .67 2\ 36 . 668 g0 el

; Expressed as percent of administered MK-422 equivalents, -

. F' = TD, EMcP/TD, EZM Alone; F = MK-422, EMcP/ME-422, EM Alone . -
Missing Data .

d Geometric Means ' ’

Tab\a * S30-4

AUC {ng.hr/mul) for d- end 1-Propranclol

o

lollfgdng Administration of Propranclol Alone
and With Enalapril Maleste (EM)

g

1-Propranciol "d-Propranolol
Subject Alone With EM r Alone With ZN
I
2
3
&
L1 _
6
7
e -
9
10
1t _
12
Mean 175.9% 196.30 1.1 117.21¢ 125,22¢ 1.09

% Ratio of AUC with EM/AUC alone, which provides an estimate of relative bioavailability for the
two treatments; sean is geometric.

% Insufficient data, ,

C Means for those subjects with data f4r both treatments,




¥ alone

P uith EX

15

10

Piesen 4P Conc. ing/nl)

Fiqua 530-2

d-Propranole] Plasma Profiles
(after Propanolol alone and with (31

Plasws 1-P Cone, (ng/ul)

2. 16 2 A

.._'

TFiguae 5310-3%

1-Propranolol Plasma Profiles
(after Prepancle]l slone end ith DY




ESfthq‘“EFFD

Fﬁm& 5%0-4
MK-422 Profiles after Enalapril Maleate
: {AIone and with Propranolol)
Serua MK-422 Conc. ng/al)
EN alone |
0000
B xith P 0 -
0000 i
6 +
-
|
| 0
0 | 1 i | ] 1
0 8 8 | 2 L] ] 55 B4




i ., Inalapril and Digoxin Tnteractionm VIl-02109
© " M.A. #6343 DN, #423

M_" X S Table b34-1

Relstive Rloavallabilicy* of ME-422 fFrom
Treatnent C (Enalapril Maleate plus Di goxin)
. Compared to Treatment A (Enalapril Maleate Alone)

Subject Relative Bioavailsbiliry
1
2
3
4
5
6
7
8
9
! 10
n
l 12
. Geometric Mean 0.96 -
}
\ % MR-422 urinary recovery ratic, Treatment C/A -
Tab\e Urinary Recoverfes® of ME-422 and Total Drug (TD)®
— Following Oral Administration of Tnelapril te
‘{_V} Alone (EM)® and with Digoxin (ZM + D)
t; - - b‘;
[j",'"":j* -4 ¥ _Alone M + D
Subjeet  WE-422 __ TD _WK-422/1D WK=477 1D WX=422/TD
' 1
2
i 3
&
5
o - ]
‘ 7
. ]
- 9
' 10
o 1
- 12
. Mean 27 42 54 27 &2 54%

— o ® Expressed as percent of administration MX-422 equivalents
ME~422 wmeasured after sample hydrolysis, reprasenting MX-422
which was present in the urine as MR-422, itself, plus that
which was present as the ethyl ester, snalspril

€ Treatment A

d Treatasnt C

Geometric mesn
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Fi | 634-1
Mean MX-822 Urinary Excretion Rate Plots Following Oral Adminisatration of s

Single Enalapril Maleate 10 mg Capsule Alone (EM) and With a 0.25 mg
Digoxin Tablet (EM + D).
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Stude LY

B+

Mean MK-822 Serum Profiles Following Oral Administration of a Single Enalapril Maleste
10 mg Capsule Alone (EHM) and With & 0.25 mg Digoxin Tablet (EM 4+ D).
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~ Mean Urinary Excretion Rate Plots for Total Drug (MK-822 Measured After Sample
Hydrolyais) Following Oratl Administration of a Single Enalapri] Maleate 10 mg
Capsule Alone (EM) and With a 0.25 mg Digoxin Tablet (EM + b).
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Firawa ble-1
L - Plasma Furosemide Standard Curve
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Table Lie-1

W : Reproducibility of the extraction method for Furosemide in
plasma and urine.

Standard Concentration Coefficient of Variation

(ug/ml) (%)

Plasma 0.1 4.0

(n=6) 0.5 8.0

2.5 4.5

Urine l 0.5 4.8

(n=6) 2.0 2.4
10.0 : : 1.5 .

Table bi%-9

SR rurosemide kinetic parsweters (mean 4 5D) following singte oral dose
(80 mg) administration to heslthy male volunteers {n the sbsence snd
presence of Enatapril (n « 12).

FURCSEMIDE FUROSEMIOE
PARAMETERS
ALONE WITH ENALAPRIL
Time to Peak Conc. 1’.“ {h) 1.50 + 1.00 1,80 + 1.00
Peak Plasma Conc, Cuax (v9/m1) 1.49 s 0.72 1.33 + 0.50
NCy o (19/ml.h) 1334132 3.10 + 0.97
AU {vg/ml.h) 3.66 + .37 3.25 + 0.68
0-12 ) {n=10) (n=8)
Comulative Urinary Excretion (mg) (0-96 h)
Unchanged Eurosewide 29.13 + 6,88 .13 + 5.8
Furosemide Glucuronide 6.36 + 1,39 6.26 4 1.53
Total Furosemide 35.50 + 7.68 34.39 4+ 6.60
Comulative Urinary Excretion (% of dose) (0-96 h)
Unchanged Furosemide 36.42 + 8.60 35.17 + .27
Furosemide Glucuronide 1.95+ 1.4 7.83 + 191
Total Furosemide 44.37 + 9.60 42.99 + 0.2




Sty 6%

Tble b®-3

Table. b18-4

-

Enalapril Maleate & Furosemide vi1~0220¢
M.A. #618; D.M. #422

Co-12 y (ug*h/ml) for Furosemide Followi
Oral Muinistration of Furosemide Alone (2x40 ngn'rgabletl)

snd With & 10 mg Enalapril Maleate Capsule

Furosemide Tr
Subject Furosemide* plus Enalapril Maleatess I?:::::: g

—
[eyoR=gn ¥ EVY. YL AR Ty

.58 ' 3.30 ] 0. 4wne”

'3
B

* Treatment B -
*% Treatment C
*t% Ceometric Mesn

Seventy-two Bour Urinary Recoveries of Furosemide (F) and

Furcsemide Plus Glucuronide (Fy) Expressed ss Purcent of

Administersed Furosemide rouou:{ug Oral Administration of
Furossmide Alone and With Enalapril Maleate )

t

Perosenide plus

Furosenidet Enalapril Maleaten®
Subject r Fy r Py
1
2
-3
&
5
6
I |
8
9
10
11
12 51
Maankdd k13 hé 3 42

* Treatment B

wt Treatment C
s#k Subject 3 excluded from mamn due to doubt concerning 2-éh

urine collection, Treatment C
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Enalapril Msleata & Furosemide
M.A. 1618, D.M. #4422 aa

§-319 N1

Seventy-two Hour Urinary Recoveries of ME-422 snd HE-422 plus Enalapril
(Total Drug), Expressed ss Percent of Mx-422 Equivalents Administered, Following
Oral Administration of Enalapril Maleats Alona (10 mg Cappule) and
With Furosemide (2x40 mg Tablets)

Q19 » AMis

Enslapril Maleate# Enalapril Msleste Plus Furosemidetr#
ME-422 — ME-422
Subject Mx-422 Totsl Drug Total Drug MK-422 Total Drug Tote ug
1
2
3
'Y
s
6
7
]
9
10
1
12
Hean 3 57 . .69 38 - 56 +68
(Gaometric) {Ceometric)
¢ Treatment A

A% Treatwent C ‘v
*4% Subject 3 axcluded from mean due to dolibe concerning 2-éh urine collection, Treatmant ¢

80220=11A
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Tz 6lB-06

4

Enalapril Malegte & Furosemide
M.A. #618B, D. M. £422

Treatment Ratios for Furosemide
and MR-422 Drinary Recoveries

Furosemide
Subject (Tresatment C/B)*

MR=422

(Treatment C/A)*

=
ool =gt ¥ ENE SR

Geometric
Maan .37

97

* Trestnent A = Enalapril Maleate Alope
Treatment B = Furosemide Alone .
Treastment C = Enslapril Maleate Plus Furosemide

(-} Ouestiocmable 2-4h Urine Collection, Treatment C

VII=022¢:




‘ Hean Furosemide Plaswa Profiles Fol

Alone (F) and With Enalapril Maleat

lowing Oral Administration of Furosemide
e (F+EM)
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SRR Mean HK-222 Serum Profiles Following Oral Adeintstration of Enalapril Haleate
Alone (EM) and With Purosemide (EM+F)
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