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ABSTRACT Thissudy evauated the effects of batch
dze on the in vitro disoluion and the in vivo
bicavalability of immedide rdesse formulaions of
propranolol  hydrochloride and metoprolol tartrate. The
formulations were manufactured as smdl and large batches
(6 kg and 60 kg for proprandlol; 14 kg and 66 kg for
metoprolal), and dissolution was performed usng USP
Apparatus | a 100 rpm and pH 1.2. Two pands of 14
subjects each were randomly assigned to recaive the smdl
and large batches of @ther proprandlol or metoprolol in an
open, randomized sngle-dose sudy. Blood samples were
collected over a 24-hour (propranolol) or 18-hour
(metoproldl) period and andyzed by vaidated methods As
determined by the f, metric (Imilaity factor), the
dissolution of the amdl and large batches of propranclol
and metoprolol was amilar. The mean Cac and AUC; ¢ for
the amdl batch of proprandld were 79.0 mgll and 536 m
gL, and for thelarge batch they were 835 mg/lL and 5/5m
g/L/hr. Crac and AUCi¢ for the amdll batch of metoprolol
were found to be 955 mglL and 507 mgL/hr and for the
large batch, 951 mgL ad 4% m glhr. The 9%
confidence intervas for the amdl and large batches were
within the 80% to 120% rangefor INCr, and INAUC for
both the propranolol and metoprolol formulations: These
resllts suggest that the scdeup process does not
gonificantly afect the bicavallability of highly soluble,
highly permesble drugs and in vitro dissolution tests may be
usefl in prediicting in vivo behavior.
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INTRODUCTION

Formulation and processng changes may directly
influence the dissolution and bicavalability of a
pharmeceuticd  formulation  during  development,
manufacture, and product optimization. The process of
scde-up may dso dter dissolution and biocavailability.
The joint workshop between the Food and Drug
Adminigration (FDA) and the American Asodidion of
Pharmaceutical Scientists (AAPS) provided the scientific
foundation for scdeup and podapprovd changes
required for immediate rdease products [1]. This joint
workshop, subsequent research, and focused deliberations
evolved into guiddines titled scae-up and postapprova
changes for immediate rdlease (SUPAC-IR) products [2].
SUPACHIR proposed ranges for various classes of drug
and excipient leves that could be consdered mgor or
minor formulaion changes. These guiddines provide
recommendations for podapprova changes in (1) the
components or compasition, (2) the Ste of manufacture,
3 the scdeup of manufacture, and (4) the
manufacturing (process and equipment) of an immediate
rdease ord formulation [2]. SUPAC-IR provides for
levels of change in scde of manufecture, dte of
manufacture, manufacturing process, and equipment and
composgition.

*) Corresponding Author: Natdie D. Eddington, Ph.D. ,
Department of Pharmeceuticd Sdences, School of Phamecy,
University of Maryland. 100 Penn Street, AHB Bdtimore,

MD 21201-6808 Td: (410) 706-6710 ; Fax: (410) 706-6580
neddingt@rx.umaryland.edu




To sydematicaly evauate compogtiond, manufacturing, and
scde changes on dissolution and bicavallahlity, 6 drugs
represanting  various biophamecauticd dassss [3] were
duded unde a odlabordive agreamat bewen the
Universty of Maryland and the FDA H]. The sdection of
drugs representing a gpedific biopharmaceauticd dass provides
the best opportunity to generdize the findings of the research.
The ovedl misson of this ressarch was to edablish a
entific foundation for new regulaory palides on scdeup
and postapprova changesfor ord solid dosageforms

The drugs evduaed in this report were propranclol
hydrochloride and metoprolol  tatrate Both  are
Biopharmaceuticd Class | agents thet are fredy soluble in
water. Thar permeshility gppears to be high because both
are rgpidy and dmogt completdy abosorbed following ord
adminigration [3]. Previous work examined the influence
of formulation and processng paameters dasdfied as
criticd manufacturing varigbles on the bicavailability of 3
propranolol and metoprolal formulations manufactured to
rdeese in dow, modeae or fag petens [56].
Soedificdly, it was found that Levd 2 changes outlined in
the SUPAC-IR documentation did not dgnificantly
influence the in vitro dissolution or in vivo biocavailability
of the propranolol or metoprolol formulations. This work
has been extended to examine the influence on the in vitro
dissolution and in vivo bicavailability of increesing the
batch sze from 6 kg to 60 kg for propranolol and 14 kg to
66 kg for metoprolal.

MATERIALS AND METHODS

The maerids used in this dudy were propranclol
hydrochloride (SIMS, Frenze, Itdy), metoprold tartrate
(Assa Chemicd Indudries Ltd, supplied by Cetes
Chemicd, Harison, NY), microayddline codlulose
(Avicd PH 102, FMC Corp, Philaddphia, PA), lactose
monohydrate (Fegt-flo 316; Foremogt Wisconan Dairies,
Bardboo, WI), dibasc cddum phosphate dihydrae
(Emocompressa ; E Menddl Co, Patterson, NY), povidone
(Pasdone, K29/32; ISP, Wayne, NJ), sodium darch
glycolae(Explotaba ; E Menddl Co), magnesum Searate
(Code 2255; Mdlinckrodt Specidty Chemicds Co, &
Louis, MO), and calloidd slicon dioxide (Cab-O-SI M5;
Cabat Corp, Tuscala, IL). All materids used in this sudy
complied with current USP/NF compendid spedifications
Metoprolol  tatrate and propranolol  hydrochloride
dandards were obtained from Sigma Chemica Company

(St Louis MO). Dextromethorphan and dextrophan were
obtaned from Rexarch Biochemicds Internationd
(Natick, MA). Mohile phase components were of high-
performance liquid chromatography (HPLC) grade and
other chemicdswere a leest ACS oatified.

Formulations

Two 80-mg formulations of proprandd hydrochloride were
evauated in this sudy: the innovator procudt, InderdO |, and a
previoudy destribed dow-rdessng immadiate rdesse famulaion
[5]. Three betch Szes of the proprandd formulation were
examined: 6 kg (20 000 units), 12 kg (40 000 units), and 60 kg
(200000 units).

A 100mg dow-rdeesng formulaion of metoprolol
tartrale was evaduated in this sudy a beatch gzes of 14 kg
(42 000 units) and 66 kg (200 000 units) [6]. The composition
and scae-up variables for both metoprolol and propranclol
formulations are presented in Tables 1 and 2, repectively.

Table 1. Propranolol Hydrochloride and Metoprolol Tartrate
Tablet Formulations

Ingredients % tablet weight

Propranolol
Propranolol hydrochloride, USP 26.7
Microcrygdline cdlulose, NF 200
Lactose monohydrate, NF 52.8
Magnesum stearate, NF 20
Manufacturing Parameters
Tablet weight 300mg
Compression force 1200 kg
Lubricant blend time 2min
M etoprolol
Intergranular
Metoprolol tartrate, USP 30.3
Lactose monohydrate, NF gs 100
Microcrygdline cdlulose, NF 20.0
Sodium gtarch glycolate, NF 30
Povidone K29/32, USP 5.0
Extragranular
Sodium garch glycolate, NF 1545
Microcrystaline cellulose, NF 200
Magnesum stearate, NF 15
Colloidd slicon dioxide, NF 300r50
M anufacturing Parameter
Tablet weight 300mg
Compression force 600 kg




Table 2. Scale-Up Variables for Formulations Used in the
Propranolol and Metoprolol Clinical Bioavailability Study

Scale-Up Variablesfor Propranolol

V- Bach size Units Steof
Blender (kg) Manufacture
(cuft)
05 6 20000 UMD
10 12 40000 UMD
50 60 200000 UMD
Scale-Up Variablesfor Metoprolol
Unit Size | Batch Size Units Purpose

(Equipme (kg)
nt)

PMA 10 20(1X) 6000 CVA
Study

PMA 65 | 14.0(7X) 42 000 IVIVC
Study

PMA 150 | 330(17X) | 100000 | Scdeup

PMA 300 | 66.0(33X) | 200000 | Scaeup

Dissolution Testing

Disolution tests were conducted on coated tablets
according to the USP XXII monogrgph for  propranolol
hydrochloride tablets and metoprolol tartrate [7]. The
dissolution conditions were USP Apparatus |, 100 rpm,
1000 mL, 0.IN HC, a 370C for propranolol and USP
Appaaus | and 100 rpm with 900 mL of Imulated
gadric fluid TS (tes solution) for metoprolol. Dissolution
samples were collected a 5, 10, 15, 20, 25, and 30
minutes and andyzed Spectrophotometricaly —at
wavdengths of 289 nm for propranolol and 275 nm for
metoprolal.

To dudy the effect of pH on drug rdease, disolution
testing as specified in SUPAC-IR (Case C dissolution)[ 2]
was paformed on dl formulations (propranolol and
metoprolol) a& pH 12, 47, and 70 usng the
aforementioned dissolution conditions. The disolution
profiles were compared usng the smilaity factor fo.
Clinical batches were packaged in 60 mL HDPE (high
dendty polyethylene) bottles containing a CRC (child

restant closure) cgp and dored a controlled room
temperature (20° C 250C) for 6 months. Stability samples
were collected & O, 1, 3, and 6 months, and dissolution
tets were paformed to sudy the effect of longterm
gorage on these formulations.

Bioavailability Studies

An open, randomized, fagting, sngle-dose, 3-propranolol
trestment, crossover sudy was peaformed with 14
hedthy, nonsmoking, mde and femde subjects The
trestments were as follows (1) smdl batch, (2) large
batch, and (3) InderdO 80-mg tablet. After an overnight
fed, subjects were adminigered 1 tablet, and blood
samples were collected over a 24-hour period. Plasma
samples were stored & - 80°C before andysis with a
vaidated HPLC method.

An open, randomized, fagting, sngle-dose, 2-metoprolol
trestment crossover Sudy was performed with 14 hedthy,
nonsmoking subjects. After an overnight fadt, subjects
were adminigered 1 tablet (smdl or large baich), and
blood samples were collected over an 18-hour period.
Samples were sparated and the plasama samples were
andyzed for metoprolol concentrations.

The protocals for propranolol and metoprolol were
goproved by the Inditutionad Review Board at the dinical
gte (Harris Laboratories, Lincoln, NE), the University of
Maryland Inditutiond Review Board, and the Research
Involving Human Subjects Committee a the FDA. All
subjects gave written informed consent.

Analytical Methods.

Propranolol was andyzed by a vdidated HPLC method
usng fluorescence detection and solid-phase extraction.
The andyticd column used was a Zorbax C-8 reverse-
phase column (Mac-Mod Andyticd, Inc., Chadds Ford,
PA), and the mobile phase conssted of 0.25% phosphoric
acid and acetonitrile (74:26, val/val). The vdidated range
of quantifiable concentrations for the anadyte was between
3and 200 ng/mL. The intraday and interday coefficients
of variaion were no more than 12% for dl $andard and
control samples

A gas chromaography method for quantitation of
metoprolol in human plasmawas deve oped and vdidated
by Haris Laboratories. The method involved extraction
of the drug and intend sandard from the sample



derivitization with trifluoroecetic  anhydride, and
separdtion on a 30 m DB5 capillay column using an
eectron capture detector. The linearity range for the
metoprolol assay was 4 to 375 ng/mL, with a limit of
Quantitation of 4 ng/mL. The intraday and interday
codfficents of variaion for 6, 100, and 280 ng/mL ranged
from 1.8% to 8.2%.

Pharmacokinetic Data Analysis

The propranolol and metoprolol concentration versus time
data were evduaed usng the Phagt program (Phoenix
Scientific Software, Montred, Canadd). The highest
plasma drug concentration measured for asubject wasthe
Crax- The time a which Gy occurred was defined as
T The AUCiy (area under the curve) was dso
determined. The diminaion rate condant was determined
by linear regresson of the liner portion of the
log(concentration) versustime profile.

Bioequivalence and Statistical Analysis.

A parametric generd linear modd was applied to eech of
the above-defined pharmacokinetic variables usng SAS
GLM (genead linear method) procedure. In addition, the
logarithmic transformations of Cr and AUCx were dso
evaduaed by use of the same modd. The andyss of
variance mode induded the following factors: sequence
(SEQ), subject within sequence (SUBJECT [seq]), period
(PHASE), and formulation (TREATMENT). The 2 one-
Sded hypotheses were tested a the 5% levd for the
parangters by condructing 90% confidence intervas
(Cly) for the retio of the test and reference means. The
90% Cls were obtained from the anti-log of the lower and
upper bounds of the 90% Cls for the differences in the
means of the log-transformed data. Bioequivaence was
concdluded if the 90% Cls of the ratio of the product
means fell within the range of 80% to 120% of theratio of
the tex and reference means for the untransformed
parameters or within the range of 80% to 125% for the
log-tranformed parameters.

RESULTS AND DISCUSSION

In vitro dissolution studies Profiles of the cumulative
propranolol fraction dissolved from the 6 kg (smal
batch), 12 kg, and 60 kg (large batch) propranolol
tabletsareillugtrated in Figure 1A.
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Figure 1. The effect of scale-up on the mean dissolution versus time
profiles for (A) the 6 (@ ), 12 (M), and 60(A ) kg batch sizes of

propranolol tablets and (B) the 14 (® ) and 66 (M ) kg batch sizes of
metoprolol tablets using USP Apparatus I, pH 1.2, 100 rpm.
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Figure 2. The effect of pH on the mean dissolution
versus time profiles for (A) 60 kg batch of propranolol
tablets at pH 1.2 (® ), pH 4.7 (), and pH 7.0 (A )
and (B) 66 kg batch of metoprolol tablets at pH 1.2 (® ),
pH 4.7 (M) and pH 7.0 (A ).

The corresponding f, metric values for the 6 kg, 12
kg, and 60 kg batches of the dow-releasing
propranolol were al greater than 50, suggesting that
the dissolution from the various batch sizes was
smilar. Figure 1B presents the dissolution of
metoprolol from the 14 kg and 66 kg batches (f, >
50). Scale-up does not adter the dissolution of
propranolol or metoprolol based on the batch sizes
evaluated.

Figure 2A presents the effect of pH (1.2, 4.7, and
7.0) on the dissolution of the propranolol 60-kg
batch. The dissolution of propranolol at pH 1.2 was
not similar to drug release at pH 4.7 (f» < 50) or pH
7.0 (f2 < 50). However the dissolution was similar
when drug release at pH 4.7 and 7.0 were compared
(f2 > 50). The Case C dissolution of the metoprolol
66-kg batch is presented in Figure 2B. The pH of

Percent Metoprolol Released

120 ®

0 5 10 15

Time (min})
the dissolution media does not have a significant
effect on the release time of metoprolol.

The dissolution profiles of both the small (Figure
3A) and large batches (Figure 3B) of propranolol
were unaffected by storage at controlled room
temperature (20° C-25°C) over a 0- to 6- and 0- to
2-month period, respectively. The stability of the
metoprolol tablets was aso unaffected by the
storage conditions as measured by the dissolution
profiles for the small (Figure 3C) and large (Figure
3D) batches.

The dissolution profiles of the clinical batches (6 kg
and 60 kg) of propranolol and the innovator product
are presented in Figure 4A.

Figure 3. (next page - top) Mean dissolution profiles
examining the stability of (A) 6 kg batch size of
propranolol tablets at 0, 1, 2, 3, and 6 months; (B) 60 kg
batch size of propranolol tablets at 0, 1, and 2 months;
(C) 14 kg batch size of metoprolol tablets at 0, 3, 6, and 9
months; and (D) 66 kg batch size of metoprolol tablets at
0, 1, 2, and 3 months.
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Figure 4. (previous page — bottom)The effect of scale-up on
the mean dissolution versus time profiles for (A) the 6 (® ) kg
and 60 (M ) kg batches and the innovator (A ) tablets of
propranolol, and (B) the 14 (® ) kg and 66 @@ ) kg batch
sizes of metoprolol tablets.

The dissolution of the innovator product exceeded both
the small- and large-baich propranolol formulation
profiles after 5 minutes. The dissolution profiles of the
clinica batches (14 kg and 66 kg) for metoprolol are
presented in Figure 4B.

Propranolol in vivo studies

Fourteen subjects completed the study and 2 subjects
withdrew voluntarily. The mean (+ SD) age, height,
and weight of the 14 subjects who completed the study
were 35 + 7.8 years, 68.2 + 3.2 inches, and 166 + 24
pounds, respectively. No serious or unexpected adverse
experiences occurred. Figure 5A shows the mean
propranolol concentration versus time profile after the
adminigration of the smal batch, large batch, and
Indera formulations. Table 3 summarizes the mean (+
SD) propranolol pharmacokinetic parameters.

Figure 5. The effect of scale-up on the mean plasma drug
concentration versus time profiles for (A) 6 @ ) kg and 60
(H) kg batches and the innovator (A ) tablets of propranolol,
and (B) the 14 (® ) kg and 66 (M) kg batches of metoprolol
tablets after single-dose administration to healthy volunteers.
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Table 3. Mean (SD) Pharmacokinetic Parameters for
Propranolol after the Administration of the Small (6 kg),
Large (60 kg), and Inderal Treatments and Mean (SD)
Pharmacokinetic Parameters for Metoprolol after the
Administration of the Small (14 kg) and Large (66 kg)
Batches .

Formulation Cpa(m/L) Tmax(hr) — AUCin

(mglL/hr)
Propranolol
6 kg batch 79.0 2.3 536
(32.0) (0.5) (254)
60 kg batch 835 2.3 546
(313 (0.9 (232)
Inderala 89.8 2.1 575
(24.9) (0.6) (199)
Metoprolol
14 kg batch 95.5% 2.2 507

(39.7) (0.6) (248)

66kgbatch |  95.1 2.0 495
(42.7) (0.7) (255)

Crex indicates the highest plasma drug concentration
measured for a subject, AUCin = area under the curve.
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In generd, the influence of scdeup on the
biocavallability parameters was minima. The mean
Cinax for the small baich was lower than the mean Crax
of the large batch (79.0 vs 835 mg/L). The extent of
absorption was dightly higher for the large-batch
formulation (AUC;+ = 546 mg/L/hr) as compared with
the smaler batch (AUCy = 536 mg/L/hr). T Was
identical for both the smal and large batch szes (2.3
hr). The rate of absorption was faster for Inderal (Crux
=89.8 mg/L and T 2.1 hr) than for the smal and
large baiches. The faster absorption noted for Inderal
was aso observed in the dissolution data. None of the
observed differences in Chax, Tmax, OF AUCix were
found to be datisticaly sgnificant among the tested
formulations.

The results from the two one-sided t tests and the 90%
Clsfor Gy and AUG;s areshownin Table 4.

Table 4. Ratio of Leas-Squares Means and
Confidence Intervals (Cls) for Propranolol and
M etoprolol Phar macokinetic Parameters

Formulation Ratio 9%  Ratio 90% ClI
|nCmaX Cl |nAUCinf |nAUCinf

INCimax

Propranolol

6 kg/60kg |95.2 83.9 -(103.7 924 -
108.2 103.8

6kg/|nderaO 84.8 74.7 -{93.7 826 -
96.3 106.3

60kginderd)89.1  |784 -|904 797 -
101.2 102.6

Metoprolol

14kg/6bkg |999 |91.3 -|97.9 24 -
109.2 103.8

The 90% Cls for the smdl and large scae batches were
within 80% to 120% for INAUC;y (92.4-103.8) and
INCrrax (83.9-108.2), but there was insufficient power to
determine bioequivaency. The 90% Clsfor INCe for
both the smdl (74.7-96.3) and large (78.4-101.2)

batches compared with Inderal were outside of the 80%
to 120% range, whereas INAUC;y CIs were within the
range at 82.6 t0106.3 (smal batch) and 79.7 to 102.6
(large batch). These results strongly suggest that the
process of scale-up does not alter the in vivo absorption
rate or the extent of absorption of this formulation of
the highly soluble, highly permeable propranolol
hydrochloride.

Metoprolol Study:

Fourteen subjects completed the study and 2 subjects
withdrew voluntarily. The mean (+ SD) age, height,
and weight of the 14 subjects who completed the study
were 28 + 4.7 years, 69.5 + 3.8 inches, and 168.3 +
30.9 pounds, respectively. No serious or unexpected
adverse experiences occurred. Figure 5B presents the
mean metoprolol concentration versus time profile after
the adminigration of the smdl batch and large batch.
Table 3 summarizes the mean (+ SD) metoprolol
pharmacokinetic parameters. No significant differences
were found for Crax (95.5 mg/L vs 95.1 mg/L), T
(22 hr vs 2.0 hr), or AUCjr¢ (507 mg/L/hr vs 495 m
g/lL/hr) between the smdl and large batches,
respectively. Further, the results from the two one-sided
t tests and the 90% Cls for Crax and AUCi (Table 4)
suggest that the batches are bioequivaent.

CONCLUSIONS

This research examined the influence of scale-up on the
in vitro dissolution and in vivo bicavailability of 2
highly soluble and permeable drugs, propranolol and
metoprolol. Previous work found that broad differences
with in vitro dissolution that resulted from SUPAC-IR
Level 2 changes had no effect on the dissolution or
bicavalability of metoprolol or  propranolol
formulations [5,6]. In this study it was important to
examine if previoudy identified critical manufacturing
variables [5,6] would be enhanced in a larger scale
batch size and thus ater dissolution and bioavailability.
Indeed, lower dissolution results were seen for the
scae-up batches of both the metoprolol  and
propranolol  formulations. Within the range of
manufacturing scales represented (e, 6 kg-60 kg for
propranolol and 14 kg-66 kg for metoprolol), there was



no significant impact of a 10 X scale-up using smilar
equipment. Further, in vivo bioavailability was not
dtered with scade-up. In conclusion, the results suggest
that the scde-up of highly permeable and highly
soluble drugs does not significantly affect either in vitro
dissolution or in vivo performance. It is likely that
greater scale-up factors will not result in dissolution
differences greater than those found bioequivaent in
this body of work.
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