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ABSTRACT

Project Code: BGJ47K0011

Project Title: ~ Computational Simulation for Prediction of Orally Administered Immediate-
Release Cimetidine Absorption Characteristics

Investigators:  Prof. Dr. SOMPOL PRAKONGPAN and Mr. EKARAT JANTRATID
Department of Pharmacy, Faculty of Pharmacy, Mahidol University

E-mail Address: pyspk@mahidol.ac.th

Project Period: one and a half years (from December 1, 2003 to July 31, 2005)

Bioavailability and bioequivalence studies have long been employed as tools for
appraisal of clinical drug efficacy in several steps of drug research and development. |t is,
however, time-consuming and relatively exorbitant. As such, several attempts have been
established to simulate human gastrointestinal tract milieu in vitro and in silico to set as a
surrogate of in vivo studies, particularly in human. The aim of this work was to evaluate
computational prediction of immediate-release products containing the BCS Class Il compounds,
employing cimetidine as a model drug. Tagamet®, the innovator of cimetidine tablet available
commercially as well as cimetidine tablets formulated with Eudragit® RS PO, a release-modifying
agent, was determined by in vitro dissolution tests and in vivo in human volunteers. WinNonlin”
program was applied for pharmacokinetic parameter evaluation and for in vitro-in vivo correlation
(IVIVC) analysis. Also in this study, in silico prediction of cimetidine absorption was performed
using two computational simulation programs, PK-Sim” and STELLA®. The predicted absorption
behaviors of cimetidine tablets were evaluated and compared with the data acquired from the
comparative BA study in accordance with drug physicochemical properties and the
dissolution profiles obtained experimentally. The IVIVC analysis showed that only the
cimetidine tablets containing 26% Eudragit® RS PO exhibited dissolution rate-limited
absorption. Computational simulations showed fair correlation as compared to in vivo and

some further adjustments are required in order to perform simulation effectively.

KEY WORDS: BCS; bioavailability; bioequivalence; IVIVC; in silico
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A1599 1 gResniuendn lmafinundiunanted Eudragit’ RS PO lutlinnmusinge i

7.5% Eudragit’ RS PO 15% Eudragit’ RS PO 26% Eudragit’ RS PO

in tablet % in In tablet % in In tablet % in

(mg)  formulation (mg)  formulation (mg)  formulation

Cimetidine 400 40 400 40 400 40

Eudragit’ RS PO 75 7.5 150 15 260 26

Dextrose 477 47.7 402 40.2 292 29.2
Aerosil® 200 8 0.8 8 0.8 8 0.8
Talcum 25 2.5 25 2.5 25 2.5
Mg stearate 15 1.5 15 1.5 15 1.5
Total 1000 100 1000 100 1000 100

dautlsznavsnge safiszy I lumesldrunssiuusuazuan i antdurinien
drunguildunmenifusiadaeiinenns  Inefiudazsindloudsuiugaulsynenlu o
400 HadNTH %'qmmqﬁmﬁmmmwﬁliﬁﬁu%meﬁi’]\‘iﬁu@ﬂwﬁﬁmﬁqﬁaﬂuu&im@mm"ﬁu

endlafieienld  Idsunmageuniesiueiiuazmann aadetiwafissyeelu
WndsnFUesanigeLing (the United States Pharmacopeia, USP)"” TnevinismaaaLLn
winaeseidaiild (tablet weight) gUs1 §nwouz (diameter and thickness) aienrsuds
I09LEALN  (tablet hardness) ANNNTDUIRILTALN (friability) n1gumNGn  (disintegration)
ﬂ?mmmmﬁqmzﬁﬁﬁmhmLﬁmﬁm?ﬂulﬁ (content uniformity) Lar@AIINIIAZAILIIDIENLLA
(dissolution)

M RInrarantTaseniaTiEeaauil  vnlagnmegarluaisazans
ey ﬁqﬁl,mm@g‘l,ummﬁ 2 'l&url 0.01 N HCI #ilAn pH 2.0, phosphate buffer A1 pH
4.5, Simulated Intestinal Fluid without pancreatin ‘ﬁlﬁﬂ"} pH 6.8 LAy Fasted State Simulated
Intestinal Fluid (FaSSIF) fiifn pH 6.5 Taeld15umstesansazans 500 fadanssia 1 Nqu

NALBUDNINNTAZANE (dissolution vessel) 19 USP Apparatus |l (Paddle method) Tunng

a

naaau tagldAnudseunti 75 sausewnd (rpm) nsnaaauniguumnd 37 = 0.5°C Tae

a

NN9I4UAIREINNANTAZANINININNIRATIZIFAEN BN AUAINTIA NN IUA



e uatiuanysnl salasanns BGJ47K0011 5

M50 2 dautlszneusine 1esansazanedldlunimaaeudniinisarateresenlnlomd

Pl
Medium Composition (for 5 liters)
0.01 N hydrochloric acid, pH 2.0 Fuming hydrochloric acid 49¢g
(37%)
Deionized water gs ad 51
Phosphate buffer, pH 4.5 Potassium dihydrogen 34 g
phosphate
Deionized water gs ad 51
Simulated intestinal fluid without Potassium dihydrogen 34 g
pancreatin (SIF_ ), pH 6.8 phosphate
Sodium hydroxide 459
Deionized water gs ad 51
Fasted state simulated intestinal fluid Sodium hydroxide pellets 1.74 g

(FaSSIF) (blank), pH 6.5

Sodium dihydrogen phosphate  19.77 g (or

monohydrate 17.19 g of
anhydrous
form)

Sodium chloride 3093 g

Deionized water gs ad 51

* $Ann3Ll3UAN pH 189dnsavaei lddaednTazane 0.1 N sodium hydroxide ¥3aa17azaNe
0.1 N hydrochloric acid

s lialuda Bunns Hedesiia UV spectrophotometer %38 High
Performance Liquid Chromatography (HPLC) BNNAIMNLUNIZAN Tnglunisamseifag UV
spectrophotometer thudenldannuanaaaui 218 unluiuns lurnisinisieezilaeld HPLC
Faldiuansazanefaetnsfinagenli FaSSIF @anacuananawud 228 unluuas iefazuan

AENNMTIUNANANNdauLTENaL Y FaSSIF luseninangaasnzyt
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Algrinnrinnimagseuluenaadnsaulnamasaniganmadaiuou 12 au Taad Tagamet”

1
a

tablet Faflugdaloinuinamiieluiesmanaluaunn 400 Jaansu uar Tagamet”

%

injection NNFRaNlHLMTIAY 300 HaAnin/ 2 HaaanT LugRsa1FuAI9Es

AN519N 3 Luswewn1g e TR ALl Williams

Square  Sequence Treatment Period

I I Il \Y V

1 1 A E B D C
2 B A C E D

3 C B D A E

4 D C E B A

5 E D A C B

2 1 C D B E A
2 D E C A B

3 E A D B C

4 A B E C D

5 B C A D E

Key,

A= Tagamet® tablets

B = 7.5 % Eudragit” RS PO cimetidine tablets
C=15% Eudragit® RS PO cimetidine tablets
D=26% Eudragit® RS PO cimetidine tablets

E= Tagamet® injection, 300 mg/2 mi

MN17ARRENBNANANATINGUNINAR UL 12 AU NegFALs 18-45 1 Tae 10 AW

IHFUNUAazgRIANTL 9NINAN 5 §A1T ATNWLHUNT eI Williams Aanuanslumnsen 3
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v v ] 1
gAarAse 1 Uy antduninednsesufasn lunataN1aInNFat e RALAINIIANARINLA
el HPLC NRmfasiae UV detector InelldA1AaNenamani 228 unTulims 9987 i ins
v
AAseiisiag HPLC duldfunismanagaumnugnéies (validation) un
1 o/ rdlo % b 1 1 “11 dl U o/ % '8 1 o/
AMILNATAAUANGATNNINTIR TouA ANTNUATENIIN AN NN LT T2 1I1992F LA
Y o aa o Ao Y = v oo & o |
dnduaasenlmmiaulunaranniunaiidaainuaisssuaunaangaineNiinisiiusiaacig

(AUC ANUR AN A NA LR USTE NI F L AN NI N U e TR A T unAN AN AL

O—\ast)
1 v
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Abstract

Background: The extension of biowaivers (drug product approval without a
pharmocokinetic bioequivalence study) to drugs belonging to Class III of the
biopharmaceutics classification system (BCS) is currently a subject of much discussion.

Objectives: To assess the relationship between in vitro dissolution characteristics
and in vivo absorption performance of immediate release (IR) products containing
cimetidine, a BCS Class III compound, in human subjects. To evaluate the feasibility and
appropriateness of an extension of the biowaiver concept to BCS Class III compounds.

Study design and participants: BCS-conform dissolution tests were carried out
on 10 marketed cimetidine products from Thailand and Germany as well as cimetidine
tablet formulations containing 400mg cimetidine manufactured by direct compression
using methacrylate copolymer (Eudragit® RS PO) as a release-retarding agent to yield
three batches with significantly different release profiles. Twelve healthy male subjects
were enrolled in a randomized, open-label, single-dose schedule based on a five-way
Williams design balanced for carryover effects. Subjects received each of the following
treatments with one-week washout periods between: (i) Tagamet® tablet 400mg; (ii) 7.5%
methacrylate copolymer cimetidine tablet; (iii) 15% methacrylate copolymer cimetidine
tablet; (iv) 26% methacrylate copolymer cimetidine tablet; and (v) Tagamet®™ (300
mg/2mL) intravenous injection. The area under the concentration-time curve from zero to
twelve hours (AUCy.j2) and that from zero to infinity (AUCj..), maximum observed
plasma concentration (Cyax), absolute bioavailability (F), and mean residence time

(MRT) were evaluated and statistically compared among formulations. /n vitro-in vivo
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correlation (IVIVC) analysis was then applied to elucidate the overall absorption
characteristics of each tablet formulation.

Results: The release properties of the ten marketed cimetidine products were
shown to comply with current FDA criteria for rapidly dissolving drug products. As
expected, the in vitro dissolution profiles of the cimetidine tablets containing different
percentages of methacrylate copolymer differed considerably from one another.
However, in vivo results showed no significant difference in AUCy.j2, AUC0, Cinax and
F between the tablets manufactured with methacrylate copolymer and the innovator.
However, the MRT values obtained from 26% methacrylate copolymer tablets were
significantly longer than for the other two methacrylate copolymer formulations or for
Tagamet” tablets. Further, IVIVC analysis showed that the 26% methacrylate copolymer
tablets exhibited dissolution rate-limited absorption, whereas the other formulations
showed permeability rate-limited absorption.

Conclusion: Results indicated the absorption of cimetidine from IR tablets is in
general limited by permeability rather than dissolution. IVIVC analysis demonstrated that
only when the release was deliberately retarded (tablets containing 26% methacrylate
copolymer), did the dissolution represent the rate-limiting step to drug absorption. On the
in vitro side, it seems that 85% dissolution within 30 minutes, as currently required by the
FDA Guidance, is more than sufficient to guarantee bioequivalence of IR cimetidine
products. For cimetidine and other Class III drugs with a similar intestinal absorption
pattern, application of the biowaiver concept seems to present little risk of a wrong

biowaiver decision.
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Introduction

Since it was first proposed in 1995!"! and revised in 2000, the Biopharmaceutics
Classification System (BCS) has been adopted as a very useful tool in drug design and
development worldwide, particularly in terms of regulatory standards. The classification
scheme arranges drug substances into four categories based on their biopharmaceutical
properties. The concept of the BCS is that drug products containing the same dose of the
same drug substance and having the same dissolution and gut wall permeation profiles in
vivo will be bioequivalent. The application of this concept in the regulatory setting is to
allow the use of in vitro dissolution tests as a surrogate for in vivo bioequivalence studies
for certain classes of drugs.

In 2000, the US FDA launched the Guidance for Industry, ‘Waiver of in vivo
bioavailability and bioequivalence studies for immediate-release solid oral dosage forms
based on a biopharmaceutics classification system’.”! According to this Guidance,
biowaivers can only be requested for drug substances belonging to BCS class I (highly
soluble-highly permeable) and housed in rapidly dissolving immediate release (IR)
products, i.e. more than 85% of active ingredient must be dissolved within 30 minutes. A
further stipulation is that the drug per se does not have a narrow therapeutic index. As
these criteria are very restrictive, they can only be met by a small percentage of drug
products. Thus, it seems worthwhile to investigate the feasibility of extending the
biowaiver of in vivo studies to other BCS classes, with attendant savings in terms of time
as well as financial investment required in drug development. Among the other BCS
classes, Class III compounds (highly soluble—poorly permeable) seem to be the most

promising for application of the biowaiver concept as they too are characterized as highly



senuetiuanysal sialasans BGJ47K0011 25

soluble. Since this class of compounds accounts for approximately 40% of orally applied

4 extending biowaivers

drugs appearing on the WHO model list of Essential Medicines,
to this class would have profound regulatory and financial consequences. In terms of
biopharmaceutical aspects, permeability of drug substances through gut wall, rather than
release behavior of drug products, is the rate-determining step for the overall absorption
process of this class of drugs, i.e. formulation effects are expected to play a less important
role in drug absorption.!"* Consequently, it appears to be appropriate to consider BCS
Class III drugs as biowaiver candidates.

The FDA criterial® were originally invoked to ensure that drug substance is
completely released within the time-frame of gastric emptying. However, it has not been
demonstrated to date that when these rather strict criteria are not met, the “slow” release
would affect the absorption of highly soluble compounds. In other words, the relationship
between dissolution characteristics and overall drug absorption behavior has not yet been
fully characterized.

Recently, there have been some studies evaluating the appropriateness of BCS
Class II and III drugs as biowaiver candidates.””) Nonetheless, the cutoff at which the
dissolution properties of drug products becoming rate-limiting to the overall absorption
of class III drugs has not yet been adequately defined. Blume et al.l’) confirmed
bioequivalency of two indomethacin (Class II) products with different release profiles.
Similarly, Polli et al.!”! reported superimposable plasma concentration-time profiles
obtained from ranitidine (Class III) products with different release rates. It was suggested
in the latter report that BCS Class III compounds should also be eligible for biowaivers

because permeability rather than drug release properties is the rate-controlling step for
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drug absorption. Recently, Cheng et al.l”’ proposed an extension of the biowaiver to BCS

Class III drugs on the bases of a comparison of marketed metformin IR products in terms

of their in vitro dissolution characteristics and in vivo performance. They found that

dissolution profiles of two products were similar and, hence, unsurprisingly, that the in
vivo plasma drug profiles were nearly the same.

The main objective of our investigations was to appraise the biopharmaceutical
characteristics of the BCS Class III drug, cimetidine, by determining the relationship
between in vitro dissolution properties and in vivo human absorption using formulations
with a broad spectrum of release characteristics.

Cimetidine, N"-cyano-N-methyl-N'-[2 ([ (5-methyl-1H-imidazol-4-yl) methyl]
thio) ethyl] guanidine), an H,-receptor antagonist which has long been used for the
treatment of duodenal and gastric ulcers, was adopted as a model drug for BCS class 111
in this study for the following reasons:™’!

(a) Its lowest aqueous solubility is about 6 mg/mL at 37°C in the pH range of 1-8,
leading to a dose to solubility ratio of about 133mL based on 800mg (the
highest dose strength available).!"* The absolute bioavailability of cimetidine
in healthy subjects is roughly 60%"’ and human permeability was measured to
be 035 x 10* cm/sec, corresponding to the fraction absorbed of

approximately 0.5,

thus confirming cimetidine to be a BCS Class III drug,
(b) In terms of benefits and safety for clinical trial, cimetidine is considered to

have a wide therapeutic index.!”’ The elimination half-life of cimetidine is

rather short (about 2 hours) in healthy adults with normal kidney and hepatic
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function.”! Adverse effects caused by cimetidine are generally infrequent and
just a few are of clinical significance.”!
(c) Moreover, plasma cimetidine concentration can be efficiently analyzed using

simple reverse phase high performance liquid chromatographic methods.!"*?!

In order to achieve the goals of the study, ten randomly selected commercially
available cimetidine products from Thailand and Germany were evaluated for their
dissolution characteristics. Since these formulations all proved to be rapidly dissolving in
this study, several formulations of cimetidine tablets containing 400mg cimetidine with
deliberately different release were manufactured by means of direct compression
technique. A methacrylate copolymer (Eudragit® RS PO), a pH independent polymer,
was selected as a release-retarding agent. Among these formulations, three were chosen
for a comparative bioavailability study in human volunteers. Tagamet™ tablet 400mg, the
innovator product and Tagamet”® injection (300mg/2mL) were also included in the
bioavailability study as a reference and to enable determination of absolute

bioavailability.

Materials and Methods

Chemicals - Cimetidine raw material (lot 20030128) was kindly donated from
Helm Mahaboon Co.,Ltd., Thailand. Cimetidine standard (lot 088H1317) and sodium
taurocholate (lot 15H5001) were obtained from Sigma Aldrich GmbH, Steinheim,
Germany. The marketed IR cimetidine products used in this study were directly

purchased from Thailand and Germany pharmacies (product list is shown in table L.).
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Ranitidine standard (lot BL0222MO06) was kindly donated from Biolab, Thailand.
Colloidal silicon dioxide (Aerosil® 200, control number 0365) was obtained from
Degussa, Germany. Egg-phosphatidylcholine (Lipoid EPC®) (lot 12091-1) was a
donation from Lipoid GmbH, Ludwigshafen, Germany. Poly - (ethylacrylate — methyl
methacrylate — trimethylammonio - ethyl methacrylate chloride) copolymer (Eudragit®™
RS PO) (lot 0410838099) was obtained as a gift from JJ-Degussa Chemicals, Thailand.
Dichloromethane, 85% ortho-phosphoric acid and triethylamine were purchased from
Fluka Chemie AG, Buchs, Switzerland. D(+)—glucose monohydrate (lot K26967346011),
acetonitrile, 37% hydrochloric acid (HCI), 70% perchloric acid (HCIO4), magnesium
stearate, potassium dihydrogen phosphate, sodium chloride, sodium dihydrogen
phosphate monohydrate, sodium hydroxide pellets and talcum were all of analytical grade

and purchased from E. Merck, Darmstadt, Germany.

Cimetidine Tablets Formulations and Manufactures

Preparation of cimetidine tablets

Cimetidine tablets were manufactured employing direct compression technique.
The formulations selected for the bioequivalence study are indicated in table II. Briefly,
all the ingredients were sieved through number 4 sieves and subsequently mixed in the
glass mixing container using a Turbula mixer (Schatz®, Basel, Switzerland) for
approximately 15 minutes at high rotational speed. The mixture was subsequently
compressed to tablets using a single punch tableting machine (Korsch®, Berlin, Germany)

equipped with a punch and die with a diameter of 16mm. Tablet weight as well as tablet
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hardness were checked continually throughout the process to confirm the consistency of
tablets obtained.

Physical tests

Tablet weight variation, tablet hardness and content uniformity were evaluated

according to current compendial standards."”

Dissolution Tests

The dissolution conditions used for both commercially available cimetidine
products and cimetidine tablets containing methacrylate copolymer consist of the
following; paddle method (USP apparatus II), 500mL dissolution media (degassed and
pre-warmed prior to the tests), revolution speed of 75 rpm, test temperature of 37 + 0.5°
C. Dissolution media used for the dissolution tests are listed in table III. Aliquots of the
samples were removed, filtered and diluted appropriately before analyzing the cimetidine
concentration by UV spectrophotometry or high performance liquid chromatography
(HPLC). The dissolution profiles were constructed from the average of the concentrations
from six vessels over the test duration.

Commerecially available cimetidine products

The products from Thailand and Germany were examined for dissolution behavior
in 0.01 N HCI and SIFsp. Samples were taken at 7.5, 15, 30, 45, 60 and 90 minutes.

Cimetidine tablets containing methacrylate copolymer

Three formulations of cimetidine, containing 7.5%, 15% and 26% methacrylate
copolymer were evaluated by dissolution testing in 0.01 N HCI, pH 4.5 phosphate buffer,

SIFsp, and FaSSIF to determine the robustness of these formulations to various pH



senuetiuanysal sialasans BGJ47K0011 30

conditions as well as to bile salts and to confirm that the formulations had dissolution
characteristics distinct from one another. Dissolution samples were taken at 15, 30, 60,
90, 120, 180, 240, 300 and 360 minutes. The model independent methods utilizing
similarity factor (f;) and difference factor (f;) were adopted for dissolution profile

comparison.'”!

Analytical Methods

UV spectrophotometry The amount of cimetidine released in dissolution tests
were assayed by UV spectroscopy except for those in FaSSIF. The absorbance
measurements were performed at a wavelength of 218nm.

The HPLC system The samples obtained from dissolution tests in FaSSIF were
determined quantitatively by HPLC at ambient temperature. The HPLC system consisted
of a Merck Hitachi L 7110 LaChrome pump, a Merck Hitachi L 7200 Autosampler, a
Merck Hitachi L 7400 UV Spectrophotometer, an Integrator (C-R5A, Shimadzu), and a
RP-18 column 5um LiChroCART 125 x 4, LiChroSphere 100 (Lot. L497017). The
chromatograms were evaluated with EZChrom Elite® Version 2.8 software. The mobile
phase comprised 5.5% acetonitrile, 0.2% triethylamine, adjusted to appropriate volume
with 0.04M potassium dihydrogen phosphate and pH of the mobile phase was then
adjusted to 3.0 using 85% ortho-phosphoric acid with the flow rate of 1.2 mL/min. The
injection volume was SuL. The detection wavelength was set at 228nm and the run time

was 10 minutes.
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Comparative Bioavailability Study

Study design

Twelve subjects completed a single-dose five-way Williams design''® balanced
for carryover effects and with a one-week washout period between treatments (see table
IV). After fasting overnight (not less than ten hours) each subject received either one
400mg dose of one of the tablet formulations of cimetidine or a 300mg dose of the
Tagamet® injection (300 mg/2mL). Tablets were always taken with one glass of water
(approximately 250mL). Four hours after dosing the subjects were provided with a
standard meal. Five mL of blood samples were withdrawn into heparinized Vacutainer”
tubes at time 0 (just before the cimetidine dose) and 30, 60, 75, 90, 105, 120, 150, 180,
210, 240, 360, 480, 600 and 720 minutes after administration of cimetidine tablets. Two
further samples were collected at 960 and 1440 minutes for the tablets formulated with
15% and 26% methacrylate copolymer. For the treatment with Tagamet” injection, blood
samples were withdrawn at 0, 10, 20, 30, 45, 60, 75, 90, 120, 150, 180, 210, 240, 360 and
480 minutes. Blood samples were centrifuged immediately at 5000 rpm for 10 minutes at
25°C. Plasma was collected as rapidly as possible and subsequently stored at -20°C prior
to assay.

Study population

The number of subjects required for the study was calculated from PS: Power and
Sample Size interactive program version 2.1.31'7 based on data from the literature.!'®!

Healthy Thai male volunteers between 18-45 years of age were recruited via

advertisement by the Bioequivalence Test Center, Faculty of Pharmaceutical Sciences,
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Naresuan University, Phitsanulok, Thailand. They were screened physically and
laboratory parameters were assessed from blood samples. In total, twelve subjects were
recruited in accordance with subject acceptance and exclusion criteria for the study. Ten
subjects were required for the schedule design and the other two were added to
compensate for possible subject(s) drop out.

Ethical and legal standards

The study was carried out in accordance with the Declaration of Helsinki.
Documentary Proof of Ethical Clearance No. 83/2004 issued by The Committee on
Human Rights Related to Human Experimentation, Mahidol University, Bangkok,
Thailand was obtained prior to the beginning of the study. Study objectives and details
were explained in verbal and written form to all subjects before the informed consent
statements were signed and prior to participation in the trial.

Analysis of cimetidine in plasma samples

Cimetidine plasma assays were performed after plasma protein precipitation with
HCIO4 using HPLC analysis with UV detection. In brief, 400uL of plasma sample was
added in a 1.5mL Eppendorf® tube to 100pL of 40 pug/mL ranitidine solution (internal
standard, IS) prepared in ultra-purified water (Milli Q®, Millipore Corp., Milford, USA).
The mixture was then vortexed for 30 seconds. After that, 100uL of 23.8% HClO4 was
added. The mixture was vortexed again for 1 minute. The tubes were centrifuged at
11300 g for 5 minutes. The supernatant (400uL) was transferred into a HPLC sample vial
and 100uL aliquots were injected into the HPLC system. The concentration of cimetidine
in plasma was determined based on the calibration curves constructed by plotting peak

height ratio between cimetidine and IS against cimetidine concentrations in plasma.
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The HPLC system The HPLC system used for plasma samples analysis consisted
of a Merck Hitachi L-6220 LaChrome pump, a Merck Hitachi L 7200 Autosampler, a
Waters Lambda-Max Model 481 LC Spectrophotometer, an Integrator (C-R5A,
Shimadzu), and a Waters Spherisorb®S5 ODS2 4.6 x 250mm analytical column
connected with a guard column, Javelin Guard BDS-CI8 m 10 x 4mm. The
chromatograms were evaluated with PC Integration Pack software (Kontron Instruments,
Softron GmbH). The mobile phase contained 11% acetonitrile, 0.2% triethylamine,
adjusted to appropriate volume with 0.05M potassium dihydrogen phosphate and pH of
the mobile phase was then adjusted to 3.0 using 85% ortho-phosphoric acid with the flow
rate of 0.9 mL/min. The detection wavelength was set at 228nm and the run time was 10

minutes.

PharmacoKkinetic evaluation

Pharmacokinetic parameters determination was performed with WinNonlin®
Professional Edition version 4.1 software (Pharsight Corporation, CA, USA) and
Microsoft Excel® 97 was used for statistical evaluation of the data. Plasma cimetidine
concentrations were evaluated to determine the following pharmacokinetic parameters:
area under the concentration-time curve from zero to twelve hours (AUC,.j2) and from
zero to infinity (AUCy) (ug/mL.h), absolute bioavailability (F) (%), maximum observed
plasma concentration (Cyax) and mean residence time (MRT) (h). The AUC.12, AUCy.
and the area of the first moment of the concentration-time curves extrapolated to infinity
(AUMC.) were calculated using the linear trapezoidal method. The AUC and AUMC

for the region from the 12 hour concentration measurement to infinity were calculated by
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extrapolating the last measured concentration based on the apparent terminal elimination
rate constant (A,). Non-linear regression was applied for calculation of elimination rate
constant (kej) and elimination half-life (t;) values based on intravenous data. The Cyax
values were determined directly from the plasma concentration-time profiles for each
subject/administration. The MRT was determined as a result of the ratio between
AUMCy., and AUCy.,. Two-way analysis of variance (ANOVA) and subsequent
multiple comparison analysis based on the least significant difference (LSD) method
were employed for the comparison of AUC., F, Ciax and MRT at the probability level
of 0.05. The 90% confidence limits for the ratio of AUCy.12, AUCy.. and Cpax Were
evaluated for bioequivalency of cimetidine products based on log transformation of the
data.

For in vitro-in vivo correlation (IVIVC) analysis, according to which the fraction
cimetidine dissolved (F4) was correlated with the fraction cimetidine absorbed (F,) on the
same time basis, the values for F, were calculated by a numerical deconvolution method
using WinNonlin® program. The unit impulse responses were obtained via
polyexponential analysis of individual intravenous data using SigmaPlot® version 5.00
software (SPSS Inc.). The F4 values were taken directly from the in vitro dissolution
profiles. The ratio of the apparent first-order absorption rate constant to the first-order

dissolution rate constant (o) were evaluated for each formulation.
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Results and Discussion

Properties of Manufactured Cimetidine Tablets

Cimetidine tablets comprising 7.5%, 15% and 26% methacrylate copolymer were
chosen for the study. Results for tablet weight variation, content uniformity and hardness
values for these cimetidine tablets are presented in table V. It can be concluded that the
tablet compression process was facilitated by increasing the proportion of methacrylate
copolymer in the formulation, as the most consistent hardness values were obtained with
the 26% copolymer tablet formulation. This is in agreement with the flow properties of
the mixture: the flowability of 26% polymer formulation was found to be the best among
those tested (data not shown). However, tablet weight values obtained and cimetidine
content uniformity in all three formulations were consistent and within the acceptance

range.!"’!

Dissolution Tests

Dissolution test conditions applied in this study were based on BCS criteria,?!

which are different from those prescribed in the pharmacopeia.l'’’ The USP method
utilizes apparatus I (basket method) with 900mL of 0.01 N HCI stirred at 100 rpm and a
15 minute testing time.!"! In this study, the USP apparatus II (paddle method) was
applied for all investigations and 500mL dissolution media were employed. The media
used (see table III) were selected to comply with the pH test requirements of the BCS and
the stirring rate of 75 rpm was used to circumvent any coning problems. FaSSIF was used
additionally as a biorelevant medium to verify a lack of bile salt effects on the release of

cimetidine from the various products.
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Commercially available cimetidine products

The dissolution characteristics of the ten marketed cimetidine products tested
were similar and rapid in 0.01 N HCI and SIFsp. More than 85% of cimetidine was
released from the tablets within 30 minutes in each case (data not shown). The results
indicated that these randomly selected cimetidine IR products are likely to dissolve
completely within the time-frame of gastric emptying and further suggested that the
intestinal membrane permeability is the limiting process to cimetidine absorption rather
than drug solubility or release from the dosage form.

Cimetidine tablets containing methacrylate copolymer

The dissolution profiles obtained from testing the tablets manufactured with
varying percentages of methacrylate copolymer in the different dissolution media along
with the similarity factors (f2) and the difference factors (f) for the profile comparisons
are expressed in figure 1 and table VI. As expected from the high solubility of cimetidine
over the pH range studied and the lack of pH dependency in the release properties of the
excipients chosen, all three formulations showed similar dissolution profile patterns in the
various dissolution media indicating their robustness in terms of conditions extant in the
upper gastrointestinal tract milieu. The 7.5% methacrylate copolymer tablets
demonstrated ambiguous results when compared with Tagamet® tablets. Whereas f;
values indicated similarity of the profiles in all media, f, values in 0.01 N HCI and SIFsp
indicated differences in the profiles. Based on these results, it can be concluded that the
7.5% methacrylate copolymer tablets exhibit dissolution characteristics that have

borderline similarity to those of Tagamet®. According to the US FDA criteria,”’ the
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release characteristic of 7.5% methacrylate copolymer tablets must also be considered
borderline, since just about 85% of cimetidine was dissolved within 30 minutes. For 15%
methacrylate copolymer tablets, a release of about 85% in 120 minutes was obtained
while the 26% methacrylate copolymer tablets reached roughly 80% release only after six
hours. For these two formulations, the f; and f, analysis showed clear differences in
dissolution from Tagamet®™ and it goes without saying that both failed to meet the BCS
criterion of 85% dissolution in 30 minutes.

Comparative Bioavailability Study

All twelve volunteers completed the study. Their average age was 21.7 years (20-
24 years) and average weight was 59.5 kg (52.5-67.5 kg) and all were within 10% of their
ideal body weight.

Interpretation of pharmacokinetic parameters

The mean plasma cimetidine concentration-time profiles after single oral dose
administration of cimetidine tablets and the profile obtained from Tagamet® injection
administered intravenously are shown in figures 2 and 3, respectively. Mean
pharmacokinetic parameters obtained and ANOVA tables are expressed in table VII and
table VIII. It should be noted that the AUC up to 12 hours after cimetidine administration
was determined for all oral formulations even though blood samples were also taken at
960 minutes (16 hours) and 1440 minutes (24 hours) for the 15% and 26% methacrylate
copolymer tablets. This is due to the fact that the cimetidine concentration in samples
taken after 12 hours was below the limit of detection using the chromatographic methods
applied in this study. The AUCq.12, AUCp, Cmax and F of the oral formulations,

including Tagamet® tablets, were not statistically different from each other based on two-
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way ANOVA (p > 0.05). Although the 90% confidence intervals (90% CI) of Cpax
obtained from cimetidine tablets containing methacrylate copolymer lay outside the range
of 80-125% that of Tagamet” tablets (see Table IX), the presence of double/multiple
peaks in many of the individual profiles may have confounded the evaluation.
Consequently, more emphasis was placed on the AUCy., values for the evaluation of
bioequivalence. The average values of F and t;, were both in agreement with previously
reported values.”) Multiple comparison based on the LSD method showed that the mean
MRT value obtained from 26% polymer formulation was significantly longer than those

of the other oral formulations (p < 0.05).

In Vitro-In Vivo Correlation (IVIVC) Analysis

Although in general the concept of in vitro-in vivo correlation (IVIVC) is applied
to modified release dosage forms, Polli et al. have also applied Level A IVIVC analysis
to determine the relative contribution of dissolution to IR product's overall absorption
kinetics.>?*) In this study, the IVIVC was established by correlating the F, and Fq values
obtained at the same time point after single oral dose administration of cimetidine tablets
and in dissolution tests, respectively. The relationship of F, and Fq4 can be described by
the following equation:

Equation 1:

F, :fi(l—i(l—Fdﬁ%l(l—Fd)“j

oa—1 o

a



senuetiuanysal sialasans BGJ47K0011 39

where F, is the fraction of the total amount of drug absorbed at time t, f, is the fraction of
the dose absorbed at t = oo, o is the ratio of the apparent first-order permeation rate
constant (kpapp) to the first-order dissolution rate constant (kq), and Fg is the fraction of
drug dose dissolved at time t. From the equation, the relative relationship between in vitro
and in vivo characteristics was evaluated with o values of 0.05, 0.21, 0.31 and 5.91 for
Tagamet”, 7.5%, 15% and 26% methacrylate copolymer cimetidine tablets, respectively.
All formulations, with the exception of the 26% methacrylate copolymer tablets,
exhibited permeability rate-limited properties, as reflected by the reverse L appearance of
the F,-F4 relationships. For the 26% methacrylate copolymer formulation an essentially
linear relationship was attained (r* = 0.9685), indicating that for this formulation
dissolution was limiting to cimetidine absorption. Figure 4 illustrates the mean fraction
cimetidine absorbed obtained from numerical deconvolution for each oral formulation
and the comparison plot of F, against F4 is shown in figure 5. Figure 6 presents the 80-
125% range around the Tagamet® tablet’s AUC., and the 90% confidence intervals (CI)
for the AUCy., of the formulations tested in vivo. Clearly, the 90% CI for three
formulated slow release cimetidine products fall within the 80-125% range around the
mean AUC,., of the reference product. Moreover, the 90% confidence limits for the
mean % ratio of AUCy., and that of AUCj. of cimetidine tablets containing
methacrylate copolymer and Tagamet® tablets were within 80-125% (table IX). Given the
erratic Cp, behavior (multiple peaks) and the ensuing lesser emphasis on Cpax

comparisons, it seems reasonable to conclude that these products are bioequivalent.
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Biowaiver Extension Feasibility to BCS Class III Compounds

In terms of the BCS concept it could be expected that Class III compounds (highly
soluble-low permeable) would behave similarly in vivo, provided that dissolution from
the drug product is rapid under all physiological pH conditions and that the excipients
used exert no effect on upper GI motility or compound permeability. Nevertheless, to
date, there have been few studies directed at determining how slow the release from the
dosage form would need to be to affect the absorption of these compounds.

Several previous investigations evaluating the appropriateness of BCS Class III
drugs as biowaiver candidates have been conducted.”” In these studies the drug products
were found to be bioequivalent in all cases although in some reports the dissolution
patterns of the products were rather different. In the current study, the formulations were
conceived to cover release behavior ranging from “rapid enough to facilitate absorption”
through to “slow enough to retard or even possibly reduce absorption”. The results of this
study clearly revealed that a dissolution specification for cimetidine, a Class III
compound, of 85% drug release in 30 minutes under BCS-conform conditions would
result in comparable pharmacokinetic parameters and permeability-limited absorption. In
fact, only when release was slower than 85% in 120 minutes did the influence of
dissolution on the IVIVC become apparent. Although some studies have demonstrated
that oral absorption of BCS Class III drugs are affected by excipients which alter GI

2751 the excipients used in this study were all used in amounts

motility and absorption!
approved by the US FDA.P" The extension of the biowaiver concept to IR drug products

containing cimetidine thus seems to be feasible and appropriate, provided that a prudent

selection of excipients is made. The questions of excipient choice/amount and the
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therapeutic risks associated with extending the biowaiver to approval of cimetidine

products will be further addressed in an upcoming article.

Conclusions

In this study, possible application of the biowaiver concept was evaluated for the
BCS Class III compound, cimetidine. Based on the US FDA criterial®), the ten cimetidine
IR products randomly selected from the Thai and German markets exhibited rapid release
behavior, indicating that permeability, rather than dissolution properties of the drug
products, is rate-determining to absorption. The results of the pharmacokinetic study with
cimetidine tablets formulated to have various release behaviors showed that the release
rate first becomes limiting to the overall absorption rate when the product releases less
than 85% of cimetidine in 120 minutes. These results suggest that the current biowaiver
criteria for product dissolution” would be sufficient to guarantee bioequivalence of
orally administered formulations of cimetidine and would not pose a risk in terms of an
incorrect biowaiver decision and its consequences for the patient. By analogy, it is likely
that the biowaiver concept can also be applied to other BCS Class III drugs with a similar
intestinal absorption pattern - provided that any influence of excipients and/or the
manufacturing process on the permeability can be excluded. Still, similar studies with
further BCS Class III drugs are needed to assess whether biowaivers should be generally

applied to this class of compounds.
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Table I. Commercially available immediate-release cimetidine products used in this

study
Products from Thailand Products from Germany
Trade name Distributor Trade name Distributor

Cimetidine-400" (lot Plaza Dispensary ~ Tagamet” 400 mg (lot ~ GlaxoSmithKline

L909) 503)

Siamidine 400” (lot Siam Baesach H2Blocker-ratiopharm®  Ratiopharm

922741) 400 mg (lot D06877)

Ulsamet 400® (lot 58139) Burapha Cimetidin STADA® 400 STADA
Dispensary mg (lot 3823)

Cimulcer Tablets® (400  Biolab Cimehexal 400® (lot Hexal

mg) (lot T23177) 23DN77)

Cimidine 400® (lot Berlin DuraH2 400" (lot Merck Dura

030511) Pharmaceutical 72011)

Industry
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Table II. Formulations of cimetidine tablets
7.5% methacrylate 15% methacrylate 26% methacrylate

copolymer tablet copolymer tablet copolymer tablet
Composition intablet % inRx intablet % inRx intablet % inRx
(mg) (mg) (mg)
Cimetidine 400 40 400 40 400 40
Methacrylate 75 7.5 150 15 260 26
copolymer
Dextrose 477 47.7 402 40.2 292 29.2
Aerosil® 200 8 0.8 8 0.8 8 0.8
Talcum 25 2.5 25 2.5 25 2.5
Magnesium stearate 15 1.5 15 1.5 15 1.5
Total 1000 100 1000 100 1000 100
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Table III. Dissolution media used for the dissolution tests

Dissolution media pH Reference
0.01 N HCI 2.0 -

Phosphate buffer 4.5 -

Simulated intestinal fluid without pancreatin (SIFsp) 6.8 USP 24
Fasted state simulated intestinal fluid (FaSSIF) 6.5 14
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Table I'V. Assignment schedule for cimetidine treatment based on a Williams design
Square Sequence Treatment Period

I II 1 v v

1 1 A E B D C

2 B A C E D

3 C B D A E

4 D C E B A

5 E D A C B

2 1 C D B E A

2 D E C A B

3 E A D B C

4 A B E C D

5 B C A D E

Key, A = Tagamet” tablets
B = 7.5% methacrylate copolymer cimetidine tablets
C = 15% methacrylate copolymer cimetidine tablets
D = 26% methacrylate copolymer cimetidine tablets
E = Tagamet® injection, 300 mg/2 mL

All tablets used in this study contained nominally 400mg cimetidine.
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Table V. Physical test results of cimetidine tablets containing methacrylate copolymer®

Tablet 7.5% methacrylate 15% methacrylate 26% methacrylate
copolymer tablet copolymer tablet copolymer tablet
Hardness (N) 84.10 102.20 116.40
[20.14] [19.17] [11.47]
(23.94%) (19.29%) (9.86%)
Weight (mg) 992.48 988.33 992.93
[17.10] [11.55] [5.38]
(1.72%) (1.17%) (0.54%)
Drug content (%) 98.83 9591 96.26
[1.14] [0.67] [1.09]
(1.15%) (0.70%) (1.14%)

* Data shown as arithmetic mean [standard deviation] (coefficient of variation, %), n =

10.
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Table VI. Similarity factor (f;) and difference factor (f;) calculated from dissolution

profiles of cimetidine tablets containing methacrylate copolymer and Tagamet® tablets

Dissolution media 7.5% methacrylate ~ 15% methacrylate 26% methacrylate
copolymer tablet- copolymer tablet- copolymer tablet-
Tagamet® tablet 7.5% methacrylate ~ 15% methacrylate
copolymer tablet copolymer tablet
fi f f) f fi f
0.01 N HCI 10.38 47.35 28.86 25.63 48.79 20.60
Phosphate buffer 7.00 51.32 32.59 23.20 50.53 18.53
SIFsp 8.09 48.63 32.12 23.92 58.11 16.83
FaSSIF 9.11 52.47 24.47 27.16 55.68 16.37
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Table VII. Mean pharmacokinetic parameters obtained after cimetidine administrations®

Tagamet” 7.5% 15% 26% Tagamet”
tablet methacrylat methacrylat methacrylat injection
e copolymer e copolymer e copolymer
tablet tablet tablet
AUCo.12 (n 8.0265 8.9685 7.8585 7.6287 10.97
g.h/mL)
[1.8022] [1.7617] [1.8099] [2.4079] [1.89]
AUCq (1 8.4149 9.2527 8.1769 8.2019 11.3207
g.h/mL)
[2.0037] [1.8397] [1.8426] [2.5960] [1.97]
Range” (6.7319- (8.3792- (7.3020- (6.9692- (10.3853-
10.5186) 10.1262) 9.0518) 9.4346) 12.2561)
BA (%) 57.65 63.41 55.06 55.33 100.00
[17.44] [17.00] [13.14] [18.07] -
t12 (h) - - - - 1.92
- - - - [0.50]
Cunax (Lg) 2.2026 2.5154 2.3490 1.9994 11.2099
[0.7523] [0.8971] [0.5960] [0.8220] [1.5424]
Range” (1.7621- (2.0894- (2.0660- (1.6091- (10.4775-
2.7533) 2.9414) 2.6320) 2.3897) 11.9423)
MRT (h) 4.00 3.73 3.88 5.11 1.42
[0.75] [0.58] [0.90] [2.05] [0.59]

*Data shown as arithmetic mean [standard deviation], n = 12.

® The ranges are expressed as 80-125% for Tagamet” tablets and as 90% confidence

intervals (CI) for the other tablet formulations.
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Table VIII. ANOVA tables for AUCq., F, Cnax and MRT. The values indicate mean

square and F values in parentheses.

Pharmacokinetic AUCy., F Crnax MRT
parameters

Treatment 3.07 (0.75) 180.27 (0.96) 0.58 (2.45) 4.75 (3.70)
Subject 5.27 (1.29) 528.96 (2.82) 1.69 (7.19) 2.06 (1.61)
Error 4.09 187.70 0.24 1.28
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Fig. 1. Mean cimetidine released-time profiles comparison obtained from
dissolution testing of cimetidine tablets containing methacrylate copolymer and
Tagamet® tablets in 0.01 N HCI, pH 2.0 (a.), in phosphate buffer, pH 4.5 (b.), in
SIFsp, pH 6.8 (c.) and in FaSSIF, pH 6.5 (d.), n = 6.

"Data of Tagamet® tablets was obtained from dissolution testing in SIFsp.



senuetiuanysal sialasans BGJ47K0011 56

N
o

—e— Tagamet Tablet
—0—7.5% Eudragit Tablet
—— 15% Eudragit Tablet
—0— 26% Eudragit Tablet

o
o
‘

1.5 4

Plasma drug concentration (ug/mL)

1.0 -
0.5
0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Time (h)

Fig. 2. Mean plasma cimetidine concentration-time profiles comparison obtained
from a single oral dose administration of cimetidine tablets containing
methacrylate copolymer and Tagamet® tablets. Each point represents the mean

plasma cimetidine concentration (+SE) from twelve subjects.
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Fig. 3. Mean plasma cimetidine concentration-time profiles obtained from an
intravenous administration of Tagamet® injection. Each point represents the

mean plasma cimetidine concentration (+SE) from twelve subjects.



senuetiuanysal sialasans BGJ47K0011 58

1.0

0.8

0.6

0.4 - —@— Tagamet Tablet

Fraction cimetidine absorbed

—O—7.5%Eudragit Tablet
—B— B%Eudragit Tablet
0.2 4 —O0— 26%Eudragit Tablet
0 O T T T
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Time (h)

Fig. 4. Mean fraction absorbed obtained using numerical deconvolution method

after cimetidine administrations, n = 12.
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= 6) and mean fraction

cimetidine absorbed (n = 12) obtained after administration of Tagamet® tablets

and cimetidine tablets containing methacrylate copolymer.
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Fig. 6. The areas under the concentration-time curve from zero to infinity (AUC,.
») presented as 90% confidence intervals (Cl) for cimetidine tablet formulations

and Tagamet® injection and as 80-125% interval for Tagamet® tablets.
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