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ABSTRACT

The aim of this study was to examine the bioegemea of generic MESALAMINE 400 mg tablets (T)
manufactured by APL Research Centre Pv.T., Ltdaladd a reference (R) manufactured by SUN Phartaa, L
India (Mesacd?) in healthy volunteers. Thirty-four subjects (+eserve) were randomly selected. Each subject was
randomly allocated to one of two treatment sequer(@® or RT). After an overnight fasting period16f h, the
subjects were administered either the test or #ference formulation as per the randomization saledrhe two
treatments were separated by a 7-day washout pefiagnty nine blood samples (4 mL each) were dratvn
predose (0 h), 2, 3, 4,5, 6, 7, 8,9,10,11,12.58418, 20,22, 24, 26, 28, 30, 32, 36, 40, 44683,72, 84 and 96 h
post-dose. Concentrations of mesalamine in plaseva wnalyzed by a validated LC-MS/MS method, wilbQ@ 2
ng/mL for Mesalamine and 10 ng/mL for N-Acetyl nasae . The pharmacokinetic parameterg,CAUC yast
AUGC.., Tmax t2, and k;, were calculated using a non-compartment modeé 0y transformed geometric mean
ratios (GMR) of Ga, AUG st and AUG., were tested for bioequivalence using a 2-way ANOMAty-eight
subjects were enrolled and completed the study. iiban (test and reference) were;,,(849.41 and 719.92
ng/mL); AUG yast (8711.94 and 7352.55 ng.h/mL); ApIC(8728.24 and 7367.14ng.h/mL); ang 9.40 and 9.41h)
for mesalamine and , & (1170.33 and 1118.30ng/mL); Al (30021.90 and 26136.86ng.h/mL); AYC
(30694.39 and 26429.16ng.h/mL); and(L5.20 and 12.54h) for N-Acetyl mesalamine respelgt The respective
median T,.xwere 6 and 7 h for mesalamine and 9 h for N-Acasigbalamine respectively. The GMR (90% CI) of
Crax AUGuass and AUG., were within the bioequivalence limit of 80-125%ottB formulations were well
tolerated. The study demonstrated the bioequival@fithe two formulations of mesalamine 400 mg.

Keywords Mesalamines N-Acetyl mesalamine « LC/MS/MS. bioealence ¢ pharmacokinetics

INTRODUCTION

Mesalazine (INN, BAN), also known as Mesalamine AN} or 5-aminosalicylic acid (5-ASA), is an anti-
inflammatory drug used to treat inflammation of tHmgestive tract (Crohn's disease) and mild to mumee
ulcerative colitis. Mesalazine is a bowel-specHiminosalicylate drug that is metabolized in the godl has its
predominant actions there, thereby having fewetesy side effects. As a derivative of salicyliddas-ASA is
also an antioxidant that traps free radicals, wlaich potentially damaging by-products of metaboliime major
metabolite of mesalamine (5-aminosalicylic acidNisacetyl-5- aminosalicylic acid or N-acetyl megaiae. Its
formation is brought about by N-acetyltransferastvly in the liver and intestinal mucosa.The rewoended
dosage for the induction of remission in adult grats with active, mild to moderate ulcerative ¢sli$ two to four
1.2g tablets to be taken once daily with meal ftotal daily dose of 2.4g or 4.8g. Treatment darain controlled
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clinical trials was up to 8 weeks. The total absiorpof mesalamine from Lialda 2.4g or 4.8g giverte® daily for
14 days to healthy volunteers was found to be apmately 21-22% of the administered dose. Mesalam
approximately 43% bound to plasma proteins at twecentration of 2.5 pg/mL. Elimination of mesalamiis

mainly via the renal route following metabolismNeacetyl-5-aminosalicylic acid (acetylation). Hoveeythere is
also limited excretion of the parent drug in uri@é.the approximately 21-22% of the dose absorlesd, than 8%
of the dose was excreted unchanged in the urimapaoed with greater than 13% for N-acetyl-5- amatioglic

acid.

The apparent terminal half-lives for mesalamine ismthajor metabolite were, on average of 7-9 holibut 80%
of N-Ac-5-ASA is bound to plasma proteins, wherd@86 of mesalamine is protein bound. The mean edtion
half-life was 5 hours for 5-ASA and six hours foraldetyl-5-ASA following the initial dose. At steadyate, the
mean elimination half-life was seven hours for b&tASA and N-acetyl-5-ASA.Despite its effectiven@s<rohn's
disease and mild to moderate ulcerative colitisuke of Mesac8| The original product is limited as it is very
expensive.

Availability of the cheaper locally made generiagliformulations will increase patient accessihjltiyt it requires
bioequivalence data to establish that the genenig grroduct is therapeutically equivalent to and t® used
interchangeably with the original product.

Indian FDA has recommended that a bioequivalengdysin human is needed for registration of generiag
products. This study is therefore designed to dater the bioequivalence of enteric coated tablentdations of
mesalamine 400 mg in healthy Indian male voluntaader fasted condition.

Literature survey reveals that, only few methodsav developed and validated for quantificatiorivigflsalamine
and N-Acetyl mesalamine by using LC-MS (12-16), LU@R17-31), micellar electrokinetic capillary
chromatography (32), differential pulse voltammgB), Voltammetric studies(34).Among all, LC-MS (18)
methods are most accurate. These methods were ogedel in biological matrices by LC-MS (12-14),
Pharmaceutical compounds by LC-MS (15,16). Guédbal., reported sulphasalazine and its main métabo
sulphapyridine and 5-aminosalicylic acid in humaasma by LC-MS/MS and established pharmacokinetic
study.The reported method (12) have some drawhadesms of sensitivity, repeatability and matrikeet issues.
The main aspect of the present study is to devatmpvalidate simple extraction method,high serssjtiigged and
reproducible bioanalyticle method.At the same tsugable deuterated internal standard to be usedofmparision
of analyte.Finally, The develoed method could befulso determine the pharmacokinetic parametetsvofbrands
of mesalamine 400mg tablets and then to compargethbarameters statistically to evaluate the bicadgmce
between the two brands i.e Mes&¢8IUN Pharma Ltd.,India) was used as Reference astl Tablet was used as
APL Research Centre Pv.T., Ltd, India.

MATERIALSAND METHODS

Test Product: Test 400mg(APLRC)
Batch No: 006,Expiry 09/2013
Manufacturer: APL Research Centre-Hyderabad,India.

Reference Product: Mesa&al00 mg tablets

Batch No:7D0912

Manufacturer: SUN Pharma Ltd.,India, Baroda, India.

Each enteric coated tablet of both formulationstamed mesalamine equivalent to 400 mg. The clirstady was
conducted at Clinical and Pharmacological Rese&fnli,AXIS Life Sciences -Hyderabad,India., and iasw
sponsored by APL Research Centre, (A Division ofobindo pharma Pv.t. Ltd.,) India.

Study Subjects
The study was carried out in accordance with theeeoti revision of the Declaration of Helsinki comieg medical
research in humans. The study protocol was approyehde Ethics Committee.

Thirty eight healthy male subjects, including 4 jegls as standby to replace dropouts, were includdde study.
All volunteers gave a written informed consent pti participation, after they had been informedhaf nature and
details of the study which they thoroughly undesstoSubject screening examinations were perfornyed study
Vijaya Hospital, Hyderabad, India. All clinical latatory tests were performed by the ISO 15189 fositi
laboratories, Department of Pathology, Vijaya HtapHyderabad,India. The daily results of theickh laboratory
tests including the quality control data were vedfby its own independent quality assurance p@edobefore
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reporting. Subject inclusion criteria included laimale, aged between 18-45 years, no consumptidrugs or
food supplements for 4 weeks prior to the study, mo participation in any bioavailability or bioégalence study
at least 30 days prior to the present study.

The exclusion criteria included history of hypersénity to mesalamine and/or related chemicalctire and/or
any of the components of the product, history onctwrent symptoms of cardiovascular, liver, kidney,
gastrointestinal or hematological disorders andfoy disease that might affect the bioavailabilitydoug, subjects
with malignancy, AIDs, allergy, vital sign abnorrtigs, or clinically significant abnormal valuesrthg pre-study
screening, smoker (>10 cigarettes/day) or smoker b0 cigarettes/day who could not quit at leastays before
study and throughout study (including washout pBrisegular alcohol consumption (more than 1 tines/k) or
alcohol consumption within 7 days prior to the stumbffee consumption within past 7 days, and drddiction.

Study Design

The study was conducted as an open label, randdmia®-period, two-sequence, single-dose crossover
bioequivalence study under fasting condition, angaah-out period of 7 days. All subjects arrivedhet clinical
research laboratory, at least 12 h prior to thd sfathe study. They were housed in an air-condid facility and
were given a standard dinner, which was finishedat 10 h before dosing in each period of thdystOn the day
of drug dosing in period 1, volunteers were randoadsigned to one of two treatment sequences (@guénce 1)
or RT (sequence 2)), as indicated in a pre-prim@adomization scheme, which was generated usingkblo
randomization with the blocks of size 4 and 6, #éimel allocation ratio of 1:1. Subjects in sequencedeived
treatment T at the first dosing period and therssed over to receive treatment R at the secondglpsiriod (after
the 7-day washout period). Subjects in sequenaec@ived treatments in the order of R and T at W dosing
periods. The subjects were administered the assigmesalamine formulation with 240 mL of plainrding
water. After the intake of the study formulatioriee oral cavity was checked to ensure completiornthef
administration process. Subjects were require@fir@in from lying down during the first 4 h aftenging. No meal
was permitted until 4 h after dosing. Drinking wateas restricted from 1 h before dosing till 2 teaflosing anéd
libitum thereafter. Excess water intake (> 100 mL/h) watspermitted. Lunch, snacks, and dinner were seaged
per the scheduled time. All subjects abstained famy xanthine-containing food or beverages foeast 72 h and
alcoholic products for at least 7 days prior tonfafation administration and throughout the sampkebedule
during each period. They were informed not to takg drug at least 30 days prior to the study, eapgdigoxin.
Subjects abstained from the use of tobacco- ortineaontaining products for 7 days prior to dosargl during
confinement in the clinical research laboratory.ddacomitant medication was permitted during thelgiperiod.

Blood Sampling

Blood samples (4 mL) were collected from an antéatiein by an indwelling venous catheter and sfarred into
coded 5-mL polypropylene centrifuge tube containk&DTA as an anticoagulant. The tubes were covergia wi
aluminum foil to protect samples from exposurdgbtl Blood samples were obtained at pre-dosinig)(@, 3, 4, 5,
6, 7, 8,9,10,11,12.5,14,16, 18, 20,22, 24, 26,308,32, 36, 40, 44, 48, 60, 72, 84 and 96 h aftsing). Blood
samples were centrifuged at 4000 g at approximat®B/for 10 min, within 15 min of the sample cotlen. The
plasma was separated, transferred into 2 (1 andhll)ia vial tubes and stored frozen at  -80%@ilshipment on
dry ice to Bioanalytical unit. During the samplélection, all subjects were under medical supeovisiVital signs
were examined at scheduled time as described iprttecol.

Analytical procedure

I nstrumentation and chromatographic conditions

A validated liquid chromatography/tandem mass spewttry (LC/MS/MS) method was used for determinatid
mesalamine/N-Acetyl mesalamine concentration imé&u plasma. Equipment used was a HPLC (1200 Series
Agilent Technologies, Germany). MS/MS (ABI-SCIEXybato, Canada) system. Column type used was a Therm
HyPURITY C18, 150 x 4.6 mm, f, and the mobile phase used was 10mM Ammonium tcetathanol (85:15
v/v) delivered at the flow rate of 0.6 mL/min, Ioj®n volume was 10uL, Column temperature was 4Gth a
isocretic elution system.

Calibration and Qualitycontrol Standards

Calibration curve of mesalamine/N-Acetyl mesalamim&s prepared within the concentration range o6@01
ng/mL (2.00, 4.00, 10.00, 75.00, 150.00, 300.00).@0, 900.00,1200.00,1500.00 ng/mL) for mesalamized
10.00-2000.00 ng/mL(10.00, 20.00, 50.00, 100.00,&® 400.00, 800.00, 1200.00,1600.00,2000.00 npforlN-
Acetyl mesalamine %r> 0.998). The calibration curve consisted of oeplicate of 10 non-zero standards. The
concentrations of quality control (QC) samples w2i@0, 6.00, 450.00 and 1050.00 ng/mL for mesalanaind
10.00, 30.00, 600.00 and 1400.00 ng/mL for N-Acet@salamine as low (LQC), middle (MQC) and high &)Q
concentrations, respectively.
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Detection
Electro spray Positive mode was used to selectrthgs transitions as/z 207.8 / 163.9, 194.0 / 149.9, anidz
197.0/ 153.0, for quantification of mesalamineAbktyl mesalamine, and N-Acetyl mesalamine-D8peetively.

Sample preparation

Liquid-liquid extraction was used for extraction adfug and IS. For this purpose, An internal staddaorking
solution (150.00 ng/mL of N-Acetyl mesalamine -D#)100 uL was added to 200uL aliquot of plasma sample
(respective concentration) into riavial. To thiss L of derivatisation solution(10%propionic anhgér in
methanol) was added and vortexed briefly.After ,t180 uL of 0.5% formic acid was added into eadietand
vortexed briefly .Then, 3 mL of methyl t-butyl ethwas added and vortexed for 10 minutes. Samples ten
centrifuged for 5 minutes at 4000 rpm at 20°C. Sogknt from each sample was transferred into iah \and
evaporated to dryness. This was followed by redtistthe each sample with 800 pL of reconstitusotution(10
mM ammonium acetate : methanol 85:15 v/v). andexobriefly. From this, L of sample was injected into the
LC-MS/MS system through the autosampler. The Idimgt of quantification was 2.00 ng/mL for mesalaraiand
10.00 ng/mL for N-Acetyl mesalamine, respectivei$fn&/N> 5.

Tolerability assessments

Throughout the study, subjects were monitored birécian, a clinical pharmacist, and 4 nurses.efability was
determined by monitoring of vital signs (sittingobt pressure, heart rate, and axillary body tenpesp and
physical examinations at baseline and at the endach study periodSubject interviews were also conducted
regarding the potential occurrence of adverse sv@is) at each mesalamine study period.

Serious AES(SAEs) were considered to be when the subject mécavas death, life threatening, requiring
hospitalization, leading to disability, or requgimedical intervention to prevent permanent impaitor damage.
All AEs and SAEs were recorded in the source datand and on the case-report form, and their ozlatiip to the
study drug was determined by the study physiciaa whs blinded to the randomization schedule.

Pharmacokinetic Analyses

The primary pharmacokinetic parameters comparewemst treatments were maximum plasma concentration
(Cnay, the area under the concentration time curve (ABGM time zero to 96 h or to the last quantifealtime
point after dosing (AUgy.s), and the AUC from time zero to infinity (AWC). Other pharmacokinetic parameters
examined were time to (& (Tmay, apparent terminal half-life () and elimination rate constant.fk All
pharmacokinetic parameters were determined by vompartmental methods. Values below the quantificalimit

(< 2.00 ng/mL for mesalamine and 10.00 ng/mL foAdetyl mesalamine ) were set to zero for calcukatio
purposes. The £ and the T, were obtained by visual inspection of individukgma concentration-time profiles.
The AUGast Was calculated using linear-log trapezoidal apgnoaThe k was estimated by a slope of linear
regression line of log-transformed data. Thewas obtained by dividing 0.693 by.KThe AUG_, was calculated
from the sum of AUGya.st and Gus{Ke, Where G is the last measurable concentration of mesalaiideetyl
mesalamine in plasma. The pharmacokinetic parametere calculated using WinNonfirsoftware version 5.3
(Pharsight®, North Carolina, USA).

The test and the reference formulations were censitito be equivalent if the calculated 90% comfigeinterval
(CI) of geometric means for the log transformedog{test/reference) of the, & AUCyy.ss and AUG., were
within the bioequivalence criteria range of 80.@%D0 as established by the US FDA [35-37].

Statistical Analysis

WinNonlin® software version 5.3 (Pharsight®, North Carolid8A) program was used for statistical evaluation of
the pharmacokinetic parameters. The pharmacokipati@meters were statistically analyzed by analySi@riance
(ANOVA) test, and Schuermann’s two one-side@st. Descriptive analyses including mean, stahdimviation
(SD), median, and range were performed for varglsiech as age, weight, height, and BMI. Pharmaetikin
parameters G, AUCq4ass and AUG., were analyzed using a two-way ANOVA accountingdequence, subjects,
period and treatments, and the statistical sigaifie was evaluated at 95% confidence lepet 0.05). A non-
parametric test, Wilcoxon signed rank test, wasopered on T, and considered significant wherk 0.05.

RESULTSAND DISCUSSION

The average accuracy 93.31-113.09% for mesalanaingé 95.9 — 105.00 for N-Acetyl mesalamine respebtiv
The mean extraction recovery was 79.39% for mesataand 23.97 for N-Acetyl mesalamine respectively.
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Thirty eight healthy male subjects, including 4 jsebs as standby to replace dropouts, were inclagedcompleted
the study. All 34 subjects were included in therpiecokinetic and statistical analyses.

The mean+SD of age, weight, height, and BMI weret24.1.9 years (range 18-25), 61.7+7.1 kg (rangd &0
1.71+0.05 m (range 1.63-1.82), and 20.9+1.9 Kg(mange 18.3-24.8). The mean plasma concentratains
mesalamine & N-Acetyl mesalamine versus time fog test and reference formulations were similaeraft
administration of the 400 mg mesalamine enterat@d tablet (Figure.1). Both formulations were welerated,
No deaths or serious AEs occurred during the candfithis study. The only AE reported was drowsés 1
(2.7%) of 38 subjects receiving the test formulatibhe AE was assessed to be mild in intensityveasinot related
to the study drug.

The average pharmacokinetic parameters of 400 mgplaraine enteric -coated tablets for test and eafsr
products are presented in Table 1.

It was observed that absorption of both formulati@rere similar with the median (range) of the titmeeach the
Tmax for the test formulation and for the referencerfolation.

Table 2 presents the geometric mean ratios bettheetest and reference formulations (T/R) @f£AUCyastand
AUC,, for log-transformed data, as well as the intrasctbyariations. The 90% CI ratios of geometric m€a,,,
AUC 4.5t and AUG_, were within the range of 80-125%, which meet #gutatory criteria for bioequivalence. The
study had sufficienpowerto detect bioequivalence between the two formutatioe., 95% for G.x and 99% for
both AUG.4ast and AUG.,. The T,a Of the test and the reference products companngsing Wilcoxon signed
rank test revealed a significant differenpe=(0.0421).

The ANOVA results revealed that period, sequenak teeatment had no statistically significant effeon G
AUC gsrand AUG.,. Since the sequence or carry-over effect wasigotficant, the ANOVA test was valid. The
statistically significant subject within sequendteet on G,,, AUCyystand AUG., were observed that are usually
seen in small sample size study as in crossedphase | and bioequivalence studies.

Bioequivalence between the 400-mg enteric-coatieidttéormulations of mesalamine under fasting d¢tol was
demonstrated by the 90% CI of the geometric metosraf G,,,, AUCyyastand AUG., lying within the acceptable
criteria of 80-125%. The ] of the test formulation was slightly shorter thdwatt of the reference product for
mesalamine and higher than that of reference ptddudN-Acetyl mesalamine. The test and referereentilations
had very similar f, at approximately 9-9.5 h for mesalamine and 1%-1b.for N-Acetyl mesalamine. Period,
sequence and treatment had no significant effec,g, AUCy yastand AUG.,.

A bioequivalence study of 400 mg mesalamine tabteinducted among 34 healthy Indian males reparted
similar Gax, AUCq.4ass AUC.., and Thay and {,, of mesalamine and N-Acetyl mesalamine.

The intrasubject CVs obtained from the presentystuere quite smaller than the previously reportallies, which
were assumed in the sample size calculation. Tis, tinerefore, had 95-99% power to detect bioedgmnce.
mesalamine 400 mg enteric-coated tablet was foonbetwell tolerated in the present study. This ifigdwas
consistent with previous reports where no adveveatewas observed in subjects given mesalamine.

Tab.1l. Mean pharmacokinetic parametersfor Mesalamine and N-Acetyl M esalamine of the test and ther eference formulations

Parameter Mesalamine N-Acetyl Mesalamine
Reference Test

Test mean mean mean Reference mea

Crma (Ng/ML) 849.41 719.92 1170.3 1118.30

AUCg.4as (Ng.h/mL) 8711.94 7352.55 30021.90 26136.86
AUC.,, (ng.h/mL) 8728.24 7367.14|  30694.39 26429.16

Timas () 6 7 9 9
ket () 007373 | 0.07369| 0.0456 0.05526
ty; (h) 9.40 9.41 15.20 12.54

Tab. 2. Ratios (Test/Reference) of Ciax, AUCo.1as, and AUC,., for Mesalamine and N-Acetyl M esalamine following the administration of
400 mg mesalamine film-coated tablet formulations

Test/Referencg Mesalamine  N-Acetyl Mesalamjne
Cra 117.99 104.65
AUCq.tias 118.49 114.86
AUCq.. 118.48 118.48
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Fig. 1. Mean plasma concentration versustime curvesfor mesalamine and N-acetyl mesalamine of the test and reference of 400 mg
mesalamine enteric-coated tablets (n = 34).

CONCLUSION

This study has demonstrated the bioequivalenceh@f400 mg mesalamine enteric-coated tablet fotinla
manufactured by APL Research Pvt., Ltd., India #hedreference product Mesatahanufactured by SUN Pharma
Lt.d.India. It thus can be concluded that the tearfulations can be used interchangeably.
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