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ABSTRACT

Several commercial brand and generic formulati@rgaining sodium valproate (NaVA) alone or in diéfet
combinations of this with valproic acid (VAac) weassayed using a clean automatic approach. To gudisbm
it, a sequential injection analysis based systemplenl to potentiometric detection was exploited.e Th
dissolution tests were performed at pH 6.8 whefproi acid (VAac) is quantitatively converted te anionic
form. Valproate ion selective electrode (VA-ISEugplreference electrode or the VA-ISE plus a sodiom
selective electrode (NdSE) were integrated as detectors in the systemespectively obtain single global
dissolution profiles of valproate (VAor simultaneous dissolution profiles of Nand VA ions. The system
harvested 30flL of the dissolution medium to process measuremeitkén a time window of approximately 2
min in the intervals of 1-8.0xT0mol/L concerning VA and 3-8x10 mol/L in Na ion. The proposed flow
setup was able to efficiently discriminate profitefsgenerics and brand formulations, and also betwierms
containing different VAac/NaVA relative proportignenly with the spent of a pH/ionic strength adjugt
buffer solution used as carrier in the system.
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Introduction
Drug absorption depends on the release profile fitsnsolid dosage form, dissolution under physiaab
conditions, and from its permeability across thstgmantestinal tract. Due to the critical naturethod first two
steps,in vitro dissolution tests are used as significant and Isippcedures to forecaist vivo response to the
active substance During the development of a medicinal productssdlution tests are of overwhelm
importance in identifying factors that can affdm intended bioavailability of the drug, such asdghanulation
process (wet or dry), the tablet compression fothe, formulation composition, and the physicochenic
properties of both active and inactive ingredies sooner the composition and manufacturing poegs
defined, the same tests keep still useful to enbatle batch-to-batch consistency of scale-up andymtion,
and to demonstrate similarity to those of pivothhical trial batchesFor immediate release formulations,
single-point dissolution tests complemented witlvesal specifications have been employedHowever,
additional sampling times are required for thesenfapproval and at least data corresponding &ethest
times if characterization of modified release folations is aimed. Regarding the last, an increaseareness
of the potential relevance of dissolution tests lsamleduced from recent FDA guidaricesVhat was formerly
a test to differentiate a good batch product is noeked as bioavailability predicting tool even leapng
clinical studies to determine bioequivalence. Tfa scientists are challenged to design apprptiests
based on the objectives to be accomplished, euglitg control,in vivo-in vitro correlations, bioequivalence
between modified release forms,%tc
Recent guidelinéssuggest that manual sampling studies should beledvalue to sensitivity lack to establish
differences between generics and brand medicinbags,Tthe alternative adoption of automatic proceslur
should be designed in order to fulfill two objeetss to provide real time information about the aoligson
process and to deal with a dramatic increase opkmrmio be analyzed in a robust and environmeréainc
fashion. Presently, determination of drugs conegioin in the dissolution medium is routinely penfiad with
UV spectroscopy or HPLC-UY*2. Most often, harmful reagents are needed ands@sere problems emerge

from turbidity caused by suspensions and collomisned in the dissolution medium. The presence of ai
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bubbles in the light path lead to large artifactshe dissolution profiles enabled by both on- affdine UV-
HPLC systems which yield discontinuous profiles aaduires sample redrawn and preparation. Also UV
active excipients, the limited sensitivity for lom&rength active principles and the narrow dynaraitge can
be additional cumbersome issues. Alternativelyepmbmetric transduction are less prone to be distl by
colloidal systems and suspensions, almost dispamsesample treatment, is inexpensive to implenagt can
be modulated concerning selectivity to the targegd. Previous studies resort to the use of potentiomet
detectors for dissolution tests and with its rommipling to automatic sample handling instrum#mfs More
recently,in situ dissolution testing with potentiometric detecttmas shown to enable results in good agreement
with other currently used techniqiésPotentiometric sensors performance can be entlamben attached to
continuous flow systems and among those, the auistg merits of using sequential injection (Sl)heigue in
drug dissolution monitoring systems have been refeinto reviews°

Valproic acid (2- propylpentanoic acid) is an aatieulsivant drug used in the treatment of bipolaordier. In
terms of its biopharmaceutics classificatioralproic acid is a class 1l drug characterizeddyy solubility and
high intestinal permeability. On contrary its sadisalt presents the high solubility of 50 mdfinHence, it is
clinically available in several forms, namely: saadi valproate (NaVA) alone, valproic acid (VAac) raéo and
combinations of both in different dosages and retspe proportions (2:1 and 1:1), either as brandsgeneric
formulations. Consequently, distinct dissolutionfpes should be expected considering the dosage tmder
test. In this work, a sequential injection (SI) teys is exploited to allow in full automatic fashighe
dissolution profiles of solid modified release dgsdorms available in the Portuguese market. #ésilfility
allows simple change between the one or two detecise and can be easily programmed to harvestlsamp
from dissolution medium in specific time intervat;cordingly to the objective of dissolution stiedi@he
system was exploited to obtain either the singlebal dissolution profiles of valproate or the sitankous

dissolution profiles of sodium and valproate iandyrand and generic commercial tablets and capsule
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Experimental

Reagents and solutions

All solutions were prepared with distilled and dmutdeionised water, with conductivity < 0.1uStm
Analytical grade chemicals without additional pizattion were used.

Response characteristics of valproate tubular reldes were assessed using either phosphate baoftegioa
(0.1 mol LY or a MES buffer solution (0.01 mol™), both with pH settled to 6.8. Phosphate buffdutsmn
was prepared using the potassium dihydrogen orthggitate (Fluka) and potassium hydrogen orthophdspha
(Fluka). A solution 0.01 mol £ of MES (2-morpholinoethanesulphonic acid) (Sigmay prepared by simple
dissolution in water and adjusting the final pHrbgans of a concentrated KOH solution.

A stock solution containing 0.1 morlLof sodium valproate (Merck) were obtained by wéith and
dissolving the amount of pure powder in phosphatiféeb or MES, accordingly to the carrier used ie t8I-
system. Whenever necessary, these solutions weremjately diluted with the respective buffer. @ealuate
the quality of the results provided by the autompatiocedure, HPLC chromatographic analysis waseshas
reference procedure (BP, 1999). A methanol (Mefgkpsphate buffer solution (pH 3) in the proporsiai®:30
(v/v) was used as eluent. The buffer was preparigd & 0.32 % w/v solution of potassium dihydrogen
orthophosphate (Fluka). After methanol additiorg thixture was adjusted to pH 3 with orthophosphadid
(Merck).

Valproate dosage forms

The dissolution profiles of nine modified-releas#ics dosage forms (tablets and capsules) contaiNiagA
either isolated or in association with VAac weramined (Table 1). Studied products correspondfereace
brands and generics commercially available in theuguese market. Their contents were labeledrmgdeof
NaVA (500 mg or 300 mg), except for one productp(@,kil®—R) in which the content was expressed in VAac
(500 mg). Brand product A denoted Dipl&xB00 mg film-coated gastro-resistant tablets (Thacr8A, Lisbon,
Portugal, batch n° 08EQ151). Brand B was Depédki@hrono 500 film-coated tablets (Sanofi-Aventis SA,

Porto Salvo, Portugal, batch n°® 04326). GenericeBdrred to Acido Valpréico Ratiopharm 500 mg fitoated
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tablets (Ratiopharm Lda, Carnaxide, Portugal, bafthi40958). Generic B2 was Acido Valpréico Sarfdoz
500 mg film-coated tablets (Sandoz Farmacéutica, IQiatra, Portugal, batch n® 8A5060). Brand C was
Diplexil® - R 500 mg film-coated tablets (Tecnifar SA, Lisb&ortugal, batch n° 08LQ133). Brand D denoted
Diplexil® 300 capsules containing prolonged-release pel@ecnifar SA, Lisbon, Portugal, batch n°
06005961). Brand E was Depakinéhrono 300 film-coated tablets (Sanofi-Aventis $&rto Salvo, Portugal,
batch n° CH355). Generics E1 and E2 were respécthedo Valpréico Ratiopharm 300 (Ratiopharm Lda,
Carnaxide, Portugal, batch n° H33611) and Acidopkto SandoZ 300 mg film-coated tablets (Sandoz
Farmacéutica Lda, Sintra, Portugal, batch n® 8M2588

Table 1. Studied products organized into groups, accortbntne formulation type, content and nature of the
active ingredient (only sodium valproate or assimiasodium valproate/ valproic acid). NaVA — sadiu

valproate; VAac — valproic acid.

Group Formulation type Content VAac : NavVA NaVvA VAac  Brand/ Generic
(in mg of NaVA) relative proportion  (mg) (mg)
A delayed-release tablets 500 0:1 500 - Brand A
(gastro-resistant)

B prolonged-release tablets 500 2:1 333 145 Brand B
prolonged-release tablets 500 2:1 333 145 GeBdric
prolonged-release tablets 500 2:1 333 145 GeB&ic

C prolonged-release tablets 570 1:1 285 250 Brand C

D prolonged-release capsules 300 0:1 300 -— Brand D

E prolonged-release tablets 300 2:1 200 87 Brand E
prolonged-release tablets 300 2:1 200 87 Genédric E
prolonged-release tablets 300 2:1 200 87 Gen&ic E

® The active substance is sodium divalproate (58#)8 which is an association of NaVA and VAac (1:1)

& The active substance is sodium divalproate (58%8 which is an association of NaVA and VAac (1:1)
Apparatus
The Sl-system proposed is depicted in Fig.1, hatiwatransmission lines for the determination of \&one

and for the sequential determinations of ldad VA, respectively. It comprised a Minipuls 3 Gilsonil(érs-
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le-Bell, France) peristaltic pump equipped with \&CPpropulsion tube (1.65 mm i.d.) of the same braam
eight-port rotary valve (RV) from Valco Instrumenisodel C25-3118, (Huston, USA), a NResearch 1631T0
(Stow, USA) three-way solenoid valve, (SV), and @s@h MicropH-2002 potentiometer (mV). A 90-02-00
Orion AgCl/Ag reference electrode (RE) containihg MES buffer solution in the outer compartment aise
connected in the transmission line containing dhy detector for VA The potentiometer reference entrance
was connected to the detector of Y#hen dissolution profiles of both ions were aimedl components of
the manifold were interconnected with PTFE tubiidd@® mm i.d. and home-made devices such as acrylic
supports for tubular and reference electrodes. DO6BT Omnifit’ bubble trap devices equipped with

006BTM PTFE membranes were also placed in trangmidises before the detectors.

Na-I1SE c'.,! VA-ISE

p R D
— ™, ﬁch‘ [k : ; i b . E
b f J - ‘\\ ) my
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Fig.1. Schematic view of the flow system used. P: pdtistaump, SV: solenoid valve, HC400 cm long (0.8
mm i.d.) holding coil 1, RV: multi-port injectioreve, DV: dissolution vessel, SP: 15 cm PTFE (Orb ndl.)
sampling probe, CS- calibration solution, BT — bdeltibaps, VA-ISE : valproate ion selective elecepd

Na-ISE: sodium ion selective electrode, RE: refeeeglectrode, mV: potentiometer ang 200 cm PTFE coil.
The system was controlled by a microcomputer thinoaiy Advantech PCL 711B interface card. Software fo
control of the system and data acquisition wast&riin Microsoft QuickBasic 4.5. For data treatmédrtigin
version 6.1 was used.

The Ph. Eur. paddle apparatus was adopted foriegropt the dissolution tests. For this purposéngle unit

apparatus Erweka DT (Germany) equipped with a maddd a peak vessel (Vankel, USA) was used. The
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paddle rotational speed and the temperature odigslution medium were kept at 50 rpm and 37.05°C,
respectively. The dissolution tests were perfornmettiplicate using the MES buffer solution (pH p&s the
dissolution medium.

HPLC measurements were performed in a JASCO LC-INétdc system comprising a model JASCO PV-
2080 Plus pump, a Rheodyne 7725i injector (50ulp)eand a 5 pm C18 Kromasil column (250 mm x 4.6
mm). A diode array system, model JASCO MD- 2015sRhkas used as detector and the data processed by
means of software package brand ChromNav. In thermeations of sodium concentration a Jenway (East
Norwalk, USA) flame emission photometer was usedie reference procedure.

Electrodes preparation

lon selective electrodes without internal referesokition and of tubular configuration were consted and
used as potentiometric detectors. A polymeric memdmwith the composition described in (Santos.€2G06),
was prepared concerning valproate electrode (VA:I®Ewvas the final mixture containing 1% (w/w) tife
ionophore manganese(lll) tetraphenylporphirine @Kkerwith 10% relatively to the ionophore amount of
anionic additive sodium tetraphenylborate (NaTPBk&), 66% (w/w) of the plasticizes-nitrophenyloctyl
ether 6-NFOE- Fluka), and 33% (w/w) of poly(vinyl chlorig€Fluka) previously dissolved in 6 mL of
tetrahydrofuran (Merck). Sodium ion selective aledés (Na-ISE) were prepared accordinglyKor(ura et al.
1996), by using a mixture of 3% (w/v) of sodium aphore VIII (Fluka), 0.6% (w/v) of sodium tetraKi3, 5-

bis (trifluoromethyl) phenyllborate (Fluka) as atileB, in 69% ofo-nitrophenyloctyl ether and 27.4% (w/v) of
poly(vinyl chloride) previously dissolved in tetralrofuran (Merck). The electrodes were obtained by
dropwising previous mixtures over the inner wallaotentral hole (Imm i.d.) drilled along a tubuttiaped
graphite/epoxy resin working as conductive sugpo@onventionally shaped electrodes for sodium, euith
internal reference solution were also preparednds After complete drying of membranes, the tubular
electrodes were attached to the manifold and tlyeinabted with the carrier stream for a few minutesobe

being used.
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Procedures
The automatic procedure started by filling the maddcoil (HC,) and transmission lines connected to the rotary
valve (RV) with carrier solution until the achievent of detector stable signals (Fig.1). This waatlished
by selecting ports 5 or 6 of the RV and positionthg peristaltic pump in the forward pumping modlae
protocols required to carry out the analytical pehares are defined in Table 2. Steps 1-3 or 2-2applied
when using transmission line 5 to respectively darmdssolution medium aliquots or NaVA standarduiohs
and propelling them through the VA-ISE and RE etabts. Calibration curves were established consigler
peak height averages of transient signals obtaaftenl the successive injections of the calibrasogutions.
The hydrodynamic conditions to accomplish the deteations were settled after noticing invariantimaltion
slopes for injection volumes in the range 100-408gpirated through port 4, at flow-rates betweéhaihd 2.0
ml/min and propelled through transmission linedl@aw-rates from 0.3 to 2.9 ml/min. The steps 4 tovére
used when sequential determinations of \a&d Nd were intended. They resulted of the applicatioraof
simplex optimization algorithm to the injection uales, aspiration and propelling flow rates and @l length.
A response function considering minimum analytsighals carryover and VA-IS&gnals maximization was
considered for this ending.

Table 2. System control parameters.

Step Task RV flow rate flow direction

port  time(s) (mL/min)

1 samplind 3 10 2 reversal
2 calibration’ 4 10 2 reversal
3 detectiorf 5 7.5 2 forward

4 samplind’ 3 7.5 2.9 reversal
5 calibratior? 4 7.5 2 reversal
6 detectiof} 6 75 2.3 forward

7 purging 3 30 1.3 forward

aSystem using VA ISEX System using VA and NA ISEs.
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Dissolution tests with the immersion of one taldetcapsule in 900 ml of MES at 37°C + 0.5, the tiota
paddle set at 50 rpm, and steps 1 and 3 or 4 gtab& 2) followed. Approximately 300 puL of dissttun
medium were aspirated into HH@nd complete processing lasted less than 2 minBigsals were acquire over
time and computer stored for further process. Tikeotlition end was considered when at least a 3Qites
stable plateau was reached. Finally, a calibratias performed, using four NaVA standard solutidra tover
the overall range of VA concentrations releasednfrthe medicine. Using this calibration curve, molar
concentrations at dissolution time points were mheiteed and converted to the corresponding released
percentagesersustime. For all formulations three dissolution testith three different tablets of the same lot
were performed. An additional step (7, table 2) watuded before and after the dissolution testfopmance,

to purge the sampling tube, ensuring aspiratioa aeéw portion of the dissolution liquid or standaaodution
and cleaning the remaining of standard solutiordissolution medium.

In order assess the accuracy of results an HPL&redtcomparison method was selected (BP 1999).edexy
the mobile phase composition (70:30 (v/v) methaaod phosphate buffer (pH3)) and chromatographic
conditions were slightly changed due to acetotétmorldwide scarceness. During the dissolutionsies ml
aliquots were manually drawn from the dissoluti@ssel at predetermined periods of time (5, 1020545 60
and 90 minutes) and injected respectively in theyStem and in the HPLC equipment after filtratite last
with the eluent flow rate of 1 ml per minwtad a detection wavelength of 220 nm. In HPLC mesasants, a
five point calibration was performed using NaVArstards ranging from 7x10to 1.5x 16’ mol. L™ and the
respective dissolution medium samples diluted wheneecessary to fit the linear interval.

Flame photometry was considered to determiné iNasamples drawn from the dissolution medium. fat
reason, dissolution tests were done in solvent NBES6.8 adjusted with concentrated ammonia solution,
instead of KOH. In this way, interference of potassion in flame photometer measurements was adoide
During the dissolution tests, 20 ml aliquots wesnomlly drawn from the dissolution vessel (at 1M, &0, 120

and 150 minutes) and introduced in the Sl-systedimanhe flame photometer. Due to large sampledmels,
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the total volume of dissolution liquid was everynd reestablished with fresh MES solution. The flame
photometer was previously calibrated using five Wastandard solutions ranging from 4.3%Lénol.L™ to
3x10* mol.LY. Whenever necessary, dissolution medium sampkre wiluted in order to fit the linear
interval.

Results and discussion

Optimization and electrodes eval uation

The selected valproate sensor mixture was prefeibede others previously reported (Santos et &l6PAue

to the favourable slopes and pH working range whiltbw determinations at the recommended pH of 6.8.
However, the calibration slopes obtained for thafproate sensor solution when using phosphate h(Gf61
mol ) both as pH and ionic strength adjuster were 8iginferior compared with the ones described in
literature (Santos et al. 2006), and for that reabe more hydrophilic MES buffer (0.01 md) lwas tested,
aiming to achieve the reported values. Calibratimer$ormed with valproic acid standard solutiorsfr5x10°

to 1x10" mol L* (with half a decade increments, (n=189)) enableges of -44.5 and -66.5 mV. decadein
phosphate and MES buffers, respectively, with simi€lative standard deviations (3.3 and 3.7 %) lavedhr
responses ranging from 5.0x16 1.0x10" mol L. Additionally, an amount corresponding to approiety
50 mg of VA of a pulverised random sample tablets wissolved either with phosphate or MES buffeid a
tested. The respective average relative error@ntd.the declared amount content was lower for MES%)
relatively to phosphate (6.5%) due to the obserledtrode sensitivity difference.

Concerning Na-ISE, the membrane composition wasctsl as in Kimura et al. 1996)due to both its
appropriate analytical response range and to ta¢ively low interference of K the counter anion used in
MES buffer pH adjustment. This electrode was firglaluated in batch conditions, using NaVA solusio
ranging from 5x10 to 3x10° mol. L', in MES buffer. The calibration slope value of Z@V.dec™ with a
relative standard deviation of 5% was obtained. nThelectrodes with tubular shaped configurationewer
assayed in the system using the hydrodynamic dondistated before for VA-ISE. An average slopd@B +

4 mV.de¢' (n=40) with the lower limit of detection of 3xf@nol. L was achieved, underlying a response
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behaviour independent of the electrode shape ankeofdopted procedure (i.e. batch or flow) Howetlee
electrode response of Nalectrode was much faster then that observed Her\A-ISE electrode. Thus
simultaneous determination of both substances medjtine placement of the Na-ISE upstream relatit@eNA-
ISE in order to avoid overlapping response. Botdrbgtynamic conditions as well the coib @&ngth were
optimised by means of a simplex optimisation alfpon. The outcome is stated in Table 2, steps 46aifor a
minimum coil length of 2m. In these conditions ipdadent analytical signals were obtained in theetim
widows of 5-30 and 32-75 seconds for'Nand VA, respectively. When used together, these senborses!
appropriate linear results in the analytical rangfe$x10* 8x10° mol L™ for valproate and 3x18 8x10° mol

L for sodium. With the proposed system ISEs werel iiseconsecutive days (six to eight hours per day)
perform dissolution tests over a period of two nhgntvithout lost of response characteristics. Whmanpared
to reference methods a spent of approximately ®TMES buffer per assay was necessary.

Assessment of dissolution profiles using VA-1SE

The dissolution profiles of medicines commercialyailable in the Portuguese market (Table 1) wass f
evaluated on a VAdeterminations basis. The mean dissolution pofié tested products obtained are
illustrated in Figure 2 (A to E). In Figure 2.Etypical record obtained with the automatic Sl-sgstis also
presented. Table 3 shows for every group (A to &)eml dissolved percentages of valproate ion & th
dissolution medium (¢, relatively to the labelled amounts, the respectimes in minutes, and the
coefficients of variation (CV). The dissolved VAudy percentages include various representative paiiong
the entire average dissolution profile, as for eplE 00 Q5006 Qsovs Qusowe Accordingly to the guidelines
“The dissolution procedure: Development and Val@@dt a properly designed dissolution test shoasuit in
data that is not highly variaBleDissolution results may be considered highly aale if the coefficient of
variation (CV) is greater than 20% at time pointsem minutes or less, and greater than 10% C\4tat kime
points. From the analysis of this table it is pbkesto verify that the method is reproducible, siadl CV values
are much lower than 20% in the first ten minutdsradtarting the system, and almost all values ks than

10% CV, at later time points. Exception is in géen&l, at Qg that presents a small deviation from this value
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(CV of 12%), at minute 28. In the presented prgfilé can be generally noticed that the first CVeais the
highest and a decrement tendency occurs. Wheningg8b% of VA release, all CV are lower than 6%.eOn
hour after the initiation of the system, all tableind capsules except generic 1 in groups B amah,the
formulation of group D, release at least 80% of dieelared content of VA ion. When comparing theultss
obtained by the proposed system with HPLC for \@dpg determination in aliquots drawn at different
dissolution times, the resulting errors are infetio 5%, which corroborates the accuracy of theppsed

method.

Table-3: Mean dissolution profiles of tablets groups (neBjained with valproate detectory,Q percentage

relatively to the labelled amount of valproate @issolved, in time (min) at which it occurs; CV eefficient of
variation (%).

Group Qs reteasedMin); CV(%)

QlS Q30 QSO QGO Q80 Q85 Q95

A - 7;12.0 9;7.3 - 20; 6.2 - 78; 4.4
B -- 4;10.2 7,10.8 -- 30; 3.2 - 270; 1.5
Bl - 45; 2.0 60; 3.5 - 115;1.5 - 310; 0.3
B2 - 5;9.6 14; 3.0 - 60;5.4 - 205; 4.4
C - - - 43;2.4 75; 9.5 75; 9.5 --
D 22; 8.7 29;4.9 46; 7.9 - 102; 6.6 - 179;5.6
E 2;10.1 4;1.9 7,27 - 16; 2.3 - 52;1.1
El 20;9.2 28;12.2 37;7.3 -- 72; 3.3 -- 170; 0.02
E2 2;14.9 4,94 9;12.6 - 31; 3.6 - 84; 3.1
1 e —— I e
E‘: = ¢ T /:':-:_,' IIIIIIII T
W 1l |
% <04 a ] 1' - ] ( -
20 ! | J:'.-J.“. = | / -
b " S E— £ " —
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li =i
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Fig.2. Average dissolution profiles (n=3) obtained withpraate tubular detector (A to E). Charts divided
B, C, D, E, accordingly to groups in table 1. labd formularion; Il: generic 2 and lll: generic Higure E

shows a typical Sl-system record of the dissolugpimfile for Generic E1.

Assessment of dissolution profiles using both | SEs

Some combination formulations containing NaVA anéda< (group B) were selected to test the system
integrating two detectors, one selective to valg@ad other to sodium ions. In this system, siamgbusly to
VA determination, the amount of Na dissolved afeddnt times was also estimated. The results obdaare
presented in Table 4, showing percentages of disdoVA or N& substances (£ relatively to the labelled
amounts, the respective times at which the dissolubccurred in minutes, and the coefficients ofiatéon
(CV). The dissolved VA and Na drug percentageduiskelvarious representative points along the eatiezage
dissolution profile, for example @+ Qsov Qsovey Quse Figure 3 (A to C) shows the average sodium and
valproate profiles obtained with three dissoluti@sts for brand and generic 1 and 2 respectivedingu
valproate and sodium tubular detectors. In fig & @pical SI-system record obtained from the diggm of a
generic tablet can be observed. The results depint@able 4 using the two detectors are as remibtkias
those obtained with VA-ISE only, since CV valuesirid for both ions dissolution accomplish the limits
establishel However, for sodium, a CV of 14.6% is found imiad formulation at 15 minutes after starting the
system. This is not considered so important oneefitist sodium dissolution values occur approxinyatd
minute 13, as can be observed in fig. 3 A. In3i®, it is possible to notice that no sodium digedlvalues are
depicted until 60 minutes after test start-up, fimmeric 1. Results enabled by flame photometry were

determined for aliquots manually drawn at 10 andr@utes and compared with potentiometric onesteAt
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minutes, no sodium release occurred, and at 30tesnthe percentage of sodium dissolved in theollisen
medium was below the pratical limit of detectionMd tubular detector. It is furthermore possibleobserve
for formulations in group B (fig. 3), that dissaturt profiles of sodium ions follows nearly the sagwolution
than valproate ones.

Table-4: Mean dissolution profiles of group B (n=3) obtaingith sodium and valproate tubular detectors, Na-
ISE and VA-ISE respectively. £- percentage relatively to the labelled amountaiproate ion dissolved, in

time (min) at which it occurs; CV — coefficient wdriation (%).

Group B Detector € releasedMin); CV(%)
Q15 Q35 Q50 QGO Q80 Q95
Brand Na-ISE 15;14.6 -- -- 24; 0.3 48; 6.2 --
VA-ISE -- 5,99 7;16.8 -- 30; 5.2 70; 4.9
Bl Na-ISE -- -- -- 115;6.1 164;1.4 --
VA-ISE -- 30;8.5 40;15 -- 72;1.9 150; 5.6
B2 Na-ISE -- -- -- 26; 8.3 61; 3.4 97;5.1
VA-ISE -- 7,6.4 10;4.2 -- 58; 2.1 190; 4.5

Comparison of brand and generic formulations

Groups B and E are constituted by brand and gefemigulations, equivalent to 500 and 300 mg in NaVvVA
respectively (table 1). For both groups, obviouedences are noticed between the brand formuladioch
generics 1 and 2, particularly in the first 60 m@suand with respect to generic 1. In fact, desgitthe dosage
strength, this generic presents a similar dissmiufirofile with a considerable lag time withoute@sing VA
ion (figs. 2.B, 2.E and 3.B), while brand formutati releases drug in the first two minutes. Diffeesin
profiles of brand relatively to generic 2 are lesamatic. In spite of that, after 150 minutes, tiiree profiles
inside the respective groups are practically idenhti

In groups B and E, VAac/ NaVA proportion is the ga(R:1), in spite of the different dosage (500 uer300
mg). The drug proportion seems to greatly influetieerespective profiles (figures 2.B and 2.E),eotiey are

very similar. On the other hand, different propmm8 of VAac/ NaVA (2:1 versus 1:1), showed accetetlia
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differences in profiles (figures 2.B and 2.C), pite of the similar dosage (equivalent to 500 ai@ Bg in

NaVA, respectively). This is probably due to foraibn differences and also the proportion itsedfttze two

forms (valproic acid and valproate sodium saltyenaery distinct intrinsic solubilities. In detemmaitions using

valproate and sodium detectors, the comparisoheobtand formulation with generics (group B), stdistinct

release profiles, not only for valproate, but dleosodium ions (figure 3). These differences aneeomore

accentuated in generic 1 relatively to generic é&/e®al quantitative methods are described for coisqa of

dissolution profiles and among those similaritytfaqf,) plays a main rofé, being officialised both by FDA

and EMEA asf, =50 x log {[1 + (1/n)}’ R - TJ-|2]'°'5 x 100}, where Re T are the percent dissolved of the

reference and test products, respectively, at Bahpointj.This factor can assume values between 0 and 100,

and the profiles are considered similar wiiefalls into the interval 50-100. The obtained réstibr valproate

profiles of group B aref; grand and Generic 877 28 andfz (grand and eneric 85 51. For formulations of group C affe:

(Brand and Generic C1 25 andf, (Brand and Generic c3F 9 7. For sodium profiles ard (Brand and Generic BTy 27 anaf, (Brand

and Generic B2 62. For the calculations, at least four time pirepresentative of the entire dissolution range

were used. Corroborating visual observations ofpiadiles, brand and generic 2 are similar and ¢rand

generic 1 are not.
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Fig.3. Average sodium (dashed line) and valproate (futle)i dissolution profiles (n=3) obtained for
formulations of group B with sodium and valproaibular detectors. A- Brand; B- Generic B1; C- GenBR2.

Figure C shows a typical SI-system record of tissalution profile for generic B2.

Conclusions

A sequential injection system was exploited coniogrrautomatic testing of dissolution charactersstaf
valproic acid solid forms. The proposed procedwidenced adequate robustness concerning the hyuzadg
conditions adopted, use of potentiometric detectiod large scale analysis ability. Several modifieléase
tablets and capsules were analysed including siagie combination formulations. In this last onespxoic
acid and its sodium salt are present in differempprtions and dosages. At pH 6.8, all valproicdais
converted to anionic form, so it was possible ttofe the global release profile of the active pipie. When
two detectors were used, it was also feasible ithalneous accomplishment of sodium ion dissotutibat
arises from valproic acid sodium salt solubilisaji@nd global valproate dissolution. The proposgstesn
proved to automatically generate reproducible, eeteuand sensible dissolution profiles using eitires or the
two detectors, in a large range of concentratiomsesthe first minutes of the dissolution test.oA ¢f dynamic
processes take place prior to disintegration asdotlition initiation as the capacity of tabletsmet, and this
system shows phenomena as lag times of tabletdenieg profiles much more informative for companso
purposes. lIts flexibility allows changing easilyrn one to two detectors, accordingly to the godlshe
operator and the kind of dissolution studies deredntoreover, the proposed sequential injectionpsshows
the capability of adequately discriminating diffieces between brand and generics drugs, demonstiited
for valproate, as for sodium profiles. This analgtiprocedure can be adapted to studies on develupoh new
formulations incorporating sodium valproate alomemixtures of valproic acid and its sodium saltjdentify
active principles mixtures proportions and formuatcharacteristics that might influence or haveracial
effect on the bioavailability of the drug. It isroconviction that the approach used in this work easily be
extended to other combined drugs formulationshin gresent case, we can foresee immediate appficeti

formulation development research, at industriabtabories.
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