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Objective: A study was conducted to establish the bioequivalence between different
sustained-release formulations of valproic acid (Depakene R and Selenica R), which were
developed in Japan.

Materials and methods: The clinical investigation was designed in a randomized, cross-
over fashion with a single dose given to 12 healthy subjects. The subjects were administered a
single 600 mg dose of valproic acid in one of two formulations. Serial venous blood samples
were obtained over 72 hours after each administration to measure valproic acid in serum by
enzyme immunoassay (EIA). In addition, a dissolution test was performed. Each sample was
analyzed by an high-performance liquid chromatography to determine the dissolution rate of
valproic acid.

Results: No difference in maximum concentration or area under the curve was found
between the two formulations. The time to maximum concentration of the new formation was
significantly delayed compared with the conventional formulation (10.8 £ 1.7 versus 17.6 &
1.8 hours, p < 0.001). Apparent clearance or elimination half-life did not differ between the
two formulations. An in vitro dissolution study showed that Depakene R was significantly more
dissoluble than Selenica R.

Conclusion: Based on the results, the present study demonstrated a significant difference
between the two sustained-release formulations in the absorption profile, and also demonstrated
that the bioavailability of valproic acid in the two formulations was similar but absorption speed
(lag time) was very different.
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Introduction

Successful long-term treatment of patients with epilepsy requires selection of an
appropriate antiepileptic regimen, optimal dosing and patient compliance (Pugh and
Garnett 1991; Buck et al 1997). Sustained-release formulations of antiepileptic drugs
can be very helpful in achieving treatment objectives. Stable serum levels without
marked peak-to-trough fluctuations, reduced frequency of dosing, and the possibility
of dosing flexibility may all improve compliance, patient satisfaction and, ultimately,
quality of life (Bialer 1992; Cramer et al 1995; Pellock et al 2004).

Valproic acid has been widely used in the last decade and is now considered a
relatively safe and effective anticonvulsant agent (Perucca 2002). Recently, several
investigations have proposed its use in the treatment of anxiety, alcoholism, and
mood disorders (Bowden and Singh 2005; Nasrallah et al 2006). Valproic acid is
characterized by dose-limited absorption, nonlinear plasma protein binding, and
multiple metabolic pathways of elimination (Gugler and von Unruh 1980; Zaccara
et al 1988; Perucca 2002). Once absorbed, valproic acid is largely bound to plasma
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proteins and has a relatively small volume of distribution.
Its concentration in cerebral spinal fluid is approximately
one-tenth that in plasma and is directly correlated with the
concentration found in tears. At therapeutic doses, valproic
acid’s half-life varies from 10 to 20 hours in adults, while
it is significantly shorter (6 to 9 hours) in children (Zaccara
et al 1988; Perucca 2002). Valproic acid undergoes extensive
liver metabolism. Numerous metabolites have been positively
identified and there is reasonable evidence that several of
them contribute to its pharmacological actions or toxicity
(Zaccra et al 1988; Eadie 1991).

Valproic acid is available in different dosage forms for
parenteral and oral use. All available oral formulations are
almost completely bioavailable, but they differ in dissolution
characteristics and absorption rates. The sustained-release
formulation (Depakene R) can therefore be given once or
twice daily (Doughty et al 2003; Genton 2005). The tablet
core consists of a matrix structure that is covered with the
sustained-released membrane. The elution of valproic acid
is controlled as the substance passes through the core of the
matrix structure and, further, through the sustained-released
membrane.

Recently another sustained-release formulation containing
200 mg valproic acid (Selenica R) has been developed and
is available in Japan (Fujisaki et al 2006). Selenica R has
a double-coating system that provides a mechanism that is
different from the conventional sustained-release formulation.
Preclinical studies with healthy volunteers showed there
are different pharmacokinetic properties between this new
formulation and the conventional formulation (Pers comm.;
Nikken Chemical Co., Tokyo, Japan). However, there is
no information available on absorption profiles of these
two formulations when directly compared. We therefore
compared the pharmacokinetic parameters of the two valproic
acid formulations in healthy subjects. A comparative study
of the dissolution profiles between the two tablets was also
carried out.

Methods

In vitro dissolution test

A dissolution test was performed according to the procedure
described in the JP Dissolution Test (paddle and beads
method) (The Japanese Pharmacopeia 15th Edition, Japanese
Ministry of Health, Labour and Welfare, http://www.mhlw.
go.jp/topics/bukyoku/iyaku/yakkyoku/dl/060407-1.pdf). The
paddle rotation speed was maintained at 50 rpm at 37 °C.
Release test was carried out in 900 ml of pH 6.8 phosphate
buffer (0.05 mol/L) using a dissolution tester. Samples of

10 ml were withdrawn at predetermined time intervals
and replaced with the same volume of fresh buffer. Each
sample solution was analyzed by high-performance liquid
chromatography (HPLC) to determine the dissolution rate
of valproic acid as described by Fujisaki and colleagues
(2006). An AUV absorption spectrometer was used as
the HPLC detector at a detection wavelength of 210 nm.
The HPLC column was an Inertsil ODS stainless steel
column with an inside diameter of 4.0 bmm and a length of
25 cm (GL Science, Ins., Tokyo, Japan). The analysis was
performed at 40 °C. The mobile phase was 0.02 M phosphate
buffer (pH 3.0) and acetonitrile (60; 40, v/v).

In vivo bioequivalence study

Subjects

Twelve healthy Japanese volunteers (9 males, 3 females) were
enrolled in this study. Their mean age = SD and age range
were 28.8 + 4.8 and 23-36 years, respectively and mean
body weight was 62.3 + 13.1 with a range of 43-95 kg.

Study design

The study protocol was approved by the Ethics Committee
of Hirosaki University School of Medicine. It was
a randomized, two-treatment, two-period, crossover
investigation with a washout phase of 4 weeks between
the two study periods. The treatments consisted of a single
oral 600 mg dose with 200 ml water. 600 mg of different
sustained-release valproic acid formulations (three 200 mg
tablets of Depakene R or Selenica R) were administered
in a randomized crossover fashion with a washout period
of at least 4-weeks. Six volunteers within each group were
allocated to either of 2 different drug sequences: Depakene
R-Selenica R and Selenica R-Depakene R. No meal was
allowed until 4 hours after the dosing (1 pm). Fluid intake
was also standard, and no alcohol, tea, coffee, and cola were
allowed during the periods of confinement. Study participants
were asked to refrain from the use of all drugs, including
over-the-counter medications, for at least 2 weeks before
the first administration, as well as during the entire study.
Blood samples (5 ml each) for determination of valproic
acid were collected into heparinized tubes just before and
2,4,6,8,10, 12, 14, 16, 18, 24, 36, 48, 60, and 72 hours
after the administration of valproic acid. Samples collected
in the heparinized tubes were gently inverted several times.
At the same time as blood sampling, blood pressure, heart
rate, and self-reported adverse effects were monitored. Group
assignment and the drug administration schedule were kept
sealed until the blood samples were analyzed.
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Bioanalytical method

Serum concentrations of valproic acid were quantified
with enzyme immunoassay (EIA). The detection limit was
1.0 pug/ml. The inter- and intra-assay CVs for valproic acid
were less than 5.5% for all quality control concentrations.

In vivo pharmacokinetic parameters
Pharmacokinetic parameters were determined by
noncompartment model with WinNonlin software (Pharsight
Co.,Cary, NC, USA). Apparent volume of distribution
(Vd/F), absorption constant (Ka), elimination constant (Ke),
and lag time (Tlag) were calculated as first parameters. Area
under the drug concentration-time curve (AUC), apparent
clearance (CL/F), time to peak concentration (T _ ), peak
concentration (C_ ), peak concentration at steady state
(Css_, ) and minimum concentration at steady state (Css,_, )
were estimated as second parameters.

Statistical analysis

Paired t-test was used for the comparison of the pharmaco-
kinetic parameters between the two phases, ie, Depakene
R and Selenica R. Two-way analysis of variance was used for
sequence effects. Two-way ANOVA was used for compari-
son of the in vitro dissolution study. Post hoc analyses were
done using Bonferroni’s correction with paired t-test.

A p value of 0.05 or less was regarded as signifi-
cant. When the calculated 90% confidence intervals with
logarithmic transformation of pharmacokinetic data
(C,,., and AUC) fell within 80%—125% for the ratio of the
product average, we regarded the product as bioequivalent.
SPSS 13.0J for Windows (SPSS Japan Inc., Tokyo, Japan)
was used for these statistical analyses.

Results and discussion

In vitro drug release study

Dissolution curves are shown in Figure 1. All the Depakene
R tablets were detectable after 3 hours, while it took 7 hours
to detect all of the Selenica R tablets. Two-way ANOVA
showed significant difference in dissolution curves between
the two formulations (p < 0.001). Dissolved valproic acid
concentrations for Depakene R were significantly greater
than those for Selenica R from 7 to 24 hours.

These findings suggested the different mechanisms of
sustained release between Depakene R and Selenica R,
ie, the elution of valproic acid from Depakene R is controlled
in such a way that the substance passes through the core
matrix structure and further passes through the sustained-
release membrane, while Selenica R elutes through a mixed
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Figure | Dissolution profiles of Depakene R and Selenica R. Error bars indicate
standard errors. Open and solid circles are the data for Depakene R and Selenica R,
respectively.

Notes: *p < 0.05, *p < 0.01,**p < 0.001.

membrane composed of ethylcellulose and methacrylate
copolymer-L (Fijisaki et al 2006) (Figure 2).

In vivo bioequivalence study

Serum concentration-time curves of valproic acid after a
single oral dose of Depakene R tablets and Selenica R tablets
are shown in Figure 3, and their pharmacokinetic parameters
including direct (Table 1) and simulated (Table 2) single oral
dose data are summarized. There were no severe adverse events
during the study. Two subjects had mild sleepiness from 6 hours
to 12 hours for both phases. No difference in blood pressure or
heart rate was observed between the two formulations.

There were no differences in C__or total AUC between
the new formulation (Selenica R) and conventional formu-
lation (Depakene R). Bioequivalence analyses showed that
90% confidence interval of log-transformed C__ and total
AUC between the two formulations were 92%—106% and
101%—111%, respectively.

Lagtimeandt __of Selenica R were significantly delayed
in comparison with those of Depakene R (7.1 £0.8 versus 1.7 +
0.6 hours, p < 0.001 for lag time, 17.6 = 1.8 versus 10.8
1.7 hours, p < 0.001 for t ). However, no difference was
found in Ka. Other parameters, such as Vd/F, Ke, and CL, did
not differ between the two formulations. Css___and Css_ . simu-
lated by single-oral pharmacokinetic parameters were 63.5 +
17.7 and 35.1 = 10.4 png/ml for Depakene R and 64.3 £+ 16.0
and 40.8£13.1 ug/ml for SelenicaR. Css . of Selenica R was
significantly higher than that of Depakene R (p < 0.05), but the
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Figure 2 Tablet characteristics for the slow-release preparations of Depakene R and Selenica R.

difference in fluctuating drug concentration (Css _ —Css . )did  gov/CDER/guidance/3616fnl.htm). Therefore, it appears that
not differ between Selenica R and Depakene R. There wereno ~ blood concentrations that cause side effect are comparable
sequence effects on the pharmacokinetic parameters. between the two formulations.

The results of this study showed no differences in C__ However, absorption speed, such as lag time and hence
or AUC of valproic acid between new and conventional t_ , were very different between the two formulations in
formulations. The 90% confidence interval of log-  the single oral dose study. This is supported by the in vitro
transformed C__ and total AUC between the two formulations  dissolution study which demonstrated that Depakene R
fell within 80%—125%, suggesting that Selenica R is  dissolved earlier than Selenica R. These findings suggest that
bioequivalent to Depakene R according to US Food and Drug  valproic acid dissolved from Depakene R appears earlier in

Administration Guidance for Industry (see http://www.fda.  the blood and brain than that from Selenica R.

Table | Pharmacokinetic parameters of valproate in healthy subjects (n = 12) after single oral doses of valproate (600 mg) in two
sustained-release formulations calculated from direct data

Parameters Depakene R Selenica R Significance
C._.. (ug/ml) 424+ 107 409 + 84 NS

T . (hr) I.1+13 16.0£ 1.6 p < 0.001
AUC (0-48) (hr* ug/mL) 1361 £ 346 1458 + 342 NS

AUC (0—) (hr* pg/mL) 1408 + 403 1536 + 392 NS
Elimination half-life (hr) 129+26 127 £2.9 NS

Note: Data are shown as mean + SD for pharmacokinetic parameters.
Abbreviations: C__,peak concentration;t__,time to peak concentration in serum; AUC (0-48),are under plasma concentration-time curve (AUC) from 0 to 48 hours; AUC

ax’

(0—20), AUC from 0 to infinity; NS, not significant; SD, standard deviation.

142 Drug Design, Development and Therapy 2008:2



Different pharmacokinetics of valproic acid

Table 2 Estimated pharmacokinetic parameters in subjects receiving a single oral dose of valproate in two sustained-release

formulations (n = 12)

Parameters Depakene R Selenica R Significance
Vd/F (L) 95+29 8719 NS

Ka (1/hr) 0.21 £0.08 0.17 £0.07 NS

Ke (I/hr) 0.056 +0.012 0.058 +0.014 NS

T lag (hr) 1.7£06 72+08 p < 0.001
AUC (hr* mg/mL) 1241 + 329 1300 £ 317 NS

CL/F (L/hr) 0.53+0.17 049 £0.13 NS

T . (hr) 108+ 1.6 17.6 £ 1.7 p < 0.001
C, .. (mg/ml) 402+ 105 39.3+84 NS
Css,_ (mg/ml) 635+ 169 643+ 153 NS

Css, . (mg/ml) 35.1 £10.0 408+ 12.5 p < 0.05

Note: Data are shown as mean + SD for pharmacokinetic parameters.

Abbreviations: Vd/F, apparent volume of distribution; Ka, absorption constant; Ke, elimination constant; Tlag, lag time; AUC (0—o0), AUC from 0 to infinity; CI/F,

apparent total clearance;t
at steady state.

time to peak concentration in serum; C

‘max’ max’

On the other hand, no changes in physiological and
mental status in our subjects were observed between
Selenica R treatment and Depakene R treatment in this
study. This is explained by similar exposure (AUC) and/or
C, .. in the two formulations. Because therapeutic antiepi-
leptic effects or mood-stabilizing effects are associated with
exposure to valproic acid, when a sustained-release prepa-
ration is switched to another formulation, inconsistencies
in pharmacokinetic parameters, such as lag time and t

‘max’

60 T

Drug level (ug/ml)

o N w H (&)
o o o o o
1 1 L ! !

peak concentration; Css_, peak concentration at steady state; Css

trough concentration

min’

do not necessarily mean alteration in clinical response.
This was confirmed by our previous study (Yasui-Furukori
et al 2007).

Conclusion

The present study demonstrated that the bioavailability of
valproic acid in two formulations was similar but absorp-
tion time was different because of the different dissolution
profiles.

—O— Depakene R
—e— Selenica R

Time (hours)

Figure 3 Serum concentration-time curves of valproic acid after single oral doses of Depakene R and Selenica R. Error bars indicate standard errors. Open and solid circles

are the data for Depakene R and Selenica R, respectively.
Notes: *p < 0.05,**p < 0.01,**p < 0.001.

Drug Design, Development and Therapy 2008:2

143



Fujii et al

Acknowledgments

None of the authors and their institutes have any conflicts
of interest. This study was supported by a grant from the
Hirosaki Research Institute for Neurosciences.

References

Bialer M. 1992. Pharmacokinetic evaluation of sustained release
formulations of antiepileptic drugs. Clinical implications. Clin
Pharmacokinet, 22:11-21.

Bowden CL, Singh V. 2005. Valproate in bipolar disorder: 2000 onwards.
Acta Psychiatr Scand Suppl, 426:13-20.

Buck D, Jacoby A, Baker GA, et al. 1997. Factors influencing compliance
with antiepileptic drug regimes. Seizure, 6:87-93.

Cramer J, Vachon L, Desforges C, et al. 1995. Dose frequency and dose
interval compliance with multiple antiepileptic medications during a
controlled clinical trial. Epilepsia, 36:1111-7.

Doughty J, Baker GA, Jacoby A, et al. 2003. Compliance and satisfaction
with switching from an immediate-release to sustained-release formula-
tion of valproate in people with epilepsy. Epilepsy Behav, 4:710—6.

Eadie MJ. 1991. Formation of active metabolites of anticonvulsant drugs.
A review of their pharmacokinetic and therapeutic significance. Clin
Pharmacokinet, 21:27-41.

Fujisaki Y, Tsukune T, Funyu M, et al. 2006. Development of
sustained-release tablets containing sodium valproate: in vitro and
in vivo correlation. Drug Dev Ind Pharm, 32:207-17.

Genton P. 2005. Progress in pharmaceutical development presentation with
improved pharmacokinetics: a new formulation for valproate. Acta
Neurol Scand Suppl, 182:26-32.

Gugler G, von Unruh GE. 1980. Clinical pharmacokinetics of valproic acid.
Clin Pharmacokinet, 5:67-83.

Nasrallah HA, Ketter TA, Kalali AH. 2006. Carbamazepine and valproate
for the treatment of bipolar disorder: a review of the literature. J Affect
Disord, 95:69-78.

Pellock JM, Smmith MC, Cloyd JC, et al. 2004. Extended-release
formulations: simplifying strategies in the management of antiepileptic
drug therapy. Epilepsy Behav, 5:301-7.

Perucca E. 2002. Pharmacological and therapeutic properties of valproate:
a summary after 35 years of clinical experience. CNS Drugs,
16:695-714.

Pugh CB, Garnett WR. 1991. Current issues in the treatment of epilepsy.
Clin Pharm, 10:335-58.

Yasui-Furukori N, Saito M, Nakagami T, et al. 2007. Different serum
concentrations of steady-state valproic acid in two sustained-release
formulations. Psychiatry Clin Neurosci, 61:308—12.

Zaccara G, Messori A, Moroni F. 1988. Clinical pharmacokinetics of
valproic acid-1988. Clin Pharmacokinet, 15:367-89.

144

Drug Design, Development and Therapy 2008:2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


