
6tt 
unlpos xaoroIPAI( - IP la tUBTJI tr-treTpz

esBalaJ-papuaua aql pue 'alnsdec ePlurrds eq] 'lalqP]

(UO) aseeler-pe^Elep 'peleoc rrratua 'leuorlrpert eqt 8uI
-pnIJuI suonelnluroJ Iera^as uI alqBllu^u sl XAO 

'l7l .kGB

sr xaordp,np ;o dlqquge,reorq [Ero etnlosqp aql lurp
pauodar uaaq seq tI '[t 'I] suralord erusuld ot punoq
o6 66 dlalerurxorddu sr puu ra^rl aql ul pezloqetaru ,ig
-rerurrd sr eleordpn 'e8uer peuoqua{u aq} Jo ued Je,\\ol
eq] q ^llBnsn sr aleordp^ Jo aJII-JIeq eurseld aql 'suon

-eorpau Surcnpur-arudzua Jarlo 3u11er dpuarlnouoJ
sluer1ed u.r 'reAaA\oH 'q gI-g;o e8uer aqt ul sl aleordp-r

Jo aJII-JIeq uruseyd eql '8nrp;o uoudrosqe ctuats.is atp
delap uec suorlrpuoJ Su4seguou rapun X\O Jo uorte4
-srurupv 'uoqerlsrurrupe 

1ero regp q y-g ,iJalerurxordde
peqceer sl uopertuacuoc euseld {ead 

'a}ets 3u1lse3 arp
uI '[B] uoqnqrrtsrp Jo erunlol lpurs dla.trleler u seq pue
suralord eruseld o] punoq,(1e8re1 sr ptce ctordp^ rpaqros

-qe eouo 'uorleurulle;o sfeirmped crloqelau aldqlmu
pue 'Surpurq uralord erusuld reaulluou 'uoqdrosqe palt

(duBuraC) Jropuapy 
'3e1ren roluu3 oplpg . AOA O

ttt-6tt:(B) IglI I07 tunqcsro;yallgugauzrg

-uq-asop dq pazualce;pqc sr prce crordpn'[Z] epeue:)
ur dsdapda ro; pa,rorddu sr puu aurur8lru roJ uorluJlsl
-ururpy Snrq pue poog 'S'O eqt,{q pa,rordde se.l,r Sursop
dlup-acuo rog alerrdordde XAO Jo ruroJ aseeler-papual
-xa eqJ ';9-71 lua8u srxe{qdord eurcr8rtu pue cru
-eurpup ']uesln^uocpue e^rlceJJe ue sr X\C 

'[I] seJnzras
aruesqe apnlJur leql sad& alnzras aldrlpu qll A sluep
-ed ur dla,trlcunfpe pue 'soJnzlas eouesqu xaldruoc pue
aldurrs Jo ]ueunuer] eq] q peluolpur osIB sr lI 'sernzles

;o sadu raqto qll,tt uorlprcossu ur Jo uonplosr ur raqlla
mJro teql sernzras pprud xelduoc qllm sluepud Jo
]uerutual eqt ur Ideraq] alrtJunfpe puu elos se esn JoJ
pelurrptn sl X\C 

'uor aleordp^ a^IlJp aql otur ]cen 1eur
-lsatuortse8 atp ur salerJossrp qJrr{ a prce crordp,r, pue
aleordp.r runrpos Jo suoruodord pnba Jo uoueurquroc
anbrun e sl (B-01-rgq9j SVf 'X\C) tunrpos xaordp,r,rq

uoprnporlul 'I

AII rlrll$ poqtaur J'IdI{ a^Illsuas pa}BpIIB

e dq pazr\eue ara.r Snrp;o suoIlBJIreJ
-uoc uruseld aql 'slsipue luanbasqns .ro;

J.OZ-p uazo4 ldel se.u eruseld palu.rud
-as eql ueql'ugedaq umlptx Su.nlretuoc

saqnl olq paculd pue 'unras nJ Snrp a.rn
-suaur ol uo.rlBlsFr.rurpB qJea talJ;E q tz

Ja^o paur-Etqo e.rarn saldures poolq snoua^
p1.rag 'fpnrs qJBe uI sesop aql paleredas

s,{up p1 ;o le,rraluJ tnoqservr V 
'spe[qns

u.r u31sap relossorJ B ol Sulp.rocce palenp
-uoc surrl dpnls puJ1q 'Ieqel-uedo 'pazr.ur

-opue.r'asop-e18uls qcag 'aluls pelseJ uJ

sJeetunlol rrplrru.rl epru rlq1paq u.r slelqet

(g-02-tgS9z SVI) urnJposxeo.rdlu lp esuel
-er padulap;o sprrurq [EJoJeuruoc oml Jo

fllgqup.ureolq prru sclteup{oruur.ruqd aqt

e.redruoc o1 sern .{pnls slqt go asodmd aq1

E'?-68?:{B) IgII IOZ
ttmqcs.ro;1at1Fulauzrv

alBls palsBd r
runlpos xoo.rdp4g r

slelqul esueler pefulag r
,bg;qulJenuolg r

'uopdrosqu 
;o lualxa prre

alerJo sruJel uI luapirpbeolq e.ru slcnpo.rd

eJueJoJaJ puu lsel aql Jo slalq4 runlpos

xao.rdlenJp eqt aroJaraql'Vtr{g puu VOC
aq1,{q pesodord puelu1 o6 g7I-98 eqr

uIrRIrr{ 11€ erem slcnpord acua.reJal prrp lsal
eql roJ sanIBA (% 9'0II- I't6) JcnypuE

(% 9'S0r - I'26) pnv' eh 9' rDr - Z' L8) **J

Jo ollur erp JoJ slu reluJ acuepguoJ 06 06
palulmlur aql dle,rpcadser'uopulnruroJ

aruaraJar aqr roJ lu/q Erl z'geg + q'6ZLZ

pne prTq 3d 7'9Zg + z'gggz puu lsel eql

.ro1 prTq 3rl I'Z6L+ t'gOLZ pue prTq 3d 1
g.BLg + a'Ezgz eraztt;gJry pue pnv eql
'i(le.npcadsa.r 'slcnpo.rd aJueraJal prru tsol
aql roJ pauFlqo a.rem pr73d I'It + z't€I

pue gu78rl g'tt+ g'vzl Jo suollurluec
-uoJ runJas runrulxEru rrBatr I'uopcelep

sproa /(aX
lJBrlsqv

rlJe'peuzqt@qapuzr1e^ :lreu-a :u?JI t'ggIg rzuqeJ 'seouerJs 
IeJrpaIN Jo dllsre,trun zuqel

'dceru:eq4;o &1nceg 'scrlnacprureqd;o luarugedaq 'rossaJoJd alerJossv 'Cqd 'CurEqd '{qap€zrle^ rpeH :o1 acuapuodsar.rol

uBJI 'zuqpJ 'sacuerJS Ip3rpat\l Jo ,firsrarrtun zrrqel 'dSolouqJaloueN 
IEJunacururcqd roJ JoluaJ qJrcasag

u"rl 'zuqpl 'soJuerrs Ie3rpal\l Jo dtls:a.r.gn zgq€I rralueJ q3rcasag,riSolouqcatorg -
uerl 'zuqeJ 'saruolcs Iuorpol\l Jo .Qrsra.trun zuqel 'ralual qrreasag parrddy 3ru6

uEJI 'zIJqEI 'saJueros IEOrpaIAl Jo ,{llsra,ttun zuqel 'Je}ua] I{cftesau sasuasl(l TEupsa}uloJ}seO pue ra.\ll -
uerl 'zuqEJ 'sosuarcs 

IeJrpeI Jo  llsra^run zuq"J 'AJerxJpr{d 
Jo ,ulnJEl _

s,rqepBzlle^ 1pu11 
(r.re4qaqsFruH paurBH 

",rtlapezteqrteqc 

paaus 

".rllurueN 

qooqr{Ew 

",rIueLrIN-ga{BZ 

tr.r,ued

sJaalunlo^ rrBIrrBJI
,tqfpaq q runlpos xeordlu^Ip Jo suollu1nurroJ

asBelar paz(u1ap o/ul Jo /$HIqUIIB^uoIq eluls persBc

so^r+?pas sord0rl0llc{sd scrpudl{9. sBnrg anrlre-gp3



CNS-active Drugs . Hypnotics . Psychotropics . Sedatives

(ER) tablet. Divalproex ER is approximately B-20 % less
bioavailable than divalproex DR. Proportional dosing
with B-20 % higher daily doses of divalproex ER com-
pared with divalproex DR has been demonstrated to
produce equivalent levels of bioavailable serum valpro-
ate in healthy volunteers and in epileptic patients [5, 9].
Obtaining an equivalent area under the curve (AUC)
while slowing the gastrointestinal transit and avoiding
food effects and dose dumping among a population
with epilepsy with individual variability requires exten-
sive engineering of the formulations []. D\D( is made
and marketed by several pharmaceutical manufacturers.
Availability of different formulations of the same drug
substance, at the same strength, and dosage form could
be different and is important for health care profes-
sionals. If separate formulations have different bioavail-
abilities, switching over to a new brand may lead to in-
adequate therapeutic effect, toxicity or even cases of
drug resistance can arise [10, 11]. In the present study
the rate and extent of absorption of two commercial
brands of DVX delayed release (enteric coated) tablets
were determined and compared following oral adminis-
tration in healthy fasted Iranian volunteers.

2. Methods

2.r Study design
Two brands of DVX delayed release tablets were used. The inno-
vator product (Batch no. 54031) was selected as reference. The
test product (Experimental Batch no. 01) was manufactured by
Exir (Boroujerd, Iran), a local company in Iran. Both formula-
tions were obtained from the respective manufacturers and they
contained 500 mg D\X. The study was a fasted state, open label,
single-dose, blind randomized study with a crossover design car-
ried out in accordance with the guidelines of the Declaration of
Helsinki fWorld Medical Assembly 1964) as revised in Edinburgh
(2000). The study was also reviewed and approved by the local
ethical review board of Tabriz University of Medical Sciences in
Iran. Twenty-four adult Iranian male volunteers (mean age + SD,
23.1 + 3.1; range 20-31 years and mean weight + SD, 70.0 + 8.2;
range between 56-85 kg) were selected for enrollment in this
study. None of them had a history of hypersensitivity to medica-
tions and they were non-smokers. There was two-week washout
period between studies. Prior to the study, a written consent
form was obtained from each individual subject participating in
the study. An equivalent to 500 mg DVX tablet of the test and re-
ference products was administered to each subject as a single
dose. Blood samples of 5 ml were col lected at 0, 0.5, l ,  1.5,2,3,
4, 6, B, 10, 72 and 24 h after each administration via an intrave-
nous cannula placed in the subject's forearm. All samples werg
centrifuged in heparinated fubes. The plasma samples were se-
parated and promptly frozen at -20 "C until assay.

2.2 A:rralytical methodology

There have been several methods for determining valproic acid
plasma concentrations in the literature, including gas chroma-
tography method with flame ionization detection (GC/FID) tI,
2, 12, I3), capillary gas chromatography [41, fluorescence po-
Iarization immunoassay [7, 15] and enzyrr'e immunoassay
(EIA) t8l. However, in this study plasma samples were analyzed
using a modified reversed-phase high performance liquid chro-

matography (RP-HPLC method. The analr-rical procedure was
validated for speciflcin-. accuracl'- prn-ision and sensitivity. On
I ml of plasma 20 pL of the internal sra-ndard 10 mg/ml of ota-
noic acid, Sigma, St Louis, \1O. US-\ and 25 ,rL of perchloric
acid 60% (Merck, Darmstadt, Germanv rtas added, then all
samples were extracted with 3 rnl herane Jlerck. Darmstadt,
Germany) by vortexing for 5 min. Afrer cenrifugation for
5 min at 1000 g, the upper organic phase rras ransferred to a
S-ml glass tube. 500 pL of 0.5% triethvlamine .\Ierck, Darm-
stadt, Germany) was added. The mixture rvas vonex-mixed for
2 min and then, some of the upper organic phase rvas dis-
carded and the remaining mixture (about I ml) rvas transferred
into a 1.5 ml microcentrifuge tube. After centrifugation for
2 min the upper organic phase was discarded completelr'. Fi-
ve pL of HCI 2 N (Merck, Darmstadt, Germany) was added to
the aqueous phase and 150 pL of the resulting solution was in-
jected onto the HPLC column. A liquid chromatographic sys-
tem (Knauer, Germany) comprising of Knauer K1000 solvent
delivery module equipped with a Rheodyne (Cotati, CA, USA)
injector and a variable wavelength ultraviolet spectrophoto-
metric detector (Knauer smafiline 2500) set aI 270 nm. EZ
Chrom Elite version 2.1.7 was used for data acquisition, data re-
porting and analysis. The mobile phase consisted of citrate buf-
fer {2.5 mM citric acid, Merck, Darmstadt, Germany +2.5 mM
K2HPO4 (Merck, Darmstadt, Germany)) * phosphate buffer
(50 mM KH2PO4, Merck, Darmstadt, Germany pH = 7 .4 - aceto-
nitrile, (35 :35 :30, %v/v). The analyical column used for chro-
matographic separations was MZ Phenyl (150 x 4.6 mm) 5 pm
with a MZ Phenyl (I0 x 4 mm) 5 pm precolumn guard; the flow
rate was 1.5 ml/min; the detector wavelength was set at
210 nm. Under these conditions the retention times for valproic
acid and the internal standard (octanoic acid) were 6.65 and
8.47 min respectively. All plasma samples of a given volunteer
collected in the tvvo treatment periods were measured in the
same chromatographic run (anal)'tical own control). Each run
had a separate daily calibration. Calibration curves were ob-
tained by plotting the valproic acid to octanoic acid peak area
ratio against the concentrations of the standard solutions. The
within-day and betr,veen-days accuracy and precision values of
the method were determined using the quantitation of qualiry
control samples with different concentrations during 3 conse-
cutive days I16-l8l.

2.3 Pharmacokinetic calculations

The plasma concentration-time profile of each individual treat-
ment was constructed. Pharmacokinetic parameters, including
maximum observed plasma concentration (C-..), time to Cmd
(T-*), and area under the plasma concentration-time curve
from time 0 to infinity (AUC) rvere calculated using non-com-
partmental methods [8, 12, 19]. The area under the plasma con-
cenffation-time curve from time zero to t lAUCtd was calcu-
lated using the linear trapezoidal rule. The terminal first order
constant (k"1) rras determined b1'a least squares fit of the term-
inal plasma concenfiations (using Excel 1 for Windows) [0,
t Il. The constant k"1 iras used to extrapolate AUCf. AUCf, was
calculated accordilg to the following equation: AUC| =

AUC'o+ C,/IQ1 and elimination half-life (t ) was calculated by
the quotient of 0.693/k"r 12, IB, 20-221. Bioequivalence be-
nveen the products rvas determined by calculating 90 % confi-
dence intervals (90 % CI) for the ratio of C^*, AtlCts, and.AUCf;
values for the test and reference products. Analysis of variance
(ANOVA) was used to assess group and period effects.

Auneimittelforschung 201 l;61 (B):439-443
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Fig. 2: Average (rSD) plasma concentration of valproic acid versus time plots of 24 subjects after administration of test and
reference products. Top: linear scale; bottom: log-linear scale.

Table 2: Valproic acid T-o, C-.-, ..1U6, -{UCs-, and Ty,2 values following adninistration of test and reference products to 24
healthv volunteers.

Table 3: Results of the statistical evaluation of the bioequiva-
lence study (a = 0.05).

ference products are shown in Table 3. According to the
FDA and ENIEA, bioequivalence for most dosage forms
requires that ihe mean pharmacokinetic parameters of
the test dosage form should be within B0% to L25To of
the reference dosage form using the 90 % Cl l23,24l.The
calculated 90 % CI values for the ratio of Cmu, A\ICL and
AUCf for the test and reference products werc 87.2-
10L.5 To, 92.1 -108.6 % and 93. I - 1 10.6 %, respectively.
The findings reveal that no statistical differences were

Parameters
Test formulation Reference formulation

Mean 905 Cl \lean 9OVo Cl

C-* (pglml)
T-u* (h)
AUC6 (pg h/ml)
AUCfl (pg h/ml)
Trz (h)

124.5 r  3-1.8
6.58 + 1.25

2023.8 ! 578.8
2705.3 !  792.1

10.58 + 0.95

I  12.8 -  135.  I
6 . 1 6 - , . 0 0

1829.5 -  2218.2
2439.J-  29;1.3

I0.26- 10.90

13 { .?
6.58

2068.2
2;29.6

r0.39

3 1 . 1
0.93
526.1
698.2
r . 77

723.7 -144.6

6.27 -6.90

189r.5-2245.0
2495.2-2564.7

9.70 -  10.89

Pharmacoki:
netic para-

meter

ANOVA (P-value)

90% CI
for the ratiosVariation source

Product .Group Period

C-*
AUCTO
AUCtr

0.7222
0.6982
0.8772

0.7029
0.4978
0.7974

0.4090
0.3347
0.1530

87.2-101.5
92.1 -  108.6
93 .1 -  1 r0 .6

442 zakeri-Milani et al. Divalproex sodium
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