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A new precedune for e amalytical control of a pharmeceutical formulation by capallary zone electrophoresss |(CZE} =
proposed. M alloes the simultaneous ditermination of the major compoursds is the farmulacion: aciive compousd (sodium
picasulfarel and presenative (methylparabenk. and the degradation producs of the preservative, wheh slosdsy degrades by
hdrnlysis or by transesierificaton with sarhitol (sweetener in excess in thee Tormuolasanh yiclfng p-hy deosybemeoes acid sod
sarhilolparaben, respectively. UV-Yis deiection i the absorplion maxima of the analytes and 20 M borate solution o pH
10 a5 kackground eleceralyle sre used. Besults are compared with those provided by (ke HFLC procedure. The merfial has
s hiem validoied ussng the HPLOC procedure s the reference method, evalunting selectivily, acosmck, BEnearity amd
precision, The CZE procedure developed is suffsciently aocurate and ibe precision achieved ix about ['% For snajor and 3%

[ sninde Cofigemnmds

Neviorde: Sodimm pacosulfule
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L. Imtroduction

Smee it was developed, capillary ebesctnophaoresis
(CE} has bzen applicd to the scparation and de-
erminanon of a wide range of substances. In the
begmning, most of these applications were of bio-
Chemical imierest, but great technical advances have
allowed CE te become o autosested hagh-perform-
ance lechrigque, whicl i3 becoming an incresting
altemative 10 chromatsgraphic anabytical tooks ssch
as HPLC. CE is rapidly paining popularity in the
pharmaceutical industry | [=5], becauss of the wide
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range of compounds that can Be analysed and the
high efficiency aml reselutsen achieved, CE also
preseris other advantages such as: arsalyiical ex-
padili{u.lm:sn. simplicity, Mexibiliy amnd 'r-trsu.ll:ll.'j.'.
reduced operation costs and minimal  owaswe pene-
ration. Applications ol CE i the pl'l.ﬂn'lﬁi.'\'EI.HLCH'
'ind.nslr:,' inclnde active compound detenminalions l: .
sq:lnra.lin:m of preservatives and saeebeners [6,7], amd
chiral determinations (8], CE has also been accepled
by regulntory bodies for quality contmol of phirma.
ceuticals |9

I this work we have sdied the separation and
detenmamation of the active compoand  {sodiem
picosailfate, SPSF amd the  preservative  (sodium
methyiparshen, MPB] in the formulatien Evacwsl ™,
Sodam ploosulfate  idiscdium 44 <hisulfosy-
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daphieayl-2-pyrdylimethane) is a synthetic Inxative
wich acls by comtact on the colon mecoas mem-
brane. MPB (methyl 4-hydroxybenzoate} is nm anti-
microbial preservalive very comameda in pl1ur|'r|ﬂ|:'\:||.-
ticals, cosmetics and food products, In spite of its
wide wee, it is well known that, in apeous solution,
MPB slowly hydralyses vielding p-hydroxyhenzoic
acid (FHBA). In the presence of n high concentration
al a palyal, MPBE may also transesserificars [ 10-12].
Sorbitol &5 present in the studied formulation as a
sweedtener, so il is o be expected that it will sbowly
react with methylparaben to give differem isomers of
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sarhitolparabens (5P| which can also hydrolyse o
pive PHBA. Since this could affect the amtimacrobinl
aetivity (FHBA 5 known 10 have no antimiecrobinl
aetivity), these compounds also have o he guan-
tified.

The separation amd determination of all com-
poumds of the formukstion, the ameciure of which can
be seen m Frg. I, has been achieved not only by
capillary zome electrophoresis (CZE) bt also by
HFLC [L3]. The results ohiziped by thess jwo
differenl wechnigues are compared in this waork,

2. Experimentid
21 Apparatus

CE measurements were mpde on g Model HP
CE imstnmmznt { Hewlen-Packard, Waldbromn, Ger-
many b equipped with a diode-amay detector, awo-
matic injector and snmpler. Hydrodynamic i njection
af the amodle emd (nccomplished by applying pressun
tir the imjection wial) was wsed, A Sugelabor S04,
(Madirid, Spain) fused-silica capillary, 50 pm LD
with @ length of 64.5 cm {effective length 56 cmj,
was used in all experimends. The instrament was
controlled, and dain acquired and processed, using a
HP ""CE Chemstation,

The HPLL system wsed consisied of a pumping
system madel LOC- T0AD Y Shimaedaa, Kyato, Fapan), &
six-way imjection valve Model 7725 with o 20 pl
injection lop {Rhedyne, Cotati, CA, USAL & C
Tracer Spherisorh column 5 am. 1304 cm (Tek-
noikerioma, St Cogal del Vallés, Spain and a TNY-Yis
dinde-ammay  detecior Model |04 ( Hewlen-Fac-
kard), Diata wers pequired and processed wsing &
Data Statvn Model 91530 {Hewlen-Packand ).

Lit

&0 Reagenis

The reagenis used included sodiom  paccsullae
from Loborstorios Almirall (Samd Andrew de la
Barca, Spaing, methylparaben and d-kydroaybenzoic
acid, both from Fluka (Bochs, Swizerlamll, of =)
sorhitel from Panreac {Monicada 1 Beixac, Spain),
disodium  werabosste  decalydrale  from Merck
{Darm=ad, ﬂmuan:.-a-, HPFLC-grade methanal from
Prosochem § Wesel, Liermany |, sodiam sulfmie from
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Prabus i Badaloma, Spain) and  socdiom hydroxcsde
fram Carb Evba (Milan, Daly k. Ball-C water from a
witer  purification  system  (Millipome,  Molsheim.
Francel was used throughou.

2.3 Smmple

The pharmaceutical preparation  stodied  was
Ewscuol (Laboratomes Almirgll, 51 Andreu de la
Barca, Spaing, available as an squeous soluion of
soslaumm ploosultane (V5 mzdml) as the active com-
pousd, sodivm methylparaben (2.2 g/ as an anti-
muicrobanl proservative and am excess of sorbwol as a
swgetener, Two different batches ware stwdsed i thix
work, which wene analysed | and 2 years sinee
manufacire, respectively.

The same sample tresiment was osed for bodh
CZE and HPLC: 2 ml of sample was difused in 50 ml
ol water. The solution was fllered and degassed oo
5 .

24 Warking candinlany

The sxperimental conditions wsed in ihe analysis
by CZE were as follows: 20 mM borste buffer at pH
10 as backgrownd electrolyte (BGER temperature
25°C and wolimage 12 BV Samples were injected by
applying 50 mbar pressure 1o the injection vial for 5
. Devection was performed at the wavelengoth of the
ahsorption maximas: M5, X775 and 300 nm for SPF5,
PHEA and parabens, respectively.

HPLC was nsed as reference analytical procedur:,
The metbod consisted of an isocratic HPLC sepa-
ralson wath 0% M sodium sulfate—-methasoed (70340
&4 mobdle phase oo constant Bow of 1 mlfmin The
sddition of the inorganic electrolvie incrcased the
retemiom Liee of SPS5 wieldimg a symimetric peak,
peclectly resolved [13). The injectin yobums was 20
el and the devecizon wavelengih was 254 nm for all
subslances.

25 Peavedure

The CZE procedune was as follows: borase buffer
was peeparcd by dissolving di-sedivm sceraborate
decahydrate in Milli-Q) water. pH 10, adjusted with

] M MNalbL The resulling solution was padsed
through & fAher of 0.2 pm pore sze and depasssd
Prior o each experiment balch, the capllary was
spccessively flushed wath 1 M NaQdH, 0.1 M NaldH.
Milli-) water and BGE for 5 min each, and then
eguilibrated w1 an applied voltage of 22 EV for 10
min. Before exch inpeciion the capillary was Aushed
with (L] A MaldH, Balli-0) water and BOGE for 3, 5
aml 5 mmim, n::.'pec‘-li.ue]].'. The sysletmn was 1hen
equilibrated at o voltnge of 22 &V for 10 min.

For HPLC, the mabile phase was filtered and
degaseed. Prior o each experiment baich, the colamn
was flushed with MeOH and H.O for 30 min 2ach
eofvent. Then the mobile phase was Aushed until
stabilization of the column pressure {approx, 15
minj. Befors injection, the colamn was fAlushed with
H,CF for 85 min and again with the mohile phiss
until pressare stabilization, 1t is important v wash
the colamn with waser before each new injection,
becawse the formulation contains 33% sodbitol which
i5 rataingd in the column, causing # decrease in the
efficiency ard changes of elution fimes,

2a. Calibrarion samples

P55, MPR pmd PHBEA stock solulions were pre-
parsd by weighing and dissolution of pure products,
.I";p|1r|_'r|'rn':u:-: amounis of these solelions were used 1
pre pare the calibration samples. The: calibration
sample set consisted of 10 sohetions conlamang 5ps
and MPBE in the mnge =25%% and 505 of the
nominal value, Different guantities of a PHBA stock
solution in the range 0 in 40% of the equivalent b
the meminal walee of MPR were added b the
calibration set solutions,

Sorbitolparabens are not available as commercial
products. To obtain solutions with known  total
sorbitolparaben concentrations, solutions. with knoan
concemrations of MPB and an excess of sorhiml
were prepared at pH =8 in order w0 pgcelemie the
rramsesterificatson reaction [ 11]. These solutions were
analysed by HPLC and CZE on differsnt days and
e 1ol SPBs was cabculabed from the difference
Bepween the initial valve of the MPB concentranon.
the experimental MPB concentration and the PHBEA

conceniralion:

[SPB], = [MPB], — [MPB], — [PHBA], (1
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Fip. 1 Sepandion of a sangde of Evicuol by CZE. Conditions: 20 b boraie boffer ar ph 10 23 kV (45 Ay 257, Detection winckenith,
WMl am. Pesks: 1= methvipaeshen, 3= sorhrodparaben isomers. 4 = sodvem picosslfaie. 5 =p-hydroxybeneoe acid.

1. Hesulis

Fig- 2 shows an elecrropleropram of a sample
reconded umder the above comditions, U can be seen
that a complets separaton of all compenents in the
formulation was obtained by CZE, oot only for the
major compounds but also for the degradation pood-
s,

At pH 10, the phenalic hydroxyl group of peraben
is ionized (pK_ =85). so MPB and 5PBs acquire a
r.:g.ﬂi_uc J;hm'_ge. whike 5P5 and PHEBA acsquine 1w
n:,-g.a,liw cl'mj'gp::s. The order of elution e MPB, 5P5
anil PHEA suhstantindly agrees with the chectno-
phoretic separmtion pattern of anins oo sysiem with
clocirocsmotic  fAow (BOF) direcied  towanks  the
cathods, FHBA is elured lnst due fo its two negative
charges and ks smaller size compared with S5P5.
Acconding fo this criterion, 5PB should elwte before
MPB bud. as shown in Figo 1o i eluses laber im da
peaks wilh practically the same arce. This can he
anrbaed 10 4 complexing reaction between  the

different isomers of SPR and bomse wons. Sorbaiol (4
a T, polyol, so the mamsesiers formed have five
bydroxyl gromps which con be complexed by Bbore
ions, The complexing intzraction between polyols
and horate has besn deccnibed apad inowme cases =
used to separate differemt carhohydrates by CZE
114,15], However, the chemistry invalved in the
polvel-borate intcraction is very complex omd muny
differcat situations maey occur as & function of
tesnperanne amd pH. Also, the sterc hindering effect
of the MPB pgroup may affect the borate-5PT
conplosation considerably,

A sereending of applied volinges was performed in
wnder 1 oprindze the wowal time of analyvsis, Applying
the maximuen voltage (30 RV, the nigration time of
the last analvie (PHBEA)Y was shghtly shomer than al
lower voltages {only abeat | min shorerl. but the
nenize increred comsaderably. A voltage of X2 kY was
selected becouse a good sipmal-lo-moase o was
chiained,

Using HPLC, the mapr compounds of thee fommu-
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Fig. 3. Separation of a samphe of Evacucd obmired by HPLC. Condions: Mo, S50, 005 8- MeOH (300 | mi/min, denctios wavelagih
25w, Peske: | = pepdioavbenioic eoid, 1,34 = sofhinlparade jsomens, 5o andiim ploosullae, &= meahy o,

Ixtpon {MPB amd SF5) were well resolved, bl menoe
compounids (FHBA and S5PBs} eluied partially over-
lapped (Fig. 3). 5PB appeared in three pezks, o the
ratin af 5, 20 and 75%. It has been reported [ )] tha
the mapw peak comesponds K o mixture of Lhe
primary isomers of 5PE,

The elwn time of the Inst peak by HPLC is
comiparable o that of the last peak in CFFE Incom-
plete washing of the HPLC system consideraiby
reduces the efficiency of the HPLC column, incress-
ing the covertapping of mirer compounds, in contras
to CFE, which &= not offected by the possible
atsorprion of sorbited in the copillary. The higher
efficeency of ihe CZE system can be computed in
terms of g number of theoretical plates %k The
results obained, using in both cases the MPR peak,
were Moo= B asd M, = 1200000,

A1 Calihration curves

As wsumal, the analytical saignal [or gquamiadive
amalvsis was he cormected peakl area (aread magrabion

time) for (ZE and the peak oarea o HPLC. Each
cabibranon sample was inpecied o mplicste. Both
piramelers, pormalized peak aren and peak area,
were found o he linear within the comncentrufion
ranges slucdied. Tabbes 1 amd 2 chow the hgures of
menl or all (CFE and HPLO calibration carves. For
5PH, the sum of the cormected area of the 1w peaks
wits used in OFF and the sumi of the three peaks in
HPLLC.

Limits of detection (LOTY) were calculated for a1
compounds using ke curve paramelers | 1G], LODs
by CZE and HPLC are shown in Tables | amd 2,
respectively. Although lack of sensitivity &5 a dypical
problem in CZE, in this cpse the LODs are of the
same order as those oblzined by HPLC,

From the indercepts of the different carves, # con
be seen thot CZE calibration curves do mis present
ANY AVEICIEC COToE.

The standard error were estimated 10 be abour
1 5—-2% from e mean nommalized peak area nsea-
sured by CZE and aboul 2-2.5% from twe mean
peak arca measused by HPLC.
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Figures of men of the calibrtion curees obgained by (FE"
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Tahle 2

Frgures of mend of the mlibbabon curves obiaised by HPLE
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SDoandence imervisk e gived Do = 0F L Comdilions: Ma 50, 005 W=-MaOH (T35 | slfmin; weecleagih defecamn, 158 am.

T2 Quantitative amadvris of Euaco!

Each hatch of Evacun] was injected in friplicate by
bath CFF amd HPLL, The three components were
amalysed i the same run, sloring the three sipnols
urad analysing them after imerpolation of the cali-
bration curves, The waless oblwined, eapressed as
mg/ml im the formulagion, are shown in Tahle 5, The
standlard deviation of the three injections is shown in

Tl 3
CHiaiililion of Evaciol Values s given 3 mg/mil o the
Trmulation”

Kubslanie Hawch ZE HFLLC
Soadium picos s A TAFE (LD T4 (0T
H &I (0 & 23 (DS}
Soddium medylparatea A LUSE (0003 LHENCMOLTY
H TS (DAY 20 (0T
e Hypdranphenzie A OTE (0003 0TS (i)
meid H 0T (NONEy QUm0 i
Sorbaolparahen A OLETE (ODT) 039 (LR
] O 10l kBl 3

2233 (DR

‘Each batch was ipocied in ripleae. Saned deviatios ac
pivein s Bisthens

parentheses, The concentrations of PHEA and S5PR,
degradation products of methylpamben, expressed in
miolar  percentags  of the mnominal  wvalwe  of
methyiparaben, are given in Table 4, Resules show
ihnt the older batch (baich A) has higher valaes for
degradation products than the other baich, ns ex-
pecied, This suggests that the preservative continues
rencting, and shows the necessity o comirol the
degradation,

A3 Validailon of the CZE merhod

The CZE msethisd was validated following the 1CH
puidelines Ffor validation of anabytical procedures
{17]. The paramesers evaloared were lineanty, sebee-
tivaty. repeatabiliny, impermediste precizion and ac-
CUFRCY

Takle 4
Molar percemages of SPE and PHEA, degradation producs of b

praservative

Bach

s SPQ % PHBA

A
B

5
i
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A3 Belecrivity

For chromatographic procedures, representative
chromatagrams shsald be used to demonsirate sebec-
nvny. Similar considerstbons should be given o
ather separation techaiques, In the CZE  meshad
presentied in thas paper, the elecropheregram in Fig.
2 shonws a complete resolution of all compoands in
the formulation. All te puse available compoands
were poaslvely idemtfied by comparison of magea-

tion Himes and UY-Vis spectra.

332 Lingariry

All gompounds were found to have linear relation-
ships hetween the comected peak arens and the
concentratioms, as shown im Table 1, with high
correlation coefficients { =909,

333 Preciviom

Two parameters were stdsed For the assessement
ol precisson: repeatababity amd intermediate precision,
bath cabculated for the major compeunds MPB and
SP5. The HSDs ol mugration omes and concen-
irstbons were used 10 evaliste these paramenas.

A3 Repearalifity, The same sample was e
jected six times consscufively. R5Ds of migration
fimes were 0.5% for MPB oand O%% for SPS.
Conceniratien RS0s were found e be (L3% for MPB
and 1% for SPS.

332 fmermediare precision (day-to-dav)l In this
case, we only suslied the effect of annlysing on
differcat days. For this purpose, the same sample
witd anjected in riplicate on three dafferent days,
Resubs obzimed show migration time REDs of |05%
for 3PB and 2.7% for SPS, and comceniration RSDs
of 0% amd 1.9% for MPB and SPS. respectively,

A3 Accarach

Auccuracy wias evalusted by means of the Student’s
rdest of companison of means, usng the valees
oblzined by HPLC &% the reference method. Using
the daty in Table 3, the experimental ¢ values wene
calculated and all experimendal f were Kover than the
fnhulated ¢ (Table 51 which means that UZE amd
HPLC do not provide significantly different resulis,

Tahle %
Smdeni’s 1-pewt fior companten of means omained 0 the quanaa
liwn ol the SlToient coshpesiinds b e Torsilaion by CEE and by
HPLL"

Cakulared ¢

1

Suhsmanoe
Sodimm ploosullae (SP5) A .51
H 160
Miathyviparaben | M| A 1 463
H {2
p-Hydfmuybenzok Soal A LER B
IFHBAS H 0K
Sortdiolparaten (5FH) A i
H A%

' Degrees of freedem in oull cases & 4 The izbulaied ¢ (Tour
degrese of fresdom, &= 03} =2.T4,

it Conclusions

CE. in ils separalvm mode kaown as CZE. al-
levaved the sumltanesous separation and determanaison
of the active compound, preservative and degra-
ation products of a eomaercial formolation. Resulis
ohtained by CFE were accurate and precise, and very
similar b those abtained by HPLE. C2E prescnns
substariial advantages such as high resolution, high
efficaency, good reproducibalicy in elution thmes. and
alo short tmes of amalysls, Capillanes were
affected by the large amoam of sorbibol present in
the formulation, o teeir effickency was ned redoced,
The validation of the CZE method confirms that CZE
coubl he used (of the quality comrol of Bvacuol
instead of HPLOC. After extensive s, sesalis confirm
that, although methylparaben reacts by bydeodysis
and by transsstenlicainon wogive PHBA and SPBs,
respectively, this reaction occurs very  slowly, and
even in o hatch X years old, the amounl ol MPE
remaiming was sullicient 1o assune Evacaol coideiva-
i,
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