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Determination of Zine Pyrthione in Hair Care Products by Differenual Pulse
Voltammetry

Lai-Hao Wang

Department of Applied Chemisiry, Clua Nan College of Pharmacy and Science,
Tainan, Taiwan 71710, R.O.C.

Summary

A simple electroanaivtical method for the derermination of zine pyrithione -
(ZPT} in commercial cosmenic products bas been developed using ameal oxide
modified carbon paste elecrode, Ingredients in cosmenc products did not
interference in the determination of mine pyrithione, A compm‘i.f;on Is made between
the ‘detection limit of three kinds working electrodes ( depesition of the nickel oo
glassy carbon electrode, carbon paste and metal oxides modified carbon paste
tlectrodes). Comperison with results obtained from high performance liquid
chromatography shows goqd agreement
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The zinc and sodium pyrithiones (Omadine) are broad - specrum

antimicrobial agents , effective agains: both bacteriz and fungi {13 They were

used as cosmetic preservatives by the late 19605 and the Procter and Gambie

Co .discovered the antdandruff properties of zinc pyrithione (zfnc 2.

pyridinethio! - N- oxide or ZPT). ZPT has been estabiished as one of the mos:
effective antidandruff ingredients for use in shampoo, conditioner. rinse and
hairdressing formulations through various ciinicaf srudies [2). In 1981 the

Food and Drug Administration (FDA) reported that 29 formuiations

regisiered with the agency contained ZPT and 7 contained the sodium sait [3).

The Economic Cornmunity {(EEC) Council Directive allows ZPT to be used

1N COSMeLic progucts as a preservative,, in shampoos and conditioners s a
amidandrﬁﬂ'agcnt at a maximum concentration of 0.5 % and-1.0-%4,
respectively [4]. The toxiciny of salts pvrithione by various routes of exposure

has been studied extensively in.several species of animals and has been

described previousty [5-16}.

- Several analytical meth

{17-30]. In general, they invoive titration with Tt () ion [17], then-layer
chromatography [4, |8-19}, high-performance liguid chromatography {20-26]
and polarography [27-30] procedures. Titnmemic methods suffer from a lack

. of selectiviry for pyrthione and imerferences in hair care products.

Quantitarive TLC analysis requires the use of a specrodensitomerry and ZPT
decomposes  in sunlight on TLC plates. Sodium pynthione is difficult 10
Quantitate by means of TLC because they react with metals in the TLC plate.
The normal-phase HPLC conditions in the on-line Cu { {1 Jcomplex formadon
technique can damage the analvtical column in time. The direct reversed-
phase HPLC analysis of ZPT is difficult owing to the imeraction with
reversed-phase packing materials or s:ainiess-s1eel compounds of the liquid
chromatography even if Zn{ I ) is added 1o the mobiie phase.

Although polarography offers greater specificity but is limited 10 the
derermination of 2-pyndinethiol and 2-pynidinethicl-N-oxide. ZPT is
substantally insolubie in water and is present in aqueous-besed products as &
dispersion of fine solid particies. However. ZPT is soluble in I M. .
hvdrochloric acid or alkaline soluton. ZPT dissolved in | M hydrochlonc
acid showed a degradation of 10 % immediately, 25 Ssafter 24 hours and 93
% afler 4 days of storage at room temp'erarure in lighi-resistant conminer.
ZPT is stable in alkaline soiution [24], In this work, the electrochemical
oxidation of salts of pyrithione using 2 elecirodeposition of nickel on glassy
carbon electrode (GCE/Ni), carbon paste electrode (CPE) and metal oxides

" modified carbon paste electrode (CPE/M,0,) has been investigated in various
alkaline solution by differential pulse volammetry (DPV). The optirmum
experimental conditions for the determination of ZPT containing cosmetic
samples are described in this paper.

Results and discussion
Choice of analvtical method

Pyrithione exists in awtomeric form (thiol and thione). At or below pH 3 the
prevailing form is the thione . The thiol form appears as the pH is raised. the
equivalence point being about 7.6 Between pH 7.6 and zbout 10.0 the thiol form
{or its salts ) i5 relativety stable. but above pH 10 it is rather casily oxidized w the
sulfimic acid anien [3]. In order to armive at the optimum conditions for Pyrithiones
determination, there are several factors such as pH, supportng electrolvie and
waorking giectrode which should be considered. The oxidation of ZPT in 0.1 M
tetraburylammonium hydroxide was studied at a GCE/NJ, CPE and CPE /M0, and

the results were given in Table 1. The detection limits (three times the sandard

deviation) were given in Table 2. It was found that CPE/Sn0, exhibited a
pronounced clectrocataiytic effect. From Table I, the peak current of CPE/SnQ- is
igher-than the-other-electrodes.and From Table 2, the CPE/SnO, has tower
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detection limits than the other electrodes. Pans A and B of Figlre 1 and 2 compare
the cyclic voltammograms of the CPE/SnO; 1n 0.1 M terraburylammonium
hydroxide = 1.2 mM Pyrithiones solution with that of the CPEF The CV studies
indicate that the characteristics of the Tin(IV) oxide-modified €PE are similac 1o
that of unmodified CPE. The . Tin(TV) oxide modiﬁed-C?E eﬂ;ibii more cataiytic
activity. The peak potential for the Tin{[V) oxide modified CPE is more in the
positive direction with respect to the CPE. Therefore, the CPEJSnO: was chosen for
use in the determinaton of ZPT in cosmetie products. ZPT oxidation was
performed using several electrodes contrining different weight percentage of
SnOy/graphite ( in the range 0.0 to 15 %) and shown in Table 3. Tin(IV) oxide (2.5
%) was used for incorporation of gr.l:-phitc powder, becausa the peak current of ZPT
(8and 16 mol L") was the largest using this procedure. Compaetve tests of
varipus pH and supporting clecolyies were shown in Table 4. The height of the
ZPT wave in solutions of 0.1 M tetrabutylammonium hydroxide was found 10 be

much higher than in the other supporting electrolyies.
Reproducibility and accuracy

Determination of the concenmation of ZPT was accomplished by means of a
standzard addition procedure as shown in Figures 3 and 4. The péak height of the
wave at =0.620 V increases lineariy with the concentration of added ZPT. The
calibration graphs obtained by plotting the peak current against the concentration of
ZPT show good linearity over the range 1.6 ~32.0 mg L", and the regression
equations being v = 163 ~ 41 x { correlation coeficient r = 0,9993 ), The relative
standard deviation value was 4.3 % . Recovery tesis were camed out on cosmetic
products to evaluate the reproducibiiity and accuracy of the proboscd_D[’lV method.
Three cosmenc peoducts were spiked with the amounts repoted in Table § and
subjected to the whole procedure. As shown in Table 5, excel]c;ut recovenes and

precision were observed (recoveries ranging from 101=1.5% 10 102231 % ).

Determination of ZPT in cosmetic products

The effect of the ingredients in cosmetic produets on the determination of ZPT
was investigated. As shown in Table 6, no interference effects were observed.
The proposed DPV method was applied 10 the determinaton of ZPT in shampoo,
conditioner, rinse and hairdressing products. A representative DPV voltammogram
of 2 commercial shampoo is shown in Figure 5. Analytical results are given in
Tabie 7. These resuits agreed with thase obmined by a high performance liquid
chromatographic method.

Financial support of this work by the Nationai Science Counci of the Republic
of China is gratefully acknowledged.
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Table ! Comparanve voltammetmnc charactenisncs of deposition
of the nickel on glasev carben and metal oxides modified carbon

pasie electrodes

modified electrodes  E (V) Concentation [mg L)
8.0 16.0
i, x 10 °( nA)
"GCENI 0.664 280 592
CPE 0.680 190 5373
CPE/SnO: 0.620 05 1004
CPE! 5 -ALO; 0.636 379 770
CPEZ:On 0.632 388 779
CPE/CoC nm am nm
CPEPb:C: 0.632 430 377
CPEC20: 0.640 351 775

am: zp not measured a1 this modisied slecrode




Table 2 Detecuon limits of zinc pyrithione Table 3 Recovery of zinc pyvrithione Added to Commercaial

at deposition of the aickel on glassy carbon, Shampoos and Rinses by DPV

carbon paste and meral oxades modified carbon

Added  Found Recovery
paste aizcirodes (mgl" (mgil™h (9%)
N= 5fa]
Elecrodes ZPT [mg L] Shampoo - 8.00 3.10 101(1.8%) [b]
: - Shampoo and conditioner 10.00 10.17 102(301%)
GCEN 23z . _ oo e
. Rinse 5.00 3.03 101{1.5%)
CPE 3.01
CPE S5m0 0.068 [2] Number of determinations.  [b] Relative standard deviation.
CPE 7 -ALO 130
CPE Zr0- 1
CPEPbL.O v " . . .
Table § Effect of ingredients of cosmetic producss on the determination of zing
CPE L. 281 pyrithione

Tngredient Ingredient P
Added Present Found  Recovery
img L™ imeg Ly img LY 9
Table 3. Effzct of weight percentage ot sumntc oxlcic Sodium lauryi sulfate 20 3.00 78] 97 5
i { T e c ite zlectr N . ‘ ) ’
incorporation of graphuz in the coMposie siecwacs Sodium launvi ether suifate 800 2.00 754 99.2
. : i B v & Lor . . N ' -
on the dl.l'fe-\'tﬂllﬂ-i puise voltammerry peiK cured Ammonium laury] sulfazz 30 3.00 3.0 101.2
zinc pyrithione. Ammonium lauryl ether suitat2 {20 3.00 342 1015
] iy o » . oh Trimethvistearviammenium
Ow graphite  W/W, %) la X e hiond
SnOx gra L ° i ’ <hionds 300 $.00 302 100.2
80mgl' 160mgl - .- .
) = — {oconut monostianolamide 720 3.450 3.22 029
0.0 190 93 ; 03
’ 3ny 33 300 3.00 3.23 . 1037
25 03 1o Triton-X | '
3 - Tton-X 100 300 3.00 798 99 7
50 47 366 Twesn 6
Twesn 60 300 3.00 7.82 Py
72 234 340 | - .
Monoetharolamine 720 3.00 3.01 0.0
137 143 . o
{50 237 : Diethanolamine 300 8.00 8.13 102.0
Trethanclarmine 720 813 8.01 1017
Cenvtaiconoi 300 300 .06 L3RRV
Dimethione 300 3.00 3.03 1003

Table 4. Erfect of pH and supporting =iectroivies on

o ol ; I currer v X - . - . . L
the differenual puise volammelry pear current o Table 7 Analvtical resuits for the determinanon of zinc pyrithione

zinc pynthiore for the siannic oxide moditied carbon in commercial shampoos. condittoner and anses by OPY and HPLC

paste 2lectrode.

Concentranon ( wiw, "o )

R Supportng pH Concenrranon [myg L'
ciectrolvies ] 3z 6.4 npv HPLC

i X 10 ' 0A) N=3Tlal

Robinson butfer
13 MAammonia
1.5 M BuNOH

am: 7 aot measured At thus pH and sucporing

1026 ots T 2217
1054 nm 1386 633
12,47 970 T30 nd 0

Shampoo A
3hampes B
Shampoo ©
Shampoo D
Shampoo and cenditioner A
Shampoo and condinener B
Shampoo and conditioner U

Rinse

“ai NMumber of Jetzrminations

§ 43814 9i[b}
RS
04733 3%
023001 7%

0. 73805 0%

3D 43614 1%
N.47601.7%%)
0.2341.9%9)
13 761(4,.2%0

TIIZI5.0%, 1.01615.0%)
R LTINS Q4300 4%
A 228 20 ey 20902 P
b Reiaus e andard deviauen.
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Fig. 1. Cyclic voltammograms of zinc pyrithione in
0.1 M tetrabutylammonium hydeexide{pH 12.47) +
1.2 mM zinc pyrithione, (A) 2.5% Tin(IV) oxide
modified CPE | (B) CPE | scan rate 50 mV/s . Initial
potenttal 0.0V, final potential 1.1 V.
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Fig 3 DPY obtained to produce calibranon graph for
vane pyrathione (Z17T) at a CPE. Peak Ay 0676 V, 117
(1323 nA (8 ppm Z1PT added). B)Y 0.672 V.2 77 (E2) nA
(12 ppm ZPT added)C) 0.676 V4 I8 (123 nA (16
ppm 1) added) Scar rate 4 mV/s pulse height Q05 V.
Tnad potential 42V Dol potenual 085V
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Current /nA

2.1 2.3 2.5 6.7 8.9

E/V versus SCE

Fig. 2. Cyclic voltammograms of sodium pyrithione
in 0.1 M tetrabutylammonium hydroxide{pH 12.47)
r 1.2 mM sodium pyrithione, (A) 2.5% Tin(1v)
oxide modified CPE | (B) CPE | scan rate 30
mV/s,. Initial potential 0.0V, final potential 1.1 V.
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3.3 U.IS a7
E/V wersus SCE
Fig.4. DPV obained 1o produce calibration griaph lor
zine pyrithione (Z11 ata Tmg IV ) exide modilied CI:
Peak A} 06200V 505 (1:2) nA (8 ppm ZPT aclded). 1)
612V RO05(12) nA (16 ppin 21T adde 3Oy 0620 V.
LAS2(E3) nA (24 ppm ZP71 added), 133 3608 V.88

(13) nA (32 pen/ T added). Sean rate b mvo pulse
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L
8.5 8.7

E/VY versus SCE
Fig. 5. DPV for zinc pyrithione (ZPT) from'commercial
shampoo at a Tin(IV) oxide modified CPE. Peak A)
0.648 V, 5.10 (E2) nA (0 ppm ZPT added); B) 0.652 V,
7.94 (E2) nA (8 ppm ZPTadded); C) 0.652 V, 1.024
(E3) nA (16 ppm ZPTadded); D) 0.652 v, 1.286. (E3)
nA (24 ppm ZPT added). Scan rate 4 mV/s, pulse i
height 0.05 V. Initiai potential 0.2 V, final potential 0.85 V.
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Simultaneous Quantitative Determination of Fluorine and Sedium

Monefluorophasphate in Orat Hygiene Products
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Department of Applied Chemistry, Chia Nan College of Pharmacy and Science,
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Synosis

lon chromatography method for simultaneous qun.m;im!:ive determination of
fluorine and sodium monofluorophaosphate in oral hy gicr;te products is descrived. The
liquid chromatography system consisted of a [C Al polymethacrylate- based anion
exchanger and carbonate duffer| pH 9.85) as the mobile phas= with a conductive
detector. Various excipient ions were investigated with respect [0 their Interferences

with the determination of fluaride. Comparison with ¢#suits obained from fluoride-

ion elecwrode show good agreement.
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Introduction

The epidemiologic and experimental evidence concerned with the relationship of
tiuoride to dental caries suggests that fluoride solutions applied :.he externat
surfaces of teeth may decrease their susceptibility to caries attack. The first fwo
papers on the effect of wopicat application of fuorides were made by Bibby and
Chenye in 1942 [1]. Fluorine derivatives inctuding sodium fluoride | stannous fluoride
and sodium monofluorophosphate (MFP, Na,PCyF) are fncorporatcd into dentifrices
of mouthwashes as chemtherapeuric agents [1,2]. However, fluoride is absorbed into
the biood from the gastroimestinal tracr, [t is then mostly deposited in bone or
excreted in urine [3]. The acute and chronic toxicity vaiues (LD , values in the rar
and mouse ) of sodium fluoride, stannous Auoride and MFP have be_en investigated.
The toxicity of stannous fluoride is simifar to tat of the sodium fluaride. The
szanﬁou.s flueride and sodium fluoride are more toxic than MF? by factors of 1.4-3.0 .
{3]. The Food and Drug Administration (FDA} has promulgated regulations for safe
and effective oral hygiene productions. Anticaries active agents in dentifrices wvere
0.22 %, 0.40 % and 0.76 % for sodium flyoride, stannous fluoride ang MFP,

" respectively. The fnal product conuining 0.02 % flucride ion in oral rinses was based
on in viro dara as weil as clinical rials{3], A mumgenicily study on three Quorine
derivatives selected from the cosmeric guidelines of the Couneil of the European
Coramunities ( 27 July 1976 }{4]. Stannous fluaride was slightly mutagenic in the
Ames test, Today, ovgr‘90% of the dentifrices sold in the Taiwan contain Nuoride
fromt one of two major source (sodium fucride and MFP), There are reports that 2
mixture of sodium fluoride and MFP is superior in etficacy to MFP alone ina
dentifrice base{3). Dentiffices with mixed fugride systems besn marked, Quantitative
determiration of MTuoride and MEP are important tor quality control and sr{xbi!iry
evaluation of these products,

Gas chromatography{$-7]. fluoride- ion electrode(5,7.8], high liquid
chromatographic(9] and ion chromatographic{10,11] techniques have besn used to
determnine r?ﬁuﬁdc derivatives in toothpastes. Gas chromatographic methods invoive
the cheomatoygraphic anatysis of wrtmetivl Huorosilane resuiting from the reaction ot
trimethy| chlorosilane with fluonde ions in the toothpaste. Fluonde- ion electrode
used onfy for the determination of soluble fluortde derivatives. However, MEP s

solubie in water to the extent of 42 % saturation and slowdy hydralvzed in the

' prcsenbe of hydrochioric acid. These methods are laborious and time consuming. The

use of high-performance liquid chromatography required a postcolurnn detection
system in order to analyse orthophosphate, diphosphate, wiphosphate and cveto-
triphosphate in MFP samples{9]. {on chromatographic methods for direct
determination of MFR iugq‘gzpa.s'ac have been reported {10,11]. However, oral
hygienc formulation commonly contain abrasive(phosphate) , antibacterial
agene(ceryipynidium chioride) ,aswringent salts{zinc chioride) ,and surractant (sodium
laury sulfate) . These excipient anion ions were found not to be ideal for resolving
fluoride and phosphate in pH 5.3-5.7. This present paper describes the applicaton of
various pH to separate mpidly and efficicntly the peaks of interest. The results were

compared with those obmined with a flucride-ion electrode method.




Results and discussion
Optimization of the mobile phase

Dentifrices or mouthwashes, conraining anions include the. tfluorde, MFP,
phosphate and chloride in many commercial ingredients, and suifare as an impurity in
some anienic surfactants. The mixnue of anions to separate in short run tmes is
difficult Separation and quantfication of fluoride and monoflugrophosphate (FFO,™ )

was interference free in the wide range of separation conditions selected, At the

¢levated mobile phase pH value, 3 H PO,” peak was shifted away from the FPO,”

peak. Carbonate buffer with 11.00 gave good saparations of F~ and FPO,” but the
overail analysis time was considered longer than with pH 9.85. The carbonate

buffer(pH 9.33} contained a mixmure of 0.94 m mole N2.CO, and 0.31 m moie
NaHC(,. This the CO, concentration hilped aciisve a larger resotution between

FPO,™ and SO,” .Chioride was also eluted in a chromatographic region free of
interterence from other ion peaks. The retention tmes were 2.683, 5,448, 8.475 and
11.393 min. for £, Cl ", FPO," and SO,7 , respectively, Optimization of CO,™
concentrarion and the eluent pH for maximum cesalution at minimum otal run ume
resulted in the siuent described in experimental section. A chromatogram of 2 mxture
standard solution produced with this cluent is shown in Figure l Under these
conditions separation was fast, reproducibie and fres from imerferences from other

components of the sample.
Reproducibility and Accuracy

Determination of the concentration of the various chemitherapeutic agents was
accomplished by means of a calibradon graph. The calibration graphs were linear for
two chemtherapeutic agents over the range of contentration used { 3.0 ~ 00 mgi
'). The correfation coefficients were within the range 0.9990 --: 0.9998. Recovery
test were carried out on oral hygisne products to evaluate the reproducibility and
accuracy of the propoesed ion chromatography { [C ) method. Foﬁr toothpastes and
mouthwashes were spiked with the amounts reported in Table { and subjected o the
whote procedure. As shown in Table |, excellent recoveries and precision were

observed( tecoveries ranging from 97.3 % to 103.5 %),
Appitcaton 0 oral hygiene productions

The proposed [C method was appiied to the determination of chemtherapeuric
agenis 1n oral hywene productions {.toothpastes and mouthwashes ). A representative
chromatogram of a commeraial toothpasie (s shown in Figure 2. Anaslytical results are
given in Table 2. These results agreed with those obtained by a Hluonde-ioa electrode

method, which was carried with a TISAB [T solution, after treatment with

hydrochloride acid hydrolysis.

samples withour the aeed for MFP acid hydrolysis. The direct determination of

e =S i,

fluoride net onlyotfers more precise than indirec: determination but also saves more

time, and its applicability to actual samples.
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Table | Recovery and reproducibility in the analysis of tdothpas(es and mouthwashes

by ion chromatography.

Sodium fluornide

Sedium monoflucrophosphate

Added Found Recovery

Added Found Recovery

e

(mg L") (mg L) (%)

(mgL)(mgL") (%)

N=5 " N=35
. [Toothpaste A 1200 1207 [1035(14F [5.00 .10 ]1020023)
Toothpaste B s~ o oo 500 1507 [1015(5.0)
Mouthwashes A {500 1487 973(3.3) |- - e
Mouthwashes B [4.00 |3.99  [99.8(13) [— |- F— ]

selective electrode

and monofluorophosphate in commercial toothpastes and

Table 2 Analytical results for the determination of fluoride

mouthwashes by ion chromatography ( IC) and fluoride-ion

Concentration {w/w, %]

Ic F’ electrode
F FPO, Total F
N=35 N=26"
- Toothpaste 1 |  =mee- 0.075 0.074
: {4.3%)" (2.5 %)
. Toothpaste 2 0.244 0.129 0.376
(1.1%) | {1.4%) (5.0 %)
Toothpaste 3 0.245 0.386 0.632
) (0.7%) | (2.4 %) (2.2%)
Toothpaste 4 0.369 0.239 0.605
(13%) | (4.1 %) (2.3 %)
Toothpaste 5 0.350 0.231 0.620
(5.0%) | {(4.0%) (0.5 %)
Toothpaste 6 0314 0.360 0.669
(5.7%) | (4.4%) (4.4 %)
Toothpaste 7 0.245 0.239 0.474
(2.0%) 1 (4.4%) {0.76 %)
Toothpaste 8 0.144 0.467 0.618
(0.9%) | (5.1 %} {0.7 %)
Toothpaste 9 0211 0,355 0,588
(2.4%) | {3.7%) (1.8 %)
Toothpaste 10 | -----— 0.667 0.675
{2.5 %) (3.9 %)
Toothpaste 1} | ------ 1.09 1055
- (2.6 %) (5.6 %)
: Toothpaste 12 0.064 0.690 0.768
(5.3%) | (5.5%) (1.6 %)
: Mouthwash | 0.021 | weeeme- 0.028
(1.2%) (1.5 %)
Mouthwash 2 0.068 | -=---- 0.070
(2.8%) (2.6 %

fa] Number of determinations

{b] Relative standard deviation

'
b= . N
e v
oo e
P

Y et

0 4 8 12 16

Time{ min )

Fig. I. Chromatogram.of standard using sodium carbonate
buffer (pH 9.85)Mobile phase. Peaks: a = fluoride(2$ myg/L);
b = menofluorophosphate (30 my/L), '

STOP

12
Time( min )
Fig, 2. Chromatogram of typical toothpaste using sodium

carbonate buffer (pH 9.85)Mobile phase. Peaks: g = Auoride;
b = monofluvrophosphate.




