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A rapid convenient high-performance

liquid chromatography method for the
simultaneous determination of some
bacteriostats such as triclosan (2,4,4’-
trichloro-2’-hydroxydiphenyl ether ) and
triclocarban (3,4,4’-trichlorocarbanilide )
is described. The liquid chromatography
system consisted of a Nucleosil C,;
column and 7:3 {v/v) acetonitrile : water
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as the mobile phase with a refractive
f;ldCX detector. The method has been
applied in assaying commercial
toothpastes, deodorant sticks, anti-acne
washing cleaners and healthcare personal
handwashes. Comparison with results
obtained from differential pulse
voltammetry show good agreement.
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Abstract

The voltammetric behaviors of chlorhexidine on glassy carbon and electrodeposited mercury electrodes were investigated
in an aqueous medium containing various supporting electrolyte. The various factors such as deposition material, time,
concentration of mercury(IT) and of coexisting inorganic, organic and surfactant interferences on the precision of the analysis
have been explored. The possible reaction mechanisms were discussed by the relations of scan rate and peak potentials
and currents. A comparison is made between the detection limit of glassy carbon, thin-film modified on glassy carbon and
gold electrode. The electroreduction process is applied for the simultaneous quantitative determination of antiplaque agent
and anticaries in oral hygiene products. The antiplaque agent {chlorhexidine) and anticaries (aluminum fluoride and sodium
fluoride) of toothpaste in 1 + 1 mixture of 0.1 M lithium chioride and lithium hydroxide have a stripping peak at —1.88, —1.69
and —1.30V for chlorhexidine, aluminum fluoride and sodium fluoride, respectively. Comparison with results obtained from
high-performance liquid chromatography shows 98% good agreement. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Chlorhexidine; Antiplaque agent; Anticaries; Film mercury electrode; High-performance liquid chromatography

1. Introduction

Chlorhexidine (CH}, hexamethylenebis[5-(4-chlo-
rophenyl)biguanide], and its salts, frequently chlorhex-
idine diglyconate (CHXG), are effective antibacterial
agents. The use of chlorhexidine in the oral cavity has
been the subject of numerous investigations [1-3].
Reviews on plaque control have concluded that to
date chlorhexidine, used in mouthrinse, toothpastes,
is the most effective chemical antiplaque agent.
Chlorhexidine diglyconate is generally used as a skin
disinfectant in various surgical hand scrubs, patient
preoperatives skin preparation products, healthcare

* Comesponding author. Fax: +836-7-8024538.
E-mail address: c8010111@mail.chna.edutw (L.-H. Wang).

personal hand washing products and wound cleans-
ing products [4]. Chlorhexidine and its diacetate and
digluconate salts are used in cosmetics as preserva-
tives. Chlorhexidine diglyconate was slightly toxic
in oral and inhalation studies [5]. The paper re-
ported DNA-damaging capacity of chlorhexidine
diglyconate by the liquid rec-assay [6]. The chiorhex-
idine molecule will slowly degrade to form degra-
dation products. This degradation of chlorhexidine
is promoted by light, heat and ionizing radiation.
p-Chloroaniline is the greatest concern product be-
cause of its toxicity. The FDA has approved the drug

" use of a mouthrinse containing 0.12% chlorhexidine

diglyconate,
Various spectrophotometric methods for the deter-
mination of chlorhexidine have been reported [7-11].

0003-2670/01/% — see front matter © 2001 Elsevier Science B.V. All rights reserved.
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Materials used include o-hydroxyhydroquinonephtha-
lein—manganese, copper complex and sorbents. Since
most of these methods require solvent extraction, they
have such disadvantages as complexity of procedure
and lack of reproducibility. High-performance liquid
- chromatography is widely applied to the analysis of
chlorhexidine pharmaceutical creams [12-19]; the
* methods usually involve time-consuming and labo-
rious sample clean up steps, such as liquid-liquid
extraction and excipient precipitation by cooling of an
appropriate sample solution. The polarographic be-
havior of chlorhexidine has previously been described
[20-23]. It based on its adsorptive accumulation at a
hanging mercury drop electrode. However, the effects
of interferences by other surface-active substances
were not explored. These interferences might affect
the accuracy in determination of chlorhexidine. A
thin-film mercury electrode (TFME), coated on glassy
carbon electrode (GCE) or gold (Au), can be useful
for the determination of chlorhexidine in cosmetics
and pharmaceuticals by differential pules voltam-
metry (DPV). TFME is more sensitive than DME
[24]. Various factors influencing the determination of
chlorhexidine are discussed.

" 2. Experimental

2.1. Apparatus

All electrochemical experiments were performed
using an EG&G Princeton Research (Princeton,
NI, USA) Model 253 Versatat connected to a
EG&G Model 616 Rotating Electrode system. A
three-electrode system was employed, consisting a
working electrode (Hg?t/GCE and Hg?*/Au), a plat-
inum counter and a saturated calomel electrode (SCE)
reference electrode.

The HPLC systern consisted of a Model 576 pump
(Gasukuro Kogyo, Japan), a Model 7125 injector
equipped with a 20 pl sample loop and a Model 502 U
spectrodetector. Chromatograms and peak area were
obtained with a SISC Chromatogram Data Integrator.

2.2. Reagents and materials

Chlorhexidine, chlorhexidine digluconate and
4-chloroaniline were obtained from Aldrich, Sigma,

and TCT Chem. Co., respectively. All other chemi-
cals were of analytical-reagent grade. The following
surfactants were used: Anion, sodinm dodecylsulfate
(SPS) and sodiom dodecylbenzenesulfate (SDBS);
nonionic, Span 60, Tween 60, Brij 35; cationic,
benzalkonium chloride (BKC), cetylpyridinun chlo-
ride (CPC) and cetyltrimethylammonim bromide
(CTMAB).

Anionic, cationic and nonionic surfactants were pur-
chased from Sigma and E. Merck, respectively.

Flavors: menthol and methyl salicylate were pur-
chased from Lancaster and Acors, respectively.

The supporting electrolyte was a I + 1 mixture of
0.1 M lithinm chloride and 0.1 M lithium hydroxide
(E. Merck). Sample of cosmetic, mouthrinse, tooth-
paste and antiseptic liquid were bought from a number
of outlets in south Taiwan.

3. Procedure

3.1. Determination of chiorhexidine by DPV

The thin-film metal electrode was produced by the
following method, prior to analysis, the glassy carbon
and gold electrodes (4 mm diameter) were mirror pol-
ished sequentially with aqueous suspension of 1.0, 0.5
and 0.05 wm alumina, respectively. The glassy carbon
or gold electrode was rinsed with deionized water and
electrolytically plated with mercury from 25 m] of ac-
etate buffer (pH 4.23) that was 1.0 x 10~* to 4.0 x
1073 M mercury(IT). Plating times were 4 and 8 min,
with a potential scan from —(.8 to 0.0V at 1500 rpm.

Comparative tests of various pH and supporting
electrolytes were taken for chlorhexidine in a phos-
phate buffer (pH 2.14, 6.08 and 11.68) and ammonium
buffer (pH 7.27 and 10.38) methanol or water contain-
ing various salts such as sodium perchlorate, lithium
perchlorate, tetraethylammmoenium tetrafluoroborate,
tetrabutylammonium hydroxide and 1 + 1 mixture of
lithium chloride and lithium hydroxide solution.

A 1.0 g amount of cosmetic and oral hygiene sam-
ple was accurately weighed, dissolved in 10ml of 1:1
(v/v) mixture of methanol and water and mixed with
vertex treatment for 20 min. After centrifuging, the su-
pernatant was transferred into a 10 m! calibrated flask
and make up to a volume with methanol and wa-
ter (1:1, vfv). In order to obtain calibration graph for
the chlorhexidine, 10 ml of supporting electrolyte was
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pipetted into a voltammetric cell and de-aerated with
nitrogen for 4 min before voltammetric measurement.
By micropipette, aliquots of 1000 ppm chlorhexidine
solution were added. After each addition voltammo-
" grams were obtained; the solution de-aerated for 1 min
after each addition before obtaining the voltammo-
" gram. Quantitative analyses were performed in the dif-
ferential pulse mode. The potential was set at —1.0 to
—2.0V versus saturated calomel electrode (SCE) for
reduction. The pulse height was 50mV, and the scan
rate 10mV s~} with a film electrode. For sample solu-
tion analysis, 1 ml of the solution was pipetted to vol-
ume with 141 mixture of lithium chloride and lithium
hydroxide solution. This solution was analyzed by
DPV using the same condition as for calibration graph.

3.2. Determination of chlorhexidine by HPLC

Since chlorhexidine and p-chloroaniline each con-
tain amine functionalities, HPLC analyses have used
ion-pairing reagents and/or amine modifiers to mini-
mize peak tailing. HPLC methods are either based on
separation by cation exchange (Alltech, RP-H IC Car-
tridge) or on a combination of ionpair and reversed
phase chromatography using acetate, phosphate or
sodium 1-heptane sulfonate as the counterion and Cig
material as the stationary phase. Stock solution of
standard was prepared by dissolving the appropriate
amount of chlorhexidine in methancl. A set of stan-
dard solutions were produced by diluting aliquots of
the stock solutions with methanol to 10ml in cali-
brated flasks. Taking into account about the chlorhex-
idine content of the antiperspirant, toothpaste, gargle
mouthwash and antiseptic liquid, samples (approx-
imately 0.5-2.0g) of the latter were weighed accu-
rately in a 15 ml beaker, diluted to about 1ml with
dichloromethane and 9 ml methanol, dissolved and
centrifuged. The supernatant was transferred into a
10 ml calibrated flasks. An aliquot of the solution load
a conditioned cation exchange column (condition with
1 ml water) and filtered through a 0.45 pm membrane
filter prior to HPLC analysis. A pBondapack Cig
column {particle size 5 um, 3.9 mm i.d.) was used for

reverse-phase HPLC. The mobile phase were 80:20
and 90:10 methanol-water (containing phosphate or
acetate buffer) at a flow rate of 1.0mlmin—!, the UV
detector was operated at 240nm. By means of the
injection value, 25 pl of the prepared sample solution
and standard solution was chromatographed under the
operating conditions described above. Quantitation
was based on the peak area of the sample.

4. Results and discussion

4.1. Choice of analytical method

Chlorhexidine is a bisbiguanide which presents a
hexametilen—(CH>*) radical between two biguanide

groups.

NH gH NH
N — —N— —
\N/c N {CHz)s N \N/c NOG
H H

The flexibility and length of a hexametilen radical,
permit the molecule to fold and unfold with relative fa-
cility, changing its structure when the pH, temperature
and composition of the medium in which it is dissclved
are modified [21]. For the various electrolytes such as
phosphate (pH 2.45-11.87) and ammonia (pH 7-10)
buffer, tetraethylammonium tetraffuoroborate lithium
perchlorate, sodium perchloride, tetrabutylammonium
hydroxide (BuyNOH, pH 12.47), (1 + 1) lithium chlo-
ride and lithium hydroxide (LiCI/LiOH, pH 12.36)
were examined. Preliminary experiments showed that
cyclic voltammograms of chlorhexidine in acidic so-
lutions exhibit only a poorly-defined wave, with peak
potential close to the reduction wave of the support-
ing electrolyte, which is not useful for a voltammetric
determination of the cosmetics and pharmaceuticals.
On the other hand, voltammograms recorded for al-
kaline medium (BusNOH and LiCI/LiOH) exhibit a
single well-defined wave. The effect of pH on the
reduction wave of chlorhexidine was investigated by
Jacobsen and Glyseth [22]. The limiting current is in-
dependent of pH in the range 6.5-8.3 but decreases of
higher pH values. In accordance with the behavior of
chlorhexidine a one-electrode wave was observed in
acid solutions. This wave corresponds to the reduction
of the protonized form of chlorhexidine. The steepest
wave was obtained at pH values above 9. At higher
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Fig. 1. Differential pulse voltammograms of chlorhexidine (20ppm) lithium chloride apd lithium hydroxide: (a) at GCE, (b) thin-film
mercory modified GCE, (c) at thin-film mercury modified Au electrode, scan rate 10mV s, pulse height .05V,

pH values only one two-electrode wave was observed
for chlorhexidine. This.change is probably due to
the protonization reaction for the chlorhexidine trans-
ferred to the reaction layer by diffusion. Moreover,
a better separation of chlorhexidine wave from that
of the supporting electrolyte was obtained at higher
pH values. The peak height of chlorhexidine in so-
lutions of (1 + 1) LiCYLiOH was found to be higher
than Bus,NOH. Consequently, 0.1 M LiC/LiOH was
chosen as supporting electrolyte in the following
experiments.

Chlorhexidine have four azomethine bond and may
undergo reduction at a dropping or hanging mercury
electrode by a similar mechanism to other imine
group double bond systems [20,23]. The cathodic
wave obtained —1.47 V for chlorhexidine on a drop-
ping mercury electrode in pH 7.05 Britton—Robinson
buffer aqueous dimethylformamide media [20].
The peak potential of chlorhexidine was —1.53V
on a hanging mercury drop electrode in pH 9.70
ammeonia—-ammoniuom acetate buffer [23]. The reduc-
tion of the bearing substituent Ry, Ry and R3 imine
group double bond was influenced of the exchange of
R;, Ry and R3 [25]. The effect of the reduction of the

azomethine bonds to amino groups, the chlorophenyl
(R; or Ry = CgHsCl) portion of the chlorhexidine
is more instructive than that of the remaining part.
This difference in the course of the electrode pro-
cess may be caused by the resonance and inductive
effect of the chlorophenyl grouping. The reduction
of chlorhexidine in 1 4+ 1 mixture LiCYLiOH was
studied on GCE, thin-film mercury deposited on GCE
(TEFM/GCE) and thin-film mercury deposited on gold

-electrode (TMF/Au). It can be seen in Fig. 1 that

TFM/Au give a better performance than TFM/GCE.
-In this reduction, three kinds of working electrodes
were investigated and detection limits were 20.0, 2.23
and 0.742mg1~! for GCE, TFM/GCE and TFM/Au,
respectively. Therefore, the TFM/Au was chosen for
use in the determination of chlorhexidine in antiper-
spirant, toothpaste, gargle mouthwash and antiseptic
liquid samples. ,

Three cyclic voltammograms (CV) dependence of
peak current i, on scan rate of chlorhexidine were
shown in Fig. 2. The cathodic current (ip ) depends
on square root of scan rate (v!/2) and anodic cur-
rent (ip a) is zero; thus that (ip.c)/(i;.a) is zero for all
scan rate. The fact that no peaks were observed in the
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Fig. 2. Cyclic voltammograms of chlorhexidine (5 x 10~ M) in 0.1 M lichium chloride and lithium hydroxide (pH 12.20) at a thin-film
mercury modified Au clectrode scan rate: (a} 25mVs™!, (b) 50mVs~!, (c) 100mV =1,

anodic direction suggests that the process is an irre-
versible one [26]. The i, . of linear sweep voltammetry
(LSV) depends on scan rate (v'/?) and of peak poten-
tial (Ep) becomes more negative with increasing scan
rate. Fig. 3 shows the peak current of chlorhexidine
increasing linearly with the concentration. Hence, the
class of electrode process of chlorhexidine in CV and
LSV is irreversible A + ne — B. Proposed scheme
for the mechanism of reduction of chlorhexidine may
be the following: the reaction may be schematically

80
g6
= »
Eaor
Ezn-o
0 1 L L L "
0 10 20 ) 40 50

Concentration (ppm)

Fig. 3. The peak current of linear sweep voltammetry dependence
on concentration of chlorhexidine. Scan rate 50mVs~'.

pictured as a two-electron reduction to form an amino
group.

e e’ ~

4.2. Reproducibility and accuracy

Fig. 4 shows the results obtained by standard ad-
dition of chlorhexidine solution and the peak height
of the wave at —1.85 V. The analytical curves show
good linearity over the range of 5.0-40.0ppm. For
chlorhexidine, the regression equation being y =
2.68 + 1.284x (correlation coefficients, r = 0.9999).
The relative standard deviation value was 2.0%.
Fig. 5 shows the DPV of chlorhexidine for commer-
cial antiseptic sample spiked with standard solutions.
Recovery tests were carried out on cosmetic and phar-
maceutical products were spiked with the amounts
reported in Table 1 and subjected to the whole proce-
dure. As shown in Table 1, excellent recoveries and
precision were observed (recoveries ranging form
09.4 + 3.2 to 101 = 5.0%).



L.-H. Wang, 5.-F. Tsai/Analytica Chimica Acta 441 {2001) 107-116 113

Table 1

Recovery of chlorhexidine and chlorhexidine digluconate added to commercial antiperspirant, toothpaste and antiseptic liquid by DPV at

2 thin-film mercury electrode?

Chlorhexidine Chlorhexidine digluconate
Added Found Mean Recovery R.5.D. Added Found Recovery R.S.D.
(ppm) (ppm) (%) (%) (ppm) (ppm) (%) (%)
Antiperspirant  10.00 992 £ 001, 997 +024 997 0.5 - - - -
10.20 + 0.02,
9.8 £ 001
Toothpaste 20.00 2049 + 025, 20.98 £ 042 105 2.0 - - - -
20.15 £+ 0.20,
223+ 03
Antiseptic Liquid. - - 3.01 £ 038 101 4.7 8.00 8.13 £ 0.15, 994 32
. 7.77 = 0.20,
8.14 + 0.28

& Number of determination (¥ = 3).
b Relative standard deviation.

4.3. Interferences

It is well known that chlorhexidine is a cationic
compound, and that it forms salts of low solubility
with anions such as phosphate, sulfate and chloride.
Aluminum fluoride, sodium fluoride, sodium benzoate
and sodium monofluorophosphate are therapeutic
agent added to toothpastes and gargle mouthwashes.
A unique group of inorganic salts of aluminumd(III)
ion are the basis for all commercial antiperspirant
metal salts utilized today. In general, surface-active
agents are through to lower the surface tension pen-
etrate and loosen surface deposits, and emulsify or

suspend the debris which the abrasives in dentifrice
remove from the tooth surface. Sodium dodecyl sul-
fate (SDS) is one of the most widely used synthetic
detergents in dentifrices. The concentration of SDS in
dentifrices usually range from 0.5 to 2.0%. A cationic
quaternary ammonium compournds such as benzatko-
nium chloride, cetylpyridium chloride, cetyltrimethyl
ammonium bromide and chlorhexidine digluconate,
which are widely used in clear ophthalmic, gargle
mouthwash and antiseptic solution. The effect of the
ingredients in cosmetic and pharmaceutical products
on the determination of chlorhexidine was investi-
gated. As shown in Table 2, on interference effect

Table 2
Effect of ingredients of cosmetic and pharmaceuticals on the determination of chlorhexidine
Ingredient Chlorhexidine

Peak potential (V)  Added (mgl~!)  Present (mgl~!)  Found (mgl™!)  Recovery (%)
Aluminjium flueride 1.69 200.0 10.0 10.1 101
Sodium fluoride 131 200.0 100 272 97.2
Sodium dodecyl sulfate -2 80.0 10.0 10.4 104
Sodium dodecyl benzene sulfate - 80.0 10.0 10.1 101
Benzalkonium chloride 1.66 160.0 10.0 9.54 954
Cetylpyridinium chloride (.95 4.0 10.0 985 98.6
Cetyltrimethylammenium bromide 1.24 40.0 10.0 10.3 103
Tween 60 - 80.0 10.0 10.5 105
Span 60 - 80.0 10.0 104 105
Brij 35 - g0.0 10.0 9.56 95.6
Menthol - 80.0 10.0 9.90 o9
Methyl salicylate 1.57 £0.0 10.0 10.3 103

2 Not detected by the DPV method.
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were observed. The chlorhexidine wave appears in
the voltage range between —1.84 and —1.88V and
can be used for the determination of chlorhexidine in
the presence of reasonable amounts of aluminium(II)
and sodium(l) ions. The TFM/Au could perform the
simultanecus determination of these compounds in a
mixture as can be seen in Fig. 5.

Various anionic, cationic and nonionic surfactants
such as SDS, SDBS, BKC, CPC, CTMABC, Span
60, Tween 60 and Brij 35 were examined with re-
spect to their interferences with the determination of
chlorhexidine. The results showed that 10mg1~! of
chlorhexidine can be determined in the presence of an-
ionic and nonionic surfactants, since no wave for them
is observed below —1.84 V. The peak heights of the
waves at —1.66, —1.40, —1.24V for BZC, CPC and
CTMAB, respectively. The chlorhexidine peak height
has been found to be practically unaffected by ad-
dition of cationic surfactants below 40 ppm. Surfac-
tants changes the differential capacity and there force
the charging current. The change in charging current
would interfere with many determinations. Chlorhex-
idine reduction is not affected in the concentration of
surfactants below 80 ppm. However, the background
current will increase with the concentration of surfac-

Table 3

tants. If the background changes in an unknown and
unpredicatable fashion, the use of a calibration curve
for the determination of a species would of course
be dubious. The calibration curve for chlorhexidine
is y = 5.89 + 0.884x in the presence of surfactant
and sensitivity is lesser than without surfactant. Hence
in this study, determination of the concentration of
the commercial cosmetic and pharmaceutical products
was accomplished by means of a standard additions
procedure,

4.4. Applicarion to cosmetic and pharmaceutical
products

The proposed DPV method was applied to the
determination of chlorhexidine in antiperspirant,
toothpaste, gargle mouthwash and antiseptic liquid
products. p-Chloroaniline is more oxidation than re-
duction, and not cause interference in the range of
1.0-2.0V. Analytical results are given in Table 3. A
separation of chlorhexidine and p-chloroaniline chro-
matogram is shown in Fig. 6. These results agreed
with those obtained by a performance liquid chro-
matographic method. DPV is a specific and selective
method for chlorhexidine as an alternative to that of

Analytical results for the determination of chlorhexidine and chlorhexidine diglyconate in commercial antiperspirant, toothpastes, gargle

mouthwashes and shower bath liquid

Samples Concentration (w/w, %)?
Chlorhexidine Chlorhexidine diglyconate
DPV HPLC DPV HPLC
Antiperspirant 0.036 (5.0° 0.024 (5.5) - -
Toothpaste
1 0.045 (4.5} 0.040 (2.7} . - -
2 0.037 (3.5) 0.033 (0.5) - ) -
Gargle mouthwash
1 - - 0.065 (2.6) 0.064 (2.5)
2 - - {.116 (1.6) 0.119 (5.0)
3 - - 0.199 (5.0) 0.210 (2.7)
Antiseptic liquid
1 - - 3382 (5.0 3.372 (4.5)
2 - - 0.164 (4.7} 0.216 (1.2)
3 - - 0.041 (2.1) 0.048 (1.4)
4 - - 0.257 4.1} 0.244 (1L.4)

3 Number of determination (N = 3).
b Relative standard deviation.
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_ Fig. 6. (A} Separation of a = chlorhexidine, b = 4-chloroaniline.
Stationary phase, pBondapack Ciz (3.9nm x 300 nm), mobile
phase, methanol-water (90:10, v/v) containing 0.! M phosphate
buffer (pH 2.15); Aow rate 1.0mlmin~", detection 240nm. (B)
Separation of a = chlorhexidine, b = 4-chlorcaniline. Station-
ary phase, pBondapack Ciy (3.9nm x 300 nm), mobile phase,
acetonitrile-methanol-water (2:1:2, v/} containing 5M sodium
l-heptane sulfonate and acetate buffer (pH 4.77); flow rate
1.0mlmin~!, detection 240nm,

HPLC. However, due to the surfactants interaction of
electrode surface, leading to competitive adsorption
and significant suppression of signal. HPLC data for
chlorhexidine, the preliminary sample clean-up can
eliminate interfering substances but lose the recov-
ery rate. Recovery normally ranged between 89 and
108%. Although the reversed-phase LC is a sensitive
assay for chlorhexidine but due to the potential in-
teraction of chlorhexidine with the stationary phase,
these LC quantitations may not be accurate unless
the solution media is of working standard. Of the
10 samples of Table 3, toothpaste and gargle mouth-
wash have similar concentrations by DPV and HPLC.
Samples less than 0.1% of concentration showed not
so good agreement. UV active compounds were also
quantified at 240nm and the results were more than
those obtained by DPV.

5. Conclusions

This paper presents a new DPV method for the
analysis of aqueous solutions of chlorhexidine. The
method can be performed without any time-consuming
separation from the fatty constitutents and simple ex-
traction procedure with good recovery of chlorhexi-
dine.
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