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Abstract

A novel fast isocratic reversed-phase HPLC method for simultaneous determination of chlorhexidine and its degradation product p-chloroaniline
was developed. Zorbax SB Phenyl column (75 mm x 4.6 mm, 3.5 wm) was used for the separation. Mobile phase composed of acetonitrile and
buffer solution of 0.08 M sodium phosphate monobasic containing 5 ml of triethylamine (0.5%) and adjust with 85% phosphoric acid to pH 3.0
in ratio 35:65 (v/v) pumped isocratically at flow rate 0.6 mlmin~' was used. UV detection was performed at 239 nm, the total analysis time was

about 10 min.

The method is suitable for practical routine analysis of topical ointment in the quality control laboratory.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Chlorhexidine gluconate, is an aqueous solution of chlor-
hexidine gluconate, chemically 2,4,11,13-tetraazatetradecane-
diimidamide, N,N”-bis(4-chlorophenyl)-3,12-diimino-, di-D-
gluconate [1].

Chlorhexidine is the most popular antiseptic of biguanides. It
has potent antimicrobial activity against most Gram-positive and
some Gram-negative bacteria but not against spores. In human
use is chlorhexidine applied to prevent and treat the redness,
swelling, and bleeding gums associated with gingivitis [2]. In
veterinary medicine, chlorhexidine is used as a general purpose
disinfectant for cleansing wounds, skin, instrument, and equip-
ment [3]. Because of its antiseptic properties and low potential
for systemic or dermal toxicity, chlorhexidine has been incorpo-
rated into shampoos, ointments, skin and wound cleansers, teat
dips, surgical scrubs, etc. [4].

High performance liquid chromatography has been widely
used for the determination of chlorhexidine in formulations.
The basic HPLC method for determination of chlorhexidine and
its degradation product p-chloroaniline is described in USP 29.
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Gradient of acetonitrile and buffer solution (contains monobasic
sodium phosphate, triethylamine, pH adjusted with phosphoric
acid to pH 3.0) was used for the chromatography. Detection was
at 239 nm and the flow-rate was about 1.5 mlmin~—! [1].
Recently, there has been found a number of reports dealing
with determination of chlorhexidine by liquid chromatogra-
phy using ion-pair reversed-phase HPLC [5-12]. An isocratic
reversed-phase liquid chromatographic method was developed
for determination of five active substances, including chlorhex-
idine, in an ointment using Zorbax RX-C 8 (4.6 mm x 150 mm,
5 pm) column and a mobile phase containing sodium dode-
cyl sulfate and 2-propanol [13]. The hydrolytic pathway of
chlorhexidine was investigated. HPLC methods with gradi-
ent mode were used for the assay of chlorhexidine and its
known degradation products [14,15]. HPLC methods for assay
of chlorhexidine and p-chloroaniline using gradient elution and
acetate buffer [16] or ammonia solution [17] as a part of the
mobile phase were developed. HPLC methods for determina-
tion of chlorhexidine in urine [18], in human serum [19,20], in
saliva[8,9,21], in ophthalmic solution [22], in ointment [23] or in
suspension [24] were published. Chlorhexidine was determined
together with other antimicrobial agents used in cosmetics using
ion interaction RP-HPLC [25]. Other methods reported in the
literature used LC-ESI-MS for the determination of chlorhexi-
dine [26,27]. An isocratic HPLC method for the simultaneous
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determination of chlorhexidine and p-chloroaniline using Zor-
bax C8 column and mobile phase composed of methanol and
0.2mol1~! phosphate at flow-rate 1.0 ml min~! was developed.
The analysis time was about 17 min [28].

None of these methods were developed and validated for the
determination of chlorhexidine and its degradation product in
topical ointment using HPLC isocratic mode without adding
ion-pair reagent. The isocratic mode is favourable for routine
quality control laboratory. From stability testing point of view
this approach supplied more reproducible results and it is less
time consuming because no reequilibration is needed in com-
parison with the utilization of gradient elution.

The aim of this work is to develop a novel fast isocratic
high-performance liquid chromatography method for the sep-
aration of chlorhexidine gluconas and its degradation product
p-chloroaniline in ointment for veterinary use. It is favourable,
for the routine analysis, to develop fast methods with analysis
time less than 10 min.

2. Experimental
2.1. Chemicals and reagents

Working standards of chlorhexidine gluconas 20% solution,
p-chloroaniline, and ethylparaben were used for the purpose of
this study. Chlorhexidine gluconas 20% solution active sub-
stance was provided by Herbacos (Pardubice, Czech Repub-
lic). P-Chloroaniline was obtained from Merck (Darmstadt,
Germany). The reference standard of ethylparaben (internal
standard) was bought from Sigma-Aldrich (Prague, Czech
Republic).

Acetonitrile Chromasolv for HPLC gradient grade, sodium
dihydrogen phosphate dihydrate, triethylamine, and formic acid
were provided by Sigma—Aldrich (Prague, Czech Republic).
Phosphoric acid 85% p.a. was obtained from Merck (Darmstadt,
Germany). HPLC grade water was prepared by Milli-Q reverse
osmosis Millipore (Bedford, MA, USA) and it met all European
Pharmacopoeia requirements.

2.2. Chromatographic system

A Shimadzu LC-2010 C system (Shimadzu, Kyoto, Japan)
with built-in UV—vis detector was used to perform all the analy-
ses. Chromatographic software Class VP 6.12 was used for data
collection and processing.

Supelco Discovery C18 column (250 mm x 4.0 mm, 5 pm)
was bought from Sigma-Aldrich (Prague, Czech Republic).
LiChroCART PUROSPHER RP 18 column (125 mm x 4 mm,
5 pwm) was purchased from Merck [Darmstadt, Germany]. Zor-
bax SB Phenyl column (75 mm x 4.6 mm, 3.5 wm) was obtained
from Agilent Technologies (Prague, Czech Republic).

2.3. Reference standard preparation
Reference standard solution for chlorhexidine analysis was

prepared in 100.0 ml volumetric flask by dissolving of 63.75 mg
of chlorhexidine gluconas 20% solution and 0.5 mg of degra-

dation product p-chloroaniline in a mixture of acetonitrile and
formic acid 1% 20:80 (v/v). Thereafter, 4.0 ml of internal stan-
dard ethylparaben stock solution (10.0mg/10.0ml of ethyl-
paraben working standard) were added and the flask was topped
up to the volume with a mixture of acetonitrile and formic acid
1% 20:80 (v/v).

2.4. HPLC

Zorbax SB Phenyl column (75 mm x 4.6 mm, 3.5 wm) was
used for the separation. Mobile phase composed of acetonitrile
and buffer solution in ratio 35:65 (v/v) pumped isocratically at
flow rate 0.6 mI min—! was used. Buffer solution was prepared
using of 0.08 M sodium phosphate monobasic containing 5 ml
of triethylamine (0.5%) and adjusted with 85% phosphoric acid
to pH 3.0. Detection wavelength 239 nm was chosen for the
chromatography according to absorption spectra of separated
components.

3. Results and discussion
3.1. Chromatography

The method development was carried out according to the
pharmacopoeial method USP 29. The isocratic elution and
mobile phase composed of acetonitrile and buffer solution pH
3.0 (70:30 v/v) was tested for the analysis. Supelco DISCOV-
ERY C18 column (250 mm x 4.6 mm, 5 wm) was used for the
analysis. The method gave peak of chlorhexidine in 2 min, the it
was not convenient because of high peak tailing. Mobile phase
composed of acetonitrile and buffer solution pH 3.0 in dif-
ferent volume ratios was tested. LiChroCART PUROSPHER
RP 18 (125 mm x 4 mm, 5 wm) was tested for the analysis. P-
Chloroaniline was not separated from chlorhexidine. The second
problem was peak tailing of chlorhexidine.

A column with different packing material, Zorbax SB Phenyl
column and mobile phases consisting of acetonitrile and phos-
phate buffer pH value from 2.5 to 5.0 in different volume ratios
were also tested. To suppress the tailing of chlorhexidine peak,
triethylamine was added into the mobile phase. The column pro-
duced the best chromatography when the pH 3.0 buffer solution
(buffer solution prepared as mention above) was used in the
mobile phase.

Finally, chromatography with a standard reference solution
(Fig. 1) as well as with a real sample (after isolation procedure)
was performed using mobile phase of acetonitrile and buffer
solution 35:65 (v/v) as mobile phase at flow rate 0.6 ml min—1.
The analysis time of standard solution at those conditions was
about 6 min. It was necessary to prolong the analysis time of
a real sample to 10 min because of placebo elution peak in
minute 9.

The method using internal standard was used for the purposes
of this study. Methyl-, ethyl-, and propylparaben were tested
as internal standards. Ethylparaben was successfully separated
from other compounds in solution and has been used as internal
standard.
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Fig. 1. Chromatogram: chromatogram at 239 nm, analysis of compounds in standard solution—chlorhexidine gluconas (active substance), p-chloroaniline (degra-

dation product) and ethylparaben (IS).
3.2. Determination of chlorhexidine in topical ointment

The novel method developed in our study was used for Amas-
tol neo ointment stability testing analysis. The concentration
of chlorhexidine in reference standard solutions 127.5mgl1~!
corresponded to concentrations in a real sample of topical prepa-
ration.

The isolation procedure was based on extraction with organic
solvent. Methanol and acetonitrile were tested as extraction
media. No satisfactory results related to the recovery were
achieved. Mixtures of acetonitrile with phosphate buffer (in pH
range from 2.5 to 6.0) or with phosphoric acid in various vol-

ume ratios were tested. Lower pH values gave better results. The
influence of elevated (water bath 40-80 °C) or reduced tempera-
ture (—20 °C) and optimal time of sonication and centrifugation
(10-30 min) were examined. The phosphoric acid (strong inor-
ganic acid) was not suitable for the analysis, and therefore a 1%
solution of formic acid was tested. Finally, a mixture of ace-
tonitrile and formic acid 1% 20:80 (v/v) was used as extraction
medium.

A 0.5 g of the ointment was accurately weighted and trans-
ferred into a centrifuge flask. Twenty milliliters of working
solutions of internal standard ethylparaben were added. Iso-
lation procedure included 20 min in hot water bath at 80 °C,
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Fig. 2. Chromatogram: chromatogram at 239 nm, analysis of topical pharmaceutical preparation containing chlorhexidine gluconas, and placebo chromatogram to
demonstrate method selectivity.
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Table 1
Method validation results
Parameter Clorhexidine p-Chloroaniline Critetia
SST
Repeatibility—retention time® R.S.D (%) 0.37 0.07 X<1%
Repeatibility—area® R.S.D (%) 0.07 0.33 X<1%
Theoretical plates® 4002 7109 N>2000
Resolution® 7.16 9.99 R;>15
Asymmetry? 1.81 1.18 T<2
Validation
Precision® R.S.D.(%) 1.72 1.87 X<5%
Linearity? Correlation coefficient 0.99964 0.99901 R>0,9990
Intercept —0.0180£0.024 0.0066 £ 0.003
Slope 0.1749 +0.002 0.4855 +0.002
Accuracy® Recovery (%) 99.72 100.38 X=100+5%
R.S.D (%) 2.72 1.53 X<5%
LOD (mgml~") - 6,65.107°
LOQ (mgml~") - 2,22.107%
Sample stability 4 °C*¢ Y%changes in response factor 0.17 0.52 X<1%
20°C 0.64 0.53 X<1%
Selectivity No interference No interference

2 Made in six replicates.
b Made in six replicates.
¢ Six samples injected three times each.

4 Linearity range 5.12 x 1072 to 17.85 x 10~2mgml~! chlorhexidine, three replicates. Linearity range 5 x 10™* to 6 x 107> mgml~! p-chloroaniline, three

replicates.
¢ One-day stability.

followed by 20 min of sonication and centrifugation for 15 min
at 6000 rpm. The supernatant was filtered through a flute filter
and injected into the chromatographic system.

The above-described isolation procedure met the require-
ments of recovery in range of 95-105% for tested compounds.
The chromatogram shown in Fig. 2 illustrates the separation of
compounds tested after isolation from a pharmaceutical prepara-
tion. In placebo background there were not detected a coeluting
peaks. This was verified during the method validation.

3.3. Method validation

The method was validated according to ICH guideline recom-
mendation Q2 (R1) [29], and guidelines valid in our laboratory.
Method validation covers System Suitability Test (repeatability,
number of theoretical plates, resolution, and asymmetry) and the
determination of validation parameters including accuracy, pre-
cision, selectivity, linearity and short-term stability. The method
validation results are summarized in Table 1. All tested param-
eters met the requirements of regulative authorities.

4. Conclusions

The aim of this work was to develop a fast novel stability indi-
cating HPLC method for determination of chlorhexidine and its
degradation product p-chloroaniline in veterinary ointment. The
significant advantages of the method are the fast (components
are separated in 5.50 min) and simultaneous determination of
substances by using the isocratic reversed phase HPLC without
ion-pair reagent as a part of the mobile phase.

The isocratic mode is favourable for routine quality control
laboratory. This approach can give more reproducible results and
moreover it is less time consuming because no reequilibration
of the HPLC system is needed in comparison with the use of
more complicated gradient elution.

The novel method was successfully applied for long-term
stability tests of topical ointment Amastol neo HBF in the quality
control laboratory.
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