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a b s t r a c t

An ion-pair high-performance liquid chromatography (HPLC) method has been developed for the simul-
taneous determination of chondroitin sulfate sodium (CSS), allantoin and pyridoxine hydrochloride
(VB6) in a commercial eye drops dosage form. An Alltima C18 column (250 mm × 4.6 mm i.d., 5 �m)
was used for the separation at room temperature, with 25 mM ammonium dihydrogen phosphate (con-
taining 0.01% heptanesulfonic acid sodium salt) and acetonitrile (95:5, v/v) as the mobile phase at the
flow rate of 0.5 mL min−1. The detection wavelength for CSS, allantoin and VB6 was 195 nm, 215 nm
and 291 nm, respectively. The method showed good linearity for CSS, allantoin and VB6, with correla-

−1 −1

llantoin
yridoxine hydrochloride
PLC
ye drops
harmaceutical preparation

tion coefficients greater than 0.9996, in the range of 203.96–815.84 mg L , 371.16–1488.64 mg L , and
23.32–93.28 mg L−1, respectively. The instrumental and method precisions were adequate with all rela-
tive standard deviations lower than 2.0%. The accuracy of this method, measured by the recovery of three
compounds from spiked placebo solutions, was from 99.01% to 101.92%. The three components, CSS,
allantoin and VB6 were well separated from other ingredients and degradation products. This method is
fast, simple, and can be used for direct and simultaneous determination of CSS, allantoin and VB6 in the

on.
pharmaceutical preparati

. Introduction

Chondroitin sulfate sodium (CSS) is a sodium salt of a sulfated
inear glycosaminoglycan which has disaccharide repeating unit
ormed by sulfate ester of N-acetylchondrosamine (2-acetamido-
-deoxy-�-d-galactopyronose) and d-glucuronic acid [1]. The
hondrosamine moieties in the glycosaminoglycan are monosul-
ated primarily on position C-4 and less on position C-6 (Fig. 1(A)).
hese biological polymers act as the flexible connecting matrix
n cartilage and tissues [2], and are using as active ingredients
n many dietary supplements and pharmaceutical preparations. A
hotometric titration method using cetylpyridinium chloride has
een the standard approach listed in USP for the assay of CSS raw
aterials and CSS containing tablets [3]. Other methods involving

pectrophotometric assay [4,5], high performance capillary elec-
rophoresis (HPCE) assay [6,7], size-exclusion HPLC assay [8], and

trong anion-exchange HPLC assay following chondroitinase ABC
nzyme digestion [9], have also been reported.

Allantoin (Fig. 1(B)), a purine metabolite, is an astringent and
as been reported keratolytic. It is frequently used as a vulner-

∗ Corresponding author. Tel.: +86 10 85133621; fax: +86 10 65283696 5.
E-mail address: j790101@sohu.com (P. Jin).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2009.04.037
© 2009 Elsevier B.V. All rights reserved.

ary to stimulate tissue repair in suppurating wounds, resistant
ulcers, acne, seborrhea, cold sores, psoriasis, hemorrhoid, and
other anorectal disorders [10,11]. Nowadays, a potentiometric titra-
tion assay method is commonly used for the determination of
allantoin raw materials in USP [12]. In addition, assays by colorime-
try [13,14], hydrophilic interaction chromatography (HILIC) [15],
RP-HPLC [16–21], LC–MS/MS [22], capillary electrophoresis (CE)
[23,24], and GC–MS [25], have been reported for the determination
of allantoin in various types of matrix materials.

Pyridoxine hydrochloride (VB6) (Fig. 1(C)) is a water-soluble
vitamin and is involved primarily in the metabolism of amino acid,
carbohydrate, and fat [26]. Many technique, including spectropho-
tometric, polarographic, fluorimetric, enzymatic, and microbiolog-
ical approaches have been employed for the determinations of
pyridoxine hydrochloride and other water-soluble vitamins. Most
of these methods, however, are time-consuming and less accurate.
In recent years, micellar electrokinetic capillary chromatography
(MEKC) [27], calixarene based potentiometric sensor [28], and HPLC
[29–32], have been reported for the analysis of VB6 from pharma-

ceutical preparations with improved speed and accuracy. Further,
an ion-pairing HPLC method was described [33] in USP.

The purpose of this study was to report, for the first time, a sim-
ple HPLC method for the direct and simultaneous determination of
CSS, allantoin and VB6 in a commercial eye drops product.

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:j790101@sohu.com
dx.doi.org/10.1016/j.jpba.2009.04.037
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Fig. 1. Chemical structures for disaccha

. Experimental

.1. Reagents and chemicals

CSS standard raw materials (chondroitin 4-sulfate sodium salt
rom bovine trachea, lot & filling code: 346459/1 & 33701, HPLC
etermination purity 93.79%) were purchased from Fluka (Stein-
eim, Germany). Allantoin and VB6 reference standards were
btained from the National Institute for the Control of Pharma-
eutical and Biological Products (Beijing, China). Heptanesulfonic
cid sodium salt was purchased from Acros (New Jersey, USA). Ana-
ytical grade ammonium dihydrogen phosphate, hydrochloric acid,
odium hydroxide, and 30% hydrogen dioxide were obtained from
eijing Reagent Company (Beijing, China). HPLC grade acetonitrile
as purchased from Fisher (Fair Lawn, NJ, USA). Redistilled water
as prepared by Milli-Q system (Millipore, Bedford, MA, USA). All

olvents were filtrated through 0.45-�m PTFE filters (HPLC Tech-
ology, Cheshire, UK) before use.

The eye drop sample, compound allantoin vitamin B6-E and
minoethysulfonic acid eye drops (Eye charm V® eye drops), were
ade in Japan and obtained commercially. The active ingredients
ere labeled (per 100 mL) as 100 mg of CSS, 200 mg of allantoin,

0 mg of pyridoxine hydrochloride, 10 mg of tocopherol acetate, and
00 mg of aminoethylsulfonic acid.

.2. Instrumentation and chromatographic conditions

The study was performed on a Waters 2695 quaternary pump
ystem. A Waters 2696 photodiode array detector and an Empore
rofessional® software were used for data acquisition and pro-
essing. The chromatographic separations were carried out on an
lltima C18 column (250 mm × 4.6 mm i.d., 5 �m, 100 Å, Alltech
ssociates Inc., Deerfield, IL, USA). The mobile phase composed
f 25 mM ammonium dihydrogen phosphate (containing 0.01%
eptanesulfonic acid sodium salt) and acetonitrile (95:5, v/v) was
elivered at a flow rate of 0.5 mL min−1. The selected detection
avelengths for CSS, allantoin and VB6 were 195 nm, 215 nm, and
91 nm, respectively. The injection volume was 10 �L. All analysis
as conducted at room temperature.

.3. Preparation of standard solutions

A stock solution containing 2039.6 mg L−1 CSS, 3721.6 mg L−1

llantoin, and 233.2 mg L−1 VB6 was prepared by dissolving
ccurately weighed amounts of standards in the mobile phase.
equential dilutions were then made using the mobile phase,

o reach final concentrations of 203.96 mg L−1, 305.94 mg L−1,
07.92 mg L−1, 509.90 mg L−1, and 815.84 mg L−1 for CSS,
71.16 mg L−1, 558.24 mg L−1, 744.32 mg L−1, 930.40 mg L−1,
nd 1488.64 mg L−1 for allantoin, and 23.32 mg L−1, 34.98 mg L−1,
6.64 mg L−1, 58.30 mg L−1, and 93.28 mg L−1 for VB6. The mid-
nit of CSS (A), allantoin (B), and VB6 (C).

point concentration in these dilutions was used as working
standard solution for system suitability studies.

2.4. Preparation of analytical samples

2 mL of the Eye charm V® eye drops were transferred into a 5 mL
volumetric flask, made up to 5 mL with mobile phase and vortexed
for 5 min. The resulting solutions (sample solutions) were then ana-
lyzed by HPLC after filtration through 0.20-�m PTFE membrane
syringe filter (Anachem, Cheshire, UK).

2.5. Validation procedure

The developed method was validated for system suitability,
specificity, linearity, precision, accuracy and LOD, following ICH
recommendations [34,35].

2.5.1. System suitability
The key system suitability parameters, including theoretical

plates and asymmetry factors for chromatographic peaks of CSS,
allantoin, and VB6 were calculated as European Pharmacopoeia [36]
described.

2.5.2. Specificity
To assess the method specificity, a reconstituted eye drop

placebo without CSS, allantoin, and VB6 was prepared. The placebo
solution was prepared using the same procedure as in preparing
for the analytical samples (Section 2.4), and then subjected to HPLC
analysis to evaluate the potential interferences from other ingre-
dients (i.e. aminoethylsulfonic acid, tocopherol acetate, isoosmotic
adjusting agent, etc.).

Forced degradation studies of CSS standard, allantoin standard,
VB6 standard, reconstituted placebo, and eye drop sample, under
different stress conditions (heat, light, oxidation, acid and base),
were conducted to evaluate the potential interferences of degrada-
tion products.

For preparing heat degradation products, 5 mL of placebo solu-
tion, 5 mL of analytical sample solution, 5 mL of CSS standard
solution (400 mg L−1, approximately), 5 mL of allantoin standard
solution (800 mg L−1, approximately), and 5 mL of VB6 standard
solution (40 mg L−1, approximately), were heated at 80 ◦C for 24 h
in dark, and then cooled to room temperature. To study light
induced degradation products, these solutions were accumulatively
exposed to directed sunlight for more than 48 h.

For preparing oxidation resulted degradation products, 1 mL of
9.0% hydrogen peroxide (v/v) was added to 2 mL of reconstituted
placebo and 2 mL of eye drop sample, while 1 mL of 3.0% hydrogen

peroxide (v/v) was added to 20 mg of CSS standard, 40 mg of allan-
toin standard, and 2 mg of VB6 standard. After stored in dark for
more than 24 h, the degraded placebo and eye drop sample were
transferred into a 5 mL volumetric flask and brought to volume with
the mobile phase, while the degraded standards were dissolved
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nd transferred into a 50 mL volumetric flask and also brought to
olume with the mobile phase.

To study acid and base induced degradation products, 2 mL of
M HCl solutions or 2 mL of 1 M NaOH solutions were separately
dded to 2 mL of reconstituted placebo, 2 mL of eye drop sample,
0 mg of CSS standard, 40 mg of allantoin standard, and 2 mg of VB6
tandard. These solutions were then refluxed and heated at 80 ◦C
n a water bath for 2 h in dark, and cooled to room temperature.
ach degraded sample was then neutralized with NaOH or HCl, and
ransferred into a 5 mL volumetric flask (placebo and eye drop sam-
le) or a 50 mL volumetric flask (standards), and brought to volume
ith mobile phase.

.5.3. Linearity
Linearity of the method was evaluated at five concentrations

evel, covering about 50%, 75%, 100%, 125%, and 200% of the tar-
eted assay concentration. Injections were made in triplicate and
he resulted peak areas were inputted into a Microsoft Excel spread-
heet to plot the calibration curves.

.5.4. Precision
The instrumental precision was investigated by analyzing six

onsecutive injections of low, middle and high concentration stan-
ard solutions on the same day and on 6 different days. The %R.S.D.
alues of peak areas obtained on the first day were used to evalu-
te the intra-day precision, and the %R.S.D. values of average peak
reas for 6 other days were used to evaluate the inter-day preci-
ion.

For the evaluation of method precision (repeatability and
ntermediate precision), six independent sample solutions were
repared and analyzed on 6 different days. The intra-day %R.S.D.
alues of the assay results in the first day were used to exam-
ne method repeatability, and the inter-day %R.S.D. values of six
verage assay results were used to evaluate intermediate preci-
ion.

.5.5. Accuracy
To assess accuracy, a freshly prepared placebo was spiked with

arious amounts of combined stock solutions, and diluted with the
obile phase to concentrations at about 75%, 100%, and 125% of

he targeted concentration. Each spiked solution was injected in
riplicate and the peak areas were used to calculated mean and
R.S.D. values, and compared with those obtained with standard
olutions.
.5.6. Limit of detection
The LOD was determined by injecting progressively low con-

entration of standard solutions for nine replicates that generating
S/N ratio of 3.

able 1
alidation of the method regarding system suitability, linearity, and limits of detection.

nalytical parameter CSS

etection wavelength (nm) 195
heoretical platea (mean ± SD) 3,649 ± 49
symmetry factora (mean ± SD) 1.212 ± 0.008
inear range (mg L−1) 203.96 − 815.84
inear equation Y = 11,024X + 16,575
onfidence limits for slopesb 10,840–11,208
onfidence limits for interceptsb −74,631 to 107,781
oefficient of correlation (r) 0.9996
imit of detection (mg L−1) 0.204

a Working standard solution was performed for five replicates.
b 95% confidence interval.
omedical Analysis 50 (2009) 293–297 295

3. Results and discussion

3.1. Method development

The aim of this study was to develop a simple HPLC method
for the simultaneous analysis of CSS, allantoin, and VB6 in the
presence of other ingredients and forced degradation products.
Due to the extreme polar nature, these compounds were unlikely
to retain on reversed phase C18 HPLC column, and base-line
separations were difficult to achieve. Extending the retention
times of the testing compounds could improve the resolution,
and the selection of a suitable buffer solution would be an
effective way to reach this purpose. In this study, relatively big-
ger retention factors and good resolutions were obtained when
performed with a mobile phase consisting of ammonium dihydro-
gen phosphate solution and acetonitrile. However, unacceptable
system suitability parameters for VB6 were obtained, with the-
oretical plates of less than 2000 and asymmetry factors bigger
than 2.0. To improve the system suitability for VB6, an ion-pair
reagent, heptanesulfonic acid, was introduced into the phosphate
buffer.

To optimize the separation, phosphate buffer at 10 mM, 25 mM,
and 50 mM concentrations mixed with acetonitrile at ratios of 98:2,
95:5, and 90:10, has been tested. Effects of flow rate (0.5 mL min−1,
1.0 mL min−1, and 1.5 mL min−1) and temperature (25 ◦C, 30 ◦C, and
40 ◦C) were also investigated systematically. The conclusions were
that buffer concentration, flow rate, and temperature have no sig-
nificant effects on separations.

The concentration of heptanesulfonic acid in buffer solu-
tions, however, implies significant effects on the retention time
of VB6. Longer retention time was observed at higher con-
centrations. It was therefore lowest possible concentration of
heptanesulfonic acid, 0.01%, was selected in final experimental con-
ditions.

Further, effects of pH value (3.0, 3.5, 4.0, 5.0, 6.0, and 7.0) of
the buffer solution have been studied. Results indicated that at low
pH (3.0 and 3.5) the signal of CSS decreases, while at high pH (6.0
and 7.0) the signal of VB6 decreases. At middle pH, adequate signal
intensities of all components were observed, therefore, the buffer
solution without pH adjust (pH 4.3) was used for the following
experiments.

Usually the UV detection window was set at the wavelength
of maximum UV signals produced by a component. Both CSS and
allantoin showed maximum absorbance at 195 nm, the linearity of
allantoin, however, was unacceptable (r < 0.9900) when detected

at this window, thus, it was set at 215 nm for allantoin as reported
in literatures [19,20]. The UV spectrums of VB6 showed significant
absorbance at 291 nm, therefore, the detection wavelength for VB6
was set at 291 nm accordingly.

Allantoin VB6

215 291
5,371 ± 23 4,707 ± 94
1.043 ± 0.003 1.301 ± 0.015
371.16 − 1,488.64 23.32 − 93.28
Y = 12,391X − 4,542 Y = 35,771X − 101,348
12,270–12,512 35,199–36,343
−114,455 to 105,371 −137,678 to −69,018
0.9999 0.9997
0.092 0.233
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Fig. 2. Chromatograms for placebo (A), combined standards (B), a

.2. Method validation

.2.1. System suitability
System suitability test is for verifying that the system is adequate

or the analysis to be performed. In this paper, theoretical plates and
symmetry factors for CSS, allantoin, and VB6 were evaluated. All
hose parameters, reported in Table 1, met the acceptable criteria
f the FDA CDER guidance [37].

.2.2. Linearity
In this paper, five concentration levels were used to study the lin-

ar dynamic range of the method. Results were reported in Table 1
ith great correlation (r0̂.9996–0.9999) of UV responses of all three

omponents within 50–200% of the targeted concentrations.

.2.3. Limit of detection
The limits of detection for CSS, allantoin and VB6 in this method

ere showed in Table 1, briefly, 0.092–0.233 mg L−1 for all three
ompounds.

.2.4. Specificity
The representative chromatograms of the placebo (Fig. 2(A)),

ombined standards (Fig. 2(B)), and the analytical sample (Fig. 2(C)),
howed that additives or matrices were well separated from the
hree major components, CSS, allantoin, and VB6.

Further evaluation of selectivity was conducted by monitoring

he separation of degradation products from the components of
nterest. Samples containing CSS, allantoin, VB6, placebo, and the
ye drop were subjected to stress conditions under heat, light,
ydrogen peroxide, acid and base, and analyzed at the same chro-
atographic conditions. No significant degradation products were

ig. 3. Chromatograms for forcedly degraded sample solutions: (A) CSS, acidic conditio
SS, basic condition, 215 nm; (E) Allantoin, basic condition, 195 nm; (F) Allantoin, basic co
15 nm.
e analytical sample (C), detected at 195 nm, 215 nm, and 291 nm.

observed from placebo under any stress conditions; CSS degraded
under both acidic and basic conditions, its degradation products
(Fig. 3(A)–(D)) were well resolved from other analytes; Allantoin
was found to degrade under basic conditions (Fig. 3(E) and (F)), and
VB6 produced degradation products when treated with sunlight
(Fig. 3(G) and (H)), however, these species had no interferences
with the determination of CSS and allantoin. Moreover, all of the
above-mentioned degradation products did not show chromato-
graphic peaks at 291 nm (data not shown); their interferences to
VB6 peak were also ignored.

The eye drop sample was also investigated under stress condi-
tions; no additional degradation products were observed.

3.2.5. Precision
The instrumental and method precisions were evaluated at three

concentration levels covering 50%, 100%, and 200% of target concen-
trations for 6 days. Results obtained were shown in Table 2. In all
cases, the %R.S.D. values were less than 2%.

3.2.6. Accuracy
Results obtained were shown in Table 3. The values demon-

strated that the method was accurate within the desired ranges.

3.2.7. Analysis of a commercial pharmaceutical preparation

The validated method was successfully applied for the simulta-

neous determination of CSS, allantoin and VB6 in four batches of
commercial eye drops (Eye charm V® eye drops). The representa-
tive chromatograms were shown in Fig. 2(C). Results were showed
in Table 4.

n, 195 nm; (B) CSS, acidic condition, 215 nm; (C) CSS, basic condition, 195 nm; (D)
ndition, 215 nm; (G) VB6, sunlight treatment, 195 nm; (H) VB6, sunlight treatment,
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Table 2
Precision results for CSS, allantoin and VB6.

Analyte Instrumental precision (%R.S.D.) Method precision (%R.S.D.)

% of target concentrationa Intra-day (n = 6) Inter-day (n = 6) Repeatability (n = 6) Intermediate precision (n = 6)

CSS 50 0.42 1.08 1.01 1.57
100 0.43 0.89
200 0.14 0.50

Allantoin 50 0.21 0.83 0.79 0.90
100 0.18 0.50
200 0.12 0.36

VB6 50 0.67 1.31 1.26 1.92
100 0.70 1.03
200 0.54 0.88

a 100% of target concentration is equivalent to 400 mg L−1 of CSS, 800 mg L−1 of allantoi

Table 3
Accuracy: % recovery data for CSS, allantoin and VB6.

% of target concentration a CSS% recovery Allantoin% recovery VB6% recovery

75 99.93 (0.07) 99.01 (0.14) 99.68 (1.51)
100 100.01 (0.25) 99.96 (0.25) 100.49 (0.47)
125 100.38 (0.07) 101.92 (0.13) 100.66 (0.57)

Average % recovery 100.11 100.30 100.28

a 100% of target concentration is equivalent to 400 mg L−1 of CSS, 800 mg L−1 of
allantoin, and 40 mg L−1 of VB6. The figures in parenthesis represent %R.S.D. values
for three replicates (n = 3).

Table 4
The contents of CSS, allantoin and VB6 in the eye drop samples.

Batches CSS% of label claima Allantoin% of label claima VB6% of label claima

SKC 100.02 (1.37) 95.15 (1.48) 95.56 (1.70)
TCA 99.29 (0.53) 92.53 (0.39) 91.65 (1.86)
RCA 109.26 (0.34) 101.13 (0.38) 105.56 (1.55)
SEB 101.51 (0.57) 94.72 (0.76) 97.18 (0.83)
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a 100% of label claim is equivalent to 1000 mg L−1 of CSS, 2000 mg L−1 of allantoin,
nd 100 mg L−1 of VB6. The figures in parenthesis represent %R.S.D. values for three
eplicates (n = 3).

. Conclusions

Separation of CSS, allantoin and VB6 in a commercial eye drops
y HPLC has been very challenging owing to their polar natures and
oor retentions on reversed phase C18 HPLC column. We developed
n ion-pair HPLC approach with good system suitability, sensitivity,
inearity, specificity, precision, and accuracy. CSS, allantoin and VB6

ere not only separated from each other, but from other ingredi-
nts and potential degradation products. This method appears to be
eliable and convenient for direct and simultaneous determinations
f CSS, allantoin and VB6 in pharmaceutical preparations.
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