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Development of the simultaneous analysis of choline
salicylate, lidocaine hydrochloride and preservatives in
a new dental gel by HPLC method
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A new high-performance liquid chromatography (HPLC) method for
the simultaneous quantitative determination of active pharmaceutical
substances and preservatives in a new dental medication has been devel-
oped. The optimization of HPLC method parameters was done through
studies of a mobile phase composition and a detection wavelength. Our
developing method uses an ACE C18 column (250 x 4.6 mm, 5 um) and
a gradient mode for separation with the acetonitrile and phosphate buff-
er solution (adjusted to pH 3.0) as mobile phases. The flow rate is 1 ml/
min, and the detection was set at 260 nm (DAD). The method was evalu-
ated according to the ICH guidelines and the State Pharmacopoeia of
Ukraine in terms of specificity, accuracy, linearity and precision (repeat-
ability and intermediate precision). The limit of detection and the limit
of quantification were also calculated. The developed method was put in
place for the analysis of a combined dental gel to a quantitative deter-
mination of the APIs (choline salicylate, lidocaine hydrochloride) and
preservatives (methylparaben, propylparaben).

Keywords: choline salicylate, dental gel, HPLC, lidocaine hydrochlo-
ride, preservatives

INTRODUCTION

eases and oral mucosa, as well as to adapt to den-
tures. The choice of active pharmaceutical ingre-

The combined dental gel is a new pharmaceuti-
cal preparation, which has been developed for
the treatment of inflammatory periodontal dis-
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dients in the developed dental gel was determined
based on the functional state of the oral mucosa
and the pathogenesis of inflammatory diseases of
periodontal tissues and is associated with the use
of antimicrobial, anti-inflammatory, hemostatic



58 Yuliia Maslii, Ivan Bezruk, Anna Materiienko, Olena Ruban, Liudas Ivanauskas, Mariia Velia

and regenerating actions, which are the herbal tinc-
ture Phitodent, choline salicylate (ChSal), and an-
algesic effect, provided by lidocaine hydrochloride
(LidHyd). The combination of synthetic and natu-
ral components of the gel allows potentiating their
pharmacological activity [EI]. For keeping the mi-
crobiological quality of the developed dosage form
it also contains two preservatives — methylparaben
(MP) and propylparaben (PP) [E, E].

ChSal has a desirable analgesic-antipyretic acti-
vity and has noteworthy pharmacologic and thera-
peutic properties useful in different treatments. It
has a good absorbability when applied to mucous
membranes, which allows using it in dentistry.
The literature describes a successful use of ChSal
in many products for the therapy of different dental
illness [].

Lidocaine is an amide-type local anesthetic,
which is commonly used in injectable dosage forms
or designed for local applying to mucous mem-
branes. LidHyd is characterized by a fast-evolving
and an intermediate duration of action. Anesthe-
sia is achieved within a few minutes, depending on
the medication administration site. Due to these
properties, it is widely used in the therapy of a wide
range of oral cavity problems and during dental
procedures [].

Some methods for determination of ChSal are
presented in literature data, such as HPLC [] in
over-the-counter (OTC) drugs, a spectro-fluoro-
metric method of Rowland, and Riegelman [B] in
rat plasma.

The European Pharmacopoeia recommended
the potentiometric titration method with hydro-
chloric acid as a titrant for the assay of LidHyd [@].
More different methods of LidHyd analysis are pre-
sented: it can be analysed by various HPLC meth-
ods [], by a partial least-squares calibration
(PLS) method [P4] and by a programmed tempera-
ture GLC assay [R]].

Literature describes a lot of analytical procedures
for the determination of various preservatives, either
individually or in a mixture with other substances
using different analytical methods [].

None of the above-listed papers describe a suc-
cessfully validated method that was applied for
the simultaneous analysis of the mentioned com-
ponents during one analysis.

The leading focus of our work has been to devel-
op and validate a rapid HPLC method for the ac-

tive pharmaceutical substances quantification such
as choline salicylate and lidocaine hydrochloride
and preservatives - methylparaben and propylpa-
raben - at the same conditions in the pharmaceuti-
cal preparation.

The developed method can be applied for a regu-
lar analytic control throughout the dental gel manu-
facturing: quantity determination of ChSal, LidHyd
and preservatives in gel is performed in accordance
with the validation parameters for the medications.
Also the developed method can be used for in vitro
studies from topical formulations, through differ-
ent types of diffusion membranes [@].

EXPERIMENTAL

Materials and reagents

Acetonitrile (HPLC grade) was purchased from
Sigma-Aldrich GmbH (Switzerland). The Milli-
pore (USA) water purification system was used to
obtain HPLC grade water.

ChSal was purchased from Basf Pharma, Sieg-
fried (Switzerland). LidHyd was purchased from
Societa Italiana Medicinali Scandicci (Italy). MP
was purchased from Wuhu Huahai Biology Engi-
neering Co., LTD (China) and PP was purchased
from Ueno Fine Chemicals Industry (Japan). All
reference standards were purchased from the State
Pharmacopoeia of Ukraine (SPhU) (Ukraine).

The analysed dental gel contained 8% of ChSal,
1.5% of LidHyd, 0.2% of preservatives (0.15% of MP
and 0.05% of PP). Also, the gel contained 15% of herb-
al tincture Phitodent (purchased from PJSC Chemi-
cal & Pharmaceutical Plant Chervona Zirka, Kharkiv,
Ukraine) [@]. The other excipients of the gel formula-
tion carbomer Polacril 40P, OraRez® W-100L16, 10%
solution of sodium hydroxide and purified water [Iil].
For the validation study a placebo was prepared with
the usage of excipients and tincture.

All solutions were prepared according to
the procedures described below.

Test solution. 1.0 g of the accurately weighted gel
was placed into a 100.0 ml volumetric flask, 60 ml of
methanol were added, ultrasonicated for 5 minutes,
made up to the mark with methanol and mixed.

The reference solution was prepared in a con-
centration of ChSal 0.8 mg/ml, LidHyd 0.15 mg/
ml, MP 0.015 mg/ml and PP 0.01 mg/ml.

The placebo solution was prepared by the same
procedure, as the test solution, using the placebo gel.
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HPLC procedure

A Shimadzu Nexera X2 LC-30AD HPLC sys-
tem (Shimadzu, Japan) composed of a quaternary
pump, an on-line degasser, a column temperature
controller, a SIL-30AC autosampler (Shimadzu, Ja-
pan); a CTO-20AC thermostat (Shimadzu, Japan)
as well as a SPD-M20A diode array detector (DAD)
were used for analysis.

An ultrasonic Cleaner Set (Wise Clean WUC-
A06H, Witeg Labortechnik GmbH, Germany) was
used for ultrasonication, and an analytical balance
Libra UniBloc AUW120D (Shimadzu Analytical
Scale, Japan) was used for weighing.

The liquid chromatography separation of active
substances and preservatives was carried out on an
ACE C18 column 250 mm X 4.6 mm, 5 pm particle
size. The mobile phase was of a mixture of acetoni-
trile (mobile phase B) with a 3.0 g/L sodium phos-
phate dibasic solution adjusted to pH 3.0 (mobile
phase A). The separation was carried out by a gra-
dient elution mode using the gradient program
presented below:

0-3 min: 25% B; 3-13 min: 25 > 50% B; 13-20 min:
50% B; 20-21 min: 50 - 25% B; 21-25 min: 25% B.

A 0.45 um membrane filter was used for mobile
phases before usage. The flow rate was 1 ml/min
and the injection volume was 10 pL. The eluent
was controlled with a DAD detector set at 260 nm.
During the analysis, the column temperature was
30°C.

Validation study

The developed method was validated according to
the International Conference on Harmonization
(ICH) Q2 (R1) requirements [@] and SPhU re-
quirements 5.3.N.2 [@]. The specificity, linearity,
the limit of detection (LOD), the limit of quanti-
fication (LOQ), accuracy, precision, and stability
validation parameters were studied.

Table 1. System suitability test for the developed HPLC method

RESULTS AND DISCUSSION

According to the above-mentioned literature sourc-
es, a column C18 was mostly used for the analysis
of studying compounds [@,], thus this type
of a sorbent was chosen in the present investigation.
The development and optimization of HPLC
method parameters was done through the stud-
ies of a mobile phase composition, a gradient pro-
gram and a detection wavelength. To detect ChSal,
LidHyd and preservatives during one analysis,
the spectra of all mentioned components were
collected with DAD and 260 nm was selected as
the most appropriate. In this paper, acetonitrile as
mobile phase B and phosphate buffer as mobile phase
A were used. To achieve suitable peak shapes as well
as separation, different pH of buffers was compared,
due to the chemical properties of analysed compo-
nents. The obtained results indicated that 3.0 pH
provided both satisfactory resolution and acceptable
peak shapes. Also, various gradient modes were ap-
plied to obtain the optimal time of analysis separa-
tion between components and gel matrix. The most
suitable is presented in the method description.

System suitability
The chromatographic separation of ChSal, LidHyd
substances, and MP, PP preservatives, as explained
above, was performed on a C18 column (ACE C18,
250 mm x 4.6 mm, 5 pm particle size) in the gradi-
ent mode using a mix of acetonitrile with a phos-
phate buffer solution pH 3.0 £ 0.5 as a mobile phase.
The usage of gradient allows quantifying all ingre-
dients in the same chromatographic conditions.
The chromatographic system must satisfy
the pharmacopoeia for suitability test require-
ments [@, @ @]. The results of system suitability
in comparison with the required limits are shown
in Table 1.

Results
Parameter Required limits
LidHyd Chsal MP PP
Retention time, min - 5.174 8.470 10.122 15.990
RSD, % <1(n=5) 0.31 0.17 0.16 0.15
Resolution (Rs) >1.5 - 13.637 6.990 25.566
Capacity factor (K') >1 1.070 2.388 3.049 5.396
Tailing factor (T) 08<T<1.5 1.302 0.952 1.185 1.162
Theoretical plate number (N) >3000 7334 19637 30758 78600
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Validation study

Specificity

The retention times of the peaks of investigated sub-
stances coincided in the chromatograms of the test
solution and corresponded to the retention times of
the peaks of all substances in the chromatogram of
the reference solution.

On the blank chromatogram there are no peaks,
the retention time of which would coincide with
the retention time of the peaks of analysed substanc-
es. The chromatogram of the placebo solution shows
that there were no interfering reactions between
the auxiliary and active substances or preservatives
in the developed dental gel, which shows the speci-
ficity of the developed method.

A chromatogram comparison of the test solution,
reference solution and the placebo solution with all
analysed compounds (active substances and pre-

servatives) is shown in the Figur.

Linearity, LOD, LOQ
A linear relationship was achieved between the com-
ponent’s peak area and concentrations [@]. Calibra-
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tion curves were linear over a concentration range
of 120-180 pg/ml for LidHyd, 640-960 pg/ml for
ChSal, 12-18 pg/ml for MP and 4-6 ug/ml for PP.

The LOD was expressed as a concentration that
gives a signal to noise ratio of 2:1 or 3:1, and the LOQ
was measured in terms of a signal to noise ratio of
10:1 (B4, 7.

The results of linearity, given in Table 2, show
a good correlation between the peak area of analysed
compounds and the concentration with r > 0.9998.
Also, LOD and LOQ were calculated for each com-
ponent and presented in Table 2.

Accuracy

The recovery was 100 + 2% for all samples with
%RSD less than 1% (Table 3). Thereby, the proposed
analytical method for the determination of the ac-
tive substances and preservatives was quite accurate.

Precision

The RSD% were found to be less than 1% for the in-
tra-day and inter-day precision for every analysed
component. The results are summarised in Table 4.

3
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Figure. The chromatograms of test solution (C), reference solution (B) and placebo solution (A): 1is lidocaine hydrochloride, 2 is choline salicylate,

3 is methylparaben, 4 is propylparaben. Coloured online

Table 2. Linearity, LOD and LOQ parameters of the developed HPLC assay method

Component Concentration, pg/ml Equation | r | So | LOD, pg/ml LOQ,pug/ml
LidHyd 120-180 y=1.01x-0.8012 0.9999 0.30 2.23 6.75
ChSal 640-960 y =0.9836x + 1.8336 0.9997 0.49 16.98 51.46
MP 12-18 y=0.9951x+ 0.5783 0.9999 0.21 0.20 0.60
PP 4-6 y =0.9899x + 1.1669 0.9998 0.21 0.09 0.29
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Table 3. Accuracy parameters of the developed HPLC assay method

Component | Concentration obtained, % | RSD (%) Equation
LidHyd 100.18 £ 0.33 0.21
ChSal 100.23 £ 0.65 0.36
MP 100.10 £ 0.27 0.16
PP 100.17 £ 0.50 0.28

Table 4. Precision study results of the developed HPLC method
RSD, % (n=5)

Component

80 100 120

Intra-day precision
LidHyd 0.61 0.30 0.41
ChSal 0.39 0.27 0.23
MP 0.54 0.32 0.56
PP 0.80 0.78 0.61

Inter-day precision
LidHyd 0.57 0.47 0.47
ChSal 0.57 0.59 0.47
MP 0.61 0.51 0.60
PP 0.91 0.85 0.73

Stability

The results of the stability study - change in
the peak area of the analyte in % - are given in Ta-
ble 5. According to the results of the stability study,
it was shown that for the optimal terms of chroma-
tography it is preferable to use a freshly prepared
test and reference solutions within 24 h.

Assay of a dosage form
The developed chromatographic method has been
successfully applied for the analysis of test batches

of the dental gel, containing 8.0% of ChSal, 1.5%
of LidHyd, 0.15% of methylparaben and 0.05% of
propylparaben. The results of determinations of
the analysed components (n = 6) are summarised
in Table 6.

Also the developed method was successfully
used for in vitro release testing. Bioavailability eval-
uation was performed according to the results of
the release dynamics study of ChSal and LidHyd
from the gel samples using the method of dialysis
through a semi-permeable membrane [@].

CONCLUSIONS

A new accurate analytical HPLC method has
been worked out to be implemented in a regu-
lar analysis for a simultaneous assay of the active
substances, choline salicylate and lidocaine hy-
drochloride, and preservatives — methylparaben
and propylparaben - in a new dental gel. The de-
veloped HPLC method has been validated over
the linearity, precision, accuracy and specificity.
The proposed analytical method has been suc-
cessfully applied for the analysis of test batches of
the dental gel and has shown that it can be effec-
tive for the qualification of described substances in
the pharmaceutical dosage forms. The developed
method is distinguished by sufficient selectivity,
linearity and high accuracy in the range of ana-
lysed concentrations with a correlation coeflicient
above 0.9990.
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Accepted 4 May 2021

Table 5. Stability studies for the analysed components in reference and test solutions

L RSD (%) Equation
Component Required limit - :
Reference solution Test solution
LidHyd 0.164 0.343
ChSal 0.212 0.132
<0.512
MP 0.229 0.281
PP 0.475 0.297

Table 6. Results of the determination of active components and preservatives in the test series of a dental gel by developed HPLC method

Gel series ChSal LidHyd MP PP
001 80.4525 + 0.0466 14.8879 + 0.0295 1.4928 + 0.0005 0.4895 +0.0013
002 80.2259 £ 0.0372 14.9983 + 0.0453 1.4937 £ 0.0006 0.4901 £ 0.0013
003 80.0717 £ 0.2099 14.8804 + 0.0303 1.4888 + 0.0030 0.4936 + 0.0022
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NAUJAS CHOLINO SALICILATO, LIDOKAINO
HIDROCHLORIDO IR KONSERVANTU
NUSTATYMO BUDAS NAUJAME DANTUY
GELYJE NAUDOJANT AUKSTO EFEKTYVUMO
SKYSTINE CHROMATOGRAFIJA

Santrauka

Sukurtas naujas auksto efektyvumo skystinés chromato-
grafijos analizés metodas, skirtas vienalaikiam cholino
salicilatui, lidokaino hidrochloridui ir konservantams
naujame danty gelyje nustatyti. Metodas optimizuotas
parenkant mobiliosios fazés sudétj ir detekcijos bangos
ilgj. Naudojamas gradientinis atskyrimas acetonitrilu
ir fosfatinio buferio tirpalu pH 3,0. Detekcija vykdoma
esant 260 nm bandos ilgiui.
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