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The aim of the work was to estimate the quantitative content of 0.05 % chlorhexidine solution by capillary electrophoresis.

Materials and methods. The object of the study was the drug 0.05 % solution of chlorhexidine for local and external use of pharma-
copoeia quality. The study was carried out on a Kapel-104T device, equipped with an ultraviolet photometric detector and personal
computer with the Multichrom software. Electrophoretic determination of the quantitative content of chlorhexidine was carried out in
the UV region of the spectrum at a wavelength of 254 nm with a positive voltage on a capillary of 16 kV and a recommended capillary
thermostating from 20 °C to 30 °C. The sample was introduced in pneumatical mode in the 30 mbar for 5 seconds. The analysis time
was 5 minutes. As the leading electrolyte an aqueous solution consisting of 0.6 % solution of imidazole, 0.6 % solution of sodium tetra-
borate and 0.5 % solution of tartaric acid were used. The determination of chlorhexidine in the test solution was carried out in the UV
spectral region at a wavelength of 254 nm, since at this wavelength one of the absorption maxima of the indicated drug was observed.

Results. The validation analysis showed that the technique is characterized by specificity, linearity in the concentration range from
100 pg/ml to 700 pg/ml (y = 0.3438x — 12.4789; r = 0.9913), accuracy for chlorhexidine levels of 80-120 % (R = 98.82-100.44 %),
precision (S = 0.44-0.61 %). The relative error of the result of separate determination of chlorhexidine in 0.05 % solution using
capillary electrophoresis was 1.28 %.

Conclusions. Quantitative determination of 0.05 % chlorhexidine solution by capillary electrophoresis was carried out and
the parameters of the validation of the electrophoretic technique were established. The proposed electrophoretic conditions can
serve as the basis for the development of methods for the quantitative determination of chlorhexidine bigluconate as part of this drug.

KinbkicHe BU3HaueHHs 0,05 % po3unHy XAOpreKCMAMHY METOAOM KaninApHOro enektpodopesy

A. M. Camnies, H. A. AagitaBsH, 0. b. Hikipopoga, 0. . fikyba
MeTa po60oTu — oLjHI0BaHHS KinbkicHoro BMICTYy 0,05 % po34uHy XnoprekcuanHy METOAOM KaninsipHoro enekTpodopesy.

Martepianu Ta metoamn. OB'ekT gocnimxeHHs — nikapcokuii npenapat 0,05 % po34nH XroprekcuanHy Ans MiCLIEBOro Ta 30BHILLHLOIO
3acTocyBaHHs dhapmakonenHoi sikocTi. JocnimkeHHs BukoHanu Ha npunagi Kanenb-104T, wo obnagHaHuin ynstpacionetosum
(pOTOMETPUYHIM AETEKTOPOM, SIKVI MPALIOE NPY LLOBXKWHI XBIMi 254 HM, @ TaKOX KBapLIEBUM kaninspomM 3aeaoxkv 0,5 M 10 aetekTopa,
3 BHYTPILLHIM AiaMeTpom 75 MKM, [pKepenom BIUCOKOI Hanpyry No3UTUBHOI NONSIPHOCTI 3 perynboBaHoto Hanpyroto Big 1 kB go 25 kB
i NepCoHanbHNM KOMM'toTepPOM i3 MporpamHnM 3abeaneyeHHsM MynsTuxpom. EnektpodopeTiiHe BU3HaYEHHS KinbKiCHOTO BMICTY
xnoprekcuauHy B 0,05 % posumHi Ans MiCLIEBOrO Ta 30BHILUHBOIO 3aCTOCYBaHHS BMKOHANMW Npy NO3UTWBHIN Hanpys3i Ha kaninspi 16
kB i pexomeHgoBaHomy TepmocTatyBaHHi kaninspa Big 20 °C go 30 °C. BeeneHHs npob 3giicHIoBanM NHEBMaTUYHO B pexuvmi 30
mbap npotsrom 5 cekyHa. Yac aHanisy — 5 xBunuH. Ak NpoBigHUI €NEKTPONIT 3aCTOCOBYBANW BOAHWUIA PO34MH, L0 CKNaAaeThes 3
0,6 % posumHy imigasony, 0,6 % poa4nHy HaTpito TeTpabopary Ta 0,5 % po34MHy KUCNOTH BUHHOI. Br3HaYeHHS XnoprekcuamnHy B
PO34MHi, LU0 BUBYanK, BUKOHanu B Y®-obnacTi cnektpa npu SOBXWHI XBUMi 254 HM, OCKINbKX NpW Ll JOBXMHI XBUIi CnocTepirani
OfVH i3 MaKCIMYyMiB MOIMMHAHHS LbOro NikapCbkoro npenapary.

Pesynkratu. BanigauiinHuii aHania nokasas, L0 METOAMKA XapaKTepu3yeTbCs CNeLndIiHICTIO, NiHIAHICTIO B Aiana3oHi KOHUeHTpaLji
Big 100 mkr/mn go 700 mkr/mn (y = 0,3438x — 12.4789; r = 0,9913), npaBunbHicTio ans BmicTy xnoprekeuauHy 80—120 % (R = 98,82—
100,44 %), npeumsinHicTio (S, = 0,44-0,61 %). BinHocHa noxu6ka pesyribTaTis OKpeMOro BiaHaqeHHs xnoprekcuamy 8 0,05 % posdunHy
3 BUKOPMCTaHHAM KaninspHoro enektpodopesy ctaHosuna 1,28 %.

BucHoBku. BukoHanu kinbkicHe BuaHayeHHs 0,05 % posdmHy xnoprekcuayHy MeTogoM KaninspHoro enektpodopesy. 3a-
MpOMOHyBan enekTpotOPETUYHI YMOBH, KOTPi MOXYTb 6YTI OCHOBOI Anst PO3POGHEHHS! METOLAMKY KiNbKICHOTO BU3HAYEHHS
xrioprekcuanHy GirmtokoHaTy y cknagi Lboro Jikapcbkoro npenapary.

KoAnuecTtBeHHOE onpeaeAeHne 0,05 % pacTBopa XAOpreKCMAMHa METOAOM KanUAAAPHOIo
aneKTpodopesa

A. M. Camnues, H. A. AaButaBsH, E. b. Hukudoposa, 1. . Akyba

Llenb pa6oTk! - oLeHKa KonniecTBeHHoro cogepxanus 0,05 % pacTeopa XnoprekcuanHa METOLOM KanunnsipHoro anekTpodopesa.

Matepuansi u metoabl. O6beKT UccneaoBaHns — nekapcTBeHHbIn npenapat 0,05 % pacTBop xnoprekcuauHa 4ns MECTHOro U
Hapy)XHOro MpUMeHeHNst hapMakoneiHoro kavecTsa. Vccnenosanne npoeoaunu Ha obopyaosaHium Kanenb-104T, ocHaLLeHHOM
yneTpacmoneToBbIM POTOMETPUYECKUM LETEKTOPOM, paboTalnM npu ANUHE BOMHbI 254 HM, a Takke KBapLeBbiM
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kanunnsapom anvHolt 0,5 M A0 AeTekTopa, BHYTPEHHUM AMAMETPOM 75 MKM, UCTOMHUKOM BbICOKOTO HaNPSHKEHUS MONOXUTENbHOM
MONSIPHOCTY C perynupyembiM HanpspkeHnem ot 1 kB o 25 kB 1 nepcoHanbHbIM KOMMbIOTEPOM C NporpamMMHbIM 0becneyeHem
Mynbtuxpom. OnekTpochopeTudeckoe onpeaerneHne KonM4yecTBEHHOro cogepxanns xnoprekcuanHa B 0,05 % pacteope ans
MECTHOTO W HapyXHOro NMPUMEHEHUS NPOBOAWMW MPU MONOXMTENBHOM HaMpsXKeHUn Ha kanunnspe 16 kB u pekomeHayemom
TepmocTatupoBaHun kanunnspa ot 20 °C go 30 °C. Beog npobbl ocyLuecTBnsny nHeBMatuyecky B pexume 30 mbap B TeyeHne
5 cekyHa. Bpems aHanusa — 5 MuHyT. B kayecTBe BeayLLEro anekTponmTa UCnomnb3oBanit BOAHbIA pacTBop, cocToswmi 13 0,6 %
pacteopa ummaasona, 0,6 % pacteopa HaTtpus TeTpabopata u 0,5 % pacTBopa KUCMOThI BUHHOW. Onpeaenerue XnoprekcuanHa B
13y4aeMoM pacTBope npoBoaunyv B YP-o6nactu cnektpa npu AnnHe BomHbl 254 HM, Tak Kak npu 3TO AnuHe BOnHbI Habnioanu
OAVMH M3 MaKCMYMOB MOTTOLLEHIS YKa3aHHOTO NeKapCTBEHHOMO npenapara.

Pesynbrathl. BanugaumoHHbIii aHanua nokasan, 4To MeToarka xapaKkTepusyeTcs CneLmgUIHOCTbI0, TMHENHOCTLI0 B AnanasoHe
koHueHTpaumin ot 100 mkr/mn go 700 mkr/imn (y = 0,3438x — 12,4789; r = 0,9913), npaBUNbHOCTLIO ANSt YPOBHEW COAEPXaHust
xroprekcuauHa 80-120 % (R = 98,82-100,44 %), npeuvanoHHocTsio (S = 0,44-0,61 %). OTHocuTenbHas olwnbka pesynrara
OTAENbLHOro onpeaeneHus xnoprexkcuaumta B 0,05 % pacTBope ¢ MCnonb3oBaHWeM KanunmsipHoro anekTpodopesa coctasuna 1,28 %.

BbiBogab!. [poseaeHo konnyecTBeHHoe onpeaenenue 0,05 % pacTeopa xyoprekcmanHa METOO0M KanumnsipHoro arnekTpodopesa
1 YCTaHOBIEHbI NapaMeTpbl BanuaaLmy anekTpopopeTmieckon MeToamku. [NpeanoxeHHble anekTpohopeTnieckie yCrnoBys MoryT
ObITb OCHOBOW A5 pa3paboTki METOAVIKM KOMMYECTBEHHOO OMPEAENEHMs XIoprekcuanHa burmiokoHaTa B COCTaBe IaHHOTO Nekap-

CTBEHHOrO npenapara.

Introduction

Chlorhexidine is one of the leading antiseptics of a wide
spectrum of action, represented on the Russian pharmaceu-
tical market. In its chemical structure, chlorhexidine refers to
the derivatives of biguanidine and amidine and is N,N--bis
(4-chlorophenyl)-3,12-diimino-2,4,11,13-tetraazatetradec-
anediimidamide, available as acetate, dihydrochloride and
di-D-gluconate [1].

Chlorhexidine, which has been used for more than half a
century as a curative and therapeutic-prophylactic antiseptic
and disinfectant for various infections. It is now widely used
in disinfectological, surgical, obstetric-gynecological, dental,
dermatologereal and urological practices [1-3].

The undoubted advantages of this drug are the high
pharmacological activity against a wide range of micro-
organisms and the lack of resistance to it, low degree of
absorption through undamaged skin, and its availability in
terms of value [4,5]. It should be noted that the assortment
list of drugs containing chlorhexidine as an active ingredient
is quite diverse. This drug is presented in the form of liquid,
solid and soft dosage forms. At the same time, the most
popular and affordable for the consumer is 0.05 % solution
of chlorhexidine for local and external use [6-9]. The latter
is listed in the list of vital and essential medicines for medical
use for 2018 and is characterized by fairly large share of
the presence in the pharmacy nomenclature.

The wide prevalence of 0.05 % solution of chlorhexi-
dine in the pharmaceutical market makes it necessary to
carefully monitor its quality. In this regard, special attention
of researchers is focused on the introduction of modern
and rapid methods of pharmaceutical analysis of drugs
containing chlorhexidine.

At present, both physical-chemical and chemical
methods of pharmaceutical analysis are used to evaluate
the quantitative content of chlorhexidine in solution [10-12].
In this case, UV-spectrophotometry serves as a reference
method in the domestic practice of quality control of given
drug [11]. At the same time, foreign sources of scientific
information contain data on the possibility of analyzing
chlorhexidine in various drugs by acid-base titration in proto-
genic solvent medium, as well as using HPLC and capillary
electrophoresis [10,12—14]. Among these methods, capillary
electrophoresis is the most promising in controlling the quality
of drugs containing chlorhexidine, and its advantages are well
known and described in numerous scientific works [15—18].

The purpose

The purpose of this work was to assess the quantitative content
of 0.05 % chlorhexidine solution by capillary electrophoresis.

Materials and methods

The object of the study was the drug 0.05 % solution of chlor-
hexidine for local and external use of pharmacopoeia quality.
The standard sample (SS) of solution of chlorhexidine
(20 %, Sigma), imidazole (95 %, Sigma), sodium tetraborate
(99.5 %, Sigma), tartaric acid (99.5 %, Sigma), hydrochloric
acid (puriss., Vecton), sodium hydroxide (puriss., Vecton)
were also used in the work. Purified water used for analysis
was obtained by distillation on a DE-4 distiller.

The study was performed using capillary ion electropho-
retic analyzer (capillary electrophoresis device Kapel-104T,
0JSC RPC Lumex, Russia) equipped with an ultraviolet
photometric detector operating at a wavelength of 254 nm,
and a quartz capillary 0.5 m long to the detector, internal
diameter of 75 micrometers, a source of high voltage of
positive polarity with adjustable voltage from 1 kV to 25 kV
and a personal computer with the software Multichrome.

To evaluate the quantitative content of 0.05 % solution
of chlorhexidine by means of capillary electrophoresis,
the drug was not diluted. To prepare a solution of SS of
chlorhexidine, 0.5 ml of a 20 % solution of chlorhexidine was
placed in a 200 ml volumetric flask, the volume of the solu-
tion was adjusted to the mark with water and mixed. The
analyzed samples of the test and standard solutions with
a volume of 1 nl were dosed into the device at least three
times and electrophoretograms were recorded.

Electrophoretic determination of the quantitative content
of chlorhexidine in 0.05 % solution for local and external use
was performed with a positive voltage on 16 kV capillary
and recommended capillary thermostatting from 20 °C to
30 °C. The sample was introduced in pneumatical mode in
the 30 mbar for 5 seconds. The analysis time was 5 minutes.
As the leading electrolyte we used an aqueous solution
consisting of 0.6 % solution of imidazole, 0.6 % solution
of sodium tetraborate and 0.5 % solution of tartaric acid.
The prepared solution was used during the working day.
Between the tests, the capillary was successively rinsed for
2 minutes with each reagent. Initially, washed with a 1 M
solution of hydrochloric acid, then purified water, 1 M solution
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of sodium hydroxide and again purified water, and then with
a leading electrolyte. The determination of chlorhexidine in
the solution was carried out in the UV region of the spectrum
at a wavelength of 254 nm, since at this wavelength one of
the absorption maxima of the indicated drug was observed.

The content of chlorhexidine bigluconate in 1 ml of
the drug in micrograms (X) was calculated by the formula:

X 81'30'P
= S,-200

S, is the peak area on the electrochromatogram of the solution of SS of
chlorhexidine bigluconate; S, is the peak area of chlorhexidine bigluconate
on the chromatogram of the drug; a;: is a sample of SS of chlorhexidine
bigluconate, ml; a: is a sample of SS of chlorhexidine bigluconate, ml; P: is
a content of chlorhexidine bigluconate in SS of chlorhexidine bigluconate, %.

The content of chlorhexidine bigluconate in 1ml of
0.05 % solution of the drug should be from 450 g to 550 pg.

To test the suitability of the electrophoretic system,
at least 3 electrophoregrams of the solution of SS of
chlorhexidine were obtained. Established criteria related
to the reliability of determining the beginning and end of
the peak of the analyte, as well as criteria that characterize
the separation ability of the system and the reproducibility
of measurement results (Table 1).

An electrophoretic system is considered suitable fif,
during electrophotometry of a chlorhexidine SS solution,
the number of theoretical plates are not less than 10000,
the tailing factor of a peak is not more than 2, the resolution
between two peaks must be at least 3.0; relative standard
deviation of the peak area is not more than 2 %.

Thus, according to the data reflected in table 1, it
is clear that the suitability of the electrophoretic system

Basic research

meets the requirements of domestic and international
documents.

The validation of the electrophoretic technique for
the quantitative determination of chlorhexidine bigluconate
in 0.05 % solution was carried out in accordance with
the requirements of domestic and international standards
for the following parameters: Specificity, Linearity, Accuracy
and Precision [19-21].

Results

Determination of the specificity of the electrophoretic
technique was carried out by comparative analysis of
electrophoregrams of SS chlorhexidine (Fig. 1) with
0.05 % solution of chlorhexidine for local and external
application (Fig. 2), which revealed the coincidence of
chlorhexidine peaks in the test and standard solutions
by migration time.

In addition, as seen in Fig. 2, the peak of chlorhexi-
dine is distinctly separated from related impurities. Thus,
the above electrophoretic conditions for the analysis of
0.05 % solution of chlorhexidine are useful for the quan-
titative determination of chlorhexidine by the method of
capillary electrophoresis.

A further stage of the study was confirmation of the
linearity of the electrophoretic technique (Fig. 3).

The linear dependence of the photometric signal on
the concentration of chlorhexidine observed in the concen-
tration range from 100 pug/ml to 700 pg/ml was approximated
by the method of least squares by the linear equation:
y = 0.3438x — 12.4789. The correlation coefficient was
0.9913, which meets the requirements of the State Phar-
macopoeia of the Russian Federation XIlI edition (r = 0.99).

Fig. 1. Electrophoregram of

23.1 mAU the solution of SS of chlorhexidine
r 2 (peak 2 — chlorhexidine).
1
1
Il 1 I
Capel 1 3 3 4 3 ; 5 min !
23.1 mAU Fig. 2. Electrophoregram of 0.05%
3 chlorhexidine solution (peak 2 —
chlorhexidine).
2
1
N B
Capel i ; 3 7 : ; o
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Thus, the calibration graph illustrated in Fig. 3, the linear
regression equation and the correlation coefficient allow

S 20 us to conclude that the proposed technique has a linear
200 & dependence.

Determination of the validity of the electrophoretic

150 / technique according to the parameter Accuracy was car-

ried out using an additive method. For this purpose, model

100 mixtures were prepared at three levels of concentrations

(80 %, 100 %, 120 %) consisting of an aqueous solution

¢ of the drug with an established chlorhexidine content and

%0 a known concentration of the solution of chlorhexidine SS
C. ugiml introduced therein (Table 2).

0 100 200 300 400 500 600 700 As can be seen from the data presented in Table 2,
the recovery in the determination of content of chlorhexi-
dine in model mixtures ranged from 98.82 % to 100.44 %,

Fig. 3. Calibration graph of the peak area dependence on the chlorhexidine concentration which is consistent with the recommended interval for USP

in the solution. )

i the solufion (100.0 + 2.0 %) for the methods of the first category.

The next step in the validation of the technique was

Table 1. The results of determining the basic parameters of the suitability the determination of the precision parameter (intermediate
of the electrophoretic system precision) (Table 3).
— e The results presented in Table 3 demonstrate that when
studying the intermediate precision parameter, the relative
’ standard deviation was 0.44 % and 0.61 %. The data
Tailing factor (T 1.80 £0.02 T<2 )
aiing factor (T) : obtained do not exceed the recommended value (2.0 %)
Number of theoretical plates (N) 11025 + 832 N 22000 according to the USP
Resolution {Rs) 350018 Rs215 According to the totality of the studies conducted, it
Relative standard deviation (RSD) 1.50 £0.12 RSD 2.0 % can be concluded that the capillary electrophoresis tech-

Table 2. Results of quantitative determination of chlorhexidine in model mixtures

Content chlorhexidine The concentration Expected content The sum of the peak Found Found (pg/ml), | Recovery | Mean recovery
in a 0.05 % solution, (pg/ml) of the introduced | of chlorhexidine areas of the test solution | (ug/ml) average value [ (R),in% [(R),in%
pg/ml solution of SS in the model mixture with a standard additive
of chlorhexidine (pg/ml)
925
930 99.68
533 400 933 305 922 98.82
533 500 1033 342 1032 1032 99.90 99.90
533 500 1033 343 1035 100.19
533 500 1033 342 1030 99.71
533 600 1133 376 1129 1134 99.64 100.09
533 600 1133 379 1138 100.44
533 600 1133 378 1136 100.26

Table 3. Results of validation of the electrophoretic technique in the parameter Precision (intermediate precision) in model mixtures

Sample number The content of chlorhexidine, Metrological characteristics The content of chlorhexidine, Metrological characteristics
pg/ml (day 1) glml (day 2)
534

1 X = 531 X =528
$=23238 S=32249

2 529 S, = 0.9485 531 S,= 13163

3 528 S'=044 526 S'=061
AX =597 AX =790

4 202 AX=243 R AX=3.38

5 533 533

6 531 525

Table 4. Results of statistical processing of the method for quantitative determination of 0.05 % solution of chlorhexidine (n = 6, P = 95 %) in real
samples

Metrological characteristics

X, pg/ml f S s GY) AX €

X

529 5 2.6458 1.0801 2.57 6.79 1.28
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nique proposed to evaluate the quantitative content of
0.05 % solution of chlorhexidine showed the compliance
of the validation parameters (specificity, linearity, accuracy
and precision) requirements of domestic and international
regulatory documents.

Subsequent tests were devoted to the quantitative
determination of chlorhexidine in real samples of its 0.05 %
solution (Table 4).

Conclusions

Quantitative determination of 0.05 % chlorhexidine solution
by capillary electrophoresis was carried out and the pa-
rameters of the validation of the electrophoretic technique
were established. The proposed electrophoretic conditions
can serve as the basis for the development of methods for
the quantitative determination of chlorhexidine bigluconate
as part of this drug.
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