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There are a number of methods for determination of diclofenac sodium in medicines; however, they
all differ by analytical methods involved depending on the drug dosage form. The aim of the study
was to develop the universal HPLC-method for determination of diclofenac sodium, which would be
suitable for quantitative determination of this active pharmaceutical ingredient (API) in various dosage
forms. In our study a chromatograph 2695 with a photodiode array detector 2996 (Waters Corp.,
USA) and the column containing the C18 phase with the particle size of 5 mm, ER-182 balances
(AND company, Japan), measuring glassware of class A were used. Validation of the method has
been conducted in accordance with the requirements of the State Pharmacopoeia of Ukraine (SPhU).
The HPLC-method for determination of diclofenac sodium in different drug dosage forms and UPLC-
variant of this method for conducting rapid measurements have been developed. Validation of the
methods proposed has been conducted, their suitability for determining diclofenac sodium in different
drug dosage forms, as well as the insignificant effect of the sample preparation on the analysis results
have been proven. The analysis of various medicines has been performed; the possibility of using
the methods developed for the analysis of existing medicines based on diclofenac sodium has been
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proven.

Among medicines used in the treatment of inflam-
mations non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the most important pharmacological groups.
Among the compounds of this series there is diclofenac
sodium, a highly effective NSAID, which is widespread
at the pharmaceutical market. More than thirty different
names of finished medicinal products, in which diclo-
fenac sodium is the active pharmaceutical ingredient (API),
are known [2].

Diclofenac sodium has the anti-inflammatory, anal-
gesic and antipyretic effects. By the intensity of the anti-
inflammatory action it is similar to indomethacin, and by
its mechanism of action — to ibuprofen. It has no effect
on the body weight, blood pressure and pulse. Diclofe-
nac sodium inhibits the activity of the enzyme cyclooxy-
genase; as a result, the synthesis of prostaglandins play-
ing a key role in development of inflammatory reactions
is disturbed.

Diclofenac sodium is used in rheumatoid arthritis,
rheumatism, ankylosing spondylitis (Bekhterev’s disease),
arthrosis, spondylarthrosis; other inflammatory diseases
of the joints, postoperative and post-traumatic edemas,
neuralgia, pain syndromes of different genesis (including
primary dysmenorrhea); when treating infectious inflam-
matory diseases of ENT organs in the acute phase [3, 6, §].

The most common pharmaceutical forms and presen-
tation of diclofenac sodium are gastro-resistant tablets
(0.025-0.05 g), 2.5% solution for injection in ampoules

of 3 ml and 1% gel. In addition to the gel with diclo-
fenac sodium the gel with diclofenac diethylamine is also
manufactured. Diclofenac sodium is also used in rectal
suppositories and eye drops in the form of 0.1% solution.

Currently there are many methods for determination
of diclofenac sodium in medicines; however, all these
methods differ by analytical methods involved depending
on the drug dosage form — acidimetry for a substance in
non-aqueous media, spectrophotometry for tablets and
ointments, the extraction-spectrophotometric method for
tablets, high-performance thin-layer chromatography for
the blood plasma and high-performance liquid chroma-
tography HPLC) for injection dosage forms. The draw-
back of this diversity of analytical methods is the lack
of versatility of each specific method, and it does not
allow applying the same analytical method to the analy-
sis of different dosage forms. In this respect the HPLC-
method potentially has the greatest versatility since the
high selectivity of the chromatographic method will al-
low eliminating components of placebo regardless of the
form of the medicine [4, 5, 7, 9, 10].

The aim of the study was to develop the universal
HPLC-method for determination of diclofenac sodium,
which would be suitable for quantitative determination
of this API in various dosage forms.

Materials and Methods

Diclofenac sodium is 2-(2-(2,6-dichlorophenylamino)
phenyl)acetic acid (in the form of sodium salt) (Sheme).
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CH,COOH

NH

Cl Cl

Sheme. The empirical formula C,,H,,CI,NO,.

It is a white or slightly yellowish crystalline pow-
der, slightly hygroscopic, readily soluble in methanol,
acetone, sparingly soluble in water, practically insolu-
ble in ether. It can be hydrolyzed; in addition, formation
of a light suspension is observed. It melts at 280°C with
decomposition.

The following equipment was used: a chromatograph
2695 with a photodiode array detector 2996 (Waters Corp.,
USA), the column containing the C18 phase with the
particle size of 5 um, ER-182 balances (AND company,
Japan), and measuring glassware of class A.

Before carrying out the main validation tests the
availability of the documents testifying to the suitability
of the equipment, raw material and reagents used was
controlled.

Validation of the method has been conducted in ac-
cordance with the requirements of the SPhU [1].

Results and Discussion

At the first stage the HPLC-method was developed
for use in the normal splitting mode. The validation of
the method developed was also conducted, and its suita-
bility for quantitative determination of diclofenac sodi-
um in different drug dosage forms was proven.

The chromatographic procedure was performed in
the following conditions:

* the column with the size of 250%4.6 mm filled with
octadecylsilyl silica gel for chromatography R with
the particle size of 5 pm or the similar one, for
which the requirements of the System Suitability
Test are met;

» mobile phase A: anhydrous formic acid R — water
R (0.5:500) degassed by any convenient way;

» mobile phase B: anhydrous formic acid R — aceto-
nitrile for chromatography R (0.5:250) degassed
by any convenient way;

* the mobile phase rate — 1 ml/min;

* the following gradient programme was used:

) . MP A, % MP B, % The elution
Time, min
vol/vol vol/vol mode
0 80 20 Isocratic mode
0—20 80—35 20—65 Linear gradient
2021 3580 65—20 Linear gradient
2125 80 20 Isocratic mode

* the column temperature — 30°C;
* the wavelength — 254 nm;
* the injection volume — 10 pl.

To work with high-speed liquid chromatographs the
UPLC-version of the method was developed; it allowed
reducing the injection time to 2 min.

UPLC-version of the method:

* the column with the size of 100x4.6 mm filled with

a sorbent with the stationary phase of octadecyl-
silyl silica gel for chromatography R or the simi-
lar one, for which the requirements of the System
Suitability Test are met;

* mobile phase A: anhydrous formic acid R — water
R (0.5:500) degassed by any convenient way;

* mobile phase B: anhydrous formic acid R — ace-
tonitrile for chromatography R (0.5:250) degassed
by any convenient way;

 the mobile phase rate — 3 ml/min;

* the following gradient programme was used:

Time, min MP A, % | MP B, % vol/ The elution mode
vol/vol vol
0 80 20 Isocratic mode
0—1 80—35 2065 Linear gradient
1-1.5 35—80 65—20 Linear gradient
1.5-2 80 20 Isocratic mode

* the column temperature — 30°C;

* the wavelength — 254 nm.

* the injection volume — 20 pl.

Based on the HPLC-method developed with the gra-
dient mode of elution the following medicines of LLC
Pharmaceutical company ‘“Zdorovye” were analyzed: Diclo-
cain-Zdorovye, solution for injection; Diclofenac-Zdo-
rovye, 1%, 3% and 5% gel; Ortophen-Zdorovye, film-
coated tablets containing diclofenac sodium in combi-
nation with other AP

When developing the method it was found that the condi-
tions of chromatography chosen allowed determining not only
diclofenac sodium, but also such substances as benzyl alcohol,
lidocaine, nipagin and nipasol included in these drugs.

Our results of quantitative determination of diclofe-
nac sodium in medicines according to the above method
demonstrate its reproducibility.

Verification of the method for quantitative determi-
nation of diclofenac sodium was carried out by such va-
lidation characteristics as specificity, linearity, conver-
gence, precision, accuracy and intermediate precision.

When conducting validation of the method it was
proven that the sample preparation had the insignificant
effect on the result of quantitative determination of di-
clofenac sodium irrespective of the drug dosage form,
therefore, the sample preparation was not performed.

Since HPLC is specific in the method used, to prove
the specificity of the method it is sufficient to meet all
requirements to the criteria of linearity, convergence, pre-
cision, accuracy and intermediate precision.

Linearity of the method was assessed within the whole
range of the method application by the method of stan-
dard. The study of the dependence of the optical density
on the concentration was performed using 9 model solu-
tions for analysis with the concentrations of 10, 20, 40,
60, 80, 100, 140, 180 and 210%.
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Table 1
Characteristics of the linear dependence
Parameters Values Requirements 1 Requirements 2 Conclusion
b 1.005014
Sb 0.0033776273
a |-0.22252903| <=10.71113478| <=15.6579048| | the first criterion is met
Sa 0.38243333
RSD, 0.67417305
RSD,/b 0.6708096| <=18.6044636| met
RSD, 70.78
r 0.99995464] >10.99258331] met
Note: Student (95, 1, 8) = 1.8595. Conclusion: the requirements to linearity are met.
Table 2
The results of analysis for model solutions and their statistical processing
Test 1 Name | Means, C s, C, RSD, S./C.x100 S xt
solutions ' ' i i : : y
1 RS 100.005 100 100 100 0.007071 100 0.39821804
2 M1 10.16 10 10.159492 10 0.696 101.59492 0.65992175
3 M2 20.37 20 20.368982 20 1.1802 101.84491 0.61087658
4 M3 40.465 40 40.462977 40 0.2971 101.15744 0.52171395
5 M4 59.29 60 59.287036 60 0.3101 98.811726 0.45028706
6 M5 80.245 80 80.240988 80 0.2555 100.30123 0.40606546
7 M6 99.13 100 99.125044 100 0.214 99.125044 0.39821804
8 M7 141.04 140 141.03295 140 0.2106 100.73782 0.49053819
9 M8 180.265 180 180.25599 180 0.3099 100.14222 0.67000653
10 M9 211.565 210 211.55442 0.17714 210 100.7402 0.82943268
220 To conduct measurements and calculation of metro-
210 v logical estimati
gical estimation of convergence and accuracy of the
?gg method three values of peak areas for the reference so-
180 ’ lution and 27 values of peak areas for model solutions
170 were obtained. Actual values (Xi,,), the ratio of average
160 values of the peak areas for each of 27 solutions to the
150 7 average value of the peak area of the reference solution
Eg were calculated, getting values X, = (C/C,)x100%, Y, =
120 (8/S,)x100%, as well as value Z, = (Y/X))x100% rep-
110 resenting the concentration found (%) to the concentration
100 introduced. The results of calculations are given in Tab. 2.
90 To assess the intermediate precision the relative confi-
?8 dence interval for 5 parallel measurements of the quanti-
60 / tative content of substances was used, it should be less
50 than maximum acceptable uncertainty of the results of
40 v the analysis: A,<1.6%. Tests were performed by different
30 analysts using one batch of the medicine on the same
20 chromatograph in different days and using different measu-
100 200 ring glassware.

Fig. The linear dependence of the peak area on the concentration of
diclofenac sodium in the normalized coordinates.

The results obtained were statistically processed by
the least square method according to the requirements
of the SPhU.

In our case the requirements to the linear dependence
parameters were performed within the whole range of
the method application (10-210%) (Fig., Tab. 1).

The intermediate precision was confirmed by the fact
that the value of the relative confidence interval for five
parallel measurements of one batch of the drug satisfied
the acceptance criterion (A, = 0.22%=<1.6%).

CONCLUSIONS

1. The HPLC-method for determination of diclofe-
nac sodium in different drug dosage forms and UPLC-
variant of this method for conducting rapid measurements
have been developed.
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2. Validation of the methods proposed has been conducted,
their suitability for determining diclofenac sodium in different
drug dosage forms, as well as the insignificant effect of the
sample preparation on the analysis result have been proven.

3. According to the methods developed the analysis
of various medicines, in which diclofenac sodium is the

active substance (or one of the active substances), has
been performed. An excellent separation of diclofenac
sodium peaks with peaks of other components of the
drug has been determined, and it proves the possibility
of using the methods developed for the analysis of exis-
ting medicines based on diclofenac sodium.
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PO3POBKA OPUIHANBbHOI METOOUK BU3HAYEHHSA OUKITO®EHAKY HATPIIO B PI3HUX

DOPMAX NIKAPCbKUX MNMPEMAPATIB

B.A.XaHiH, O.M.KomeHko, O.0.Moiceee, O.B.[Jopoecbkuli
Knroyoei croea: duknogheHak Hampito; sucokoeghekmueHa pidkicHa Xxpomamoepagusi; KifbKicHe

8U3Ha4YeHHs1; eanioauisi

Ha ¢cb0200Hi icHye HU3Ka MemoOuUK 8U3Ha4YeHHs OUKITOGhEHaKy Hampito 8 fiKapCbKux rpernapamax,
00Hak 8 Hux 3a0isiHi pi3Hi aHaimuy4Hi Memoou 3anexHo 8i0 rikapcbKoi ghopmu npenapamy. Memoro
GaHo20 OocnidxeHHs1 cmara po3pobka yHisepcanbHoi BEPX-memoduku gusHadyeHHs] QuKriogheHaky
Hampito, sika MoXxe 3acmocosysamuchk Oris KiflbKICHO20 8U3Ha4eHHs Ub020 ADI 8 pisHUX fikapCbKuX
gopmax. Y 0ocrnidxKeHHsIX suKopucmosysarsu xpomamozpagh 2695 3 diodHoMampu4yHUM demeKmo-
pom 2996 cbipmu Waters Corp. USA 3 KoroHKoro, sika micmums ¢pasy C18 3 po3mipom yacmok 5 Mm,
gazu ER-182 ¢bipmu AND Japan, mipHuti nocyd knacy A. Banidauisi Memoduku riposodurnack 8idnogioHo 4o
sumoez [J®Y. PospobrneHa BEPX-memoduka eu3Ha4yeHHs1 QUKITOGheHaKy Hampito 8 Pi3HUX JliKapCbKUX
gopmax ma UPLC-eapiaHm uiei Memoduku 0551 npogedeHHs eKkcripec-eumiprosaHs. [poeedeHa sarii-
Oaujisi 3arporioHosaHux Mmemoduk, dosedeHa ix npudamHicmp 0115 8U3HaYeHHsT QUKITOheHaKy Hampito
8 PIi3HUX JliKapCbKUX ghopMmax ma Hecymmesul eriug rpobornid2omosKku Ha pe3ysibmamu aHarisy.
lNposedeHo aHarni3 pi3HUX rikapCbKUX rpenapamige ma dogedeHa MOXU8ICMb 8UKOPUCMAaHHS po3-
pobrieHux memoduk 0511 aHani3dy iCHyr4UX JliKkapCbKUX rpenapamig Ha 0CHO8I QUKIogheHaKy Hampiro.

PA3PABEOTKA OPUr'MHATNIbHOW METOAUKW ONPEOENEHUA OUKNO®EHAKA HATPUA

B PA3ITMYHbLIX POPMAX JIEKAPCTBEHHbLIX MPEMAPATOB

B.A.XaHuH, A.M.KomeHko, A.A.Moucees, A.B.[Jopoeckol

Knrodeenie crioea: dukrogheHak Hampusi; 8bICOKOIghhbeKkmusHasi XUOKOCMHas xpomamoepaghusi;

Konu4yecmeeHHoe onpederneHue; sanudayusi

Cywecmsyem psid memoOuk orpedeneHusi QUKIIoheHaka Hampusi 8 fieKkapCcmeeHHbIX cpedcmeax,
00HaKOo 8Ce OHU pa3srfu4yaromcs 3adelicmeo8aHHbIMU aHaIuUMUYecKUMU Memodamu 8 3agucumMocmu
om niekapcmeeHHoU ¢hopmMbl fipenapama. Llenbro 0aHHO20 uccriedosaHuUsi cmarna paspabomka yHu-
gepcarnbHoU BAOXKX- memoduku onpedeneHusi OuknogheHaka Hampusi, kKomopasi bbina 6bl npuaodHa
0nsl Koru4ecmeeHHo20 onpederieHuss amoao A®U 6 pasanuyHbiX rnekapcmeeHHbIX ¢hopmax. B uc-
crnedosaHusiX ucrosib3o8aH xpomamoepagh 2695 ¢ duodHomampuyHbim demekmopom 2996 chbupmebl
Waters Corp. USA ¢ konoHkol, codepxaweti ¢pazy C18 ¢ pasmepom Yyacmuuy 5 MM, eecbl ER-182
pupmbl AND Japan, mepHasi nocyda knacca A. Banudayusi memoduku ripogodurnacbs 8 coomeem-
cmeuu ¢ mpebosaHusmu @Y. PazpabomaHa BO)KX-memoduka onpedeneHus dukrnogeHaka Ha-
mpusi 8 pasnuyHbIX fiekapcmeeHHbix ghopmax u UPLC-eapuaHm amol memoduku 01151 npoeedeHUst
aKcrnpecc-uamepeHul. NposedeHa sanudauyus npedrioXeHHbIX MemoOuK, O0Ka3aHa Ux npu2odHocmb
0ns onpedeneHusi QUKNogheHaka Hampusi 8 pasfiuYHbIX JIeKapCmMeeHHbIX hopMmax u HesHadyumMoe
grusiHue npobornodeomoeKku Ha pe3yribmam aHanau3a. BbinonHeH aHanu3 pasfiu4yHbIX 1eKapCmeeH-
HbIX cpedcme u OoKazaHa 803MOXHOCMb UCIMOMb308aHUs pa3pabomaHHbIXx MemoOuK Orisl aHau3a
cyuwecmsyrowux iekapcmeeHHbIX cpedcme Ha OCHoge QUKIogheHaka Hampusi.



