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= Introduction. Pharmaceutical dosage forms with diosmin are allowed for medical use in Russian Federation. Simple
and informative methods of diosmin quantitation for drug quality control are needed.

Aim: determination of metrological parameters of diosmin quantitation in pharmaceutical dosage forms by UV-
spectrophotometry.

Matherials and methods. The study subjects Venarus®, Detralex® (tablets, suspension), Phlebopha®. Diosmin were
quantified by UV-spectrophotometry. The reference-specific absorbance values of diosmin at wavelengths of 268 and
370 nm by the parameters of calibration were determined. Statistical data processing was carried out by the methods
of variation statistics, correlation, one-way analysis of variance using computer programs ChemMetr 1.0, ChemMetr
Evaluation 1.0, Statistica 6.0 (Statsoft Inc., USA).

Results. The range of diosmin quantitation by UV-spectrophotometry was revealed for the wavelength of 268 nm —
0,0001-0,001%, 370 nm — 0,0002-0,002%. The reference-specific absorbance values for diosmin at the wavelength of
268 and 370 nm in a sodium hydroxide solution 0,02M were 463,0 + 24,6 and 259,0 * 9,9 respectively. The mean errors
of diosmin concentrations in pharmaceutical dosage forms were revealed for the wavelength of 268 nm — 8-12% and
for 370 nm — 6-8%. Prognostic calculation of the sample preparation error (extraction) for diosmin was performed
using the example of Detralex® tablets. The sample preparation error was 8%.

Conclusion. The values components of error for reference-specific absorbance value and sample preparation error
for diosmin quantitation were determined (as exemplified by the study of Detralex® tablets). Calculation algorithms
can be used for error estimation of sample preparation for other multicomponent samples in drug quality control.

= Keywords: diosmin; UV-spectrophotometry; metrological parameters; quantitation; reference-specific absorbance
value.
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= Beedenue. B PD 3aperucTpupoBaHO psif IeKapCTBEHHBIX IIPENApPaTOB Ha OCHOBE (hapMalleBTINIeCKO CyOCTaHIINY AVIOC-
MIHa. HII}I KOHTPOJIA Ka4€CTBa JIEKAPCTBEHHBIX IIpEITapaToOB HCO6XO,[[I/[MbI IIPOCTbIE N I/[H(l)OpMaTI/IBHbIe METO/bI aHA/IM3a.

Ienv uccnedosanus — onpepeneHye METPOTOTMIECKIX XapaKTePUCTUK METORMKY KOTIIECTBEHHOTO OITpefieNIeHNs
AMOCMUHA METOMIOM CIIEKTPO(OTOMETPUM B HEKOTOPBIX JIEKAPCTBEHHBIX IIperaparax.
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Mamepuanvt u memoovt. O6beKTaMu UCCIENOBaHs ObUIM IEKapCTBEHHBIE IIpenapaTrhl Ha OCHOBe (papMalieBTIIe-
cKoit cybcTaHiuy fuocMuHa: «Benapye», «[letpamekc» (tabnerku, cycrensus), «dne6odar. [ KonuuecTBEHHOTO
oIpefeieHNs VCIIONb30BaIN MeTOf crieKTpodoTomerpun B YD-amamnasone. 3HaueHNs YAEIbHBIX MOKa3aTesnell mo-
ITIOIE€HNA JUOCMIHA ITPY IZIMHAX BOMH 268 1 370 HM OIpefeNnsay 1o IapaMeTpaM I'Pa/iypOBOYHBIX 3aBUCUMOCTEI.
Cratuctudeckyio o6paboTKy aHa/IMTUIECKUX JAHHBIX OCYIeCTB/IS/IV METOaMI BapUALIIOHHOI CTAaTUCTYKM, KOppe-
JISILMOHHOTO, OZHO(AKTOPHOTO AMCIIEPCHOHHOTO aHaMM3a C IpUMeHeHeM KOMIboTepHbIX Tporpamm ChemMetr 1.0,
ChemMetr Evaluation 1.0, Statistica 6.0 (Statsoft Inc., USA).

Pesynvmamuvi. Pabounit gyama3oH METORMKM CIEKTPOGOTOMETPUUECKOTO OIPETeTeHNMs JUOCMUHA COCTABII IS
aHAUTUYECKUX AIMH BOMH: 268 HM — 0,0001-0,001 %, 370 aM — 0,0002-0,002 %. 3HaueHM yeNbHbIX IIOKa3aTeneln
MOTTIONIeH M AMOCMMHA TP A/IMHAX BOMH 268 1 370 HM B pacTBOpe HaTpuA TMAPOKcKAa KoHneHTpanuy 0,02 Monb/n
coctaBunu 463,0 + 24,6 1 259,0 = 9,9 cooTBeTCTBEeHHO. BenmmunHa OTHOCUTEIBHON OMIMOKM IPK OIpefeeHnN Cpef-
HETO 3HAYEHMS COIEPKaHMA [MOCMMHA B JIEKaPCTBEHHBIX IIpelaparax HaXoAWIach B AnamasoHax: 8-12 % — mia
QHA/IUTUYECKOI! IIMHBI BOMHBI 268 HM 1 6-8 % — mnsa 370 uM. Ha mpumMepe ananusa tabnetok «Jlerpanekc» Hamu
OBbIT BBIIIO/THEH [TPOTHOCTUYECKMII PacueT OTHOCUTENTbHOI OMMOKY (IOTPEIIHOCTH) CTENIeHN M3BIeIeHNsI JUOCMUHA
(mpobonoaroToBku), oHa coctaBuna 8 %.

3axmouenue. YCTaHOBICHBI Be/IMYVHBI BK/IA/[OB B OTHOCUTENbHYIO OMIMOKY METORUKY KOTMYECTBEHHOTO OIIpefie-
JIEHN YieNbHBIX TTOKa3aTesIell IOIIOeH N IUMOCMIIHA, a TAK)Ke CTeNIeH) U3B/IeYeHNA TMOCMIHA U3 aHATU3UPYeMbIX
JleKapCcTBeHHBIX GopM (Ha ImpuMepe aHanu3a TabneTok «JJeTpanekc»). PacueTHble aITOPUTMBI MOTYT VCIIONTB30BAHbI
IS TEOPETIIECKOI OL[eHKY IOTPELIHOCTY IIPOOOMOATOTOBKI /IS APYTMX MHOTOKOMIIOHEHTHBIX OOBEKTOB aHa/In3a
B KOHTpOJIe KaueCcTBa JIeKapCTBEHHBIX CPEJCTB.

= KimioueBble crmoBa: OINOCMMUH; yq)-CHeKTpO(bOTOMCTpI/IH; METPOJIOTMYECKNE XAPAKTEPUCTUKI; KOIMIECTBEHHOE

OIIpENEIEHNE; Y,[[e]lebII‘/'[ IIOKA3aTe€/Ib ITOT/IOIIECHMA.

Introduction

Several drugs based on the pharmaceutical
substance diosmin (3',5,7-trihydroxy-4'-methoxy
flavone-7-rutinoside) have been registered in the
Russian Federation [1]. The corresponding phar-
macopoeial monographs propose a quantitative
determination of the main active ingredient and
specific impurities using high-performance liquid
chromatography to control their quality.

An urgent issue is the analytical method deve-
lopment using simple methods of analysis that are
available in routine practice, with acceptable met-
rological characteristics [2]. Spectrophotometry is
used as an alternative variant of the quantitative
analysis of diosmin [3].

This study aimed to determine the met-
rological characteristics of the method for the
quantitative determination of diosmin by spec-
trophotometry in some drugs.

Materials and methods

The objects of the study were drugs based on
the pharmaceutical substance diosmin, namely
Venarus, Detralex (tablets and suspension), and
Phlebopha.

A pharmacopoeial standard sample of diosmin
(Hyderabad, India) was used asa comparison sample.

Sample preparation of the analyzed drugs was
performed by extracting sodium hydroxide solu-

tion at a concentration of 0.02 mol/L. Ultraviolet
spectrophotometry was used for the quantitative
determination of diosmin. The values of specif-
ic absorption indices at wavelengths of 268 and
370 nm were determined based on the corre-
sponding equation parameters of the calibration
dependences.

Statistical processing of analytical data was per-
formed using the methods of variation statistics,
correlation, one-way analysis of variance using
computer programs ChemMetr 1.0, ChemMetr
Evaluation 1.0 [4, 5], and Statistica 6.0 (Statsoft
Inc., USA) [6].

The theoretical value of the convergence limit
RSD_r of the investigated quantitative determi-
nation methods was calculated according to the
Horwitz equation [7]:

RSD r=0.67-RSD_R; RSD R =2!-0510gC,
C = w/100;

where w is the concentration of the analyte in
the sample, % (wt.); RSD_R is the reproducibility
limit, %; and C is the concentration factor.

The theoretical value calculation of the stan-
dard deviation S,, and the relative error of the
mean ¢,, based on the convergence limit RSD_r
of the method was performed according to the
equations:

Saw = (RSD_r - x,,) - 100;
Ax =S, t(P, f);
€ = (Ax/x,,) - 100,
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where x,, is the average value of the analyte con-
tent in the sample; t(B f) is the Student’s ¢-test;
and Ax is the half-width of the confidence interval
of the analyte content mean value.

The calculation of the relative error ¢,, of the
method for quantitative analysis of diosmin was
performed by the equation:

2 2 2
() (&) (&)

= || 2| +| 22| 4+ 22,
X X2 Xy

where 0,,, 0,,, and o,, are the values of the abso-
lute measurement errors of the individual stages of
the quantitative determination procedure; x,, x,,
and x, are the values of the measured quantities
during the implementation of the quantitative de-
termination method.

Results and discussion

The choice of the extractant for sample prepa-
ration of the analyzed drugs was determined by
the solubility of diosmin. Diosmin is practically
insoluble in water and ethyl alcohol. The solubility
of diosmin in sodium hydroxide solutions is due

Iable 1/ Tabnnya 1

to the ionization of phenolic hydroxyl groups (for-
mation of phenolates). Therefore, a sodium hy-
droxide solution at a concentration of 0.02 mol/L
was used for the preparation of standard sample
solutions of diosmin and its extraction from the
analyzed drugs.

The technique working range with the linear
nature of the optical density depending on the
diosmin concentration was 0.0001%-0.001% and
0.0002%-0.002% for analytical wavelengths of 268
and 370 nm, respectively.

The specific absorption indices values of di-
osmin at wavelengths of 268 and 370 nm in
a sodium hydroxide solution at a concentration
of 0.02 mol/L were 463.0 + 24.6 and 259.0 + 9.9,
respectively.

The relative errors of the above absorption
indices, which were determined in five series of
parallel determinations and affected the over-
all error of the determination results, were 5.3%
and 3.8%.

The metrological characteristics of the meth-
od for the quantitative determination of dios-
min by spectrophotometry are presented in
Table 1.

The metrological parameters of diosmin quantitation in pharmaceutical dosage form by means of UV-spectrophotometry
MeTponoruyeckue XxapakTepucTUKM METOAUKN KONIMYECTBEHHOrO ONPefiesIeHns AUOCMUHA METOI0M CneKTpohoTomeTpum

B HEKOTOPbIX NEKapCTBEHHbIX Npenaparax

Drug/Wavelength Y, mg% X, mg%| &2 S P t(P,f) AX &% | €% | 8, %
Detralex susp./268 nm 0.9 9 092 |0.021 | 0.15 | 095 | 2.26 | 0.33 | 36.06 | 11.40 | 1.79
Detralex susp./370 nm 1.8 9 1.69 | 0.022 | 0.15 | 0.95 | 2.26 | 0.34 | 19.82 | 6.27 | 5.82
Venarus/268 nm 0.9 9 0.86 | 0.01 | 0.098 | 095 | 2.26 | 0.22 | 25.80 | 8.16 | 4.48
Venarus/370 nm 0.9 9 0.89 | 0.011 | 0.10 | 095 | 2.26 | 0.24 | 26.38 | 8.34 1.10
Detralex tabl./268 nm 0.9 9 0.92 | 0.015| 0.12 | 095 | 2.26 | 0.28 | 30.06 | 9.51 | 2.09
Detralex tabl./370 nm 0.9 9 0.86 | 0.006 | 0.076 | 095 | 2.26 | 0.17 | 20.09 | 6.35 | 5.04
Phlebopha/268 nm 0.6 9 0.60 | 0.011 | 0.10 | 095 | 2.26 | 0.24 | 38.99 | 12.33 | 0.29
Phlebopha/370 nm 1.2 9 1.20 | 0.02 | 0.14 | 095 | 226 | 0.32 | 26.31 | 832 | 0.32

Note. p: true (accepted reference) level of diosmin concentration in the pharmaceutical dosage form; x,,: average
diosmin concentration in pharmaceutical dosage form (experimental value); f: degrees of freedom; §% dispersion; S:
standard deviation; P: confidence level; Ax: confidence interval half-width of the average diosmin concentration; &:
relative single measurement error, %; €,,: relative average value measurement error; §: relative mean value bias of dios-
min concentration in pharmaceutical dosage form from the true value of the concentration.

I[IpumMevaHMe. L — UCTMHHOE 3HAYEHNE COTEPKAHNS JMOCMIHA B TeKapCTBEHHOM IIpenapaTte (IpUHITOE OLop-
HOE 3HAYEHME); Xcpe; — CPEMHee 3HaueHMe COMEpXKaHUs MOCMIHA B JIEKAPCTBEHHOM IIperapaTte, ONpeflefieHHOe
9KCIIEPUMEHTAIBHBIM ITyTeM; f — YUCTIO CTelleHel cBobopl; S* — mucnepcust; S — CTaHAapTHOE OTKIOHeHMe; P —
YPOBEHb JJOBEPUTENIbHOM BEPOATHOCTY; AXx — IMOTYLIMPMHA JOBEPUTEIBHOTO MHTEPBaIa CPEeJHEro 3HaYeHNs; € —
OTHOCHTE/bHAs OUIMOKA (MOTPENIHOCTD) EUHNIHOTO OMPETENEHNS; € e, — OTHOCUTENbHAS ONIMOKA (OTPENTHOCTD)
CpefHero 3HaueHusl; O — OTHOCUTETbHOE OTK/IOHEHVE CPEHEr0 3HAYEHVS COIEPXKaHMs IMOCMIHA B IEKaPCTBEHHOM
IperapaTe OT ICTMHHOTO 3HAYEHMsI COTep)KaHus (CrcTeMaTidecKast OMnoKa).
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Elb/e 2/ Tabnnya 2

Findings of variance analysis for comparison of the relative mean error and bias to quantitate diosmin in the drugs

by UV-spectrophotometry

Pe3ynbTaTbl AUCNEPCUOHHONO aHaNM3a ANs CPABHEHUS OTHOCUTENbHOI OLINGKM CPeHEro 3HAYEHUs U CUCTEMaTHYECKO#
OWWMGKM NpK ONPEAENEHNH JUOCMUHA B IEKAPCTBEHHBIX NPEnapaTax METOA0M CneKTPotoToMeTpuM

Total sample Effect variance |Intergroup variance| Error variance P Significance
Parners variance S8, MS; SS MS,, TOHICHON level p
€av 268 nm / €av 370 nm 18.36 18.36 14.60 2.43 7.54 0.033
0268 nm / 9370 nm 1.65 1.65 31.91 5.32 0.31 0.60

Note. g, relative error of average value; d: relative deviation (bias) of diosmin average concentration in pharmaceuti-

cal dosage form from the true value of the concentration.

[IprMedaHUe. Eqpey

— OTHOCKUTe/bHAs oUMOKa (IIOTPEIIHOCTD) CPeSHEro 3HaUYeHNsT; O — OTHOCUTENbHOE OTKIIO-

HEHNE CPENHETO 3HAYEHMA COAEP KaHMA JUOCMIHA B JIEKAPCTBEHHOM IIp€eIlapaTe OT MCTMHHOI'O 3HA4Y€HMA COeprKa-

Hud (cucTeMaTuyecKas ommbKa).

A significant difference was noted in the rela-
tive error of the mean value at two analytical
wavelengths for all analyzed drugs, so that the
value of the determination error at a wavelength
of 268 nm was statistically significantly greater
than that of 370 nm, except for the Venarus.

The relative error in determining the average
value of the diosmin concentration was within
8%-12% for the analytical wavelength of 268 nm
and 6%-8% for 370 nm.

The results of one-way analysis of variance
confirm the presence of statistically significant
differences for the parameter “relative error of the
mean value of the diosmin concentration in the

Eble 3/ Tabmmya 3

pharmaceutical dosage form,” and the significance
level of the F-criterion was <0.05. The bias of de-
terminations did not significantly differ at analyti-
cal wavelengths of 268 nm and 370 nm (Table 2).

The analysis of the correlation dependences
“relative error of the mean” and “systematic error”
in the sample of results combined for two ana-
lytical wavelengths show the presence of a high
relationship, as the value of the correlation coef-
ficient r is —0.73.

The above dependencies, calculated for ana-
lytical wavelengths of 268 nm and 370 nm, are
characterized by a very high relationship, with the
values of the correlation coefficients r of —0.94

The error evaluation of diosmin quantitation in Detralex® tablets using UV-spectrophotometry
MeTponoruyeckas OLEeHKa OLIMGKM METOANKN KONMYECTBEHHOrO ONpPeeNneHus AUOCMUHA B TabneTkax «JleTpanekc»

METO[I0M CNEKTPOOTOMETPHM

No. Analysis stage Absolute error oy (gz;)a{;i\.n: S(r]r’q;o
1 | Taking an accurate sample of 1.0 g 0.0002 g 0.020
2 | Measuring the volume of 250 ml (volumetric flask) 0.3 ml 0.12
3 | Dispensing a 1 ml aliquot (pipette) 0.01 ml 1.00
4 | Measuring the volume of 500 ml (volumetric flask) 0.5ml 0.10
5 | Measurement of optical density at 268 nm 0.004 0.93
(spectrophotometer SF-2000)
6 | Error of the specific absorption index value, 268 nm - 5.30
7 | Calculated diosmin recovery: - 7.95/16.60
ChemMetr Evaluation 1.0 program/Horwitz equation
Calculated relative error ¢,,, % (excluding the sample preparation relative error, 5.2
ChemMetr Evaluation 1.0 program)
Calculated convergence limit RSD_r, % (Horwitz equation) 7.7
Calculated relative error ¢,,, % (Horwitz equation) 17.4
Relative error ¢,,, %, determined during the experiment 9.5
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and —0.98, respectively. Therefore, an increased
relative error of the diosmin content mean value
in drugs is associated with an increased contribu-
tion of random errors, including errors in sample
preparation (varying the degree of diosmin extrac-
tion). The magnitude of the systematic determi-
nation error does not depend on the wavelength
used by the analyst.

A predictive calculation of the relative error of
diosmin extraction degree (sample preparation)
was performed using the example of the analysis
of Detralex tablets, which was based on the fol-
lowing principles:

+ considering the minimum levels of errors at
each stage of the analysis, except for the ex-
traction of diosmin from a weighed sample of
tablets;

« availability of experimental data on the value
of the total relative error in determining di-
osmin;

« square additivity of the relative errors of indi-
vidual stages of the analysis (Table 3).

The relative sample preparation stage error,
namely the degree of extraction of diosmin from
Detralex tablets was 8%. The variant of calculat-
ing the total relative error of analysis according
to the algorithm based on the Horwitz equation
reached 17%.

Regardless of the used prognostic calculation
variant, the stage of sample preparation makes the
greatest contribution to the error of the method
of spectrophotometric determination of diosmin
in Detralex tablets.

Conclusion

Therefore, as a research result, the metro-
logical characteristics of the method for the
quantitative determination of diosmin by spec-
trophotometry in a number of drugs were de-
termined. The contribution values to the relative
error of the specific absorption technique indi-
ces of diosmin at analytical wavelengths of 268
and 370 nm, as well as the extraction degree of
diosmin from the analyzed dosage forms (for
example, Detralex tablets analysis), have been
established. The proposed computational algo-
rithms can be implemented for the theoretical
assessment of the sample preparation error for
other multi-component objects of analysis in the
quality control of medicines.

The authors declare no conflict of interest.
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