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Development and validation evaluation of methods of quantative determination
of pulegone in the Ziziphora bunge essential oil

Validation characteristics of analytical methods of quantifying pulegone in the essential oil of herb Ziziphora
bungeana Juz have been studied. The results of validation showed that the above analytical technique mééts:
the requirements of the test for specificity, accuracy, is characterized by a linear dependencegdin the
investigated range of application of analytical techniques, proper accuracy and convergence of the results.
A regulated rate of the main component pulegone in the essential oil of Ziziphora bungeana Juz has®been de-
termined: its contents must be not less than 40 %.
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Introduction

Analytical methods used for quality control of medicinal productsyshallzbe valid, i.e., have sufficient
correctness, specificity, sensitivity and pretentiousness. Validation of newianalytical techniques can detect
and eliminate disadvantages of the method still at the early stdges of pharmaceutical development. After
validation work there is confidence in the very procedure, and the quality of the developed finished product
as well [1-3].

On the basis of the results of validation assessment pharmaceutical level of requirements for quality and
safety of herb Ziziphora bungeana Juz. in terms of «quahtitativejdetermination of pulegone in the essential
oil» has been established. The results were used tosdesigmyan analytical normative document «Ziziphora
bungeana Juz. herb.»

The purpose of this study is carrying out_validation of the method of quantitative determination of
pulegone in the essential oil of herb ZiziphorafbungeanaJuz.

Materials and methods

Herb Ziziphora bungeana Juz. used inthe experiment was collected in the foothills of the Jungar Alatau
in the flowering phase in July 2014. The reagent solutions and solvents of brand just for the sake of analysis
used in the experiment were prepared in aecordance with the requirements of the State Pharmacopoeia of the
Republic of Kazakhstan. Chromatographic analyzes were performed on a gas chromatograph with an Agilent
6890 N with mass selective detector Agilent 5973 N and a flame ionization detector (Agilent, USA) and data
were collected and intggratéd using the program Microcal Origin and Statistica 12. As additional equipment
and materials there were used analytical scales (Radwag, Poland), Clevenger’s unit (Russia), electric stove
(«Electrical» JSCf Russia)ehemical vessels (PAL Steklopribor, Russia), the mill POLYMIX PX-MFC 90D
(Kinematica, Switzerland).

Methodsyef quantitative determination. The test is performed by gas chromatography [2; 2.2.28].

The [testgsolution. 25 mg of the essential oil obtained by quantifying the essential oil is placed into a
yolumetrieflask of 50.0 mL, dissolved in 15.0 mL of hexane P, adjusted with the same solvent to the mark
and mixed until complete dissolution of the essential oil.

Comparison solution. 10 mg SS SPh RK pulegone is placed in a stoppered flask with a capacity of
25 mk, dissolved in 3.0 mL of hexane P, adjusted with the same solvent to the mark and mixed.

Test solution and reference solution are processed in equal amounts (1 microliter) by gas chromatog-
raphy with a mass spectrometric detector under the following conditions:

—capillary column RestekRxi®-1ms size of 30 m % 0.25 mm x 0.25 mcm filled with 100 %

dimethylpolysiloxane;

— carrier gas: helium for chromatography R;

— carrier gas rate — 1.0 mL/min;

— division of the flow — 1:25;

— temperature.
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The Chromatographic conditions are shown in Table 1.

Table 1

Chromatographic conditions

Time, min | Temperature, °C
Column 0 40
0-120 40-280
Evaporator 280
mass spectrometry detector EI =70 eB 240

Chromatography time should be 120 min in the mode of scanning ions 39—500 m/z.

Pulegone peak retention time is of about 32.8 min.

A chromatographic system is considered suitable if the symmetry factor calculated for pulegone peak in
the chromatogram of the reference solution is no less than 0.6.

Pulegone content is calculated in the essential oil as a percentage by the formula

v Simy P-100-50 S, -m,-P-2
S, -m, -100-25 S, -m

where S — the average value of the peak areas in the chromatogram of the test solution; S, — the average
value of the peak areas in the chromatogram of the reference solutionjim/=—=,mass of sample SS SPh RK
pulegone, in milligrams; m; — mass of the test specimen sample, in milligtams; P — content in the SS SPh
RK pulegone, as a percentage.

Results and discussion

The method of quantifying pulegone in the essential oil @fheth Ziziphora bungeana Juz. was discussed.
Validation of the test method was carried out by gas-liquid chromatography by the following characteristics:
specificity, accuracy, convergence, within-precision,dinearity, range of applications, a total uncertainty of
the forecast methodology.

Specificity. The chromatograms confirming theyspecificity of the methodology are presented in Fig-
ures 1 and 2.

The specificity is confirmed by the faet that:

— the retention time of the pulegong'peak inithe chromatogram of the test solution coincides with the re-
tention time of the corresponding peak in the chromatogram of the reference solution with an accura-
cy of 0.1 %;

— the number of theoretical plates by?pulegone peak in the chromatogram of the reference solution was
3479;

— the symmetry factor Calculated for the pulegone peak in the chromatogram of the reference solution
peak was 7.4;

—selected chromatographic conditions allow to separate the peaks of pulegone and piperitone, the sepa-
ration factor was S¥77 The resulting chromatogram is shown in Figure 2.
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Figure 1. Chromatogram of the test solution
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Figure 2. Chromatogram of the comparison solution

Correctness characterizes the degree of correspondence between the known a reference val-
ue and the value obtained by this method, while the convergence describes the a¢cu technique [2].
The results of calculation of metrological characteristics of the methods by varyi e concentrations are

shown in Table 2.

Table 2

ion of analytical techniques

Assessment of correctness, convergence, the range on

SS SPh RK pulegone Essential oil Ziziph naJuz.
Nominal concentra- . . . o

No tion of SS SPh RK. Ne Quantitative ¢ le one in % Withdrawability, %
of sample % of sample | the test po ential oil, %

1 80 80.12 100.16

2 85 85.12 100.15

3 90 89.61 99.57

4 95 95.48 100.50

5 100 100.05 100.05

6 105 106.77 101.69

7 110 110.21 100.19

8 115 115.18 100.15

9 120 119.82 99.85
Average X , % 100.26
Standard deviation SD 0.65473
Relative standard devia
RSD=STD'100 o 0.6530

X
Relative cg ceinterval of the average value Ax =¢(95%,8)-SD =1.860-0.65473 , % 1.2178
=[x 100], % 0.26

0< Ax/3=0.4059 Satisfying
Fet satisfying 1, 1o 6 < 0.80 Satisfying
The overall conclusion on the procedure Correct

From the data shown in Table 1 it follows that for determining pulegone the analysis technique has suf-
ficient accuracy and convergence, is correct throughout the concentration range of 80—120 % and has an in-
significant systematic error, the relative standard deviation (RSD) is not more than 2.0 %.

Linearity was examined within a range of analytical techniques application over nine independent con-
centrations in the range of 80—120 % of the nominal content of pulegone in the essential oil [4]. The metro-
logical characteristics of a linear dependence of methods are shown in Table 3.
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Table 3
Metrological characteristics of a linear dependence of analytical methods
Parameters Requirements Values Comment
The regression equation y=1.0049-x — 0.22778
B — 1.0049 Compliant
Sy - 0.01691
e . 022778 Compliant
S, — 1.70455
SD 2.0 0.65473 Compliant
P <0 1.0009-10 "° Contpliant
R >0.97 0.99901 @ompliant

Based on these data it can be stated that the linear relationship is performed on all of the criteria of con-
vergence within the specified range of application of analytical techniques. Graphical 1mage of’the linear
dependence is shown in Figure 3 in normalized coordinates.
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Figure#” Diagram'of a linear dependence

The regression coefficient in this range,is 0.99901. Calculations of the linear dependence parameters
were performed by the method of the smallest squares using a computer program Microcal Origin.

The application range of theyanalytical procedure. The interval between the minimum and the maxi-
mum concentration of the teStedisubstance in the matter, for which the analytical method requires precision,
accuracy and linearity, has beei inyestigated. The range of techniques application is from 80 % to 120 %, the
relative standard deviafion deestot exceed 2.0 %.

Precision. According to the results of the test study it was found that the effect of the within variation
(change of assayér and days of the study) do not affect the results of the experiment. RSD for each assay on
different days Was caleulated, the results do not exceed 2.0 %, as well as its total value. The technique is
characterizediby amacceptable accuracy. Evaluation of the intra-assay precision is given in Table 4.

Table 4
Evaluation of the intra-assay precision
Neof sample / Quantitative content of the pulegone in the essential oil of Ziziphora bungeana Juz.

techniques Day 1 Day 2 Day 3
correctness
indicators Assayer 1 Assayer 2 Assayer 1 Assayer 2 Assayer 1 Assayer 2

1 2 3 4 5 6 7

1 56.7 58.4 56.5 55.9 56.8 56.6

2 56.9 58.4 56.2 56.2 57.5 57.1

3 56.2 58.1 56.4 56.5 57.3 56.9

4 57.4 57.8 56.2 56.7 56.4 56.8

5 57.6 58.3 56.6 55.9 57.1 56.4
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Table 4 continue

1 2 3 4 5 6 7
6 56.5 57.7 56.1 56.4 57.5 56.7
X 56.88 58.12 56.33 56.27 57.10 56.75

RSD 0.9396 0.5531 0.4697 0.7183 0.9751 0.3668
X 56.91

RSD 1.2407

Forecast of the techniques total uncertainty. Validation of analytical methods involves determining not
only the real total error of the analysis, but also their uncertainty. In accordance with the Europgan Phatrma-
copoeia a method is considered to be correct in the case when Ax< Bupper [2.4]. Wherein it should bemoted
that the upper limit of the substance to be determined in the investigated medicinal plant material is not regu-
lated, so By magnitude is conventionally equated to the rate of the relative standard deviation (RSD),
which must not exceed 2.0 %. Calculation of the forecast of the total uncertainty of the methodelogy is given
in Table 5.

Table 5
Calculation of the forecast of the total uncertainty of analytical i methods

Characteristics Results, %
100-0.0002 ~08
0.025

100-0.0002 —02

Uncertainty of weighing a sample of essential oil on the analytical balance

Uncertainty of weighing a sample of standard pulegone substance

on the analytical balance 0.10
Uncertainty of a flask of 50 mL 0.17
Uncertainty of a flask of 25 mL 0.23
Ay . * 0.87
1
A, =——=Xt(95%;n—1)XRSD 0.87
FAO \/5
Ay =y +A, 1.23
. 1.23<2%

Correctness of complete uncertainty A< B pper correct

Note. *Ay_, _ relative uncertaintyiof sampléypreparation error; Apyo — relative uncertainty of the final analytical operation;
B\pper — upper tolerance of the testedisubstance in the raw material.

On the basis of thesebtained/data the highest contribution to the total uncertainty of the techniques is
made by the relative aincertainty of sample preparation errors (AV, r, 0.87 %) and a relative uncertainty of
the final analyticalyoperation (Ar4o, 0.87 %). Wherein the complete methodology uncertainty does not ex-
ceed 2.0 %, whi€h means its correctness when being reproduced in other laboratories.

Conclusionsy Validation of analytical methods still in the early stages of pharmaceutical development
allows idgntifying and eliminating disadvantages of the method. After validation there is confidence both in
thesamalysisgechnique, and quality of the developed medicament.

Thus, validation characteristics of analytical methods of quantifying pulegone in the essential oil of
herb&Ziziphora bungeana Juz. have been studied. The results of validation showed that the above analytical
techmique meets the requirements of the test for specificity, accuracy, is characterized by a linear dependence
in thedinvestigated range of application of analytical techniques, proper accuracy and convergence of the
results. On the basis of calculation of the total uncertainty of the methods one can judge about its correct re-
production in other analytical laboratories. A regulated rate of pulegone in the essential oil has been deter-
mined — not less than 40 %.

Cepust «Xumusi». Ne 2(82)/2016 65



Z.B.Sakipova, K.A.Zhaparkulova et al.

References

1 Irmer J., John H., Miller Mc.B. Method Validation in Pharmaceutical Analysis: A Guide to Best Practice. — Germany:
WILEY-VCH, 2005.

2 The State Pharmacopoeia of the Republic of Kazakhstan. — Vol. 1. — Almaty: Zhibek Zholy, 2008.
3 The State Pharmacopoeia of the Republic of Kazakhstan. — Vol. 2. — Almaty: Zhibek Zholy, 2009.

4 Grizodub A.I. Validation of quantitative spectrophotometric analysis techniques of medicines in accordance with the re-
quirements of SPhU // Pharmacom. — 2002. — No. 3. — P. 42-50.

3.b.Caxkpimnosa, K.A.XXanapkynosa, JI.H.U6parumosa, M.K.Kamanosa

Bynre 3u3udgopa 3¢pup MaibIHIAFbI IYJETOHHBIH CAHABIK aHbIKFay
dicTeMeciH J3ipJiey KoHe OHbIH BAJTMIALMSIIBIK 0aFachl

Maxkanana Bynre 3usudopa 3¢up MaHbIHAAFEI yJICTOHHBIH CAaHJBIK AHBIKTAY aHAJTHTHKAJIBI
BaIMIAIMSUTBIK  KOPCETKINITEpl aHBIKTaJIFaH. Banupanus KOPBITBIHABUIAPEI 3€pTTEIreH
o/licTeMe 3epTTeNly ayMaFbIH/A EPEKIIEIIK, TNIIK, JKEIUTIK, TOYSIITIK KOHE YKCACTHL

KaHaraTTaHJbIpa aJIaTBIHBIH KepceTTi. byHre 3u3udopa 3¢up MalbIHEIH Heri3ri
HakThl Meniepi 40 %-1aH keM GonMay KepekTiri OenrineHmi.

3.b.Cakunona, K.A.XKanapkynosa, JI.H.M6parumosa, M.K.Kamanosa

Pa3paboTka u BaIuJIallMOHHAS Oll€HKA U KOJIMYeCTBEHHOI' 0
omnpeeeHus MyJeroHa B 3(pupHOM udopsi byHre

B craTtbe m3ydeHB! BaIMIAMOHHBIC XapAaKTEPUCTHKU aH HNYECKQi, METOIMKH KOJIMYECTBEHHOTO OIIpesie-
JIeHUS ITyJIeTOHa B 3()MPHOM Maciie TpaBhbl 3M3H(OPEigh 3yJIBTAThl BAJUJALMH [TOKA3aJId, Y4TO pac-
JIOBUSIM TECTOB Ha CIICHU(HUIHOCTD, NPABHIb-
€MOM JIMalia30He NPUMEHEHHs aHAJIUTHISCKON
YUCHHBIX PEe3yJbTaTOB. ABTOpPAMH yCTaHOBJIECHA
oro macia 3usuopsl byHre mynerona, comepixa-

HOCTb, XapaKTepU3yeTcsi TMHEHHON 3aBUCHMOCTRIO
METO/IMKH, KOPPEKTHOW TOYHOCTBIO U CXOJ
periaMeHTHpyeMasi HopMa OCHOBHOTO KO
HHE KOTOPOT0 JIOJDKHO OBITh HE MEHEe
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