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Abstract

Introduction. An inadequate diet and living in the northern regions can lead to a lack of vitamin D, and the development of diseases, including a
decrease in immunity. To compensate for the lack of vitamin D, vitamin drugs are used that contain vitamin D in one of its active forms (usually in
the form of cholecalciferol, vitamin D,).

Aim. To develop and validate HPLC-UV method for the determination of vitamin D, in vitamin drugs and to evaluate the content of cholecalciferol
in selected drugs anddietary supplements presented in the Russian Federation.

Materials and methods. Determination of vitamin D, was carried out by HPLC with UV detection at a wavelength 266 nm. Sample preparation of
vitamin drugs was carried out by extraction with methanol (for liquid dosage forms based on aqueous or triglyceride solutions) and extraction with
an aqueous-methanol solution (for solid dosage forms based on water-soluble substances with vitamin D,) in a ratio of 2 to 8 (water-methanol).
Results and discussions. The analysis methodology for the parameter "Vitamin D, (cholecalciferol) content" in vitamin dosage forms by HPLC was
validated according to the following validation parameters: specificity; accuracy; precision; linearity; range.

Conclusion. The analysis methodology for the parameter "Vitamin D, (cholecalciferol) content" in vitamin dosage forms by HPLC was developed.
The method was validated according to the following validation parameters: specificity; accuracy; precision; linearity; range. The range of the
method was 9,5-38 pg/ml. The method was used to determine vitamin D, in vitamin drugs based on water-soluble forms of vitamin D, inthe form
of aqueous solutions and form of fatty acids triglyceridessolutions.
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Pesiome

BBepeHmne. HefoCTaToOUHbIV paUVoOH NUTaHKA 1 NPOXKMBaHME B CEBEPHDBIX PErMOHaX MOTYT CNOcobCTBOBaTb Pa3BUTHIO AedurumTa BuTammuHa D u, Kak
cnefcTeue, paga 3abonesaHnin, NPUBOAALNX K CHUMXKEHMIO MMMYHUTETa. B CBA3M C 3TUM yXe OCTAaTOUYHO [ONroe BPeMA NPUMEHAIOTCA BUTaMUHHblE
neKapcTBeHHble Npenapatbl, cofepalume BTammH D B 0AHON 13 ero akTuBHbIX GopMm (Yalle, B BuAe xonekanbundepona, ButammHa D).

© Shohin I. E., Malashenko E. A., Medvedev Yu. V., Bogachuk M. N., Kulakov S. A., Paleeva M. A., 2021
© WoxwuH W. E., ManaweHko E. A., Meggepes 0. B., borauyk M. H., Kynakos C. A., Maneesa M. A,, 2021

87


https://crossmark.crossref.org/dialog/?doi=10.33380/2305-2066-2021-10-2-87-99&domain=pdf&date_stamp=2021-05-25

88

Analytical Methods
Memode! ananusa nekapcmeeHHbIX cpedcme

Uenb. PaspaboTtaTb 1 BanuanpoBaTb MeTOAWKY OMpeAeneHus BuTamuHa D, B BUTamuHHbIX JIN meTogom BIXX ¢ AnogHOMaTpyUuHbIM
LEeTeKTUPOBaHMEM, C MOCIeYOWUM ONpPeaesieHneM coepKaHus xonekanbLuudepona B pafe neKapCcTBEHHbIX CPeACTB U GMONOrMUYEeCcKn aKTUBHBIX
no6aBok K nuwe (BAL K nuie), obpatiarowmxcs Ha poiHke PO.

Martepuanbl u metopgbl. OnpegeneHve BUTaMMHA D3 nposoaunu mMetogom BIXKX ¢ YO-peTekTnpoBaHMeM npu AjJvHE BOJSIHbI 266 HM.
Mpo6onoaroToBKa BUTaMVHHBIX JleKapCTBEHHbIX MpenapaToB 3akiioyanacb B 3KCTPAKUMM MeTaHonoM (ans xugkux JIO Ha OCHOBe BOAHbIX
pacTBOPOB 1 PaCcTBOPOB TPUMNNLIEPULOB) U BOAHO-METAHOJIHbIM PAacTBOPOM (2 : 8 BoAa — METAHON) — [N TBEPAbIX IeKapCTBEHHbIX POPM Ha OCHOBE
BOAOPaCTBOPMMbIX Cy6CTaHuUmin C BuTaMHom D,

Pesynbtathl n o6cyxpeHna. bbina nposegeHa BanupaunAa METOAMKM MokasaTens «KonuuecTBeHHoe onpefeneHne ButamuHa D,
(xonekanbuudepona)» B BUTaMMHHbIX NpenapaTtax MetogoM B3XKX no cnegyowum napametpam: cneunduyHOCTb, MPaBUIIbHOCTb, JIMHENHOCTb,
[ManasoH NpUMeHeH s, NPeLn3NoHHOCTb.

3aknioueHne. PaspaboTaHa meToavKa onpefeneHns nokasatens «CogepxaHue BuTammHa D, (xonekanbumpepona)» B BUTaMUHHbBIX IEKapCTBEHHbIX
bopmax metomom BIXKX. MeTopuka Obina BanuanvpoBaHa MO C/EAYOWMM BanMAaLMOHHBIM MapaMeTpam: cneunduyHoOCTb, MPaBUIbHOCTD,
NIMHENHOCTb, AMana3oH NPUMEHEeHWA, NPeun3noHHOCTb. [ToKa3aHo, YTo pe3ynbTaThl BanuAauun YAOBNETBOPUTENbHbI MO BCEM YKa3aHHbIM
KpuTepuam. lnanasoH NpumeHeHnsa MeToanki 9,5-38 MKr/mi. [laHHas meToaviKa 6bina ncnonb3osaHa Ana onpefeneHns BuTamnHa D, B BUTaMUHHbBIX
NeKapCcTBeHHbIX MpenapaTax Ha OCHOBE BOAOPACTBOPUMbIX Cyb6CTaHUMin BUTaMuHa D, B BrAe BOAHbIX PacTBOPOB 1 PacTBOPOB TPUIMLEPUOB
KUPHDBIX KNCNOT.

KnioueBble cnoBa: BUTaMnH Dz, xonekanbumoepon, BOXX, nekapcteeHHble cpeactsa, bALl, Bannpauna

KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyOT OTCYTCTBME ABHBIX U MOTEHLMANbHBIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C MybnvKaumeil HacToALen
cTatbu.

Bknap aBTopoB. M. H. Borauyk, M. A. MNaneesa, 0. B. MegBeaes pa3paboTanu 1 BannanpoBanu MeTOAUKY onpefeneHuns BUTaMuHa D, n nposenu
nccneposaHue obpasuos. C. A. Kynakos, W. E. loxwuH, E. A. ManalweHKo NpoBOAWAN CTaTUCTNYECKYI0 06paboTKy 1 MHTepnpeTaumio pesynbTaToB.
Bce aBTOpbI NPVHMMaNU yyacTrie B 06CYKAEHVN Pe3yNbTaToB U HaNMcaHn TeKCcTa CTaTby.

Ona untupoBaHus: Loxux W. E., ManaweHko E. A., MegBeges 0. B., Borauyk M. H., KynakoB C. A., ManeeBa M. A. Pa3zpaboTka, Banmgauusa n
NpUMeHeHNe MeTOANKM KONMYEeCTBEHHOTO onpeaeneHna ButammHa D, (xonekanbundepona) metogom BIXKX ¢ YO-geTekTnpoBaHmem ana aHannsa
NEKapCTBEHHbIX CPefCcTB U OBUONOrMYecKn akTUBHbIX 06aBOK K nuwie. Pazpabomka u peeucmpayus nekapcmeeHHbix cpedcms. 2021;10(2):87-99.
https://doi.org/10.33380/2305-2066-2021-10-2-87-99

INTRODUCTION

Vitamin D at the modern level of biochemistry
development does not belong to vitamin in the classic
understanding of the concept. It is considered as the
steroid pro-hormone which is converted in the body to
active metabolites [1, 2]. It is known that vitamin D have
two delivery pathways to the human body (vitamins
D, and D,) and as the result of the synthesis in the skin
exposed to the ultraviolet irradiation (vitamin D,). Poor
diet and life in northern regions may promote vitamin
D deficiency and, as the result, some diseases leading to
the immune deficiency. Due to that, vitamin products
containing vitamin D in one of its active forms have been

HO™

Figure 1. Structural formula of vitamin D, (cholecalciferol)

long used (more often, as cholecalciferol, vitamin D,
(figure 1) [3].

Vitamin D3 is contained in various dosage forms,
drug products and dietary supplements as water soluble
substances (for example, vitamin D, 100 SD/S by DSM
Nutritional Products Ltd., Switzerland) or fat soluble forms
dissolved in clean or water-alcohol solutions or vegetative
oil/fish fat [4]. The Russian market of vitamin products
containing D, has rapidly expanded. It is especially evident
on the example on vitamin dietary supplements including
the ones with cholecalciferol [5]. Moreover, manufacturers

of specialized food products strive to keep up with the
time, and the number of products enriched with D, is also
developing.

Cholecalciferol is rather unstable in the light and
the medium rich in oxygen. Due to that, multistage
sample preparation may promote its destruction and
isomerization to sterins [1, 6-8]. The classic approach for
such objects is described in GOST 32043-2012. Samples are
prepared by saponification with aqueous-alcohol solution
of potassium hydroxide, extraction — with hexane and



further determination of vitamin D (in forms D, and D,) -
with the method of normal phase chromatography [9].

As water soluble substances and pure or aqueous-
alcohol solutions of triglycerides are used for manufacture
of vitamin products containing vitamin D, then to
reduce vitamin D on the stage of sample preparation,
we skip saponification stage starting immediately with
cholecalciferol with the corresponding extractant.
Moreover, the reversed phase system is used for vitamin
D, chromatography D, [4].

The present study shows the development, validation
of the method for cholecalciferol assay in monovitamin
products (tablet and liquid dosage forms) and the use
of the method for quantification of cholecalciferol in
some drug products and biologically active dietary
supplements (food supplements) circulating on the
market of the Russian Federation.

Study objective. To develop and validate a method
for determination of vitamin D, in vitamin products
with HPLC combined with diode array detection, then
to evaluate cholecalciferol contents with the method
in some drug products and biologically active dietary
supplements (food supplements) circulating on the
market of the Russian Federation.

MATERIALS AND METHODS

Vitamin D, was determined with the following
equipment:
Main equipment:

® high performance liquid chromatograph Agilent
1100 with diode matrix detector (s/n DE40521679/
DE40915278) (USA);

e electronic laboratory balance GH-120 | accuracy class,
0.1 mg, up to 120 g (s/n 15101394) (A&D Company
Ltd., Japan);

e variable volume one-channel pipette dispenser
Eppendorf Research 500-5000 pl (s/n 4146697)
(Eppendorf, Germany);

® one channel variable volume dispenser Eppendorf
Research 100-1000 ul (s/n 1581088) (Eppendorf,
Germany).

Ancillary equipment:

* laboratory water purification system Milli-Q (s/n
FBKN02139A) (Millipore, France);

® ultrasonic bath Bandelin RK 31 (s/n: 329.00072514.029)
(Bandelin electronic, Germany);

e water bath STEGLER WB-2 with possible fixation of
constant temperature;

® Vortex type vibration shaker (ELMI, Latvia);

e centrifuge 5424 Eppendorf (maximal rotation up to
20000 rot/sec) s/n 16934300 (Eppendorf, Germany);

® glass beakers 500 ml;

® volumetric flasks of class "A" 10 ml;

® ceramic mortar and pestle.
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Reagents and solutions

The following reference samples and chemical rea-
gents were used for the study: cholecalciferol reference
sample (vitamin D) (Sigma-Aldrich, USA, CAS N2 67-97-0,
lot. 3LRAB2929); substance cholecalciferol 100 SD/S
(DSM  Nutritional Products GmbH, Germany, batch
N2 11¢/2397-10/0319); acetonitrile (Panreac Quimica S.L.U,
Spain, class HPLC-gradient N2 361881.1612, valid up to
06.2023); formic acid 99 %, N2 270480010 (Acros Organics,
Finland, valid up to 20.04.2021); methanol (TH "CHIMMED"
LLC, Russia, purity class "chemically pure"), valid up to
06.2021; purified water.

Study objects

For the assay of cholecalciferol with developed
method in real samples, the following vitamin drug
products: "Aquadetrim", aqueous solution 10 ml by
JSC "Medana Pharma" (valid up to 04.2023, batch
Ne 050420); "Aquadetrim", water soluble tablets by
JSC "Akrikhin" (valid up to 04.2022, batch N2 170420).
Vitamin dietary supplements were also investigated:
"Ultra-D", chewable tablets by "Pharmia Oy" (valid
up to 05.12.2022, batch N¢ 1913870002); "Detrimax
1000 IU", tablets by "Eagle Nutritionals Inc" (valid up to
02.2022, batch N2 WJ141); "Detrimax 2000 ME", tablets
by "Grokam JBL Sp.z.0.0" (valid up to 11.02.2023, batch
Ne 260220).

Preparation of samples and solutions

Mobile phase (MP). As MP, the mixture of acetonitrile
and 0.1 % formic acid solution in percentage (70:30) in
gradient elution. To prepare 0.1 % formic acid solution
about 400 ml of purified water, 1 ml of formic acid was
added to a volumetric flask 1000 ml and mixed. Then
the resulting solution was made up to the mark with
purified water and mixed. The solution was kept for
30 days.

Stock and working solutions of the reference sample
(RS). About 20 mg of cholecalciferol (an accurate weigh)
was transferred to a volumetric flask 100 ml, about 40 ml
of methanol was added and mixed till the substance
was fully dissolved. Then the solution was made up in
the flask to the mark with methanol and mixed (stock
solution).

5.0 ml of the stock solution was placed to a volumetric
flask 100 ml, the solution was made to the mark with
methanol and mixed.

The solutions were used within 10 days after the
preparation in the storage conditions in the freezer at
temperature not above -20 °C and wrapping of seals
and the flask neck with paraffin, and the flask itself -
with foil.
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Extraction. B The product (50-500 mg) was
weighed into a volumetric flask 10 ml. Then 2 ml of
purified water was added, sealed and thoroughly
mixed on the vibration shaker. The flasks were placed
to water bath for 10 minutes at temperature not above
60 °C. Then 5 ml of methanol was introduced to the
flask, the resulting solution was sealed and shaken, if
necessary was placed to water batch at temperature
not above 60 °C, then was made up with methanol to
the mark and mixed for at least 20 times.

For liquid samples representing aqueous solutions
and glyceride solutions with introduced cholecalciferol,
the product was weighed into the volumetric flask (50-
500 mg). Then 5 ml of methanol and mix thoroughly on
vibration shaker. Then it was made up with methanol
to the mark. It was mixed for at least 20 times.

Then the aliquot was transferred to Eppendorf vials
2 ml and centrifuged at 14000 rot/sec. for 10 minutes or
filtered through a syringe filter to a vial. The resulting
solutions were analyzed freshly prepared.

Conditions for the analysis with HPLC
and UV-detection

Conditions for the analysis with HPLC and UV-detec-
tion were selected during the experiment and given in
table 1.

RESULTS AND DISCUSSION
Method development

When the assay method was developed, it was
found that retention times of natural tocoferols used
antioxidants and vitamin D stabilizers in substances for
manufacturer of vitamin products and determined D,
overlayed on columns with octadecyl silica gel sorbent.
While a column with polyaromatic carbohydrates
as the sorbent (ZORBAX Eclipse PAH Narrow Bore
2.1 X 150 mm, 3.5 um) allowed to separate all matrix
components [10].

Isocratic elution regime on the column with polya-
romatic carbohydrates did not allowed to get satisfacto-
ry results of efficiency of separation of the matrix com-
ponents [number of theoretic plates (TP) was less than
5 thousand], the gradient elution regime allowed to
increase TP up to 20 thousand and more.

The selected gradient elution regime was shown in
table 2.

Since vitamin D, has a specific spectrum and its
characteristic absorption maximum (266 nm), and its
concentration in the LP is quite high, the UV detector is
quite suitable for recording the vitamin D, signal.

Table 1. Conditions for the chromatographic determination
of vitamin D,

Parameter Value
A mixture of acetonitrile and 0.1 %
Mobile phase formic acid solution in percentage (70:30)

in gradient elution

Mobile phaseflowrate 0,8 ml/min

ZORBAX Eclipse PAH Narrow Bore

Chromatographic column 2.1 x 150 mm, 3,5 um

Column temperature 40 °C
Injected sample volume, pl 2
Detection wavelength, nm 266
Retention time, min t 124
Total analysis time, min 15
Table 2. Gradient elution mode
£
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Method validation

As vitamin D, has a specific spectrum and typical
absorption maximum (266 nm), and its concentration in
a drug product is rather high, then the UV-detector was
rather suitable for recording of vitamin D, signal. The
method for parameter "Assay of vitamin D, (cholecalci-
ferol)" in vitamin products was validated with HPLC based
on General Pharmacopeial monograph 1.1.0012.15 "Vali-
dation of analytical methods" of the State Pharmaco-
peia of the Russian Federation, edition XIV, Guidance on
Analytical methods of the Eurasian Economic Union da-
ted 17.07.2018 and International Group Recommenda-
tions 61-2010 by the following parameters:

* specificity;
® accuracy;
e linearity;

® range;

® precision.



Specificity

Specificity was confirmed by the comparison of chro-
matograms of the diluent, placebo solution, reference
solution and test solution containing all product com-
ponents [11]. Specificity of the analytical method was
proven if the following conditions were met:

V' The chromatographic system requirements should
be fully met.

V" Diluent and placebo components should not
interfere with cholecalciferol assay in the solution
(figures 2-4).

V" Placebo and cholecalciferol peaks had a resolution of
over 1.5 and (or) change the result of cholecalciferol
determination for less than 0.5 % [12].

According to the results, there are no peaks with
retention times typical for cholecalciferol on the diluent
and placebo chromatograms.

Efficiency of the chromatographic column for
reference solution calculated by cholecalciferol peak
was more than 35 000 theoretical plates; tailing factor of

cholecalciferol peak - less than 1.00.

Specificity of the analytical method was proven as
the requirements for the system suitability were met,
placebo and diluent components do not preclude the
assay of cholecalciferol in the solution.

Linearity

Solution of the concentrated reference sample. About
19.0 mg (accurate weigh) of cholecalciferol reference
sample was transferred to a volumetric flask 100 ml, 50 ml

Analytical Methods
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of methanol was added, sonicated for 5 min, the solution
was made up to the volume with the same solution to the
mark and mix (reference solution).

Preparation
of calibration reference solutions

Test calibration solutions were prepared by dilution
of concentrated reference solution with methanol in
volumetric flasks. Final concentrations of the solution
were: 38 ug/ml, 31.7 pg/ml, 271 pg/ml, 23.8 pg/ml,
21.2 yg/ml, 19 pg/ml and 9.5 pg/ml.

Solutions were prepared for determination of lineari-
ty with cholecalciferol reference solution (Sigma-Aldrich,
USA). The reference example is given in figure 5.

Acceptability criteria:

v Linearity dependence between the analytical signal
and cholecalciferol concentration.
v Correlation coefficient ry = 0.99 [13].

7 samples of calibration solutions with concent-
rations 38 pg/ml, 31.7 pg/ml, 27.1 pg/ml, 23.8 ug/ml,
2.2 pg/ml, 19 pg/ml and 9.5 pg/ml were analyzed. Each
solution was chromatographed 4 times. They were gra-
duated with the method of absolute calibration. The
calibration dependence between the ratio of cholecal-
ciferol peak area and its concentration was described by
equation y = bx + a. Using the obtained values, calibra-
tion plots were made. Calibration plots are given in fi-
gure 6 (table 3).

DAD1 B, Sig=266,4 Ref=400,50 (D2-D3_PAH_2020\VALID_D3 2020-10-19 15-34-38\031-0102.D)
mAU
4]
3
2
/,\N—,\\\\M
/"‘/-/\rf )
H \\V
» A
0‘ M\FM
RV WY M/
[ T T T | T T T | T T T I T T [ T T T | T T T \ T T T ] T
0 2 4 6 8 10 12 14 mjn

Figure 2. Chromatogram of the extractant (methanol)
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DAD1 B, Sig=266,4 Ref=400,50 (D2-D3_PAH_2020\VALID_D3 2020-10-19 15-34-38\002-1601.D)
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Figure 3. Chromatogram of dry placebo (tablet mixture Akvadetrim, produced by LLCAkrikhin)

DAD1 B, Sig=266,4 Ref=400,50 (D2-D3_PAH_2020\VALID_D3 2020-10-19 15-34-38\008-2202.D)
mAU
025
0,
-0.25-
05
075
KR
-1.25-
A5
175
| | T T I | ) T T
0 2 4 6 8 10 12 14 min
Figure 4. Chromatogram of liquid placebo (purified water)
Correlation coefficient for the calibration plot Angle coefficient (b) 7.668
r,= 09990 which corresponded to the established Free member (a) _33757

normal value (at least 0.9900).
Using empirically measured values of variable y for
the assigned values of argument x, coefficients a and b

The obtained results met the acceptability criterion

were calculated with the regression analysis: "Linearity".

DRUG DEVELOPMENT & REGISTRATION. 2021. V. 10, No. 2
PA3PABOTKA U PETUCTPALNA JIEKAPCTBEHHbIX CPEACTB. 2021. T. 10, N2 2
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DAD1 B, Sig=266,4 Ref=400,50 (D2-D3_PAH_2020\VALID_D3 2020-10-19 15-34-38\001-0204.D) .

" 12.539 — vit_D3

m (Area; 207.19)

20

1§
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0| ‘l WﬁiAih‘q = R e W
VN e
0 2 4 6 8 10 12 14 min

Figure 5. Chromatogram of a standard sample (27.1 ng/pL)

Accuracy

To check accuracy of the developed method, test
samples obtained with introduction of 5 various concent-
rations of cholecalciferol 100 SD/S to liquid placebo (puri-
fied water) and dry placebo (tablet mixture "Aquadetrim”
by "Akrikhin" LLC.

Test samples were prepared in accordance with section
"Preparation of samples and solutions".

Test samples were prepared as follows: about 1.0 of
placebo (mixture of all components except for vitamin
D, provided by the customer and purified water as liquid
placebo) was transferred to volumetric flasks 10 ml,
various weighs of cholecalciferol substance 100 SD/S were

added, then 2 ml of purified water was added, flasks were
sealed, mixed on the vibration shaker and put to water
bath for 10 min at temperature not above 60 °C. Then
5 ml of the diluent (methanol), sealed and shaken on the
vibration shaker, if necessary, it was transferred to water
bath at temperature not above 60 °C for not more than
10 min and made up with methanol to the mark. Then it
was mixed for at least 20 times. The resulting solutions
were analyzed in accordance with the analysis methoda.
Based on the results, cholecalciferol concentrations were
calculated in test samples, and the shift of the results in
relation to reference values of contents of the introduced
reference samples using Excel table.

Table 3. Information for evaluating the linear dependence of peak areas on concentrations

Concentration of a Concentration of Peak area
the standard sample Average peak
Content, ng standard sample, .
ml (corrected for the purity area
Hg of the standard), pg/ml S, S, S, S,

19 9.50 9.47 7214 71.69 71.89 71.21 71.73
38 19.00 18.94 141.66 137.19 141.22 141.04 140.28
42.4 21.20 21.14 153.03 155.24 156.55 156.50 155.33
47.6 23.80 23.73 176.86 172.69 176.06 176.82 175.61
54.2 27.10 27.02 207.01 209.70 210.63 208.66 209.00
63.4 31.70 31.60 240.42 240.77 238.41 237.23 239.21
76 38.00 37.89 290.49 296.44 291.21 285.10 290.81
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Figure 6. Calibration curve of standard cholecalciferol solutions

The analysis was performed within 1 working day
by one analytic. The recovery values and mean recovery
percentage were calculated for obtained concentration
values.

The obtained results meet the acceptability criteria
by parameter "Accuracy™ mathematic hypothesis of
reference cholecalciferol contents added to reference
samples accepted in relative units as 100 %, is not beyond
confidence intervals of the mean recovery value (96.96;
101.56) (table 4).

The results meet the acceptability criteria by pa-
rameter "Accuracy": mathematic hypothesis of contents
of reference cholecalciferol added to reference samples
accepted in relative units as 100 % is not beyond confi-
dence intervals of the mean recovery value (99.07; 100.87)
(table 5).

Table 4. The results of calculating the accuracy on placebo dry

(an example of a typical chromatogram is shown

in Figure 7)
Number of results 15
Mean Z, % 99.26
Dispersion (5?) 17.15
Mean square deviation (CKO, o) 4.14
Number of degrees of freedom, f 2.15
The critical value of the Student's t-test for P=0.95 14
The coefficient of variation (CV, %) 417
Standard error of the mean (SEM) 1.07
Confidence interval (+AZ), % 2.30
Lower limit of the confidence interval, % 96.96
Upper limit of the confidence interval, % 101.56

Table 5. Results of calculating the accuracy on placebo liquid

(an example of a typical chromatogram is shown in Figure 8)
Number of results 15
Mean Z, % 99.97
Dispersion (5?) 2.63
Mean square deviation (CKO, o) 1.62
Number of degrees of freedom, f 14
The critical value of the Student's t-test for P = 0.95 2.15
The coefficient of variation (CV, %) 1.62
Standard error of the mean (SEM) 0.42
Confidence interval (+AZ), % 0.90
Lower limit of the confidence interval, % 99.07
Upper limit of the confidence interval, % 100.87

mAU
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12.397 — vit_D3

Figure 7. Chromatogram of dry placebo with added cholecalciferol substance 100 SD/S
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Figure 8. Chromatogram of liquid placebo with added cholecalciferol substance 100 SD/S

Range

In accordance with the data, the validated method
provides accuracy of results and linear dependence of
the analytical signal and solution concentrations for at
least in the interval 0.0095 + 0.038 ml/ml. The interval
is the range for the method application based on the
validation results.

Precision

The method precision was evaluated in accordance
with the International Group Recommendations 61-2010
in repeatability conditions, i.e. when the analysis was
performed by one chemist within a short period of time
using the same equipment, as well as, in the conditions
of intralaboratory precision when a sample of the same
product batch at the second time was analyzed. In both
cases, six homogeneous product samples with stable
composition were analyzed.

Repeatability

It was determined on 6 test solutions for each drug
products ("Aquadetrim”, soluble tablets and "Aquadetrim”,
solution). 6 test solutions of both products ("Aquadetrim”,
soluble tablets and "Aquadetrim”, solution) were pre-
pared with the method described above. Each solution
was chromatographed thrice, reference solution of chole-
calciferol was chromatographed for 5 times.

The analysis was performed within 1 working day by
one analytic. Values of the mean arithmetic and dispersion
of results were calculated for the values (tables 6 and 7).

Table 6. The results of calculating the precision

for cholecalciferol in the drug "Akvadetrim” soluble tablets

(=] -
£ .
w 3 o 5 o
ki 5 g 9 g3 | 8§
[v] ) S = c i
9 £ S 5 S w 53
o © - 2 ] ga
£ 3 3 5 &= o9
a £ & & s E 0%
- 9 an
@ >
= <
907.7 105.1 151.4
AS-1 907.7 104.1 150.0 150.7 0.52
907.7 104.6 150.7
653.4 76.74 153.6
AS-2 653.4 76.9 153.9 155.2 6.37
653.4 79 158.1
798 92.74 152.0
AS-3 798 91.3 149.6 150.3 2.32
798 91 149.1
717.2 82.67 150.8
AS-4 717.2 81.76 149.1 150.1 0.75
717.2 82.46 150.4
793 979 161.5
AS-5 793 94.4 155.7 159.2 9.43
793 97.25 160.4
967 100.5 135.9
AS-6 967 99.4 1344 134.6 1.51
967 98.7 133.5
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Table 7. The results of calculating the precision
for cholecalciferol in the drug "Akvadetrim" solution

w
K
o bN
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£ £ g
- w =
(] v o e =
3 5 g e S o g
(v o - = - =
9 £ © 5 c9 s
3 3 s 2 gs e
£ S I E] c X o
5 < a 2 S ®
=) [ o
2 g 2
= 5 3
>
<
400.5 117.85 384.8
AL-1 400.5 122 398.4 392.0 46.4
400.5 120.3 392.8
439.8 130.44 3879
AL-1 439.8 130.6 388.4 3874 1.6
439.8 129.8 386.0
501.2 139.2 363.2
AL-3 501.2 141.05 368.1 367.2 13.0
501.2 141.9 370.3
509.2 140.96 362.1
AL-4 509.2 142.87 367.0 363.4 9.8
509.2 140.6 361.1
458.8 131.83 375.8
AL-5 458.8 132.1 376.6 3776 6.4
458.8 133.48 380.5
4234 124 383.0
AL-6 4234 122.4 378.1 380.6 6.1
4234 123.2 380.6

In accordance with cl. 5.2.1 of IGR 61, the mean
arithmetic and dispersions of results of a single analysis
obtained in repeatability conditions were calculated. The
homogeneity of dispersion distributions was evaluated
with the Cochrane test. The estimated values for
confidence probability did not exceed its critical limit for

confidence probability P =0.95 and number of degrees of
freedom f=17.

Homogeneity of dispersion distributions was evalua-
ted with Cochrane test. The estimated test value did not
exceed its critical limit for confidence probability P =0.95
and number of degrees of freedom f=17.

Therefore the convergence between two parallel
determinations obtained with the method should not
in 19 out of 20 cases:
®  3.46 % for solid dosage forms;

°  2.74 % for liquid dosage form.

Intralaboratory precision

Intralaboratory precision was evaluated based on
the results of cholecalciferol determination in the same
samples which were used for evaluation of repeatability
("Aquadetrim", soluble tablets and "Aquadetrim” solution)
another day, 6 weighs of each drug product. The contents
of cholecalciferol in product "Aquadetrim”, soluble tab-
lets was 156 pg/1g (12.5 pg/tabl); in product "Aquadet-
rim", solution - 375 pg/ml. Each solution was chroma-
tographed trice, reference solution of cholecalciferol
was chromatographed for 5 times.

Mean arithmetic values of individual determinations
obtained by one chemist at various days were calculated
for obtained concentration values.

In accordance with cl. 5.2.2.1 of IGR 61, mean values
of individual determinations were checked for outliers by
the Grubbs test. As results, mean values of determination
of samples AT-2 and AT-5 at the first day of determination
were rejected from further calculations.

Based on accepted results, a random MSD of the re-
sults obtained in the conditions of intralaboratory preci-
sion was calculated:

where N — number of samples involved in precision
evaluation.
Mean MSD of intralaboratory precision was:

Gp 05 = 5.4 %.

The value of intralaboratory precision of the method
as reproducibility limit R was calculated by equation:

R=Q(P n) 0,=22,3,



R, =15.0%.

Based on the evaluation by the Grubbs test, the
mean value of determination of AL-1 sample at the first
day of the determination was rejected from further
calculations.

Based on the accepted results, random MSD of the
results obtained in the conditions of intralaboratory
precision.

Relative MSD of intralaboratory precision was:
Gpo =2.9 %.

The value of intralaboratory precision of the method
as reproducibility limit R was calculated by equation:

R=Q(P n)o,=303,
R,, = 8.0 %.

Therefore the convergence between mean results of
two series of determinations performed with the method
in the conditions of intralaboratory precision should not
exceed in 19 out of 20:
® 15.0 % for solid dosage forms;

* 8.0 % for liquid dosage form.

The developed and validated method was used for
the analysis of the following dosage forms (drug products
and biologically active dietary supplements):
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Drug products:

1. "Aquadetrim", aqueous solution 10 ml by JSC "Medana

Pharma" (valid up to 04.2023, batch N2 050420).

2. "Aquadetrim", water soluble tablets by JSC "Akrikhin"

(valid up to 04.2022, batch N2 170420).

Biologically active dietary supplements:

1. "Ultra-D" chewable tablets "Pharmia Oy" (valid up to

05.12.2022, batch N2 1913870002).

2. "Detrimax 1000 IU", tablets by "Eagle Nutritionals Inc",

(valid up to 02.2022, batch Ne WJ141).

3. "Detrimax 2000 IU" tablets by "Grocam JBL Sp.z.0.0"

(valid up to 11.02.2023, batch N° 260220).

All samples were tested within one analytical cycle
which allowed to reduce intralaboratory variability of the
investigation results. System suitability met the normal
values. Chromatograms of both solid and liquid dosage
forms did not show peaks interfering with the analysis.
Therefore the test results may be considered significant
within the established validation characteristics.

The analysis results were summarized in table 8,
standardized by parameter contents ug/g for solid dosage
forms and pg/ml for liquid dosage forms. The analysis
for liquid dosage forms was performed as corrected by
density ("Aqudetrim”, aqueous solution - 1 g/ml).

The method error was calculated by equation:

A =196 CKO,

where MSD - mean square deviation of intralaboratory
precision (MSD for liquid forms was 2.9 %, MSD for dry
forms was 5.8 %).

Table 8. Results of quantitative determination of vitamin D, (cholecalciferol) in dosage forms (drugs and dietary supplements)

Vitamin D, content in the drug Vitamin D, content in \{|tam|n D, content Deviation
Drugname s(declared) 149 (1 ml) of the drug in 1 g (1 ml) of the (found/ declared), %
(declared) drug (found) e
Ultra-D 25 pg/tablet (tablet weight 425 mg) 58.8 ug/g 52.6 ug/g -10.5
Detrimax 1000 IU 25 pg/tablet 108.7 ug/1 g 106.1 pg/g -2.4
Detrimax 2000 IU 50 pg/tablet 2083 ug/1g 202.4 ug/g -2.8
\ . 15000 1U / ml; 1 drop (33.3 pl) =
Aquadetrim” =500 1U (12.5 ug/33.3 pl) 375 ug/ml 370 pg/ml 13
aqueous solution
375 pg/ml
“Akvadetrim’ 500 1U/tablet (12.5 pg/tablet) 156 pg/1 155 ug/ 06
water-soluble tablets ablet 12> pg/table Ho7t g K79 e
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The method error for liquid forms (aqueous solu-
tions) was +5.68 %, for dry dosage forms +11.37 %,
respectively.

CONCLUSION

The method for

"Contents of vitamin D3 (cholecalciferol)" in vitamin

determination of parameter

dosage forms with HPLC was developed. The method
was validated by the following validation parameters:
specificity, accuracy, linearity, range, precision. It was
shown that the validation results are satisfactory by
all specified criteria. The range of the method is 9.5-
38 ug/ml.
The
investigation of actual samples may be used for

results of the method validation and

determination of vitamin D, in vitamin products based

on water soluble substances of vitamin D, and as
aqueous solutions.
Based on the assay results, it was established that:

1. Actual contents of vitamin D, for product "Aquadet-
rim", aqueous solution 10 ml by JSC "Medana Phar-
ma" (valid up to 04.2023, batch Ne 050420), Actual
contents of the vitamin was 370 ug/ml, and the de-
viation of the actual contents from the label claim
was -1.3 %.

2. Actual contents of vitamin D, for "Aquadetrim", wa-
ter soluble tablets by JSC "Akrikhin" (valid up to
04.2022, batch N2 170420) was 155 mKr/r, and the de-
viation of the actual contents from the label claim
was —0.6 %.

3. Actual contents of vitamin D, for biologically ac-
tive dietary supplement "Ultra-D", chewable tab-
lets by "Pharmia Oy" (valid up to 05.12.2022, batch
Ne 1913870002) 58,8 pg/g, and the deviation of the
actual contents from the label claim -10,5 %.

4. Actual contents of vitamin D, for biologically active
dietary supplement "Detrimax 1000 IU", tablets by
"Eagle Nutritionals Inc" (valid up to 02.2022, batch
Ne WJ141) was 106.1 ug/g, and the deviation of the
actual contents from the label claim -2.4 %.

5. Actual contents of vitamin D3 for biologically active
dietary supplement "Detrimax 2000 IU", tablets,
by "Grocam JBL Sp.z.0.0." (valid up to 11.02.2023,
batch Ne 260220) was 202.4 ug/g, and the devia-
tion of the actual contents from the label claim
-2.8 %.

As a result of the studies, it was shown that for
the determination of vitamin D, used in the form of
a water-soluble substance, in medicines and dietary
supplements for food, it is possible to use methods
without carrying out the saponification stage. This
provides tangible benefits, since allows you to avoid
the loss of the active substance in the process of
multi-stage sample preparation, because vitamin D,
is unstable in the light and in an environment rich in
oxygen.
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