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The study of validation parameters of the quantitative determination method of riboflavin by specific
absorbance and their assessment have been conducted in order to standardize procedures for analysis
by the specific absorbance and the stage-by-stage control of correctness of the results obtained during the
validation experiment. According to the requirements of the State Pharmacopoeia of Ukraine (SPhU)
the qualification of the spectrophotometer has been performed. The control of the cells (0, < 0.002),
absorbance accuracy, absorbance convergence with removing the cells (RSD, 0.0007% < 0.25%),
as well as the study of the limit of stray light (absorbance of the solution at the wavelength of 198 nm
is 2.56 = 2.0, which meets the requirements of SphU) have been carried out. Characteristics and
acceptance criteria of the assay method for riboflavin such as the nominal concentration of the substance
in solution by the method, the nominal absorbance and requirements for its minimum value, the
maximum uncertainty of the analysis procedure have been theoretically calculated. The linearity
parameter has been studied at 9 points. The linear dependence plot has been constructed in the
normalized coordinates. The values of b, s,, a, s,, RSD, and r calculated comply with the requirements
to parameters of the linear dependence. When studying the parameter of accuracy the systematic
error is 6 = 0.72%, which meets & < 1.00%. According to the results of the convergence study the
relative confidence interval A,; = 0.83% does not exceed the critical value for convergence of the
results A,, = 0.96%. The validation parameters of the method meet the requirements of the SPhU and
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are characterized by qualitative analytical indicators.

Riboflavin (Vitamin B,) plays an important part in
the process of carbohydrate, protein and fat metabolism,
it also has an important role in maintaining the normal
visual function of the eye and in the synthesis of hemo-
globin. The chemical structure of riboflavin (6,7-dime-
thyl-9-(D-1-ribitil)-isoalloxazine) allows to determine the
substance quantitatively by the methods of spectropho-
tometry, photocolorimetry, fluorometry, alkalimetry.

The literature review has revealed the fact that today
new methods for quality control of riboflavin have been
developed using HPLC [1, 9], electrophoretic extrac-
tion [5], voltammetry [6]. In pharmacopoeial analysis
for the assay method for the substance of riboflavin the
European Pharmacopoeia [8], the State Pharmacopoeia
of Ukraine (SPhU) [3], the British Pharmacopoeia [7]
propose to use the absorption spectrophotometry method
by the specific absorbance value, while the United States
Pharmacopoeia offers fluorometry by measuring of the
fluorescence intensity at the wavelength of 530 nm [10].
According to the SPhU the quantitative determination
of riboflavin as a substance is performed using the spec-
trophotometry method by the specific absorbance in the
buffer solution at the wavelength of 444 nm. The ribo-
flavin content is calculated using the specific absorption
value, which is equal to 328.

The aim of our work is to study the validation pa-
rameters of the quantitative determination method of
riboflavin using the spectrophotometry method by spe-
cific absorbance in order to standardize procedures for

analysis by the specific absorbance and the stage-by-
stage control of correctness of the results obtained during
the validation experiment.

Experimental Part

When conducting the research the substance of ribo-
flavin manufactured by Hebei Guangji Pharmaceutical
Co., Ltd, No. H201005030FM meeting the requirements
of the SPhU was used.

The following analytical equipment was used: a
“SPECORD 200 spectrophotometer, AV 204 S/AMETT-
LER TOLEDO analytical balance, a “Sartorius AG” pH
meter. Reagents, measuring glassware of class A (first
class) and excipients meeting the requirements of the
SPhU were used for the work.

The assay method for riboflavin. The assay is per-
formed in a weakened light. In a brown-glass 500.00 ml

volumetric flask place 65.0 mg of the substance and
suspend in 5 ml of water R. After having wetted the sub-
stance completely add 5 ml of dilute sodium hydroxide
solution R and mix. As soon as the dissolution is com-
plete, add 100 ml of water R and 2.5 ml of glacial ace-
tic acid R and dilute to 500.00 ml with water R. Place
20.00 ml of this solution in a 200.00 ml brown-glass
volumetric flask, add 3.5 ml of 14 g/l solution of so-
dium acetate R and dilute to 200.00 ml with water R.
Measure the absorbance of the solution obtained at the
absorption maximum at 444 nm.

Calculate the content of riboflavin using the spe-
cific absorbance value, which is 328.
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Table 1

The research results of the absorbance accuracy

Wavelength, nm Absorbance A* Specific a:qlclaiorbance Maximur;lnLimits for
lem lem
235 0.7206 124.89 from 122.9t0 126.2
257 0.8326 144.30 from 142.8 to 146.2
313 0.2806 48.64 from 47.0 to 50.3
350 0.6213 107.67 from 105.6 to 109.0
430 0.9285 15.90 from 15.7 to 16.1

*The values of the absorbance are average out of three measurements of the solution.

The compensation solution was prepared in the same
way as the solution of the substance using all compo-
nents except riboflavin.

The measurements were performed with 1-cm cells
at (20£1)°C. The statistical processing of the experimen-
tal data was carried out according to the Article of the SPhU
“Statistical analysis of the chemical experiment” N [3].

Results and Discussion

The human factor, the conditions of equipment and
premises, sample preparation, etc., impact on the qual-
ity of the results of the analysis. Qualification of equip-
ment for pharmacopoeial analysis indicates that due to
the equipment the correct results can be obtained when
conducting the spectrophotometric analysis. Therefore,
the qualification of a SPECORD 200 spectrophotome-
ter according to the requirements of the SPhU has been
carried out and the following parameters have been de-
termined:

» control of cells (difference of absorbance of the com-
pensation solution meets the requirements §,,< 0.002);

» control of the absorbance accuracy. The values of
the specific absorption obtained and its permissible
limits for each wavelength are shown in Table 1. The
research results confirm the absorbance accuracy;

* according to the results of the absorbance conver-
gence control with removing the cells the relative
standard deviation (0.0007%) to the average value
has been calculated. It is less than 0.25% meeting
the requirements of the SPhU);

» while investigating the limit of stray light the ab-
sorbance of the solution under research is greatly
increased at the wavelength between 220 nm and

200 nm, and it is 2.559 at the wavelength of 198 nm,

and it meets the requirements of the SPhU.

Before the experiment there were some preliminary
theoretical calculations. The acceptance criteria of the
assay method for riboflavin are shown in Table 2. The
additional characteristics and the acceptance criteria for
the stage-by-stage control of correctness of the results
obtained during the validation experiment, namely the
nominal concentration of the substance in solution ac-
cording to the method, the nominal absorbance and the
requirements for its minimum value, the maximum un-
certainty of the analysis procedure are given in Table 3.

Table 3 shows that the value of the nominal absor-
bance 4,,, = 0420 (A4, = A.. -C, ) of riboflavin
does not meet the requirements of the minimum nomi-
nal absorbance:

2
wom =, in our case:
maxA
) 2 2
min4, A z2———=—=0,67.
maxA, 3

The parameter of uncertainty of the specific absorbance

max3 | :\/E‘IOO-AA 2\/5‘100-0.01 —3.4%
A 0,420

practically does not exceed the maximum total uncer-
tainty of the analysis max4, = 3.00%.

The prognosis of the total uncertainty of the analy-
sis results. Requirements to uncertainty of the analysis
results (A, %) expressed as one-sided confidence in-
terval with probability of 95% based on the permissible
limit of the substance content (97.0% — 103.0%) are A,

HOM

Table 2
The acceptance criteria of the assay method for riboflavin by specific absorbance
Name B, % max4 . % max 6, % RSD,, % min R?, max a, %
Riboflavin 3.00 3.00 0.96 1.12 0.99331 4.39
Table 3
Additional characteristics and the acceptance criteria of the assay
method for riboflavin by specific absorbance
Permissible 1% C :
A nom! 0
Name limits, % A nm Lo mg/100ml Aom min A,.m max 6, %
Riboflavin 97-103 444 328 1.281 0.420 0.67 3.40
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Fig. The plot of linear dependence of absorbance on the concentration of riboflavin in the normalized coordinates.

(%) <max A, (%) = B = 3%. The total relative uncer-
tainty of the analysis (A, %) in the case of the specific
absorbance method is as follows [2]:

N = & e T Dy + A + 87, <max A%

cal = )

Requirements to the solvent. Water R is used in de-
termining riboflavin as a solvent. The optical density of
the solvent is less than 0.2 measured against air at the
wavelength of 444 nm.

Specificity. The specificity test was performed to assess
the uncertainty associated with the background absorp-
tion (9,,,,, %) at the analytical wavelength in compari-
son with the maximum permissible uncertainty of the
analysis max A .

noice

k

ZAImp,i

nom

-100 £ maxd =

=0,32-max A, =0,96%.

Absorbance of the compensation solution (4A,,,,) was
measured three times when removing the cell. It has been
found that A,,,,= 0.03413, A, = 0.420. The contribu-
tion of the background absorption is

0,001

0,420
it does not exceed the maximum permissible uncertainty
of the analysis.

-100 = 0,26%,

Linearity. The study of linearity was performed at 9

points. The values used for calculations (C,,,, and 4,,,)
(Table 3) were calculated by the formulas:
C,om =[m,,m - 100 — LOD)] - Dil - (Cont,,,, /100),

_ 41%
Anom - Alcm ' Cnom .

Due to the fact that the concentrations and analyti-
cal signals are advisable to give in the normalized coor-
dinates the following values were calculated:

X(%) = 100-C,/ C,., Y,(%) = 100-A./ A
Z(%) = 100Y,/ X..

nom?>

The linear dependence of Y, from X, (Y=5b - X+ a)
shown in Fig. was plotted.

Calculations of parameters of the linear dependence
were performed by the least square method. The calcu-
lated statistical values b, s,, @, s, RSD, and r are given
in Table 4. The Table shows that the requirements for
the parameters of the linear dependence are performed.
The free member of the linear dependence a slightly
exceeds the criterion of practical uncertainty, so it can
be neglected considering that the general requirements
for acceptance are valid (2.84% < 4.39% = max a).

Accuracy and convergence. Table 5 shows that the
method is characterized by accuracy (the systematic er-
ror & = 0.72% meets the requirements of & < 0.96%),
and by convergence (the relative confidence interval
A, % = 1(95%,8) - Sz =1.8595 - Sz = 0.83% does not

Table 4
Metrological characteristics of the linear dependence
Parameters Value Criteria (for permissible limits of 97-103%, the number of points 9) Conclusion

b 0.9783 - -

s, 0.0057 - -
statistical insignificance .
a<t(95%,g-2)-s,=189-s,=1.89-0.5774=1.09% unsatisfied

a 2.8368 practical insignificance .
|as,| < max 8, =0.71-max A, ==0.71-3 =2.13% unsatisfied
max d =4.39% satisfied

s, 0.5774 - -

RSD, 0.2218 RSD,<1.12 satisfied

r 1.0000 min R2.=0.99331 satisfied
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Table 5

The results of analysis for test solutions and their statistical processing

No. of Introduced in % Average optical Found in % of the F o b
the test to the concentration densities, A nominal concentration ound In % 1o mtrgduced
solution (Xi..., %) (A" =328 A= 444 nm) (Yi%) Zi=100-(Yi/X)
1 80.00 0.3455 81.03 101.28
2 85.00 0.3676 86.20 101.48
3 90.00 0.3864 90.63 100.70
4 95.00 0.4079 95.67 100.70
5 100.00 0.4307 101.02 101.02
6 105.00 0.4497 105.47 100.45
7 110.00 0.4709 110.44 100.40
8 115.00 0.4927 115.56 100.48
9 120.00 0.5118 120.03 100.02
Mean, Z% 100.72
Relative standard deviation, 5z% 0.45
Relative confidence interval A,, % = t(95%, 8) - Sz=1.8595 - Sz 0.83
Critical value for convergence of results A,, % =3.00-0.32 =0.96 0.96
Systematic error 6 0.72
- . T Ay _3
Criterion of the systematic error insignificance 1) 6 < 7o = 3 =1 satisfied
2)ifitis not satisfied 1), then 6 <3
The overall conclusion of the method correct
Table 6
The assessment of uncertainty of sample preparation of the assay method for riboflavin
Operation of sample preparation Parameter Uncertainty, %
Weighing on the analytical balance, g 65 0.2/65x100 = 0.31
Volumetric dilution, ml 500.00 0.07
Taking an aliquot, ml 20.00 0.21
Volumetric dilution, ml 200.00 0.1
Uncertainty of sample preparation ASP = \/0,312 +0,07% +0,21%2 +0,1 =,/0,1537 =0,39 %

exceed the critical value for convergence of the results
A, % =3.00-0.32=0.96%).

The uncertainty of sample preparation of the method
[4] (Table 6) has been assessed; it is insignificant com-
pared to the maximum permissible uncertainty of the ana-
lysis results: Ay = 0.39% < 0.32 - maxA, =0.32-3.0=
=0.96%.

The total relative uncertainty of the analysis proce-
dure was calculated using equation (1):

AAS = \/AéP + A?’AO +3,

Sp

+87 =

noise

= \/0,392 +0,49% +0,025° +3,4* =3,4>3,0 %.

The predicted total uncertainty of the analysis results
of the assay method for riboflavin exceeds the maxi-
mum permissible uncertainty of the analysis procedure
maxA .

CONCLUSIONS

The assessment of validation characteristics of the
quantitative determination method of the riboflavin sub-
stance obtained experimentally by the specific absorb-
ance allows us to conclude that the method is characte-
rized by good reproducibility during control of the pa-
rameters of the spectrophotometer, cells difference, ac-
curacy and convergence of absorbance even at the low
value of the nominal absorbance.
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OOCNIAXEHHA BANIOALUINHUX NAPAMETPIB METOAMKN CNEKTPO®OTOMETPUYHOIO
KINIbKICHOIO BUBHAYEHHA PUBO®JIABIHY METOOOM NMNOKA3HUKA NMOMMUWHAHHSA
O.A.€emicpeeea, K.I.[pockypiHa, K.B.[JuHHUK

Knroyoei crnoea: kinbkicHe 8U3Ha4YeHHs; criekmpoghomomempisi; 8anidauisi; puboghrnasiH

3 memoro cmaHdapmus3sauii npouedypu nposedeHHs1 aHarsidy MemoOOM rOKasHUKa roe/luHaHHS ma
roemarHo20 KOHMPOJI0 KOPEKMHOCMI OompuMaHux pe3ysibmamie rpomsicoM eKcriepuMeHmy rpose-
0OeHo sus4YeHHs sanidauiliHux napamempie MemoduKU KirbKiCHO20 8u3HadyeHHs1 pubogbriagiHy memo-
OoM roKasHUKa noanuHaHHs ma 3pobrieHa ix ouiHka. BidnogidHo do sumoe [epxxkasHoi chapmakoner
YkpaiHu (JQ®Y) nposedeHo keanighikaujito criekmpoghomomempa. 30iliCHEHO KOHMPOIbL cmaHy Kioeem
(0,4 < 0.002), KOHMPOIb MPasUILHOCMI OIMUYHOI 2yCMUHU, nepesipKy 36ixXHocmi onmu4Hoi 2ycmu-
Hu 3 sultimaHHsIM Kroeem (RSD, 0,0007% < 0,25%), KOHMPOIib epaHUYHO20 Pi8HS PO3CIsIHO20 ceimiia
(onmuy4Ha eycmuHa po3quHy rnpu doexuHi xeusni 198 HM cknana 2,56 = 2,0), wo 8idnosidae sumoeam
A®Y. Teopemu4HO po3paxosaHi xapakmepucmuku i Kpumepii MpUUHIMHOCMi MemMOAUKU KirlbKiCHO20
B8U3Ha4YeHHs pubognagiHy: HOMIiHaNbHa KOHUeHmpauisi pe4o8UHU Yy PO34YUHI 3a MemoAUKO, HOMi-
HallbHa ornmu4Ha 2ycmuHa ma 8umoeu 00 i MiHiMaribHO20 3Ha4YeHHS], MaKkcuMallbHa He8U3HaYeHICmb
MemoOuKuU aHarni3y. Bus4yeHo napamemp niHitiHocmi Ha 9 modkax. NobydosaHo epacbik niHitUHOI 3a-
JiexxHocmi 'y HopmarnizoeaHux koopouHamax. Po3paxoeaHi eenu4uHu b, s,, a, s,, RSD, ma r eidnosida-
tomb sumozam 00 rapamempie niHitHOI 3anexHocmi. [Npu docnidxeHHi napamempa rnpasuibHoCMi
cucmemamudyHa rioxubka cknana é = 0,72%, wo sidnosidac sumozam 6 < 1,00%. 3a pesynbmamamu
docriidxeHHs1 36ixHocmi 8idHOCHUU doesipyull iHmepsan A,, = 0,83% He nepesuwyye Kpumu4yHe 3Ha-
YeHHs1 0ns1 3bixxHocmi pedyrnibmamie A, = 0,96%. BanidauitiHi napamempu memoOduku eidriosidarome
Kpumepism rputHasmHocmi @Y ma xapakmepu3ytombsCsi SKICHUMU aHanmimu4yHUMU rnokasHuKamu.

UCCNEOOBAHUE NAPAMETPOB METOOUKU CMEKTPO®POTOMETPUYECKOIO
KONMUWYECTBEHHOIO ONPEOENEHUA PUBO®ITABUHA METOOOM NMOKA3ATENA
NOrMoOLWEHUA

O.A.Eemucdbeeea, K.U.lpockypuHa, E.B.[]JbIHHUK

Knroyeesie cnoega: konmuyecmeeHHoe ornpedesieHue; criekmpogomomempusi; ganudayusi;
pubogpnasuH

C uernbio cmaHOapmu3ayuu rpouedypbl npogedeHuUs1 aHanu3a Memo0oM rioKka3amerisi o2/10UeHUS
U noamariHo20 KOHMPOIsi KOPPEKMHOCMU 0STyHeHHbIX Pe3ybmaimos 60 8peMs 3KCriepuMeHma npo-
8e0eH0 u3yyeHue ganudayuoHHbIX rnapamempos MemoOUKU KOSTUYeCmeeHHO20 onpedenieHust pubo-
¢priasuHa Memodom riokasamerisi o2r0ueHUs U aHa ux oueHka. CoanacHo mpebosaHusim ocydapcem-
8eHHoU ¢hapmakoneu YkpauHsi (F®Y) nposedeHo ksanughukayuro crekmpoghomomempa. OcyujecmerneH
KOHmMporsb cocmosiHusi krogem (64, < 0.002), KOHMPOsb MpasusibHOCMU OnNmMu4eckol nIomHocmu,
rposepKy cxodumocmu onmuyeckod riomHocmu ¢ usenedyeHuem kroeem (RSD, 0,0007%<0,25%),
rposedeHsbl uccriedosaHusi NpedesibHO20 YPOBHSI PACCESIHHO20 c8ema — onmu4Yeckas MiomHoCcmab
pe3Ko yeenuyueanach rnpu OnuHe 8osiHbl Mexdy 220 HM u 200 HM u cocmasura 2,559 npu dnuHe
80s1HbI 198 HM, umo coomeemcmeyem mpebosaHusim [ @Y. TeopemuyecKku paccHyumaHbl xapakme-
pUCMUKU U Kpumepuu rpuemaemMocmu MemoduKu Konu4ecmeeHHo20 onpederneHusi puboghrasuHa:
HOMUHarbHasi KOHUeHmpauusi gewiecmea 8 pacmeope ro Memoouke, HOMUHasbHasi onmu4yeckasi
nnomHocme U mpebosaHusi K ee MUHUMAalIbHOMY 3Ha4YeHUr, MakcuMmalsibHas HeornpeodeneHHOCMb
MemoOuKU aHasnu3a. Mi3y4yeHbl napamemp nuHelHocmu Ha 9 moykax. [locmpoeH epaghuk nuHelHou
3a8UCUMOCMU 8 HOPMasu308aHHbIX KOopOuHamax. PaccyumaHHble 8enuyuHsl b, s,, a, s,, RSD, u r
coomeemcmasytom mpebosaHUsIM K napamempam uHelHouU 3asucumocmu. lNpu uccnedosaHuu na-
pamempa rnpasusibHOCMU cucmemamuyeckas rnoepeuwiHocms cocmasuna 6 = 0,72%, 4mo coomeem-
cmeyem mpebosaHusim 6<1,00%. lNo pesynbmamam uccriedogaHusi cXo0UMOCMU OMHOCUMerbHbIU
0osepumernbHbIl uHmepsan A,;=0,83% He npesbiuaem Kpumu4eckoe 3HadeHue O cxodumocmu
pesynbmamos A ,,=0,96%. BanudayuoHHbie napamempb! MemoOUKU COOMmeemcmayom Kpumepusim
npuemnemocmu @Y u xapakmepusyrmcsi Ka4eCMBEeHHbIMU aHaIuMmuU4YecKuUMU rnokasamesisimMu.
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