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Riboxin (inosine) is used in medicine for treating cardiovascular diseases, so the number of dosage forms containing
this substance as an active ingredient is constantly increasing at the Ukrainian pharmaceutical market. When
developing quality control methods for a dosage form containing one active substance it is advisable to carry
out tests on the presence of related impurities besides identification and assay tests. The article presents the
data concerning development of the method for determination of related impurities (hypoxanthine, guanosine) in
riboxine tablets using HPLC. The analysis was carried out using a HPLC column (125%x4 mm i.d., 5 um patrticles)
filled with “Lichrospher 60 RP select B”sorbent. The mobile phase adjusted with the phosphate buffer to pH 3.5
was used. The UV detection was performed at 250 nm. The validation characteristics have been studied using
the acceptance criteria for the tolerances of the content not more than 0.5% for each impurity, and they confirm
specificity (the absence of the effect of excipients), linearity, precision (convergence), accuracy (A, = 0.79smax
A,=5.0,0=0.21smax 6 = 0.26, a = 0.48, r = 0.99997>0.9976 for hypoxanthine, and A, = 0.83<max A, = 5.0,
0=0.177<smax 6 = 0.28, a = 0.21, r = 0.99997>0.9976 for guanosine), and the application range for the method
proposed.

PO3POBKA TA BAJTIQALISI METOOUKU BUSHAYEHHS CYTIPOBIQHUX JOMILLIOK Y TABJIETKAX PUBOKCUH
M.B.Pocada, H.FO.bees, B.A.[eopeisiHy,

Kmnroyoei crioea: cmaHOapmu3auisi; pubokcuH; mabnemku; cynpogioHi domiwku; memood BEPX

PuboKcuUH (iHO3UH) 3acmocosyrome y MeOUYHIl rnpakmuui 05151 fliKy8aHHS1 cepuyeso-CyOUHHUX 3ax80pto8aHb, MomMy
KiflbKicmb 20mo8ux flikapCbKUuX ¢hopM, W0 Micmsame K akmueHul ¢hapmauesmuyHuli iHepedieHm came yro
PevyoBUHY, Ha hapmayesmuyHOMYy pPUHKY YkpaiHu nocmiliHo 3pocmae. [lpu po3pobui MemoduK KOHMPOIIo
sKocmi Ha 20mosy nikapcbKy hopMy, Wo mMicmumb 00HY Qitody peqo8uHY, AOUiNIbHO OKPIM eurnpobysaHb Ha
ideHmucbikayito ma KifibKicHe 8U3Ha4eHHs maKkox nposooumu surnpobysaHHsI Ha 8Micm CyrymHix OOMIUIOK.
Y 3anpornoHosaHili pobomi Hagodsimbcs 0aHi o po3pobui MemoOUKU 8U3HAYEHHS CYrpPo8iOHUX OOMIWOK (2iro-
KCaHMUH, 2yaHO3UH) pubokcuHy 8 mabremkax 3 8UKOPUCMAaHHSIM MemoQdy 8UCOKOeeKMUBHOI PiOUHHOI Xpo-
Mamoepadpii. BuzHa4yeHHs1 npogoduriu Ha KoroHUj poamipom 125%4 mm, 3arnosHeHiti copbeHmom «Lichrospher 60 RP
select B» 3 po3mipom yacmok 5 MKM, eukopucmosysasu pyxoMmy ¢a3y Ha ocHosi chocghamHozo byghepHoeo
posquHy 3 pH 3,5 ma Y®-0emekmyesaHHs1 3a 0oexuHuU xeusi 250 HM. BuguyeHi eanidauitiHi xapakmepucmuku
3 sUKOpUCMaHHAM Kpumepiig npultiHamHocmi 0ns donyckie emicmy He b6inbwe 0,5% 051 KOXHOI 3 dOMilLOK
niomeepdxyromp crieyugidHicms (8i0cymHicmpb 8rugy OOMOMIKHUX PEeY08UH), NMiHIIHICMb, npeyusitiHicmb
(36ixHicmb), npasunbHicmb (A, = 0.79<max A, = 5.0, 6 = 0.21smax 6 = 0.26, a = 0.48, r = 0.99997>0.9976
einokcaHmuHy ma A, = 0.83smax A, = 5.0, 6 = 0.17<smax 6 = 0.28, a = 0.21, r = 0.99997>0.9976 eyaHO3UHy) ma
Oiana3oH 3acmocyeaHHs1 3arporoHO8aHOI MEMOOUKU.

PA3PABOTKA M1 BAJIMOALMST METOQUKU ONPELQEJIEHNS COIMYTCTBYIOLUMX MMTPUMECEW B TABJIETKAX
PUBOKCUH

H.B.Pocada, H.KO.bees, B.A.leopausiHy,

Knroyesnie crioea: cmaHdapmu3auyusi; pubokcuH; mabnemku,; conymcemsyroujue npumecu; memod BOXKX
PuboKcuH (UHO3UH) MPUMEHSIIOM 8 MeOUUUHCKOU rpakmuke 0115 ie4yeHusi cepOeqyHo-cocyoucmbix 3abonesaHul,
103MOMy KO/IUHECMBO 20IMO8bIX 1eKapCmMeeHHbIX (hopM, co0epallyux 8 Kadecmee akmugHo20 ¢hapmayesmuye-
CKO20 UHepedueHma UMEeHHO 3Mmo 8euw,ecmeo, Ha hapMaueemuyeCcKOM pbiHKE YKpauHbl MOCMOSHHO pacmem.
lpu paspabomke MemodOuK KOHMPOSIS Kayecmea Ha 20moeyto /ieKapCcmeeHHyo ¢hopmy, codepxaulyro 0OHO
delicmesyrowiee 8euw,ecmeo, UuernecoobpasHo KpoMe ucrbimaHull Ha uGeHmugbuKayuro U KOu4ecmeeHHoe orpe-
deneHue makxe rnpoeodumsb UcfbimaHusi Ha codepxaHue corymemeyrouwux npumecel. B npednazaemol pa-
6ome npusodsimcsi aHHbIe 110 pa3pabomke MemoOuKu ornpederieHuUs1 conymemsyowux npumecel (2urnokcaH-
MUuH, 2yaHo3UH) pubokcuHa 8 mabriemkax ¢ ucronb3osaHUeM memoda 8bICOKO3hheKmMuUBHOU XKUOKOCMHOU
xpomamoepacpuu. OnpedeneHue npoeodusniu Ha KornoHKe pasmepom 125x4 mm, 3anonHeHHolU copbeHmom
«Lichrospher 60 RP select B» ¢ pasamepom yacmuy, 5 MKM, Ucrionb308asu nod8uxHyro ¢hasy Ha ocHose ¢hocgham-
Ho2o byghepHoeo pacmeopa ¢ pH 3,5 u Y®-0emekmuposaHue ripu OnuHe 80s1HbI 250 HM. U3yyeHHbie sanuda-
UUOHHbIE XapakmepucmuKku C UCMofb308aHUEM Kpumepues npuemmaemocmu 0715 00rycKko8 coOepxaHusi He
6onee 0,5% 0na kaxoou u3 npumeceli nodmeepxdatom crieyuguyHOCmb (omcymcemeue 6rusiHUsI 8crioMoza-
merbHbIX 8ewecms), MUHEeUHOCMb, MPEeyU3UOHHOCMb (CX00uMocmb), npasunsHocms (A, = 0.79<max A, = 5.0,
0=0.21smax 6 =0.26, a=0.48, r = 0.99997 euriokcaHmuHa u A, = 0.83smax A,=5.0,6 =0.17smax 6=0.28,a=0.21,
r=0.99997 eyaHo3uHa) u duana3oH npuMeHeHus rnpednazaemoli MEMOOUKU.
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Riboxin is used for improvement of the functional
recovery after craniocerebral traumas; it affects res-
toration of the level of the associated protein GAP-43
growth in the hippocampus [1], and has good indica-
tions for treating patients suffered a stroke [2]. Re-
cently, a lot of dosage forms containing riboxin appear
at the domestic pharmaceutical market. The State
Pharmacopoeia of Ukraine (SPhU) recommends to de-
termine related impurities both in dosage forms and
in substances.

The inosine substance is obtained by microbiologi-
cal synthesis, and hypoxanthine and guanosine can be
by-products of this synthesis [3]. Their certain amount
(not more than 0.5%) is regulated in the substance
[4, 5, 6]. For the further substantiation for either in-
clusion or exclusion of impurities in the specification
it is advisable to determine these related impurities
in the finished dosage form.

Nowadays, there are three requirements for drug sub-
stances and medicines: efficacy, safety, and quality. Re-
cently, in drug quality control the attention is paid to
determination of related impurities [7, 8, 9], which
may have a significant impact on the human health
due to potential teratogenic, mutagenic or carcinogenic
effects. Therefore, control and monitoring of impuri-
ties is a pressing question when developing and pro-
ducing drugs. In accordance with the Pharmacopoeia
of the People’s Republic of China [5], the manufacturer
[4] and the State Pharmacopoeia of the Russian Fede-
ration [6] the HPLC method is used for the assay of ri-
boxin and determination of related impurities. The
equipment change and technological peculiarities of
tablet production need improvement of the existing
method or development of the new one.

The aim of our research was to develop the method
for determination of related impurities in riboxin tablets
by HPLC, and validate it in accordance with the SPhU re-
quirements to drugs in the form of tablets [10, 11, 12].

The study object was “Riboxin” tablets with the con-
tent of 200 mg of the active substance (excipients -
potato starch, sugar, hypromellose, sodium croscar-
mellose, povidone K25 and magnesium stearate). The
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Fig. 1. The chromatogram of the placebo solution.

reference samples of 9-f-D-ribofuranosyl hypoxan-
thine (riboxin (inosine), batch 1 from 20.04.2012 (RS,
SPhU)); guanine-9-f-hypoxanthine (guanosine), batch
0B006736 from 09.08.2010; 6-hydroxypurine (hypoxan-
thine), batch 0L006460 from 09.07.2010 were used.
Analytical studies were performed by the HPLC me-
thod on an Agilent 1200 chromatograph (“Agilent Tech-
nologies”, Germany) using OHAUS AP 250D laboratory
balances (“Ohaus Corporation”, USA), and the mea-
suring glassware of class A.

Determination of related impurities of riboxin
in tablets was carried out by the HPLC method. To
determine related impurities in the test solution the
diluted solution of riboxin impurities was used as the
reference solution. Since the method for determina-
tion of related impurities must be validated according
to the SPhU requirements, the main validation charac-
teristics were studied: specificity, linearity, precision
(convergence), accuracy, and the application range.

The tolerances of the content of related impurities
of riboxin in the finished dosage form is not more than
0.5%. Therefore, during validation the parameters for
B =0.5%, i.e. the maximum uncertainty of the analy-
sis (A,,) must be not more than 5.0%, were the eva-
luation criteria of this method [8, 13, 14, 15].

The specificity of the method is confirmed by the
absence of the effect of excipients. The chromatogram
of the placebo solution shows it (Fig. 1).

The suitability of the chromatographic system is per-
formed since the peaks of related substances (hypo-
xanthine and guanosine) and the peak of the basic sub-
stance (riboxin) are completely separated (Fig. 2).

The linearity, precision, accuracy, and the appli-
cation range of the given method were determined on
the model mixtures with the known content of rela-
ted impurities in the range from 25% to 125% rela-
tive to the maximum permissible value. Both the re-
ference solution and model solutions were prepared
according to the same method; the actual values X,;
from the ratio of X = S,/S,-100% were equal in rela-
tion to the actual weights of the riboxin substance
taken for preparation of the model solution and the

DAD1 A, Sig = 250,4 Ref = 360,100 (RIBOKSIN\RD_000010.D)
mAU

404

20.519 - Riboxine

30

204

714.926 - Hypoxanthine
25.901 - Guanosine

-1 44— .

Fig. 2. The chromatogram of the chromatographic system suitability.
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Fig. 3. The linear dependence of the peak area on the hypoxanthine
concentration.

reference solution. The working concentration of the
test solution and the reference solution was approxi-
mately 10 ug/ml. The linearity of dependence of the
peak areas of hypoxanthine and guanosine solutions
on the concentration in the range of approximately
2.5 pg/ml to 12.5 pg/ml was determined. The linear
dependence of the peak area on the concentration of
related impurities of hypoxanthine and guanosine in
the normalized coordinates is presented in Fig. 3 and
Fig. 4, respectively.

Calculation of parameters of the linear depen-
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Fig. 4. The linear dependence of the peak area on the guanosine
concentration.

the relative confidence interval of value Z found is less
than the critical value for convergence of results (5.00%).
The tests for the tablets studied showed that in
the chromatograms of the test solution for “Riboxin”
drug only one impurity (guanosine) in the amount of
approximately 0.12% was determined (Fig. 5).
Therefore, it has been found that the amount of
related impurities in “Riboxin” tablets does notincrease
compared to the riboxin substance, i.e. the impurity
identified is the technological impurity of the sub-

DAD1 A, Sig = 250,4 Ref = 360,100 (RIBOKSIN\RD_000008.D)

dence Y, = bxX; + a for related impurities of riboxin (hy- A7 2
po-xanthine and guanosine) was performed by the least ] 3
squares method (Tab. 1). 40+ i

As can be seen from Table 1, all requirements for ] b3
the linear dependence parameters are met, i.e. the 30 § o
linearity of the method for determination of related ] §
impurities is confirmed within the whole range of con- 20 S
centrations (25-125%). The high value of the corre- ] 3
lation coefficient also meets the requirements of the 107 o
acceptance criteria (r = 0.9976) and confirms the line- ] v
arity of dependence between the “introduced” and 0 —n S> NS
“found” amount of the substance. ]

The data of Tab. 2 and 3 show that for both hypoxan- Mo+ e et
thine and guanosine the method of analysis is characte- 0 5 10 15 20 25 min
rized by sufficient precision (convergence). The value of  Fig. 5. The chromatogram of the test solution.

Table 1
Metrological characteristics of the linear dependence for riboxin
b S, a S, S, r
Hypoxanthine 0.9925 0.0028 0.4834 0.2252 0.3028 0.99997
<1.8946*
Criteria 0.2252=043 >0.9976
<2.1
Guanosine 0.9941 0.0027 0.2110 0.2191 0.2946 0.99997
<1.8946*
Criteria 0.2191=0.42 >0.9976
<2.1
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Table 2
The results of analysis of the model mixtures and their statistical processing for hypoxanthine determination
No. of the ;hﬁyssomxsrl\eﬂ‘:;ﬁéggl Foqnd in % to the The area mean cgﬁsgr?t:gtciﬁrgoomﬁe Foqnd in % to the
modgl mg introduced values (S) reference solution introduced
solution m, =9.9mg (X, =C/C,, %) (S, =259.80) (Y=S5/5., %) Z,=100-(Y/X) %
1 2.5 25.25 66.50 25.60 101.39
2 2.5 25.25 66.50 25.60 101.39
3 5.0 50.51 131.50 50.62 100.22
4 5.0 50.51 132.10 50.85 100.67
5 7.5 75.76 195.90 75.40 99.52
6 7.5 75.76 196.50 75.64 99.84
7 10.0 101.01 260.20 100.15 99.15
8 12.5 126.26 327.80 126.17 99.93
9 12.5 126.26 327.20 125.94 99.75
Mean, % 99.59
Relative standard deviation, RSDz,%
Z\2
RSDz(%) = L,,Z ! -12) : 1%) o
Relative confidence interval, 0.79
A,(%) = t(95,n — 1)XRSD, = 1,860xRSD,, %
Critical value for convergence of resuI'Fs A, % 50
(limit uncertainty) 5.0
Systematic error § = |Z - 100| 0.21
Criterion of the systematic error insignificance
5% = Az _Az &4= 0.26 (0.21<0.26) if not satisfied 1), Is not satisfied
Vno 3
then 6<0.32x5.0 =1.6% (0.26<1.6) Satisfied
The overall conclusion of the method Correct

stance. Due to this fact we consider it is possible to
include the limitation for impurities in the speci-
fications for tablets, which is similar to the manufac-
turer’s Analytical Normative Documents for the sub-
stance: not more than 0.5% of guanosine and not
more than 0.5% of hypoxanthine.

Experimental Part

The method for determination of related impurities:

Test solution. Place approximately 68.7 mg (accurate
weight) of the powdered tablets into a 250 ml flask,
add 150 ml of water, stir the solution obtained for
10-15 min, or place in an ultrasonic bath for 10 min,
and cool. Then dilute the solution to the volume with
the same solvent, mix, and filter through a 0.45 mi-
crons membrane filter rejecting the first 5 ml of the
filtrate.

Reference solution (a). Place 10.0 mg of guano-
sine into a 100 ml flask, dissolve in warm water, cool,
dilute the solution obtained to the volume with the
same solvent, and mix.

Reference solution (b). Place 10.0 mg of hypo-
xanthine into a 100 ml flask, dissolve in warm water,

cool, dilute the solution obtained to the volume with

the same solvent, and mix.

Reference solution (c). Place 1.0 ml of the Refe-
rence solution (a) and 1.0 ml of the Reference solution
(b) into a 100 ml flask, dilute the solution obtained
to the volume with water, and mix.

Reference solution (d). Place 20.0 mg of riboxin into
a 100 ml flask, dissolve in water, dilute the solution ob-
tained to the volume with the same solvent, and mix.

Reference solution (e). Mix the Reference solution
(c) with the Reference solution (d).

Chromatography is carried out in the conditions
described below:

e Column - 125%4 mm i.d, filled with “Lichrospher
60 RP select B” sorbent (5 um particles) or simi-
lar, for which the requirements of the “Chroma-
tographic system suitability” test are met;

e The flow rate of the mobile phase - 0.2 ml/min;

e Detection - at the wavelength of 250 nm;

e Column temperature - 35°C.

For chromatography 20 pl of the Test solution, the
Reference solution (c) and the Reference solution (e) were
used, at least 3 chromatograms should be obtained.
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Table 3

The results of analysis of the model mixtures and their statistical processing for guanosine determination

ino
No. of the | The sample weight | Found in % to the The area mean Found in ./0 to the Found in % to the
. . concentration of the .
model |of guanosine RS, mg introduced values (S) reference solution introduced
solution m,, = 9.9 mg (X;=C/C,, %) (S,=147.70) - Z.=100-(Y/X) %
s i i S B (YI — Si/Sstl %) i i i
1 2.5 25.25 37.30 25.25 100.00
2 2.5 25.25 37.50 25.39 100.55
3 5.0 50.51 74.70 50.58 100.14
4 5.0 50.51 74.70 50.58 100.14
5 7.5 75.76 111.40 75.42 99.55
6 7.5 75.76 111.40 75.42 99.55
7 10.0 101.01 147.70 100.00 99.00
8 12.5 126.26 185.90 125.86 99.68
9 12.5 126.26 186.20 126.07 99.85
Mean, % 99.83
Relative standard deviation, RSDz,%
o 2i1Zi-27 100 0.45
RSD (%)= =" 75— 5
Relative confidence interval, 0.83
A,(%) = t(95,n - 1)xRSD, = 1.860x RSD,, % ’
Critical value for convergence of results A,,, % 50
(limit uncertainty) 5.0 ’
Systematic error § = |Z - 100| 0.17
Criterion of the systematic error insignificance
A A 0.8337
§% =% ="%2="""""-028 (0.17<0.28) if not satisfied 1), Is not satisfied
vn 3 3
then §<0.32x5.0 = 1.6% (0.28<1.6) Satisfied
The overall conclusion of the method Correct

The system suitability test: The chromatography
system is considered to be suitable if the following
conditions are performed:
resolution of hypoxanthine and riboxin should be
at least 4.0;
resolution of guanosine and riboxin should be at
least 2.0.

Preparation of the mobile phase:

Place 4.80 g of potassium dihydrogen phosphate,
0.24 g of sodium heptanesulfonate into a 1000 ml flask,
dissolve in 700 ml of water; add 0.20 g of triethylamine
and 20 ml of methanol, and mix the solution obtained.
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Then, adjust pH to 3.5 with the concentrated phos-
phoric acid by potentiometry. Dilute the solution ob-
tained to the volume of 1000 ml with water and mix.

Conclusions

1. The method for determination of related im-
purities has been developed; its suitability has been pro-
ven by the HPLC method.

2. The validation study for the “Related impurities” test
performed confirms the compliance of such characteristics
as specificity, linearity, precision (convergence), accuracy,
and the application range with the acceptance criteria.
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