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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 (125×4 mm i.d., 5 μm particles) 
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 (Δz = 0.79≤max 
Δz = 5.0, δ = 0.21≤max δ = 0.26, a = 0.48, r = 0.99997>0.9976 for hypoxanthine, and Δz = 0.83≤max Δz = 5.0, 
δ = 0.17≤max δ = 0.28, a = 0.21, r = 0.99997>0.9976 for guanosine), and the application range for the method 
proposed.

РОЗРОБКА ТА ВАЛІДАЦІЯ МЕТОДИКИ ВИЗНАЧЕННЯ СУПРОВІДНИХ ДОМІШОК У ТАБЛЕТКАХ РИБОКСИН
М.В.Росада, Н.Ю.Бевз, В.А.Георгіянц
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Рибоксин (інозин) застосовують у медичній практиці для лікування серцево-судинних захворювань, тому 
кількість готових лікарських форм, що містять як активний фармацевтичний інгредієнт саме цю 
речовину, на фармацевтичному ринку України постійно зростає. При розробці методик контролю 
якості на готову лікарську форму, що містить одну діючу речовину, доцільно окрім випробувань на 
ідентифікацію та кількісне визначення також проводити випробування на вміст супутніх домішок.  
У запропонованій роботі наводяться дані по розробці методики визначення супровідних домішок (гіпо- 
ксантин, гуанозин) рибоксину в таблетках з використанням методу високоефективної рідинної хро- 
матографії. Визначення проводили на колонці розміром 125×4 мм, заповненій сорбентом «Lichrospher 60 RP  
select B» з розміром часток 5 мкм, використовували рухому фазу на основі фосфатного буферного 
розчину з рН 3,5 та УФ-детектування за довжини хвилі 250 нм. Вивчені валідаційні характеристики 
з використанням критеріїв прийнятності для допусків вмісту не більше 0,5% для кожної з домішок 
підтверджують специфічність (відсутність впливу допоміжних речовин), лінійність, прецизійність 
(збіжність), правильність (Δz = 0.79≤max Δz = 5.0, δ = 0.21≤max δ = 0.26, a = 0.48, r = 0.99997>0.9976 
гіпоксантину та Δz = 0.83≤max Δz = 5.0, δ = 0.17≤max δ = 0.28, a = 0.21, r = 0.99997>0.9976 гуанозину) та 
діапазон застосування запропонованої методики.

РАЗРАБОТКА И ВАЛИДАЦИЯ МЕТОДИКИ ОПРЕДЕЛЕНИЯ СОПУТСТВУЮЩИХ ПРИМЕСЕЙ В ТАБЛЕТКАХ 
РИБОКСИН
Н.В.Росада, Н.Ю.Бевз, В.А.Георгиянц
Ключевые слова: стандартизация; рибоксин; таблетки; сопутствующие примеси; метод ВЭЖХ
Рибоксин (инозин) применяют в медицинской практике для лечения сердечно-сосудистых заболеваний, 
поэтому количество готовых лекарственных форм, содержащих в качестве активного фармацевтиче-
ского ингредиента именно это вещество, на фармацевтическом рынке Украины постоянно растет.  
При разработке методик контроля качества на готовую лекарственную форму, содержащую одно 
действующее вещество, целесообразно кроме испытаний на идентификацию и количественное опре-
деление также проводить испытания на содержание сопутствующих примесей. В предлагаемой ра-
боте приводятся данные по разработке методики определения сопутствующих примесей (гипоксан-
тин, гуанозин) рибоксина в таблетках с использованием метода высокоэффективной жидкостной 
хроматографии. Определение проводили на колонке размером 125×4 мм, заполненной сорбентом 
«Lichrospher 60 RP select B» с размером частиц 5 мкм, использовали подвижную фазу на основе фосфат-
ного буферного раствора с рН 3,5 и УФ-детектирование при длине волны 250 нм. Изученные валида-
ционные характеристики с использованием критериев приемлемости для допусков содержания не 
более 0,5% для каждой из примесей подтверждают специфичность (отсутствие влияния вспомога-
тельных веществ), линейность, прецизионность (сходимость), правильность (Δz = 0.79≤max Δz = 5.0, 
δ = 0.21≤max δ = 0.26, a = 0.48, r = 0.99997 гипоксантина и Δz = 0.83≤max Δz = 5.0, δ = 0.17≤max δ = 0.28, a = 0.21,  
r = 0.99997 гуанозина) и диапазон применения предлагаемой методики.
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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 

reference samples of 9-β-D-ribofuranosyl hypoxan-
thine (riboxin (inosine), batch 1 from 20.04.2012 (RS,  
SPhU)); guanine-9-β-hypoxanthine (guanosine), batch 
0В006736 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 
В = 0.5%, i.e. the maximum uncertainty of the analy-
sis (ΔAs) 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 Хі 
from the ratio of Х = Sі/Sst·100% were equal in rela-
tion to the actual weights of the riboxin substance 
taken for preparation of the model solution and the 

Fig. 1. The chromatogram of the placebo solution. Fig. 2. The chromatogram of the chromatographic system suitability.
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reference solution. The working concentration of the 
test solution and the reference solution was approxi-
mately 10 μg/ml. The linearity of dependence of the 
peak areas of hypoxanthine and guanosine solutions 
on the concentration in the range of approximately 
2.5 μg/ml to 12.5 μg/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-
dence Yi = b×Xi + a for related impurities of riboxin (hy-
po-xanthine and guanosine) was performed by the least 
squares method (Tab. 1).

As can be seen from Table 1, all requirements for 
the linear dependence parameters are met, i.e. the 
linearity of the method for determination of related  
impurities is confirmed within the whole range of con-
centrations (25-125%). The high value of the corre-
lation coefficient also meets the requirements of the 
acceptance criteria (r = 0. 9976) and confirms the line- 
arity of dependence between the “introduced” and 
“found” amount of the substance. 

The data of Tab. 2 and 3 show that for both hypoxan-
thine and guanosine the method of analysis is characte- 
rized by sufficient precision (convergence). The value of 

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 not increase 
compared to the riboxin substance, i.e. the impurity 
identified is the technological impurity of the sub-

Fig. 3. The linear dependence of the peak area on the hypoxanthine 
concentration.

Fig. 4. The linear dependence of the peak area on the guanosine 
concentration.

Table 1

Metrological characteristics of the linear dependence for riboxin

b Sb a Sa Sr r
Hypoxanthine 0.9925 0.0028 0.4834 0.2252 0.3028 0.99997

Criteria
<1.8946*

0.2252 = 0.43 >0.9976
<2.1

Guanosine 0.9941 0.0027 0.2110 0.2191 0.2946 0.99997

Criteria
<1.8946*

0.2191 = 0.42 >0.9976
<2.1

Fig. 5. The chromatogram of the test solution.
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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:
• Column – 125×4 mm i.d., filled with “Lichrospher 

60 RP select B” sorbent (5 μm particles) or simi-
lar, for which the requirements of the “Chroma-
tographic system suitability” test are met;

• The flow rate of the mobile phase – 0.2 ml/min;
• Detection – at the wavelength of 250 nm;
• Column temperature – 35°С.

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

Table 2

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

No. of the 
model 

solution

The sample weight 
of hypoxanthine RS, 

mg
mst = 9.9 mg

Found in % to the 
introduced

(Хі = Сі/Сst, %)

The area mean 
values (Sі) 

(Sst = 259.80)

Found in % to the 
concentration of the 

reference solution 
(Yі= Sі/Sst, %)

Found in % to the 
introduced

Zi = 100∙(Yi/Хi) %

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,% 

0.34

Relative confidence interval, 
Δz(%) = t(95,n – 1)×RSDz = 1,860×RSDz, %

0.79

Critical value for convergence of results ΔAs, %
(limit uncertainty) 5.0 5.0

Systematic error δ = |Z – 100| 0.21
Criterion of the systematic error insignificance 

 (0.21≤0.26) if not satisfied 1), 

then δ≤0.32×5.0 =1.6% (0.26≤1.6)

 

Is not satisfied
 

Satisfied 
The overall conclusion of the method Correct
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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. 

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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