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Abstract 

The article presents experimental data on the study of active components stability and compatibility 
in a combined injection solution. The described medicine contains three active ingredients: two 
nucleotides (uridine-5-monophosphate disodium salt (UMP), cytidine-5-monophosphate disodium salt 
(CMP) and vitamin B6 (pyridoxine hydrochloride) (PHC). It was proved that the medicine components 
do not interact with each other. The research also showed that thermal sterilization leads to the 
decomposition of API and the growth of impurities quantity. Therefore, solution sterilizing filtration 
through membranes with 0.2 μm pore size and subsequent filling of sterile ampoules under aseptic 
conditions was proposed. As a result of the experimental studies the pH of the combined injection 
solution medium in the range from 4.0 to 5.0 was selected. Additionally the impurities of the medicine 
active substances were established and normalized. 
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Introduction 

Nucleotides and vitamins of group B play a key 
role in the regeneration of a damaged peripheral 
nerve [1-3]. Previous preclinical trials showed that 
pyrimidine nucleotides uridine and cytidine possess 
positive effects in the treatment of various 
neuropathies and affect the acceleration of the 
nerves and muscle fibers regeneration [4-5]. They 
also increase the nerve conduction speed and the 
phospholipids level (phosphatidylcholine and 
phosphatidylethanolamine) of the neurons 
membranes [6]. 

The literature data describes the results of clinical 
trials for cytidine and uridine usage in combination 
with vitamins B in such conditions as pain in the 
lower back and cervix, diabetic neuropathy, 
traumatic-compression lesions and acute non-
traumatic pain [7-10]. 

Medicines containing uridine and cytidine 
nucleotides have been used in the treatment of 
peripheral nervous system pathology for more than 
40 years already, but interest in this area is not 
decreasing, new combined medicines appear all the 
time [11]. This can be explained by the important 
role of nucleotides in the restoration of damaged 
structures of the nerve fiber – axons and myelin 
sheath [12]. Clinical efficacy and a favorable safety 
profile of this combination have been noted in 
radiculopathies, diabetic and alcoholic 
polyneuropathy, neuropathy of the facial nerve. 
While taking nucleotides the regeneration of nerve 
tissue intensified, the processes of nerve impulse 
conduction were normalized, the severity of the 
pain syndrome weakened [13]. The further 
advantages of nucleotides as medicines should also 
include their good tolerability [14-15]. 

According to the above-mentioned information, 
the development of a new combined medicine, 
based on the uridine and cytidine nucleotides 
together with vitamin B, especially in an injection 
dosage form, appears to be a topical issue of 
modern medicine and pharmacy. 

Such original injection medicine under the name 
‘Neuronucleos’ has been developed in the 
laboratory of parenteral and oral liquid medicines of 
National University of Pharmacy. It was based on 
three active substances: two nucleotides (uridine-5-

monophosphate disodium salt (UMP), cytidine-5-
monophosphate disodium salt (CMP) and vitamin B6  

(pyridoxine hydrochloride – PHC). Complex 
experimental research was carried out, as a result of 
which the pH limits of the solution were determined 
and substantiated, the composition and 
technological parameters of an injection solution 
obtaining were clarified. 

Since this injection medicine is original, one of the 
main issues at the stage of pharmaceutical 
development (in addition to studying the 
physicochemical properties of the dosage form 
components) was to determine the stability and 
compatibility of the solution components. Therefore 
the aim of our work at the stage of pharmaceutical 
development was to investigate the decomposition 
products profile while studying the stability of a new 
combined injection medicine. 

Methods 

In order to develop a methodology and to study 
stability and compatibility the standards of 
substances and possible impurities of synthesis and 
decomposition were used: 

1. For uridine-5-monophosphate disodium salt: 
uridine-5-monophosphate disodium salt (Sigma 
Aldrich, Product # U6375, lot STBB2499V); uracil 
(Sigma Aldrich, Product # U0750, lot 080M0067V); 
uridine (Sigma Aldrich, Product # U3750, 
lot 071M1511V); uridine-5-monophosphate disodium 
salt hydrate (Sigma Aldrich, Product # 94300, 
lot BCBH2041V); uridine-5-triphosphate trisodium 
salt hydrate (Sigma Aldrich, Product # U6750, 
lot BCBD4670V) 

2. For cytidine-5-monophosphate disodium salt: 
cytidine-5-monophosphate disodium salt (Sigma 
Aldrich, Product # C1006, lot 129K2161V); cytosine 
(Sigma Aldrich, Product # C3506, lot 069K1542); 
cytidine (Sigma Aldrich, Product # С122106, 
lot BCBG3699V); cytidine-5-diphosphate disodium 
salt  hydrate (Sigma Aldrich, Product # С9755, 
lot 099K5164); cytidine-5-triphosphate sodium salt 
(Sigma Aldrich, Product # C1506, lot BCBG0248V) 

3. For pyridoxine hydrochloride: pyridoxine 
hydrochloride (EP CRS, lot 2); pyridoxine 
hydrochloride impurity А (EP CRS, lot 2); pyridoxine 
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hydrochloride impurity В (Sigma Aldrich, Product 
# D0501, lot 071M1615). 

Injection medicine (laboratory series 1610121, 
1610122, 1010123). Water for injection according to 
the requirements of the Ph.Eur. and SPhU [16-17]. 

HPLC grade water was obtained from a water 
purifying system (Millipore, Bedford, MA, USA). 
Other chemicals and solvents were of analytical 
grade. All the solvents used for mobile phase were 
filtered through membrane (0.22 m pore size) and 
degassed before use. 

HPLC 

The analysis of decomposition products has been 
carried out on a ProStar liquid chromatograph, 
equipped with an autosampler 410 and photodiode 
array detector PDA 330, made by «Varian 
Chromatography System» (USA). A Hydrosphere C18 
column (150 x 4.6 mm, particle size 3 µm) with a 
precolumn has also been used. The sodium 
phosphate dibasic solution, adjusted to pH 5.5,  was 
used as the mobile phase. The separation has been 
carried out in an isocratic mode. The flow rate of the 
mobile phase was 1 ml / min, the injection volume 
was 20 μl, the detection has been carried out at a 
wavelength of 262 nm and a column temperature 
was 35 °C. 

рН determination 

The pH of the solution medium was measured by 
the potentiometric method on the ‘Seven Easy’ pH 
meter, manufactured by ‘Mettler Toledo’ (USA), in 
accordance with the Pharmacopoeia requirements 
(SPhU/ Ph.Eur., 2.2.3). 

Results 

We proposed to determine the content of 
impurities in the medicine by the high-performance 
liquid chromatography method, as the most 
sensitive and selective instrumental analysis 
method, which makes it possible to control 
concomitant impurities both in active 
pharmaceutical ingredients (API) and in the 
prepared medicine. 

The literature data describes the 
spectrophotometric and HPLC methods for 
nucleotides and pyridoxine analysis in biological 
fluids and medicines. In the process of developing a 

method for analyzing the APIs decomposition 
products all available information was thoroughly 
analyzed [18-21]. 

In order to determine the main impurities of the 
APIs and active components of the finished dosage 
form (FDF) decomposition the method of ‘artificial 
aging’ was used. When API and FDF were kept 
under stress conditions, for example, at elevated 
temperatures, under the action of oxidizing and 
reducing agents, the main impurities arising under 
these conditions were determined [22]. 

The main impurities of the APIs decomposition 
that can be formed during the storage of the 
prepared medicine are presented in Table 1. 

In Fig. 1 and 2 chromatograms, which show the 
complete separation of both APIs and their possible 
decomposition impurities under these 
chromatographic conditions, are depicted. 

The standard conditions for the accelerated 
degradation of API in solution, used in the research, 
are presented in Table 2. 

The analysis of the interaction in binary mixtures 
(CMP – UMP, UMP – PHC, CMP – PHC) was carried 
out according to the parameter – the total content 
of impurities. The results for each solution of the 
sample (each binary mixture) under the action of all 
the critical factors selected for the investigation 
were determined. The total content of impurities for 
each solution in the sum of impurities for all 
solutions was calculated. 

As a result of the research the contribution of 
each factor to the instability of binary mixtures was 
analyzed with the following conclusions: 

- there is a significant contribution of the heat 
treatment to the API decomposition; 

- there is no increase in the amount of impurities 
with a decrease in pH, however, to establish relative 
pH, it is necessary to consider each API separately. A 
relative decrease in impurities at pH 9.18 was 
obtained, which is associated with the absence of 
UMP and CMP decomposition in this pH range; 

- the API stability is influenced by oxidizing agents 
as well as by reducing agents.
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The use of nitrogen or other inert gas in the 
process will reduce the likelihood of API oxidation 
by atmospheric oxygen. The introduction of 
catalytic oxidation inhibitors (chelating agents, for 
example, EDTA) into the composition will reduce 
the likelihood of API degradation due to redox 
reactions. 

As a result of the research it was found that the 
effect of temperature at all stages of the 
technological process negatively affects the API 
stability. Air oxygen can lead to API oxidation in the 
dosage form. 

All binary API mixtures showed similar values for 
the growth of impurities associated only with 
exposure factors. There were no impurities that 
would characterize the API interaction. 

Discussion 

The stability of the API in solution was also 
assessed at different pH values, since changes in pH 
can affect the stability of the API in aqueous 
solution. At different pH values each API molecule 
(PHC, UMP and CMP) exists in different ionic forms. 
This is typical for compounds with a nitrogen atom. 
If two substances are in equilibrium (ROH ↔ RО–), 
then the family of absorption curves corresponding 
to different solution pH will have one point at which 
its absorption capacity remains constant, 
independent of the ROH / RО– concentration ratio. 
The presence of an isobestic point indicates the 
formation of different ionic forms with different 
spectral characteristics, as well as, possibly, 
different physicochemical properties [23]. 

For UMP the isobestic point was absent. The 
stability of UMP aqueous solutions was tested at 
different pH values (in buffer solutions). 

An UMP solution at pH 1.2 showed the growth of 
impurities, at pH 5.0 and 9.18 impurities were found 
within acceptable limits. The obtained data are 
presented in Table 3. 

The main impurity in the decomposition of API 
UMP was uridine, which is formed when the uridine 
base ester bond with phosphoric acid is broken. 

The stability of aqueous solutions of CMP was 
also tested at different pH levels (in buffer 
solutions). 

A CMP solution at pH 1.2 gave insignificant 
formation of a hydrolysis product at the ester bond 
of cytidine; at pH 5.0 and 9.18 impurities within 
acceptable limits were found. The data are 
presented in Table 4. 

The CMP is also characterized by the presence of 
an isobestic point. The second ionic form of CMP is 
formed above pH 4.5. However, this ionic form does 
not significantly affect the resistance of the 
molecule to hydrolysis. 

The main impurity in the decomposition of API 
CMP was cytidine, which is formed when the ester 
bond of the cytidine base with phosphoric acid is 
broken. 

The absence of significant decomposition in a 
strongly acidic medium suggests that with an 
increase in pH to a weakly acidic one (pH 4.0 – 5.0), 
the UMP and CMP substances will be relatively 
resistant to hydrolysis. 

To test the pH effect on the lability of the FDF 
active components – CMP and UMP – additional 
studies of these solutions were carried out in a 
weakly acidic medium at pH from 3.5 to 5.3 under 
more severe conditions during thermal sterilization 
at 120°C for 15 min. 

Solutions of UMP and CMP in buffer solutions at 
pH from 3.5 to 5.3 under exposure to temperature 
(120 ºС for 15 min) showed an increase in hydrolysis 
impurities. Pronounced hydrolysis of both APIs at 
the ester bond at the sterilization temperature (120 
ºС for 15 min) was observed. At a pH of 4.2 or more 
this process slowed down and somewhat stabilized. 

As a result of the investigation it was found that 
in a CMP solution in buffer media at pH from 3.5 to 
5.3 a hydrolysis reaction occurs with the formation 
of a cytidine impurity. Similar results were obtained 
in a UMP solution; a hydrolysis reaction occurs 
under the same conditions with the formation of an 
uridine impurity. It is possible to reduce the 
formation of impurities to a predetermined 
maximum by replacing thermal sterilization with 
solution sterilizing filtration through membranes 



PhOL     Almakaiev, et al.    149 (pag 145-155) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

with a 0.2 μm pore size and filling sterile 
ampoules under aseptic conditions. 

According to the obtained results it can be 
concluded that the optimal pH value for CMP and 
UMP solutions should be in the range of 4.0-5.0 for 
the dosage form. 

For PHC the isobestic point is at a wavelength of 
308 nm. It was determined by comparing the 
absorption spectra of pyridoxine at different pH 
values (Fig. 3). 

The obtained experimental data are in agreement 
with the literature data. As can be seen from Fig. 4 
the PHC solution has different absorption spectra at 
different pH with an isobestic point at λ = 308 nm. 
PHC exists in different ionic forms at different pH 
(Fig. 4) [23]. 

As can be seen from Fig. 4, the absorption 
spectrum of PHC shifts to the visible region as it 
grows to pH 4.0. PHC exists in an acidic form, 
absorbs in the middle UV region and is colorless; 
another ionic form is formed at pH more than 4.0 
and absorption is shifted towards the formation of 
solutions with a slightly yellow coloration. A third 
ionic form is formed above pH 8. The second and 
third forms are more labile and subject to oxidation 
processes. 

This is confirmed by pKa calculations for various 
ionic forms of pyridoxine (Fig. 5) and spectral data 
(Fig. 4). So, at pH below 4.31, only a fully protonated 
form exists, in the pH ranges 4.31 – 8.7 and above 
8.37 several ionic forms are possible. 

The injection solution will acquire a yellowish tint 
when using the working range of FDF with PHC from 
pH 4.0. This is not associated with decomposition, 
but with the transition of the molecule to a different 
ionic form, which has an absorption spectrum 
covering the beginning of the spectrum visible 
region. 

The formation of pyridoxine impurities at 
different pH of the PHC solution occurs in different 
ways (Table 5). 

The main impurity in the decomposition of API 
PHC is an impurity B – an oxidation impurity. 

APIs in FDF of three active substances (UMP, CMP 
and PHC) do not interact with each other. The use of 

the thermal sterilization method leads to the 
decomposition of the API and a significant increase 
in impurities. The process of hydrolytic destruction 
is most strongly dependent on temperature 
conditions. According to the experimental studies 
the pH of the medium for a combined injection 
solution containing active substances with different 
pH levels of the medium in the range from 4.0 to 
5.0, and sterilizing filtration of the solution through 
membranes with a 0.2 μm pore size and filling sterile 
ampoules under aseptic conditions were selected. 
As a result of the experiment the impurities of active 
substances (UMP, CMP, PHC) were established and 
normalized. The injection solution will acquire a 
yellowish tint when using the working range of FDF 
with PHC from pH 4.0. This is not associated with 
decomposition, but with the transition of the 
molecule to a different ionic form, which has an 
absorption spectrum covering the beginning of the 
visible region. 

References 

1. Dziak, L.A., Zozulia O.A. (2008). Diabeticheskaia 
polineiropatiia (etiopatogenez klinika 
diagnostika lechenie). Mezhdunarodnyi 
nevrologicheskii zhurnal, 4 (20), 61-71 [in 
Russian]. 

2. Shuteeva T.V. (2018). Correction of pain 
syndrome in diabetic neuropathy: a modern 
view of the problem // Modern problems of 
science and education, 3, 58-60. [in Russian]. 

3. Connolly, G. P., Duley, J. A. (1999). Uridine and 
its nucleotides: biological actions, therapeutic 
potentials. Trends in pharmacological 
sciences, 20(5), 218-225. 

4. Wattig, B., Schalow, G., Heydenreich, F., Warzok 
R., and Cervós-Navarro J. (1992) Enhancement 
of nerve fibre regeneration by nucleotides after 
peripheral nerve crush damage. 
Electrophysiologic and morphometric 
investigations. ArzneimittelForschung/Drug 
Research, 42(II); 9:1075- 1078. 

5. Wattig, B., Schalow, G., Madauss, M., 
Heydenreich, F., Warzok, R., and CervosNavarro, 
J. (1992) Acceleration of nerve and muscle 
regeneration by administration of nucleotides – 
electroneurophysiological and morphometrical 



PhOL     Almakaiev, et al.    150 (pag 145-155) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

investigations. Acta Histochemica, Suppl-Band 
XLII; S:333-339. 

6. Wurtman, R.J., Ulus, I.H., Cansev, M., Watkins, 
C.J., Wang, L., and Marzloff, G. (2006) Synaptic 
proteins and phospholipids are increased in the 
gerbil brain by administering uridine plus 
docosahexanoic acid orally. Brain Research, 
1088:83-92. 

7. Mibielli, M.A., Nunes, C.P., Cohen, J.C., Scussel, 
A.B. Jr, Higashi, R., Bendavit, G.G., Oliveira, L., 
Geller, M. (2010) Treatment of acute, 
nontraumatic pain using a combination of 
diclofenac-cholestyramine, uridine triphosphate, 
cytidine monophosphate, and 
hydroxocobalamin. Proceedings of the Western 
Pharmacology Society, 53:5-12. 

8. Müller, D. (2002). Тreatment of neuropathic pain 
syndromes results of an open study of the 
efficacy of a preparation based on pyrimidine 
nucleotides. Fortschr Med Orig, 120 (4), 131-133 
[in English]. 

9. Gallai V, Mazzotta G, Montesi S, Sarchielli P, Del 
Gatto F. Effects of uridine in the treatment of 
diabetic neuropathy: an electrophysiological 
study. Acta Neurol. Scand. 86(1), 3–7 (1992). 

10. Peres-Serra J, Grau-Veciana JM, 
BarraquerBordás L. Therapeutic results of an 
association of CMP, UTP and vitamin B12 in 50 
cases of peripheral neuropathy. N. Engl. J. Med. 
6(64), (1972). 

11. Goldberg, H., Mibielli, M. A., Nunes, C. P., 
Goldberg, S. W., Buchman, L., Mezitis, S. G., 
Rzetelna, H., Oliveira, L., Geller, M., & 
Wajnsztajn, F. (2017). A double-blind, 
randomized, comparative study of the use of a 
combination of uridine triphosphate trisodium, 
cytidine monophosphate disodium, and 
hydroxocobalamin, versus isolated treatment 
with hydroxocobalamin, in patients presenting 
with compressive neuralgias. Journal of pain 
research, 10, 397–404. 
https://doi.org/10.2147/JPR.S123045 

12. Silei, V., Politi, V., & Lauro, G. M. (2000). Uridine 
induces differentiation in human neuroblastoma 
cells via protein kinase C epsilon. Journal of 
Neuroscience Research, 61(2), 206-211. 

13. Cartier L, Castillo JL, Verdugo R. Effect of the 
Nucleus CMP forte in 46 patients with 
progressive spastic paraparesis. Randomized 
and blind study. Rev. Med. Chil. 124(5), 583–587 
(1996) 

14.  Danilov A.B., Pchelintsev M.V., Naumov A.V. 
(2016). Pain syndromes in neurology. 
Diagnostics and therapy. Modern approaches. 
Effective pharmacotherapy. Neurology, 2 (9). 

15. Almakaeva, L.G., Begunova, N.V., Dolya, V.G., 
Almakaev, M.S. (2016). Primenenie 
pirimidinovyih nukleotidov dlya lecheniya 
neyropatiy. Farmatsiia KhKhI stolittia: tendentsii 
ta perspektyvy : materialy VIII Nats. zizdu 
farmatsevtiv Ukrainy, Kharkiv, 1, 311 [in Russian]. 

16. European Pharmacopoeia, 9th ed. European 
Directorate for the Quality of Medicines 
(EDQM). – Council of Europe, 67075 Strasbourg 
Cedex, France 2016. 

17. Derzhavna Farmakopeia Ukrainy: v 3 t. (2015). 
Derzhavne pidpryiemstvo «Ukrains'kyj naukovyj 
farmakopejnyj tsentr iakosti likars'kykh 
zasobiv». 2-e vyd. Kharkiv: Derzhavne 
pidpryiemstvo «Ukrains'kyj naukovyj 
farmakopejnyj tsentr iakosti likars'kykh 
zasobiv», 1, 1128 р [in Ukrainian]. 

18. Gill, B.D., Indyk, H.E. (2007). Development and 
application of a liquid chromatographic method 
for analysis of nucleotides and nucleosides in 
milk and infant formulas. Int. Dairy J., 17, 596-
605 [in English]. 

19. Lee, S.H., Jung, B.H., Kim, S.Y., Chung, B.C. 
(2004). A rapid and sensitive method for 
quantitation of nucleosides in human urine using 
liquid chromatography / mass spectrometry with 
direct urine injection. RapidCommun. Mass. Sp., 
18, 973-977 [in English]. 

20. Kuminek, G., Stulzer, H.K., Tagliari, M.P., 
Oliveira, P.R., Bernardi, L.S. Rauber, G.S., Cardos, 
S.G. (2011). High-performance column liquid 
chromatographic method for the simultaneous 
determination of buclizine, tryptophan, 
pyridoxine, and cyanocobalamin in tablets and 
oral suspension. J. AOAC Int., 94, 1785-1790 [in 
English].

https://doi.org/10.2147/JPR.S123045


PhOL     Almakaiev, et al.    151 (pag 145-155) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 

21. Arayne, M.S., Sultana, N., Siddiqui, F.A.,  Zuberi, 
M.H.,  Mirza, A.Z. (2007). Spectrophotometric 
methods for the simultaneous analysis of 
meclezine hydrochloride and pyridoxine 
hydrochloride in bulk drug and pharmaceutical 
formulations. Pakistan journal of pharmaceutical 
sciences, 20 (2), 149-156 [in English]. 

22. ICH Harmonised Tripartite Guideline. Stability 
testing of new drug substances and products 
Q1A (R2) In: Proceedings of the International 
Conference on Harmonization of Technical 
Requirements for Registration of Pharmaceuticals 
for Human Use, Geneva, Switzerland. 2003. 

23. Santos, T.A.D., Costa, D.O.D., Pita, S.S.D.R., 
Semaan, F.S. (2010). Potentiometric and 
conductimetric studies of chemical equilibria for 
pyridoxine hydrochloride in aqueous solutions: 
simple experimental determination of pKa 
values and analytical applications to 
pharmaceutical analysis. Eclética Química, 35 (4), 
81-86 [in English]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PhOL     Almakaiev, et al.    152 (pag 145-155) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 

Table 1. The main impurities of the FDF API decomposition 

№ Impurity name Structure 

Impurities of API uridine-5-monophos phate disodium salt  

1 Uridine 

(1-β-D- Ribofuranosyluracil) 

CAS 58-96-8 

 

 

Impurities of API cytidine-5-monophosphate dis odium salt 

2 Cytidine 

(1-β-D- Ribofuranosylcytosine) 

CAS 65-46-3 

 

Impurities of API pyridoxine hydrochloride  

3 Impurity А 

(6-methyl-1,3-dihydrofuro[3,4-с]pyridine-7-ol) 

CAS 5196-20-3 

 

N

O

OH

CH3

 

 

4 Impurity В 

(5-hydroxymethyl-2,4-dimethylpyridine-3-ol) 

CAS 61-67-6 

N

OH

CH3

CH3

OH
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Table 2. Factors affecting API in solution 

№ Factor 
code 

Factor 

1 A Freshly prepared solution at room temperature (25°С) 

2 B Temperature (holding in a boiling water for 1 hour) 

3 C pH (1.2 in 0.1 М НСl) for 3 hours 

4 D pH (5.0 in buffer solution) for 3 hours 

5 E pH (9.18 in buffer solution) for 3 hours 

6 F oxidants (hydrogen peroxide – substance (1:2), m/m)  

7 G reducers (sodium borohydride – substance (1:2), m/m) 

 

 

Table 3. Formation of impurities in an UMP solution at different pH 

рН Main decomposition impurities Additional decomposition impurities 

1.2 Slight uridine formation – at an identifiable limit of 0.15% Another 2 unidentified decomposition impurities up to 0.2 
and 0.4% 

5.0 Is not formed All decomposition impurities below the identifiable limit 
(less than 0.15%) 

9.18 Is not formed All decomposition impurities below the identifiable limit 
(less than 0.15%) 

 

Table 4. Formation of impurities in a CMP solution at different pH 

рН Main decomposition impurities Additional decomposition impurities 

1.2 Slight cytidine formation (at an identifiable limit of 
0.12%) 

Another unidentified decomposition impurities up to 0.2% 

5.0 Slight increase in cytidine impurity (up to 0.15%) All decomposition impurities below the identifiable limit 
(less than 0.15%) 

9.18 Is not formed All decomposition impurities below the identifiable limit 
(less than 0.15%) 

 

Table 5. Formation of impurities in a PHC solution at different pH 

рН Main decomposition impurities Additional decomposition impurities 

1.2 Slight formation of impurity B – oxidized form (less than 
the unidentified limit - 0.03%) 

Other unidentified impurities: at the level of the unidentified 
limit (less than 0.1%) 

5.0 Formation of impurity B – oxidized form (at the level of 
the unidentified limit – 0.1%) 

All decomposition impurities are at the level of the 
unidentified limit, but their amount is increasing (about 0.1%) 

9.18 Formation of impurity B – oxidized form (at the 
qualifying limit – 0.4%) 

All decomposition impurities are at the level of the 
unidentified limit, but their amount has not increased relative to 

pH 5 
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Figure 1. Chromatogram of the solution for checking the suitability of the chromatographic system 

 

Figure 2. Chromatogram of the freshly prepared test solution 
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Figure 3. Isobestic point of pyridoxine 

 
 

Figure 4. Titration curves of pyridoxine hydrochloride and determination of chemical equilibrium for PHC in aqueous 
solutions 

 
 

Figure 5. Results of calculating pKa for pyridoxine 

 

 

 

 

 

 

 


