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ABSTRACT  

Objective: To investigate the thermal stability of aqueous solutions of L-ascorbic acid (AA) and its reactions with excipients for the improvement of 
the injection forms technology. 

Methods: Solutions of L-ascorbic acid were prepared using deuterium depleted water (DDW-«light» water, D/H=4 ppm) and natural deionized 
high-ohmic water (BD, D/H=140 ppm). The optical rotation was observed using an automatic polarimeter Atago POL-1/2. Electrospray tandem 
mass spectra were recorded by Sciex X500R QTOF. Electronic spectra were recorded by UV-spectrometer Cary 60 (Agilent). Unicellular biosensor 
(Spirotox-test) was used for investigation of excipients influence on the AA biological activity. The statistical analysis was carried out using the 
OriginPro®9 packages. 

Results: The results demonstrate the thermal instability of AA. The optical activity of injection forms of AA differs from model solutions with the 
same concentration and pH value but without heat treatment. Monitoring of solutions by the LC-ESI-MS/MS method made it possible to characterize 
the nature of some thermal decomposition products. Thermodynamic calculations and evaluation of biological activity (Spirotox-test) indicate that 
AA interacts with sulfite-ion by redox mechanisms. Excipients in AA aqueous solutions decrease, but DDW increases the biological object lifetime. 

Conclusion: The use of the set of physicochemical and biological methods to study the effect of heat treatment of L-ascorbic acid solutions in the 
presence of sulfur (IV) compounds as excipients made it possible to identify decomposition products of the active pharmaceutical ingredient. The 
results indicate the need to exclude sterilization of the AA injection form by the thermal method and replace it with an alternative one, for example, 
with gamma radiation treatment. 
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INTRODUCTION  

Since the middle of the last century, the stability of ascorbic acid 
(AA), which has antioxidant properties in mammals and in 
foodstuffs, has been actively studied [1-9]. AA degradation can occur 
spontaneously, even in an anaerobic environment, and under the 
influence of a number of factors [1, 2, 5]. An increase in temperature 
and in alkalinity of its solution, exposure to radiation, the presence 
of d-elements ions and compounds with a more positive redox 
potential are the main causes of AА degradation. 

To increase the stability of AA, sodium sulfite (Na2SO3) or its 
analogues with sulfur (IV) in anionic form — sodium hydrogen 
sulfite/bisulfite (NaHSO3) or sodium metabisulfite/pyrosulfite 
(Na2S2O5) — are added to liquid dosage forms. At the same time, the 
possibility of AA interaction with these excipients, which exhibit 
oxidative properties with respect to vitamin C, is ignored [10, 11]. 
Redox reactions are accompanied by an increase in impurities in the 
liquid dosage form. The nature of these compounds can vary 
depending on the acidity of the medium. The approximation to the 
pH of biological media increases the instability of AA and, therefore, 
the number of products of interaction with excipients.  

In accordance with the technological regulations, sterilization of AA 
injection forms is performed at 100 °С (15 min) or 120 °С (8 min) 
[12-14], although the recommended temperature range for storing 
the finished injection form is between 2 °C to 8 °C [15, 16]. To justify 
the inadmissibility of thermal sterilization of injectable forms of AA, 
it is possible to use the polarimetry method: the optical activity of 
injectable forms of AA should differ from model solutions with the 
same pH and concentration values but without heating. Additional 
monitoring of model solutions by LC-ESI-MS/MS can characterize 
the nature of the products of thermal decomposition of AA. 

Thermodynamic calculations, polarimetric measurements and 
evaluation of biological activity (Spirotox test) can demonstrate that 
AA and sulfite ion interact through redox mechanisms. 

The introduction of sulfur (IV) compounds as reducing agents in the 
AA injection forms and their subsequent thermal sterilization should 
be excluded since they are accompanied by contamination of the 
pharmaceutical product.  

The investigation of the thermal stability of ascorbic acid in aqueous 
solutions and its reactions with excipients will help to improve the 
technology for producing injection forms. 

MATERIALS AND METHODS 

Materials  

L-threo-Ascorbic acid was obtained from Sigma-Aldrich (the content of 
API ≥99%). Deionized high-ionic water (specific electrical resistivity of 
18.2 MΩ×cm at 25 °C) was prepared by purifying a pyrogenic distilled 
water (BD, D/H = 140 ppm) on a Milli-Q system (Millipore, Great 
Britain). Water with low deuterium content (deuterium depleted water-
DDW, D/H = 4 ppm, “light” water) was obtained by low-temperature 
vacuum distillation. Methanol HPLC grade, acetonitrile (Merck, hyper 
grade for LC-MS), ammonium formate (for HPLC, ≥99.0%, Fluka Sigma-
Aldrich), deionized water for HPLC were used in experiment. 

The injectable forms of vitamin of different manufacturers contained: 
5.000 g AA, 0.200 g Na2SO3, 2.385 g NaHCO3, distilled water to 100 ml 
(pH 6.3). Model solutions (5% AA) were prepared by dissolving 5 g AA 
in 100 ml of BD or DDW and adding excipients at pH 6.3. 

Methods 

The optical activity was determined using the Atago POL-1/2 
polarimeter (Japan), in the 100 mm cell, the measurement accuracy 
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of±0.002 ° and the resolution of 0.0001 °. The electronic Peltier 
module was used for setting the required temperature (T=20 °C). UV 
spectra were recorded using an Agilent Cary 60 Spectrometer. 

Liquid chromatography-electrospray ionization-tandem mass 
spectrometry (LC-ESI-MS/MS) was used for monitoring AA 
degradation. Chromatographic separation of the mixture of 
compounds was carried out under the following conditions: in a 
gradient mode (Kinetex column C18 from Phenomenex); the eluent 
flow rate 0.4 ml/min; the column temperature 40 °C; the volume of 
injected sample 10 μL. The mobile phase consisted of solution A (0.01 
M solution of ammonium formate) and solution B (methanol-
acetonitrile 50:50). High-resolution mass spectra were obtained using 
Sciex X500R Q-TOF mass spectrometer with a Turbo V™ ionization 
source. The mass spectrometer was operated in the negative 
electrospray ionization (ESI) mode. High-resolution mass spectra were 
obtained in the mass range 10-1000 Da. Mass fragmentation was 
carried out in collision energy (CE) of 35 V and collision energy spread 
(CES) in the interval±15 V. The voltage of the ionization source was 
2500 V at 600 °C. Unicellular biosensor based on free-living ciliate 
Spirostomum ambiguum (the class Heterotrichea)-Spirotox-test. 

Statistics 

The findings were processed by the statistical methods using 
software packages of Origin Pro 9.1. Each value on the fig. represents 
«mean±SD», *P<0.05. 

RESULTS AND DISCUSSION 

The AA degradation kinetics was investigated at 90 °C and pH 6.3 
(phosphate buffer solution). In 45, 90, 135 and 180 min after the heating 
start the optical rotation angle and the absorption maximum at λ=256 
nm of 5 solutions, including the original, were detected at 20 °C (fig. 1). 

As can be seen from the obtained results, the thermal degradation of 
AA does not follow the steady-state kinetics mechanism, and each 
experimental point is characterized by a significant amount of 
relative standard deviation. In the time interval 50–100 min, an 
absorption increase is observed. This is the result of the 
intermediate degradation product formation that absorbs light at 
265 nm. With longer heating, the absorption of the solutions 
decreases as a result of the degradation of both AA and intermediate 
decomposition products. 

 

 

Fig. 1: Kinetics of L-ascorbic acid degradation at 90 °C: a) the values of the angle of the polarized light plane rotation (α), C = 0.2%, T = 20 
°C. b) Absorption at 265 nm (A), C = 0.002%. n = 5, P = 0.95 

 

Chromatographic analysis of solutions with different thermal exposure periods indicates a decrease in the peaks of AA and dehydroascorbic acid 
(DGAA) in 45 min after the heating start (fig. 2). After 90 min there are many chromatographic peaks corresponding to the decay products. After 
180 min of dissolution, they were not detected in either ascorbic or dehydroascorbic acids. 
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Fig. 2: HPLC chromatograms of ascorbic acid solution (pH=6,6) heated at 90 °C for 0 (a), 45 (b), 90 (c) min 
 

Some of the degradation products were identified by liquid 
chromatography-electrospray ionization-tandem mass spectrometry 
(Fig.3). Among the identified compounds there are derivatives with 
m/Z: 55–2-propyn-1-ol; 59–(E)-1,2-ethenediol or acetic acid; 71–3-

hydroxypropen-1-al; 89–(1Z)-1-propene-1,2,3-triol or 2,3-
dihydroxypropanal; 99–1-keto-buta-1,3-diene-2,4-diol 143–5-
(hydroxymethyl)-2,3,4(5H)-furantrione; 173–dehydroascorbic acid 
or 5-(1,2-dihydroxyethyl)-2,3,4(5H)-furantrion.  
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The results demonstrate the thermal instability of AA, and the 
formation of numerous decomposition products does not obey the 
laws of stationary kinetics. That´s why FDA believes that AA 

solutions after heat treatment are not safe; therefore low doses of 
gamma radiation should be used to sterilize injectable forms of 
vitamins, including ascorbic acid [16-18]. 

 

 
 

 

Fig. 3: Some derivatives of ascorbic acid in its solution heated at 90 °C for 135 min by LC-ESI-MS/MS. Identified compounds are marked in red 
 

The presence of Na2SO3 in the injection form exacerbates the 
situation, since when heated, in addition to the hydrolysis products 
and pH increasing, the redox interaction between the SO32-ions and 
AA is possible. In these reactions, sodium sulfite loses its function as 
an excipient and plays the role of an oxidizing agent rather than a 
reducing agent with respect to AA. This can be demonstrated by the 
example of one of the possible reactions: 

 
AA and DHAA 

Electromotive force (EMF) of this process ∆E ° = E °(Ox)-E °(Red) = E 
°(SO32-/S2O32-)-E °(DHAA/AA) = 0.608 V, and Gibbs energy ∆G о =-

n•F•∆E ° =-234.7 kJ/mol. This value is many times greater than the 
values of the Gibbs energy for the state of chemical equilibrium (±10 
kJ/mol) [19]. Thus, on the basis of thermodynamic calculations, the 
possibility of the interaction of AA as a reducing agent with 
compounds of sulfur in an intermediate oxidation state (+4) can be 
demonstrated. 

The effect of disodium sulfite on the biological activity of AA was 
demonstrated on the Spirostomum ambigua biosensor (fig. 4). The 
D/H ratio decrease in water leads to an increase in the lifetime of the 
ciliate due to the manifestation of the kinetic isotope effect [20-22]. 
But any complication of the system due to the addition of excipients 
to the aqueous solution leads to a decrease in lifetime leads of the 
biological object. At the same time, there is also a noticeable increase 
in the specific optical rotation, which reflects a change in the chiral 
properties of the API solution [1, 2]. 

 

 

Fig. 4: The lifetime of the bilogical sensor (a) and specific rotation value (b) for laboratory model samples with different composition (1-4) 
and industrial injection form (5): 1-ascorbic acid (5 %); 2-ascorbic acid+NaHCO3; 3-ascorbic acid+Na2SO3; 4-ascorbic 

acid+Na2SO3+NaHCO3; (pH=6,30, n=3, P=0,95). The inset shows a plot of Spirostomum ambigua lifetime in Na2SO3 solutions with different 
ratios of D/H in water: A–140 ppm; B–4 ppm (n=5, Р=0,95) 

 

The search for methods to protect AA drugs from degradation is not 
an easy task [15, 18, 21, 22] and requires an approach using a 
complex of analytical and biological methods [1, 6-9, 20, 23, 24]. This 

is especially important for injectable forms of AA [25]. The article 
results indicate that heating solutions of ascorbic acid and the use of 
sulfur compounds in the oxidation state +4 as excipients are 
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accompanied by changes in their physical properties and chemical 
composition. This should be taken into account in the 
pharmaceutical production of injectable forms of AA and also in food 
production.  

CONCLUSION 

The use of the set of physicochemical and biological methods to 
study the effect of heat treatment of L-ascorbic acid solutions in the 
presence of sulfur (IV) compounds as excipients made it possible to 
identify decomposition products of the active pharmaceutical 
ingredient. The results indicate the need to exclude sterilization of 
the AA injection form by the thermal method and replace it with an 
alternative one, for example, with gamma radiation treatment. 
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