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Abstract  Original Research Article 
 

A mass balance calculation for active pharmaceutical substances subjected to chemical stress was performed using 

oxidized nicotinamide adenine dinucleotide (NAD+) as an example. Calculations were carried out for low, moderate, 

and extensive degradation of NAD+ induced by basic hydrolysis. The applicability of using the mass balance as a 

criterion for the reliability of an analytical method is discussed. 
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INTRODUCTION 
Calculating the mass balance of active 

pharmaceutical ingredients subjected to chemical stress 

is becoming a popular feature in publications describing 

analytical methods (Marden S, et al.,2024), (Hong P, et 

al.,2016), (Mackaplow M,.2010). Aware of this trend, 

clients and analytical laboratory managers often require 

the inclusion of mass balance data in new analytical 

methods. A range of 95%–105% is now accepted as the 

standard for mass balance. However, this criterion is 

frequently not met—a fact which, as this paper will 

demonstrate, does not justify deeming the method 

inadequate. 

 

MATERIALS AND METHODS 
Chemicals. Water HPLC grade purchased from Agilent. 

HPLC-grade solvents were used. NAD+ 98.2% Medisca 

INC, and Niacinamide USP reference standards were 

used. 

 

Mobile phase: ACN/H2O 3/7 +0.1% Formic acid. 

Standard solution preparation: Weight 20 mg standard 

dissolve in 10 ml mobile phase, filtration 0.45μm pore 

syringe filter. 

 

Instrument. Agilent HPLC/DAD/MS 

instrument consists of the following components: Diode 

Array Detector (DAD), quaternary pump, single 

quadrupole mass selective detector (MSD) with 

electrospray ionization and 150 V fragmentor, the gas 

temperature is 300°C, the capillary voltage is 4000 V, 

and the nebulizer is 15psi.  

 

Column - Ascentis Express 90A OH5 150 x 4.6, 

2.7mkm, Linear range: (0.1, 1.5) µg. Calibration 

standards: from 0.1 to 1.2 µg  

 

HPLC/MS conditions: column temperature 40C, flow 

rate 1ml/min, flow time 5 min, DAD 262, samples 

injection volume – 0.5 µL; m/z+: 664 for NAD+, and 123 

for niacinamide. 

 

Quantitative analysis was done using a calibration curve 

built for each of the components (Fig. 1, and 2). 

 

Calibration curve and coefficient of correlation (r). The 

range was chosen so that, the calibration curve should be 

strictly linear (r≥0.999). 

 

The forced degradation study involved 

incubating samples of NAD+ with ammonium hydroxide 

of different concentrations. The % of recovery which is 

equivalent to 100 minus % of degradation was 

determined. 

 

Mass balance (Mb) of API was calculated by formula 

[1]: 

𝑀𝑏 =
𝐴+𝐵

𝐶
× 100% [1] 

 

Were A – mass of API in sample after chemical stress; B 

– sum of mass of all products of degradation; C - mass of 
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API in the sample before chemical stress. 

 

Statistical analysis included calculating mean, 

standard deviation (S.D.), relative standard deviation 

(RSD), and correlation coefficient (r). Results p <0.05 

were considered statistically significant. The Least-

squares regression analysis was used. In most cases, the 

calculation was performed automatically by the 

OpenLAB CDS software of the instrument. 

 

RESULTS AND DISCUSSION 
First, we determined calibration curve, range of 

linearity, API and degradants spectra (Figure 1 and 2). 

 

 
Figure 1: NAD+ chromatogram, spectra, calibration curve, range of linearity 

 

 
Figure 2: Niacinamide chromatogram, MS spectra, calibration curve, range of linearity 
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As a control we use the freshly prepared NAD+ solution. Analysis of this solution reveals that it contains 98.6% 

of API and small, not quantitatively detected niacinamide (NA) contamination (Table1., Figure 1 and 2). 

 

Table 1: Control. Fresh prepared solution NAD+ 1.47 g/l 

RT (min) Signal Description Area Area % m/z+ Recovery (%) 

1.324 DAD 36.7 1.35 - 
 

1.341 MSD 128272.2 7.05 - 
 

3.230 DAD 2675.6 98.36 664 98.6 

3.255 MSD 1533492.4 84.25 - 
 

 

 
Figure 3: Control. Fresh prepared solution NAD+ 1.47 g/l. Chromatograms DAD and MSD 

 

 
Figure 4: Control. Fresh prepared solution NAD+ 1.47 g/l. MS Spectra 

 

NAD+ solution which was stored at 4C for 14 

moth we used as an example of light chemical stress. The 

degradation product (NA) is detectable (Figs. 5 and 6), 

and its quantity was used to calculate the material 

balance. Only in this single instance out of three does the 

material balance fall within the acceptable range (95%–

105%) (Table 2, 3, 4). 

 

Table 2: Light degradation. NAD+ water solution pH=7.0, 4.5 g/l, 4C, 14 months 

RT (min) Signal Description Area Area % m/z+ Recovery (%) mass balance (%) 

1.32 DAD 86.50 3.16 123.00 
  

1.34 MSD 234573.80 16.04 123.00 
  

3.22 DAD 2645.00 96.63 664.00 98.0 101.1 

3.25 MSD 1227977.70 83.96 664.00 
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Figure 5: Light degradation. NAD+ water solution 4.5 g/l, 4C, 14 months. Chromatograms DAD and MSD 

 

 
Figure 6: Light degradation. NAD+ water solution 4.5 g/l, 4C, 14 months. MS Spectra 

 

NAD+ is quickly degraded in basic solution 

(3% NH4OH solution). After 30 minutes the NAD+ % 

recovery was only 14.6. The material balance 

calculation, accounting for only one known and 

detectable degradation product (NA), yields a value of 

30.4%. This value indicates the presence of unidentified 

and undetectable degradation products. 

 

Table 3: Intermediate degradation. NAD+ water solution 4.5 g/l, 3% NH4OH, 25C, 30min 

RT (min) Signal Description Area Area % m/z+ Recovery (%) mass balance (%) 

1.37 DAD 1102.10 54.57 123     

1.37 MSD 1123318.80 61.06 123     

3.12 DAD 731.20 36.21 664 14.6 30.4 

3.15 MSD 401214.00 21.81 664     
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Figure 7: Intermediate degradation. NAD+ water solution 4.5 g/l, 3% NH4OH, 25C, 30min. Chromatograms DAD and MSD 

 

 
Figure 8: Intermediate degradation. NAD+ water solution 4.5 g/l, 3% NH4OH, 25C, 30min. MS Spectra. 

 

The deepest degradation of NAD+ was 

observed in an alkaline solution (15% NH4OH). After 60 

minutes of incubation, the recovery of NAD+ was only 

0.6%. A material balance calculation accounting for only 

one known detectable degradation product (NA) yields a 

value of 7.3%. This figure indicates that most of the 

degradation products remain unidentified and 

undetectable (Tale 4, Figures 9, 10). 

 

Table 4: Deep degradation. NAD+ water solution 2.25 g/l, 15% NH4OH, 25C, 60 min 

RT (min) Signal Description Area Area % m/z+ Recovery (%) mass balance (%) 

1.360 DAD 256.8 5.09 123 - - 

1.371 MSD 252323.4 10.88 123 - - 

3.101 DAD 4562.5 90.40 664 0.6 7.3 

3.120 MSD 845843.5 36.46 664 - - 
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Figure 9: Deep degradation. NAD+ water solution 2.25 g/l, 15% NH4OH, 25C, 60 min. Chromatograms DAD and MSD 

 

 
Figure 10: Deep degradation. NAD+ water solution 2.25 g/l, 15% NH4OH, 25C, 60 min. MS Spectra 

 

The enzymatically generated breakdown 

products of intracellular NAD+ are known (Kulikova V, 

et al, 2019), (Hachisuka S, et al, 2017): adenosine 

diphosphate ribose (559.32 g/mol), adenosine 

monophosphate (347.22 g/mol), and ribose (230.11 

g/mol). These products are not detected in the present 

case. Of all possible degradation products, only 

nicotinamide is reliably detected, as it is the most 

resistant to chemical stress (Yefimov S, 2024). Unlike 

the sequential enzymatic transformations occurring in a 

living cell, the chemical degradation of a pharmaceutical 

product is uncontrolled, and the degradation products are 

unpredictable. Therefore, in the general case, the mass 

balance calculation is impossible or incorrect. The 

information necessary and sufficient for pharmacists and 

chemists is contained in the API recovery rate following 

stress testing. Based on this information, conclusions are 

drawn regarding the storage conditions, and measures are 

taken to protect the API from the identified degradative 

effects. 

 

CONCLUSION 
When validating analytical methods for 

pharmaceutical products, the mass balance value may be 

used as an additional, optional parameter in cases where 

its calculation is feasible. However, the recovery 

percentage of the active pharmaceutical ingredient 

should be considered a primary, mandatory parameter. 

 

Abbreviations: 

DAD -Diode Array Detector 

MSD - mass selective detector 

MP-mobile phase 

RSD – relative standard deviation 
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SQ - single quadrupole 

API - Active Pharmaceutical Ingredients 

LOD – limit of detection 

ACN - Acetonitrile 
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