
INTRODUCTION
N-nitrosamines, refer to any molecule containing the nitroso functional group. Nitrosa-
mines come from chemical reactions and can be formed in drugs during manufactur-
ing process under certain processing conditions and in the presence of some types of 
raw materials, starting materials and intermediates. The formation of nitrosamines is 
generally only possible when secondary or tertiary amines react with nitrite or other 
nitrogenous agents with the nitrogen in +3 oxidation state under acidic pH. The aim of 
this study was to determinate the root cause of NDMA formation during manufacturing 
of immediate release film-coated tablets, to identify the potential influence of the ex-
cipients and the technological process on the formation of the nitrosamines impurities 
in pharmaceutical drug product containing API which   belongs to class of biguanidines, 
with reactive  amines in the structure.

MATERIALS AND METHODS
In order to identify the manufacturing processing step where formation of NDMA is pos-
sible to occur, laboratory trial that simulate the manufacturing process has been man-
ufactured. The film-coated tablets are manufactured using wet granulation technology. 
Sampling after each phase of the production process has been performed. Further, in 
order to investigate if the API is a source of nitrosamines, it has been performed analysis 
for presence of NDMA in unstressed and stressed (at 40º/75% RH for 30 days) samples 
of the API. Additionally, since literature data has suggested that sodium starch glycolate 
can carry trace amounts of nitrites that can potentially cause formation of nitrosamines 
and taking into consideration the proposed mechanism of formation of nitrosamines, 
binary mixture of the API and sodium starch glycolate has been prepared and analyzed 
for NDMA (unstressed and stressed samples at 40º/75% RH for 30 days). 
Despite the phase analysis, samples of the finished drug product placed under stability 
studies (25ºC/60% RH), packed in the primary packaging (PVC-blanco Alu foil) imme-
diately after production and samples packed in the primary packaging before analysis 
have been analyzed in  order to assess the possibility for formation of the nitrosamines 
during the primary packaging process. 
The analysis of the samples has been performed by contract laboratory using LC-MS/MS 
method (Acquity H-class® UPLC system). 

RESULTS AND DISCUSSION
Presence of nitrosamines in the analyzed API samples (stressed and unstressed) has 
not been detected, which indicate that NDMA impurity is not present in the API. NDMA 
has not been detected in the binary mixture of the API and sodium starch glycolate as 
disintegrant, either. 

The results of NDMA content analysis in binary mixtures and API samples are presented 
in Table 1.

Table 1. Results of NDMA content analysis in binary mixtures and API samples
Sample description NDMA (ppm)

Binary mixture API/Sodium starch glycolate – stressed n.d.

Binary mixture API/Sodium starch glycolate - unstressed n.d.

API – stressed n.d.

API – unstressed n.d.

n.d. – not detected
LOQ– limit of quantification (0.025 ppm)

From the obtained results of the phase analysis of the laboratory trial, the presence of 
NDMA has been confirmed only in the sample from wet granulation processing step. 
The results of NDMA content analysis in in-process samples are displayed in Table 2.
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Table 2. Results of NDMA content analysis in in-process samples 
Sample description Batch No. NDMA (ppm)

Wet granulation phase Lab. Trial T1/21 0.014*

Drying phase Lab. Trial T1/21 n.d.

Mixing with Sodium starch glycolate Lab. Trial T1/21 n.d.

Final mixing with Magnesium stearate Lab. Trial T1/21 n.d.

Tablet cores 
(low, medium and high strength) Lab. Trial T1/21 n.d.

Film coated tablets 
(low, medium and high strength) Lab. Trial T1/21 n.d.

n.d. – not detected
LOQ– limit of quantification (0.025 ppm)

Having in mind the mechanism of formation of nitrosamines, the detected NDMA in 
the sample of wet granulation phase indicates that the potential cause for formation of 
nitrosamines could be the reactive amines from the API under certain processing condi-
tions. Probably due to the higher temperature in the following phases and considering 
that NDMA is a volatile compound in the next following phases NDMA has not been 
detected.
The results of NDMA content analysis in finished drug product are displayed in Table 3. 

Table 3. Results of NDMA content analysis in finished drug product under stability 
studies (25ºC/60% RH)

Sample description Batch number Content of NDMA (ppm)

Drug product
low strength film-coated tablets

37101 1118* 0.026^

37102 1218* < LOQ^

01371 0519** < LOQ^

Drug product
medium strength film-coated tablets 01372 0519** < LOQ^^

Drug product 
high strength film-coated tablets 01373 0519** < LOQ^^

*Shelf life 18 months                               
** Shelf life 12 months
^packed immediately after production    
^ ^ stored in-bulk, packed in primary packiging before analysis
LOQ– limit of quantification (0.025 ppm)

All obtained results are either below the limit of quantification (LOQ) or just slightly 
above it (for one batch, 3710 1118), regardless of the time of packaging and exposure 
to the primary packaging material which indicate that the formation of nitrosamines is 
not likely to occur in this phase of the production process. 

CONCLUSION
The phase analysis has shown that the formation of  NDMA can occur during the wet 
granulation process which implicates that several factors influence on the NDMA for-
mation in the finished drug product that contain reactive amines in its structure.  Cer-
tain conditions under which is performing the wet granulation process - humidity, heat, 
presence of the trace amounts of nitrites in the excipients could be the key factors for 
formation of NDMA. The samples form the laboratory trial would be further monitor 
during stability studies to assess the kinetics of formation of nitrosamines impurities.
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