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Abstract: 
Neuroendocrine neoplasms (NENs) are tumors arising from cells of the endocrine and nervous systems, 
found in various organs. Both nitrotyrosine and asymmetric dimethylarginine (ADMA) have significant 
effects on carcinogenesis, inducing oxidative and nitrosative stress and changes in proteins, lipids, and 
DNA. This study aimed to assess nitrotyrosine and ADMA levels in NEN patients based on tumor 
location, potentially improving diagnostic and therapeutic approaches.
Participants were divided into two subgroups, each with 10 patients. The first subgroup had pancreatic 
NENs (P-NENs), and the second had lung NENs (L-NENs). Venous blood samples were collected and 
processed to obtain blood serum. Nitrotyrosine and ADMA levels were measured using enzyme-linked 
immunosorbent assay (ELISA) tests. Results are presented as mean values with ± standard error of the 
mean (SEM). A p-value less than 0.05 was considered statistically significant.
In the P-NEN group, nitrotyrosine averaged 495.888 ± 105.538 nmol/L, while the L-NEN group had 
levels of 561.587 ± 158.929 nmol/L. The ADMA concentration was 0.378 ± 0.027 µmol/L in the P-NEN 
patients and 0.346 ± 0.013 µmol/L in the L-NEN group. Statistical analysis revealed no significant 
differences between the two groups for both analytes. Based on current findings, tumor location does 
not significantly impact nitrotyrosine and ADMA levels in NEN patients. Further research with larger, 
diverse samples may offer valuable insights into their relationship, potentially enhancing NEN 
diagnostic and therapeutic approaches.
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Introduction
Neuroendocrine neoplasms (NENs) are tumors originating 
from cells of both the endocrine and nervous systems and can 
develop in a variety of organs throughout the body. NENs 
account for about 0.5% of all cancers. Both nitrotyrosine and 
asymmetric dimethylarginine (ADMA) have significant effects 
on carcinogenesis. Studies show that reactive intermediates 
may undergo numerous chemical modifications, forming a 
number of chemical derivatives that induce oxidative and 
nitrosative stress and changes in proteins, lipids, and DNA.
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Introduction - materials and methods

This study involved 20 patients with NENs. The participants were divided 
into two subgroups, with 10 patients in each group. The first subgroup 
comprised patients with pancreatic NENs (P-NENs), while the second 
subgroup included patients with lung NENs (L-NENs). Venous blood 
samples were collected and processed in the laboratory to obtain blood 
serum. Nitrotyrosine and ADMA levels were measured using ready-to-use 
enzyme-linked immunosorbent assay (ELISA) tests. The results are 
presented as mean values with ± standard error of the mean (SEM). A 
p-value of less than 0.05 was considered statistically significant.
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Introduction - characteristics of the study participants

Anthropometric characteristic of the patients with pancreas and lung 
cancer divided according to the localization of the tumor. Each value is 
mean ± SEM.

P-NEN L-NEN p-value

n 10 10 ---

Sex (f/m) 6/4 5/5 0.673320

Age [yrs] 63.5 ± 3.76 56.5 ± 2.86 0.966692

Body mass [kg] 84.50 ± 1.22 80.50 ± 3.67 0.351104

Height [cm] 171.4 ± 2.01 173.0 ± 2.71 0.503448

BMI [kg/m2] 28.05 ± 0.73 26.35 ± 1.45 0.765857
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Results and discussion - ADMA 

ADMA [µmol/L] P-NEN L-NEN p-value

Mean 0.378 0.346
0.304

SEM 0.027 0.013

p = 0.304
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Results and discussion - nitrotyrosine 

Nitrotyrosine [nmol/L] P-NEN L-NEN p-value

Mean 495.888 561.587
0.734

SEM 105.538 158.929

p = 0.734
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Conclusions

Based on the current findings, it can be concluded that the 
location of the tumor does not significantly influence the levels 
of nitrotyrosine and ADMA in patients with NENs. Despite the 
lack of significant differences observed in this study, further 
research with larger sample sizes and more diverse patient 
populations may provide valuable insights into the relationship 
between nitrotyrosine, ADMA, and NENs. These additional 
studies could potentially contribute to the development of 
improved diagnostic and therapeutic approaches for patients 
with suspected NENs.



10

Acknowledgments

This research was funded by the Ludwik Rydygier Collegium Medicum in Bydgoszcz, 
Nicolaus Copernicus University, Poland, grant number AKRS.480.3.9.2022.



11

References
● Bandookwala, M.; Sengupta, P. 3-Nitrotyrosine: A Versatile Oxidative Stress 

Biomarker for Major Neurodegenerative Diseases. Int. J. Neurosci. 2020, 130, 
1047–1062, doi:10.1080/00207454.2020.1713776.

● Sydow, K.; Münzel, T. ADMA and Oxidative Stress. Atheroscler. Suppl. 2003, 4, 
41–51, doi:10.1016/S1567-5688(03)00033-3.

● Nakazawa, H.; Fukuyama, N.; Takizawa, S.; Tsuji, C.; Yoshitake, M.; Ishida, H. 
Nitrotyrosine Formation and Its Role in Various Pathological Conditions. Free 
Radic. Res. 2000, 33, 771–784, doi:10.1080/10715760000301291.

● Inzani, F.; Petrone, G.; Rindi, G. The New World Health Organization 
Classification for Pancreatic Neuroendocrine Neoplasia. Endocrinol. Metab. Clin. 
North Am. 2018, 47, 463–470, doi:10.1016/j.ecl.2018.04.008.

● Lamberts, S.W.J.; Hofland, L.J.; Nobels, F.R.E. Neuroendocrine Tumor Markers. 
Front. Neuroendocrinol. 2001, 22, 309–339, doi:10.1006/frne.2001.0218.


