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Cobalt is an essential trace element that plays a key role in the human 

body as a component of vitamin B12. However, it can also be toxic, especially 

when it accumulates in the body due to the inadvertent release from 

cobalt‑containing orthopaedic implants. Currently, there is no approved 

pharmacological treatment for cobalt intoxication, highlighting the need 

for the development of new therapeutic strategies. 

The aim of this dissertation is to expand current knowledge of cobalt 

toxicity and the possibilities of its modulation. The interactions of cobalt with 

selected chelating agents, including both synthetic chelators and natural 

flavonoids, were studied using in vitro and ex vivo methods. The research focuses 

on the development of a comprehensive methodology for the evaluation of cobalt 

ion chelation, screening potential cobalt chelators, assessment of their influence 

on hydroxyl radical production in the cobalt-induced Fenton chemistry 

and analysis of the effect of these substances on red blood cells in the presence 

of cobalt ions. Additionally, the physiological role of vitamin B12 as the only 

cobalt‑containing molecule in the human body was described in detail. 

For chelation screening purposes, a spectrophotometric method 

employing the indicator NNDSA (disodium salt of 1-nitroso-2-naphthol-3,6-

disulfonic acid) was optimized. This method enabled sensitive detection of cobalt 

over a broad pH range (4.5–7.5), detecting concentrations from 25 to 200 nM 

depending on pH. 

Among the chelators tested, EDTA proved to be the most active, achieving 

66 % chelation at a molar ratio of 1:1. However, its limitation remains 



 
 
 

its non‑selectivity towards other biogenic metals. 8-hydroxyquinoline derivatives 

showed moderate chelating activity. The most effective of these was chloroxine, 

whose complexes with cobalt were stable over a wide pH range. Flavonoid 

analysis revealed that six of the tested flavonoids exhibited significant chelating 

activity at pH 7.5 and thirteen at pH 6.8. Baicalein and 3-hydroxyflavone showed 

the highest activity. However, flavonoids were generally weaker cobalt chelators. 

Since free cobalt ions catalyse the Fenton chemistry and contribute to 

the production of hydroxyl radicals, compounds with measurable cobalt chelation 

activity were evaluated using HPLC with coulometric detection to determine their 

potential impact on this process. EDTA partially reduced the cobalt‑induced 

Fenton reaction, though not completely, and its activity was pH‑dependent. 

Chloroxine had a mostly neutral effect, whereas nitroxoline demonstrated strong 

antioxidant activity across all tested pH conditions. Moreover, its ability to reduce 

hydroxyl radicals was concentration‑dependent. Among the flavonoids, baicalein 

and 3-hydroxyflavone acted as antioxidants at low flavonoid:Co²⁺ ratios but 

exhibited a neutral effect at higher ratios. In contrast, quercetin significantly 

enhanced the cobalt-induced Fenton reaction at pH 6.8 from a ratio of 10:1, 

flavonoid:Co²⁺, respectively, while it had no effect at pH 7.5. 

Ex vivo erythrocyte haemolysis tests showed that EDTA not only did not 

damage red blood cells but also protected them at a ratio of 1:10 or higher 

(EDTA:Co²⁺), both in the presence and absence of cobalt ions. Nitroxoline 

and 3‑hydroxyflavone had a neutral effect. However, chloroxine, quercetin, 

and baicalein significantly increased haemolysis in combination with cobalt. 

Beyond experimental research, this dissertation also provides a systematic 

overview of vitamin B12, summarizing its biological functions, pharmacokinetics, 

detection methods, and clinical consequences of its deficiency. Analytical 

methods for serum cobalamin determination are described. Additionally, 

the study discusses the therapeutic applications of vitamin B12 and its potential 

toxicity in relation to high doses administered under certain clinical conditions. 

The findings of this dissertation contribute to a better understanding 

of cobalt interactions with synthetic chelators and flavonoids and provide new 

insights into the development of selective cobalt chelators. At the same time, 



 
 

the importance of vitamin B12 as the biologically active form of cobalt, which 

fundamentally differs from its toxic forms, is emphasized. 


