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Figure 4. Effect of the tested compounds (90 µM) in the in vitro model system of Fe(II)-induced 
lecithin (1 mg/mL) peroxidation. Data concerning the effect of the references melatonin (M), Trolox 
(T) and quercetin (Q) were presented All data are expressed as means ± SEM. The effect of 
compounds labeled with ∎  is considered statistically identical to the effect of melatonin. 
Respectively, * labels the compounds with an effect statistically identical to Trolox. 

The effectiveness of all studied structural modifications of the 5-methoxy-indole 
carboxylic acid derivatives 5a–f was more pronounced (lower absorbance ratio values) 
than the analogous structures in the IPA derivatives 3a–f. The absorbance ratio ranged 
from 34 to 74% for 3a–f and from 29 to 65% for 5a–f. As compared to the individual results 
of the derivatives of the IPA series, we could conclude that the structural modifications 
resulted in fewer expressed differences in the observed effects, except for the 2,3-
dihydroxy hydrazone 3a. We found two subgroups of derivatives with statistically 
identical potency via their absorbance ratios below 65% (3b, 3c, and 3f) and absorbance 
ratios of about 75% (3d and 3e). Among the 5MIC derivatives, only 1 subgroup of 
compounds, comprising 5c, 5e and 5f, exhibited the same extent of LP suppression, as 
observed. The absorbance ratio for these derivatives was about 45%. 

The reference melatonin revealed the lowest antioxidant effect in the studied system 
(absorbance ratio 75%). In the presence of IPA and 2 other compounds from the IPA 
derivatives,3d and 3e, the further amelioration of the antioxidant properties was not 
observed, as compared to melatonin. None of the studied compounds reached the 
effectiveness of the most potent reference, quercetin (23%). The two 2,3-dihydroxy 
compounds from both series (3a and 5a) had the same effects statistically (absorbance 
ratios around 30%) and revealed themselves as the most prospective derivatives in the 
system. The effectiveness of 5a was equivalent to the reference Trolox. 

The capability of the compounds to preserve deoxyribose molecules from iron-
induced oxidative damage was estimated using the deoxyribose-degradation test. For this 
purpose, we applied a protocol initiating oxidative damage with only ferrous ions [61–
63]. 

Depending on the structural modifications of the compounds in the model system 
containing deoxyribose, we observed an antioxidant effect and, in some cases, a weak pro-
oxidant effect (Figure 5). Among the IPA derivatives, only 1 compound had an identical 
effect to that of the controls, while among the 5MPI series, three compounds were 
identified. The compounds 3c, 5c, 5d, and 5e did not induce a modulating effect on the 
iron-induced damage of deoxyribose, compared to the controls. Among the 5MIC series, 
none of the tested compounds exhibited pro-oxidant activity. In contrast, in the 3 
substituted series, 2 substances had a weak but statistically significant pro-oxidant effect 
(3d and 3e), which was about 10% above the controls. IPA, 3b, and 3f showed a relatively 
low antioxidant effect and an efficiency equivalent to the reference melatonin (absorbance 
ratio about 85%). 


