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Background: Extracts from microalgae and cyanobacteria represent important sources of 
bioactive compounds with antioxidant potential. Their efficacy depends on their chemical 
nature and behavior in different environments. For assessing activity in lipid systems, the 
low-density lipoprotein (LDL) oxidation inhibition assay is an appropriate functional model 
for comparing the capacity to prevent lipid peroxidation.
Aim: To comparatively evaluate the inhibitory effect on LDL oxidation of selected bioactive 
preparations of cyanobacterial and microalgal origin.
Materials and methods: Phycobiliproteins from Porphyridium cruentum and Arthrospira 
platensis (aqueous extracts), as well as astaxanthin from Haematococcus pluvialis (ethanolic 
extract from aplanospores), were analyzed. The inhibitory effect on LDL oxidation was 
assessed using a spectrophotometric assay, with results expressed as percentage inhibition at 
defined concentrations of the tested preparations.
Results: All three preparations exhibited inhibitory activity against LDL oxidation, with 
variations depending on the chemical nature of the bioactive compounds and their 
concentration. Astaxanthin from Haematococcus pluvialis showed the strongest inhibitory 
effect, reaching 67.3% at 5 μg/mL, indicating high antioxidant potency at very low 
concentrations. This effect may be attributed to the specific chemical structure of astaxanthin, 
which enables activity in lipid systems by localizing within hydrophobic membrane regions 
and at the lipid-water interface, the primary site of LDL lipid peroxidation initiation.
Phycobiliproteins from Arthrospira platensis showed an inhibitory effect of 27.9% at 3.99 
μg/mL, suggesting high specific activity at low concentrations. Phycobiliproteins from 
Porphyridium cruentum induced 43.4% inhibition at 136.6 μg/mL. These differences in 
potency may be related to the distinct compositions of phycobilin chromophores 
(phycocyanobilin vs. phycoerythrobilin), which influence radical-scavenging efficiency and 
electron-transfer processes. Phycocyanin exhibits high activity at low concentrations through 
chain-breaking antioxidant mechanisms in the early stages of oxidation. In contrast, 
phycoerythrin may exhibit higher activity at elevated concentrations due to structural 
differences that affect interactions at the lipid-water interface of LDL.
Conclusions: The study demonstrates that algal and cyanobacterial preparations inhibit LDL 
oxidation to varying degrees, depending on compound type and concentration. Astaxanthin 
from Haematococcus pluvialis was the most potent inhibitor at μg/mL levels, while 
phycobiliproteins from Arthrospira platensis and Porphyridium cruentum also exhibited 
relevant antioxidant activity. The LDL oxidation assay proved to be a suitable model for 
evaluating antioxidant potential in lipid systems.
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Background: Metal and metal oxide nanoparticles can modulate microalgal metabolism. 
However, their effects strongly depend on chemical nature, applied concentration, and species 
specificity. Porphyridium purpureum is a red microalga of high biotechnological interest due 
to its rich content of phycobiliproteins, exopolysaccharides, and fatty acids.
Aim of the study: To evaluate the effects of TiO₂, Cu, and CuO nanoparticles on biomass 
accumulation and the biochemical profile of Porphyridium purpureum.
Materials and methods: TiO₂ (20 nm), CuNPs (25 nm), and CuO (50 nm) nanoparticles 
(Sigma-Aldrich, Merck KGaA, Germany; size confirmed by TEM) were applied to 
Porphyridium purpureum cultures at 0.1-30 mg/L. At the end of cultivation, biomass, 
proteins, carbohydrates, lipids, phycobiliproteins, photosynthetic pigments (chlorophyll a, b, 
carotenoids), and malondialdehyde (MDA) were determined.
Results: TiO₂ nanoparticles induced moderate effects on biomass, causing reductions of 6.8-
17% compared to the control at all tested concentrations (0.1-30 mg/L). Protein content 
generally remained at control levels or showed slight increases (up to +8.6% at 0.1 mg/L), 
except at 30 mg/L, where a decrease of approximately 2% was observed. Carbohydrates 
remained stable at low concentrations and increased significantly at 30 mg/L (+31.3%). 
Lipids decreased moderately (11.6-9.4%), while phycobiliproteins fluctuated around control 
values. MDA levels did not show significant changes, indicating low oxidative stress induced 
by TiO₂. Cu nanoparticles exerted the most pronounced effects, causing consistent reductions 
in biomass across all tested concentrations (1.097-1.223 g/L). Protein content remained stable 
or slightly increased at low concentrations, whereas phycobiliproteins decreased dramatically 
at 10 mg/L (- 49.9%), indicating high sensitivity of accessory pigments to copper ions. MDA 
levels increased significantly at 10 mg/L (+72%), confirming the onset of intense oxidative 
stress. CuO nanoparticles induced milder effects than metallic Cu. Biomass ranged from 
1.177 to 1.374 g/L, with a tendency to increase at higher concentrations (30 mg/L: 1.374 g/L). 
Protein content ranged from 85.7% to 108.9% of the control, with no clear concentration-
dependent trend. Carbohydrates decreased at all tested concentrations (10.1-12.6% vs. 
16.04% in the control), while lipids increased progressively, reaching 14.4% at 30 mg/L 
(compared to 13% in the control). MDA levels showed a significant, concentration-dependent 
increase, from +13% at 0.1 mg/L to +155% at 20 mg/L, indicating the strongest cumulative 
oxidative stress among all tested nanoparticles.
Conclusions: The obtained data demonstrate that the chemical nature of nanoparticles 
determines the response pattern of the red microalga Porphyridium purpureum. Cu 
nanoparticles exhibit acute toxicity, CuO induces a dominant pro-oxidative effect, while TiO₂ 
shows the highest level of biological compatibility.
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