
 The cosmetics industry, which is a dynamically developing sector of economy, should 

consider the growing awareness of the consumers by offering products and services in line with 

the expectations of recipients. The global cosmetics market is influenced by the trends created 

by the consumers themselves. Those are certainly influenced by an increasing ecological 

awarness. In this doctoral thesis, I examined the extracts from a Peruvian plant  Lepidium 

meyenii (Peruvian maca) that has been widely used in the traditional medicine of the region, 

because of an insufficient number of reports on its cosmeceutical properties and toxicological 

data related to the use of maca contrarty to an extensive collection of publications assigning 

Lepidium meyenii pro-health functions. The proved properties of Lepidium meyenii are certainly 

in line with the growing requirements of consumers. Moreover, in the scientific literature there 

are currently scarce reports on the effects of Lepidium meyenii on the skin, although the results 

of previous publications suggest beneficial properties of its extracts. 

 The conducted analyzes, tests and assays included several stages of experiments that 

tend to underline the potential implementation of L. meyenii extracts in the cosmetic industry. 

Interesting components of plant raw materials are secondary metabolites, which are active 

metabolites able to improve the condition and appearance of the skin and soothe dermatoses. 

For this reason, technologists are constantly looking for metabolites that effectively increase 

the therapeutic activity of cosmetics. Among the secondary metabolites of L. meyenii extracts, 

I found it interesting to focus on glucosinolates, which have both sulfur and nitrogen atoms in 

their structure, thanks to which they can affect the functions of skin cells. Using advanced 

spectrometric techniques, I confirmed the content of glucotropeoline, which constitutes over 

80% of the all glucosinolates concentration in L. meyenii extracts. Additionally thanks to the 

application of hyphenated techniques I confirmed the presence of several glucosinolates in the 

studied extracts, i.e. p-hydroxybenzylucosinolate, 4-methoxyindolyl-3-

hexylhydroxyglucosinolate, pent-4-enylglucosinolate, and acetylbenzylucosinolate that were 

present in the extracts in a much lower concentration - less than 0.02%. 

 The following group of the performed analyses was related to the assessment of the 

micro, macroelements and heavy metals in the hypocotyls of maca using a high-resolution 

emission spectrometer with plasma excitation. The assessment of cosmetics safety is an 

important element of the toxicological tests of cosmetic products, therefore it should be noted 

that among the heavy metals tested, I did not detect the content of arsenic, cobalt and lead, while 

cadmium was only in insignificant amounts of 336.8 [µg / kg]. However, identified micro and 



macro elements that are beneficial for the proper condition of the skin, such as potassium, 

magnesium, calcium, zinc and chromium. The values of the analyzed elements were consistent 

with the available literature. 

 Moreover, evaluated the antioxidant capacity of L. meyenii extracts using a DPPH 

radical test, confirming the available literature data. The strongest ability to neutralize free 

oxygen radicals was determined for the yellow variety of L. meyenii that is rich in specific 

macamides, phenols and glucosinolates. In the studies the concentration of water extract that 

neutralized 50% of free radicals was calculated as 1370 mg / mL. 

 Also tested the ability of the extract constituents in a 2% hydrogel cosmetic formulation 

to cross the epidermal border and penetrate into the skin in the Franz diffusion chamber. Since 

the skin is a protective barrier for the body, estimating the degree of its permeability may 

determine the effectiveness of the applied preparation. Based on the research results, it can be 

concluded that full saturation with the main active ingredient of  

L. meyenii - glucotropeoline, occurs after 24 hours, reaching a concentration of about 0.023%, 

and then it begins to decline. So far there are no literature data on similar studies on the 

permeability of L. meyenii. 

 The viability test - MTT reduction on cell lines showed no cytotoxicity on the lines of 

human HaCaT keratinocytes and BJ fibroblasts as well as skin cancer cells - melanoma lines 

SH-4 and UACC-903. The biological activity of L. meyenii determined in in vitro tests increases 

with concentration and is different for the lines used. The obtained results indicate no potential 

toxicity of L. meyenii for human skin cells, which is confirmed in the available literature. 

  Certainly, the evaluation of L. meyenii extracts and single glucosinolates on Phenion® 

skin models in in vitro cultures were an innovation. Histological analysis of the skin models 

included H + E staining and anti-p53 testing. Additionally, the tissue fragments were analyzed 

by HPLC-MS to determine the content of the tested substances: the total extract and its most 

abundant glucosinolates - glucotropeoline and methoxyglucobrasicacin. On the first day of the 

experiments, the results revealed changes in a few epithelial cells of an apoptotic nature, which 

suggests the influence of L. meyenii on the process of epidermal differentiation.  

 The intensity of the overall immunohistochemical reaction throughout the experiment 

was insignificant in the groups after 12 hours of incubation, and stronger after 24 hours, which 

means that the process of changes in DNA progressed with the duration of the study, activating 



the p53 protein. The spectrometric analysis of the active ingredients of L. meyenii showed that 

young skin it becomes saturated faster than mature, and that the concentration of tested 

metabolites in the skin remained up to a maximum of 72 hours. 

 Conclusions: 

1. The analysis of selected micro and macro elements did not reveal the presence of arsenic, 

cobalt and lead in the black ecotype of L. meyenii, while traces of cadmium were determined at 

the level of 336.8 µg / kg. 

2. Quantitative and qualitative analysis of HPLC-MS shows the presence of glucosinolates: 

hydroxybenzylucosinolate, acetylbenzylucosinolate, glucotropeoline, 4-methoxyindolyl-3-

hexylhydroxyglucosinolate and pent-4-enylglucosinolate in the yellow, black and black 

ecotype. Glucotropeoline accounts for over 80% of all glucosinolates. 

3. In the antioxidant capacity test with the DPPH radical, the most active L. meyenii ecotype is 

the yellow variety in the water extract, which achieved the IC50 value at the concentration of 

1370 mg / mL. Moreover, no relationship was observed between the antioxidant capacity and 

the solvent used. 

4. In the MTT viability-reduction test on cell lines, the activity of L. meyenii was variable in 

different lines and depended on the solvent used, to a lesser extent on the ecotype of  

L. meyenii. The most active extracts are chloroform extracts, the weakest activity was found for 

water extracts. The obtained results indicate the lack of potential toxicity of L. meyenii for the 

human HaCaT keratinocytes and BJ fibroblasts lines, and a weak antitumor activity on the SH-

4 and UACC-903 melanoma lines. 

5. In the permeability studies in the Franz diffusion chamber with the applied hydrogel 

containing 2% concentration of black L. meyenii water extract, the maximum concentration of 

glucotropeoline is reached after 24 hours at the level of 0.03 mg in the cell. 

6. In the HPLC-MS analysis of tissue culture in vitro, full saturation of L. meyenii and 

glucosinolates in the epidermis lasts up to 72 hours and occurs much faster in young skins than 

in mature skins. 



7. The application of black L. meyenii compounds and standard solutions of glucotropeoline 

and methoxyglucobrasicacin diluted at 20 mg / mL in DMSO to the surface of young and mature 

skin, on the biological model of Phenion® tissue cultures in vitro, may cause degenerative and 

pro-apoptotic changes, which are dependent on the time of incubation and the type of solution 

used. 

8. The use of maca compounds and test solutions in the presented experimental model has an 

impact on the activity of p53 protein in epidermal cells. 

 The obtained conclusions from the conducted research clearly suggest the need for 

further, more detailed analyzes in order to use L. meyenii in dermatology and aesthetic 

medicine. 

 


