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Summary 

Hypericin is a photodynamic naphthodianthrone and a potential therapeutic lead compound that 

accumulates in the dark glands of some species of the genus Hypericum. The traditional use of 

extracts of St. John's wort (Hypericum perforatum L.) and other Hypericum species as 

antidepressants is largely attributed to the presence of hypericin. Although hypericin was 

discovered in the early 19th century, its biosynthetic pathway is still not understood, which 

hinders the application of biotechnological tools to improve hypericin production to meet the 

growing demand of the pharmaceutical industry. This dissertation is an attempt to provide new 

tools that could help in deciphering this unknown pathway.  

Since a method to analyze hypericins and their plausible precursors will be of great interest in 

deciphering hypericin biosynthesis, in the first part of the thesis we standardized a method to 

simultaneously quantify hypericins, their putative precursors, and novel skyrin derivatives. 

Briefly, H. perforatum shoot cultures were extracted in different solvents (ethanol, acetone, 

80% methanol, ethyl acetate, and dichloromethane) and analyzed compounds were separated 

by UPLC, identified by Q-Exactive Orbitrap mass spectrometer (QE-MS) and quantified by 

PDA-FLR. We were able to quantify hypericin, pseudohypericin, protohypericin, 

protopseudohypericin, emodin, skyrin, oxyskyrin, iridoskyrin, rubroskyrin, and luteoskyrin 

simultaneously. The results also showed that the extractants and detection methods are crucial 

for the quantification of these compounds.  

We also investigated the possibility of blocking the biosynthesis of hypericin and related 

compounds with glyphosate. Briefly, H. perforatum shoots regenerated from root cultures 

treated with different concentrations of glyphosate were analyzed using the quantification 

method developed above. Our results showed that sublethal amounts of glyphosate in the 

medium could significantly inhibit naphthodianthrones and their putative precursors, emodin 

and bisanthrones. Production of these compounds was fully restored by glyphosate withdrawal. 

Inhibition of hypericin biosynthesis by glyphosate and its restoration after glyphosate 

withdrawal correlated with the development of dark glands that synthesize/accumulate 

hypericin. We also established the relationship between expression of some genes and the 



development of dark glands and(or) hypericin production by comparing gene expression in the 

inhibited cultures with that of control cultures and cultures deprived of glyphosate. The 

expression of polyketide synthases (HpPKS2 and HpOKS) and phenolic oxidative coupling 

proteins (HpPOCP2, HpPOCP1, and HpPOCP3) was down-regulated by glyphosate treatment, 

whereas these genes were either up-regulated or reached control levels after glyphosate 

withdrawal, highlighting their relationship with dark gland development and(or) hypericin 

biosynthesis.  


