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In vitro protective effect of tricetinidin: A comparison with standard antioxidants 

E. E. Bankoglu1, J. Broscheid2, N. Roewer2, H. Stopper1

1University of Würzburg, Institute of Pharmacology and Toxicology, Würzburg, Germany
2University Hospital of Würzburg, Department of Anesthesia and Critical Care, Würzburg, 
Germany

Question 
Tricetinidin belongs to a rare class of anthocyanidin analogues, which is called 3-
deoxyanthocyanins. 3-deoxyanthocyanins are more stable against heat, light and pH 
changes, which makes them a good candidate as a food supplement. In this study the
protective effect of tricetinidin was assessed against oxidative stress inducers and 
compared with several known antioxidants. 

Methods 
For this aim, we utilized dihydroethium staining to determine the intracellular superoxide
formation induced by antimycin a treatment. The mitochondrial membrane potential and 
cellular glutathione level were analysed together with the expression analysis of heme 
oxygenase-1 for further characterisation of the protective effect of tricetinidin. 

Results 
All used stressors yielded a significant in vitro response, which could be mitigated by co-
incubation with tricetinidin and other standard antioxidants. There was no significant
difference in regard to protective effect against oxidative stress between tricetinidin and
standard antioxidants. Only the expression of heme oxygenase, an intracellular antioxidant 
enzyme, was significantly increased by incubation with tricetinidin and delphinidin, but not
with other standard antioxidants. 
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Question 
Epidemiological studies infer that a high consumption of red meat is a factor driving 
intestinal carcinogenesis. Processing of meat through the addition of nitrite leads to the 
formation of nitrosyl heme (NO-heme), which might induce gene mutations and thus play a 
role in colorectal tumor formation. NO-heme is not commercially available and all synthesis 
methods described so far yield a mixture containing toxic byproducts. Therefore, the aim of 
the present study was to generate pure NO-heme and determine potential genotoxic and 
mutagenic effects using various in vitro approaches. 

Methods 
NO-heme was firstly synthesized using a previously published protocol, followed by 
additional purification steps such as dialysis and centrifugal vacuum concentration. Then, 
the resulting purified compound was detected, quantified and characterized by UV-vis and 
FTIR spectroscopy. 

Results 
During synthesis, the concentration of mutagenic nitrite in NO-heme solutions could be 
reduced by a thousand-fold. When exposed to light and ambient air for two hours, pure NO-
heme decomposes to yield hemozoin and nitrogen dioxide. Nevertheless, it can be stored 
over months at -80 °C protected from air and light. Preliminary data show significant DNA-
damaging and mutagenic effects caused by the NO-heme treatment of Caco-2 and CHO-
K1 cells. 

Conclusion 
A new method for NO-heme purification was established and analytically verified. For the 
first time, pure NO-heme was investigated regarding its toxic potential, with preliminary data 
suggesting DNA-damaging and mutagenic effects emanating from this compound. This 
might constitute a possible explanation for the link between processed red meat and 
colorectal cancer. 
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Question 
Estragole is a natural constituent in herbs and spices like basil, fennel, tarragon, anise and 
their essential oils. After CYP450-catalyzed hydroxylation of the allylic side chain and
sulfation via SULT, estragole acts as a genotoxic hepatocarcinogen. Because of the 
genotoxic mechanism and the natural occurrence a further risk assessment for estragole is 
important. In previous investigations we could develop a method to detect formation of the 
adducts N2-(isoestragole-3'-yl)-2'-deoxyguanosine (E3'N2dG) and N6-(isoestragole-3'-yl)-

desoxyadenosine (E3'N6dA) in rat primary rat hepatocytes (pRH) in culture after incubation 
with estragole. Here, we investigated the time and dose dependent formation of these
adducts. 

Methods 
pRH were isolated via collagenase perfusion and cultured in DMEM lg with 10 % FCS and 1 
% Pen/Strep. After 4 h medium was changed and cells were incubated with estragole for 
different incubation times (1 h, 6 h, 24 h). After cell harvest and lysis DNA was extracted via 
phenol-chloroform extraction. DNA was enzymatically hydrolysed and the formation of the
DNA adducts E3'N2dG and E3'N6dA was measured via HPLC-ESI-MS/MS using stable
isotope dilution analysis for quantification (E3'N2dG: LOD 3 and LOQ 4 adducts per 108 
nucleosides; E3"N6dA:  LOD 1 and LOQ 3 adducts per 108 nucleosides). 

Results 
It could be shown that the DNA adducts E3'N2dG and E3'N6dA are formed in pRH after 
incubation with estragole. Both adducts could be quantified after an incubation time of 1 h. 
E3'N2dG was the main adduct and could be detected after 1 h of incubation with 1 µM

estragole while E3'N6dA could be detected after an incubation time of 1 h at a higher 
substrate concentration (100 µM). With increased incubation time an increased formation of
both DNA adducts could be shown. At all incubation times DNA adduct formation increased 
with increasing concentration of estragole in the medium. 

Conclusion 
In summary we could show, that DNA adduct formation of E3'N2dG and E3'N6dA is
concentration- (at all incubation times tested) and time-dependent in pRH after incubation
with estragole. Both adducts could be quantified already after an incubation time of 1 h. At 
all incubation times E3'N2dG was the major DNA adduct found. These findings will support 
the further risk assessment of human exposure towards estragole in food. 
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Question 
Pyrrolizidine alkaloids (PAs) are a class of alkaloids occurring in several plant families. Due
to their hepatotoxicity, genotoxicity and carcinogenicity the presence of PAs as 
contaminants in food has become a relevant safety issue. We generate data concerning in 
vitro cytotoxicity of PAs relevant in food, feed and herbal medicines. In addition, we want to
confirm that CYP3A plays an important role in PA-induced cytotoxicity. Furthermore, we 
chemically synthesized dehydropyrrolizidine alkaloid glutathione (GSH) adducts, which are 
known as metabolites. 

Methods 
Cytotoxicity of selected PA congeners was determined by using the Alamar blue assay: 
heliotrine, lycopsamine, indicine, europine, echimidine, lasiocarpine, retrorsine, 
senecionine, seneciphylline and crotaline. They were tested at concentrations ranging from
1 to 300 µM in primary rat hepatocytes after 24 h and 48 h of incubation. A kinetic assay 
analyzing 7-benzyloxyresorufin-O-dealkylation (BROD) was used for measuring the activity
of CYP3A enzymes. GSH adducts were synthesized by dehydrogenation of crotaline with o-
chloranil and reaction with glutathione. 

Results 
Lasiocarpine was the most cytotoxic congener in primary rat hepatocytes, followed by the 
di-esters echimidine, retrorsine, seneciphylline, senecionine. The mono-esters heliotrine, 
indicine, europine, lycopsamine and the di-ester crotaline were less cytotoxic. CYP3A
activity decreased rapidly during the culture of primary rat hepatocytes, therefore, the time
of incubation significantly affects the cytotoxicity. Dehydropyrrolizidine alkaloid GSH 
adducts were synthesized and identified by LC-MS/MS. 

Conclusion 
The Alamar blue assay in primary rat hepatocytes showed a structure dependent
cytotoxicity. The data of BROD-assay confirm that CYP3A plays a critical role in PA-
induced cytotoxicity. The synthesized adducts might generate information for a better
understanding of GSH adduct formation and its metabolic significance. 
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Question 
Canada announced in October 2018 the legalization of cannabinoid compounds. Canada 
follows with this decision the trend in Northern America: There in principle, the use
of cannabis is illegal under federal law, since cannabis is classified as a substance with a 
high potential for abuse. At the state level, however, policies regarding 
the medical and recreational use of cannabis vary greatly: The medical use of cannabis is 
legal (with a doctor's recommendation) in 31 states. The recreational use of cannabis is 
legal in 9 states. A policy of limited enforcement has also been adopted, in particular Spain 
and the Netherlands where the sale of cannabis is tolerated at licensed establishments. 
Countries that have legalized the medical use of cannabis include Australia, Canada, Chile, 
Colombia, Germany, Greece, Israel, Italy, the Netherlands, Peru, Poland, Sri Lanka and the
United Kingdom. 

Methods 
The legalization of cannabinoid products in several countries will shift the global cannabis
sector. Especially the medical use of such drugs will open options for increased misuse. 
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