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Outline of my talk

• Hormetic effects with C. elegans with natural 
xenobiotics

• Gene expression with C. elegans with 
hormetins: simple polyphenol, complex 

polyphenol, humic substances

• Identification of pathways in the two 
contrasting concentrations ranges



First indication of hormesis with 
humic substances

Our goal: To understand ecological 
function of humic substances (incl. building 

blocks, such as polyphenols), one major 
organic carbon reservoir in the biosphere

Outcome: we came across hormesis 
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Hoess, Haitzer, Traunspurger, 
Steinberg, Freshwater Biology 2001
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Steinberg et al.. (2002) Intern Rev Hydrobiol

C. elegans: Modulation of offspring numbers II
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Mechanistic assumption

“Hormesis should be considered an adaptive
response characterized by biphasic dose 
responses of generally similar quantitative 

features with respect to amplitude and range of 
the stimulatory response”

Calabrese & Baldwin 2002: “Defining hormesis”, Hum Exper Toxicol
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The term ‘adaptive response’ implies that low-
and high-dose exposures should activate 

analogous response or defense pathways and in 
consequence the low-dose exposure trains the 
defense systems to cope with future potentially 

adverse exposures.

Does this mechanistic view hold true on the 
transcription level? 
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Whole genomic DNA microarray 
studies with polyphenols 

(building blocks of humics)
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Polyphenol: Quercetin 
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Concentration dependent effect reversal

Quercetin concentration
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Quercetin: differentially expressed genes

Öietsch et al. (2012), Front Gen. 3:48



Polyphenols: Longevity mechanism, synopsis

Venn diagrams of exclusive and overlapping gene 
ontology (GO) categories in C. elegans
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Öietsch et al. (2012), Front Gen. 3:48



Quercetin
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Quercetin
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Quercetin
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Quercetin: 
KEGG* pathways

16

*Kyoto encyclopedia 
of genes and 

genomes

Green: down-
regulated genes of 
different intensities

Red: up-regulated 
genes of different 

intensities

Italics without guarantee 
of statistical robustness

Öietsch et al. (2012), Front Gen. 3:48
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• 50 μM Q improved health 

(overrepresented: glutathione metabolism, 

xenobiotic metabolism by CYPs)

• 100 and 200 μM Q extended lifespan, 

modulated global transcriptional response (drug 

and xenobiotic metabolism) 

100 and 200 µM transcription patterns are 

rather similar adaptive response



Tannic Acid 
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Tannic Acid: Hormesis

details in the talk by N. Saul

Saul et al. (2011), J. Natural Products



Tannic Acid: differentially expressed genes
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Tannic Acid: 
GO-analysis

21

Fold Change

Ö
ie

ts
ch

 e
t a

l. 
(2

01
2)

, F
ro

nt
 G

en
. 3

:4
8



Tannic Acid: 
KEGG pathways
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Tannic acid-mediated hormesis follows two 
different pathways indicated by both, 

GO-terms and KEGG pathways
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Both polyphenols induce longevity: 

by common genes/pathways?



Quercetin & Tannic Acid: differentially expressed genes
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No, 
both polyphenols mediate longevity by 

completely different pathways
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Lifespan extension

Ö
ie

ts
ch

 e
t a

l. 
(2

01
2)

, F
ro

nt
 G

en
. 3

:4
8



28

Lifespan extension
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Life trait variables with C. elegans,
exposed to humic substances

(HuminFeed®, leonardite extract)



2. Antibakterielle und antioxidative 
Eigenschaften 30

One structural proposals: Soil-HSs show the 
variety of functional groups and building blocks
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Exposure of C. elegans to HuminFeed® 

⇒ lifespan extension at low concentrations
⇒ no lifespan extension at 2,000 µM
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Lifespan extension

Menzel et al. (2012), Front Gen. 3:50



• Lifespan extension is only effective, if young 
worms are exposed

• Humic substances act hormetically

• Similar to tannic acid, low and medium HS 
concentrations induces different pathways
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Conclusion

Hormesis emerges as one of several types of 
distinct and specific transcriptional 

responses to chemically-mediated stress. 
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Conclusion, cnt’d

• Occurrence of ‘adaptive response” 
seemingly depends on molecular 
characteristics of the chemical. 

• Simple molecules, such as quercetin are 
more likely to induce adaptive response than 

more complex molecules, such as tannic 
acid or humic substances.
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Thank you !

Questions?
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