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 Phylum: Cnidaria, Class: Hydrozoa. 

 Hydra arose very early in evolution somewhere around 540 

million years ago.  

 Hydra is true cosmopolitan and is found in all the continents 

except Antarctica  

 Unlimited availability; Freshwater animal 

 Rapid reproduction rate and regeneration capacity. 

 Easy to handle and maintain.   

 Truly immortal; Low sentience. 

 Whole genome sequenced; Many conserved pathways with 

humans. 

 Simple morphological and biochemical end points to test 

toxicity. 

 Model organism for developmental biology 

 

 

Hydra: Interesting Facts 

Augustin et al., Semin immunol, 2010 



Hydra Biology 

• Length: 5-20 mm and diameter: 2-3 mm  

• Simple cylindrical body, head with 
hypostome and mouth, surrounded by 
tentacles. 

• Diploblastic (ectoderm and endoderm) 
layers separated by acellular mesoglea. 

• The tentacles (nematocytes + battery 
cell) that either paralyze or ensnare 
small prey. 

• 50,000 to 100,000 cells/animals and  
distribute among a dozen cell types.  

• Reproduction is by asexual budding 
(which dominates when food is 
plentiful) and/ or by gametes.  (Technau and Steele, Development, 2011) 



Practically immortal: Stemness 

• Doesn’t show any sign of 

aging: Because of stem cells. 

• Hydra has three stem cell 

lineages: Ectodermal, 

Endodermal and Stem cell 

lineages. 

• Interstitial stem cells are 

multipotent.  

• The doubling time: Interstitial 

cells-1.5 d and epithelial cells- 

3-4 days.  

• As a consequence, an 

individual healthy Hydra has 

all its epithelial cells replaced 

within a week and in 20 days 

the entire Hydra gets replaced 

with new cells.  
(Bosch,. Developmental Biology, 2007) 



• Another fascinating property of 

Hydra is its ability to regenerate 

the whole body from a piece of 

tissue or from dissociated cells. 

• In fact, Hydra is the highest form 

of invertebrate that has the 

capability for whole body 

regeneration.  

• Regeneration in Hydra represents 

a beautiful experimental system 

for studying de novo pattern 

formation, the process of 

cellular reorganization and 

regulation of signaling 

molecules.  

Regeneration in Hydra 

(Galliot, Int J Dev Biol, 2012)  



Hydra Genome 
• The genome of Hydra has been sequenced. The most 

surprising was the fact that genes which were lost in popular 
model organisms such as Drosophila melanogaster and 
Caenorhabditis elegans during evolution are present in the 
Hydra.  

• This spurred interest in Hydra research to use it as a model 
organism for understanding many biological phenomena.  

• The Hydra genome is (A+T)-rich and like vertebrates contain 
approximately 20,000 protein-coding genes which include 
major bilaterian signaling pathways,  

• Wnt, transforming growth factor-β, Hedgehog, receptor 
tyrosine kinase and Notch are highly-conserved in Hydra.  

• A recent orthologome analysis showed that Hydra shares at 
least 6071 genes with humans, in contrast to Drosophila and 
C. elegans , which share only 5696 and 4571, respectively. 

 

   (Chapman et al., Nature,  2010; Wenger and Galliot, BMC Genomics, 2013) 



Milestones in the history of Hydra research 

(Galliot, 2012. Int J Dev Biol)  



Hydra a versatile system 

(Galliot, 2012. Int J Dev Biol)  



Hydra culture and maintenance 

• Hydra culture is inexpensive and requires 
minimum instrumentation 

• Reared in laboratory in a BOD Incubator 

• 12 hr dark light period, preferably at 18 0C 

• Fed once /day /thrice/week with freshly hatched 
Artemia nauplii. 

• Cleaned after feeding; approximately after 3 hr 

• Cultured in a freshwater or constituted media. 

• In laboratory conditions Constituted media is 
preferred.  

• Composition: 1 mM Tris, 1 mM NaCl, 1 mM 
CaCl2, 0.1 mM KCl, 0.1 mM MgS04, pH 7.6  

• Stereo-zoom dissection microscope for observing 
hydra 

 



Multiple toxicity testing endpoints 



Morphological assessment 

Reversible Irreversible 

(Wilby, 1988)  



Morphological Endpoints 

Key for assessing progressive toxic effects in Hydra polyps, from Wilby (1988)  

Score                 Morphology of polyp 
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Extended tentacles; body reactive 

Partially contracted; slow reactions 

Clubbed tentacles; body slightly contracted 

Shortened tentacles; body slightly contracted 

Tentacles and body shortened 

Totally contracted; tentacles visible 

Totally contracted; no visible tentacles 

Expanded; tentacles visible 

Expanded; no visible tentacles 

Dead but intact 

Disintegrated 

The scoring system helps to 

quantitate the morphological 

changes giving a statistical 

representation of the effect of a 

chemical 

 

 



Regeneration tests 

• Regeneration of isolated gastric 

region or reaggregated cells of 

Hydra resembles embryonic 

development due to the 

ontogenic similarity observed 

with higher organisms.  

• All the known developmental 

events or phenomena are 

considered, subject to 

abnormal development have 

been observed in this organism.  

• Morphological changes are 

observed using a binocular 

microscope and the degree of 

regeneration assessed.  



Population Study/Fitness Tests 

• Hydra have the ability to reproduce both sexually and asexually.  

• Asexual reproduction occurs by budding which results in rapid production of a large 

number of genetically identical organisms (Pollino and Holdway, 1999).  

• This has the advantage for toxicity testing as the lack of genetic variation allows increased 

reproducibility with decreased coefficient of variation (Beach and Pascoe, 1998).  

• The Hydra population reproduction toxicity test method determines the maximum 

concentration at which a chemical that has no statistically significant effect over certain 

period (7 days or more) on the population growth. 



Feeding behavior 

Tentacle structure and battery cell complex organization  

• Feeding behavior is ecologically significant because of its 

direct effects on reproduction, vis-a-vis population growth 

and, therefore, a useful endpoint to study toxicity in aquatic 

ecosystems  

• Toxicant modification of feeding behavior could eventually 

lead to reduced survival and reproduction, resulting in 

adverse consequences at the population level (Halbach et 

al., 1983; Kooijman and Metz, 1983).  



Cellular study: Histology 

• Histology study underlines changes in 

the physiology of different cell types, 

cell distribution and thickness of the 

diploblastic layers.     

 

• The changes allow to understand the 

impact of environmental chemicals on 

tissues. 

 

• Substantiates morphological alterations 

by easy examination in a microscope 

manifesting nuclear changes, nucleolar 

disruptions and cytoplamic structures. 
 

 



ROS study • Hydra offers simple platform 

to study the effect of free 

radical biology 

• Minimal fluorescence was 

detected in untreated animal 

suggesting physiological 

accumulation of free 

radicals.  

• Treated polyps not only 

show an increase in 

fluorescence in a punctuated 

pattern of localization in 

ectodermal layer.  

• Fluorescent image (E) 

superimposed with bright 

field image (F) showed ROS 

accumulation in the 

gastrodermal layer only of 

the untreated animals.  



DNA Damage 



Apoptosis: Whole animal level 



Apoptosis: DNA changes 

Apoptosis: Protein Expression 



• Hydra was used to 

evaluate the toxic 

effect of bulk and 

nano copper 

• As expected the 

results displayed 

varied degrees of 

responses for the 

same set of assasys 

performed  



Different mechanism at play 

  Copper sulphate 

• LC50 ranged from 149-97 ug/L 

• Exposure to bulk Cu disrupted growth 
rate of hydra in dose- and duration- 
dependent manner 

• Regeneration was severely hampered 
even at the lowest dose 

• Upregulation of RT-PCR of six anti-
oxidant gene ( CAT, GST, GPx, SOD, 
GPD and GR) decreased with 
exposure time 

Nano-copper 

• LC50 ranged from 438-158- ug/L 

• NR had little impact on growth rate at 

two different sub-lethal doses   

• Regeneration was hampered at the 

higher dose only 

• Overlapping expression was observed 

with exposure durations 

 

• The different manifestations at both cellular and molecular levels can be attributed to 

activation of different signaling pathways  which could be solely due to the nature of the 

chemical.  

• Thus, Hydra would serve as an ideal system for dissecting the mode of action of chemicals.  



Take home message 
• Hydra is sensitive to a host of chemicals like persistent organic pollutants 

POPs), heavy metals, nanoparticles and cosmetics.  

• Induction of ROS and DNA damage as commonly observed molecular 

alterations on environmental insults can be easily assayed.  

• Biochemical and molecular analysis concerned with cellular antioxidant 

defense mechanism and stress response pathways can be also studied 

empowering the animals to be used for mechanistic understanding 

chemical actions 

• Hydra is also an appealing organisms for studying cell death investigations  

• Thus, Hydra is a suitable organism for environmental risk assessment of 

chemical entities offering advantage in terms of cost, time, agility, and 

reliability, providing the additional advantage of easy targeting of cellular 

level biochemical and molecular indicators.  



Thank you for the attention 
& 

Thank Hydra 
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