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International Conference on Alternative to Animal 

Experimentation 

5TH Annual Conference of SAAE – INDIA (SAAE -

I 2022) 

 

          The Society for Alternatives to Animal Experiments-India (SAAE-I), a registered 

scientific society in India, had its genesis at the National Centre for Alternatives to 

Animal Experiments (erstwhile MGDC), Bharathidasan University, Tiruchirappalli, 

Tamil Nadu, in October 2018, and the first National Conference was conducted at 

Jamia Hamdard, New Delhi, in Nov 2018. The SAAE is one of the most vibrant 

scientific societies in India with a regular annual meet in different parts of the country. 

SAAE  promotes humane research, education, and training systems to 

promote the internationally accepted Concept of “3R's"– "Alternatives" –Replacement, 

Reduction, and Refinement - of the use of animals in education, research, and testing. 

The 5th  Annual Conference of the SAAE-I is being organized with an aim to bring 

together the stakeholders of 3’Rs - academia, the scientific community, industry, 

government, and animal behavior/welfare personnel from national/international levels 

to raise awareness / facilitate the exchange of information/ideas about alternatives. This 

conference is being organized in the hybrid mode under the Dept. of Zoology, the 

University of Kerala, and Sri Chitra Tirunal Institute for Medical Sciences and 

Technology. 
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The workshop will introduce Hydra as an amenable model for experimental biology spanning 

its utility in toxicology, aging, regeneration and host-microbiome interaction. Hydra is a small 

and spongy animal with a simple body organization and are easy to rear in lab. Hydra has some 

amazing features, with an unlimited pool of stem cells Hydra are capable of regenerating into 

a whole animal when cut into half or from dissociated single cells. Hydra can reproduce both 

sexually and asexually, this mode of sexual reproduction helps to study the effects of pollution 

on stem cell activity. The workshop will cover theoretical knowledge on hydra biology and 

hands-on training in hydra experimentation, more specifically, tools and techniques required 

for toxicity testing of environmental chemicals including POPs, heavy metals and 

nanoparticles, to name a few.  

Topics include: 

• Handling and culturing Hydra 

• Handling and culturing brine shrimp 

• Dose-response study i.e., acute toxicity testing 

• Regeneration assay (Teratogenicity)  

• Apoptosis study (Acridine orange) 

• ROS study (DCHFDA staining) 

• Gene expression study (qPCR) 

 

 

The Faculty: 

Dr. Mohammed Zeeshan                                                                                                                                                  
Senior Technical Officer,                                                                                                                                                   

Mahatma Gandhi-Doerenkamp Center for Alternatives to Animals Use (MGDC),                                                                   

Bharathidasan University, Trichy 

 

Dr. Zeeshan took his Bachelor’s in Biotechnology in 2006 from West Bengal University of 

Technology, Kolkata, India. Master’s in Biotechnology from SRM University, Chennai, India. 

He received his Ph.D. in Environmental Biotechnology from Bharathidasan University, 

Tiruchirappalli, India. He is a Proficient Researcher with 10+ years of experience (including a 

Ph.D.) in R&D, project management, and medical writing. His Technical Skills include 

Epidemiology/toxicology, Cell-Based Assays, Molecular Biology, Microscopy, Pathological 

Techniques, and Flowcytometry. He was awarded Maulana Azad National Fellowship for 

meritorious minority students for pursuing PhD (2011-2016) – University Grants Commission-
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India, Presented with WC9 Travel Grant (2014) for attending the 9 th World Congress on 

Alternatives and Animal Use in the Life Sciences, Prague, Czech Republic. Bagged the Best 

Poster Award (2011) at the 8th World Congress on Alternatives and Animal Use in the Life 

Sciences, Montreal, Canada. He was acknowledged with the Young Scientist Travel Award 

(2011) for attending the 8th World Congress on Alternatives and Animal Use in the Life 

Sciences-Montreal, Canada. Actively involved in promoting 3Rs in scientific research. Award 

Winning Professional, who excels at the timely and successful completion of scientific 

projects. The proclivity to bringing in innovativeness and critical thinking to an assigned 

project. Adroitness in analyzing complicated information, including 

environmental/epidemiological data & scientific reports. 

 

 

The Co-ordinator 

Dr. Sreejith. P 

Dr. Sreejith. P Research area includes Cutaneous, Cancer and Ayurveda 

Biology. He attended the Post Doctoral Fellowship at Department of Cancer 

Biology, Lerner Research Institute, Cleveland Clinic, USA and has worked on 

Primary Cicatricial Alopecia at Dermatology Department, Case Western 

Reserve University, USA. He has been completed short term fellowship from 

University of Illinois College of Medicine at Peoria, Chicago. He had been 

FLAIR International Fellow and attended internship and academic staff 

training programme at University of Roehampton, London in conjunction with 

FLAIR programme Kerala. He has access to the funds provided by UGC, 

KSCSTE and University of Kerala. He is well trained in SEM, TEM, Two photon Microscopy 

and Confocal Microscopy. 
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International Conference on Alternative to Animal 

Experimentation 

5TH Annual Conference of SAAE – INDIA (SAAE -I 2022) 

POST-CONFERENCE WORKSHOP 

THEME: TESTING THE TOXICITY USING HYDRA, A CNIDARIAN AS THE 
MODEL ORGANISM 

Workshop Schedule 

Day 1 (DECEMBER 10) 

9:00- 10:00 AM Introduction to Hydra as a model animal 

10:00 AM – 01:00 PM Handling and culturing Artemia Salina 

 Observation of Hydra- Morphology and 

behaviour 

 Feeding Hydra 

2:00- 5:00 PM Cleaning Hydra  

 Chemical treatment of Hydra 

 Gene expression study 

Day 2 (DECEMBER 11) 

9:00 AM – 1:00 PM Acute toxicity assessment: LC50 calculation, 

morphological assessment  

2:00- 5:00 PM ROS assessment (H2-DCHFDA staining) 

 Apoptosis study (Acridine orange staining) 

 Flow cytometry (This is optional, we would do if 

time permits) 
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CHAPTER 1 

1.1 Hydra: Basics and Biology 

Hydra is a freshwater animal which belongs to the Phylum Cnidaria, Class Hydrozoa, Order 

Hydroida, Family Hydridae. Hydra arose very early in evolution, somewhere around 540 

million years ago. Hydra, is phylogenetically placed in the metazoon group that form the sister 

group to all bilaterian animals (Fig.1). Hydra is truely cosmopolitan, and is found in all the 

continents except Antartica (Jankowski et al., 2008). The polyps live in calm and clean water 

rather than fast moving or dirty water, but can be found occasionally in turbid waters. Under 

unfavorable conditions such as predator alert, temperature variations or lack of food the polyps 

get detached from the surfaces and undergo a somersault movement which is governed by a 

neuromuscular system (Bossert and Galliot, 2012). Hydra is a voracious eater and feeds on 

lower invertebrates such as cyclops, rotifers, daphnia and brine shrimps (Artemia.  

 

 

Fig. 1. Phylogeny of metazoans with focus on Cnidarians (reproduced from Augustin et al., 

2010). 

 

The polyp measures roughly 2-3 mm in diameter and is 5-20 mm long. The body plan of the 

animal is simple, and radially symmetrical with oral end and aboral ends (Fig. 2). The oral end 

has the mouth at the tip of the hypostome which is dome-shaped and is surrounded by a whorl 

of tentacles, that contain stinging cells (nematocysts), allowing the hydra to catch prey. A 

water-filled sac, which lies after oral end, is the gastric region of hydra, where all the foods are 

digested and absorbed. Following the gastric region lies the budding section which produces 

the buds. Peduncle is the region which is located between the lowest bud and basal disc. The 
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aboral end comprises the basal disk i.e., foot-like appendage that allows hydra to stick to the 

substratum (Bossert and Galliot, 2012). 

 

Hydra is a diploblastic animal and has two layers of epithelial cells, ectoderm and endoderm 

which are separated by an acellular matrix called the mesogloea (gray) (Fig. 2). All epithelial 

cells in hydra are myoepithelial, with myofibers on the basal side (red). In ectodermal epithelial 

cells (green), the fibers are oriented longitudinally, and in endodermal epithelial cells (pink) 

they are oriented circumferentially (ring muscle). Most interstitial cells and nematoblast 

clusters are located between ectodermal epithelial cells. Neurons are found in both the 

endoderm and ectoderm layers. Sensory neurons are located between epithelial cells and 

connect to ganglion neurons (purple), which are at the base of the epithelium on top of the 

myofibers and sometimes cross the mesoglea. Different types of gland cells, most of which are 

found in the endoderm, are intermingled among the epithelial cells (Technau and Steele, 2011). 

 

 

Fig. 2. Anatomy of Hydra. (A) Whole animal Hydra. (B) The bilayered cellular organization 

of a Hydra polyp (reproduced from Technau and Steele, 2011). 
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A single animal is composed of 50,000 to 100,000 cells which are distributed among a dozen 

cell types. Hydra, though a simple organism has a well-developed neuronal system. The animal 

does not have a central nervous system like in vertebrates but a nerve net is spread throughout 

the body. A high density of sensory, ganglion and motor neurons are observed at the body 

extremities (hypostome and basal disk) (Koizumi, 2007). As a result, the polyps possess 

coordinated movement such as prey-catching and feeding responses, touch and light responses.  

Nematocytes or cnidocytes are cells characteristic of the phylum cnidara as they “sting” the 

prey upon contact. Nematocytes which are located mainly in tentacles are ectodermal in origin 

and play a role in locomotion and defense of hydra. The nematocytes have a capsular structure 

called nematocyst, which eject toxin into the prey. The process of discharge is one of the fastest 

events known in the animal kingdom and generates an acceleration of more than 5 million g. 

One of the most amazing features of hydra is that it is practically immortal. Under controlled 

physicochemical conditions and unlimited food, the polyps can survive years reproducing new 

buds without showing any signs of aging (Martínez and Bridge, 2012). This amazing feature 

is essentially due to a pool of stem cells, ectodermal, endodermal and interstitial stem cells, 

which continuously divide and differentiate (Fig. 3). The ectodermal and endodermal epithelial 

stem cells are terminally differentiated into battery cells and basal disk cells. The interstitial 

stem cells are multipotent and give rise to neurons, nematocytes and gametes. The hydra tissue 

is dynamic in nature where new cells continuously form but interestingly the animal does not 

increase in size. The new cells displace the old cells which get sloughed off from the body 

extremities (head and basal disk), and are also displaced to the budding region to form buds. 

The doubling time of interstitial cells and epithelial cells are 1.5 days and 3-4 days, 

respectively. 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 (Fig. 4). 
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Fig. 3. Stemmness in hydra. Hydra has three stem cell lineages, ectodermal epithelial cells, 

endodermal epithelial cells and interstitial cells which continuously divide and differentiate 

into different cell types.  
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Fig. 4. Cell dynamics in an adult hydra. Cells divide in the body column, and cell division 

displaces cells towards the ends of the animal and into buds. Ectodermal and endodermal 

epithelial cells in the body column give rise to the differentiated ectodermal and endodermal 

epithelial cells of the tentacles and basal disk. Interstitial stem cells give rise to four classes 

of differentiated cells. Arrows indicate experimentally determined travelling times of 

epithelial cells (reproduced from Martinez and Bridge, 2012). 

  

Another fascinating property of hydra is its ability to regenerate from a piece of tissue or from 

dissociated cells (Fig. 5). Any isolated fragment of the hydra body can regenerate into an 

animal. Even if hydra is dissociated into a suspension of cells i.e., if subsequently centrifuged, 

these cells form aggregates and regenerate into viable polyps. In fact, hydra is the highest form 

of invertebrate that has the capability for whole body regeneration. The high regenerative 

capacity of hydra is solely due to the epithelial cells that are fully capable of complete body 

regeneration regulated by tightly controlled developmental programs (Bode, 2011). 

Regeneration in Hydra represents a beautiful experimental system for studying de novo pattern 

formation, the process of cellular reorganization and regulation of signaling molecules.  

 

Fig. 5. Hydra regeneration. Hydra can regenerate any missing part after bisection of the 

body column performed at any level and, as discovered more recently, these animals can also 

regenerate after tissue dissociation and re-aggregation of the cells (reproduced from Galliot, 

2012) 
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The genome of hydra has been sequenced, and many genes are conserved to human but most 

surprising is the fact that genes which were lost in popular model organisms like Drosophila 

melanogaster and Caenorhabditis elegans during evolution are present in the hydra (Chapman 

et al., 2010). This spurred interest in hydra research to use it as a model organism for 

understanding many biological phenomena. 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 genes, respectively, with humans (Wenger & Galliot, 2013). The hydra 

genome is (A+T)-rich which, like in vertebrates, contains approximately 20,000 protein-coding 

genes and major bilaterian signaling pathways, including Wnt, transforming growth factor-β, 

Hedgehog, receptor tyrosine kinase and Notch are conserved.  

 

1.2 Hydra as a model system for risk assessment of chemicals  

The development of omics strategy in hydra; sequencing of hydra genome; generation of 

transgenic lines; and conserved molecular repertoires such as autophagy, apoptosis, etc., have 

reinforced the strength of hydra as a model for environmental studies. Hydra has been 

extensively used for studying the teratogenicity and embryotoxicity of numerous chemicals. 

Hydra, owing to easily measurable physical (morphology), biochemical (xenobiotic 

biotransformation, oxidative stress), behavioral (feeding), reproductive (sexual and asexual), 

and molecular (apoptosis, autophagy) endpoints, is an organism of choice for delineating the 

mechanism of action of a chemical (Murugadas et al., 2019). Because of its unparalleled ability 

to regenerate, the teratogenic effect of a chemical can be measured with assessment of impact 

on stem cells. Hydra has been used to assess the impacts of numerous environmental pollutants 

including heavy metals, pesticides, persistent organic pollutants (polychlorinated biphenyls, 

Azo dyes and endocrine-disrupting chemicals), pharmaceuticals, nanomaterials, and industrial 

and large human settlement effluents such as municipal wastes and drainages (Quinn et al., 

2012).  
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CHAPTER 2 

2.1 Hatching and harvesting of Artemia, the live feed organism for Hydra 

Nauplii of the brine shrimp Artemia salina are the most convenient and suitable food for 

rearing hydra. The Artemia are purchased as inexpensive and stable cysts which reliably 

yield large numbers of nauplii on demand. Although the nauplii hatch in a wide range of 

salinities as long as sufficient oxygen is present, their survival depends upon suitable ionic 

balance. Hatching protocol slightly varies from lab to lab, and hence, the protocol should be 

standardized according to one’s laboratory conditions.  

 

2.2 Materials required 

• Lyophilized stocks of Artemia eggs 

• Griffin beaker 

• HDPE bottle 

• Fire polished Pasteur pipettes/plastic pipettes 

• Sodium chloride 

• Sodium bicarbonate 

• Petri dishes 

• Low pressure air pump 

 

2.3 Procedure 

2.3.1 Hatching 

• Griffin beaker of 1 litre capacity is used for hatching Artemia cyst. However, depending 

upon the requirement, a larger or smaller vessel can be used for hatching.  

• Place an aeration stone at the bottom of the beaker. The aeration stone should be 

attached to a low-pressure air pump. 

• Add 500 mL of distilled/tap water to the beaker and then mix 2 grams of NaCl into it. 

Generally, Artemia hatches in tap water, only if the hardness is too high or turbid in 

nature distilled water is recommended.  

• Add 500 mg of NaHCO3 (baking soda) as a buffering agent. 

• Sprinkle a ‘pinch’ of the dried eggs over the water surface. Prior to use, the lyophilized 

stocks of Artemia eggs, purchased from commercial vendor should be aliquoted into 50 

mL HDPE bottle and stored at 4°C. Only a single can at a time should be aliquoted 

since the cysts can deteriorate upon removal from the dry vacuum of the can. 

• Mix the eggs by stirring with a glass rod and aerate by turning on the air pump. 

• Satisfactory yields should be obtained after 24 hours at room temperature. However, 

use of normal bulb is recommended when the surrounding temperature dips during 

winter.  

2.3.2 Harvesting 

• Remove the aeration stone and leave the Artemia culture undisturbed for 5-10 min. This 

allows the unhatched cysts to settle down and the empty shells to rise to the water 

surface. The hatched nauplii form a layer immediately over the unhatched cysts. 

• Nauplii are strongly attracted to light. Place a light source next to the beaker to collect 

Artemia. 
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• Using Pasteur pipette collect the nauplii which are seen jostling to light source. 

• A washing step should be performed in which nauplii are placed in a petri dish 

containing double distilled water. Repeat the washing step. This is done to completely 

remove traces of salt present in the collected nauplii. Finally, transfer the nauplii to a 

new petri dish containing Hydra culture medium, and immediately feed Hydra with the 

nauplii. Care should be taken not to leave the nauplii in cleaning solutions as nauplii 

may not survive long in a non-ionic solution.  
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CHAPTER 3 

3.1 Hydra culture 

Hydra is a relatively undemanding laboratory animal. Polyps are maintained in a controlled 

environment by placing it in a BOD incubator. The polyps are maintained in glass bowls at 18 

°C, with 12 h light and 12 h dark photoperiod. Hydra flourishes and doubles in number by 

budding about every 4 days at conditions maintained in the lab. Hydra should be fed daily and 

culture solution should be renewed daily. To achieve alogarithmically growing cultures a 

rigorous daily schedule of feeding and cleaning should be followed. 

 

3.2 Materials 

• KCl 

• NaCl 

• MgSO4.7H2O 

• CaCl2.2H2O 

• Tris-base 

• HCl 

• Metric balance 

• pH meter 

• BOD incubator 

• Glass bottle: 2L, 1L, 500 mL 

• Erlenmeyer flask: 500 mL, 250 mL, 100 mL 

• Culture bowl: 1000 mL  

 

3.3 Procedure 

3.3.1 Composition of 100x hydra medium (1 L) 

• KCl: 0.74 g 

• NaCl:5.84 g 

• MgSO4.7H2O:2.46 g 

• CaCl2.2H2O:14.7 g 

• Tris-HCl (2 M): 50 mL (pH 8.0) 

 

Dissolve the above chemicals in 500 mL double distilled water. Adjust the pH of the medium 

to 8.0 with 1M NaOH. Make up the volume to 1 litre with double distilled water. Care should 

be taken to dissolve CaCl2 and MgSO4 separately and then add to the remaining solution so as 

to avoid precipitation. Depending on the need, the stock should be diluted to 1x using double 

distilled water and pH of the solution should be 7.5. 

 

3.3.2 Feeding 

Hydra should be fed with fresh nauplii, free of saline. Using a Pasteur pipette collect the freshly 

hatched nauplii and add evenly throughout the culture bowl of hydra. Swish the bowl so that 

proper distribution of the nauplii takes place, making sure not to dislodge the polyps from the 

bowl. Add sufficient nauplii so that the polyps are fed to repletion within 20 minutes. Care 

should be taken not to add excess nauplii in the bowl as they may foul the culture medium and 
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carcasses of nauplii may adhere to form slime in the bowl. In general, 3-4 nauplii on average 

per hydra should be added in the culture bowl. Feeding is best done at the same time, preferably 

during the morning, to maintain a healthy culture. 

 

3.3.3 Cleaning and maintenance 

The purpose of this step is to clean the culture bowl of any Artemia not ingested and to remove 

mucus secreted by the hydra. Change the culture medium in about 4 hours after the polyps are 

fed. Cleaning is relatively simple and rapid. Swirl the bowl and pour out the medium onto a 

nylon mesh to collect any unattached hydra or dead/egested artemia. Invert the nylon mesh 

onto a petri dish containing hydra medium. Using Pasteur pipette swirl the medium in a circular 

motion such that polyps and Artemia are moved to the center of the dish. Carefully pick up the 

polyps and transfer to a second petri dish containing hydra medium; this step should be done 

to get rid of the Artemia. Finally, pick up the clean polyps from the dish and transfer to the 

main culture bowl. Prior to transfer, 100 mL of hydra medium should be added to the culture 

bowl, swirled gently and poured out the contents, making sure to remove all free nauplii. 

Further, add 500 mL of Hydra medium to the culture bowl. Make sure to add the medium along 

the side of the dish, and not directly onto the hydra, otherwise the polyps sometime may express 

the contents of their gut, or become dislodged. 
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CHAPTER 4 

 

4.1 Acute toxicity test and morphological changes 

Hydra undergoes morphological changes when exposed to chemicals. The progressive 

morphological deterioration can be quantified using a scoring system devised by Wilby (1988), 

and is used to calculate lethal concentration (LC50) and effective concentration (EC50). Under 

stressful conditions, hydra shows sign of toxic insults such as shortening of body and tentacles, 

lack of fitness, clubbing of tentacles, severely shortened body, osmoregulatory loss, 

disintegration and death (Table 1). Scores 10 to 6, are considered as non-lethal morphological 

changes and polyps can be reversed to normal morphology if physical or chemical stressors are 

removed. However, scores 5 to 0, are lethal concentrations which imparts irreversible changes 

in hydra and ultimately leads to mortality even if stressors are removed. Representative images 

are presented in Fig. 6. 

 

 

Table 1.Scoring system devised by Wilby (1988) for assessing the morphological 

damage and toxicant induced inhibition of regeneration of gastric region 

Score Morphology of polyp 

10 Extended tentacles and body reactive 

9 Partially contracted, slow reactions 

8 Clubbed tentacles, body slightly contracted 

7 Shortened tentacles, body slightly contracted 

6 Tentacles and body shortened 

5 Totally contracted, tentacles visible 

4 Totally contracted, no visible tentacles 

3 Expanded, tentacles visible 

2 Expanded, no visible tentacles 

1 Dead but intact 

0 Disintegrated 

Score Scoring of inhibition of regeneration 

10 Mouth, 4–6 tentacles and peduncle 

9 Mouth, 4–6 tentacles 

8 Mouth, <4 tentacles and basal disc 

7 Mouth and <4 tentacles 

6 Tentacle buds and basal disc 

5 Tentacle buds only 

4 Basal disc only formed 

3 Normal wound healing at both ends of gastric region 

2 Healed but body expanded 

1 Open ends to gastric region/dissected region, not healed or dead 

0 Disintegrated 
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Fig. 6. Morphological changes devised by Wilby (1988). Representative images of 

morphological changes in hydra exposed to copper sulphate (Zeeshan et al., 2016, 2017) 

 

4.2 Method 

• Wilby (1988), Zeeshan et al., (2016, 2017) 

 

4.3 Materials required 

• Petri dishes 

• Six-well plates 

• Hydra medium 

• Test substance (TS) 

• Stereo-zoom microscope with camera 

• Pipette: 5 mL, 1 mL, 100 μL 

• Pipette tips: 5 mL, 1 mL, 100 μL 

• Hydra species i.e., Hydra magnipapillata, Hydra vulgaris, Hydra viridissima, etc 

• Petri dish 

• Semi-microbalance 

 

4.4 Sample preparation 
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Prepare a stock solution of 100 mg/L of TS in the hydra medium and dilute according to the 

experimental protocol. 

 

4.5 Procedure 

• Non-budding healthy hydra, starved for 24 h, should be used for acute toxicity testing. 

• Pick polyps from the culture bowl using Pasteur pipettes and place it in a small petri 

dish or 6-well plate. Each well should contain 10 mL of the hydra medium and 10 hydra 

each. 

• Treat hydra with different concentrations of TS. 

• After treatment, place the well plates in a BOD incubator, maintained at 18°C with 

12:12 light: dark photoperiod. 

• After 24 h, observe hydra morphology under stereo-zoom microscope, preferably 

capture images, and note the morphology according to Wilby’s scoring method.  

• Following observation, renew TS and follow the same semi-static regime of TS 

exposure and observation until 96 h. 

• Use probit analysis to calculate LC50 for 24, 48, 72 and 96 h.  

• Perform all experiments in triplicate. 
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Chapter 5 

5.1 Hydra regeneration assay 

Hydra regeneration assay is a useful tool to study teratogenicity of a chemical. In fact, the use 

of hydra as a model for toxicity testing started with this very test, which was actually used as 

an alternative of rat teratogenicity tests to study the potential developmental effects of 

chemicals. Hydra shows remarkable tissue healing properties and can replace its missing parts 

or regenerate from a small chunk of tissue, thanks to the amazing pool of three stem cell 

lineages which continuously divide and differentiate into different cell types. The degree of 

regeneration was microscopically examined as described by Wilby (1988) (Table 1) and are 

pictorially presented as Fig. 7. 

 

 
Fig. 7. Regeneration in hydra according to Wilby (1988). Representative images of hydra 

gastric region/embryo undergoing wound healing after exposure to copper sulphate (Zeeshan 

et al., 2016). Score 3 is the initiation of wound healing and score 10 is regeneration of complete 

polyp. 

 

5.2 Method 

• Wilby (1998), Murugadas et al. (2016) 

 

5.3 Materials required 

• Pasteur pipettes 

• 9 cm plastic Petri dishes 
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• 12 well plate 

• Sterile scalpel blades or injection needles  

• Stereo-zoom microscope with camera 

 

5.4 Procedure 

• Healthy and budded hydra, fasted for at least 24 h, should be selected for the assay. 

• Under stereo-zoom microscope and using a sterile scalpel or needle cut the hydra below 

the hypostome and above the budding region to obtain the gastric/mid-body part. 

• Place the gastric section individually into each well of a 12-well plate. Each well should 

contain 3 mL of a test substance. 

• Medium should be renewed at every 24 h interval and the experiment should be 

performed till 96 h. 

• Observe the regenerating bodies under microscope and record the degree of 

regeneration according to the grading scale devised by Wilby et al. (1988) (Table 1). 

• All experiments should be performed in triplicates.  
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CHAPTER 6 

6.1 Intracellular ROS generation (DCHFDA staining) 

Reactive oxygen species (ROS) is considered to play a central role in eliciting diverse 

pathological changes to biochemical and molecular machinery of an organism under chemical 

or physical stress. The potential of ROS to damage cellular structures like protein, DNA and 

lipids, in living systems has become a topic of profound interest in environmental toxicology. 

ROS mainly comprise of superoxide (O•−
2), hydrogen peroxide (H2O2), lipid hydroperoxides 

and hydroxyl radical (OH•) and cause lipid peroxidation, DNA damage and compromises 

cellular defense system.  

Intracellular ROS generation is detected by adopting DCHFDA dye, a membrane-permeant 

dye, which accumulates in intracellular compartments such as mitochondria and lysosomes. 

Cellular esterases cleave this dye. The cleavage product is oxidized by ROS which results in a 

fluorescent DCF. The intensity of fluorescence is directly proportional to the levels of ROS 

generated. 

Method 

•   Jantzen et al (1998), Murugadas et al. (2016, 2019) 

6.3 Materials required 

• Test substance (TS) 

• Hydra medium 

• 2’,7’-dichlorofluorescin diacetate (DCHFDA) - 10 mM 

• 2% Urethane 

• Phosphate-buffered saline (PBS) 

• Cavity slides 

• Fluorescent microscope fitted with a camera  

6.4 Procedure 

• Healthy and non-budded hydra, fasted for at least 24 h, should be selected for the assay. 

• Pick up polyps from the culture bowls using Pasteur pipettes and place it in a 6-well 

plate. Each well should contain 5 mL of hydra medium and 5 hydra each. 

• Treat hydra with different sub-lethal concentrations of a TS. 

• Wash treated polyps with PBS three times for 5 minutes each.  

• Transfer polyps to a microscope cavity slide and remove excess of hydra medium. 

• Add 10 mM DCHFDA and incubate polyps in dark for 1 h, followed by washing in 

PBS.  

• Relax hydra in 2% urethane and examine polyps under fluorescent microscope. 
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CHAPTER 7 

7.1 Apoptosis study-Acridine orange staining 

Apoptosis or programmed cell death is characterized by numerous morphological changes. 

Since it is implicated in many pathological and physiological conditions it becomes pertinent 

to have reliable methods to detect cell death. Acridine orange is a cationic iodophilic dye, which 

specifically stains apoptotic cells within phagocytic vacuoles with low pH. Acridine orange 

penetrates living cells and fluoresces green/yellow at 450-490 nm. Early apoptotic cells 

fluoresce green and show bright green dots as a consequence of chromatin condensation. Late 

apoptotic cells stain orange because of condensed and often fragmented nuclei.  

7.2 Method 

• Cikalaet al.(1999), Zeeshan et al. (2016, 2017) 

7.3 Materials required 

• Test substance (TS) 

• Hydra medium 

• Acridine orange – 3.3 μM 

• 2% Urethane 

• Cavity slides 

• Cover slip 

7.4 Procedure 

• Healthy and non-budded yydra, fasted for at least 24 h, should be selected for the assay. 

• Treat hydra with different sublethal concentrations of a TS. 

• Wash treated animals in PBS for 3 times for 5 minutes each. 

• Stain polyps with acridine orange (3.3 μM) and incubate in dark for 15 minutes. 

• Wash stained polyps with PBS 3 times for 5 minutes each. 

• Add 2% urethane and examine polyps under a fluorescent microscope 
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CHAPTER 8 

 

7.1 Gene expression study: RT-PCR  

The starting template for a PCR reaction can be DNA or RNA. DNA is usually the 

appropriate template for studying the genome of the cell or tissue (as in inherited genetic 

diseases, somatic mutation in a tumor, or somatic rearrangement in lymphocytes) and for the 

detection of DNA viruses. For information on gene expression in a cell or tissue or the presence 

of genomic RNA in a retrovirus such as HIV, RNA is the appropriate template. RNA can be 

better than genomic DNA for detecting structural changes in long genes, since amplifying the 

spliced RNA transcript instead of the genomic sequence greatly reduces the length of DNA to 

be handled without losing any of the coding regions where clinically significant deletions may 

be expected. 

 RT-PCR combines cDNA synthesis from RNA templates with PCR to provide a rapid, 

sensitive method for analyzing gene expression. RT-PCR is used to detect or quantify the 

expression of mRNA, often from a small concentration of target RNA. The template for RT-

PCR can be total RNA or poly (A) + selected RNA. RT reactions can be primed with random 

primers, oligo(dT), or a gene-specific primer (GSP) using a reverse transcriptase.  

RT-PCR can be carried out either in two-step or one-step formats. In two-step RT-PCR, 

each step is performed under optimal conditions. cDNA synthesis is performed first in RT 

buffer and one tenth of the reaction is removed for PCR. In one-step RT-PCR, reverse 

transcription and PCR take place sequentially in a single tube under conditions optimized for 

both RT and PCR. 

One-Step RT-PCR for25 μL reaction volume 

This protocol serves as a guideline for one-step RT-PCR with a 25 μL reaction volume. 

Reverse transcription and PCR are carried out sequentially in the same tube. All components 

required for both reactions are added during setup, and there is no need to add additional 

components once the reaction has been started. The protocol has been optimized for 1 pg–2 

μg of total RNA. Optimal reaction conditions, such as incubation times and temperatures 

during PCR amplification, will vary and need to be determined individually. 

 

Procedure 

1. Thaw template RNA, primer solutions, dNTP Mix, 5x QIAGEN One Step RT-

PCR Buffer, and RNase-free water, and place them on ice.It is important to mix the 

solutions completely before use to avoid localized differences in salt concentration. 
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2. Prepare a master mix according toTable 1. 

 The master mix typically contains all the components required for RT-PCR except the 

template RNA. Prepare a volume of master mix 10% greater than that required for the total 

number of reactions to be performed. A negative control (without templateRNA) should be 

included in every experiment.  

3. Mix the master mix thoroughly, and dispense appropriate volumes into PCR 

tubes. Mix gently, for example by pipetting the master mix up and down a few times. 

4. AddtemplateRNA(≤2μg/reaction)totheindividualPCRtubes. 

5. Program the thermal cycler according to the program described below. 

6.     Start the RT-PCR program while PCR tubes are still on ice. Wait until the thermal 

cycler has reached 50ºC. Then, place the PCR tubes in the thermal cycler. 

 

PCR Reaction Mix 

Component     Volume/reaction Final concentration  

Master Mix      

RNase-free water (provided)    variable --- 

5x One Step RT-PCR Buffer    5.0 µL 1x 

dNTPs mix (containing 10 mM of each dNTP) 1.0 µL 400 μM of each NTP 

Primer A      variable 0.6 μM† 

Primer B      variable 0.6 μM† 

5x One Step RT-PCR enzyme mix   1.0µl  --- 

RNase Inhibitor     variable  5-10 units/reaction 

Template RNA added at step 4   variable 1 pg–2 μg/reaction 

 

Total volume      25.0 μL --- 

*Contains 12.5 mM MgCl2 

† A final primer concentration of 0.6 μM isoptimal for most primer–template systems. 

However, in some cases  using other primer  concentrations (i.e., 0.5–1.0 μM) may improve 

amplification performance 

 

RT PCR Reaction conditions 

1. Reverse transcription: 30 min 50ºC. A reverse-transcription reaction temperature of 
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50ºC is recommended. However, if satisfactory results are not obtained using50ºC, the 

reaction temperature may be increased upto 60ºC 

2. Initial PCR activation: 15 min 95ºC. Hot start Taq DNA is activated in this step. 

Reverse transcriptases are inactivated and the cDNA template is denatured. 

3. Step Cycling 

Denaturation  0.5-1 min at 95ºC. 

Annealing  0.5-1 min at 50-58ºC (<5ºC below Tm  of primers) 

Extension  1 min 72ºC 

Number of cycles  25-40 

Final extension  10 min 

 

 

Analysis  

           Analyze the PCR reaction products by agarose gel electrophoresis of a 5 µL aliquot from 

the total reaction. The products should be readily visible by UV trans-illumination of the 

ethidium bromide-stained gel. 
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