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In the current environmental scenario, one is daily exposed to a wide range of chemicals emitted from 

various origins and people are hardly aware about these and their long term effects. Roundup is a 

one of these origins. It is a commonly used herbicide in the area of Sangamner taluka of Ahmednagar 

district. Farmers use Roundup in large amounts to control different weeds and grasses. Chemical 

nature of Roundup is Isopropyl-amine salt of Glyphosate (41% w/w) and other relative ingredient 

(59% w/w). International Agency for Research on Cancer classified glyphosate as "probably 

carcinogenic in humans" (category 2A) in March 2015. Amongst mammals, glyphosate is considered 

to have "low to very low toxicity". Hydra, a fresh water coelenterate, is known for its tremendous 

regeneration capacity and has been extensively explored as a model system for aquatic toxicity 

testing. It has only two cell layers in the body column; all the cells get exposed to the surrounding 

medium which makes it susceptible to toxicants present in it, though present in very minute quantities. 

Here we show that commonly used herbicide Roundup hampers the life process even at low 

concentrations like 1:1000000 dilution. The adhering capacity of the basal discs was drastically 

reduced in whole and regenerating hydra after treatment. Also, the cells started disintegrating in 

both, whole and regenerating hydra at 1:1000000 dilutions within 24 hours post-treatment.  Thus, 

heavy use of such herbicides may disturb the aquatic ecosystem. Our study underlines the importance 

of precautious use of herbicides like Roundup for the protection of environment, especially aquatic 

ecosystem.     
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1. Introduction 

We are daily exposed to a wide range of chemicals emitted from various origins such as 

medicines, food additives, petrochemicals, agricultural run-off etc. Such chemicals are 

usually known to accumulate in the groundwater in the original form or intermediate more 

toxic forms (Heberer, 2002; Gooddy et al., 2001; Chen et al., 2000; Ternes, 1998; Halling-

Sorensen et al., 1998; Zaki et al., 1982).  Assessment of the short term and long term effects 

of the potential toxic elements on biological systems is of utmost importance for maintaining 

the health of the environment. Earlier studies have employed various vertebrate and 
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invertebrate model systems for testing toxicity of different pollutants or agents. However, use 

of vertebrate model systems often invites ethical concerns which can be easily avoided by 

using appropriate invertebrate system. Hydra, a freshwater cnidarian, may prove to be useful 

in this regard (Karntanut and Pascoe, 2002).  

Roundup is a commonly used herbicide in the area of Sangamner taluka of Ahmednagar 

district. Farmers use the Roundup in large amounts to control different weeds and grasses. It 

is one of the most effective herbicides so it has a great demand in the local market. Chemical 

nature of Roundup is Isopropyl-amine salt of Glyphosate (41% w/w) and other relative 

ingredient (59% w/w). Use of Roundup is recommended to control Axonopuscompressus, 

Synodondactylon, Imperatacylindrica etc., Kalm grass of tea crop and for weed control in 

general. It is commonly used for agriculture, horticulture purpose as well as garden 

maintenance. Glyphosate is effective in killing a wide variety of plants, including grasses, 

and broadleaf woody plants. It is one of the most widely used herbicides. Maximally 

Glyphosate is absorbed through foliage and minimally through roots, it means that 

Glyphosate is only effective on growing plants and cannot prevent seeds from germinating 

(Gomes et al., 2014). When Glyphosate is applied it is readily transported around the plant to 

growing roots and leaves and this systemic activity is important for its effectiveness (Dill et 

al., 2010; Duke et al., 2008).  While growth stops within hours of application, it takes several 

days for the leaves to turn yellow (Hock et al., 2004). The World Health 

Organization International Agency for Research on Cancer classified glyphosate as "probably 

carcinogenic in humans" (category 2A) in March 2015. Amongst mammals, glyphosate is 

considered to have "low to very low toxicity". The LD50 of glyphosate is 5,000 mg/kg for 

rats, 10,000 mg/kg in mice and 3,530 mg/kg in goats. The acute dermal LD50 in rabbits is 

greater than 2,000 mg/kg (Glyphosate in Review Midpeninsula Regional Open Space 

District, 2018). Thus, glyphosate can have carcinogenic effects in nonhuman mammals as 

well. Based on previous studies, it can be predicated that glyphosate-based herbicides may 

cause life-threatening arrhythmias in mammals. Some evidences also show that such 

herbicides cause direct electrophysiological changes in the cardiovascular systems of rats and 

rabbits (Gress  et al., 2015). Due to the glyphosate formulations, there is either delayed 

development or accelerated development, reduced size at metamorphosis, developmental 

malformations of the tail, mouth, eye and head, histological indications of intersex and 
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symptoms of oxidative stress in some animals (Mann et al., 2009).  Some glyphosate-based 

formulations can cause oxidative stress in bullfrog tadpoles (Glyphosate in Review 

Midpeninsula Regional Open Space District, 2018). In some freshwater invertebrates, 

glyphosate has a 48-hour LC50 ranging from 55 to 780 ppm. The 96-hour LC50 is 281 ppm 

for grass shrimp (Palaemonetas vulgaris) and 934 ppm for fiddler crabs (Ucapagilator). 

These values make glyphosate ‘slightly toxic to practically non-toxic’ (Glyphosate in Review 

Midpeninsula Regional Open Space District, 2018). Some other studies suggest that 

glyphosate may be mutagenic. The glyphosate-based formulations can cause DNA strand 

breaks in various taxa of animals in vitro (Glyphosate in Review Midpeninsula Regional 

Open Space District, 2018). 

Hydra, a fresh water coelenterate, is known for its tremendous regeneration capacity and has 

been extensively explored as a model system for aquatic toxicity testing. It has only two cell 

layers in the body column and thus all the cells are exposed to the surrounding medium 

making it susceptible to toxicants that are present in very minute quantities. Due to its 

enormous ability to regenerate, it also allows the assessment of teratogenic compounds and 

the impact of contaminants on stem cells (Gilbert, 2010). Thus, hydra is used as an 

environmental indicator. The analysis of toxicants is easier in simple animal like hydra 

thorough the observation of alteration in tentacle morphology, loss of tentacles, change in 

contractility, loss of regenerative capacity, inability to attach to substratum, altered behavioral 

patterns and mortality. Importantly, hydra are ubiquitous throughout freshwater environments 

and relatively easy to culture making them appropriate for use in small scale bioassay 

systems. It is a very good alternative model for preliminary toxicity screening and can 

substantially reduce the use of vertebrate animals (Riedl et al., 2018; Zeeshan et al., 2017; 

Murugadas et al., 2016; Quinn et al., 2012). 

As mentioned earlier, a number of studies point out at a hazardous role of glyphosate on life.    

Considering the enormous use of this herbicide in the farms, one needs to address the effects 

of glyphosate on simple aquatic animals like hydra which is a ubiquitously found fresh water 

animal, an important part of aquatic ecosystem and due to its regeneration capacity 

considered as an immortal animal. The present study describes the effects of the Roundup on 

whole and regenerating hydra. 
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2. Materials and Methods 

2.1. Collection of hydra  

Green hydra were collected from the local pond from the S.N. Arts, D.J.M. Commerce and 

B.N.S. Science College campus. Hydra were transferred into hydra medium with the help of a 

dropper.  Amoeba, Paramecium, Daphnia, Cyclops and other zooplanktons were collected 

from the same local pond and used as food for hydra. 

2.2. Preparation of treatment solutions 

Whole and regenerating hydra were treated with various doses of Roundup. These doses were 

prepared by serial dilution of Roundup so as to prepare different concentrations ranging from 

1:10, 1:100 up to 1:1000000 dilution 

2.3. Treatment of whole hydra with Roundup dilutions 

Healthy hydra were selected and randomly distributed in equal numbers into various beakers 

containing 50 ml hydra medium for treatment purpose.  Hydra kept in beaker with of medium 

alone served as control and rest were used for treatment with various dilutions of Roundup. 

The overall morphology of hydra from control and treated groups was observed for next 72 

hours and the changes were noted down. The treatment was repeated four times to confirm 

the effects of Roundup on whole hydra for calculating the LC50.  

2.4. Treatment of regenerating hydra with Roundup  

Healthy hydra were selected and cut into two pieces by taking a sharp transverse cut using 

sharp needles in the middle of the body column. The body column pieces with either 

hypostome or basal disc were separated and kept in separate beakers for treatment. One 

beaker kept as a control and rest for Roundup treatment (LC50 dose). Regenerated hydra 

from both control and treated groups were observed for next 72 hrs. All the experiments were 

repeated minimum 4 times. 

3. Results 

Effects of Roundup on whole hydra  

Hydra from the control group exhibited normal morphology and sticking behavior throughout 

the treatment window.  The dilutions of Roundup from 1:10 to 1:100000, killed almost 100% 

of the treated animals by the end of 72 hrs (Table 1 and Figure 1). On the other hand, at 

1:1000000 dilution Roundup was found to kill approximately 50 percent of the treated hydra 

as compared to controls by 72 hrs. However, the treated animals showed impaired attachment 
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and mostly floated on the treatment solution. Thus, 1:1000000 dilution of Roundup was 

found to be the LC50 dose for hydra in our study.  

Table no 1: Effect of Roundup at various dilutions on whole hydra 

Treatmen

t window Control 1:10 1:100 1:1000 1:10000 1:100000 

1:100000

0 

24 hours 100 % 0 % 0 % 0 % 0 % 16.66 % 77.77 % 

48 hours 100 % 0 % 0 % 0 % 0 % 1 % 61.11 % 

72 hours 100 % 0 % 0 % 0 % 0 % 1 % 50 % 

The percentage given here depicts the overall percent of live hydra at the end of the treatment 

window. 

 

 

 

 

 

 

 

Figure 1: Histograph depicting the percentage of live hydra after treatment with Roundup 

for different time intervals 
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Figure 2:  Effects of Roundup on whole hydra after 24 hours - (a) Control hydra; (b-f) 

Roundup treated hydra - (b)1:100 dilution, (c)1:1000 dilution, (d)1:10000 dilution, 

(e)1:100000 dilution, (f)1:1000000 dilution  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effects of Roundup on whole hydra after 48 hours - (a) Control hydra; (b-f) 

Roundup treated hydra - (b)1:100 dilution, (c)1:1000 dilution, (d)1:10000 dilution, 

(e)1:100000 dilution, (f)1:1000000 dilution 
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Figure 4: Effects of Roundup on whole hydra after 72 hours - (a) Control hydra; (b-f) 

Roundup treated hydra - (b)1:100 dilution, (c)1:1000 dilution, (d)1:10000 dilution, 

(e)1:100000 dilution, (f)1:1000000 dilution 

Effects of Roundup on regenerating hydra  

The overall regeneration process in the regenerating hypostomes and basal disc portions in 

the control was normal and complete regeneration was achieved by 72 hrs in 100% basal disc 

pieces. On the hand, the regeneration process was hampered in both, hypostome pieces and 

basal disc pieces in presence of Roundup (Table 2 and Figure 5). 

Table no 2: Effects of Roundup on regenerating hydra 

 

Treatment 

window 

 

After 24 hours 

 

After 48 hours 

 

After 72 hours 

Hypostom

e 

Basal  

Disc 

Hypostom

e 

Basal 

Disc 

Hypostom

e 

Basal 

Disc 

 

Control 

 

97.61 % 

 

100 % 

 

97.61 % 

 

100 % 

 

97.61 % 

 

100 % 

Roundup 

(1:1000000 

dilution) 

 

88.09 % 

 

92.85 % 

 

85.71 % 

 

78.57 % 

 

78.57 % 

 

66.66 % 

The percentage is calculated on the basis of regeneration shown in hypostome and basal disc 

in each category.  
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Figure 5: Histograph depicting the percentage of the regenerated hydra after treatment with 

Roundup for different time intervals 

                                

 

 

 

   

 

     

 

 

 

 

 

Figure 6: Regeneration after 24 hours- (a, b)  hypostome of control, (c, d) basal disc of 

control, (e, f) hypostome of 1:1000000 dilution of Roundup, (g, h )basal disc of 1:1000000 

dilution of Roundup 

In control, after 24 hours of post-cutting, hypostome starts to regenerate the lost basal region 

(Figure 6a,b) and there is beginning of the hypostome formation in the basal disc pieces 

(Figure 6c,d). In some cases disintegration of hydra body was observed in the treated 

hypostome pieces (Figure 6f), while majority of the regenerating basal discs showed the 

normal processes (Figure 6g,h).  
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Figure 7: Regeneration after 48 hours- (a, b)  hypostome pieces of control, (c, d) basal disc 

pieces of control, (e, f) hypostome of 1:1000000 dilution of Roundup, (g, h ) basal disc of 

1:1000000 dilution of Roundup 

After 48 hours, the normal regeneration of lost structures was observed in the control; both 

regenerating hypostome regions (Figure 7 a,b) and basal disc regions (Figure 7 c,d). Roundup 

treated hypostomes with mid-way regenerated basal discs started floating on the water 

surface indicating loss of attachment power within 48 hours (Figure 7 e,f). The regenerating 

basal discs exhibited development of the lost hypostome regions that was comparable to the 

controls however these pieces also lost the attachment power (Figure 7 g,h).  

Normal regeneration of hypostome and basal disc was seen in control within 72 hours (Figure 

8 a-d). On the other hand, the treated regenerating hydra pieces showed recovery of the lost 

structures comparable to controls however, the regenerated hypostome and basal disc floated 

on the water surface. In some cases, the disintegration of the body cells was observe as shown 

in figure 8 (f & h). 

b c 
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Figure 8: Regeneration after 72 hours- (a, b) hypostome of control, (c, d) basal disc of 

control, (e, f) hypostome of 1:1000000 dilution of Roundup, (g, h) basal disc of 1:1000000 

dilution of Roundup 

4. Discussion and Conclusions 

Earlier studies on the effects of insecticides on whole hydra have exhibited immediate death 

of the animals after treatment. The tentacles and hypostomes of such hydra were disintegrated 

immediately with lesions on the body of hydra (Kovacevic et. al., 2007; Kalafatic et. al., 

1997). In the present study, when hydra were treated with the Roundup at the high 

concentrations i.e. 1:10 and 1:100 dilutions, the treatment led to cell disintegration 

immediately. The dose of 1:1000000 dilution was identified as LC50 of Roundup for hydra. 

At this dose, hydra showed the impaired attachment. In this way, commonly used herbicide 

Roundup hampers the life process even at low concentrations like 1:1000000 dilution. Thus, 

heavy use of such herbicides may disturb the aquatic ecosystem. 

Regenerating hydra are shown to be highly sensitive to physical and chemical toxic agents 

like ultraviolet light (Znidaric and Lui, 1974) and insecticides (Kalfatic, 1991; Znidaric, 

1983). In our study, regenerating hydra were treated with the Roundup at the dilution 

1:1000000, the LC50 dose for whole hydra. In case of hypostome pieces, the regeneration of 
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basal disc like structure took place but the regenerated hydra did not exhibit its attachment 

power as seen in controls. Due to treatment with Roundup, sometimes the body cells started 

disintegrating. In case of the basal disc, when the basal disc began to regenerate the lost 

hypostome,   the hydra started floating on the water within the 24 hrs. As compared to the 

respective controls, the regeneration in both hypostome piece and basal disc was delayed and 

the attachment power of the basal disc was reduced to a greater extent. In this way, our study 

identifies LC50 of Roundup for hydra, highlights ill effects of Roundup on whole hydra and 

regenerating hydra even at very low concentrations.  Our study thus underlines the 

importance of precautious use of herbicides like Roundup for the protection of environment, 

especially aquatic ecosystem.  
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