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ABSTRACT 

 
The nematode Caenorhabditis elegans has emerged as an important animal model in various fields including 

neurobiology, developmental biology, and genetics. Characteristics of this animal model that have contributed to its 

success include its genetic manipulability, invariant and fully described developmental program, well-characterized 

genome, ease of maintenance, short and prolific life cycle, and small body size. These same features have led to an 

increasing use of C. elegans in toxicology, both for mechanistic studies and high-throughput screening approaches. 

We describe some of the research that has been carried out in the areas of neurotoxicology, genetic toxicology, and 

environmental toxicology, as well as high-throughput experiments with C. elegans including genome-wide screening 

for molecular targets of toxicity and rapid toxicity assessment for new chemicals. We argue for an increased role for 

C. elegans in complementing other model systems in toxicological research. Years before the latest technologic 

developments (RNAi and high-throughput techniques), C. elegans was used to study toxicity mechanisms of 

environmental factors affecting the nervous system. The following section provides a synopsis of the available 

literature on neurotoxicity-related issues addressed in C. elegans. It is not meant to be exhaustive but rather to 

illustrate typical studies that are amenable in the C. elegans platform. We highlight studies with exposure outcomes 

to various metals and pesticides, as well as general considerations on studies of neurodegenerative diseases. We 

emphasize the utility of C. elegans in addressing hypothesis-driven mechanisms of neurotoxicity and extrapolations 

to vertebrate systems. 
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1. INTRODUCTION 

Caenorhabditis elegans is a small transparent, unsegment Nematode that lives in temperate soils. C.elegans 

is a multicellular organism which goes through a complex growth starting as an embryo, undergoing a 

morphogenesis and developing into a fully formed adult (life cycle 2 to 3 days). It exhibits specific behaviours and 

is even capable of rudimentary learning and memory. It produces eggs, mates and reproduces. After reproduction it 

gradually ages, loses vigor, and finally dies. C.elegans is a model organism for the study learning and memory, 

physical behaviour and aging. These organisms easily grow and maintained in the laboratory. C.elegans is excellent 

model organism to the heavy metal. Therefore, the C.elegans model system is valuable for investigation of arsenite 

toxicity. C.elegans makes a good model for the study of many biological processes. The worms are easy and 

inexpensive to maintain on solid media in petri dish. They have a life span of 2-3 weeks and progress from egg to 

fully develop into gravy worms. Arsenic is metalloid, which is distributed throughout the earth crust in diverse 

complex forms with pyrites. Depending on the physiochemical condition of the environment, arsenic can readily be 

dissociated from the complex, enter into ground water and taken up by microorganism resulting in high level of bio- 

availability. The high concentration of arsenic in water and soil can be found in several places around the world. 
Two different oxidative states of arsenic III and V, are available in organic and inorganic forms that correlate with 

their cytotoxic potential. Between these two states, compound with (III) oxidation state are more toxic to target cells 

and tissue due to several mechanism including high affinity for protein thiol or vicinal sulfhydryl group. Although 

the metabolism of inorganic arsenic is quite well known, the precise mechanism of arsenic toxicity is not clearly 
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understood. In mammals, a methylation pathway has been proposed for the metabolic processing of inorganic 

arsenicals. Other aspects of arsenic metabolism in C.elegans remain to be seen. In this thesis report, I will be treated 

arsenite in synchronized L1 stage larvae with different concentration (0.125mg/lit, 0.25mg/lit, 0.5mg/lit). After the 

treatment of arsenite in 24 hours, observe the sample. The results show, arsenite is lethal for living being. 

 

2. LITERATURE REVIEW 

Learning and memory are fundamental biological properties that appeared to be acquired in the early era of 

animal evolution. Because of simple neuronal circuits and easy access to experiments, invertebrates have played an 

important role in understanding the biological basis of learning and memory. Studies on Aplysia and Hermissenda 

revealed the essential mechanism of synaptic plasticity [1,2]. Similarly, the behavioral molecular genetics in 

Drosophila and Caenorhabditis elegans greatly advanced our knowledge on the nervous system [3–5]. Invertebrate 

studies found neural logic commonly used throughout evolution. Much of neurotransmitters and neuronal 

modulators used in C.eleganssuch as acetylcholine, glutamate, dopamine, serotonin, GABA, and neuropeptides are 

amazingly similar to those used in mammals [8]. Genome project revealed that genes required for neuronal 

development and function are also highly homologous to mammalian genes [9,10]. Rapidly advanced technologies 

such as calcium imaging and optogenetics are particularly accessible to the C.elegans nervous system, thereby 

enabling the worm researchers to extensively study dynamics of neurons and circuits.  These advantages of 

C.elegans allow comprehensive and high-resolution studies for understanding human brain and neuronal disorders. 

C.elegans apparently exhibits behaviors that reflect learning and memory [11–19]. 

 

2.1 Life Cycle of C.elegans 1 

Life cycles of C.elegans has short and temperature dependent. Its life span is around 2 to 3 weeks under 

suitable living condition. C.elegans adults lay embryo that pass through gastrulation, comma stage, 2- fold and 3- 

fold embryos before hatching in the L1 larval form. The larvae develop through L2, L3, and L4 molts before 

becoming adults. When the food or other source becomes scarce, worms enter into diapause stage.  

Dauer larvae were first identified as a special larval stage of insect-parasitic nematodes. These larvae, 

which differed structurally from all other stages of the same species, were termed “dauer larven” by Fuchs (1915). 

The dauer (enduring) stage of Caenorhabditis elegans is formed when environmental conditions are inadequate for 

successful reproduction. In abundant food, the animal develops continuously through the four larval stages (L1–L4) 

to the adult. Dauer larvae do not feed, but they can survive at least four to eight times the normal 2-week life span of 

C.elegans (Klass and Hirsh 1976). When favorable conditions are encountered, the dauer larva begins to feed and 

resumes development to the adult. Dauer larvae are easily distinguished from other developmental stages. They are 

thin and dense due to shrinkage of the hypodermis at the dauer-specific molt. The dauer larva exhibits a metabolism 

that is consistent with long-term survival in the absence of food. Dauer larvae have reduced TCA cycle activity but 

high phosphofructokinase activity relative to adults, indicating that dauer larvae have a greater capacity to 

metabolize glycogen (O'Riordan and Burnell 1989). The decreased TCA cycle activity relative to the glyoxylate 

cycle in dauer larvae indicates the importance of lipid storage as an energy reserve in the dauer stage. 
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Figure 1 - life cycle of C.elegans and potential Diapauses(Taken from Nanette Pazdenik and Tim Schedl, 2013. 

 

2.2 Arsenic Toxicity 

Arsenic is a metalloid, which present in earth crust in the form of pyrites.  It is found in air, water and soil 

and could find their way into the human body through: Inhalation, Ingestion and Absorption. Continuous arsenic 

exposure via drinking water has been reported in many countries of the world; especially in Argentina, Bangladesh, 

India, Mexico, Thailand, and Taiwan, where a large proportion of ground water is contaminated with a high 

concentration of arsenic. Arsenic contaminated air, water and food is associated with reproductive and 

developmental diseases. Also, it causes diseases including cancer, dermal, cardiovascular, hepatic, renal, peripheral 

vasculature maladies, dysfunction of the endocrine, bladder and kidney [1,2]. The nervous system is highly 

vulnerable to the toxic effects of arsenic, resulting into multiple neurological effects [3]. The epidemiological studies 

indicate that behavioural and cognitive functions in children are compromised following gestational and 

developmental arsenic exposure. Owing to increased exposure associated with food intake patterns and lifestyle of 

individuals impose higher risk to nervous system [4]. The developing brain is vulnerable to toxic metals that 

interfere with the critical developmental processes i.e., cell proliferation, migration, differentiation, synaptogenesis, 

myelination and apoptosis in the central nervous system (CNS) [19]. Arsenic toxicity-induced defects in nervous 

system includes Peripheral Neuropathy, Alterations in peripheral nerves, Neuritism retrobulbar neuritis; neuropathy, 

Encephalopathy, Abnormal EEG’s, numbness in extremities; parathesia, Abdominal Pain, Depression, mood swings, 

flat affect, impaired facial recognition, Mental retardation, borderline intelligence, Hearing loss and difficulty 

hearing, Decreases locomotor activitiy, Convulsions; seizure, Muscle pain; headache and acrodynia [20]. 

                 Two different oxidative states of arsenic III and V are available in organic and inorganic forms that 

correlate with their cytotoxic potential. Between these two states, compound with (III) oxidation state are more toxic 

to target cells and tissue due to several mechanism including high affinity for protein thiol or vicinal sulfhydryl 

group. Although the metabolism of inorganic arsenic is quite well known, the precise mechanism of arsenic toxicity 

is not clearly understood. In mammals, a methylation pathway has been proposed for the metabolic processing of 

inorganic arsenicals. Other aspect of arsenic metabolism in C.elegans remain to be seen. 

 

3. MATERIALS AND METHODS 

3.1 Preparation of Arsenic solution 

We prepared stock solution and respective amount of waves was added to prepare the following 

concentration of arsenic solution. Arsenic solution was prepared by 0.125mg of arsenic dissolves in 1 liter water. 

Arsenic solution was prepared by 0.25mg of arsenic dissolve in 1 liter of water. 
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Arsenic solution was prepared by 0.5mg of arsenic dissolved in 1 litre of water. 

 

4.3. Methodology 

Prepared LB media 

↓ 

Inoculated OP50 E.coli strain into LB media 

↓ 

Incubated it at 37°C for over night 

↓ 

Prepared NGM plates 

↓ 

Inoculated bacterial culture into NGM plates 

↓ 

Incubated NGM Plates at 37°C for over night 

↓ 

Transferred C.elegans on OP50 inoculated NGM Plates 

↓ 

Kept it into the incubator at 17°C 

↓ 

When C.elegans grew into gravid (egg-laying) worms, synchronized the plates to get L1 stage larvae 

↓ 

Treated L1 stage larvae with different concentration of arsenic (0.75mg/L, 1.5 mg/L, 3.00mg/L, and 6.00mg/L) and 

incubated it at 17°C for 24 hrs. 

↓ 

Counting of live and dead L1 larvae to find the mortality rate. 

For daf-2 mutant of C.elegans, we used the same protocol mentioned above to find the mortality rate. 

 

Table 1: Chemical 

S.No. Chemicals Company Country 

1 NaCl Merck India 

2 Hypochlorite ……….. ………….. 

3 LB Media Himedia India 

4 Agar Himedia India 

5 Peptone Himedia India 

6 CaCl2 Merck India 

7 Cholesterol Himedia India 

8 Ethanol Changshu Yangyuan Chemical China 

9 MgSO4 Fisher Scientific India 

10 KPO4   

11 NaOH Merck India 

12 KOH Merck India 

13 KH2PO4 Merck India 

14 K2HPO4 Merck India 

15 Na2HPO4 Merck India 

17 Na2AS2O4 Himedia India 

 

          

Table 2:  Preparation of LB media for 1 liter 

S.No. Chemical Amount 

1. Tryptone 10 gm 

2. Yeast extract 5 gm 

3. NaCl 10 gm 
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4. Distilled water 1000 ml 

 

Table 3:  Preparation of Nematode Growth Media (NGM) For 1 liter 

S.No. Chemicals Amount 

1. NaCl 3.0 gm 

2. Peptone 2.5gm 

3. Agar 18.0 gm 

4. Distilled Water Maintained vol. to 

900 ml 

 

Table 3 Autoclaved it and at the time of pouring we added the following chemicals and maintained the 

volume to 1 liter: 

S.No. Chemicals Amount 

1. CaCl2 1 ml 

2. Cholesterol in ethanol 1 ml 

3. MgSO4 (1M) 1 ml 

4. KPO4 (1M)  (pH-6) 25 ml 

 

 

Table 3 Buffer required in synchronization Hypochlorite buffer: For 10 ml  

S.No. Chemicals Amount 

1. Hypo 4 ml 

2. NaOH (1M) 2 ml 

3. KOH (1M) 4ml 

 

Table 3 M9 buffer: For 1 Liter: 

S.No. Chemicals Amount 

1. KH2PO4 3 gm 

2. Na2HPO4 6 gm 

3. NaCl 5 gm 

4. MgSO4(1M) 1 ml 

5. d H2O  

Maintained its volume with distilled water after mixing all chemicals or after preparation of buffer and autoclaved it 

and store it at 4°C. 

 

3.2. Preparation of C.elegans bacterial food source  

The most favourite food of C.elegans is OP50 strain of E.Coli and it is usually grown monoxencally in the 

laboratory. E.coli OP50 is a uracil auxotroph whose growth is limited on NGM plates. This helps in getting a limited 

bacterial lawn which is desirable for easier observation and better mating of the worms. We obtained the culture of 

E.coli OP50 by inoculating LB media with starter culture and incubating them at 37°C. 

 

3.3. Preparation of NGM Petri plates 

We prepared NGM petri plates by pouring Nematode Growth Medium aseptically into petri plates. On this 

plate, C.elegans is maintained in laboratory. This NGM plates can be left at room temperature for 2-3 days before 

use to allow excess moisture to evaporate. Plates stored in an air-tight container at room temperature will be usable 

for several weeks. 

 

3.4. Seeding NGM Plates  

We applied 100 µl E.coli OP50 liquid culture to NGM plates in the laminar hood. If desired, the drop of 

liquid culture can be spread using the pipet tip or a glass rod. Spreading will create a larger lawn, which can aid in 
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visualising the worms. Now, allow the E.coli OP50 lawn to grow overnight at 37°C. OP50 seeded NGM plates 

stored in an air-tight container will remain usable for 2-3 weeks. 

 

3.5. Transferring worms on OP-50 seeded NGM plates 

Several methods are used for transferring C.elegans from one petri plates to another. A quick and 

convenient method is Chunking, wherein a sterilized scalpel or spatula is used to move a chunk of agar from an old 

plate to a fresh NGM plate. There will be usually 100 of worms in the chunk of the agar. The worms will crawl out 

of the chunk and spread out onto the bacterial lawn of new NGM plate. This method works well for transferring 

worms that have burrowed into the agar or are difficult to pick individually. Another method of transferring is to 

pick single worm with a worm picker. A worm picker can be made by mounting a 1inch piece of 32-gauge platinum 

wire into either the tip of a pasture pipet or in a bacteriological loop holder. Now, the chunked petri plates were at 

17◦C in incubator for the proper growth of C.elegans. 

 

3.6. Synchronization  

Synchronization is the process in which all gravid C.elegans were arrested in L1 stage. C.elegans were 

bleached with hypochlorite to collect eggs which were incubated at 17◦C for overnight to bring them to 

synchronized L1 stage.  

 

The protocol of synchronization is mentioned below: - 

 

Pour distilled water into the NGM plate containing adult or mature C.elegans 

↓ 

Centrifuge it at 3000 rpm for 2 minutes 

↓ 

Discard supernatant 

↓ 

Add hypochlorite solution about 4 ml 

↓ 

Vortex/Shake it for 4-5 minutes 

↓ 

Centrifuge it at 2000 rpm for 2 minutes 

↓ 

Discard supernatant 

↓ 

Pellet dissolved in distilled water 203 minutes 

↓ 

Centrifuge it at 2000 rpm for 2 minutes 

↓ 

Add M9 buffer about 3-4 ml and dissolve pellet 

↓ 

Centrifuge it at 2000 rpm for 2 minutes 

↓ 

Again wash it with distilled water 2 times 

↓ 

Centrifuge it at 2000 rpm for 2 minutes 

↓ 

Discard supernatant 

↓ 

Dissolved pellet in about 2-3 ml of distilled water 

↓ 

Pour it into the sterile petriplate 

↓ 

Keep it at 16°/17°C in incubator 
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4. RESULTS AND DISCUSSIONS  

These are the different pictures of C.elegans which were taken by us in our laboratory. Our data suggest 

that the percentage of dead L1 Worms increase with the increase in arsenic in arsenic Concentration.  At the 

different concentration of 0.125mg/l, 0.25mg/l and 0.5mg/l, all the L1 stage were Statically data recorded. 
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4. CONCLUSIONS 

Arsenic is a common environmental metalloid widely distributed around the world and its exposure causes 

several types of health problem including cancer in human. Epidemiologic evidence of neurotoxicity associated with 

arsenite (ASIII) exposure from different source via water source. It has been reported that arsenic is toxic to 

Hippocampus. 

 

5. REFERENCES 

[1] National Research Council (NRC), 2001, Arsenic in drinking water. Washington, DC: Nat Academy Press. 

[2] Thomas DJ, Waters SB, and Styblo M, 2004, Elucidating the pathway for arsenic methylation, Toxicol Appl 

Pharmacol, 198;319-326. 

[3] Goddard MJ, Tanhehco JL, Dau PC, 1992, Chronic arsenic poisoning masquerading as Landry-Gguillain- Barre 

syndrome, Electromyogr Clin Neurophysiol, 32;419-423. 

[4] Fowler BA, Whittaker MH, Lipsky M, Wang G, Chen XQ, 2004, Oxidative stress induced by lead, cadmium and 

arsenic mixtures: 30-day, 90-day, and 180-day drinking water studies in rats: an overview, Biometals, 17;567–568. 

[5] Ahmad SA, Sayed MH, Barua S, Khan MH, Faruquee MH, Jalil, Hadi A S A, Talukder HK, 2001, Arsenic in 

drinking water and pregnancy outcomes, Environ Health Perspect, 109;629–631. 

[6] DeSesso JM, Jacobson CF, Scialli AR, Holson CH, Holson JF, 1998, An assessment of the developmental 

toxicity of inorganic arsenic, Reprod. Toxicol, 12;385–433. 

[7] Ihrig MM, Shalat SL, Baynes C, 1998, A hospital- based case-control study of stillbirths and environmental 

exposure to arsenic using an atmospheric dispersion model linked to a geographical information system, 

Epidemiology, 9;290–294. 

[8] Milton AH, Smith W, Rahman B, Hasan Z, Kulsum U, Dear K, Rakibuddin M, Ali A, 2005, Chronic arsenic 

exposure and adverse pregnancy outcomes in Bangladesh, Epidemiology, 16; 82–86. 

[9] Wang A, Holladay SD, Wolf DC, Ahmed SA, Robertson JL, 2006, Reproductive and developmental toxicity of 

arsenic in rodents: a review, Int J Toxicol, 25(5);319-31. 

[10] Matschullat J, 2000, Arsenic in the geosphere—a review, The Science of the Total Environment, 249;297-312. 

[11] Nuntharatanapong N, Chen K, Sinhaseni P, Keaney JF, 2005, EGF receptor-dependent JNK activation is 

involved in arsenite-induced p21Cip1/Waf1 upregulation and endothelial apoptosis, American Journal of 

Physiology, Heart and Circulatory Physiology, 289(1);H99–H107. 

[12] Yousef MI, El-Demerdash FM, Radwan FME, 2008, Sodium arsenite induced biochemical perturbations in 

rats: Ameliorating effect of curcumin, Food and Chemical Toxicology, 46(11); 3506–3511. 

[13] Mandal BK, Suzuki KT, 2002, Arsenic around the world: A review, Talanta, 58(1);201–235. 

[14] Gandhi DN, Panchal GM, 2011, Effect of Low-level Arsenic Exposure on the Development of Neurobehavioral 

Toxicity in [15] Gandhi DN, Panchal GM, Patel KG, 2012, Developmental and Neurobehavioral Toxicity Study of 

Arsenic on Rats Following Gestational Exposure, Ind J Exp Biol, 50(2);147-155. 

[16] Miyazaki K, Watanabe C, Mori K, Yoshida K, Ohtsuka R, 2005, The effects of gestational arsenic exposure 

and dietary selenium deficiency on selenium and selenoenzymes in maternal and fetal tissues in mice, Toxicology, 

208;357–365. 

[17] Rodriguez VM, Carrizales L, Mendoza MS, Fajardo OR, Giordano M, 2002, Effects of sodium arsenite 

exposure on development and behavior in the rat, Neurotoxicol Teratol, 24;743–50. 

[18] Markowski VP, Reeve EA, Onos K, Assadollahzadeh M, McKay N, 2012, Effects of prenatal exposure to 

sodium arsenite on motor and food-motivated behaviors from birth to adulthood in C57BL6/J mice Neurotoxicology 

and Teratology, 34;221–231 

[19] Rice D, Barone S Jr, 2000, Critical periods of vulnerability for the developing nervous system: evidence from 

humans and animal models. Environ Health Perspect, 108(Suppl. 3);511–533.). 

[20] Reprint from Townsend News Letter for Doctors & Patients, behavioral and functional abnormalities associated 

with heavy metal toxicity, bioray, Inc. 23151 Alcalde Drive, Suite C-3 Laguna Hills, CA 92653 (949);305-7454. 

[21] Oh SJ, 1991, Electrophysiological profile in arsenic neuropathy. J Neurol Neurosurg Psychiatry, 54;1103-1105. 

[22] Yip SF, Yeung YM, Tulsi EY, 2002, Severe neuropathy following arsenic therapy for acute promylocytic 

leukemia: Potentiation by thiamine deficiency, Blood, 99;3481-3482. 

[23] Goebel HH, Schmidt PF, Bhol J, Tettenborn B, Kramer G, Gutmann L, 1990, Polyneuropathy due to acute 

arsenic intoxication: biopsy studies, J Neuropathol Exp Neurol, 49: 137-149. 



Vol-6 Issue-5 2020              IJARIIE-ISSN(O)-2395-4396 
   

12786 www.ijariie.com 995 

[24] Sarkar M, Chaudhuri GR, Chattopadhyay A, Biswas NM, 2003, Effect of sodium arsenite on spermatogenesis, 

plasma gonadotrophins and testosterone in rats. Asian J Androl, 5;27–31. Rats, Res J Environ Toxicol, 5(6);348-

358. 

 

 

 

BIOGRAPHIES  

 

 

 
 

Description about the author1  

My self Vishwanath Kumar, I have done my initial 

schooling in Nala High School. I have done bachelor from 

Magad Univeisity, Gaya. I completed masters in life 

science from Central University of South Bihar. 

 

 
 

Description about the author2 

 My self Jai Prakash Singh. I completed masters in life 

science from   

 

 
 

Description about the author3  

My self Sukanya Kumari, I have done my initial 

schooling in Jamara Girls High School. I have done 

bachelor from Regional Institute of Education in Botany, 

Gaya. 

 

 

 


