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Oxidative stress is considered a significant contributor to cellular damage, which may 
accumulate and result in cellular and organism senescence and death. Oxidative stress and 
damage have been correlated with a number of central nervous system (CNS) disorders in 
mammals, like Alzheimer’s and Parkinson’s diseases. Using the model organism Caenorhabditis 
elegans, the current study investigates the survival of mutant C. elegans strains under oxidative 
stress. Using strains containing mutations in the glr-1 and nmr-1 genes encoding subunits of 
ionotropic glutamate receptors, we found no significant differences of survival among wild type 
(WT) and glutamate receptor mutants, though prior research has suggested the involvement of 
glutamatergic neurons in antioxidant defenses. 
 
Abbreviations: AMPA – Alpha-Amino-3-Hydroxy-5-Methyl-4-Isoxazole Propionic Acid; NMDA – 
N-methyl-D-aspartate; ROS – Reactive oxygen species; WT – wild type 
 
 
Oxidative Stress and the Nervous System 

Neuronal cell death is a component of 
many neurological disorders that affect humans, 
such as Alzheimer’s, Parkinson’s and 
Huntington’s disease reviewed in Mattson 
(2000).  Premature neuronal death can be 
induced by oxidative stress. Aerobic organisms 
are all susceptible to oxidative stress, and the 
brain is particularly sensitive to its effects 
(Floyd, 1999). Oxidative stress occurs when 
oxygen-free radicals attack lipids, proteins and 
DNA within an organism. Detrimental effects of 
oxidative stress on the individual occur when 
there is a small amount of antioxidants within 
the system, so they cannot stop the free radicals 
from destroying these cells (Chow, 1980). 
Antioxidant strength is boosted by greater 
synaptic activity (Papadia et al., 2008). 
Oxidative stress contributes to degeneration as 
well as premature cell death of nervous system 
cells (Ischiropoulos, 2003).  Neurons are 
different than most cells in the body, in that they 
do not have a rapid turnover rate but rather last 
the entire lifetime of the organism, which may 
make them particularly susceptible to 
accumulation of oxidative damage. 

 
Effect of Hydrogen Peroxide on C. elegans 
 Hydrogen peroxide (H2O2), though a 
nonradical, is a reactive oxygen species (ROS) 
and a common actor in oxidative stress pathways 
(along with superoxide). While it is produced 
during normal cell and organ functions, higher 
concentrations of hydrogen peroxide leads to 
oxidative damage that, as it accumulates, may 
promote senescence (Howes, 2010). There is 
evidence for the effect of hydrogen peroxide on 
both aging and death in C. elegans. In certain 
age-resistant strains, hyperresistance to 
hydrogen peroxide correlates with prolonged 
lifespan (Larsen, 1993). Additionally, the killing 
capacity of hydrogen peroxide is elucidated by 
bacterial species that are capable of killing C. 
elegans by hydrogen peroxide production alone 
(Jansen et al., 2002).  
 While it is apparent that hydrogen 
peroxide may influence aging and death of the 
organism, its specific effect on the nervous 
system of C. elegans worms remains largely 
uncharacterized. Neuron-specific targets of 
hydrogen peroxide would enlighten this process; 
existence of a peroxiredoxin specifically 
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expressed in pharyngeal neurons of C. elegans 
(CePrx2)  (Isermann et al., 2004) provides such 
a target. The expression of this antioxidant 
enzyme specifically in these neurons suggests 
that the nervous system may be involved in 
antioxidant protection. This is in agreement with 
evidence for the antioxidant effects of 
glutamatergic activity in various organisms 
(Papadia et al., 2008; D’Alessandro et al., 2011).  
 
glr-1, nmr-1 and Nervous System Function 
 The strains under investigation in this 
study contain mutations specifically affecting 
neurotransmission, thereby altering nervous 
system activity. The mutations in this study 
affect either the glr-1 or nmr-1 gene. Both genes 
encode for glutamate receptors on post-synaptic 
interneurons that receive input from ASH 
sensory neurons, which act as polymodal 
nociceptors that are both rapidly and directly 
depolarized by the stimuli (Bargmann, 2006). 
This places the glr-1 and nmr-1 receptors within 
a pathway encoding information regarding 
harmful stimuli. The distinctions between the 
receptors encoded by glr-1 and nmr-1 are related 
to the different classifications of the receptors.  

The glr-1 gene in C. elegans encodes an 
AMPA-type ionotropic glutamate receptor that 
plays a role in locomotion (Bargmann and 
Kaplan, 1998). While glr-1 mutants exhibit 
normal locomotion and ASH-mediated osmotic 
and volatile sensitivity, they are defective for 
nose touch avoidance, specifically the backing 
response (Brockie et al., 2001). Therefore 
glutamate receptors encoded by glr-1 appear to 
play a role in distinguishing touch from other 
ASH sensory modalities, suggesting that ASH 
neurons produce different synaptic signals in 
response to chemical or mechanical stimuli 
(Bargmann and Kaplan, 1998). AMPA 
receptors, including GLR-1, rapidly desensitize 
to the continued presence of glutamate, but then 
recover from desensitization in about 20 seconds 
(Mellem et al., 2002). 

The nmr-1 gene codes for an NMDA-
type ionotropic glutamate receptor subunit, 
which also plays a role in the control of 
movement. nmr-1 mutants  show a lower 
probability of switching from forward to 
backward movement and a reduced ability to 

navigate a complex environment. Unlike AMPA 
receptors, NMDA-gated currents are slow to 
activate and are long lived (Brockie et al., 2001).  
It is thought that NMDA receptor activation 
results in post-ischemic lipid peroxidation in the 
hippocampus (Bondy and Lee, 1993). While 
some basic similarities exist between receptors, 
glr-1 and nmr-1-encoded receptors are 
differentially distributed at postsynaptic sites; 
GLR-1 is localized at the synapse while NMR-1 
is situated at extrasynaptic sites (Mellem et al., 
2002).  
 In our study we investigated the survival 
of WT and mutant glr-1 and nmr-1 worms on 
hydrogen peroxide treated plates. As glutamate 
receptor mutants, these worms may have 
reduced glutamate-induced antioxidant defenses. 
Therefore we hypothesized that mutants will 
exhibit lower survival rates than wild-type C. 
elegans worms.  
 
 

Materials and Methods  
 
Strain Maintenance 
                Laboratory methods used to 
maintain C. elegans were described by 
Brenner (1974). C. elegans were grown on 
Nematode Growth Medium (NGM) and 
incubated at 20˚C. The WT strain used was 
N2, and the mutant strains used were KP4, 
glr-1 (n2461), and VM487, nmr-1 (ak4). 
Mutant strains were obtained from the C. 
elegans Genetic Center (Minneapolis, MN). 
 
Hydrogen Peroxide Assays   
                Adult worms from WT, glr-1 
mutant and nmr-1 mutant C. elegans were 
transferred onto 9.9 µM hydrogen peroxide 
plates and their survival was observed at 
four hours. This concentration was chosen 
because it was known that it would result in 
some fraction of WT worms dying within 
the time period for the assay(Jansen et al., 
2002). 
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Figure 2. Average survival rates of C. elegans strains wild type (WT), glr-1 mutants, and nmr-1 
mutants at the start of hydrogen peroxide assays (Time=0) and four hours after start (Time=4). 
Survival rates averaged across trials (n=11, 8, 8) are presented; error bars report standard error.  
 

Statistical Analysis 
                Survival rate of each C. elegans 
strain was determined by summing the 
number of worms alive at the beginning of 
the assay, after four hours, and then 
calculating the percent of the total worms 
still alive (Figure 1). The rates were 
compiled for all trials (number of trials, n = 
11, 8, 8; for WT, glr-1, and nmr-1, 
respectively) within strains; rates were 
averaged across trials and plotted in bar 
graphs (see Figure 2). The rates compiled 
within strains from all trials were analyzed 
for between-strain differences of survival 
rates by a One-Way ANOVA and post-hoc 
tests (see Table 2) run in Statistical Package 
for the Social Sciences (SPSS). 
 

Figure 1. Formula for percent survival 
 

 
 
Results 
 
                The results of the hydrogen peroxide 
assays showed a consistent decline in the 
survival rate of all of the C. elegans strains 
exposed to oxidative stress over time (Figure 2).   
                Survival rates appeared different after 
four hours of exposure to oxidative stress, at 
83.56% in glr-1 worms, 
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62.64% in WT worms, and 61.73% in nmr-1 
worms (Figure 2, Table 1).  However, a one-way 
ANOVA analysis (p=0.077) and three 
subsequent post-hoc analyses of the data at this 
time point with Tukey HSD, Least Significant 
Differense and Bonferroni all demonstrated that 
there is no significant variation in survival rate 
between the strains . 
 
Table 1. Number and percentage of worms alive 
at time=0 hours and time=4 hours. 
 0 h 4 h 0 h 4 h 

WT 182 114 100% 62.64% 

glr-1 146 122 100% 83.56% 

nmr-1 162 100 100% 61.73% 

 
 
Discussion 
 
 We found that there was a significant 
decline in worm survival for all strains after four 
hours of exposure to hydrogen peroxide. 
Although we hypothesized that there would be a 
variation in survival rate between the WT, nmr-
1, and glr-1 strains, statistical analysis did not 
support this hypothesis.  
 A previous study determined that 
synaptic NMDA receptor activity regulates 
antioxidant protection to oxidative stress in mice 
(Papadia et al., 2008). The NMDA receptor does 
this by blocking activity of the gene Txnip. Since 
Txnip normally inhibits thioredoxin, which is an 
antioxidant that detoxifies peroxides, normal 
synaptic activity of the NMDA receptor would 
preserve the function of thioredoxin. Therefore 
NMDA receptor activity indirectly promotes 
thioredoxin protection against oxidative stress 
(Papadia et al., 2008). We would have expected 
to see lower survival rates of the nmr-1 mutants 
because they have a mutated NMDA receptor. 
The reduced activity of this receptor would lead 
to reduced antioxidant function, suggesting that 
these mutants would be more sensitive to 
oxidative stress. 
 Our hypothesis on glr-1 mutant survival 
followed the idea of glutamate-induced 
antioxidant protection; we assumed that, as with 
nmr-1 mutants, glr-1 mutants would provide 
defective glutamate signaling, which could 

result in reduced antioxidant production or 
activity. However, the involvement of glr-1 
signaling in antioxidant protection has not been 
well-studied, so there was no basis for 
comparing our results. 
                Overall, further investigation into the 
effects of oxidative stress on the survival rate of 
the C. elegans strains WT, nmr-1, and glr-1 
should be carried out.  Though our hypothesis 
was in accordance with previous findings, our 
results did not support this hypothesis.  Rather, 
our study suggested that the lethality assay of 
9.9 µM hydrogen peroxide may have been too 
strong to distinguish subtleties between strains.  
Furthermore, the C. elegans strains may have 
exhibited subtle differences over time in reaction 
to oxidative stress that we did not detect with 
this assay. Therefore, further analysis of survival 
rate of the strains under different conditions, 
such as a lower concentration of hydrogen 
peroxide or an increased number of time points, 
would be appropriate to pursue in the future.  
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