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ABSTRACT: 
Because oxidative stress has been implicated in aging, tumor formation, Parkinson’s 

disease, and Alzheimer’s disease and some synthetic antioxidants are carcinogenic, the present 

study investigated the antioxidative effects of natural Matricaria recutita extract, a popular 

medicinal plant species. Experimental groups (N=3) of N2 wild-type Caenorhabditis elegans 

worms (n≅30) were treated with 25, 50, and 75% concentrations of M. recutita extract. 

Locomotion was assessed pre- and post-oxidative stress induction with 10 mM H2O2 among the 

control and experimental groups using a dissecting microscope to quantitate the number of C. 

elegans exhibiting sinusoidal body movements, thereby assessing the ability of M. recutita to 

lower reactive oxygen species (ROS) concentrations and restore normal physiological function in 

stressed C. elegans. There was a continued decline of locomotion in the control group 

post-oxidative stress treatment, but an eventual increase in the number of thrashing C. elegans 

past the initial decline in each experimental group. In terms of the number of thrashing C. 

elegans, the 75% experimental group experienced the greatest increase between 30 minutes and 

45 minutes post-H2O2 treatment and the least difference between pre- and 45 minutes 

post-treatment with H2O2. The absorbed bioactive compounds in Matricaria recutita extract 

acted as a stress reliever by restoring locomotive abilities in N2 wildtype C. elegans after 

oxidative stress induction. Future investigations include identifying the shifts in neuronal 

signaling pathways by which C. elegans experience the physiological declines associated with 

dauer entry. 
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1. INTRODUCTION 
 
1.1. Stress 

Stress is the fundamental cause of 60% of all human ailments and bills the United States 

about $300 billion annually in medical costs and lost productivity ("Stress Is Killing You," n.d.). 

In particular, oxidative stress is characterized by the excessive endogenous or exogenous 

generation of reactive oxygen species (ROS), which can impair cellular functionality by 

damaging vital macromolecules like proteins and DNA (Kampkotter et al., 2007). Consequently, 

ROS has been implicated in aging, tumor formation, Parkinson’s disease, Alzheimer’s disease, 

and inflammation associated with atherosclerosis and rheumatoid arthritis (Miliauskas, 

Venskutonis, & Beek, 2004). There is an ongoing search for stress relievers due to the 

prevalence of these diseases in the human population and the fact that ROS production can be 

stimulated by ubiquitous environmental cues such as drugs, radiation, ultraviolet, and heat.  

 
1.2. Caenorhabditis elegans as a model organism 

Generally, Caenorhabditis elegans worms of the nematode species have served as a 

popular and effective model organism for studying the effects of aging and stress due to their 

brief life cycle, lack of morphological complexity, and possession of molecular pathways, 

cellular pathways, and tissues that parallel those of humans (Aan, Sharil Aszrin Zainudin, Karim, 

& Zurinah Wan Ngah, 2013; Kampkotter et al., 2007; Corsi, Wightman, & Chalfie, 2015). For 

example, the utilization of C. elegans as a model system in order to observe a cascade of genetic 

and molecular events has provided support for the oxidative damage or free radical theory of 

aging.  

 

1.3. Endogenous Oxidative Stress and Defense Systems in Caenorhabditis elegans  

Mutations in the daf-2 gene, which encodes an insulin receptor and controls longevity in 

C. elegans, confer the dauer, life extension (aging), and oxidative stress resistance (Oxr) 

phenotypes (Honda & Honda, 1999). After examining the correlations between the expression of 

sod genes (genes in C. elegans that encode enzymes, i.e., superoxide dismutase, involved in 

detoxifying ROS and repairing oxidative damage) and the Oxr phenotype among Age mutants of 
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C. elegans, it was found that the mRNA level of the sod-3 gene was elevated in daf-2 mutants 

compared to non-mutant WT C. elegans. Therefore, the activity of the daf-2 gene network 

regulates endogenous antioxidant defense against short-term oxidative stress by allowing gene 

expression of oxidative defense enzymes in order to maintain normal lifespan and physiology of 

C. elegans.The role of daf-2 in the homeostasis of C. elegans is emphasized by the fact that the 

overexpression of antioxidants, such as the daf-2-regulated SOD, was found to extend lifespan in 

drosophila melanogaster (Orr & Sohal, 1994). 

Similarly, the role of daf-2 and oxidative stress in lifespan determination of C. elegans is 

emphasized by the oxidative damage theory of aging, which suggests that even though enzyme 

defense systems detoxify ROS and fix oxidative damage, not all ROS are vetted by the defense 

system and consequently build up to cause molecular damage that manifests into immediate 

physiological changes associated with dauer- a non-aging, developmentally arrested state called 

after L2 (Gems & Doonan). When ROS concentrations supersede the abilities of daf-2 and SOD 

and oxidative stress is induced, C. elegans enter dauer to assume daf-2’s role in life extension, as 

reactions with excess ROS cause molecular damage (e.g., deletions in mitochondrial DNA) that 

manifest into tissue deterioration, behavioral and morphological changes that accelerate the 

aging process. Behavioral and morphological, yet reversible, changes associated with dauer 

include immobility, decreased pharyngeal pumping, decreased progeny production, and slowed 

growth rate (Honda & Honda, 1999; Kumsta, Thamsen, & Jakob, 2011).  

 

1.4. Matricaria recutita 

Fortunately, medicinal herbs have constituted a class of stress relievers for at least 5,000 

years because they work slowly and have minimal side effects. Specifically, Matricaria recutita, 

or German chamomile, contains bioactive phenolic compounds, such as terpenoids and 

flavonoids, espoused for their pharmacologic effects (Gupta, Mittal, Bansal, Khokra, & Kaushik, 

2010). Resultingly, chamomile has served as a common remedy for inflammation, wounds, 

ulcers, and gastrointestinal disorders (Srivastava, Shankar, & Gupta, 2010).  
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1.5. Purpose: Inducing Oxidative Stress Exogenously to Assess Oxidative Stress-Relieving 

Potential of Chamomile  

The flavonoids contained in chamomile serve as a natural, exogenous antioxidant by 

reducing free radical formation and acting as hydrogen donating free radical scavengers, usually 

even after being ingested and degraded to phenolic acids (Pietta, 2000). However, very little is 

understood about these bioactive compounds’ practical usefulness (Miliauskas, Venskutonis, & 

Beek, 2004).  

Additionally, a newfound interest in natural antioxidants has been cultivated because 

synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene 

(BHT), tertbutyl hydroquinone (TBHQ), and propyl gallate (PG) form toxic and carcinogenic 

components upon degradation (Sazegar et al., 2011).  Similarly, at bigger doses, BHA and BHT 

have shown to cause pathological transformations, some teratogenic and carcinogenic in nature, 

in both rodents and monkeys (Branen, 1975). Even worse, antioxidants are commonly used as 

food additives, and most antioxidant formulations contain BHA and BHT. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. 1. Image of the cascade of molecular events that mediates dauer formation, adapted from (Wang, Ezemaduka, Tang, & Chang, 2009). 
Oxidative stress induced by H2O2  in Caenorhabditis elegans nematodes increases ROS concentrations to exceed the ability of daf-2 to mitigate 
oxidative stress. Caenorhabditis elegans morphs into the dauer larval stage until Matricaria recutita acts as a stress reliever and allows the 
nematode to resume morphing into the L3 and L4 stages for reproduction. 
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To develop further insight into the antioxidative effects of chamomile and its potential 

use as a stress reliever in mammals, one must induce oxidative stress in C. elegans that would 

disable daf-2 and cause morphological changes associated with dauer entry. Hydrogen peroxide 

(H2O2) is a small, easy-to-administer molecule that can alter culture oxygen concentrations to 

mimic free radical production and induce oxidative stress (Larsen, 1993). It is an abundant, toxic 

ROS in living cells involved in the apoptotic pathway, intracellular oxidative stress, mediation of 

aging signals, and disruption of cellular metabolism to accelerate aging in C. elegans (Aan, 

Sharil Aszrin Zainudin, Karim, & Zurinah Wan Ngah, 2013). In the same vein, in WT C. 

elegans, compared to 21% oxygen (normal air), higher concentrations of oxygen shortened mean 

and maximum lifespans and accelerated mortality rates (Honda, Ishii, Suzuki, & Matsuo, 1993; 

Honda & Matsuo, 1992). To analyze the phenotypes that all decline with age and are arrested 

during dauer, a physiological process easily observed and quantitated with a dissecting 

microscope with limited perturbation of the animal was chosen: locomotion (Huang, Xiong, & 

Kornfeld, 2004).  

In light of Matricaria recutita’s reputation as a herbal stress reliever due to the 

antioxidant properties of its chemical constituents and dauer larva representing a 

life-maintenance model organism to examine aging and stress mechanisms, Matricaria recutita 

extract is a candidate for relieving oxidative stress and dauer conditions imposed in C. elegans. 

ROS concentrations will presumably be lowered so that normal antioxidative defense 

mechanisms (daf-2 and SOD) can resume function to regulate longevity of C. elegans. 

Correspondingly, the effectiveness of Matricaria recutita will be gauged by monitoring 

locomotion of C. elegans given either 0, 25, 50, or 75% concentrations of Matricaria recutita 

pre- and post-oxidative stress induction by hydrogen peroxide. 
 

2. METHODOLOGY 
 
2.1. Maintenance of Caenorhabditis elegans  

N2 wild-type Caenorhabditis elegans (Caenorhabditis Genetics Center) were transferred 

to a 5 µl broth of solid nematode growth medium (NGM) agar inoculated with Escherichia coli 

strain OP50 (Ward’s Biological Supply Inc., Rochester, NY; Stiemagle, n.d.) as a food source 
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using a ‘chunking’ method.  A 1% stock solution of Matricaria recutita extract (CVS/Pharmacy; 

Jericho, NY) was created by diluting 1 mL of the extract with 99 mL of H2O2. Then, 20 mL of 

25%, 50%, and 75% concentrations consisting of the stock solution further diluted with H2O 

using a standard parallel dilution technique were prepared. 100 µl of each solution was added to 

3 60x15 Petri dishes containing C. elegans (n≅30 each). 1 Petri dish, not administered Matricaria 

recutita extract, served as the control. The nematodes were maintained on the NGM agar for 

approximately 1-2 days at about 23ºC (room temperature) prior to oxidative stress induction.  

 

2.2. Oxidative Stress Induction and Matricaria recutita Treatment 

30 µl of 10 mM H2O2 solutions were administered into each Petri dish for 30 minutes. 10 

mM H2O2 concentrations were chosen because short-term exposure to 10 mM of H2O2 for 30 

minutes has shown to be non-lethal (survival rate>95%) and effective in producing mobility 

defects characteristic of dauer entry (Kumsta, Thamsen, & Jakob, 2011).  

 

2.3. Observing Physiological Changes 

The effects of varying concentrations of M. recutita extract (25%, 50%, and 75%) on the 

locomotion of stressed C. elegans (n≥25 per group) were quantitated as a function of time using 

a dissecting microscope (Leica). The number of fast-moving, or thrashing, C. elegans in each 

experimental group was compared to the number of thrashing C. elegans in the control group 

both before and over the course of 1 hour post-treatment with 30 µl of H2O2 to induce oxidative 

stress. C. elegans were characterized as fast-moving if they exhibited continuous and 

well-coordinated sinusoidal movements (Keith, Raj Gandhi Amrit, Ratnappan, & Ghazi, 2014) 

in response to the stimulus of tapping the Petri dishes against the microscope stage or prodding 

with a nickel wire, as adapted from (Huang, Xiong, & Kornfeld, 2004). 

 

2.4. Comparing Physiological Changes  

Effectiveness of M. recutita as support for the below hypotheses was assessed by 

comparing observations of locomotion at various time points (pre-H2O2, 30 minutes post-H2O2 , 
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45 minutes post-H2O2. and 60 minutes post-H2O2) of both individual Petri dishes and between 

separate Petri dishes.  

a. Oxidative stress induced by H2O2 will cue dauer entry and decrease the number of 

thrashing C. elegans. 

b. The experimental groups will have a greater proportion of locomotive C. elegans 

post-oxidative stress induction. Further, greater concentrations of M. recutita extract will 

greater increase the number of thrashing C. elegans after oxidative stress induction. 

c. Greater concentrations of M. recutita will better restore normal locomotive abilities, or 

promote homeostasis, of stressed C. elegans.  

 
3. RESULTS AND DISCUSSION 

 

3.1. H2O2-Induced Oxidative Stress Decreases Locomotion in C. elegans  

Figure 2 summarizes the effects of H2O2 treatment on the number of thrashing C. elegans 

in each group. Each group experienced a decline in the number of thrashing C. elegans 30 

minutes after treatment with hydrogen peroxide.  

The decline in the number of 

thrashing C. elegans 30 minutes 

post-treatment with hydrogen peroxide 

demonstrated in each group (Fig. 2), 

regardless of the presence of M. 

recutita, reflects the time needed for 

oxidative stress to be effectively 

induced and signifies the effectiveness 

of H2O2 specifically in promoting 

oxidative stress-associated dauer entry 

(Kumsta, Thamsen, & Jakob, 2011). 
Fig. 2. 30 minutes after experiencing oxidative stress by H2O2, the number of  
thrashing C. elegans in each group decreased, showing that H2O2-associated oxidative  
stress inhibits locomotion in C. elegans. 
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3.2. M. recutita Increases Locomotion in Stressed C. elegans 

Figure 3 displays the effects of 25% (a), 50% (b), and 75% (c) of M. recutita on the 

locomotive abilities of C. elegans after experiencing oxidative stress by H2O2. There was a 

continued decline of locomotion in the control group post-oxidative stress treatment, but an 

eventual increase in the number of thrashing C. elegans past the initial decline in each 

experimental group.  

 

 
Fig. 3. There was greater locomotion exhibited by C. elegans in the 25% (A, 50% (B), and 75% (C) experimental groups past 30 minutes after 

oxidative stress induction compared to the control. This indicates that greater concentrations of M. recutita extract better restore locomotive 
abilities in stressed C. elegans. 

 
 The progressive decline of locomotion in the control group (Fig. 3.) supported the 

hypothesis that an absence of M. recutita and prolonged exposure to oxidative stress (Honda & 

Honda, 1999) in combination prevents the restoration of locomotion in C. elegans.   

Furthermore, the 50% experimental group experienced a greater increase in the number 

of thrashing C. elegans between 30 minutes and 45 minutes post-H2O2 treatment (Fig. 3A) than 

the 25% experimental group (Fig. 3B), and the 75% experimental group the greatest (Fig. 3C). 
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This supports the hypothesis that the bioactive compounds in M. recutita extract can relieve the 

symptoms (dauer formation) of oxidative stress induced by H2O2. 

The further increase in the number of thrashing C. elegans occurring at 1 hour 

post-treatment with H2O2 (Figs. 3B and 3C) is consistent with the hypothesis that M. recutita 

restores locomotion in stressed C. elegans as a function of time, but may be confounded with the 

breakdown of H2O2 (the selected oxidative stress inducer) into water and oxygen over time that 

may also contributed to the alleviation of oxidative stress. Additionally, one confounding 

variable that may explain why the 75% experimental group experienced the steepest decline in 

the number of thrashing C. elegans between pre- and 30 minutes post-treatment with H2O2 (Fig. 

3C) and the greatest increase between 30 minutes and 45 minutes post-treatment with H2O2 is 

that due to extenuating circumstances, the M. recutita was administered at the 30 minute mark, 

rather than infused with the NGM agar, so its bioactive constituents were more effective 

immediately following stress. However, these results, respectively, can further underscore the 

hypotheses that the absence of M. recutita fails to maintain locomotion in C. elegans and the 

sudden presence of M. recutita, especially at greater concentrations, can restore locomotion in 

stressed C. elegans.  
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3.3. M. recutita Restores Homeostasis 

Figure 4 compares the locomotion of C. elegans in the 75% experimental group before 

and 45 minutes after oxidative stress induction by H2O2. The 75% experimental group displayed 

the least difference between number of thrashing C. elegans pre-oxidative stress and 45 minutes 

post-treatment with H2O2, 

both quantitatively (Fig. 4C) 

and qualitatively (Figs. 4A 

and 4B). 

These results are 

supportive of the hypothesis 

that greater concentrations of 

M. recutita are better able to 

restore locomotive abilities 

that decline as result of 

stress, or produce values that 

are most consistent with 

parameters (i.e., locomotion) 

pre-oxidative   stress 

induction, otherwise 

known as homeostasis. 
 
 
 
 
 

Fig. 4. The 75% experimental group displayed the least difference (C between number of thrashing  
C. elegans before (A) and 45 minutes after (B) oxidative stress induced by H2O2 both quantitatively  
and qualitatively, indicating that higher concentrations of M. recutita are better able to restore homeostasis  
in C. elegans. 
 
 
4. CONCLUSION 

The results imply that flavonoids, or the active components of M. recutita, can function 

as a natural antioxidant (Xue et al., 2011). The hypothesis of M. recutita extract alleviating 

oxidative stress by scavenging free radicals was supported by the 75% concentration of M. 
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recutita extract causing greater increases in the number of thrashing C. elegans after oxidative 

stress reduction than the 25% and 50% concentrations and C. elegans treated with the 75% 

concentration bearing the most similarities in locomotion pre- and post- oxidative stress 

induction. With more replication- a limiting factor of the results in the present study- the results 

can approach significance and corroborate prior outcomes. For example, previously, C. elegans 

were found to effectively absorb flavonoids dose-dependently, thereby supporting the evidence 

of flavonoids’ effects in the present study (Grunz et al., 2012). Additionally, quercetin, a 

flavonoid in M. recutita, has yielded oxidative stress resistance to Sacharomyces cerevisiae cells 

treated with H2O2, as evidenced by an associated decrease in ROS (Belinha et al., 2007). 

Similarly, quercetin uptaken by C. elegans has prolonged their mean lifespan by 15% 

(Kampkotter et al., 2008). 

Although C. elegans nematodes display no locomotion during dauer, stimuli like 

disturbing the NGM or prodding the dauer larvae with a wire can cause the dauer larvae to 

produce an instantaneous locomotory response (Wolkow & Hall, 2011). This demonstrates that 

C. elegans’ motionlessness during the dauer larval stage may be attributed to a disruption in 

neuromuscular signaling, as their muscles are functional during the dauer larval stage. Therefore, 

future investigations following the present study may include examining the neuronal activity of 

C. elegans during the physiological chances associated with dauer.  Further, because C. elegans 

have demonstrated to be an effective model of oxidative stress and C. elegans have many genes 

that are homologous to human genes underlying complex disease, such as amyloid-beta protein 

precursor of Alzheimer’s disease, a knockout approach can be used to express and study them in 

C. elegans  (Rodriguez, Snoek, Bono, & Kammenga, 2013). Not only can C. elegans help gain 

insight into other diseases, but also continuing on the path towards implementation of M. recutita 

as a stress reliever based on its effects on C. elegans can potentially help to remediate the 94% of 

adults whose stress contributes to the onset of serious diseases, like depression, obesity, heart 

disease, and heart attacks (The Impact of Stress).  
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