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ABSTRAK

Pembatasan diet (DR) diketahui dapat meningkatkan jangka hayat Caenorhabditis elegans, namun 
kesannya terhadap tempoh kesihatan kurang jelas. Kajian ini menyiasat kesan DR terhadap parameter 
kesihatan. Cacing N2 (n=40) dikulturkan pada plat 'Nematode Growth Medium' dengan E. coli, 
di mana DR diinduksi dengan mencairkan kepekatan bakteria sebanyak 100 kali. Jangka hayat 
direkodkan setiap hari, manakala pengepaman faring dan pergerakan diukur pada hari ke-5, 9, 13, 
17 dan 21. Jangka hayat maksimum untuk kumpulan DR ialah 28 hari, berbanding 25 hari untuk 
kumpulan kawalan. Penurunan pergerakan dari hari ke-5 hingga hari ke-21 adalah lebih perlahan 
dalam kumpulan DR (54.7%) berbanding kumpulan kawalan (62.9%). Selain itu, tahap pergerakan 
kumpulan DR kekal lebih tinggi secara konsisten berbanding kumpulan kawalan sepanjang tempoh 
kajian (p<0.05). Pengepaman faring menurun sebanyak 62.3% dalam kumpulan DR berbanding 
89.2% dalam kumpulan kawalan, dengan kumpulan DR menunjukkan tahap pengepaman faring 
yang lebih tinggi di sepanjang kajian (p<0.05). Hasil ini mencadangkan bahawa DR mungkin 
memperbaiki jangka kesihatan dengan memelihara mobiliti semasa penuaan. Kajian lanjut dengan 
saiz sampel yang lebih besar disarankan untuk mengesahkan kesan DR terhadap jangka hayat.
Kata kunci: Kesihatan; pemakanan; penuaan

ABSTRACT

Dietary restriction (DR) is known to increase lifespan in Caenorhabditis elegans, but its impact 
on healthspan is less clear. This study investigated the effects of DR on health parameters. N2 
strain nematodes (n=40) were cultured on Nematode Growth Medium (NGM) plates with E. coli, 
where DR was induced by diluting the bacterial concentration 100-fold. Lifespan was recorded 
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daily, and pharyngeal pumping and locomotion were measured on days 5, 9, 13, 17 and 21. 
Maximum lifespan for the DR group was 28 days, compared to 25 days for the control. The decline 
in locomotion from day 5 to day 21 was slower in the DR group (54.7%) compared to the control 
(62.9%). Additionally, locomotion levels in the DR group remained consistently higher than the 
control throughout the study period (p<0.05). Pharyngeal pumping decreased by 62.3% in the DR 
group compared to 89.2% in the control group, with the DR group showing significantly higher 
pharyngeal pumping levels throughout the study (p<0.05). These results suggest that DR may 
improve functional healthspan by preserving mobility during ageing. Further studies with larger 
sample sizes are recommended to confirm DR’s impact on lifespan.
Keywords: Ageing; diet; health

INTRODUCTION

Dietary restriction (DR) is the practice 
of reducing specific or overall nutrient 
consumption without inducing malnutrition. 
This comprehensive approach encompasses 
caloric restriction (CR), which involves 
decreasing total food intake, as well as 
investigations into limiting significant dietary 
elements such as protein, fat or carbohydrates, 
and altering the timing of food consumption, 
as seen in intermittent fasting, within 
mammalian subjects (Robertson & Mitchell 
2013). Experimental evidence consistently 
demonstrates that DR effectively mitigates 
the age-related physiological alterations in 
mammals (Tonini et al. 2021a). DR effectively 
combats obesity, reduces the impact of 
free radicals, and enhances the availability 
of antioxidants, contributing to extended 
lifespans. It significantly reduces toxicity and 
lethality from various chemicals and drugs by 
promoting tissue repair and restoring organ 
function (Hahn et al. 2019). From a human 
health perspective, the manifold advantages of 
DR are noteworthy (Vidoni et al. 2021).
 Health span refers to the time starting 
at birth and extending until an individual’s 
health is no longer optimal, marked by the 
onset of diseases or ageing-related disabilities. 
This concept, similar to lifespan, allows for 

the quantitative assessment of how genetics, 
environment or interventions influence health 
span. It also facilitates the comparison of 
these factors’ effects on health span relative to 
lifespan. Clinically, interventions that extend 
health span would be of considerable value. 
Conversely, it is theoretically possible that some 
interventions could extend lifespan without a 
proportionate or greater extension of health 
span, a scenario that we would ideally want 
to avoid in human populations (Kaeberlein 
2018). Ageing research has made significant 
strides in uncovering signaling pathways and 
conserved genes linked to lifespan extension. 
However, uncertainty persists about whether 
these interventions truly prolong the healthy 
phase of life or simply extend a period marked 
by frailty and increased age-related diseases. 
Beyond lifespan, preserving health span is 
increasingly recognised as the ultimate goal, as 
exceeding health span often leads to chronic 
illness and declining quality of life (Peterson 
2017).  Recent findings have highlighted that 
while genetic and dietary interventions, such as 
CR, often extend lifespan in model organisms, 
the translation of these benefits into increased 
health span in humans remains inconsistent 
(Rollins et al. 2023).
 Emerging tools like biological ageing clocks 
and gut microbiome profiling are now being 



756

Med & Health Jul 2025; 20(2): 754-763 Goon J.A. et al.

explored to address this gap, aiming to provide 
a more precise understanding of health span 
markers and their relationship with lifespan 
(Smith et al. 2023). Studies also reveal that 
lifestyle factors, including diet and exercise, 
play more significant roles than genetics in 
determining health outcomes, underscoring 
the importance of interventions that focus 
on improving health span rather than solely 
extending life (Tonini et al. 2021b). Preserving 
health span is increasingly recognised as the 
ultimate goal, as exceeding health span often 
leads to chronic illness and declining quality 
of life. This shift in focus represents a critical 
evolution in ageing research, highlighting 
the need to prioritise strategies that enhance 
both longevity and the quality of life during 
extended years (JAMA Network 2023).
 Caenorhabditis elegans (C. elegans) is a 
leading model organism used to investigate 
the intrinsic relationship between lifespan and 
health span (Bansal et al. 2015). C. elegans is 
a nematode worm with a simpler anatomy 
than humans but shares many molecular 
similarities, making it an excellent model 
organism. It is easy to maintain during its short 
2-week lifespan and its transparency allows 
for detailed observation of cell fates using 
basic or advanced microscopy techniques. Its 
distinct life phases provide valuable insights 
into ageing mechanisms, both physiologically 
and genetically (Mullan & Marsh 2019). C. 
elegans ease of handling, minimal nutritional 
and growth requirements and rapid self-
fertilisation, which yields numerous offspring 
in a short time. It was the first multicellular 
organism to have its genome sequenced, 
marking a significant milestone in genomics 
(Meneely et al. 2019). C. elegans is able to 
mimic human diseases and has a rapid life 
cycle. It shares notable physiological parallels 
with humans, such as in the digestive, nervous 
and reproductive systems. Additionally, C. 

elegans demonstrates the capacity to recognise 
and respond to various stimuli, indicating 
a level of complex behaviour (Yokoyama 
2020). The question remains whether the gap 
between lifespan and health span should be a 
concern when applying ageing research. The 
extended phase of frailty observed in long-
lived C. elegans mutants could have severe 
economic and social repercussions if mirrored 
in humans (Rollins et al. 2017).

MATERIALS AND METHODS

General Methods and Strains 

C. elegans nematodes were cultured on 
Nematode Growth Medium (NGM) plates, 
prepared in the laboratory using agar, sodium 
chloride, peptone and cholesterol (Sigma-
Aldrich, USA). The NGM plates were seeded 
with the E. coli OP50 strain to serve as a food 
source. The C. elegans strain used in this 
study was the N2 strain, which was obtained 
from the Medical Molecular Biology Institute 
(UMBI) at Universiti Kebangsaan Malaysia 
(UKM) (Siti Bazilah et al. 2022). DR was 
achieved by diluting the concentration of E. 
coli 100 times, from 1x1011 cfu/ml to 1x109 cfu/
ml based on a previously established method 
(Loo et al. 2024).

Lifespan Analysis 

The lifespan analysis of C. elegans was carried 
out based on previous studies (Bansal et al. 
2015). The analysis was conducted using two 
distinct groups which were control and DR 
groups. A synchronised population of 40 first-
stage larvae (L1) of the N2 strain was initially 
transferred onto new plates containing either 
the control E. coli concentration or the DR 
amount. The plates were replaced every 
two days. Each plate was supplemented 
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with 5-fluorodeoxyuridine and antibiotics 
(kanamycin and carbenicillin). The number 
of living worms was documented daily 
under a light microscope. A platinum wire 
was used to gently tap the dead and inactive 
worms; a lack of response was recorded 
as dead to differentiate between dead and 
inactive worms. Health span parameters were 
measured on days 5, 9, 13, 17 and 21.

Locomotion Assay 

Locomotion analysis was conducted on 
NGM plates (Bansal et al. 2015). Five worms 
were randomly selected from each plate and 
observed under a light microscope (Nikon, 
Japan) equipped with a camera and computer 
software for visualising and recording their 
movements. The polyline tool in the software 
was used to track the distance traveled by the 
worms in real-time over a one-minute period, 
with the recorded distances measured in 
micrometers.

Food Seeking Behaviour (Pharyngeal 
Pumping)

Five worms were randomly selected from each 
plate and observed under a light microscope 
equipped with a camera and software for 
visualisation and recording. The pharyngeal 
pumping behaviour, reflecting food-seeking 
activity, was manually counted for one minute 
while the worms were on seeded NGM plates. 
Measurements were taken on days 5, 9, 13, 17 
and 21. The recordings were captured using 
VLC software (version 2.1.3).

Statistical Analysis 

All statistical analyses were performed using 
the Statistical Package for Social Sciences 
(SPSS, IBM Corp, Armonk, New York) software. 

Lifespan was compared between the control 
and DR groups using an independent t-test. 
Analysis of variance (ANOVA) was conducted 
for each health marker to estimate the effects 
of treatment, age and their interaction. 

RESULTS AND DISCUSSION

Lifespan of C. elegans 

Lifespan is influenced by a combination of 
genetic and environmental factors, including 
diet and metabolism (Lee et al. 2006). This 
study explored an effective approach to 
examine how DR affects longevity in C. 
elegans. We utilised dietary deprivation, 
achieved by limiting the food source (E. coli), 
to extend the lifespan of C. elegans.
 In our experiment, we compared two 
groups: a control group (N=39) and a DR 
group (N=20). The mean lifespan for the DR 
group was 18.85 days, slightly longer than the 
control group’s mean lifespan of 18.13 days 
(Figure 1). Previous studies suggested that 
DR can provide modest increases in lifespan 
(Smith et al. 2008). However, we found 
that the differences between the lifespan 
of DR group was not statistically significant 
(p>0.05) compared to the control. The lack 
of a statistically significant difference in the 
lifespan could be attributed to several factors 
including suboptimal DR regimen. DR is highly 
sensitive to the degree of food limitation, and 
both excessive and insufficient restriction 
can negate lifespan benefits. Greer and 
Brunet (2009) demonstrated that DR’s impact 
on C. elegans lifespan depends on precise 
modulation of dietary intake, suggesting that 
deviations could nullify its effects. Variations 
in environmental factors such as temperature, 
bacterial food quality or contamination could 
also influence the outcomes. For example, the 
composition and freshness of E. coli OP50, 
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FIGURE 1: Lifespan assay of C. elegans in control and DR groups

commonly used as food for C. elegans, has 
been found to affect metabolic and longevity 
outcomes (Gomez-Amaro et al. 2015). In 
addition, the small sample size used in this 
study could reduce the statistical power to 
detect differences. Therefore, a larger cohort 
is necessary to observe subtle effects in the 
future.
 Although the DR group had slightly higher 
mean and maximum lifespan values compared 
to the control group, the difference was not 
statistically significant (p>0.05). This suggests 
that the results may be due to technical 
limitations, such as worms moving away or 
missing from the media. Based on previous 
research, transient DR has been shown to 
confer long-term benefits, including increased 
stress resistance and longevity (Smith et 
al. 2008). Additionally, it is noted that DR 
correlates with reduced food sensing, which 
leads to decreased food consumption
 Previous studies have highlighted that DR 
regimens impact the lifespan of C. elegans. 
For instance, AMP-activated protein kinase 
(AMPK) and the Forkhead transcription factor 
FoxO (daf-16) play crucial roles in promoting 

longevity under certain DR regimens (Greer & 
Brunet 2009). AMPK is activated in response to 
low energy levels, helping to maintain cellular 
energy balance, while FoxO regulates genes 
involved in stress resistance and metabolism. 
Together, these proteins are essential for lifespan 
extension, as AMPK activation enhances FoxO 
activity, leading to improved stress resilience, 
enhanced metabolic processes and ultimately 
increased longevity.
 Furthermore, previous study demonstrated 
that DR affects the insulin/insulin-like growth 
factor-1 (IGF-1) signaling pathway in C. elegans 
(Dall & Færgeman 2019). Reduced food 
intake lowers insulin-like peptide levels which 
decrease IGF-1 signaling. IGF-1 signaling is 
closely tied to the PI3K/Akt/mTOR pathway, 
a regulator of cell growth and metabolism. 
Lower IGF-1 levels reduce mTOR activity, 
which in turn decreases cell proliferation and 
metabolic rates, slowing the ageing process. 
This reduced metabolic activity helps conserve 
energy and reduces oxidative damage from 
reactive oxygen species (ROS), which are key 
contributors to ageing.
 In general, DR has a notable impact on 
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longevity, primarily through modulation of 
the insulin/IGF-1 signaling pathway, nutrient-
sensing pathways and stress responses. 
Although the observed lifespan extension in C. 
elegans was modest, these findings underscore 
the potential of DR in influencing the ageing 
process. The observed results could be limited 
by technical factors as mentioned previously. 
Improvising these limitations in the future may 
provide better outcome which may be valuable 
for broader applications, potentially extending 
to higher organisms, including humans.

Locomotion Assay 

Our study demonstrated that DR significantly 
influenced the locomotion of C. elegans, 
as evidenced by the higher mean values of 
distance covered by the DR group compared 
to the control group (Figure 2). These higher 
mean values were seen on all data collection 
days; day 5, day 9, day 13, day 17 and day 21. 
Despite the steady decline of mean for both 
groups as they aged, the DR group consistently 
maintained a higher mean until the end. These 

findings align with those of previous studies 
that showed worms which were provided with 
DRs had a higher movement capacity (Loo et 
al. 2023).
 The movement capacity of C. elegans is 
used as an indicator of its neuromuscular 
health (Siti Bazilah et al. 2022). The decreasing 
trend of locomotion values for both the DR 
and control group can be ascribed to the 
mitochondrial dysfunction and sarcopenia-
related myofibril disorganisation that occurs 
as the worms age (Loo et al. 2023). The 
observed higher locomotion in DR may be 
due to a slower muscular degradation rate 
(Loo et al. 2023). In addition, DR may improve 
mitochondrial function and energy efficiency 
through the activation of AMPK and sirtuins 
(Mair et al. 2009). These pathways increase 
ATP production, thereby supplying more 
energy for muscle contraction and movement. 
Alternatively, the increased activity could 
reflect an adaptive behavioural response to 
food scarcity, where enhanced locomotion 
increases the likelihood of encountering food 
sources, suggesting an evolutionary survival 

FIGURE 2: Locomotion assay of C. elegans for DR and control groups. Nematodes on DR had higher locomotion 
than the control group across different days (* p<0.05)
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mechanism.
 Interestingly, the increased locomotor 
activity observed in DR worms may represent 
an adaptive behavioural response (Shtonda & 
Avery 2006). Under food-scarce conditions, 
increased movement might enhance the 
likelihood of locating food sources, reflecting 
an evolutionary survival mechanism in C. 
elegans. 
  The effect of DR on locomotion can 
be translated into humans as CR effect on 
physical activity. It was observed in one study 
that CR increases energy efficiency as well 
as boosts physical performance (Capó et al. 
2020). Despite these promising insights, it 
remains unclear whether the observed effects 
on locomotion are directly due to improved 
muscle function or altered neural signaling. 
Additionally, DR-induced changes in other 
physiological systems, such as metabolic rate 
or stress resistance, could indirectly influence 
locomotor activity. Further research is needed 
to disentangle these effects and identify the 
molecular pathways involved.
Our results indicate that DR positively affects 

the locomotor activity of C. elegans, shedding 
light on the complex interplay between diet, 
metabolism and behaviour. This work provides 
a foundation for future studies to understand 
how dietary interventions may mitigate age-
related declines in physical activity.

Food-Seeking Behaviour

The rate of pumping determines both the 
amount of food consumed and the rate of 
growth. The motor neuron (MC) that initiates 
pharyngeal muscle contraction directly 
determines the pumping rate (Avery & You 
2012). Therefore, C. elegans’ food-seeking 
behaviour is dependent on the action of the 
pharynx, a neuromuscular organ with typical 
pumping motions (Sherman & Harel 2024).
 The worms with DR showed a significantly 
higher pumping rate compared to the control 
(Figure 3). The impact of the animal’s nutritional 
status and prior feeding history, both of which 
influence feeding and satiety in mammals, on 
feeding has never been explored.  Therefore, 
previous research shows that under routine 

FIGURE 3: Rate of Pharyngeal Pumping for control and DR group in one minute. There a significant difference 
in pharyngeal pumping between control and DR groups across different days (*p<0.05).
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laboratory conditions, worms feed and move 
constantly. However, under certain conditions, 
worms stop feeding and moving and become 
quiescent. Thus, the previous study discovered 
that in response to food quality, food intake 
and rate of food absorption in the intestine, led 
to the discovery of another feeding behaviour 
known as satiety quiescence (You et al. 2008).
 In C. elegans, satiety quiescence resembles 
behavioural aspects of satiety and postprandial 
sleep in mammals such as in humans where 
they act when they feel full and sleepy after 
eating (Gallagher et al. 2013). This suggests 
why worms with control have lower numbers 
of pharyngeal pumping than the DR group. 
Another study discovered that hunger causes 
the release of a protein called acyl-CoA-
binding protein (ACBP) from cells, increasing 
its levels in the blood. Extra ACBP increases 
appetite and promotes weight gain, whereas 
blocking ACBP decreases hunger. This 
suggests that ACBP plays an important role in 
increasing appetite and fat storage. Therefore, 
in C. elegans ACBP increased bacterial feeding 
and pharyngeal pumping, indicating that ACBP 
is an ancient hunger signal that encourages 
eating across species (Charmpilas et al. 2020). 
Consequently, this suggests that the DR group 
may exhibit increased ACBP due to reduced 
concentration of the food. 
 As C. elegans worms get older, their 
pharyngeal pumping declines and becomes 
very weak by day 12. Our results showed a 
rapid decline in both worms with control and 
DR at day 13. Our data indicated that age had 
a significant effect on pharyngeal pumping 
(p<0.05). Constant pumping of the pharynx 
causes their muscles to work harder, which 
can lead to faster muscle damage during 
ageing. As a result, eating less helps protecting 
their muscles and delaying ageing (Loo et 
al. 2023). Even though both control and DR 
groups showed rapid decline particularly at 

day 13, worms with DR still had a higher rate 
of pharyngeal pumping than the control group. 
Worms with DR may have a higher pharyngeal 
pumping rate due to their active search for 
food, resulting in slower degradation of muscle 
function (Charmpilas et al. 2020).

CONCLUSION

Our study explored the impact of DR on the 
lifespan, locomotion and pharyngeal pumping 
behaviour of C. elegans, aiming to understand 
the relationship between lifespan extension 
and health span maintenance. Although the 
lifespan extension observed in the DR group 
was modest and not statistically significant, the 
trends suggest that dietary interventions could 
potentially influence longevity, particularly 
with the use of a larger sample size and a 
tightly controlled DR regimen in future studies. 
 The DR group exhibited better locomotor 
activity than the control group throughout 
the observation period, despite both groups 
showing a natural decline with age. This 
supports the notion that DR may preserve 
neuromuscular function by enhancing 
mitochondrial efficiency and energy 
production or through adaptive responses to 
food scarcity. Similarly, increased pharyngeal 
pumping rates in DR worms indicate 
heightened food-seeking behaviour, likely 
reflecting an evolutionary survival strategy 
under nutrient-limited conditions. These 
behavioural adaptations, while is beneficial 
in C. elegans, could potentially translate to 
improvements in physical activity and muscle 
function in higher organisms, including 
humans.
 Our findings contribute to the understanding 
of how DR influences both lifespan and 
healthspan, emphasising the need for future 
studies to dissect the molecular underpinnings 
of these effects and address the limitations noted 
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in our study. Refining experimental techniques 
to minimise technical factors, such as worm 
loss and plate conditions, will help achieving 
more conclusive results. Expanding this 
research to explore the potential translatability 
of DR’s effects on health maintenance in higher 
organisms could provide valuable insights for 
ageing interventions aim at enhancing quality 
of life without merely extending frailty.
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