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ABSTRACT: Crude anthocyanins extracted from different fruits and vegetables extend the lifespan of various organisms.

However, the effects of pure anthocyanin compounds on the lifespan are still unknown. In this paper, we examined the effects of

cyanidin-3-glucoside (C3G) on the lifespan and health span of Caenorhabditis elegans (C. elegans). We used egg-laying and

pharyngeal pumping rates as indicators of their health. We also exposed the nematode to various stressors to determine whether

C3G could protect them against heat, UVA, and H
2
O

2
. We found out that 25 µM of C3G extended the lifespan of C. elegans by

14% and enhanced the pharyngeal pumping by 6.3% (p≤≤≤≤≤0.05) without stress. This same amount of C3G improved the pharyngeal

pumping rate of the nematode by 6% under UVA stress (p≤≤≤≤≤0.05). In the presence of exogenous H
2
O

2
, 25 µM of C3G prolonged

the lifespan of C. elegans by 62% and augmented the pharyngeal pumping by 6.2% (p≤≤≤≤≤0.05). Overall, we observed that C3G

extended the lifespan of C. elegans in the presence and absence of oxidative stress and improved the pharyngeal pumping even

with or without UVA and oxidative stress. These findings have potential implications for the use of C3G in mitigating the effects

of aging and oxidative stress. However, further studies are needed to elucidate the mechanisms underlying these effects.
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INTRODUCTION

Parts of medicinal plants are used in healthcare

purposes since very ancient days. Various

phytoconstituents of the medicinal plant parts play active

roles in the system together (Pattanayak 2021, Patel et

al. 2022, Paul and Sujatha 2022). Anthocyanins are

flavonoid plant pigments that can be found in various fruits

and vegetables. They possess strong antioxidant properties

due to their high radical scavenging activity, which can

prevent lipid peroxidation (Wang et al. 1997). Most

anthocyanins exhibit potent antioxidant activity

comparable to that of alpha-tocopherol, catechin, and

quercitin (Kähkönen and Heinonen 2003). Anthocyanins

have also been shown to affect telomere length and

mitochondrial activity in various in vitro studies

(Symonds et al. 2013, Yao and Vieira 2007). However,

in vivo, studies using crude extracts of anthocyanins

mainly focus on their effects on learning, memory, and

anti-inflammatory activities (Andres-Lacueva et al. 2005,

Varadinova et al. 2009, Hou et al. 2010).

Anthocyanin extracted from purple wheat, mulberry,

blueberry, and acai berry have all demonstrated the

potential in extending lifespan and improving stress

resistance in C. elegans (Chen et al. 2013, Yan et al.

2017, Peixoto et al. 2016). However, the lifespan

extension observed from different plant extracts varies.

For instance, blueberry polyphenols only improve

thermotolerance in C. elegans, but not against oxidative

stress (Wilson et al. 2006). On the other hand,

anthocyanins extracted from acai berries protect C.

elegans from oxidative stress (Peixoto et al. 2016). We

believe that this variation could be attributed to the

presence of different classes of anthocyanin compounds,

varying amounts of anthocyanins, and possible synergistic
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or antagonistic effects among the compounds present in

the crude extract. Thus, isolating and characterizing the

pure anthocyanin compound is crucial in determining its

effects on longevity.

There are six different classes of anthocyanins: cyanidin,

delphinidin, peonidin, petunidin, pelargonidin, and malvidin.

To the best of our knowledge, only peonidin has been

reported to extend lifespan and enhance the health of an

in vivo model (Nas et al. 2021a). Studies on cyanidin

and delphinidin have shown that they can protect the host

from bacterial infection (Nas et al. 2021b, Nas et al.

2019). This suggests that pure anthocyanin compounds

alone can deliver the beneficial effects previously shown

by crude anthocyanin extracts. Therefore, we investigated

the effects of cyanidin-3-glucoside on the lifespan and

health of C. elegans in the absence or presence of heat,

UV, and oxidative stress.

MATERIALS  AND METHODS

Procurement and storage of chemicals

Cyanidin-3-glucoside was procured from

ASPolyphenols, Norway. The positive control, coenzyme

Q10 (coQ10), was purchased from ApexBio, USA. The

compounds were reconstituted with water and stored in

darkness at < -20°C. Freshly prepared solutions were

made daily from the thawed stock solution. The freshly

prepared solutions were placed in an amber vial and kept

at 4°C before usage. 

 

Procurement and maintenance of C. elegans

Wild type N2 was ordered from the Caenorhabditis

Genetic Center (CGC) at the University of Minnesota,

USA. C. elegans were grown in a nematode growth

medium (NGM) seeded with OP50 E. coli. The storage

condition of the NGM plates was maintained at 20°C

throughout the experiment.

 

Measurement of lifespan

Each NGM plate was seeded with OP50 E.

coli containing the following treatments: negative control

(distilled water), positive control (174 µM coQ10), and

C3G treatments (25, 12.5, and 6.25 µM C3G in distilled

water). Thirty age-synchronized (±4 hours) worms

starting from the L1 stage were exposed to these

treatments and transferred to a fresh NGM plate every

day. The number of dead, alive, and missing worms was

counted daily under a stereomicroscope until all the worms

were dead. Nematodes were scored as alive if they were

motile or if they responded to a light stroke with a platinum

wire. This assay was performed three times using a

different set of nematodes.

 

Measurement of egg-laying ability

The eggs laid by the nematodes in each NGM plate

from the previous set-up were counted through a

photograph captured by an Amscope MD500 camera (7.5

fps, 35 mm, 1080p HD) starting on the first day of their

adulthood. The egg-laying assay was performed thrice

on a different set of worms until no more eggs were

observed. 

 

Measurement of the pharyngeal pumping rate

The pharyngeal pumping rate of each treated age-

synchronized nematode was measured starting on day 1

of adulthood using a camera (Amscope MD500). One

complete cycle of synchronous contraction and relaxation

of the corpus and the terminal bulb was considered the

pharyngeal pump. The pharyngeal pumping rate was

measured by counting the number of pumps per minute

(ppm). Pharyngeal pumping was measured thrice on a

different set of worms until all were deceased. 

 

Heat stress assay

Thirty age-synchronized L4 nematodes in each

treatment were exposed to 30°C for 30 minutes daily until

all individuals were deceased. The measurement of

lifespan, egg-laying, and pharyngeal pumping was

performed the day after each exposure following the

previously mentioned protocol. This experiment was

performed in three trials.

 

UVA stress assay

NGM plates containing 30 age-synchronized L4 C.

elegans were exposed to ultraviolet light (UVA 365nm,

1300 µW/cm2) for 2 min daily. The handheld UV lamp

(UV-GL-58) was placed 3 inches above the uncovered

NGM plates. The measurement of lifespan, egg-laying,

and pharyngeal pumping was performed the day after

each exposure following the previously mentioned protocol

(Nas et al. 2021a). This experiment was performed in

three trials.

 

Oxidative stress assay

We dispensed 100 µM of freshly prepared hydrogen

peroxide (H
2
O

2
) solution to the head of each nematode

daily. They were immediately washed with distilled water

before transferring to freshly prepared NGM plates. The

measurement of lifespan, egg-laying, and pharyngeal

pumping was performed the day after each exposure

following the previously mentioned protocol (Nas et al.

2021a). This experiment was performed in three trials.
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Statistical analysis

All data were presented as mean ± standard error.

The result of all experiments involving the survival rate

was analyzed using a log-rank test through OASIS

version 2 (South Korea) (Nas et al. 2021a). Data obtained

from egg-laying and pharyngeal pumping were analyzed

using ANOVA through Graph Pad Prism version 8 (USA).

Comparisons within and among the treatment groups were

made using Tukey’s multiple comparison test (Nas et al.

2021a). Statistical significance was set at p≤0.05.

 

RESULTS  AND DISCUSSION

 Effects of C3G on the lifespan and the health of C.

elegans without stress

We found out that 25 µM of C3G was able to

significantly extend the lifespan and enhance the

pharyngeal pumping of C. elegans (p≤0.05), as shown

in Fig. 1. However, the positive control, coQ10 and C3G

were not able to improve the egg-laying ability of the

nematode. In Fig. 1A, 25 µM of C3G increased the mean

lifespan of C. elegans by 2.55 days compared to coQ10,

which extended the lifespan of the nematode by about

3.7 days. The lifespan extension observed in C3G-treated

worms was comparable with those fed 100 µg/mL purple

wheat extract (Chen et al. 2013). It is interesting to note

that the purple wheat extract rich in containing 42.6%

C3G also has other kinds of anthocyanins (i.e., peonidin-

3-glucoside and malvidin-3-galactoside). This suggests that

the higher amount of C3G or combination with other kinds

of anthocyanins may not be additive on lifespan extension.

The absence of improvement in egg-laying ability

suggests that C3G does not affect the aging pathways

associated with the deterioration of egg-laying muscles.

Our findings corroborate the previous report on the effect

of acai berry extract on the brood size of C.

elegans (Peixoto et al. 2016). 

The pharyngeal pumping rate of C. elegans also

improved by 13.6 pumps/min on average after exposure

to 25 µM C3G, as shown in Fig. 1C. coQ10 also

significantly enhanced the pharyngeal pumping of

untreated C. elegans (p≤0.05), albeit not significantly

higher than C3G (p>0.05). This observed rate is

comparable with recently published data on cyanidin-rich

acai berry extract (Peixoto et al. 2016). The high

pharyngeal pumping rate indicates the active feeding

behavior of the worms. It implies that age-related muscle

deterioration may have been impeded by C3G

supplementation. This also suggests that the lifespan

extension effects of C3G may be independent of caloric

restriction. 

 

Effects of C3G on the lifespan and the health of C.

elegans with heat stress

We observed that the lifespan of untreated worms after

heat stress, 30°C for 30 minutes daily, significantly

dropped by 15%  (p≤0.05). No observable change in the

egg-laying ability was observed after heat stress.

However, an 8.5% reduction in pharyngeal pumping rate

was observed in untreated nematodes that were exposed

to chronic heat stress (p≤0.05). When we compared the

lifespan, egg-laying ability, and pharyngeal pumping of the

worms treated with C3G and coQ10 to the untreated,

they were all comparable (p>0.05), as shown in Fig. 2. In

a recent study, red cabbage extract containing high

amounts of various kinds of cyanidin extended the survival

of C. elegans against acute heat stress (35°C for 4 hours)

by 31.64% (Zhang et al. 2021). Unlike their study, we

exposed the nematodes to chronic heat stress, which may

explain the disparity in our data. We speculate that

cyanidin may be beneficial for acute heat stress but not

Fig. 1. Effects of C3G on the lifespan and healthspan of C. elegans without stress.

The nematodes given with varying concentrations of C3G (6.25, 12, and 25 µM) were examined for (A) mean lifespan, (B) average

number of eggs laid, and (C) average daily pharyngeal pumping rate. The * denotes significance at p≤0.05.
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against chronic heat stress. It is also important to note

that the lack of significant effects observed in this study

could be due to the specific concentration and treatment

duration used. Further studies are needed to determine

the optimal dosages and treatment durations of C3G and

coQ10 for heat stress protection.

 

Effects of C3G on the lifespan and the health of C.

elegans with UVA stress

After we exposed the nematodes to 365 nm UVA light

for 2 minutes daily, we observed that the mean lifespan

of the untreated worms was reduced by 49.7% (p≤0.05).

Both the egg-laying and pharyngeal pumping of the UVA-

exposed untreated worms decreased significantly

(p≤0.05) by 22.5% and 17.6%, respectively. However,

C3G treatment does not significantly increase the mean

lifespan and average eggs laid by C. elegans (p>0.05)

despite the significant improvement in the pharyngeal

pumping (p≤0.05), as shown in Fig. 3. Both CoQ10 and

C3G treated nematodes displayed 9.7% and 6% higher

average pharyngeal pumping rates when compared with

the untreated worms, as shown in Fig. 3C. We compared

our findings with the data from acute UV exposure of C.

elegans treated with black rice extract rich in cyanidin

(Li et al. 2023). They reported a 36.3% increase in mean

lifespan after 4-hour exposure (Li et al. 2023). Similar to

our speculation in heat stress assay, cyanidin may have

protected C. elegans from acute UV stress but not

against chronic exposure. Although, we observed that the

deterioration of the pharyngeal pumping muscle may have

been slowed down by cyanidin in chronic UV exposure.

The results of this study suggest that exposure to UVA

light can have detrimental effects on the lifespan, egg-

laying, and pharyngeal pumping rate of C. elegans. These

findings are consistent with previous studies that have

shown that exposure to UVA radiation can induce

Fig. 2. Effects of C3G on the lifespan and healthspan of C. elegans with heat stress.

The nematodes given with varying concentrations of C3G (6.25, 12, and 25 µM) were incubated to 30°C for 30 minutes daily

before observed  for (A) mean lifespan, (B) average number of eggs laid, and (C) average daily pharyngeal pumping rate. The *

denotes significance at p≤0.05.

Fig. 3. Effects of C3G on the lifespan and healthspan of C. elegans with UVA stress.

The nematodes given with varying concentrations of C3G (6.25, 12, and 25 µM) were exposed to 365 nm UVA light for 2 minutes

daily and observed  for (A) mean lifespan, (B) average number of eggs laid, and (C) average daily pharyngeal pumping rate. The

* denotes significance at p≤0.05.
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oxidative stress, damage DNA, and disrupt normal cellular

processes, leading to premature aging and reduced lifespan

(Panich et al. 2016). Interestingly, treatment with C3G

did not significantly increase the lifespan or egg-laying of

UVA-exposed nematodes, although it did improve

pharyngeal pumping. This may suggest that C3G has

specific effects on certain physiological processes in C.

elegans that are not related to the lifespan or reproductive

output.

On the other hand, treatment with CoQ10 resulted in a

significant increase in pharyngeal pumping rate, suggesting

that CoQ10 may have a protective effect against UVA-

induced damage. CoQ10 is a potent antioxidant that can

scavenge free radicals and prevent oxidative damage to

cellular structures, including mitochondria (Hseu et al.

2019). Since UVA radiation is known to induce the

production of reactive oxygen species (ROS), CoQ10

supplementation may help to mitigate the effects of UVA-

induced oxidative stress in C. elegans.

 

Effects of C3G on the lifespan and the health of C.

elegans with oxidative stress

The nematodes that received no treatment aside from

100 µM of H
2
O

2
 were observed to have a 47% shorter

lifespan, 22.5% reduced egg-laying, and 24.9% lower

pharyngeal pumping rate. Both coQ10 and C3G

significantly increased the mean lifespan and pharyngeal

pumping (p≤0.05), as shown in Fig. 4. C3G extended the

mean lifespan of the H
2
O

2
-treated nematodes by 5.06

days, which is also significantly higher than the 19.7%

increase brought by coQ10 supplementation (p≤0.05).

However, coQ10 enhanced the pharyngeal pumping of C.

elegans by 25.32 pumps/min on average, 2.5-folds higher

than 25 µM of C3G (p≤0.05).

The mechanisms by which coQ10 and C3G exert their

beneficial effects are not fully understood. However, it

has been suggested that coQ10 may enhance mitochondrial

function and reduce oxidative stress by acting as an

electron carrier in the electron transport chain (Xie et al.

2020). On the other hand, C3G has been shown to activate

the Nrf2 pathway, which regulates the expression of genes

involved in cellular defense against oxidative stress

(Rhaman et al. 2021). The present study has some

limitations. The mechanisms by which coQ10 and C3G

exert their effects were not directly examined. Further

studies are needed to determine the specific molecular

pathways involved. 

CONCLUSION

In this study, the effects of cyanidin-3-glucoside (C3G)

on the lifespan, muscle deterioration, reproductive output,

and stress resistance of Caenorhabditis elegans were

investigated. Results showed that C3G supplementation

significantly extended the lifespan of C. elegans, which

was comparable to the effect of coQ10. This extension

in lifespan was accompanied by an improvement in the

pharyngeal pumping rate, indicating that C3G may prevent

age-related muscle deterioration. However, C3G did not

have a significant effect on egg-laying ability or protection

against heat stress. When tested on UVA-exposed

nematodes, C3G did not increase the lifespan or egg-

laying, but it did improve pharyngeal pumping. This

suggests that C3G may have specific effects on certain

physiological processes in C. elegans that are not related

to lifespan or reproductive output. On the other hand, C3G

was found to significantly increase the mean lifespan and

pharyngeal pumping rate of H
2
O

2
-treated nematodes,

indicating its potential as an anti-aging and anti-oxidant

agent. Overall, these findings suggest that C3G may hold

the potential in extending the lifespan and improving the

Fig. 4. Effects of C3G on the lifespan and healthspan of C. elegans with oxidative stress.

The nematodes given with varying concentrations of C3G (6.25, 12, and 25 µM) were also fed with 100 µM of H
2
O

2
. Their  (A)

mean lifespan, (B) average number of eggs laid, and (C) average daily pharyngeal pumping rate were examined daily after each

exposure. The * denotes significance at p≤0.05.
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health span of organisms, including humans, through its

antioxidant property. However, further research is needed

to investigate its potential as an anti-aging supplement.
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