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Abstract 

Detrimental effects of chronic high-sugar overconsumption can extend from molecular and 
cellular responses to systemic changes. Reproductive systems are particularly sensitive to 
diet and energetic state, yet the long-term reproductive consequences of overnutrition are 
poorly defined. Here, we used Caenorhabditis elegans to study the impacts of glucose 
excess on reproductive aging. Glucose supplementation shortens C. elegans lifespan, and 
we found that it also hastens age-related reproductive decline, evidenced by a greater 
deterioration in oocyte quality and lower fertility with age. We next evaluated insulin-like 
signaling contributions, as this glucose-responsive pathway is well known to regulate both 
somatic aging and reproductive aging. Intriguingly, while 20 mM glucose enrichment still 
shortens the lifespan of daf-2(e1370) mutants, we found that it had no detrimental impact on 
their reproductive aging phenotypes. Using auxin-induced tissue-selective degradation, we 
discovered that DAF-2/insulin-like receptor signaling in C. elegans intestine and body wall 
musculature is required for glucose enrichment to exert damaging impacts on the 
reproductive system. However, suppressing insulin-like signaling in either of these tissues is 
sufficient to protect C. elegans against glucose-induced reproductive aging. These findings 
suggest that insulin-like signalling in metabolically active somatic tissues may represent a 
key link between overnutrition and reproductive aging.  

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 2 

Introduction 

Modern diets high in energy-dense foods have led to widespread overnutrition, with 
physiological implications that extend beyond metabolic health. Since reproductive systems 
are very responsive to nutrient and metabolic cues, overnutrition has significant ramifications 
for reproductive health1—and potentially, for the age-related decline in female reproductive 
function. High-sugar, calorie-dense foods are associated with reduced ovarian function and 
subfertility, as well as greater intensity of menopausal symptoms1–4. It seems probable that 
chronic overnutrition would have cumulative impacts on reproductive aging, and metabolic 
conditions such as type 2 diabetes can be linked to both subfertility and earlier menopause 
in humans5–9. However, it is challenging to untangle specific mechanisms underlying these 
responses, because nutrient excess and metabolic dysfunction induce such breadth in 
changes across multiple organ systems. 

The female reproductive system is one of the earliest to show age-related physiological 
deterioration in humans, with reductions in oocyte quality and fertility that can manifest 
around 30 years of age10,11. Caenorhabditis elegans is a powerful model for studying 
reproductive aging, with a well-defined reproductive system that also undergoes a relatively 
early decline driven by deteriorating oocyte quality12. Moreover, the C. elegans reproductive 
system is likewise attuned to metabolic cues. Evolutionarily conserved signaling systems 
such as insulin-like signaling respond dynamically to nutrient levels and promote energy-
intensive processes like reproduction and growth, favored over preservation-type processes 
like stress resistance13,14. Suppressing insulin-like signaling by reducing levels or function of 
DAF-2, the only C. elegans insulin-like receptor, extends somatic lifespan, preserves 
reproductive tissue integrity with age, and significantly prolongs the fertile window. 
Conversely, supplementation with excess glucose generates metabolically stressful 
conditions for C. elegans that lead to shortened lifespan15–23 and perturbed fertility22,24–26. 
Interestingly, reduction-of-function daf-2(e1370) mutants are still susceptible to lifespan-
shortening effects of glucose exposure16,20, which suggests that an assortment of metabolic 
responses and signaling pathways are involved in mediating glucose-induced somatic aging. 

In this study, we used C. elegans to investigate the long-term repercussions of chronic 
overnutrition for reproductive aging. We found that glucose enrichment worsens oocyte 
quality maintenance and reduces the capacity of reproductively aged worms to produce 
viable progeny. Intriguingly, however, we discovered that suppressing DAF-2/insulin-like 
receptor signaling allows reproductive function to be preserved under glucose-enriched 
conditions—even if this suppression is restricted to the somatic tissues of intestine or 
muscle. This suggests that dysregulated insulin signaling in metabolically active somatic 
tissues may have important implications for the reproductive system and the progression of 
age-related reproductive decline. 
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Results and Discussion 
 
Excess glucose accelerates somatic and reproductive aging 

A mild dose of glucose (20 mM) was used to induce metabolically unhealthy, obesogenic-like 
conditions for C. elegans without causing excess-glucose toxicity15. We observed that 
exposure to 20 mM glucose during adulthood reduced wild-type lifespan by 15% (Fig. 1A), 
similar to the lifespan-shortening effects reported in other studies15–17. In addition to 
augmenting somatic aging, we found that glucose enrichment (GE) also advances age-
associated reproductive decline. Reproductively aged, day 5 adult hermaphrodites were less 
likely to produce viable progeny when mated with young males if they had been exposed to 
GE during adulthood (Fig 1B). The degree of glucose impact on late-mating capacity did not 
appear to be dose-dependent at relatively low concentrations of 20- and 40-mM glucose 
added to nematode growth media (NGM). 

Glucose has sex-specific and age-specific effects on lifespan and motility18,19 and can also 
indirectly exert impacts on worms through altering the metabolism of the OP50 E. coli that C. 
elegans consume27,28. To disentangle direct effects of glucose on worm physiology from any 
potential impacts of bacteria-produced glucose metabolites or other bacterial changes27,28, 
we also tested the reproductive success of day 5 adult hermaphrodites fed heat-killed 
bacteria throughout adulthood, and found that the detrimental effects of GE persisted without 
the presence of live bacteria (precluding bacteria-mediated effects; Fig. 1C). Next, we 
confirmed that adulthood exposure to glucose still had a significant and lasting impact when 
reproductively aged hermaphrodites were shifted to NGM-only plates at day 5 for the mating 
assay, thus ensuring that the male worms were never exposed to glucose enrichment 
themselves (Fig 1D). This helped us separate our observations from any potential effects of 
GE on males, male sperm, or mating proclivity. Glucose-exposed hermaphrodites also 
produced fewer progeny in total (Fig 1E,F), consistent with other published observations22,23. 
Thus, glucose exposure during adulthood directly worsens reproductive function of aging C. 
elegans hermaphrodites. 
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Fig 1. Excess glucose accelerates somatic and reproductive aging. 
(A) Exposure to 20 mM glucose enrichment reduces the lifespan of wildtype N2 worms compared to control NGM 
conditions; (n = 100 worms per group for this representative population; repeated in 2 additional independent 
populations; Table S1).  
(B) Exposure to 20 mM or 40 mM glucose decreases the late-mated reproductive capability of day 5 wild-type 
worms; 6 independent populations (signified by scatter points) distributed across groups, 60-130 worms per 
group for each population.  
(C, D) The effect of glucose persists when using heat-killed OP50 bacteria (C), and when all worms are mated on 
NGM/control plates (D). 60-100 worms per group for each population; 3 independent populations (signified by 
scatter plots) distributed between group.  
(E, F) Exposure to glucose reduces the total brood size of wildtype N2 hermaphrodites mated with fog-2(q17) 
males; scatter points signify total brood sizes for 12 individuals in a representative population; repeated in 2 
additional independent populations. 
∗p ≤ 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001; ∗∗∗∗p < 0.0001 compared to N2 NGM. Error bars represent SEM. 
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Glucose exposure induces oocyte-level changes in worms 

Oocyte quality maintenance is a key determinant of age-related reproductive decline12,14,29. 
We found that five days of glucose exposure significantly affected C. elegans oocyte quality, 
based on altered oocyte morphology and mitochondrial dynamics. Glucose-exposed worms 
were more likely to have maturing oocytes with an accumulation of morphological features 
that correspond to deteriorated quality by day 5 of adulthood, including oocytes that are 
abnormally small, misshapen, and/or interspersed with cavities (Fig 2A,B). Small oocyte size 
in worms or mammals is associated with poor quality and developmental capability of the 
oocyte, potentially due to maturation abnormalities or insufficient resource allocation for 
fertilization and embryogenesis29–32. The presence of cavities between neighboring oocytes 
or between oocytes and their surrounding somatic tissue has also been observed in older 
worms with poor-quality oocytes33,34; these morphological changes might disrupt the cellular 
contact required for signal transduction or molecule transfer35.  

Oocytes have an abundance of mitochondria, which are involved in ATP production, calcium 
signaling, redox balance, and metabolism36. High glucose induces mitochondrial dysfunction 
in C. elegans body wall muscle21, thus we examined the morphology of oocyte mitochondrial 
networks. Cellular functions ranging from energy production to mitochondrial quality control 
are affected by a coordinated balance of mitochondrial fission and fusion,37,38 with elongated 
mitochondria associated with increased fusion39 and an increased presence of more 
punctate mitochondria suggesting a shift towards more fission. Using day 5 adult mex-
50:tomm-20::gfp hermaphrodites with germline-specific labelling of mitochondria,40 we found 
that glucose-exposed worms had a higher likelihood of -1 mature oocytes with punctate or 
mixed mitochondrial morphology, unlike the predominantly elongated mitochondria in 
oocytes of age-mated NGM-exposed controls (Fig 2C,D). Imbalances in these mitochondrial 
dynamics can impair cellular homeostasis through such means as increasing oxidative 
stress, lowering mitochondrial membrane potential and respiratory capacity, and altering 
intracellular distribution and signaling effects37,41. Although glucose enrichment has been 
shown to promote reactive oxygen species (ROS) accumulation in whole worms15,42, we did 
not detect changed ROS levels in the oocytes of 20 mM glucose-exposed worms (Fig 2E,F). 
In mammals, oocytes maintain lower levels of ROS than somatic cells by limiting ROS 
generation in mitochondrial metabolism43,44; similar mechanisms might protect C. elegans 
oocytes against glucose-induced ROS accumulation. 

Proper oocyte functioning is also critically dependent on normal lipid metabolism45,46, and GE 
is known to increase whole-body lipid deposition in C. elegans47–50 (see Fig 2G for 
examples). To gauge lipid dynamics within oocytes, we quantified lipid droplets in the three 
most-mature oocytes of dissected gonads, but we did not observe increased lipid content in 
maturing oocytes of GE-exposed, day 2 adult worms (compared to the oocytes of NGM-only 
controls; Fig 2H,I). Altogether, we observed that glucose enrichment compromises the 
maintenance of healthy oocyte morphology and mitochondrial dynamics, and these oocyte-
level changes likely contribute towards the acceleration of reproductive aging.  
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Fig 2. Glucose exposure alters gross oocyte morphology and oocyte mitochondrial dynamics. 
(A) Representative DIC images of day 5 adult wildtype oocytes, scale bar represents 25 µm.  
(B) Images from 29-30 worms per group were assessed for incidence of defined morphological characteristics. 
(C) Representative fluorescent images of the -1 oocyte of day 5 adult mex-50:tomm-20::gfp worms, with GFP 
fluorescent labelling of outer mitochondrial membranes. Scale bar represents 10 µm.  
(D) Images from 20 worms per group were assessed for mitochondrial morphology; mitochondria of -1 oocytes 
were manually scored as elongated, mixed, or punctate.  
(E) Representative fluorescent images of dissected gonads from day 5 adult wildtype worms dyed with 
H2DCFDA, with GFP fluorescence indicating the presence of reactive oxygen species.  
(F) Fluorescence intensity of the -1 oocyte Images was measured for 30 worms per group.  
(G) Representative images of Oil-Red-O staining of day 5 adult wild-type worms show the whole-body 
accumulation of lipid droplets with glucose exposure.  

0

25

50

75

100

%
 P

op
ul

at
io

n

Normal

Mild

Severe

Cavities Misshapen Small

* ** ***

N2 wild type:
NGM vs
+ 20 mM Glucose

A

0

20

40

60

80

100

%
 O

il-
R

ed
-O

 p
os

iti
ve

 a
re

a
/ 3

 o
oc

yt
es

ns

+ 20 mM 
Glucose

0

25

50

75

100

%
 P

op
ul

at
io

n

Elongated

Mixed

Punctate
**

+ 20 mM 
Glucose

B

D

F

+ 20mM Glucose

Misshapen
(mild)Cavity (mild)

Small
(severe)

+ 20mM Glucose
H2DCFDA
[ROS]

Cavity (mid)

+ 20mM Glucose

Cavity (mid)
Cavity (mid)

+ 20mM GlucoseG

C

E

tomm20::gfp [Mito]

Cavity (mid)

+ 20mM Glucose

+ 20 mM Glucose

+ 20 mM Glucose

+ 20 mM Glucose

+ 20 mM Glucose

+ 20 mM Glucose I
H

0

2000

4000

6000

H
2D

C
FD

A
Fl

uo
re

sc
en

ce
 in

te
ns

ity
 (A

.U
.)

ns

+ 20 mM 
Glucose

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 7 

(H) Representative color images of dissected gonads from day 2 adult wild-type worms show similar levels of 
lipid accumulation in oocytes irrespective of glucose exposure, scale bar represents 25 µm.  
(I) Oil-Red-O-positive area in the first three proximal oocytes was quantified in Images from 15-20 worms per 
group.  
∗p ≤ 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001, ns = not significant compared to N2 NGM. Error bars represent SEM, and 
scatter points signify data from individual worms from a representative population. All imaging experiments were 
performed for a minimum of 3 independent populations. 
 

Reduction-of-function daf-2(e1370) mutation: protective against glucose-induced 
reproductive decline, but not against a shortened lifespan 

Nutrient levels and energy balance is interpreted by nutrient-sensing signaling pathways that 
direct physiological responses. Among them, insulin-like signaling is particularly linked to 
glucose stimulation16,51. We used a C. elegans strain with GFP-labelled DAF-252 to show that 
20 mM of glucose stimulates an elevation of DAF-2 levels (Fig 3A), consistent with previous 
observations using a higher glucose concentration51. daf-2(-) mutants with genetic reduction 
of function of the insulin-like receptor are long-lived and have delayed reproductive 
aging,33,34,53,54 but daf-2(e1370) mutants are still susceptible to lifespan-shortening effects of 
glucose exposure16,20. Our results were consistent in showing that 20 mM GE significantly 
reduces the lifespan of daf-2(e1370) mutants (Fig 3B). Surprisingly, however, daf-2(e1370) 
worms were completely protected against a glucose-induced reduction of reproductive 
capacity, even exhibiting resistance to a higher, 40 mM dose of glucose. Since daf-2(-) 
mutants have longer baseline reproductive spans than wild-type worms, we performed late-
mating assays on day 8 of adulthood; we found that daf-2(e1370) worms have similar 
degrees of late-mating reproductive success regardless of whether their adulthoods were 
spent on NGM or glucose enrichment (Fig 3C). Interestingly, when testing another reduction-
of-function mutant, daf-2(e1368), we found that this class I mutant was susceptible to 
glucose and showed similar glucose-induced reductions in late-mating capacity as wild-type 
worms (Fig 3D). The daf-2(e1368) allele contains a missense mutation in the ligand-binding 
domain of the DAF-2 insulin-like receptor and is associated with weaker longevity and stress 
resistance phenotypes than daf-2(e1370), which harbors a mutation in the tyrosine kinase 
domain55. Consistent with their protection against glucose-induced reductions in late-mating 
success, daf-2(e1370) mutants also did not exhibit significant changes in brood size or 
oocyte quality maintenance in response to glucose exposure (Fig 3E-H). Previous studies 
documented reproductive decline at higher glucose concentrations (250 mM)25, so a higher-
dose toxicity may reduce reproductive output. Collectively, these results suggest that the 
regulatory activities of the insulin-like receptor tyrosine kinase mediate the acceleration in 
reproductive aging that is caused by mild glucose enrichment.  

Thus, while insulin-like signaling is important for both somatic aging and reproductive aging, 
it seems that this pathway might play a greater role in regulating glucose-induced 
reproductive system effects. This dichotomy aligns with previous observations that somatic 
and reproductive aging can be uncoupled through genetic manipulations. For instance, 
temporally restricted daf-2 downregulation after early adulthood extends somatic lifespan 
without prolonging reproductive span33,56. Lowering daf-2 leads to distinct transcriptional 
changes in aged oocytes compared to somatic tissues, which further reinforces the concept 
that insulin-like signaling has diverse regulatory effects for reproductive and somatic 
tissues33,34. We show here that this compartmentalization persists under metabolically 
stressful conditions such as glucose enrichment, which disproportionately promotes daf-
2(e1370) somatic aging. 
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Fig 3. DAF-2/insulin-like receptor mediates the impact of glucose on reproductive aging but not lifespan. 
(A) DAF-2 levels, indicated by DAF-2::mNeonGreen, are increased on day 2 of adulthood with 20 mM glucose 
exposure; n = 25 worms per group (signified by scatter points) for this representative population; repeated in 2 
additional independent populations.  
(B) Exposure to glucose during adulthood shortens daf-2(e1370) lifespan compared to control NGM conditions. n 
= 60-104 worms per group for this representative population; repeated in 2 additional independent populations 
(Table S1).  
(C) Late mated reproductive capacity of day 8 daf-2(e1370) remains unchanged despite 20 mM or 40 mM 
glucose exposure. 4 independent populations (signified by scatter points) distributed across groups, 50-104 
worms per group for each population. 
(D) daf-2(e1368) shows decreased late-mating capacity with 20 mM glucose treatment; 3 independent 
populations (signified by scatter points) distributed across groups, 40-100 worms per group for each population. 
(E, F) daf-2(e1370) hermaphrodites have similar total brood sizes when mated with fog-2(q17) males despite 
glucose exposure, scatter plots signify total brood sizes for 24 individual worms within a single representative 
population; repeated in 2 additional independent populations.  
(G, H) Representative images and scored oocyte morphology of mated daf-2(e1370) worms after 8 days of 
glucose exposure. Images from 30-39 worms per group were analysed for this representative population; 
repeated in 2 additional independent populations. Error bars represent SEM; scale bar represents 25 µm. 
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DAF-2 signaling in the intestine and body wall promotes glucose-induced 
reproductive decline 

To further investigate the interaction between insulin-like signaling and reproductive function 
under glucose exposure, we used the auxin-induced degradation (AID) system for precise 
spatial control of DAF-2 protein levels52. Selective DAF-2 degradation in body wall muscle, 
intestine, germline, or hypodermis could improve the reproductive success of day 8 adult 
worms under control NGM conditions, but we found that glucose enrichment reversed that 
success for most strains (Fig 4A). However, glucose enrichment did not significantly worsen 
late-mating capacity if DAF-2 was degraded in either the intestine or the body wall 
musculature (Fig 4A). This suggests that the presence of insulin-like signaling in the intestine 
or muscle is necessary for glucose enrichment to accelerate reproductive aging. Moreover, 
we observed that selectively degrading DAF-2 in either of these somatic tissues—but not in 
the germline itself—significantly improved the late-life fertility of animals exposed to glucose 
(Fig 4B). Importantly, targeted DAF-2 degradation in the intestine or body wall musculature 
also led to improved oocyte quality under glucose enrichment, as indicated by lower 
frequencies of small, irregularly shaped, or cavity-interspersed oocytes (Fig 4C-F). In 
contrast, exposure to auxin under GE did not significantly alter oocyte quality in a germline-
selective DAF-2 AID strain (Fig 4G,H), validating that these effects are non-autonomous.  
 

Together, our data reveal that DAF-2/insulin-like receptor signaling in the intestine and body 
wall musculature, two metabolically and energetically important somatic tissues, promotes 
an acceleration of C. elegans reproductive aging under glucose-enriched conditions. This 
indicates that suppressing insulin-like signaling in these somatic tissues during glucose 
exposure can protect the germline against reproductive dysfunction. The insulin-like pathway 
DAF-16/FOXO transcription factor also acts in the intestine and muscle to extend the 
reproductive span of daf-2(e1370) mutants on NGM33, so these are important sites for 
insulin-like signaling to regulate reproductive aging across a range of metabolic conditions. 
The intestine has emerged as a critical regulator of reproduction in several species. For 
instance, in Drosophila, intestinal remodeling and metabolic rewiring directly improve 
fecundity and egg production57, and in mammals, intestinal microbiota influence hormonal 
balance, follicular atresia, and fertility58. Our findings show that the intestine can also 
modulate reproductive outcomes during metabolic stress in C. elegans, demonstrating a 
fundamental consequence of inter-tissue communication in response to nutritional state. 
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Fig 4. Insulin signaling in somatic tissues regulates reproductive aging under glucose stress. 
(A) Auxin-induced degradation (AID) of DAF-2 in body wall muscle, intestine, germline, and hypodermis (but not 
neurons) improves late-mating capacity of day 8 hermaphrodites under control ethanol (EtOH)-NGM conditions. 
Strains with AID of DAF-2 in body wall muscle, intestine, and neurons do not show glucose-induced changes in 
this capacity. 3 independent populations (signified by scatter points) for each strain, 30-100 worms per group for 
each.  
(B) AID of DAF-2 in body wall muscle and intestine improves late-mating capacity of glucose-exposed worms; 3 
independent populations (signified by scatter points) for each strain, 30-100 worms per group for each.  
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(C, D) Intestinal DAF-2 degradation improves oocyte quality in glucose-exposed worms, as signified in (C) 
representative DIC images of day 8 adult oocytes, and (D) scored oocyte morphology, assessed in images from 
11-15 worms per group.  
(E, F) Body wall muscle DAF-2 degradation similarly preserves oocyte quality in the presence of glucose, as 
signified in (E) representative DIC images of day 8 adult oocytes, and (F) scored oocyte morphology, assessed in 
images from 16-29 worms per group. (G,H). Germline DAF-2 degradation does not significantly change oocyte 
quality under a glucose challenge, as signified by (G) representative DIC images of day 8 adult oocytes, and (H) 
scored oocyte morphology, assessed in images from 16-29 worms per group. 
Scale bars represent 25 µm. Error bars represent SEM. 
∗p ≤ 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001, ns = not significant compared to N2 NGM. 
 
 
Conclusions 

In this study, C. elegans were exposed to glucose enrichment to explore the impacts of 
nutrient excess on reproductive aging. We found that glucose exposure during adulthood 
accelerates not only somatic aging but also reproductive aging. We also discovered that the 
insulin-like signaling pathway plays a crucial role in driving the glucose-induced age-related 
reproductive decline, through its non-autonomous actions in energetically dynamic C. 
elegans somatic tissues. Notably, reducing DAF-2/insulin-like receptor signaling prevents the 
glucose-induced acceleration of reproductive aging without protecting against lifespan-
shortening effects, which demonstrates a regulatory dichotomy in the mechanisms by which 
glucose enrichment worsens reproductive system and somatic tissue functions. These 
findings suggest that metabolically unhealthy states associated with chronic overnutrition 
and upregulated somatic-tissue insulin signaling may exacerbate the age-related decline of 
the female reproductive system. 
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Methods 

Table 1: Experimental C. elegans strains 

Experimental C. elegans strain Source Strain identifier 
C. elegans (wild type) CGC N2 
daf-2(e1370)III CGC CB1370 
daf-2(e1368)III CGC DR1572 
fog-2(q71)V CGC CB4108 
hqSi8[rgef-1p::TIR1::mRuby::unc-54 3’UTR + Cbr-unc-
119(+)] II; daf-2(hq363[daf-2::degron::mNeonGreen]) 
unc-119(ed3) III for AID of DAF-2 in the neurons 

CGC MQD2356 

ieSi61[ges-1p::TIR1::mRuby::unc-54 3'UTR + Cbr-unc-
119(+)] II; daf-2(hq363[daf-2::degron::mNeonGreen]) 
unc-119(ed3) III for AID of DAF-2 in the intestine 

CGC MQD2374 

daf-2(hq363[daf-2::degron::mNeonGreen]) unc-119(ed3) 
III; ieSi38[sun-1p::TIR1::mRuby::sun-1 3'UTR + Cbr-
unc-119(+)] IV for AID of DAF-2 in the germline 

CGC MQD2375 

hqSi9[dpy-7p::TIR1::mRuby::unc-54 3’UTR + Cbr-unc-
119(+)] II; daf-2(hq363[daf-2::degron::mNeonGreen]) 
unc-119(ed3) III for AID of DAF-2 in the hypodermis 

CGC MQD2378 

hqSi10[myo-3p::TIR1::mRuby::unc-54 3'UTR + Cbr-unc-
119(+)] II; daf-2(hq363[daf-2::degron::mNeonGreen]) 
unc-119(ed3) III for AID of DAF-2 in the body wall 
muscles 

CGC MQD2379 

daf-2(hq363[daf-2::degron::mNeonGreen]) III for DAF-2 
fluorescent detection 

CGC MQD2428 

egxSi152[mex-5p: tomm-20::gfp::pie-1 3’UTR + unc-
119(+)] II; unc-119(ed3) III. 

CGC EGD623 

 

Experiments were carried out at 20 °C on Nematode Growth Media (NGM: 3 g/L NaCl, 
2.5 g/L Bacto-peptone, 17 g/L Bacto-agar in distilled water, with 1 mL/L cholesterol (5 mg/mL 
in ethanol), 1 mL/L 1 M CaCl2, 1 mL/L 1 M MgSO4, and 25 mL/L 1 M potassium phosphate 
buffer (pH 6.0)). For glucose enrichment, NGM media was supplemented with D-glucose 
(Sigma) to reach a final concentration of 20 mM or 40 mM in the plates. E. coli OP50 was 
used as the food source. For heat-killed OP50 experiments, overnight bacterial cultures 
were diluted and heat shocked at 95 °C according to a published protocol59. Bacterial killing 
was confirmed by the lack of bacterial growth on a seeded plate before use. 
Auxin-induced degradation (AID) 
Auxin-containing plates were prepared to a final concentration of 1mM as previously 
described52,60. In brief, a 400 mM stock solution was prepared by dissolving auxin (indole-3-
acetic acid, Sigma #I3750) in ethanol and stored at 4 °C. Auxin was added to NGM agar 
cooled down to 60 °C before pouring plates. Control plates for the auxin experiments had 
the same amount of ethanol (0.25%). Auxin plates were stored covered in aluminum foil to 
prevent light exposure. 
Lifespan assays 
Hypochlorite-synchronized worms were transferred to glucose-enriched or NGM plates at 
the L4 larval stage and maintained in groups throughout their lifespans. Days of adulthood 
were considered to start with L4 stage as t=0 and the next day as day 1. The worms were 
transferred to new plates every two days during their reproductive period. If gentle prodding 
produced no response in an animal, it was assessed as dead. Worms were censored if they 
died of non-ageing related deaths such as contamination, internal hatching (bagging), or 
desiccation from climbing the wall of the petri plate.  
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Late-mating assays 
Late-mating assays were conducted as previously described61. Groups of hypochlorite-
synchronized worms were transferred to glucose-enriched or NGM plates at the L4 larval 
stage and then transferred between fresh plates until they were aged to the late-mating time 
point, when individual hermaphrodites were distributed onto separate 35mm plates along 
with three day1 adult fog-2(q71) males per plate. Presence or absence of progeny were 
scored 4-5 days later; plates with dead or missing hermaphrodites or absent males were 
censored.  
Brood size assays  
For mated brood size counts, hypochlorite-synchronized L4 larvae were individually placed 
on 35mm glucose-enriched or NGM plates, and young males were added in a 1:3 ratio. 
Mating was confirmed through the presence of male progeny, and the mated hermaphrodites 
were separated from males and transferred to fresh plates every 24 hours for the entirety of 
their reproductive span. After hermaphrodite removal, plates were kept at 20 °C and progeny 
was counted the next day.  
Oocyte morphology 
Oocyte quality measurements were performed as previously described 33,34. Hypochlorite-
synchronized worms were exposed to either glucose enrichment or NGM starting at the L4 
stage. L4 larvae were plated at a 1:3 ratio with day 1 males for 48 hours of mating, and then 
successfully mated hermaphrodites (indicated by the subsequent presence of male progeny 
on their individual plates) were transferred between fresh plates until imaging on day 5 or 
day 8 of adulthood. On imaging day, worms were anesthetized with levamisole on 2% agar 
pads. 7-8 worms were imaged per slide on a Nikon Eclipse Ti2-E microscope using 
differential interference contrast (DIC) microscopy. Images were blinded and randomized 
prior to scoring criteria related to the phenotypes of oocyte shape, size, and connectivity. In 
brief, oocytes were scored as normally shaped if they were all uniformly cuboidal; mildly 
misshapen if there was a lack of this cuboidal shape; and severely misshapen if oocytes 
were visibly damaged or very irregular in shape. For the small oocyte phenotype, normal 
indicated that all oocyte cells filled the gonad arm and contacted the body wall; mild 
indicated oocytes that did not fill the gonad arm or contact the body wall; and severe 
indicated the presence of some miniscule oocytes. For the cavity phenotype, normal 
indicated no discernible cavities between oocytes; mild indicated some loss of contact 
between oocytes; and severe indicated the presence of distinct spaces between oocytes.      
Mitochondrial morphology assay 
For the mitochondrial morphology evaluations, hypochlorite-synchronized mex-5p:tomm-
20::gfp worms were exposed to either glucose enrichment or NGM starting at the L4 stage, 
when they were plated at a 1:3 ratio with day 1 fog-2(q71) males for 24 hours of mating. 
Hermaphrodites were then transferred between fresh plates every other day to prevent 
progeny accumulation. Upon reaching day 5 of adulthood, mex-5p:tomm-20::gfp worms 
were transferred onto 2% agar pads and fixed for 10 minutes in 3% paraformaldehyde 
(PFA), followed by rinsing three times with phosphate buffered saline. Oocytes were imaged 
using confocal microscopy with a Nikon Eclipse C2 confocal microscope. Single images and 
Z-stacks were taken at 60x magnification, and 2 µm slices were taken for each Z stack. 
For mitochondrial analyses, images were first blinded and randomized, then the -1 oocyte of 
each image was scored as elongated, mixed, or punctate for mitochondrial morphology. The 
elongated category was indicated by oocytes with greater than half of their mitochondria 
being elongated, characterized by network-like structure and extensive connections with 
surrounding mitochondria. The mixed category was indicated by oocytes with approximately 
half of their mitochondria being elongated and half being punctate. The punctate category 
was indicated by oocytes with more than half of their mitochondria being punctate, 
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characterized by circular morphology and a high degree of separation between 
mitochondria. 
ROS assay 
Hypochlorite-synchronized N2 worms were placed on NGM or 20 mM glucose plates as L4 
larvae and mated with day 1 fog-2(q71) males for 24 hours. On day 5 of adulthood, worms 
were anesthetized with 0.4% levamisole and gonads were dissected using two 29-gauge 
needles attached to 1 mL syringes. Gonads were dissected by cutting the head off the worm 
in a scissor-like motion just below the pharynx, which resulted in complete or partial 
expulsion of the gonad. Gonads were incubated in 50 nM 2',7'-dichlorodihydrofluorescein 
diacetate (H2DCFDA) diluted in M9 for 10 minutes, followed by fixation for five minutes in 1% 
PFA, and rinsing three times with M9 buffer. Gonads were mounted onto 2% agar pads on 
microscope slides and imaged using fluorescence and DIC microscopy on a Nikon Eclipse 
Ti2-E at 40x magnification. Approximately 30 worms were imaged per experimental condition 
per independent replicate. Fluorescence intensity of the -1 oocytes (with background 
fluorescence subtracted) was analyzed using NIS elements software. 
Fluorescence imaging of DAF-2 levels 
MQD2428 hermaphrodites with a degron and mNeonGreen tag at the 3' end of the 
endogenous daf-2 gene locus were anesthetized and placed on 2% agar pad after 2 days of 
adulthood spent on either 20 mM glucose-NGM or NGM alone. Fluorescence imaging was 
conducted on a Nikon Eclipse Ti2-E microscope at 20x magnification, and a minimum of 20-
30 worms were imaged per condition. Z stacks were acquired with a slice separation of 0.6 
μm, and maximal intensity projection images were analyzed using NIS elements software by 
subtracting mean fluorescence intensities from background fluorescence.  
Oil-Red-O staining 
Mated hermaphrodites were stained with Oil-Red-O to quantify lipid presence and 
distribution according to the protocol by O’Rourke et al. 62. Briefly, hypochlorite-synchronized 
N2 worms were placed on NGM or 20 mM glucose plates as L4 larvae and mated with day 1 
fog-2(q71) males for 48 hours. Worms were collected in M9, washed in 60% freshly 
prepared isopropanol, and stained with filtered Oil-Red-O solution for 18 hours. Stained 
worms were then washed with 0.01% Triton X-100 in S buffer and imaged using color 
imaging on the Nikon Eclipse Ti2-E microscope. For gonad staining, hermaphrodite gonads 
were dissected from day 2 adult worms as outlined in the ROS assay protocol, and were 
fixed in PFA before being stained with Oil-Red-O  and washed with 0.01% Triton X-100 as 
described in63. ImageJ was used to quantify the spread of the red stain over the area of the 
first 3 proximal oocytes.  
Statistics 
Lifespan assays were assessed using Kaplan-Meier survival curves (log-rank tests). Oocyte 
quality was assessed using Fischer’s exact tests to identify whether populations differed with 
respect to proportions of oocytes with severe/mild/normal phenotypes for each scored 
oocyte quality category. Differences in late-mating success across all replicate populations 
were determined using Cochran-Mantel-Haenszel tests with Bonferroni corrections applied 
when adjusting for multiple comparisons. Total progeny counts were evaluated with 
independent two-sample t-tests. Fluorescence intensities and Oil-red-O coverage were 
analysed using Mann-Whitney U tests. Statistical analyses were performed in GraphPad 
Prism and R Studio.  
 
  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 15 

References 
1. Athar, F., Karmani, M., and Templeman, N.M. (2024). Metabolic hormones are integral 

regulators of female reproductive health and function. Bioscience Reports 44, 
BSR20231916. https://doi.org/10.1042/BSR20231916. 

2. Noll, P.R.E.S., Campos ,C. A. S., Leone ,C., Zangirolami-Raimundo ,J., Noll ,M., Baracat 
,E. C., Júnior ,J. M. Soares, and and Sorpreso, I.C.E. (2021). Dietary intake and 
menopausal symptoms in postmenopausal women: a systematic review. Climacteric 24, 
128–138. https://doi.org/10.1080/13697137.2020.1828854. 

3. Herber-Gast, G.-C.M., and Mishra, G.D. (2013). Fruit, Mediterranean-style, and high-fat 
and -sugar diets are associated with the risk of night sweats and hot flushes in midlife: 
results from a prospective cohort study. The American Journal of Clinical Nutrition 97, 
1092–1099. https://doi.org/10.3945/ajcn.112.049965. 

4. Skaznik-Wikiel, M.E., Swindle, D.C., Allshouse, A.A., Polotsky, A.J., and McManaman, 
J.L. (2016). High-Fat Diet Causes Subfertility and Compromised Ovarian Function 
Independent of Obesity in Mice. Biol Reprod 94, 108. 
https://doi.org/10.1095/biolreprod.115.137414. 

5. Wellons, M.F., Matthews, J.J., and Kim, C. (2017). Ovarian aging in women with 
diabetes: An overview. Maturitas 96, 109–113. 
https://doi.org/10.1016/j.maturitas.2016.11.019. 

6. Mehra, V.M., Costanian, C., McCague, H., Riddell, M.C., and Tamim, H. (2023). The 
association between diabetes type, age of onset, and age at natural menopause: a 
retrospective cohort study using the Canadian Longitudinal Study on Aging. Menopause 
30, 37–44. https://doi.org/10.1097/GME.0000000000002085. 

7. Monterrosa-Castro, A., Blümel ,J. E., Portela-Buelvas ,K., Mezones-Holguín ,E., Barón 
,G., Bencosme ,A., Benítez ,Z., Bravo ,L. M., Calle ,A., Chedraui ,P., et al. (2013). Type II 
diabetes mellitus and menopause: a multinational study. Climacteric 16, 663–672. 
https://doi.org/10.3109/13697137.2013.798272. 

8. Thong, E.P., Codner, E., Laven, J.S.E., and Teede, H. (2020). Diabetes: a metabolic and 
reproductive disorder in women. The Lancet Diabetes & Endocrinology 8, 134–149. 
https://doi.org/10.1016/S2213-8587(19)30345-6. 

9. Mattsson, K., Nilsson-Condori, E., Elmerstig, E., Vassard, D., Schmidt, L., Ziebe, S., and 
Jöud, A. (2021). Fertility outcomes in women with pre-existing type 2 diabetes—a 
prospective cohort study. Fertility and Sterility 116, 505–513. 
https://doi.org/10.1016/j.fertnstert.2021.02.009. 

10. Velde T. and Peter L. (2002). The variability of female reproductive aging. Human 
Reproduction Update 8, 141–154. 

11. Wang, X., Wang, L., and Xiang, W. (2023). Mechanisms of ovarian aging in women: a 
review. Journal of Ovarian Research 16, 67. https://doi.org/10.1186/s13048-023-01151-
z. 

12. Athar, F., and Templeman, N.M. (2022). C. elegans as a model organism to study female 
reproductive health. Comp Biochem Physiol A Mol Integr Physiol 266, 111152. 
https://doi.org/10.1016/j.cbpa.2022.111152. 

13. Baumeister, R., Schaffitzel, E., and Hertweck, M. (2006). Endocrine signaling in 
Caenorhabditis elegans controls stress response and longevity. 
https://doi.org/10.1677/joe.1.06856. 

14. Templeman, N.M., and Murphy, C.T. (2018). Regulation of reproduction and longevity by 
nutrient-sensing pathways. Journal of Cell Biology 217, 93–106. 
https://doi.org/10.1083/jcb.201707168. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 16 

15. Schlotterer, A., Kukudov, G., Bozorgmehr, F., Hutter, H., Du, X., Oikonomou, D., Ibrahim, 
Y., Pfisterer, F., Rabbani, N., Thornalley, P., et al. (2009). C. elegans as Model for the 
Study of High Glucose– Mediated Life Span Reduction. Diabetes 58, 2450–2456. 
https://doi.org/10.2337/db09-0567. 

16. Lee, S.-J., Murphy, C.T., and Kenyon, C. (2009). Glucose shortens the life span of C. 
elegans by downregulating DAF-16/FOXO activity and aquaporin gene expression. Cell 
Metab 10, 379–391. https://doi.org/10.1016/j.cmet.2009.10.003. 

17. Choi, S.S. (2011). High glucose diets shorten lifespan of Caenorhabditis elegans via 
ectopic apoptosis induction. Nutrition Research and Practice 5, 214–218. 
https://doi.org/10.4162/nrp.2011.5.3.214. 

18. Liggett, M.R., Hoy, M.J., Mastroianni, M., and Mondoux, M.A. (2015). High-glucose diets 
have sex-specific effects on aging in C. elegans: toxic to hermaphrodites but beneficial 
to males. Aging (Albany NY) 7, 383–387. 

19. Beaudoin-Chabot, C., Wang, L., Celik, C., Abdul Khalid, A.T.-F., Thalappilly, S., Xu, S., 
Koh, J.H., Lim, V.W.X., Low, A.D., and Thibault, G. (2022). The unfolded protein 
response reverses the effects of glucose on lifespan in chemically-sterilized C. elegans. 
Nat Commun 13, 5889. https://doi.org/10.1038/s41467-022-33630-0. 

20. Gusarov, I., Pani, B., Gautier, L., Smolentseva, O., Eremina, S., Shamovsky, I., Katkova-
Zhukotskaya, O., Mironov, A., and Nudler, E. (2017). Glycogen controls Caenorhabditis 
elegans lifespan and resistance to oxidative stress. Nat Commun 8, 15868. 
https://doi.org/10.1038/ncomms15868. 

21. Alcántar-Fernández, J., González-Maciel, A., Reynoso-Robles, R., Andrade, M.E.P., 
Alain de, J.H.V., Velázquez-Arellano, A., and Miranda-Ríos, J. (2019). High-glucose diets 
induce mitochondrial dysfunction in Caenorhabditis elegans. PLoS ONE 14, 1–20. 
https://doi.org/10.1371/journal.pone.0226652. 

22. Berk, Ş., Cetin, A., Özdemir, Ö.Ü., Pektaş, A.N., Yurtcu, N., and Dastan, S.D. (2024). 
The combination of metformin and high glucose increased longevity of Caenorhabditis 
elegans a DAF-16/FOXO-independent manner: cancer/diabetic model via C. elegans. 
Front. Endocrinol. 15. https://doi.org/10.3389/fendo.2024.1435098. 

23. Teshiba, E., Miyahara, K., and Takeya, H. (2016). Glucose-induced abnormal egg-laying 
rate in Caenorhabditis elegans. Bioscience, Biotechnology, and Biochemistry 80, 1436–
1439. https://doi.org/10.1080/09168451.2016.1158634. 

24. Tauffenberger, A., and Parker, J.A. (2014). Heritable Transmission of Stress Resistance 
by High Dietary Glucose in Caenorhabditis elegans. PLoS Genetics 10, 1–10. 
https://doi.org/10.1371/journal.pgen.1004346. 

25. Mondoux, M.A., Love, D.C., Ghosh, S.K., Fukushige, T., Bond, M., Weerasinghe, G.R., 
Hanover, J.A., and Krause, M.W. (2011). O-linked-N-acetylglucosamine cycling and 
insulin signaling are required for the glucose stress response in Caenorhabditis elegans. 
Genetics 188, 369–382. https://doi.org/10.1534/genetics.111.126490. 

26. Engstrom, A.K., Davis, C.D., Erichsen, J.L., and Mondoux, M.A. Timing of High-glucose 
Diet in the C. elegans  Lifecycle Impacts Fertility Phenotypes. MicroPubl Biol 2022, 
10.17912/micropub.biology.000614. https://doi.org/10.17912/micropub.biology.000614. 

27. Kingsley, S.F., Seo, Y., Allen, C., Ghanta, K.S., Finkel, S., and Tissenbaum, H.A. (2021). 
Bacterial processing of glucose modulates C. elegans lifespan and healthspan. Scientific 
Reports 11, 1–12. https://doi.org/10.1038/s41598-021-85046-3. 

28. Kingsley, S.F., Seo, Y., Wood, A., Wani, K.A., Gonzalez, X., Irazoqui, J., Finkel, S.E., and 
Tissenbaum, H.A. (2024). Glucose-fed microbiota alters C. elegans intestinal epithelium 
and increases susceptibility to multiple bacterial pathogens. Sci Rep 14, 13177. 
https://doi.org/10.1038/s41598-024-63514-w. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 17 

29. Andux, S., and Ellis, R.E. (2008). Apoptosis maintains oocyte quality in aging 
Caenorhabditis elegans females. PLoS Genetics 4. 
https://doi.org/10.1371/journal.pgen.1000295. 

30. Shapiro, B.S., Rasouli, M.A., Verma, K., Raman, A., Garner, F.C., Aguirre, M., Kaye, L., 
and Bedient, C. (2022). The effect of ovarian follicle size on oocyte and embryology 
outcomes. Fertility and Sterility 117, 1170–1176. 
https://doi.org/10.1016/j.fertnstert.2022.02.017. 

31. Rosen, M.P., Shen, S., Dobson, A.T., Rinaudo, P.F., McCulloch, C.E., and Cedars, M.I. 
(2008). A quantitative assessment of follicle size on oocyte developmental competence. 
Fertil Steril 90, 684–690. https://doi.org/10.1016/j.fertnstert.2007.02.011. 

32. Revelli, A., Martiny, G., Delle Piane, L., Benedetto, C., Rinaudo, P., and Tur-Kaspa, I. 
(2014). A critical review of bi-dimensional and three-dimensional ultrasound techniques 
to monitor follicle growth: do they help improving IVF outcome? Reprod Biol Endocrinol 
12, 107. https://doi.org/10.1186/1477-7827-12-107. 

33. Luo, S., Kleemann, G.A., Ashraf, J.M., Shaw, W.M., and Murphy, C.T. (2010). TGF-β and 
Insulin Signaling Regulate Reproductive Aging via Oocyte and Germline Quality 
Maintenance. Cell 143, 299–312. https://doi.org/10.1016/j.cell.2010.09.013. 

34. Templeman, N.M., Luo, S., Kaletsky, R., Shi, C., Ashraf, J., Keyes, W., and Murphy, C.T. 
(2018). Insulin Signaling Regulates Oocyte Quality Maintenance with Age via Cathepsin 
B Activity. Current Biology 28, 753-760.e4. https://doi.org/10.1016/j.cub.2018.01.052. 

35. Luo, S., and Murphy, C.T. (2011). Caenorhabditis elegans reproductive aging: Regulation 
and underlying mechanisms. Genesis 49, 53–65. https://doi.org/10.1002/dvg.20694. 

36. Adhikari, D., Lee, I., Yuen, W.S., and Carroll, J. (2022). Oocyte mitochondria—key 
regulators of oocyte function and potential therapeutic targets for improving fertility. 
Biology of Reproduction 106, 366–377. https://doi.org/10.1093/biolre/ioac024. 

37. Geto, Z., Molla, M.D., Challa, F., Belay, Y., and Getahun, T. (2020). Mitochondrial 
Dynamic Dysfunction as a Main Triggering Factor for Inflammation Associated Chronic 
Non-Communicable Diseases. J Inflamm Res 13, 97–107. 
https://doi.org/10.2147/JIR.S232009. 

38. Adebayo, M., Singh, S., Singh, A.P., and Dasgupta, S. (2021). Mitochondrial Fusion and 
Fission: The fine-tune balance for cellular homeostasis. FASEB J 35, e21620. 
https://doi.org/10.1096/fj.202100067R. 

39. Cota, V., Sohrabi, S., Kaletsky, R., and Murphy, C.T. (2022). Oocyte mitophagy is critical 
for extended reproductive longevity. PLOS Genetics 18, e1010400. 
https://doi.org/10.1371/journal.pgen.1010400. 

40. Fan, X., De Henau, S., Feinstein, J., Miller, S.I., Han, B., Frøkjær-Jensen, C., and Griffin, 
E.E. (2019). SapTrap Assembly of Caenorhabditis elegans MosSCI Transgene Vectors. 
G3 (Bethesda) 10, 635–644. https://doi.org/10.1534/g3.119.400822. 

41. Chen, W., Zhao, H., and Li, Y. (2023). Mitochondrial dynamics in health and disease: 
mechanisms and potential targets. Sig Transduct Target Ther 8, 1–25. 
https://doi.org/10.1038/s41392-023-01547-9. 

42. Murillo, K., Samigullin, A., Humpert, P.M., Fleming, T., Özer, K., Schlotterer, A., Hammes, 
H.-P., and Morcos, M. (2022). Protective Effects of Transient Glucose Exposure in Adult 
C. elegans. Antioxidants 11, 160. https://doi.org/10.3390/antiox11010160. 

43. Long, S., Zheng, Y., Deng, X., Guo, J., Xu, Z., Scharffetter-Kochanek, K., Dou, Y., and 
Jiang, M. (2024). Maintaining mitochondrial DNA copy number mitigates ROS-induced 
oocyte decline and female reproductive aging. Commun Biol 7, 1–19. 
https://doi.org/10.1038/s42003-024-06888-x. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 18 

44. Qin, S., Chi, X., Zhu, Z., Chen, C., Zhang, T., He, M., Gao, M., Zhao, T., Zhang, J., 
Zhang, L., et al. (2025). Oocytes maintain low ROS levels to support the dormancy of 
primordial follicles. Aging Cell 24, e14338. https://doi.org/10.1111/acel.14338. 

45. Chen, Y., Shu, L., Qiu, Z., Lee, D.Y., Settle, S.J., Que Hee, S., Telesca, D., Yang, X., and 
Allard, P. (2016). Exposure to the BPA-Substitute Bisphenol S Causes Unique 
Alterations of Germline Function. PLoS Genetics 12, 1–22. 
https://doi.org/10.1371/journal.pgen.1006223. 

46. Dunning, K.R., Russell, D.L., and Robker, R.L. (2014). Lipids and oocyte developmental 
competence: the role of fatty acids and β-oxidation. https://doi.org/10.1530/REP-13-
0251. 

47. Garcia, A.M., Ladage, M.L., Dumesnil, D.R., Zaman, K., Shulaev, V., Azad, R.K., and 
Padilla, P.A. (2015). Glucose induces sensitivity to oxygen deprivation and modulates 
insulin/IGF-1 signaling and lipid biosynthesis in Caenorhabditis elegans. Genetics 200, 
167–184. https://doi.org/10.1534/genetics.115.174631. 

48. Zhu, G., Yin, F., Wang, L., Wei, W., Jiang, L., and Qin, J. (2016). Modeling type 2 
diabetes-like hyperglycemia in C. elegans on a microdevice. Integrative Biology 8, 30–
38. https://doi.org/10.1039/c5ib00243e. 

49. Svensk, E., Devkota, R., Ståhlman, M., Ranji, P., Rauthan, M., Magnusson, F., 
Hammarsten, S., Johansson, M., Borén, J., and Pilon, M. (2016). Caenorhabditis 
elegans PAQR-2 and IGLR-2 Protect against Glucose Toxicity by Modulating Membrane 
Lipid Composition. PLOS Genetics 12, e1005982. 
https://doi.org/10.1371/journal.pgen.1005982. 

50. Yavorov-Dayliev, D., Milagro, F.I., Ayo, J., Oneca, M., and Aranaz, P. (2022). 
Pediococcus acidilactici CECT9879 (pA1c) Counteracts the Effect of a High-Glucose 
Exposure in C. elegans by Affecting the Insulin Signaling Pathway (IIS). International 
Journal of Molecular Sciences 23, 2689. https://doi.org/10.3390/ijms23052689. 

51. Venz, R., Pekec, T., Katic, I., Ciosk, R., and Ewald, C.Y. (2021). End-of-life targeted 
degradation of DAF-2 insulin/IGF-1 receptor promotes longevity free from growth-related 
pathologies. eLife 10, e71335. https://doi.org/10.7554/eLife.71335. 

52. Zhang, Y.-P., Zhang, W.-H., Zhang, P., Li, Q., Sun, Y., Wang, J.-W., Zhang, S.O., Cai, T., 
Zhan, C., and Dong, M.-Q. (2022). Intestine-specific removal of DAF-2 nearly doubles 
lifespan in Caenorhabditis elegans with little fitness cost. Nat Commun 13, 6339. 
https://doi.org/10.1038/s41467-022-33850-4. 

53. Hughes, S.E., Evason, K., Xiong, C., and Kornfeld, K. (2007). Genetic and 
Pharmacological Factors That Influence Reproductive Aging in Nematodes. PLOS 
Genetics 3, e25. https://doi.org/10.1371/journal.pgen.0030025. 

54. Luo, S., Shaw, W.M., Ashraf, J., and Murphy, C.T. (2009). TGF-ß Sma/Mab signaling 
mutations uncouple reproductive aging from somatic aging. PLoS Genetics 5. 
https://doi.org/10.1371/journal.pgen.1000789. 

55. Patel, D.S., Garza-Garcia, A., Nanji, M., McElwee, J.J., Ackerman, D., Driscoll, P.C., and 
Gems, D. (2008). Clustering of Genetically Defined Allele Classes in the Caenorhabditis 
elegans DAF-2 Insulin/IGF-1 Receptor. Genetics 178, 931–946. 
https://doi.org/10.1534/genetics.107.070813. 

56. Dillin, A., Crawford, D.K., and Kenyon, C. (2002). Timing Requirements for Insulin/IGF-1 
Signaling in C. elegans. Science 298, 830–834. 
https://doi.org/10.1126/science.1074240. 

57. Medina, A., Bellec, K., Polcowñuk, S., and Cordero, J.B. (2022). Investigating local and 
systemic intestinal signalling in health and disease with Drosophila. Disease Models & 
Mechanisms 15, dmm049332. https://doi.org/10.1242/dmm.049332. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/


 19 

58. Huang, F., Cao, Y., Liang, J., Tang, R., Wu, S., Zhang, P., and Chen, R. The influence of 
the gut microbiome on ovarian aging. Gut Microbes 16, 2295394. 
https://doi.org/10.1080/19490976.2023.2295394. 

59. Kaletsky, R., Moore, R.S., Vrla, G.D., Parsons, L.L., Gitai, Z., and Murphy, C.T. (2020). 
C. elegans interprets bacterial non-coding RNAs to learn pathogenic avoidance. Nature 
586, 445–451. https://doi.org/10.1038/s41586-020-2699-5. 

60. Divekar, N.S., Horton, H.E., and Wignall, S.M. (2021). Methods for rapid protein 
depletion in C. elegans using auxin-inducible degradation. Curr Protoc 1, e16. 
https://doi.org/10.1002/cpz1.16. 

61. Templeman, N.M., Cota, V., Keyes, W., Kaletsky, R., and Murphy, C.T. (2020). CREB 
Non-autonomously Controls Reproductive Aging through Hedgehog/Patched Signaling. 
Developmental Cell 54, 92-105.e5. https://doi.org/10.1016/j.devcel.2020.05.023. 

62. O’Rourke, E.J., Soukas, A.A., Carr, C.E., and Ruvkun, G. (2009). C. elegans Major Fats 
Are Stored in Vesicles Distinct from Lysosome-Related Organelles. Cell Metabolism 10, 
430–435. https://doi.org/10.1016/j.cmet.2009.10.002. 

63. Mosquera, J.V., Bacher, M.C., and Priess, J.R. (2021). Nuclear lipid droplets and nuclear 
damage in Caenorhabditis elegans. PLOS Genetics 17, e1009602. 
https://doi.org/10.1371/journal.pgen.1009602. 

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 8, 2025. ; https://doi.org/10.1101/2025.07.04.663088doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.04.663088
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Pages from covers-8.pdf
	athar_glucose_2025.pdf



