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Abstract

Chronodisruption, a common issue in urbanized societies, has been linked to detrimental health effects from gestation to adulthood, including

metabolic and cardiovascular dysfunctions. Aligned with the Developmental Origins of Health and Disease (DOHaD) hypothesis, our research focuses
on maternal-fetal circadian interactions, with melatonin as a key mediator. This study investigates the therapeutic potential of supplementing
maternal melatonin to alleviate the impact of gestational chronodisruption on offspring. corticosterone rhythms. By using Sprague-Dawley rats,
pregnant females were divided into three groups: a control group (LD-Control) maintained in a standard photoperiod, a chronodisrupted group
(CPS) subjected to chronicphotoperiod shifting, and a CPS melatonin-treated group (CPS+Mel) undergoing photoperiod shifting with melatonin
supplementation. Plasma corticosterone levels were measured at 200 days postpartum. The CPS group displayed desynchronized corticosterone
rhythms, while the LD-Control group showed normal synchronization. Remarkably, the CPS+Mel group exhibited significantly normalized rhythms,
with corticosterone secretion patterns closely resembling the control group. This suggests that prenatal melatonin supplementation can counteract
the adverse effects of gestational chronodisruption, potentially restoring circadian homeostasis in offspring. These findings highlight melatonin’s
role in fetal programming and suggest its potential in managing environmental disruptions affecting circadian biology, reinforcing the importance

of circadian factors in developmental health.

Introduction

In urbanized societies, the disruption of natural light/
dark cycles, known as chrono disruption, significantly impacts
human health from gestation to adulthood [1-4]. Studies have
stablished a connection between gestational chrono disruption
and adverse pregnancy outcomes, as well as altered physiological
development in offspring, highlighting its role in metabolic and
cardiovascular dysfunctions [4-12]. This phenomenon aligns with
the Developmental Origins of Health and Disease (DOHaD) models,
emphasizing the importance of maternal-fetal circadian interactions
[4,13-16]. Melatonin, a key regulator of circadian rhythms, emerges
as a potential mediator in mitigating these effects. Alterations in
melatonin are linked to the developmental programming of Non-
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Communicable Diseases and may play a pivotal role in addressing
the consequences of gestational chrono disruption [17-21]. This
study investigates the therapeutic role of maternal melatonin
supplementation in normalizing offspring corticosterone rhythms
disrupted by gestational chrono disruption, proposing it as a critical
factor in fetal programming.

Materials and Methods

Animals and experimental procedures: Sprague-Dawley rats
were obtained from Charles River (CRL International Inc., Kingston,
NY) and were housed in our facility under standard conditions,
including a 12:12h light-dark cycle photoperiod with light on at
07:00 AM; approximately ~400 Ix at the head level;
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controlled temperature (20 + 22C), food and water ad libitum.
Then, young females (90-110 days of age) were mated during the
night, and the following morning at 09:00 h, vaginal smears were
conducted to confirm sperm presence and stablish zero days of
gestation or embryonic day (EO). At this stage pregnant females
were randomly allocated into three groups and maintained under
the following photoperiod protocols, as reported previously [22].
LD-Control: Pregnant rats maintained during gestation under a
standard photoperiod 12:12h (light: dark cycle; lights on at 07:00
AM). CPS: Chronic photoperiod shifting, pregnant rats exposed
to chronic photoperiod shifting (simulating rotating shift work)
until 18 days of gestation. Subsequently, pregnant dams returned
to normal LD photoperiod until delivery 8 CPS+Mel: Pregnant rats
exposed to chronic photoperiod shifting and treated with melatonin
in the drinking water (2pg/ml; about 60 pg total; doses 150-165 pg
/kg of weight) during subjective night (19:00 - 07:00h) from day EO
until 18 days of gestation, as reported previously by us [23]. Animal
handling and care was performed following the Guide for the Care
and Use of Laboratory Animals of the Institute for Laboratory
Animal Research of the National Research Council. The protocols
were 2 approved by the Bioethics Commission from Universidad
Austral de Chile (CBA#352/2019). After delivery mothers and
newborns were maintained together until weaning (day 21)
and under LD photoperiod cycle. At 200 days old, male offspring
were subjected to corticosterone daily rhythms assessment. Daily

plasma rhythms of corticosterone measurement: Males from each
experimental group (LD, n=9; CPS, n=9; CPS+Mel, n=10) were
deeply anaesthetized (isoflurane 2.0-3.0%) for about 10 minutes
and blood samples (200 pl) were collected from the tail every 4 h
around the clock. The animals returned to their room until the next
sample. Blood samples were immediately centrifuged at 13,000xg
for 5 minutes and serum was separated and stored at —20°C for
subsequent measurements. Corticosterone levels were determined
using MILLIPLEX MAP Rat Stress Hormone Millipore (cat. no.
RSHMAG-69K) on the Luminex® xMAP® platform (EMD Millipore
Corporation, Billerica, MA, USA), following the manufacturer’s
instructions. Both intra- and inter-assay variabilities were lower
than 10% and 15%, respectively. The results were expressed as ng/
ml.

Statistical analysis: To evaluate 24 h changes on daily
corticosterone measurement in adult offspring, mean data for
each clock time was fitted to a theoretical cosine function to
calculate the hour of acrophases and correlation coefficients for
the experimental group. To determine clock time changes within
a group we used one-way ANOVA and Tukey test. To compare data
between groups we used two-way ANOVA with Bonferroni multiple
comparison tests. Analyzes were performed using Graph Pad Prism
Software V10.0, USA. Differences with P < 0.05 were considered
statistically significant.

Results
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Figure 1: Effect of gestational chronodisruption on plasma corticosterone daily rhythms at 200 days of age. A). Daily rhythm of corticosterone
in male LD offspring (n=9, grey circle). B). Daily rhythm of corticosterone in male CPS offspring (n=9, white circle). C). Daily rhythm of
corticosterone in male CPS + Mel offspring (n=10, black circle). D) distribution of individual acrophases in each group around 24-h clock.
Acrophase (q) denotes the clock time at which the maximal mean of plasma corticosterone levels occurs. Shaded bars represent lights off.
S J

Control (gestated in a normal 12 h:12 h photoperiod) and CPS
(gestated under chronodisruption) adult rats displayed significantly
different daily rhythms of plasma corticosterone, as has been
described in other studies at other postnatal ages. Control rats
showed synchronized daily plasma corticosterone rhythms, with
individual acrophases between 20.00 h and 01.00 h (Figure. 1A-D),
while the daily rhythm of the mean data fitted a synchronized daily
rhythm (acrophase q: 00.09h; Figure 1A). In contrast, the individual
plasma corticosterone acrophases of CPS offspring were widely
distributed around the clock (between02.00 and 23.00 h, Figure.
1D), thus the average data did not fit a synchronized daily rhythm
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(Figure. 1B).Notably, no differences were detected between these
groups regarding the 24-hour mean of corticosterone, suggesting
that the misalignment of the circadian rhythm of CPS offspring,
at least at 200 days of age did not impact the total production of
corticosterone. Conversely, CPS + Mel offspring at 200 days of age
exhibited robust daily corticosterone rhythms, with individual
acrophases during the first half of the dark phase (Figure 1C-
D, please note that Figure 1C is in other scales). The mean data
reflected a synchronizeddaily rhythm (acrophase q: 22.56 h),
indicating that prenatal melatonin treatment restores regulatory
mechanisms in the adrenal gland, strongly associated with
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corticosterone 24-h rhythmicity. In contrast with those observed
in LD and CPS offspring, CPS+Mel offspring display significant
differences in 24-hour mean of corticosterone, displaying almost a
half of corticosterone that the other groups (LD: 223.8 +54 ng/ml
vs CPS: 248.7 £ 31.1 ng/ml vs CPS + Mel 107.2 + 30.6 ng/ml).

Conclusion

Our study highlights the potential of maternal melatonin
supplementation as a therapeutic intervention for mitigating
the impacts of gestational chronodisruption on offspring. The
normalization of corticosterone rhythms in the CPS+Mel group
suggests that melatonin may play a crucial role in maintaining
circadian homeostasis, which is disrupted under conditions
of altered light/dark cycles during gestation. These findings
contribute to our understanding of the DOHaD model, emphasizing
the importance of circadian factors in fetal programming and long-
term health outcomes. Further research is imperative to explore
the underlying mechanisms of melatonin’s protective effects and to
evaluate its potential clinical applications in managing the impacts
of environmental disruptions on circadian biology.
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