Trop J Nat Prod Res, September 2024; 8(9):8269-8274 ISSN 2616-0684 (Print)

ISSN 2616-0692 (Electronic)

Tropical Journal of Natural Product Research

E Available online at https://www.tjnpr.org

——

Biochemistry of Aging: Decoding the Complex Pathways to Longevity

Abraham E.Ubhenin®*, Joshua Ikebuiro?, Fatima A. Adamude?, Mohammed A. Abdulrasak?, Jibril H. Limam?, Kingsley
Omage?®

'Department of Biochemistry, Faculty of Sciences, Federal University of Lafia, Nasarawa State, Nigeria

2 Human and Animal Physiology, Wageningen University and Research, Netherland

3Division of Nephrology and Hypertension, Department of Medicine, Oregon Health and Science University, Portland, United
States of America

ARTICLE INFO ABSTRACT

The study explores the intricate biochemical mechanisms driving aging and their inferences for
prolonged existence and to identify implicit remedial targets for interventions that promote
healthier aging. A comprehensive literature investigation was conducted across different
databases and search machines to identify material exploration papers, reviews, and studies
concentrated on critical biochemical mechanisms driving aging. Data abstraction and synthesis
were performed to organize findings into thematic sections, each devoted to a specific biochemical
mechanism. The connection of these mechanisms and their relative influence on aging were
investigated, and consequences for age-associated conditions and implicit strategies to enhance
health span and lifetime were explored. The review highlights the pivotal function of cellular
anility, genomic integrity, mitochondrial function, inflammation, genetics, epigenetic regulation,
and nutrient seeing in shaping the aging process. Transcriptional processes, including RNA
. . L polymerase Il extension speed and chromatin structure, are also intertwined in aging. Sirtuins,
Copyright: © 2024 Ubhenin et al. This is an open- NyAD, and circadian timepieces regulate lifetime and health span, while exercise and nutrition play
?:Cr(u:siiisveartlélc?m?r:ztr:;bui?triltj)z(tji?)rn thﬁict;:?es vavhgzﬁ pivotal functions in maintaining cellular health. Drugs targeting aging pathways and biomarkers
e s ' ; for assessing aging processes show capacity. This study provides a comprehensive understanding
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in any medium, provided the original author and o_f t_hg molecu!ar rr!echamsms underp'mnl_ng aging and lifetime regulation, stressing the
source are credited. significance of interdisciplinary exploration in addressing the complex challenges of aging. The
known biochemical mechanisms offer implicit remedial targets for interventions promoting
healthier aging and extended life. Evolving trends and impending directions in longevity research
are bandied, and limitations and challenges in deciphering exploration issues into practical
interventions are addressed.
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Introduction

This phenomenon correlates with changing in splicing and transcript
quality, highlighting fundamental molecular mechanisms of animal
aging. ® Histone proteins and chromatin structure also impact Pol 11

The pursuit of understanding aging and extending the human
lifespan has evolved significantly, with a focus on intricate biochemical

processes at cellular and molecular levels.! Aging is a complex
phenomenon characterized by a physiological decline or susceptibility
to diseases, and gradual loss of cellular fitness, influenced by genetics,
epigenetics, metabolism, and environmental factors.? Research has
identified crucial mechanisms driving aging, including cellular
senescence, genomic integrity, mitochondrial function, nutrient
sensing, inflammation, and genetics. 34 These mechanisms shape the
path of aging, offering potential therapeutic targets for interventions
that promote longer, healthier lives.
Transcriptional processes play a crucial role in aging, with a consistent
increase in RNA polymerase Il (Pol I1) elongation speed across various
organisms.®
*Corresponding author. Email: ehibram@yahoo.co.uk

Tel: +2348133893080

Citation: Ubhenin AE, Ikebuiro J, Adamude FA, Abdulrasak MA, Limam
JH, Omage K. Biochemistry of Aging: Decoding the Complex Pathways to
Longevity. Trop J Nat Prod Res. 2024; 8(9): 8269-8274
https://doi.org/10.26538/tjnpr/v8i9.3

Official Journal of Natural Product Research Group, Faculty of Pharmacy,
University of Benin, Benin City, Nigeria

elongation speed and lifespan, with alterations in chromatin structure
contributing to aging-related phenotypes.”®

Sirtuins and NAD+ regulate lifespan and healthspan, while circadian
clocks, mitochondrial function, and oxidative stress impact aging.%°
Cellular senescence, chronic inflammation, and proteostasis also
influence aging, with exercise and nutrition playing crucial roles in
maintaining cellular health.** .Drugs targeting aging pathways, such as
rapamycin and senolytic drugs, show prospects in extending lifespan
and improving healthspan. Sirtuin-activating compounds and NAD+
precursors also demonstrate neuroprotective potential, while
biomarkers are needed to assess aging processes and intervention
efficacy.!?

Understanding the molecular mechanisms underlying aging and
lifespan regulation is crucial for healthy longevity. This study provides
a comprehensive understanding of these mechanisms, highlighting the
importance of interdisciplinary research in addressing the complex
challenges of aging.

Materials and Methods

The review article employs a comprehensive methodology
encompassing several key stages. Firstly, an extensive literature search
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was conducted across various databases and search engines to identify
pertinent research articles, reviews, and studies pertinent to aging
mechanisms and longevity implications. Selection criteria were
employed to focus on articles centered around critical biochemical
mechanisms  driving aging, including cellular senescence,
mitochondrial function, epigenetic regulation, inflammation, genetic
factors, and nutrient sensing.

The data extraction phase involved distilling key insights and findings
from selected articles related to the diverse biochemical drivers of aging
and their potential impact on extending lifespan. Pertinent studies that
examined interventions aimed at ameliorating the effects of aging and
promoting healthier aging were also identified. These findings were
organized into distinct thematic sections, each dedicated to a specific
biochemical mechanism. Within these sections, a synthesis of research
findings, associated methodologies, and implications for aging and
longevity was presented. The integration and discussion phase involved
analyzing the interconnectedness of these diverse biochemical
mechanisms and their cumulative influence on the aging process. This
section also delved into the implications of these mechanisms for age-
associated diseases and explored potential strategies to enhance health
span and lifespan. Moreover, emerging trends, such as the roles of the
gut microbiota, epigenetic clocks, and plant-derived natural products,
were highlighted, and future directions in aging research were
speculated upon. The review also addressed limitations inherent in the
reviewed studies, including sample sizes and research gaps. Challenges
related to translating research outcomes into practical interventions for
extending lifespan were discussed, followed by a comprehensive
conclusion that summarized the intricate biochemical underpinnings of
aging and the possible avenues for healthier aging and extended
longevity. Proper citation and referencing were ensured throughout the
review to uphold academic integrity and attribute credit to original
authors.

Research Findings on Cellular Senescence and
Senolytics in Longevity

Cellular senescence, a process of irreversible cell growth arrest, is a
significant mechanism in aging. Senescent cells, which accumulate over
time, release inflammatory molecules contributing to chronic
inflammation and age-related diseases . **Senolytics, compounds
designed to eliminate senescent cells, have garnered attention for
promoting healthy aging and extending lifespan . * Initially a defense
against cancer, senescence leads to tissue dysfunction due to
accumulating senescent cells and their pro-inflammatory secretions,
known as the senescence-associated secretory phenotype (SASP) . 1°
Chronic inflammation contributes to age-related conditions like
cardiovascular diseases, diabetes, and neurodegenerative disorders.
Senolytics are promising in addressing this issue by targeting and
removing senescent cells . *°

Studies in animal models, especially mice, demonstrate that analytics
can enhance healthspan, improve physical function, and extend lifespan
by reducing senescent cell burden . *6Senolytic treatments also hold
potential for tissue regeneration by eliminating cells impairing tissue
regeneration, impacting tissue repair and organ function. Research
suggests senolytics can reverse age-related conditions like osteoporosis,
kidney dysfunction, and cardiovascular diseases, resulting in reduced
inflammation and improved tissue function . " Clinical trials in humans
are ongoing to evaluate the safety and effectiveness of senolytic
treatments, aiming to target age-related diseases and enhance overall
healthspan.

Research Findings on Caloric Restriction and Nutrient Sensing in
Longevity

Caloric restriction (CR), a controlled reduction in calorie intake without
malnutrition, has gained attention for its potential to extend lifespan and
promote healthy aging .'* CR operates through nutrient-sensing
pathways, mainly mTOR and AMPK, which regulate cellular
metabolism, energy balance, and responses to nutrient availability .*°
Research consistently demonstrates that CR can extend lifespan and
enhance healthspan in various organisms . % A calorie reduction of 20-
40% leads to increased lifespan and improved age-related health
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markers . %! CR also reduces the incidence of age-related conditions like
cardiovascular diseases, diabetes, and neurodegenerative disorders. 2
The nutrient-sensing pathways mTOR and AMPK play vital roles in
CR's effects.?® Caloric restriction inhibits mTOR, regulating growth and
metabolism, which reduces cell proliferation and protein synthesis
while boosting autophagy to remove damaged components.2#AMPK, an
energy sensor, is activated by CR, enhancing energy production by
promoting glucose uptake, fatty acid oxidation, and mitochondrial
biogenesis . % These pathways collectively contribute to the benefits of
caloric restriction on aging and longevity.

Research Findings on Mitochondrial Function and Oxidative Stress in
Longevity

Mitochondria, vital energy generators within cells, play a pivotal role
in aging and longevity by impacting cellular energy production and
oxidative stress . % Extensive research underscores the significance of
mitochondrial function decline and the accumulation of oxidative
damage as fundamental biochemical mechanisms underpinning the
aging process.?’” These mechanisms contribute to the overall lifespan
and profoundly shape aging outcomes.

Mitochondrial Function and Oxidative Stress: Aging research
demonstrates that mitochondria's function deteriorates over time,
leading to diminished energy production, impaired cellular respiration,
and reduced ATP synthesis . % This decline is associated with electron
transport chain inefficiencies, resulting in heightened reactive oxygen
species (ROS) production.?%® Consequently, cells become more
vulnerable to stress and damage, contributing to age-related cellular
dysfunction and diseases. The mitochondrial theory of aging posits that
oxidative stress, stemming from an imbalance between ROS generation
and cellular antioxidant defenses, plays a pivotal role. 3 Excessive ROS
inflict damage on cellular components like DNA, proteins, and lipids,
accelerating cellular dysfunction and the accumulation of age-related
harm. This culminates in a progressive decline in cellular function as
oxidative stress overwhelms cellular repair mechanisms.

Research Findings on Sirtuins and Epigenetic Regulation in Longevity
Sirtuins, NAD-+-dependent histone deacetylases, and epigenetic
regulation are crucial components in understanding aging and
longevity. Sirtuins, like SIRT1, control DNA repair, metabolism, stress
response, and inflammation, impacting cellular processes . %2 Epigenetic
changes involving DNA methylation, histone modifications, and non-
coding RNAs play a key role in aging, affecting gene activity,
senescence, and disease susceptibility . %

Research indicates that boosting sirtuin levels or activation can extend
lifespan, often through mechanisms like caloric restriction or
compounds like resveratrol > Epigenetic modifications, including
DNA methylation and histone changes, contribute to age-related gene
misregulation. Sirtuins also interact with epigenetic control, influencing
chromatin and gene expression. ® This connection opens possibilities
for interventions using compounds like histone deacetylase inhibitors to
modulate aging-related processes

Research Findings on Inflammation and Immune Function in Longevity
Inflammation and immune function are interconnected mechanisms
crucial to aging and longevity .% Chronic inflammation, known as
inflammation is a hallmark of aging and is linked to various age-related
diseases such as cardiovascular disorders, neurodegenerative
conditions, diabetes, and cancer . 3¥Immunosenescence, the decline in
immune function with age, compounds this issue, leading to reduced
defense against infections . ¥ Chronic inflammation's detrimental
effects are balanced by the necessity of acute inflammation for defense
and repair.

The relationship between inflammation, immune responses, and
cellular senescence is complex. Lifestyle factors like diet, exercise, and
stress management can modulate inflammation and enhance immune
function, offering potential interventions to promote healthier aging . %
Understanding these mechanisms holds promise for addressing age-
related diseases and extending the health span.
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Research Findings on Genetic Factors and Longevity Genes in
Longevity

Genetic factors and longevity genes are integral to understanding aging
and lifespan. Genes like FOXO3, SIRT1, and those linked to IGF-1
signaling and lipid metabolism impact cellular processes . “° FOX03
enhances antioxidant defenses and DNA repair for longevity. SIRT1
regulates mitochondria and gene expression via epigenetics, while IGF-
1 variations affect stress resistance and longevity.** The APOE gene's
alleles relate to aging outcomes, highlighting complex genetics' role in
aging-related diseases. Genetic variability, interactions, and gene-
environment interplay add complexity. > These genes affect oxidative
stress, DNA repair, and mitochondrial function, contributing to
healthspan. Research may lead to strategies for healthier aging and
extended longevity.

Research Findings on Nutrient sensing and Metabolic Regulation in
Longevity

Nutrient sensing and metabolic regulation are pivotal factors in shaping
aging and longevity. The interaction of cellular nutrient sensing
pathways with metabolic responses is essential for maintaining cellular
balance and influencing overall lifespan. The role of mTOR, regulated
by caloric restriction, supports longevity through autophagy.“*AMPK
activation, triggered by caloric restriction and exercise, enhances
cellular resilience and mitochondrial function. 4Sirtuins, particularly
SIRT1, connect nutrient sensing to improved glucose homeostasis and
mitochondrial health . “*Hormesis reinforces the connection between
moderate stressors and enhanced cellular defense mechanisms and
longevity.

Human Activities Can Accelerate the Aging Process

Human activities can accelerate the aging process through various
means. Unhealthy diets, sedentary lifestyles, smoking, substance abuse,
chronic stress, and exposure to environmental toxins can contribute to
conditions like obesity, diabetes, cardiovascular diseases, and other
age-related illnesses . “6 These activities promote oxidative stress,
inflammation, and cellular damage, speeding up aging. Prioritizing a
healthy lifestyle with balanced nutrition, exercise, stress management,
avoiding harmful substances, maintaining mental health, social
connections, sun protection, and proper medical care is essential for
healthier aging and potentially extending lifespan.

Emerging Research Has Uncovered Intricate Biochemical Mechanisms
Recent research has unveiled a complex web of biochemical
mechanisms that contribute to aging and impact lifespan. These
mechanisms encompass various aspects, such as nutrient sensing,
mitochondrial function, genetics, inflammation, and epigenetic
regulation . 4’ Nutrient sensing pathways like mTOR and AMPK, often
influenced by interventions like caloric restriction, play a role in
extending lifespan by optimizing energy utilization and cellular
maintenance .*® Mitochondrial function is crucial, as declining energy
production and increased oxidative stress contribute to cellular
dysfunction over time. Genetic factors, including longevity-related
genes like FOXO03, and SIRT1, and those tied to IGF-1 signaling, shape
cellular processes like stress response and DNA repair, offering insights
into strategies for extending health span and lifespan. ** Chronic
inflammation and immune dysfunction, termed inflammaging and
immunosenescence, respectively, are linked to age-related diseases and
suggest that addressing immune function and inflammation may
support healthier aging. Epigenetic changes, encompassing DNA
modifications and RNA expression, contribute to age-related diseases
and cellular senescence, presenting opportunities for targeted
interventions at the molecular level. * Collectively, these findings
deepen our understanding of aging's complexity and offer potential
avenues for interventions that promote healthy aging, delay age-related
diseases, and extend lifespan. Ongoing research in these biochemical
pathways holds promise for advancing aging research and enhancing
longevity.

Plant-Derived Natural Products in Influencing Aging and Longevity
Mechanisms.
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Research has highlighted the potential of plant-derived natural products
in influencing aging and longevity mechanisms. Compounds like
resveratrol,  curcumin, EGCG,  quercetin, Ginkgo  biloba,
ashwagandha, Rhodiolarosea, garlic, astaxanthin, and berberine offer
various strategies for healthier aging. Resveratrol activates sirtuins for
mitochondrial function , 5! curcumin displays anti-inflammatory
properties, EGCG supports mitochondrial health, and quercetin
enhances vascular health . 5> Ginkgo biloba aids cognitive function,
while adaptogenic herbs combat stress .%¢ Garlic, astaxanthin, and
berberine exhibit antioxidant effects .55 These natural products hold
the potential in promoting aging-related benefits, though more research
is needed for dosage, safety, and mechanisms. As research progresses,
these compounds could contribute to strategies for healthier aging and
extending lifespan.

Human Behaviors can Significantly Accelerate the Aging Process
Through Various Pathways.

Human behaviors can significantly accelerate the aging process through
various pathways. Unhealthy eating habits characterized by excessive
consumption of processed foods, sugary drinks, and unhealthy fats
contribute to conditions like obesity, diabetes, and heart disease .®°
These conditions are linked to oxidative stress, inflammation, and
cellular damage, collectively contributing to accelerated aging.
Similarly, a sedentary lifestyle without regular physical activity leads to
muscle loss, decreased bone density, and compromised cardiovascular
health, underscoring the importance of exercise for maintaining
metabolic health and aiding cellular repair . &

Smoking, substance abuse, and chronic stress also accelerate aging .%
Smoking and substance misuse induces oxidative stress, DNA damage,
and inflammation, fostering age-related diseases . 52 Chronic stress from
work or relationships elevates stress hormones, provoking
inflammation and negatively impacting cellular health. Environmental
toxins, lack of sleep, poor mental health, social isolation, excessive sun
exposure, and inadequate healthcare further compound the aging
process by promoting cellular damage and disrupting biological
processes . 5

Current perspective and future research

Recent advancements in aging and longevity research have revealed the
intricate interplay among factors like mitochondrial function, oxidative
stress, inflammation, epigenetic regulation, genetic diversity, and
nutrient sensing. These interconnected mechanisms provide profound
insights into the aging process, presenting potential avenues for
interventions that could promote healthier aging and extend lifespan.
Mitochondrial dysfunction is a key element in aging, impacting energy
production and cellular health . % Strategies targeting mitochondrial
well-being and epigenetic regulation hold promise for mitigating age-
related diseases and influencing longevity.

Future research is expected to take integrative approaches, exploring
the interactions between different mechanisms. Investigating how
mitochondrial function and epigenetic control intersect could offer
innovative ways to combat the aging-related decline. Understanding the
interplay between genetic factors and environmental influences will
provide holistic insights into longevity. Advancements in technologies
like CRISPR-Cas9 and omics techniques will aid in deciphering the
complex biochemical networks governing aging. Additionally, the
study of plant-derived natural products' potential to influence aging-
associated pathways is expanding, with compounds like resveratrol and
curcumin showing promise. Rigorous research and clinical trials are
necessary to validate the safety and efficacy of these interventions.

Discussion

Research findings in the field of aging and longevity have uncovered a
multitude of biochemical mechanisms that contribute to the aging
process. Mitochondrial dysfunction and oxidative stress, characterized
by reduced energy production and increased reactive oxygen species,
play a central role in cellular decline and age-related diseases. Sirtuins,
like SIRT1 and epigenetic modifications intricately regulate DNA
repair, stress response, and metabolism, influencing cellular aging
patterns . % Inflammation and immune function, typified by chronic
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inflammation and immunosenescence, contribute to age-related
diseases and reduced immune efficacy . &

Genetic factors, including genes like FOXO3, SIRT1, and APOE, are
linked to extended lifespan and decreased disease risk, impacting stress
response, lipid metabolism, and more . ® Nutrient sensing and
metabolic pathways, such as mTOR and AMPK, play roles in
maintaining energy balance and influencing aging-related processes .
Plant-derived natural products like resveratrol, curcumin, and EGCG
exhibit potential in mitigating oxidative stress and inflammation,
though further research is warranted . -5 Caloric restriction and
intermittent fasting offer insights into extending lifespan via metabolic
pathways and cellular repair mechanisms . 82!

Cellular senescence and telomere shortening contribute to cellular
aging, while hormonal changes influence metabolism and muscle mass
."%Proteostasis and autophagy are vital for maintaining cellular health
by ensuring proper protein quality control. The microbiota-gut-brain
axis is implicated in aging, impacting metabolism and
neurodegenerative conditions. Changes in the extracellular matrix and
tissue stiffness play a role in age-related tissue dysfunction. These
research findings collectively provide a holistic understanding of the
intricate biochemical processes underlying aging and longevity,
offering prospects for interventions that promote healthier aging and
prolonged lifespan through targeted approaches.

Research in aging and longevity is advancing in several key areas. One
focus is on the Senescence-Associated Secretory Phenotype (SASP),
where researchers study how senescent cells release molecules
contributing to chronic inflammation, a hallmark of aging and age-
related diseases . * Modulating SASP holds promise for interventions
that reduce inflammation and promote healthier aging . ”> Another area
of interest is the Gut Microbiota and Aging, exploring how changes in
gut microbiota composition with age impact inflammation, immune
function, and nutrient metabolism . 7 Strategies like probiotics and
dietary interventions are being investigated to enhance healthy aging.
Epigenetic Clocks and Aging Biomarkers involve computational
models using DNA methylation patterns to estimate biological age and
predict disease risk . * Researchers are refining these clocks and
investigating how epigenetic modifications link to the aging process . ™
Developing interventions targeting epigenetic changes could potentially
slow down aging. Senescence and Tissue Regeneration research is
uncovering how cellular senescence affects tissue repair and healing
processes.” Strategies to remove or rejuvenate senescent cells could
enhance tissue repair and recovery after injuries or surgeries. Lastly, the
study of Longevity Pathways and Interventions targets genes and
pathways associated with longevity. Compounds mimicking calorie
restriction and enhancing autophagy are investigated for their potential
to activate longevity pathways, to extend health span.

In conclusion, the study of aging's intricate biochemical mechanisms
and their relevance to longevity reveals a complex interplay of factors.
Themes such as mitochondrial function, oxidative stress, inflammation,
epigenetic regulation, genetic diversity, and nutrient sensing
collectively shape our understanding of aging processes. These insights
provide potential pathways for interventions aimed at promoting
healthier aging and extending lifespan.

Mitochondria's significance in aging is highlighted, with dysfunctional
activity contributing to energy decline and oxidative stress. Strategies
targeting mitochondrial health, like calorie restriction mimetics and
antioxidants, hold promise for mitigating age-related diseases.
Epigenetic regulation also gains prominence, as DNA methylation and
histone modifications influence gene expression and cellular behavior.
Manipulating epigenetic changes presents an avenue for influencing
aging.

Future research directions emphasize comprehensive approaches that
bridge mechanisms. Understanding the interaction between
mitochondrial function and epigenetic control could offer novel
strategies. Integrating advanced technologies, like precision genetic
modifications and omics techniques, will unveil complex biochemical
networks that underlie aging. Research into plant-derived compounds,
such as resveratrol and curcumin, may provide new avenues for healthy
aging. Rigorous trials and longitudinal studies are vital for validating
interventions.
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Limitations of this Review

Despite the depth and breadth of this review on the biochemistry of
aging, several limitations seem to be stressed. originally, the focus on
biochemical processes may have overlooked other influential factors in
aging, like social determinants, environmental exposures, and
psychosocial aspects, which could significantly impact the overall
understanding of aging.

Also, the review generally relies on prevailing literature, potentially
leading to preconceptions toward well-established exploration areas
and overlooking evolving conceptions or inconsistent findings. This
reliance on published studies may also limit the disquisition of new
perspectives or indispensable suppositions in this domain of aging
biology.

Additionally, while the review provides perceptivity into the molecular
mechanisms underpinning aging, it may not completely address the
translational aspects of this knowledge into practical interventions for
promoting healthier aging and extending lifetime. The efficacity and
safety of proposed interventions, similar to histone protein
manipulation or sirtuin activation, bear rigorous confirmation through
clinical trials before wide perpetration.

Similarly, the conception of findings across different organisms, from
nematodes to humans, may obfuscate the complexity of aging
processes, as species-specific differences in inheritable regulation and
physiological responses must be considered. The connection of
exploration findings from animal models to human subjects may also
pose challenges due to natural variations and ethical considerations.
Incipiently, while the review touches upon the impact of demographic
shifts towards growing populations, it may not claw deeply into the
socio-profitable  counteraccusations and healthcare challenges
associated with this global trend. A further comprehensive analysis of
these factors could give precious perceptivity to addressing the
requirements of growing populations worldwide.

Conclusion

In conclusion, this study delves into the intricate biochemistry of aging,
unraveling the complex pathways that uphold the process of longevity.
By exploring the molecular mechanisms governing cellular anility,
genomic integrity, mitochondrial function, and inflammation, the study
offers precious perceptivity into implicit interventions for promoting
healthier aging and extending lifetime.

Future exploration should address these limitations imitations by
espousing a more holistic approach that integrates perceptivity in many
disciplines, including sociology, environmental wisdom, and
psychology. By bridging the gap between introductory exploration and
translational operations, we can develop targeted interventions that not
only enhance our understanding of aging but also ameliorate the quality
of life for aging populations worldwide.
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