
 

 

 

 

 

 

 

BIOLOGICAL TIME ZONES

 

Evidence that different organ systems within a single body

operate on measurably different internal clocks

 

 

 

 

 

PROF. SIOBÁN Ó'FLAITHEARTA

 


 

Copyright © Siobhán Ó'Flaithearta

All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, digital scanning, or other electronic or mechanical methods, without the prior written permission of the copyright holder, except in the case of brief quotations embodied in critical reviews and other noncommercial uses permitted by copyright law.

The moral right of Siobhán Ó'Flaithearta to be identified as the author of this work has been asserted in accordance with applicable copyright law.

For permissions requests, contact the author through official channels. Unauthorized reproduction or distribution of this work in any form constitutes an infringement of copyright.

This publication is sold subject to the condition that it shall not, by way of trade or otherwise, be lent, resold, hired out, or otherwise circulated without the prior written consent of the copyright holder in any form other than that in which it is published.

The scientific data and research findings cited in this work are drawn from peer-reviewed publications and reputable academic sources. The author has made every reasonable effort to ensure accuracy. This book is intended for educational and informational purposes and does not constitute medical advice. Readers should consult qualified healthcare professionals before making any changes to their health practices.

 

First Edition

 


 

TABLE OF CONTENTS

 

 

Author's Note1

Introduction: The Body Is Not One Clock4

 

CHAPTERS

One      The Master Clock and Its Limits10

Two      The Liver's Calendar20

Three    The Heart's Own Rhythm30

Four     The Lungs on a Different Schedule40

Five     Brain Regions and Their Independent Clocks50

Six      The Gut's Biological Time60

Seven    Hormonal Asynchrony68

Eight    Immune Time78

Nine     Clock Conflicts88

Ten      Chronotherapy98

 

BACK MATTER

Epilogue: The Next Frontier110

Selected References114

 

 


	
Author's Note

There is a particular kind of professional discomfort that comes from realising your mental model of something important has been wrong. For me, that realisation arrived not in a lecture theatre or a laboratory but in a conversation with a cardiologist colleague who had noticed something that did not fit neatly into what any of us had been trained to expect. Her patient had undergone a surgical procedure in the late afternoon and had recovered without complication. Six weeks later, a nearly identical patient, same age, same diagnosis, same surgical team, same procedure, had his operation scheduled for early morning. He did not recover as smoothly. The outcomes were not dramatically different, but the difference was there, documented in the notes, and she could not stop thinking about it.

That conversation sent me down a research path I have not stepped off since. What I found was a field of biology that had been quietly accumulating evidence for decades, evidence that the body does not run on a single clock but on many, that different organ systems maintain their own internal timekeeping and that these clocks can drift apart from each other in ways that have measurable, clinically significant consequences. The field is called chronobiology, and its implications for medicine, for daily health decisions, and for how we think about the human body are still being understood.

This book is not a research monograph. It is written for anyone who has ever wondered why heart attacks cluster in the morning, why asthma is worst at three in the morning, why eating late at night seems different from eating at noon even if the calories are identical, and why some people never quite recover their timing after years of shift work. It is written for patients who have sensed that when they take their medication matters, and for clinicians who have encountered the same intuition without a framework to explain it. It is written, above all, for readers who find the human body endlessly interesting and who have not yet encountered the concept that their organs are running on different time schedules simultaneously.

A word about the intended audience of this book. I have written it for readers who are curious about biology and medicine but who have no specialist training. I have avoided equations and have tried to explain every technical term when it first appears. At the same time, I have not simplified the science to the point of distortion. Chronobiology is a complex field and its mechanisms are genuinely intricate. My aim has been to convey the genuine intricacy in language that does not require a medical degree to follow. Where I have succeeded in this, the credit belongs to the many students and colleagues who have listened to my lectures and told me, without excessive diplomacy, when I was being obscure.

The pace of research in this field is rapid, and some of what I have written will be superseded by the time you read it. I have tried to focus on findings that are robust and replicated rather than on preliminary data that may not survive the scrutiny of replication studies. Where I have included findings that are still contested or preliminary, I have said so. Biology is always work in progress, and circadian biology perhaps more than most. The fact that our understanding is still developing is not a weakness of the field but a sign of its vitality. Every chapter in this book ends with unanswered questions, and that is exactly how science should look when it is working properly.

The science here is real and the studies are documented. Where findings remain contested or where the clinical applications are still developing, I have tried to say so clearly. Chronobiology is a young field in the sense that its molecular mechanisms have only been understood since the 1990s, even though Franz Halberg coined the term "circadian" back in 1959 and researchers have observed time-of-day effects in physiology for considerably longer than that. We are in the middle of a revolution in how biology understands time, and the revolution is still accelerating.

My particular interest is in what I call biological time zones: the measurable phase differences between the internal clocks of different organ systems within the same body. The liver may be running several hours behind or ahead of the heart. The lungs may be on a different schedule from the immune system. These differences are not noise. They are signal. They reflect real biology, and when they grow too large, when social obligations, shift rosters, or disease processes push organ clocks out of alignment with each other, the consequences show up in the data. This book explains how and why.

I have spent a considerable portion of my academic career trying to explain complex biology to audiences who are deeply intelligent but not specialists, and I have learned that the best explanations are concrete, specific, and honest about what remains uncertain. I have tried to apply those principles throughout. Where the science is settled I have said so. Where it is preliminary but promising I have said so too. The goal throughout is not to convince you of a particular clinical protocol but to give you a richer understanding of the body you live in and the clocks it is running.


	
Introduction: The Body Is Not One Clock

Consider what happens to your body during a long-haul flight from London to Tokyo. You board the plane in the early evening, you endure ten or eleven hours of uncomfortable semi-sleep in a pressurised cabin, and you land in the Japanese morning. For the next several days you are exhausted, your appetite is wrong, your digestion is off, your mood is unstable and your concentration is patchy. This experience is so familiar that we have a name for it, and we treat it as a more or less trivial inconvenience, something that resolves on its own within a few days.

What jet lag actually represents, however, is a profound biological crisis in miniature. When you cross multiple time zones, the various systems of your body begin adjusting to the new time schedule at different rates. Your brain adapts relatively quickly to the local light-dark cycle. Your liver, which runs primarily on the timing of meals, takes several more days to shift its rhythms. Your immune system has its own adjustment timeline. Your gut microbiome oscillates on its own schedule that may take a week or more to fully realign. For several days after a transmeridian flight you are not simply a tired person. You are a person whose organ systems are operating in different time zones simultaneously, each running its own internal clock at a slightly different phase from the others.

This is the central subject of this book. The body does not run on a single master clock that dictates the timing of every physiological process. It runs on a distributed network of semi-independent clocks, one in virtually every cell and tissue, all loosely coordinated by a central timekeeper in the brain but all capable of running on their own schedule when circumstances push them in that direction. Understanding this distributed architecture changes everything about how we think about human physiology, about the timing of disease, and about the rational basis for treatment.


	The Traditional View and Why It Was Incomplete

For most of the twentieth century, biologists who thought about circadian rhythms at all thought of them as a single, centrally controlled process. There was a clock in the brain, the suprachiasmatic nucleus (SCN), which received light signals from the eyes and used them to maintain a roughly twenty-four-hour cycle. This clock was understood to drive all the rhythmic processes in the body: the daily fluctuation in body temperature, the rise and fall of cortisol, the alternation between sleeping and waking. The SCN was the conductor. Everything else followed.

This was not a foolish model. It was supported by a large body of evidence. When researchers destroyed the SCN in rodents, circadian rhythms in behavior and physiology collapsed. When they transplanted SCN tissue from one animal to another, the recipient animal took on the donor's rhythmic period. The SCN was clearly doing something essential. The mistake was not in identifying it as central but in assuming it was sufficient.

The paradigm began to shift in the late 1990s. In 1997 and 1998, several groups working independently demonstrated that isolated tissue from organs outside the brain, including liver, lung, and heart, contained the same molecular clockwork that was known to operate in the SCN. These peripheral cells could maintain circadian oscillations entirely on their own, without any input from the central clock. In 1998, a team at the Schibler laboratory in Geneva showed that a serum shock applied to ordinary rat fibroblasts in a culture dish was sufficient to synchronise circadian gene expression in cells that had no connection whatsoever to a brain or an SCN. The clockwork was in every cell. It had always been there. Biologists simply had not known what they were looking at.


	The Concept of Biological Time Zones

The discovery that every cell contains its own molecular clock raises an immediate question. If clocks are everywhere, what stops them from drifting apart from each other? In healthy people living regular lives, the answer is that multiple synchronising cues, called zeitgebers from the German word for "time-givers," keep the peripheral clocks aligned with each other and with the central clock. Light is the primary zeitgeber for the SCN. Food timing is the primary zeitgeber for the liver. Exercise, temperature, and social cues all have zeitgeber properties for various peripheral clocks.

The problem is that these different zeitgebers can point in different directions. A person who works night shifts is exposed to artificial light at night, which pushes the central brain clock in one direction. Their meals, if they eat during the work shift, push the liver clock in another direction. Their exercise habits push the musculoskeletal clock in yet another. The result is not simply fatigue or even a body clock that is wrong. It is a body whose organ clocks are running at different phases from each other, creating internal desynchrony. This is what I mean by biological time zones.

The phrase "time zones" is not merely metaphorical. Researchers can now measure the phase of the molecular clock in isolated cells from different tissues, and they find real, quantifiable phase differences. In a person living a regular life aligned with the natural light-dark cycle, the liver clock runs approximately six to eight hours behind the brain clock. This is normal and functional: the liver is a metabolic organ that needs to be primed for food processing several hours after the body has begun its waking cycle. But in a shift worker, in someone with severely disrupted sleep patterns, or in someone with certain genetic variants of clock genes, these phase differences can grow larger, and the consequences are measurable in cardiovascular risk, metabolic health, immune function, and cancer susceptibility.


	


What This Book Covers

This book works through the principal organ systems of the body and examines the evidence for their independent timekeeping. Chapter One establishes the molecular foundation: what the central clock in the SCN is, how it works, and why it is not the whole story. Each subsequent chapter examines a specific organ system: the liver, the heart, the lungs, the brain, the gut, the endocrine system, and the immune system. In each case I want to show not only that the system has its own clock but that the clock runs on a measurably different schedule from the central brain clock under certain conditions, and that this difference matters for health and disease.

Circadian biology also offers a different kind of corrective to a tendency in modern medicine that has become increasingly problematic: the tendency to think of disease as a static condition rather than a dynamic process. A person with type 2 diabetes is not simply diabetic at every moment of the day in the same way. Their glucose metabolism varies enormously over the twenty-four hours, their insulin sensitivity follows a circadian curve, and the moment-to-moment state of their metabolic system is as important to their health outcomes as the average values that inform their diagnosis. A medicine that ignores this dynamism, that treats disease as a snapshot rather than a movie, will inevitably miss important therapeutic opportunities. Chronobiology makes the dynamism visible and, more importantly, tractable.

One practical note before proceeding. Circadian biology is a field with its own terminology



