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MOST ORGANISMS POSSESS 

A CIRCADIAN CLOCK (A 

BIOLOGICAL CLOCK WITH A 

DAILY RHYTHM OF ABOUT 

24 HOURS). WE ARE 

EXPLORING HOW THE 

BODY’S “MASTER CLOCK”, 

LOCATED IN TWO SMALL 

GROUPS OF CELLS IN THE 

HYPOTHALAMUS OF THE 

BRAIN (THE 

SUPRACHIASMATIC NUCLEI 

OR SCN), DRIVES DAILY 

RHYTHMS OF SLEEP AND 

WAKEFULNESS, BODY 

TEMPERATURE, HORMONE 

SECRETION, HEART RATE, 

DIGESTION AND DRUG 

METABOLISM 

 

discovery that mice lacking the VPAC2 

receptor - a G protein-coupled 

receptor for the neuropeptide 

vasoactive intestinal peptide (VIP) – 

lack circadian rhythms of behaviour 

and display dampened rhythms of 

electrical activity and gene expression 

in the SCN. Subsequent work showed 

that the SCN clock is “stopped” 

because VIP signalling between 

neurons of the SCN synchronises their 

activity and is essential for the 

production of a robust rhythm. The 

effect of the VPAC2 receptor mutation 

is confined to the SCN and so can be 

used to explore how the molecular 

clock mechanism in other parts of the 

body (unaffected by the mutation) is 

controlled. Other groups have shown  

Fig 1. The body’s “master clock” is 
located in the suprachiasmatic nuclei of 
the hypothalamus, here stained blue in 
a section of brain from a transgenic 
mouse expressing b-galactosidase under 
the control of the promoter of the VPAC2 
receptor gene  

 

    BACKGROUND 

The frequency of events such as heart 

attacks, asthma, sudden cardiac death and 

stroke varies dramatically across the day, 

suggesting that circadian rhythms are 

involved in the timing of disease 

symptoms. In shift workers and in people 

with jet lag, signals from the SCN clock 

may conflict with the light-dark cycle, 

leading to impaired physical and mental 

well being and an increased risk of 

accidents as a result of tiredness. Shift 

work and jet lag have also been claimed to 

have long-term effects on health, including 

increased risks of heart disease and 

cancer. A better understanding of circadian 

rhythms is likely to improve our 

understanding of diseases such as 

arthritis, asthma and cardiovascular 

disease, and may suggest new approaches 

to treatment. Circadian clocks using the 

same biochemical mechanism that drives 

the SCN clock, are found in most tissues 

and are thought to be important in the 

local control of rhythms of physiology and 

biochemistry.  Although we now 

understand the genes that make up the 

circadian clock and how cells produce 

circadian rhythms, the mechanisms by 

which the circadian clock organises daily 

rhythms of behaviour, physiology and 

metabolism in mammals are poorly 

understood.  

 

VIP signalling is required for the 

ticking of the SCN clock 

Our interest in chronobiology (the science 

of rhythmic phenomena in living 

organisms) began with the unexpected 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that this intercellular signalling 

mechanism is also important for 

the “master clock” of the fruit fly 

Drosophila and has thus been 

conserved across at least 600 

million years of evolutionary time.  

 
Control of circadian rhythms 

outside the SCN 

Many physiological rhythms are 

predominantly the consequence 

of the effects of the SCN clock on 

cycles of rest/activity and 

sleep/wakefulness. Our work has 

shown that the timing of food 

intake is a major factor that sets 

the timing of circadian clocks in 

peripheral tissues such as the 

liver, but some rhythms (e.g. the 

production of stress hormones 

and the production of blood 

platelets) are under dual control 

by both feeding cues and by the 

SCN. The nature of the signals 

that transmit the feeding signal to 

peripheral clocks is one of the 

most important unanswered 

questions. Since the timing of 

circadian clocks differs between 

organs, it is likely that several 

factors are involved.  

 

Figure 2. Inputs and outputs of central and peripheral clocks and possible therapeutic targets. The relative importance of different 
inputs and outputs is indicated by font size. Possible therapeutic approaches include: (1) agents that modulate the effectiveness of 
stimuli such as light that entrain the SCN clock; (2) the SCN clock itself; (3) pathways mediating output signals from the SCN; 
(4,5,6) tissue-specific re-entrainment of peripheral clocks; (7,8,9) drug treatment at optimal times determined by variations in 
target sensitivity and drug absorption, metabolism and excretion.  
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However, there is good evidence to 

suggest that fluctuations in glucocorticoid 

(stress) hormones, body temperature and 

energy levels in the cell are important. 

 

FUTURE DIRECTIONS 

We believe that a better understanding of 

peripheral circadian clocks will lead to 

improved treatments for many diseases 

(some of the possible approaches are 

shown in Figure 2). Although completely 

new therapies may be developed, the 

major benefit may be in improvements in 

the use of existing medications, through 

optimising the timing of drug delivery.  

To realise this potential, it will be 

necessary to gain a better understanding 

of circadian rhythms in human tissues and 

to find markers (e.g. proteins in blood) 

that can be used to track circadian 

rhythms in patients. 
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