Biological Rhythms & Sleep
A biologically driven behaviour that’s periodically repeated. Controlled by endogenous pacemakers or exogenous zeitgebers
Biological Rhythms
Circadian rhythm – within 24 hours
Sleep / Waking
An endogenous rhythm governed by exogenous zeitgebers:

1. Aschoff– W/o EZs pps followed a SWC of 25 hours w/ room temperature having no effect
1. Siffre – 6 months in cave w/ few external cues made body clock change up to 48 hours
1. Idiographic – unable to generalise
1. Good evidence for EZs influencing endogenous rhythms (various similar studies w/ consistent 25 hour cycle)

Limited in control:
	
1. Folkard – isolation unit away from EZs w/ agreed SW times. When clocks changed 2 hours quicker, only 1 pp changed their cycle to 22 hours, rest had free running rhythms
1. Miles – man had circadian rhythm of 24.9 hours, needed drugs to keep up with real world – evidence for genetically pre-determined & EZs limited control

Endogenous pacemakers

· SCN (master clock) damage in rats found circadian rhythm patterns eliminated
· Now thought to be 2+ master clocks as research on animals shows some cyclical behaviour after SCN destroyed

Temperature
1. Fluctuates in the day like all metabolic rates. A trough at 4am and normal level at 8pm
1. Cognitive performance correlated w/ temperature. LT recall is highest when temperature is
1. Folkard – 12-13 year olds followed this correlation
1. Gupta – IQ test highest at 7pm
1. However, alertness is highest when temperature is lowest

Evaluation
1. Light / Dark singly greatest EZ in cyclical behaviour. Higher up the evolutionary scale you go however, less importance placed on them
1. Aschoff – some maintain 24 hour cycles while others develop idiosyncrasies such as 29 hours awake and 21 asleep going against limited control
1. Unlikely why we have evolved with 25 hour clock compared to 24
2. Czeisler – body clock is 24 hours in highly controlled experiment
1. Methodological – effects of artificial light + allowing pps to turn lights on and off gave control to reset internal clock
1. Application – field of chronotherapeuatics aims to match medical treatments to circadian cycles

Infradian Rhythms – more than 24 hours
SAD
· Depression rates higher in winter months
· Unsure cause, best attempt due to lack of light = increased melatonin which interferes with neurochemicals causing depression
· Was suggested that artificial light could reverse these effects by manipulating circadian sleep / wake cycle
· Pps with SAD received 30 min exposure to bright light improved 5% vs. ion placebo
Evaluation
· Replicated findings e.g. Winton – morning bright light therapy treats SAD
· Application for practical treatment
· Light is a small factor, multicausal problem
Menstrual Cycle
· Controlled endogenously by hormones produced by the pituitary gland every 28 days
· Is affected by circadian rhythms since secretion of luteinising hormone occurs in the morning + affected by jet lag & shift work
· Reinburg – Menstrual cycle of women in cave was shortened
· McClintock – Pheromones acted as exogenous zeitgebers for synchronised periods
· Evolutionary – but what function?
· Supporting evidence from Russell & animal studies
· Unknown how chemicals act like so
· Research showed no synch in basketball team
· Methodological problems – small sample, rely on pps recollection. Wilson – once this is taken into consideration evidence for synch evaporates
Evaluation
1. Purpose of the cycle is to conserve energy – better to restrict fertility therefore needs to have an exogenous zeitgebers
1. Side effects of the cycle

Circa-annual Rhythms
Research on both showed that with these rhythms changing surroundings didn’t affect endogenous body clock

Migration
· Kept birds caged. Despite lack of external stimuli, still showed signs of migration restlessness. Therefore, endogenous control (also triggered by food, also endogenous)
Hibernation
· Artificial control on squirrels exposure to light and temperature – still had natural hibernation pattern

Evaluation
1. Biorhythms can go wrong – SAD
1. These understandings have led to phototherapy for SAD

Ultradian Rhythms (less than 24)
Sleep Stages
During a night’s sleep you pass through different sleep cycles of 90 mins each. Difference in stages is not just oscillations of depth but qualitatively different.

Stage 1 – ‘drift off’ relaxed state. Brain waves change from beta (awake) to alpha: greater amplitude, slower and partly irregular. Easy to wake in this stage + often accompanied by a hypnagogic state
Stage 2 – slower, larger brain waves & occasionally quick bursts of high frequency sleep spindles + K-complexes
Stage 3 – beginning of deep sleep. Brain waves are slow and large, called delta w/ some sleep spindles. Slowing down of bodily activity
Stage 4 SWS – deepest sleep. Delta waves are slow, large and show jagged pattern on EEG. Difficult to wake and bodily functions sink to deepest state of physical rest. EMG shows muscles as relaxed. Sleep walking, night terrors + growth hormone production are associated
REM (paradoxical sleep) – similar signs of waking on EEG (why it’s paradoxical) muscles completely relaxed but eye movement is rapid. Heart rate and blood pressure fluctuate w/ breathing higher. End of REM marks end of first ultradian rhythm

Sleep stages alternate throughout night starting w/ rapid descent into deep sleep. Most complete 5 ultradian cycle w/ progressively less SWS & more REM towards morning

Basic Rest Activity Cycle (BRAC)
· During the day biorhythms follow the same 90 mins cycle
· Verbal & spatial performance had a 96 minute cycle
· The 90min cycle has to be controlled by a different biological clock than the one governing circadian rhythm. If that is destroyed the 90min cycle still continues.

Ultradian rhythm of NREM/REM depends upon endogenous pacemakers

Evaluation

· Objective evidence – EEG, EOG & EMG provide objective measures of sleep
· Artificiality of sleep laboratory – lacks mundane realism, generability & ecological validity
· Universality of sleep stages
· Individual differences – patterns of sleep vary between individuals, need more research as cause and effect of environment factors not understood 

Control of Biological Rhythms

Endogenous pacemakers
· Some are genetically determined (Miles)
· The main EP is the supreachisatic nucleus which generates a circadian rhythm acting as an internal clock keeping to sleep/wake cycle
· Removal of SCN in hamsters found their circadian rhythm disappeared & not returned after transplant

1. SCN (cells in hypothalamus above optic chiasma) (reacts to light – influences 24 hour cycle)  regulates pineal gland melatonin secretion = sleep induced
2. Proteins CLOCK + CYCLE bind in the morning = 2 more proteins PERIOD + TIME to increase, which are present in SCN and control biorhythms
a. PERIOD + TIME = CLOCK + CYCLE to decrease
Evaluation
· Rhythms persisted even when hypothalamus surgically isolated
· After cells of SCN removed & studied in vitro, 24.5 rhythm of neural activity continued
· Brain tumours that damaged SCN caused disorders in sleep / wake cycle (method issues)
· Also evidence for separate clock controlling sleep / wake cycle & temperature
· Shift work for nurses changed circadian rhythm but not their temperature cycles
Although SCN has rhythm of about 24 hours, also plays a part in longer rhythms: Male hamsters have annual rhythm of testosterone secretion, which is dependent on amount of light during day. Lesions of SCN stop annual breeding cycles and testosterone secreted all year.
Role of exogenous zeitgebers
· External stimuli may also be rhythmic
· Day length is the dominant zeitgebers, but others inc. seasons, weather, temperature etc.
· Miles (blind man) – Shows light is the dominant cue, but can be overcome
· Arctic circle sleep for 7 hours despite of lack of sun or dark, therefore social cues are dominant
 Evaluation
· It is adaptive to have biorhythms to govern biochemical processes. Also adaptive for endogenous rhythms to be reset by external cues so in tune with environment
· Would be life threatening being solely reliant on exogenous cues, therefore endogenous are important
Interaction
Exogenous & endogenous interact to regulate the timing of biorhythms
· Some cases only one is apparent e.g. hibernation
· However, common that we adapt to environment e.g. artificial light
· Cultural factors important – Eskimos can still maintain regular sleep cycles, so cycle can’t be solely dependent on exogenous light melatonin
· Individual differences e.g. Aschoff
Disrupting the biorhythms

When external cues change suddenly our internal clock needs to be readjusted. On average takes 3 days to adjust to a 12 hour shift in time. Artificial light can be moderately successful in resetting circadian rhythm but it takes time.
Jet lag
· Physiological effects of disrupted circadian rhythms due to dislocation of current zeitgebers vs. body clock
· This change affects dorsal portion of SCN – takes several cycles to fully resynch
· Symptoms inc. tiredness, depression, slowed mental /physical reactions etc.
Phase delay – East  West
· Delays sleep time, but easier to adjust
· Baseball teams did better
Phase advance – West  East
· Body clocks have to advance to catch up
· Studies suggest harder to adjust, depends upon time zone change, age + individual differences
Evaluation
· Benzodiazepines can cope with jet lag by increasing melatonin levels and resynching the body clock
· One reason for jet lag may be the temperature clock has not reset & body is experiencing desynched rhythms like shift work
Shift Work
· 20% of employees in USA on shift work and creates fatigue & mental impairment
· Once bio clock altered, may be difficult to go back to the original pattern of daytime work. This even more pronounced for those with alt. shifts
· Nnurses – worse on first night, but improved during the week
Non-fluctuating shifts
· Unconventional but consistent – shift in circadian rhythm stays constant, resynch is possible
Fluctuating shifts
· 8 hour shift rotas ‘round the clock’ – difficulty resynching with miss-timed circadian rhythms
· Czeisler – Preferred fluctuating shift patterns are ones that rotate every 21 days forward in phase delay. Benefits in health improvements, fewer accidents & more production
Evaluation
· Individual differences – those who circadian rhythms change least may cope best overall
· Harmful effects of shift work – can be caused by other issues related e.g. depression and sleep deprivation
Nature of sleep
Physiological measures
EEG – records neural oscillations showing awake / sleep and stages within it
EOG – measures eye movement – in REM important factor for showing dreaming
EMG – muscle activity in the chin specifically when tensed or relaxed
These techniques uncovered many facts about sleep e.g. infants 50% in REM vs. 20% for adults
Self-report – pps record length of dreams
Observation – of eye and muscle movements

Stages

During a night’s sleep you pass through different sleep cycles of 90 mins each with variance in amount of the different stages. Difference in stages is not just oscillations of depth but qualitatively different.

Stage 1 – ‘drift off’ relaxed state. Brain waves change from beta (awake) to alpha: greater amplitude, slower and partly irregular. Easy to wake in this stage + often accompanied by a hypnagogic state
Stage 2 – slower, larger brain waves & occasionally quick bursts of high frequency sleep spindles + K-complexes
Stage 3 – beginning of deep sleep. Brain waves are slow and large, called delta w/ some sleep spindles. Slowing down of bodily activity
Stage 4 SWS – deepest sleep. Delta waves are slow, large and show jagged pattern on EEG. Difficult to wake and bodily functions sink to deepest state of physical rest. EMG shows muscles as relaxed. Sleep walking, night terrors + growth hormone production are associated
REM (paradoxical sleep) – similar signs of waking on EEG (why it’s paradoxical) muscles completely relaxed but eye movement is rapid. Heart rate and blood pressure fluctuate w/ breathing higher. End of REM marks end of first ultradian rhythm

Sleep stages alternate throughout night starting w/ rapid descent into deep sleep. Most complete 5 ultradian cycle w/ progressively less SWS & more REM towards morning

· Dement – REM associated with dreaming through EEG. 80% of pps woken during REM reported dreams in vivid detail. Only 7% of awakening from NREM led to dream recall
· However, REM & dreaming v. different. REM = physiological state objectively measured. Dreams = subjective + problems studying scientifically
· Dement – (Using EEG + awakening) all people dream, those who don’t report it just forget. Length of dream corresponds to the length of incident within dream. Dreams don’t last longer than 15 mins, beyond this time people forget the beginning. Eye movements can correspond. Content can be affected by events experienced during the day & external stimuli. Spraying water influenced content vs. control
· Some studies reported 70% dreams in NREM (Foulkes attributed this to confusion of what is dreaming). Both lack ecological validity
· Jouvet – brain structures that control REM / NREM were the reticular formation, locus coeruleus & raphe nuclei (links with affective disorders & sleep)

Physiology of sleep

Brain stem controls arousal, alertness + sleep. Oldest part of reptilian brain, which controls vital functions
· Serotonin – SCN responds to changes in light & controls production of melatonin in pineal land  production of serotonin in raphe nuclei (part of reticular activating system RAS + links w/ affective disorders + sleep). Increase of serotonin reduces RAS activity = assist onset of sleep
· Noradrenalin – from locus coeruleus (part of pons) triggers REM
· Acetylcholine – associated w/ brain activation during wakefulness and REM sleep. Produced in pons and controls PGO waves that trigger REM
Functions of sleep
Evolutionary explanations
Sleep patterns evolved as an adaption. Each species has developed different sleep habits and patterns to deal w/ environment pressures e.g. predation, energy and foraging. Main assumption is that animal’s sleep pattern will be determined by its energy intake & expenditure pattern, concentrates on ecological niches
1. Protection from predation – Being awake is riskier than being asleep, it ensures that animals stay still (however can increase vulnerability)
2. Energy conservation / hibernation theory – similar to hibernation, it conserves energy at times of little resources (night). Sleep increases when energy loss goes up (cold)
3. Foraging requirements – Sleep is related to amount of time need for finding food. Herbivores require grazing and therefore cannot afford sleep as much as carnivores
Evaluation
· Helped understanding of animals sleep but this is incomplete & unreliable in amount on NREM, SWS & REM + can’t apply to humans (may be more beneficial not to sleep now, however, genome lag)
· Universal concept, species differ in sleep pattern e.g. unilateral sleeping all point toward adaptation
· Behavioural inactivity would be a better function – therefore vulnerability bad explanation
· Accused of post hoc storytelling to fit scenario – can’t falsify or verify
· Sleep time and proportions of NREM / REM depends on: body mass, brain mass, basal metabolic rate (BMR) (considers for each species + accounts for range of sleep patterns)
· Animals sleeping in exposed positions sleep less but less sleep also found in social sleepers e.g. herds
· Smaller animals = higher metabolic rate = more sleep compared to larger animals. Supports view that energy conservations main reason why animals sleep, but prone to species differences
· Energy + Foraging + Predation
Restoration theory - Oswald
Sleep allows various physiological + psychological states to be recovered e.g. infancy need for brain & body growth + learning / memory consolidation
1. Physiological restoration – during SWS body repairs, removes waste products + increase of growth hormone thyroxin. REM argued to restore levels of neurotransmitters after day’s activities. Supported by SSRI reducing REM activity. Horne distinguishes between core sleep (SWS + REM for body and brain restoration) & optional sleep (made up of the other stages which aren’t necessary but can help restore) this combines evolutionary and restoration
a. Genes for proteins involved in adjusting synaptic connections are switched on during NREM sleep

2. Psychological restoration – sleep deprivation associated w/ less friendly, relaxed, good-natured & cheerful people. Sleep associated w/ reduction of anxiety + memory consolidation during REM + NT replenishing
Evaluation
· Deprivation research supports restoration theory e.g. DJ Trip, Rotating rats, flower pot technique & fatal familial insomnia
· Supported with SWS deprivation in pigeons, which led to increase of slow wave brain activity when awake. May have evolved for migration purposes
· Research shows discrepancies between speed / length of sleep in marathon runners, but does show increase of SWS after a race (REM rebound effect)
· Horne – pps doing psychological and physiological tests, they fell asleep more quickly but not for longer. Could be reduction in optional sleep
· Can’t really distinguish between psychological & physical due to bio basis of cognition
Neither theory accounts for why animals have reduced consciousness during sleep (nor how / why it turns back on). Fact that it is universal w/ particular differences suggests both theories
Lifespan changes in sleep
Newborn – sleep for 2/3 of day. Display 2 types: quiet + active sleep being immature v. of REM & SWS. High REM = hormone growth + neurotransmitter production to consolidating memories + brain growth. Evidence in premature babies w/ 90% REM. Suggested to be adaptive mechanisms to make parent’s life easier
One year – gradual maturation of sleep EEG patterns + decrease in REM by 50% & consolidation of sleep periods
Five years – full EEG patterns have occurred but frequency is different to adult patterns. More REM (33%) and less stage 1. Sleep for about 10 hours with gender differences + more instances of parasomnias
Adolescents – more sleep than adults, less than kids w/ 9-10 hours + REM less than children. It’s easy influenced by sensory influences + activity, duration of wake, energy, hormones, stress etc.
Changes in hormone production = variation in sleep + deprivation. Puberty correlates w/ this = irritability, mood changes. Hormone changes = delayed sleep phase (recommendation different school starts due to associated concentration of this)
Adult - 8 hours w/ 25% REM. Increased rate of sleep disorders w/ decrease in parasomnias
Old age – REM to 20% + SWS decreases by 5% + increase of stage 2 + experience of phase advance. Increased mortality rate w. too much sleep vs. those will less (however, correlation study). 
Physiological changes in old age explain sleep disorders + different sleep patterns. Reduced SWS = reduced growth hormone + lower bone density + reduced energy = impaired functions. Various treatments use e.g. melatonin supplements
Decrease in SWS accompanied by decreased production of growth hormones supports view of SWS important for growth (links w/ childhood amount)
Evaluation
· Lifespan changes in sleep is development approach = prone to over generalisation and lack of individual difference
· Methodological issues - small sample + lab based. However, pps adjust after 1st night
· Percentage of REM decreases w/ age until age of 70, when it starts increasing. Probably due to total sleep time decreasing
· Sleep deteriorates in men at 2 points: 16-25 & 35-50, where SWS is virtually non-existent (affects growth)
Sleep Disorders	
Insomnia
Insomnia diagnosed when: sleep difficulties occur for 1+ month, resulting in daytime fatigue causes distress or functioning. Symptoms inc. difficulty falling asleep, staying asleep or both which can cause irritability and impaired cognition. This can be acute or chronic (10% prevalence)
Primary Insomnia – isn’t linked to existing physical or psych condition
If long-time, may be due to brain abnormality. In other cases causes may be stress and thus disappear when it is dealt with – though sometimes anxiety resulting from insomnia becomes the cause of it further. Possible causes:
1. Circadian rhythm disruption - e.g. shift work + jet lag
2. Stimulants – increase arousal leading to insomnia which can lead to vicious cycle of frustration & anxiety
Secondary Insomnia – result of existing condition
1. Physical – diabetes, asthma etc. known cause
2. Psychological – depression can cause insomnia both through symptoms & drugs
3. Stress + anxiety – anxiety leads to higher arousal creating insomnia and vicious cycle
4. Medication – may be a side-effect + sleep inducing meds can have issues long time and can create dependency causing worse insomnia
Influencing Factors
1. Personality – 85% showed abnormal personality on q. (emotional arousal is a factor), scoring higher on anger measures + link between impulsivity & insomnia in men + difficulties getting to sleep for women (more likely ADHD link which links back to stims)
2. Sleep apnoea – temp blocked airwaves disrupts sleep pattern causing them to wake / lighter sleep stage
3. Depression + anxiety – both increase emotional arousal  physiological arousal
4. Age + Gender – older people + women are more likely to suffer. Possibly due to increased prevalence of physical illnesses associated with insomnia + hormone fluctuating
Hard to research due to confounding variables so falls to correlation studies
Sleep walking
Everyday activities that occur during sleep w/o knowledge of doing so. Most common in childhood (20%) and less in adults (2%). Adults who SW have increased prevalence of anxiety disorders & PDs. SW occurs during NREM and may act as if awake but speech is nonsensical. They have no recollection and serious injury can entail. 
Genetic – family studies show 10x more prevalence in 1st degree relatives + twin studies showing 50% cc in MZ vs. 10% in DZ
Other explanations inc. sleep deprivation, stress, anxiety and some drugs
Night terrors
Like SW occur during NREM and not related to dreams. Unable to be woken and has no memory in the morning, most prevalent in childhood
Narcolepsy
Disorder of sleep/wake cycle. Results in sudden uncontrollable attacks of sleep with variance in time. Most common symptom is excessive daytime sleepiness + may appear drunk + may not realise after microsleep they weren’t awake. Most common symptoms: cataplexy triggered by emotions, sleep paralysis, hypnagogic + hymopompic & wake periods during night sleep. 
Hypocretin - HLA complex chromosome 6) result of auto-immune disease caused by shortage of hypocretin (involved in regulating arousal)
Genetics – 25% cc rate. Suggests environment plays a role
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