Survival and Adaptation
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¢ HOw much of the Earth is inhabitable?
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—1/3is tand

e Only about 1/6 of the Earth allows
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—a threat to homeostasis from the / \
external or internal environment !'J
o External: temperature, pressure, & d
hypoxi .
e Internal: S
emotions :

.
isease, strong

e Strain

— the physiological response of the
organism

 altered metabolic rate

o redistribute blood flow




Shackelton Expedition

e Stressors

e Strain

- cold — T metabolic rate
— malnutrition — loss of muscle
— fear immune fuhction

— Joseph\Linde, British seaman, found you can
rvy with fresh fruits and vegees.

— bad in southern clima
against UV damage

repeated exposure to an artificial
in the environment. Usually one

— pressure chamb
— bed rest?

fon: a survival response
ange in the environment

 reversible or irreversible
— Genetic Adaptation

 natural selection

— a change to the genetic code that
favors survival

¢ mutation

¢ Adaptations that occur over a period of
days to months in response to a change in
the natural environment. Usually there are

more than one stressor in a natural
environment.

— Desert: hot and dry
— Altitude: cold and\hypoxia

— Spaceflight: microgr:
psychological

— Diving: cold and hyperbaria

ity, radiation,

Accomodation

¢ Adaptations that occur in a single cell or
tissue to an environmental change

to vasoconstrict--cold
— increased muscle mass--exercise

— decreased sensitivi

of chemoreceptors—
hypoxia

— dark skin—tanning booth

¢ Changes associated with acclimation




¢ A reduction in response to an
ironmental stimulus over time

— lesswasoconstriction in the hands with repeated
cold water immersion

— less increase in heart rate with repeated heat
exposure

— less drop in artehi
exposure

| PO, with repeated altitude

— less airways constriction. to pollutants

e Responses are often a sign.of accli

that modifies the rate or degree of strain
to astressor

- age
— fitness
— fluid intake (heat acclimation)
— body fat (cold adaptation)

— previous experiences
— personality characteristics

The hypothalamus

* Regulates body temperature, sleep, appetite
e Connects CSF, higher brain, spinal cord, pituit;

o Secretes neuropeptides that stimuilate pituitary to
release hormones

¢ Areversal of the adaptations with
removal of the stressor(s)

¢ Variable time-courses for different

adaptation
« Different temp
rate of onset

— 2 wks to heat acclimate, 4 wks to los
acclimation

| relationships to their

The stress response

Hans Selye, 1937
— alltypes of acclimation invoke a non-specific

Key pituitary hormones for all
types of acclimation




Sympathetic/adrenal/medullary
axis (SAM)

o Stress activates SNS (NE)
o Activates the adrenal medulla (EPI)

¢ Causes theflight or flight response

SAM Axiz HPA Axis

Neuropeptides that modulate
HPA and SAM axes

¢ serqtonin, alters ACTH release

¢ GABA (gamma-aminobutyric acid) and
endogenous opioids, inhibit HPA axis

¢ acetylcholine, excites release of CRH

* dopamine, precursor o

Other hofrmones altered by
environmental stressors

o Initial Stress response: Catabolic
— growth hormone, prolactin, thyroxine

¢ Post-stress.response: Anabolic
— insulin, testosterone, estrogen

Stress Proteins

¢ 1970s heat shock proteins discovered
— induced by many stressors
* Heat, cold, hypoglycemia, ischemia
— alter protein folding, protein synthesis, or

— Protect the cells.against damage
— Mechanism for thermotolerance?
— Cross acclimation?




— positiveNinteractions
* humans'who adapt positively
to one stressor (heat) will
respond bettex to another
(hypoxia)
— negative interactions
* humans who adapt positively
to one stressor (cold) will
respond worse to another
(hypoxia)

Cross acclimation: example
e What stressors?
¢ Major risks?

¢ Interactions?

Environmental Stressors

¢ Hyperbaria
« Dehydration
e Cold
¢ Altitude/hypobaria

¢ Microgravity
¢ Malnutrition
¢ Radiation

¢ Hypoxia ¢ Pollution

* Noise G forces




