Autonomic Nervous System Effects on CV system

1) Axons of preganglionic neurons are short for sympathetics
a) Synapse in sympathetic chain ganglion (paravertebral ganglia)

b) Axons of prevertebral ganglia are near the organs

c) Very long preganglionic neurons go to the adrenal medulla that cause release of epinephrine from chromafin cells

i) Epinephrine is very similar to NE

2) Sympathetic system can have generalized effects on many systems, constant function of sympathetic system even at baseline
a) Not an exclusively emergency nervous system

3) Parasympathetic

a) Vagus to heart (pre/postganglionic synapses typically occur in organs)
4) Neurotransmitters

a) In both systems, preganglionic neurons use Ach at their axons
b) Postganglionic dendrites are excited by Ach

c) Sympathetic postganglionics use NE as their transmitter

i) Targets include SA and AV nodes – increase heart rate

ii) Also target heart muscle itself

(1) Increases force of contraction

(2) Increases more rapid contraction

iii) Sympathetic activation is not instant (always slower than parasympathetic effects)

(1) Arterial pressure responds slowly to on and off of sympathetic activation

(2) This is because the smooth muscle responds very slowly to NE signaling

iv) NE signaling also causes contraction of smooth muscle in vessels

d) Parasympathetic use Ach as their transmitter

Central Nervous System Effects on CV system

1) Roles

a) Mediates anticipatory regulation of circulation

b) Responds to stresses to provide appropriate levels of perfusion of working tissues

i) Redistributes flow

ii) Maintains flow to brain and other organs

2) Maintains cerebral blood flow
3) Standing up

a) Blood sequestered in limbs where the veins have higher compliance
b) Decrease in arterial pressure could potentially reduce cardiac output to the brain

c) Thus, CNS in anticipation causes sympathetic innervation to the legs to prevent pooling of blood to the leg which maintains venous return to the heart

4) Arterial stretch receptors in large vessels supplying the brain continuously sense arterial pressure, when the pressure decreases, responses are mounted to maintain pressure
5) Two types of CNS circulatory regulation

a) Anticipatory – predicting circulatory needs

b) Reflex

6) Somatic reflex

7) Baroreceptors help maintain arterial pressure when standing and decreases in blood volume, respond to changes in arterial pressure – “baroreceptor reflex” 
a) Respond rather than anticipate

8) Discharge rate of baroreceptors increases with increased distension of arteries
a) Carotid sinus is one major site of baroreceptors

b) Project into brain via glossopharyngeal nerve
c) Aortic receptors project via vagus

d) Regulated entirely at the level of the medulla

9) Parasympathetic preganglionic axons in the vagus nerve

a) Always on, decreasing pacemaker activity

10) Decreases in arterial pressure leads to increased sympathetic activity on cardiac pacemakers and reduced vagal activity on pacemakers resulting in increased depolarization in the cardiac pacemaker, increased heart rate, increased cardiac output and compensation of arterial pressure

a) Increased cardiac contractility helps also to increase pressure towards normal 

11) Sympathetic activation of alpha1-adrenergic receptors causes contraction of arteries

12) Constricted venous circulation tends to return bp to normal

13) Baroreceptor regulation tends to activate when needs of arteries demand it

a) Thus, when sleeping, pressure can be regulated at a low value, ~ 70 mmhg since when we’re lying down, pressure does not need to be as high to maintain stable cerebral flow

14) What happens when bp fluctuates?

a) Baroreceptors still active and help defend against changes by about 50%
b) Over time, baroreceptors will adapt, and therefore are only good for short term adjustments

15) Central control

a) Periaqueductal gray (PAG) and hypothalamus are responsible for changing the range during which baroreceptors function during sleep as well as anticipated activities

b) Afferents from limbic system go to hypothalamus and PAG and modulate these responses
16) Both autonomic divisions are active at all times (even if the level is very low)
17) Baroreceptor regulation involves parasympathetic regulation of heart rate and sympathetic regulation of heart rate, cardiac contractility, vascular resistance, and venous compliance

