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Summary of reflexes which regulate the cardiovascular function, heart rate & arterial blood pressure.




The cardiovascular reflexes
The regulation of many important CVS functions is carried by reflexes. Reflexes are involved in the regulation of ABP, HR and COP.
I. Reflexes from arteries:
A.  Baroreceptor reflex:
· Site: arterial baroreceptors located in the aortic arch and carotid sinus.
· Stimulus: changes in ABP.
· Afferent: buffer nerves(buffer changes in ABP); from the aortic arch  vagus nerve, from carotid sinus Hering’s nerve (glossopharyngeal nerve). Then through tractus soliterious to VMC &CIC in M.O.
· Center: VMC &CIC.
· Efferent: vagus nerve.
· Response: when ABP ↑
· ↓ HR stimulation of CIC.
· V.D. & ↓ ABP stimulation of VDC &inhibition of VCC.
        Functions of baroreceptor reflex:
1. Short-term regulation of ABP.
Rapid mechanism start in seconds and become fully active in 1 minute, prevent acute changes in ABP.
Resetting of baroreceptors:
· The baroreceptors have certain level of ABP (50-60mmHg) above it they start to discharge to cardiac centers. This level is called the set point.
· In chronic hypertension: the baroreceptors change its set point to a new higher level & do not ↑ its discharge to cardiac center unless the ABP is increased above this new abnormal high set point.

 
2. Mary’s low of baroreceptors;
The HR is inversely proportional to ABP provided that other factors remain constant.
Mechanism:  ↑ ABP stimulate the baroreceptors in aortic arch &carotid sinus  stimulate CIC inhibitory impulse to S-A node ↓ HR.
Exceptions:  1- Both ↑ in exercise and hyperthyroidism.
                       2- Both ↓ during sleep.
3- Hypotension(volume reflex) & tachycardia(Bainbridge reflex) on stimulation of atrial stretch receptors.
4- Hypertension & bradycardia Cushing reflex. 

Carotid sinus syndrome (vaso-vagal syncope): persons with hyper- sensitive carotid sinus, pressure on carotid sinus e.g. tight collar or during shaving, produce marked bradycardia, V.D., cerebral ischemia &fainting.
3. The vagal tone:
The continuous inhibitory effect of the vagi on the heart during rest, reduce the high S-A nodal rhythm from 120 to 70 beat\min.
Mechanism: normal levels of ABP (above 60 mmHg) stimulate baroreceptors in aortic arch & carotid body  stimulation of CIC  inhibitory impulses to S-A node  ↓ HR. 
Vagal escape phenomenon; it’s the escape of the ventricles from the inhibitory effect of vagal stimulation. Very strong vagal stimulation cause marked inhibition of S-A node  stop the heart completely, after 4-10 sec the ventricles start to beat by the idioventricular rhythm (24-40 beat\min).
Other reflexes from baroreceptors:
1- Inhibition of respiration due to inhibition of respiratory center.
2- Inhibition of adrenaline, ADH & aldosterone secretion.


  
B. Arterial Chemoreceptor reflex:
· Site: the carotid and aortic bodies.
· Stimulus: -↓ O2 (hypoxia is the main stimulus (peripheral).
                  -↑ Co2 or ↑ H+.   
· Afferent: aortic nerve and carotid sinus nerve.
· Center: respiratory center.
· Efferent: pherenic, intercostals & vagus.
· Response: 
1-↑ Respiratory rate of the respiratory center.
2- ↑ HR inhibition of CIC &stimulation of VCC.
3-↑ ABP  stimulation of VCC (weak reflex in controlling ABP).
N.B. types of chemoreceptors:
I) central chemoreceptors: in the  medulla oblongata near the respiratory center, stimulated mainly by H+ but it cannot diffuse through the BBB (stimulated by Co2 indirectly as co2 converted into Hcoȝ¯ & H+  by carbonic anhydrase enzyme)O2 has no effect & may be depressant effect.
II) Peripheral chemoreceptors
Faster & more powerful than central.
  1- Arterial chemoreceptors.
   2- Coronary chemoreceptors (left ventricle and coronaries)
   3- Pulmonary chemoreceptors (pulmonary arteries and capillaries.  
II. Reflexes from the right atrium (atrial stretch receptors):
Types and effects of stimulation of atrial stretch receptors
1. type A: located mainly in right atrium ↑ in right atrial pressure, reflex increase in HR due to stimulation of VCC(Bainbridge reflex).
2. type B:located in Rt atrium & pulmonary arteries ,responds to changes in ABP due to changes in blood volume, ↑pressure in Rt atrium reflex VD due to stimulation of VDC & inhibition of VCC (low volume receptors).
 Right atrial mechanism (volume reflex):when blood volume ↑stimulate type B receptors in Rt atrium & pulmonary arteries leading to
1- Generalized VD &↓ABP.
2- VD of renal afferent arterioles  ↑RBF &↑GFR more fluids excreted by kidneys.
3-↓ aldosterone secretion ↑salt & water excretion from kidneys
4- Guar-Hennery reflex  reflex inhibition of ADH  more water excreted from kidneys.
5- Secretion of ANP ↑salts and water excretion by kidneys.
Importance: intermediate mechanism for regulation of ABP.
 5 reflexes mediated by RT atrial stretch receptors; due to ↑ RT atrial pressure:
1. McDowell’s reflex: generalized VC & ↓ABP due to stimulation of atrial stretch receptors.
· Stimulus: both increase or decrease of intra-atrial pressure.
· Receptor: stretch receptors in atrial wall.
· Afferent:  vagus nerve.
· Center: VCC in medulla oblongata.
· Efferent: sympathetic.
· Response: generalized VC, ↑ in ABP.
2. Bainbridge reflex: reflex ↑ in HR due to stimulation of atrial stretch receptors (VR).
· Stimulus: ↑ in intra-atrial pressure.
· Receptor: stretch receptors in atrial wall (type A).
· Afferent:  vagus nerve.
· Center: CIC.
· Efferent: vagus and sympathetic.
· Response: ↑ in HR & cardiac contractility.
NB: Bainbridge effect or direct part due to direct stretch of SAN by ↑ intra-atrial pressure.
3- Harrison’s reflex: reflex acceleration of respiration due to increased intra-atrial pressure (↑VR & ↑in venous pressure).
· Stimulus: ↑ in intra-atrial pressure.
· Receptor: stretch receptors in atrial wall.
· Afferent:  vagus nerve.
· Center: respiratory centers.
· Efferent: phrenic nerve & intercostals.
· Response: ↑ in respiratory rate.
4- Anrep’s reflex: reflex dilatation of the coronaries due to ↑ VR to the heart.
5- Guar-Hennery’s reflex: reflex inhibition of ADH secretion due to ↑ intra-atrial pressure.

III. Reflexes from left ventricle:
1- Coronary (ventricular) stretch reflex:  distention of the left ventricle lead to ↓in HR & ↓ in ABP.
· Stimulus: distention of the Lt ventricle.
· Receptor: baroreceptors in the Lt ventricle nearthe coronaries.
· Afferent:  vagus nerve.
· Center: VDC & CIC.
· Efferent: vagus.
· Response: ↓in HR & VD.
2. Bezold-Jarish reflex (coronary chemoreflex):
· Stimulus: certain substances as serotonin, capcaicin & nicotine.
· Receptor: ventricular & coronary chemoreceptors.
· Afferent:  vagus nerve.
· Center: VMC, CIC & respiratory centers.
· Efferent: vagus and sympathetic.
· Response: 1- ↓ HR & ↓ABP.
                    2- Apnea followed by tachypnea.



IV. Reflexes from other parts of the body and affect CVS:
1- Pain receptors:
· Moderate pain reflex VC & ↑ in ABP & tachycardia.
· Severe pain reflex VD & ↓ in ABP & bradycardia.
2- Skeletal muscles:
I.  Contraction of skeletal muscles  VC & ↑ in ABP.
II. Alam-Smirk reflex: contraction of skeletal muscles  acceleration of the heart.
· Stimulus: skeletal muscle contraction.
· Receptor: proprioceptors in muscles & joints.
· Afferent:  somatic sensory nerves.
· Center: CIC.
· Efferent: vagus nerve.
· Response: ↑ in HR.
3- Loven’s reflex:
· Stimulus: increase in the activity of an organ  release metabolites.
· Receptor: organ sensory receptor.
· Afferent:  organ afferent nerve.
· Center: VCC.
· Efferent: vagus nerve.
· Response: local VD & generalized VC.
· Importance: shift of blood from rested organs to active organ supply more O2 and remove metabolites from active organ.
4- Oculo-cardiac reflex: pressure on the eye ball cause reflex bradycardia (stimulation of vagus nerve).
5- Cold Pressor reflex test: if normal person dips his hand in cold water (4°C)  ABP ↑ by about 20 mmHg. In hypertensive & susceptible persons to develop hypertension, it ↑more than 20 mmHg. 
V. Reflexes from higher brain centers:
1- Respiratory center: HR &ABP both ↑increase during inspiration &↓ during expiration.
· Stimulus: ↑ in the negativety of intrapleural pressue or lung distention during inspiration.
· Receptor: stretch receptors in the lung.
· Afferent:  vagus nerve.
· Center: respiratory centers which inhibit CIC & stimulate VCC.
· Efferent: vagus nerve.
· Response: ↑ VR  ↑HR  & ↑ ABP.
2- Abdominal compression reflex:
When VCC is stimulated  it stimulate the reticular formation  reticulo-spinal tract  AHC to skeletal muscle (namely abdominal muscles)  ↑ muscle tone & ↑ intra-abdominal pressure ↑ VR, COP & ABP.
Importance: short term regulation of ABP.
3- The cerebral cortex:
· Conditioned reflexes -reflex flushing VD when embrassed & psychic erection.         –reflex tachycardia or bradychardia by seeing , hearing or smelling.
· Emotion & exercise : ↑ HR & ABP.
3- Hypothalamus:
1. Centers for ANS & center for emotions.
-stimulation of anterior hypothalamus(vagal stimulation)reflex bradycardia &hypotention.
-stimulation of lateral hypothalamus (sympathetic stimulation) tachycardia & hypertention.
2. Temperature regulation: cold exposure VC & heat exposure VD 

VI. CNS ischemic response and cushing reflex:
1- CNS ischemic response:
· When blood flow to the VMC ↓ markedly cerebral ischemia ABP ↑ to its maximum .
· It’s an emergency control system that act rapidly & powerfully to prevent further ↓ in CBF & prevent brain damage (the last ditch).
· Activated when ABP falls below 50 mmHg & maximumly stimulated at 15-20mmHg. 
2- The cushing reaction (reflex):
· Special type of CNS ischemic response.
· [bookmark: _GoBack]When ICP ↑ to equal ABP  reflex ↑in ABP up tp 250mmHg to maintain CBF & bradycardia.
· Function: protect brain centers from ischemic damage.
· If ischemia become so severe that maximal ↑ in ABP cannot relieve it; neuronal damage occurs & within 3-10min they become inactive  drop of ABP.
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