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This lecture was written according to the record that belongs to section 2  
This lecture includes: 

1. Notes regarding short term regulators. 
2. Long term regulators. 
3. Atrial and pulmonary reflexes 
4. Role of kidney in long term regulation of arterial pressure. 

…………………………………………………………………………………... 
 
First: notes regarding short term regulators 
 
We talked in the previous lecture about the short regulators. We talked 
about baroreceptors, low pressure baroreceptors, and chemo receptors. 
 Note: the doctor talked about chemoreceptors in lecture 16 and 
explained them again at the beginning of this lecture. I've only added 
the extra notes that were not mentioned, otherwise, they were all written 
in sheet 16. 
……………………………………………………………………………….  

Ok let's begin 

 Short term regulators:  
1. Baroreceptors  

2. Low pressure baroreceptors  

3. Chemoreceptors: chemoreceptors are of 2 types according to their 
location: 

a. Central chemoreceptors: found in the (chemo sensitive area) in 
the brain stem ,and regulates respiration only. 

b. Peripheral chemoreceptors: found at the same areas as 
baroreceptors ,and regulate the BP & respiration  

 In the carotid sinus right after the bifurcation of the of the 
common carotid (called carotid bodies) 

 in the aortic arch (called aortic bodies) 

peripheral chemoreceptors are affected by the interstitial 
concentrations of O2 , CO2, H and in order to asses 
chemoreceptors function we have to measure the interstitial 
concentrations of these gasses, but !!!   

Measuring the interstitial concentrations of these gasses is 
difficult. So how to measure them??? 
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By measuring the arterial concentrations of these gasses. 
Why??? 

Because these chemoreceptors are highly vascularized to an 
extent where    the interstitial O2, CO2, & H concentrations con 
are almost the same as arteries. 

Now ,how do chemoreceptors work??? 

First: When blood pressure is low: 

I. Chemoreceptors are stimulated by ( low O2 / high CO2 / 
high H ) , which means a low BP  

II. When chemoreceptors are stimulated they send their 
impulses to VMC and to the cardio acceleratory area in the 
cardiovascular center. 

• In VMC they stimulate the vasoconstrictor area 
and cause vasoconstriction to increase the BP. 

• They also stimulate the cardioaccelatroy area 
which causes an increase in the HR, and in 
contractility. 

 The TPR increases, CO increases, and that would 
increase the BP back to normal. 

 

Second: When blood pressure is high: 

I. When BP increases in vessels, the opposite thing happens. 
The impulses coming from chemoreceptors get 
suppressed. 

II.  Less stimulation to vasoconstrictor area causes dilation, 
and less stimulation to cardio acceleratory area causes a 
decrease in HR and in SV. This would decrease the BP 
back to normal. 

 

v Very important note : chemoreceptors are less sensitive than 
the baroreceptors , they are not activated until the MAP reaches 
around 80 mmHg , while baroreceptors work around 100 mmHg  

v So , when MAP reaches 80 mm Hg , chemoreceptors start to 
work and respond to the decrease in the BP , while 
baroreceptors will be already working. 
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Now, what is the difference between peripheral 
chemoreceptors and central chemoreceptors??? 

Peripheral chemoreceptors are sensitive to low PO2 rather than 
high PCO2, on the other hand, central chemoreceptors are more 
sensitive to high PCO2 and high H rather than low PO2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

By now, we have talked only about the short term regulators, in this 
lecture we're going to talk about intermediate and long term regulators. 

………………………………………………………………………………. 

 

 

 

 

 

Clinical correlate: chronic smokers have a persistent high 
concentration of CO2, so the patient lives on the 
stimulation that comes from peripheral 
chemoreceptors, because central chemoreceptors are 
adapted to the high CO2 concentration. So the main factor 
affecting the respiratory regulation is low O2 that activates 
the peripheral chemoreceptors.  

When these patient develop respiratory failure they would 
come to the ER needing oxygen, you’d find the O2 in the 
patient around 60 and it should be 100, if you give the 
patient 100% oxygen, the PO2 would rise suddenly in the 
patient àperipheral chemoreceptors get suppressed àless 
impulses going to the VMC and cardio acceleratory àthe 
patient would die of respiratory depression. So a chronic 
smoker with respiratory failure should be given oxygen by 
nasal tubes. (Nasal oxygen).  
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Second: long term regulators 
In this section we will discuss: 

ü The importance of long term regulators 

ü Targets of long term regulators 

ü Long term regulators mechanism of action  

ü CNS ischemic response 

1) First: importance of long term regulators 

Why aren’t   short term regulators enough?? 

1. Adaptation: short term regulators adapt, this means that after few 
days, baroreceptors become insensitive to the increase in the BP. 
(adaptation), and the impulses that's coming from these receptors 
demolish. 

2.  Low Gain : any control system has a gain , ( gain = correction / 
error ) , for better understanding :  

o Let's assume that the MAP was 100 mm Hg, and it increased 
to 120 mm Hg, what kind of regulators work first? 
Baroreceptors. Baroreceptors worked and it decreased the BP 
to 105 mmHg.  

Correction = 15 

Error = 5 

Gain = 15/5 = 3  

o But in the case of long term regulators, they will bring the BP 
from 120 to (100.0001) mm Hg.  

Correction = almost 20 

Error = almost 0 

Gain = 20/0 (dividing any number by zero gives 
infinity)  

o So long term regulators have infinite gain  
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o And whenever we compare control systems wither they are 
bad or good, we compare their gain. 

To sum up :The higher the gain the better the control system. 

………………………………………………………………………………. 

 

2) Targets of long term regulators: 

Cardiac output= MAP/ TPR 

So MAP= C.O * TPR 

When TPR increases à MAP increases 

When C.O increases à MAP increases 

So In order to regulate blood pressure (MAP) we either control TPR , 
C.O , or BOTH. 

 

: 

What affects the TPR?  

1. Arteriolar radius : the major factor that affects the TPR , because 
according to Poiseuille's law , the resistance is inversely 
proportional with the radius to the power 4 ( r^4)  

What affects the radius? 

I. Vasoconstrictors:  like vasopressin (ADH), Angiotensin II, 
Epinephrine and Norepinephrine, and also the sympathetic 
activity. here TPR increases  

II. Vasodilators: mainly local vasodilators (discussed later), 
like changes in the O2, CO2, H concentrations. Other 
vasodilators are histamine release, heat or cold, myogenic 
responses to stretch. Here the TPR decreases.  

 

2. To some extent, blood viscosity: the viscosity increases when the 
ratio of RBCs to plasma proteins increases, this happens in 
Polycythemia, dehydration, and burns.  

1. TPR	regulation	
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When viscosity increases àTPR increase à blood pressure 
increase. 
 

3. Total blood vessels length: this could increase by obesity or 
increased body size.  

When vessel length increases àTPR increase à blood pressure 
increase. 

 

 

C.O= HR * SV 

CO is mainly affected by HR and SV  

1. HR: The parasympathetic and sympathetic activity are the main 
affecters on the HR  

2. The SV is controlled by preload which is regulated by venous 
return (very important regulator) and filling time. 

Note that filling time is regulated by the heart rate. 

Please revise pages 2 , 3 ,and 4 in sheet 12  

Now, What increases the venous return? Many factors increase 
venous return but the following ones are the most important: 

1. Skeletal muscle pump  

2. Respiratory pump  

3. Increase in blood volume: this is the main affecter on the 
mean systemic filling pressure. (MSFP) 

 

Note: remember we talked about the mean systemic filling pressure. If 
the right atrial pressure equals the MSFP, then the venous return= zero 
when the right atrial pressure decreases to be less than the MSFP, then 
the venous return increases.  

 

 

look at the figure below : 

2. C.O	regulation	
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v This figure is very important; the doctor mentioned it more than one 
time, so please memorize it. 

To sum up :MABP (mean arterial blood pressure = MAP) is mainly 
affected by CO and the systemic vascular resistance. 

 

 
 

………………………………………………………………………………… 

 

 

3) Intermediate / long term regulators mechanism of action:  

They include: 

a. Epinephrine – adrenal medulla center 

b. ADH (vasopressin) system 

c. Renin –Angiotensin- Aldosterone system 

d. Atrial Natriuretic Peptide 

We're going to start with a practical example for a better 
understanding: (clinical example will be highlighted) 

A person was going to the airport , in his way , he got into an 
accident , he was bleeding a lot , his blood volume decreased and 
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the MSFP decreases , the venous return decreases , the end 
diastolic volume decreases , BP goes down . 

When BP decreases this will first stimulate the baroreceptors , 
baroreceptors are stimulated to raise the MAP back to 100 , 
baroreceptors fail to raise the BP , because he's still bleeding and his 
BP is still going down  , now there is a very strong sympathetic 
outflow , the sympathetic outflow goes to the adrenal medulla and 
stimulates it to release epinephrine.because the adrenal gland will 
need time to synthesize Epinephrine /Norepinephrine those 
catecholamines are considered long term regulators. 

 

 

 

 

Epinephrine causes vasoconstriction. the importance of this step is 
that the sympathetic stimulation (caused by decreased blood 
pressure) may not reaches all vessels in our body , but epinephrine 
and norepinephrine reach all vessels everywhere in our body and 
cause vasoconstriction , to increase the TPR . And increase 
contractility in the heart to increase the CO.  

Notes regarding epinephrine: 

ü as we took in the endocrine system, 80 % of adrenal medulla 
secretions are epinephrine, so it mainly secretes epinephrine 
and only a small amount of Norepinephrine is secreted 

ü when adrenal glands are stimulated ,they will secrete 
epinephrine but epinephrine concentration won’t  increase 
rapidly and it will take at least 10 min for it to rise to a 
concentration that permits its action. Why does it take 
epinephrine 10 minutes to work?  

Because when the adrenal glands are stimulated they will 
immediately release their stored catecholamines but the 
amount released is very low and the adrenals will start 
synthesizing new catecholamines which will take time.  

 

But unfortunately, the paramedics didn't reach the guy; he's still 
bleeding and his BP in still going down.  

a. Epinephrine	–adrenal	medulla	system	:	intermediate	
/start	working	after	10	min	
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After half an hour of bleeding and depression in BP, another system 
in stimulated which is the ADH (vasopressin) system. 

 

 

 

ADH secretion from the hypothalamus increases , ADH  has two 
functions : 

1. Water reabsorbtion from the distal tubule and the collecting 
duct. , this increases the ECF volume , then the venous return 
increases  

2. Vasoconstriction , which increases the TPR and thus blood 
pressure. 

 

If the paramedics still didn't come, and the patient is still bleeding 
and his BP in still dropping, after one hour another system starts to 
work, which is the Renin – Angiotensin- Aldosterone system. 

 

 

 

 

If the blood pressure is still down, and the other systems couldn't 
raise the BP, this system is stimulated, how? 

I. The pressure decreases in the afferent arteriole of the kidney; 
this   causes the afferent arteriole to secrete Renin.  

II. Renin is an enzyme that works on the alpha 2 globulin 
Angiotensinogen (14 a.a peptide ) which is a precursor , and is 
converted to Angiotensin I by Renin  

III. Angiotensin I (deka peptide / 10 a.a ) circulates mainly in the 
lung endothelium , where we have ( Angiotensin converting 
enzyme ) that converts it to Angiotensin II  

IV. Angiotensin II (octa peptide / 8 a.a) functions as: 

 very potent vasoconstrictor ( increases the TPR ), 

b. ADH-	Vasopressin	system	:	start	working	after	30	min	
Considered	intermediate	and	long	term	regulator.	

c. Renin-	Angiotensin-	Aldosterone	system	:	start	
working	after	30	min	
Considered	intermediate	and	long	term	regulator.	
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 Positive inotropic agent ( increases the contractility and SV ) 
, in the heart , Angiotensin II has receptors , which affects the 
contractility . 

 It stimulate the secretion of Aldosterone from the adrenal 
cortex ( zona glomerulosa ) : aldosterone receptor is found in 
the distal tubule of the nephrone , and it increases the 
reabsorbtion of Na+  , Na+ is going to be absorbed along with 
water  (  absorbed water increases the ECF volume , increase 
the venous return and the CO ) . 

Meanwhile, another system will be suppressed which is Atrial 
Natriuretic Peptide (ANP) 

 

 

 

Atrial natriuretic peptide ( ANP ) : this 28 a.a peptide in secreted 
mainly from the right atrium due to increase in volume or stretch 
(increased blood pressure). How?? 

An increase in volume in the RA means an increase in  the BP . 

Thus , this peptide is secreted when there is an increase in the BP , 
not when BP decreases . 

What's the effects of ANP ?  

It increases the secretion of natrium / sodium (Na) outside the body. 
How?? 

 Increase the GFR (glomerular filtration rate) àincreased loss of Na+ 
and water à urine formation. (By loosing water from the body the 
blood volume decreases and the BP decreases). 

In the clinical case above the BP is decreasing, so this system is 
inhibited, and we are no longer loosing water through urine.  

Important note: ANP system, the only one that is stimulated by high 
BP, the rest of the long and intermediate systems are stimulated by 
low BP. 

 

Now if our guy is still bleeding after all these regulators, he would 
enter a phase called (circulatory shock) or (hypo volumic shock ) , 
and his BP is going down below 60 mm Hg . 

D.	Atrial	Natriuretic	Peptide	(ANP):	
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If the BP goes down below 60 mm Hg, this activates a reflex called 
CNS ischemic response. 

Remember that the BP control curve was from 60 to 180 mm Hg , 
between these two pressures we can have a control , but below 60 
mm Hg we don't have a control , and also above 180 mm Hg we 
don't have a control , and the best control is around 100 mm Hg  

 

 
Note: if you were in the ER, and a patient comes from a car accident 
and he was bleeding, and you measures the BP and found 120/80, 
this doesn't mean that the BP in normal, this means that all these 
previous systems are working to maintain his BP up, so right away 
you should put him on IV fluids. 

In this kind of cases, if you measure epinephrine, norepinephrine, 
ADH, Angiotensin II or aldosterone, you find them really high, and if 
you measures ANP it would be low. 

You should also put a catheter in the urinary bladder, because he 
might have renal failure. 

 

4) CNS ischemic response  

The CNS would suffer from ischemia if the blood pressure goes 
below 60 mmHg. 

Ischemia in the CNS (increase in CO2) will extensively stimulate the 
sympathetic nervous system and the vasomotor center which 
increases BP. 

This response is trying to save this person's life , and this is his last 
chance , if that response succeeded in raising the BP , then this 
person could be saved and in this phase / case it's called ( 
compensating shock )  

But if it fails in correcting the BP ,the patient will develop (irreversible 
shock ) , in this phase no matter what you do for the patient , he 
would suffer from organ failure . 

 If the CNS ischemia prolonged, it will cause a depressant effect on 
the vasomotor center which will further worsen the case. 
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Dr. Faisal mentioned 3 short term regulators and 4 long term regulators 
of blood pressure, but physiology of blood pressure control is far more 
complex and involves several organs ( heart and vessels, kidney, 
glands, brain,..) which work via several 
mechanism (local acting ,humeral ,reflexes 
,…) and have many intersecting points but!!! 
Ultimately regulate blood pressure. 

In the following sections (sections 3 & 4) we 
are going to discuss other mechanisms of 
blood pressure regulation 

 

……………………………………………………
…………………………. 

 

Third: Atrial and pulmonary artery 
reflexes 
A reflex means: “is an involuntary and nearly instantaneous action in response 
to a stimulus” 

Atrial and pulmonary artery reflexes are: instantaneous actions in 
response to changes in blood volume which aim to minimize changes in 
blood pressure in response to the change of blood volume. 

These reflexes are mediated by low pressure receptors in atria and 
pulmonary arteries. 

Mechanism of action/reflex: 

When Blood volume increasesà cause an increase in the atrial 
pressure (atrial stretch) à activates low pressure receptors à low 
pressure receptors will lower blood pressure by increasing Na+ and 
water excretion by: 

I. stimulating ANP secretion which decreases Na+ reabsorbtion 

II. decreasing secretion rate of ADH (atrio-hypothalamic reflex) 

III.  Decreasing renal sympathetic activity 

IV. Increasing glomerular filtration rate (atrio – renal reflex )  

  

 Note:	Bainbridge	reflex	is	mentioned	in	the	slides	but	wasn’t	discussed	in	the	lecture. 
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Fourth: role of the kidney in long term control of 
arterial pressure: 
 
All the regulation mechanisms mentioned above (section 1, 2 ,and 3) 
are used for short term control of blood pressure  (e.g. when the blood 
pressure suddenly drops due to a massive hemorrhage) but the kidneys 
are responsible for long term control of blood pressure week after week 
and month after month. 
What makes the kidney suitable for long term control of blood 
pressure?? 
Long term control is directly related to the balance between fluid intake 
and output, which is a job that is handled by the kidney 
Note: Dr. Faisal didn’t mention that fluid balance is determined by 
another factor other than the kidney which is the intake of Na+ & water 

 

 

 

 

 

 

 

 

Now let us see how does the fluid balance affect the mean arterial 
pressure: 

 If you had a patient and you put him on IV fluids, what happens is that 
his ECFV (extra cellular fluid volume) increases which increases the 
cardiac output and the arterial pressure increases, and when the BP 
increases the urine output increases, look at the figure below  

 

So how does the kidney control blood pressure?? 

Clinical correlate:  
If you have a patient in the emergency room with a BP 200/130, 
what would you first give him?  
The obvious answer is Vasodilators, to decrease his blood 
pressure. à Short term control 

But you don't discharge him with a prescription of a vasodilator 
like nitroprusside , because vasodilators don't work for the long 
term , you have to give him instead , diuretics to decrease his 
ECFV , or Angiotensin converting enzyme inhibitors or 
Angiotensin II receptor blockers . à Long term control 
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By renal-body fluid system for arterial pressure control which acts 
slowly but powerfully as follows: 

If blood volume increased and vascular 
capacitance is not altered, arterial 
pressure will also increase. The rising 
pressure in turn causes the kidneys to 
excrete the excess volume, thus 
returning pressure back to normal.  

The figure to the right is called the renal 
function curve, note that when the BP is 
100 , the urinary output is 1.5 liters . But 
when the pressure increases, the body 
starts to excrete more and more urine to 
bring the BP back to 100.  

 

  

 

 

 

 

 

 

 

 

 

 

 

can we increase the pressure without 
increasing the urine excretion ? yes, 

 how?? by having abnormal kidney function. 

Look at the figure to the right: 

Note	:	the	content	of	this	box	wasn’t	mentioned	by	Dr.	
Faisal 
2	determinants	of	the	long	term	arterial	pressure:	

1. Renal	output	of	salt	and	water	:	line	A	
2. Salt	and	water	intake:	line	B	
3. 	Point	where	renal	output=	intake	(equilibrium	

point)		
Normally	(at	normal	blood	pressure)	renal	output	=	intake.	
But!!!	
When	blood	pressure	increases,	renal	output	will	be	
higher	than	intake	.	the	increase	in	renal	output	will	
eliminate	excess	fluid	and	restores	normal	BP.	
When	blood	pressure	decreases	,	renal	output	will	be	
lower	than	intake.	The	decrease	in	renal	output	will	
increase	blood	volume	and	restores	normal	BP.	

 

B 
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 In figure A: changing kidney 
function. 

 some abnormality of the 
kidney has elevated blood 
pressure and shifted the renal 
output curve the right . which 
means that the pressure 
increased but urine excretion 
remained the same. 

Note that Na+ & water intake 
aren’t changed. 

 In figure B: changing Na+ & 
water intake.  

the pressure rises & urine 
excretion rises, that's why 
hypotension patients are told 
to increase their salt intake .  

finally, if total peripheral 
resistance increased could it elevate long term level of arterial pressure 
if fluid intake and renal output (output curve) remained the same?? 

NO, why?? 

Recall that MAP= TPR * CO  

So logically an increase in TPR would increase arterial pressure. 

But!!! 

This is true when TPR increases acutely , but this acute rise is 
immediately decreased by the increased renal output which will lower 
blood pressure and returns TPR back to normal.  

To sum up : increased TPR is immediately decreased before it can 
exert an effect on the long term arterial 
pressure. 

 

 Now , This figure shows the relation 
between TPR and (arterial pressure = 
horizontal line & CO = curved line). 
Note that changing TPR doesn’t affect 

A	

B	
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arterial pressure but significantly affects CO  

 

 

 

Note: long term changes in renal vascular resistance (abnormal cases 
like stenosis) does lead to long term changes in arterial pressure. 

The End 
 

the most important factor that affects the ECFV is sodium , more 
sodium causes an increase in the ECFV , and less sodium causes a 
decrease , that's why hypertension patients should decrease their 
sodium intake .this topic is discussed in the next lecture 

 
Sorry for any mistakes .  

 

  

 

 

 
	
	

Conclusion: 
One	must	alter	the	renal	function	in	order	to	
have	long	term	changes	in	arterial	pressure	
	


