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radius factors are metabolic activity,SKPumping,extrinsic vasoconstrictor control
EXTRINSIC VC is Epi and A2 and vasopresin

R=MAP/R
Understanding how blood pressure is regulated and maintained within its normal range is very importantn
MAP=P1-P2
P1 in aorta is the upstream(aorta pressure is pulsatile)
P2 is in the right atrium (near zero )
pulsatile means we have two readings>while MAP is the average of these two (120/80)
intrinsic stimulator for contraction is FSL<more length means more tension and thus more contraction>remember contractility is independent for FSL we mean by it extrinsic

Q is CO >SV mainly which depends on three things:AL,PL,C


total flow =CO
the two main determinants of MAP is TPR(R) and CO(Q)
HR depend on sympa and para
SV depends on sympa and VR,VentCompliance,Apump,contractility
CO depends on VR and length which is FSL(intrinsic control mech for more contraction)


REGULATION OF ARTERIAL

BLOOD PRESSURE
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three types:sympa,para,reflex:BRR,CRR,CNSR(CReflex)BBR(ASR),medullary control reflex(VMC)

depends on salts and water balance>mainly in the kidney by RAAS and ANF and BNF 


STReg:there is a shift in the bulk flow from IF to the plasma acroos the capillary wall>it depends on the size of passive bulk flowing from the ICF to Plasm

TO increase blood volume it may be fast and passive from the ICF to plasma which inc filling,VR, and thus EDV
while it may be long term inc in plasma vol by RAAS 

TPR>depends on the radius and blood viscousity >>>mainly the radius of ARTERIOLES
ARTERIOLES RADIUS IS THE MOST IMPORTANT FACTOR FOR TPR>IT may be changed due to SKPumping,local metabolic control,extrinsic vasoconstrictor control as vasopressin 
>INTRINSIC CONSTRICTOR MECHANISM IS LOCAL METABOLITE AS LT
>>EXTRINSIC CONSTRICTOR IS VASOPRESSIN AND A2 and also sympathetic stimulations 
intrinsic is local metabolite ,extrinsic hormones and neural activity(only symp)and hormones mainly two :A2,VPressin

by neural mechanisms as Bainbridge reflex and cushing reflex also y hormonal mech 


s,m,hrs=short term regulation=mainly neural mech:reflexes,bar or and chemoR,stress
long term=hormonal and renal mainly

short term=from S,Min,Hrs 
and due to passive shift of blood from ICF 

تغيير جذري بالحجم <اشي كبير 


REGULATION OF ARTERIAL

BLOOD PRESSURE

= Sympathetic control
« Parasympathetic control

= Baroreceptor reflex

= Chemoreceptor reflex

= CNS-ischemic response(Cushing reflex)
= Atrial stretch reflex

- Capillary fluidshift
Stress relaxation

Longterm regulation of blood pressure occurs by:
- Renal and
- Hormonal mechanisms


they are mainly for long term regulation but they may participate in short term regulation

adrenaline 

3 mech
>:neural(4=ANS,Reflexes=CNSIR,AtrialSReflex,),medullary control 
>vascular reflex =CFS,SR
>HR
THE most important is neuronal:3:R,ANS,MOControl
reflexes are 4:CNSIR(cushing),BBR(ASR),CRR,BaroRR

capillary fluid shift:is the passive shift of fluids from the ICF to plasma
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ITS THE MAIN CONTROL MECH FOR BLOOD PRESSURE REGULATION(why?)
because sympathetic fibers are the main fibers responsible for the final input for all neural impulses >remember BV arenot innervated by parasympathetic system at all
>>>due to its effect on BV manily arterioles which are called resistance vessels will change TPR and thus blood volume

there is SVCsystem(sympa vasoconstrictor system)

sympathetic is the main control mech for blood pressure >it is the final pathways for all neural inputs to the blood vessels>see the pic on the right 
>it mainly control arterioles resistance 

sympa vasodilator system(not of that importance)>>>its mainly in skeletal muscles 
>it produces vasodilation>its called sympathetic cholinergic fibers 
>these fibers are originated in the frontal cortex >then to the hypothalamus and midbrain and bypass the MO to the spinal cord 


mainly by B2 receptors stimulation>they are also related to insulin release ,they cause VD for arterioles in skeletal muscles only 

from frontal cortex finally to spinal cord then to SKM 
during exercise there will be dilatation for vessels in  skeletal muscles  (SVDilatorS)
some scientists say that during exercise metabolites accumulstion overrides normal sympa(VC)stimulation and thus cause VD
always there is continuous synp innervation for vessels>there Is tonic waves >even in SKM there is SVCS
ILH:intermediate lateral horn
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sump VC fiber originates from the spinal cord mainly from intermediate lateral horn 
these innervate:H,AMedulla,BV=they afford in inc blood pressure
1)they make VC in arterioles >so very high TPR
2)they also affect veins>venoconstriction >and veins are an important main storage for blood>this causes more VR and thus as FSL more contraction
3)in Heart it will cause more contractility and inc CO
4)AGland>Epi>stimulates HR,,,

sympathetic vasoconstrictor fibers have basal rate of Tonic  discharge>tonic discharging>there is continuous firing of impulse>and this is  important for making partial state of constrictiom in BV>وهذا الVMTone مسؤلة عن كون الBVفي حالة توتر دائم
أهمية هذا التوتر ععظيمة تكمن في انه سبب وجود الدلتا P(MAP)
without delta P there Is no flow 
TONIC BASAL RATE OF THE VMTone is very important for maintaining delta P

sump VC fiber originates from the spinal cord mainly from intermediate lateral horn 
these innervate:H,AMedulla,BV=they afford in inc blood pressure
1)they make VC in arterioles(also arterioles has their own self excitation ability) >so very high TPR
2)they also affect veins>venoconstriction >and veins are an important main storage for blood>this causes more VR and thus as FSL more contraction
3)in Heart it will cause more contractility and inc CO
4)AGland>Epi>stimulates HR,,,
sump on vessels that supply the cerebrum is verrrrry low and the same for CA 
placenta vessels are not innervated at all

sympathetic vasoconstrictor fibers have basal rate of Tonic  discharge>tonic discharging>there is continuous firing of impulse>and this is  important for making partial state of constrictiom in BV>وهذا الVMTone مسؤلة عن كون الBVفي حالة توتر دائم
أهمية هذا التوتر ععظيمة تكمن في انه سبب وجود الدلتا P(MAP)
without delta P there Is no flow 
TONIC BASAL RATE OF THE VMTone is very important for maintaining delta P
Mid arterioles and precapillary sphincters and true arterioles are not innervated at all also with them is post capillary venules>
 MA,PCSphincters,TC,PCV all these are not affected by sympa but local metabolites(in case increased cause VD)
these  VMT is necessary for maintaining blood pressure in the organism
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VMC:have stimulatory inputs and inh ones
THE FIRST THING TO CAUSE INHIBITION FOR VMC IS CIC(cardio inhibitory center )
>if CIC is stimulated it inhibits VMC via interneurons
>also VMC receive inhibitory inputs from carotid and aortic bodies(BRR)
>also receive inh from the lungs

VMC receives excitatory impulses from 
>aortic and carotid chemoR
>Ascending pain pathways
>proprioceptive inputs
>limbic system (normally manages blood pressure during emotions and excitement )

VMC and CIC

MO=CVC=medullary cardiovascular center 
they are two areas or centers
>VMC>if stimulated causes intense vasococnstriction and cardioacceleration(inc heart rate and contractility )
-inhibition of VMT causes VD and decrease heart rate and contractility
--VMC impulse passes along to the spinal cord and terminates mainly in intermediolateral horn>then originating for preganglionc 
---from spinal cord to ILH there is bulbospinal pathway 
--it affects periphery,blood vessels and heart 
>CIC
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these sensory neurons could be inhibitory ones or stimulatory ines 
they pass from  MO to the Cord and then through the bulbospinal pathway to IMLH from the  preganglionic constrictor fibers originated from it(ILH)>then constriction and raise the pressure

>if CIC is stimulated it inhibits VMC via interneurons
>also VMC receive inhibitory inputs from carotid and aortic bodies(BRR)
>also receive inh from the lungs

What are the consequences of transection of the spinal cord>there are many consequences are be resulted?
there will be severre decrease in pressure >as the bulbospinal path is gone 

Proprioceptive stimulation is a holistic technique in which a tactile stimulation is applied to the bottom of the foot. Through this stimulation, a message is sent to the cerebellum (the balance center of the brain)

stimulation of VMC 
>aortic and carotid chemoR
>Ascending pain pathways
>proprioceptive inputs
>limbic system (normally manages blood pressure during emotions and excitement )

inhibited by:CIC,lungs,Baroreceptor reflex,
stimulated by:emotions and pain ascending pathways(both come from hypothalamus not directly to MO ),chemoR
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there is local inh interneurons between CIA and VMC 
>>>Inhibition of VMC will make for sure vasodilation as it decreases the sympathetic stimulations from the VMC

2)))CIA:cardioinhibitroy area>made of three parts
nucleus tructus soelitareous(NTS) ,nucleus ambiguous ,dorsal motor nucleus of vagus

DMN of vague is responsible for inhibition of SAN which causes bradycardia and decreased atrial contration
while

Stimulation in these areas result in bradycardia and decreased CO due to reduction in contractility 
(moa?what is the mechanism for bradycardia and decreased utput)1)stimulation of vagus nerve which is originated from NTA>it affects atrial contractility and decreases firing of SA node(bradycardia by mech 1)
2)decrease output >by the VMC inhibtion >due to the presence of interneurons between them>as VMC increases HR and cont so inhibiting it makes the opposite


Reflex Regulation

-Regulm‘ion of Blood Pressure:
baroreceptor reflex

ptor reflex and
reflex



Also called CNS-ischemic reflex 
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its very important as it regulates blood pressure within seconds therefor its a life saving reflex
>>baroR are mechanoreceptors (stretch R)located at the wall of the heart mainly atria>they are also present at the walls of arteries also in ventricles and pulmonary ciculation
>>they are present on wall of atrias>called volume receptors 
these volume receptors detect changes in the venous pressure as Veins are the storage of blood in the body>these volume baroR which detect changes in venous pressure are mainly in right atrium 


type 2 baroreceptors is found on large arteries and they are two types:on carotid sinus and aortic sinus
aortic sinus is a dilation at the ascending part of aortic arch \
carotid sinus is the initial  dilation at the internal carotid artery 

firing rate decreases incase low pressure and low stretch
>medullary cardiovascular systems are two:VMC and CIA(NTS,NA,DMN of vagus)
Effferent pathway is the bulbospinal pathway that terminates into the intermediolateral horn of the grey matter 
>in case of stimulation of NTS>their will be vagal stimulation and due to the presence of 


when there is stretch change in the CS,ASinus incase there is high pressure stretch increases and in case low the opposite occurs >and this change is mechanical change therefore they are called mechanoR
THIS Mechanical change is sent as afferent impulses through afferent impulses through N9(glossopharyngeal nerve is the afferent nerve originating from carotid sinus ) and N10(originating from aortic sinus)=vagus
>these nerves send impulses to the CVS(or medullary centers:VMC,CIA)

elastic ;are ones
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on page 14
the [pressure in capillaries is due to the presence of blood in them >constriction of arterioles removes blood from them and thus less pressure >the blood moving fromarteriooles into capillaries this causes the hydrostatic pressure to be less>this causes capillary fluid shift >blood moves from ICF to capillaries 

reflex means we want the opposite 
so excitation of NTS(major area in CIA)maks inhibition for VMC via local inh interneurons and excitation to the vaus nerve
>>>incase low pressure>low stim for NTS which means inhibition of vague nerve while stimulation for VMC
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n page 14
the [pressure in capillaries is due to the presence of blood in them >constriction of arterioles removes blood from them and thus less pressure >the blood moving fromarteriooles into capillaries this causes the hydrostatic pressure to be less>this causes capillary fluid shift >blood moves from ICF to capillaries   

this effect is called CVEffect
also when there is venoC there will be more VR so more SV as FSL
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neuroendocrine effect>1)adrenal gland stimulation by sympathetic nerves causes secretion of adrenaline ,,,,
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when the common carotids are released the inhibitory effect of BR returns and thus inhibit the VMC while activate the vagal impulses from NTS so that the pressure at first becomes less than 100 then return to 100 after a while 

an experiment result was done to study the importance of sinus in regulating blood pressure
on Y-axis there is arterial pressure>at the start its at the normal =100>in case there is occlusion to the blood flow in the carotid arterioes (both common occluded )=so blood pressure is completely reduced and stretching and distention will be lower and thus baroR become inactive and lose there inhibitory effect on VMC >and VMC will be activated >so pressure raises from 100 to 150 quickly in seconds 

this is called momentary overcompensation:انهبقل اكثر من الطبيعي لمومنت قليلة
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when baroR are well functioning the mean arterial pressure is maintained through a very Range(baroR act as a buffer )between 85-115mmhg
normal in curve 2 means the BReceptors are well functioning

if there is no innervation for BR their will be a 2.5 fold decrease(from 85 to 50)(115 to 160)
Pl baroR opposes changes in pressure very much so they are called buffer system and its nerves are called buffer nerves

when baroR are well functioning the mean arterial pressure is maintained through a very Range(baroR act as a buffer )between 85-115mmhg
normal in curve 2 means the BReceptors are well functioning
>this fluctuation in pressure is within narrow range (85-115)due to daily activities 
>if we made deinervation>removal for baroreceptors>the pressure lost its strict range 
there is 205 fold reduction or increase>it was 85 and now less than 50 and it was 115 its now above 160
if there is deinnervation for BR the pressure inc/dec 2.5 fold 


Significance o
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life example on stretch receptors effect on every day actions
They are called pressure buffers

physiological significance of these>they are the first regulators for pressure and work within seconds so they are very essential and life saving as they regulate pressure within seconds 
essential in going from lying to standing position>this causes reduction in blood pressure by 30% due to reduction in VR,EDV and SV according to FSL this causes decrease in pressure>>>>BUT DUE TO THE PRESENCE OF BR that stimulate VMC and stimulate SAN and contractility of atrium
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baroR are not responding to any pressure change that is less than 50mmgh
>THE MIN PRESSURE AT WHICH BR IS SENSITIVE IS 50>below 50 there is no any response
>>>threshold of BR is 50
>>>from 50-200 its working
>>>>there is linear relation ship observed from 50-150>>there is great sensitivity for the baroR 
>>>below 50 there is no any response
>>>after 150 there is no any response (linearity dissapears)=no sensitivity 
linear=sensitive 

BR have the ability to resiting>in case they were affected by high pressure for along time >BR reflex mechanism resit themselves for the new pressures <so that reflex mechanism maintains high rather tha normal material pressure 
عندها خاصية إعادة البرمجة في حال تغير الضغط مزمن زي مرض الضغط المزمن وبهاي الحالة ما بيستخدم لتعديل الضغط for long term regulation
>>maintains an elevated rather than normal blood pressure 

aortic arches are less sensitive>it starts to be sensitive from 80

The carotid sinus receptors respond to pressures ranging from 60-180 mmHg (Figure 2). Receptors within the aortic arch have a higher threshold pressure and are less sensitive than the carotid sinus receptors. ... Baroreceptors are sensitive to the rate of pressure change as well as to the steady or mean pressure.
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they are in carotid arteries and aorta <near the mechanic baro R
>aortic and carotid bodies reg pr under 80

neural mech that regulatre changes in blood pressure
they can detect any change in the blood PH>in case hypoxia,hypercabnia and acidosis

after hypoxia>there is secondery stimulation
the overventilation causes inflation of the lung and thus stimulate the lung stretch them stimulate pulmonary stretch receptors >then afferent impulses from these receptors terminate at CIA and nhibit them causing tachycardia instead  of bradycardia 
A

they convert the chemical change which comes as a stimulus and transfers it into electrical change(Action potential )
after hypoxia>>>the afferent impulse comes along the vagus and GPN(N9)>the possible responses are from VMC or CIA
>>>There is also stimulation for the respiratory centers in the medulla oblongata and this causes hyperventilation  >>>all these are called primary effect 


the net effect of chemo stimulation is there is no change in heart rate or there is mild tachycardia and slight pressure rise 
bradycardia from CIA from the primary effect and tachycardia from catecholamines  and VC by VMC is due to  2ndry response 
mild tachycardia with VC together will raise blood pressure 


CR have a major role in adjustment of blood chemistry mainly in regulating the respiratory rate
CR are involved in cardiac pressure regulation if the blood pressure fall slot <below 80 (40-70)
NOT THAT IMP ROLE IN REG BLOOD PRESSURE AS BARORECEPTOR

after hypoxia>there is secondery stimulation
the overventilation causes inflation of the lung and thus stimulate the lung stretch them stimulate pulmonary stretch receptors >then afferent impulses from these receptors terminate at CIA(so 2ndry main effect is to inhibit the primary response and cause tachycardia) and nhibit them causing tachycardia instead  of bradycardia 
Also hypoxia induces the lowering of CO2 after the response(primary by  CIA and VMC causing bradycardia then causing tachycardia by 2nd  )>so this causes higher blood PH and induce more tachycardia 

they convert the chemical change which comes as a stimulus and transfers it into electrical change(Action potential )

after hypoxia>>>the afferent impulse comes along the vagus and GPN(N9)>the possible responses are from VMC and  CIA>primary effect the CIA is stimulated so bradycardia 
>>>There is also stimulation for the respiratory centers in the medulla oblongata and this causes hyperventilation  >>>all these are called primary effect 
>>>VMC also induce the release of catecholamines from the adrenal gland thus tachycardia(but this is late)

Primary eff are VC and brady
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increase in blood pressure from the cushing reflex causes activation to baroR and from them their will be BRR>that inhibit VMC and activate CIS to make bradycardia at the end 

cushing reflex>it is not normal for regulating the pressure>it doesn't work during the day activity 
ITS CALLED THE LAST DETCH STANDالخندق الاخيرWHEN THE PRESSURE IS ABOUT 15-20mmHg>>>below than 60 and 70

neural mech that regulate blood pressure 
>>>if there is reduction in cerebral blood flow >blood flow to the brain is very low >this means that blood flow to medullary CVS is very low (CNSIR)in case there is brain tumor the vessels toward the brain and compressed >their will be hypoxia and hypercabnia >this causes stimulation to vasomotor center>more AP firing >VC and thus raised blood pressure >cushing reflex 
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BBR=ASR=in case sudden stretch in the low pressure BR in the atriums leads to the formation of afferent impulses from these atrial stretches toward the medulla oblongata via vague nerve (not glosso as we are talking about receptors in the heart)>efferent signals are sent through the VN and sympathetic nerve and work to inc heart rate and force of contraction>>>it helps to inc HR and CO to prevent accumulation of blood in the heart and pulmonary circulation
ALWAYS REMEMBER INCREASE IN VOLUME MEANS INC IN VENOUS VOLUME AND BBR is present to prevent this venous overload 

BBR is to regulate bloods volume mainly in areas of low pressure which include venous system,pulmonary system and atria >>>it prevent this by activating VMC and inhibiting CIA 
>BY THIS REFLEX you help In preventing the accumulation of blood in these areas

Atrail stretch reflex is  low pressure baroR 
atrial stretch reflex are called volume pressure >they cant detect any changes in systemic pressure they etect any change in blood volume
they are low pressure sensitive but detect mainly blood volume in case there is more stretching for the atrial wall 
ASRReceptors are ound in both atria and in areas with low pressure as lung tissues


o B
Volume

\/

* Atrial “ve
g Stretch
\// —\ ¥
/

Atrial _
¥ ADH I\‘Iatriureti:



Bainbridge and volume reflex is to return pressure to its normal value

then BRR predominates

ASR=is divided into two reflexes غير انه بصير وحدة معاها الهيه BRR
لا هيه مقسومة لشق فوق وشق تحت
volume reflex and BBR
VR=aims to reduce blood volume 

with ASR there is another reflex occurring which is  BRR=causes bradycardia by activating CIA
(((BBR with BRR)))
usually the net effect when blood vol inc is cardioacceleration as BBR predominatetes the BRR
In case of blood there will be bradycardia as BRR predominates the BBR

volume reflex>kess sympathetic which causes more filtration and more urine formation mainly due to dilation of arterioles (afferent)=this is called dilatation reflex 
dilatation volume reflex causes more sodium and water excretion  due to more GFR
also it affects the hypothalamus to decrease ADH secretion
ASH has a major role in water reabsorbtion
also ARStrecth causes release of ANF(P)that cause powerful diuresis


The vascular mechanisms operate
within seconds to minutes of
alteration in blood pressure.
These are:

stress relaxation.


they are two and both are considered from short term regulators of pressure :capillary fluid shift and stress relaxation
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Capillary Fluid Shift
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in normal capillary>there is colloid osmotic pressure which is constant in every place in the cbed
>hydrostatic pressure=30 in the normal in arteriole while=20 in venules(to make pressure gradeint)
in arteriole there is filtration I  the capillary arteriole
in venule the filtration in negative

colloid osmotic pressure is the same  
>low pressuer=28>net +# is low while venous net is -7 so more venous return 
اذا كان فيه عندي نقص بضغط الدم بروح يزيد عن طريق الموازنة التحت
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stress relaxation>when blood pressure increases suddenly >blood vessel distends 
>due to this sudden stretching the smooth muscles make relaxation 
>stress relaxation:انه  قد ما بتشد عالوعاء الدموي واذا شديت 
عليه فجاة برتخي

INC IN VOLUME WILL INC PRESSURE and also law of laplace 
 relaxation means there is reduction in the vascular tone means lowering blood pressure
>ASLO THERE IS REVERSE STRETCH RELAXATION >in case low pressure in the body the smooth muscles contract to increase vascular tone and thus the pressure 
in the picture below>when there is inc in blood volume there is more pressure increase also inc in length tension increases >there is a limit>but biological tissues in case there is increase in pressure due to increased volume there will be stress relaxation وين مهمة اكثر اشي ومين اكثرشرايين حساسة لارتفاع الضغط المفاجئ
bladder arteries>as if volume increased and pressure increased which means VC there will be difficult urination 
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arginine vasopressin (AVP) 

Bladder arteries when constrict due to VC and gifgh sudden pressure they relax as if not this worsens urination

Epi,endothelin,A2,serotonin,AVP=VC
Epi,PGI2,PGE2,bradykinin,ANP



Long-term regulation of blood
Pressure



long term regulation of blood pressure by controlling the amount of water and sodium excreted from the kidney 
intrinsic feature of the kiney>in case there is change in blood pressure causes a change in rate of exc of Na and H20>this tends to restore blood pressure over days and weeks to its normal range

red line>rate of urinary output
dashed line represents the normal blood pressure>MAP=100
the point of intersection is the equilibrium point between input and output(red)
>with more pressure there will be more excretion 
in case MAP=80>>>output decreases >there will be ouliguria 
in case MAP=50 there will be anuria 
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here will be variation in glomerular filtrations>
intrinsic mech of the kidneys>when there is more pressure there is more excretion >this is intrinsic (kidney make this without extrinsic control no hormones also)

anuria=no urea at MAP=50
oligourea=80


deinervation >no any nervous control during this experiment >to see the effect of the kidney 
>there is infusion for fluids>about 400ml we see that arterial pressure rose from 100 to 200
as the volume increased the pressure increased and thus we need more output and that what happened 

Physical reg of urinary output 
By regulating the GFR intrinsically the kidney itself can adjust the dilation or constriction of the afferent arterioles, which counteracts changes in blood pressure. This intrinsic mechanism works over a large range of blood pressure, but can malfunction if you have kidney disease.
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in case the blood volume is decreased its secreted by the hypothalamus 

you need to know that A2 works on medullary CVS by stimulating VMC 
and it stimulates the hypothalamus 

A2 affects medullary cardiovascular centers >stimulates it 
A2 affects hypothalamus >more feeling for thirst 
A2 affects adrenal cortex for aldosterone release 



