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Description


OS 202A: Comparative Cell Biology Lecture : Cerebral Circulation, Blood Brain Barrier, Cerebral Metabolism [01 October 2010]



Exam



1



Lecturer: [Darwin Dasig MD, FPNA]



OUTLINE: I.



Cerebral Circulation A. Chromosome B. DNA II. Gene III. Human Genome Project Genomics A. IV. The Genome as a Unit V. Homology VI. Mutation VII. Bioinformatics VIII. Results and Current Development IX. Conclusion



Comparative Genomics



I. CEREBRAL CIRCULATION Main Blood Supply to Brain from Aorta  the brain is supplied by 2 arteries [from anterior and posterior]  carotid and vertebral systems supply the brain Common Carotid Artery (CCA)  Supplies the anterior portion of the brain  Right CCA is a branch of the innominate artery  Left CCA branches off directly from the aorta  Main branch to the brain: INTERNAL CAROTID ARTERY o Segments: Cervical, Petrosal, Cavernous, Intracranial Vertebral Artery (VA)  Supplies the posterior brain  Left and right VA are the branches of subclavian artery  Main branch to the brain: BASILAR ARTERY o Fusion of two vertebral arteries



Four major arteries (See Netter Plate 142 for the medial and lateral view of the arteries.)



A. Internal Carotid Artery   



Anterior Crebellar artery Middle Cerebellar Artery Posterior Communicating artery



B. Basilar Artery 



Posterior cerebral artery – fuse with posterior communicating artery and anterior cerebral artery to form the Circle of Willis



C. Circle of Willis  



 



Arterial circle at the base of the brain Circle of Willis receives all the blood that is pumped up the two internal carotid arteries that come up the front of the neck and that is pumped from the basilar artery formed by the union of the two vertebral arteries that come up the back of the neck. All the principal arteries that supply cerebral hemispheres of the brain branch off from the Circle of Willis [ideally] Allows continuous blood circulation to the brain  Prevent ischemia and infarction



Marla. Frances. Honey.



1. Middle Cerebral Artery (MCA)  Branch of ICA  Not part of the actual circle  Goes to the lateral sulcus (Sylvius)  Supplies the anterior 1/3 of dorsolateral area of cortex o Damage may affect face, distal upper and lower limb [less affected] o Result to preferential posturing, flexure, has tendency for spasms o May result to aphasia [language problem] o Damage to the left side of the brain of a righthanded person o Deep penetrating arteries from M1 segment are very prone to hypertension/stroke o Clot in trunk [aorta orwards] may migrate to brain as embolism o Web-shpaed involvement of parenchyma 2. Anterior Cerebral Artery (ACA)  Branch of ICA  Has horizontal branch, A1 but most are medial branches, A2  Goes to the interhemispheric fissure  Supplies the medial portion of cerebral cortex o Damage to arteries in pre-frontal area [orbitofrontal, frontopolar, callosomarginal, pericallosal] may result to weakness of lower limbs on the contralateral side; may also affect memory 3. Posterior Cerebral Artery (PCA)  Supplies the posterior portion of the brain (visual cortex)  Occlusion: visual problems 4. Lenticulostriate Arteries (See Netter Plate 141)  Perpendicular to MCA  Systemic blood pressure is transmitted directly here
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Most common site of infection/stroke



Communicating Arteries 1. Anterior Communicating Artery (1)  connects the two ACA 2. Posterior Communicating Arteries (2)  connect the MCA and the SCbA II. BRAINSTEM AND CEREBELLAR CIRCULATION



  







All intracranial veins drain into dural sinuses then to he venous circulation Internal carotid artery in the intracranial portion gives rise to the MCA and ACA 40% of the total vascular resistance in CNS are in the penetrating parenchymal arteries (< 200 umin diameter)  These are the arteries that are affected in hypertension–producing stroke Multiple anastomoses connect branches of the 4 major arteries that supply the intracranial something: Circle of Willis



Arterial Anastamoses 1. Circle of Willis 2. Between ICA and MCA 3. Meninges II. BLOOD BRAIN BARRIER (BBB)   



  



A. Brainstem 











Caudal Medulla o Vertebral and Basilar arteries o Penetrating branches [from Anterior Spinal artery] o Circumferential branches [from Vertebral Artery]  Short and long [more tendency for stroke] Rostral Medulla o Posterior inferior cerebellar arteries o Artery of stroke o Supply dorsolateral area of rostral medulla  Includes part of vestibular nucleus  damage may manifest in dizziness or even vertigo Pons and Midbrain o Vertebral and Basilar arteries o Penetrating branches [from Anterior Spinal artery] o Circumferential branches [from Vertebral Artery]  Short and long [more tendency for stroke]



Prevents entry of substances into the CNS A physical barrier resulting from a combination of membrane properties and cellular transport systems Prevents entry of anything possibly noxious to brain (only some selected substances can pass, ex. chloramphenicol)  Reason for the much higher dosage of drugs administered Most gas will not pass blood-brain barrier, only those that are lipid soluble would be allowed to enter Facilitated diffusion is the main transport system Some areas of the brain don’t have the barrier or less potent



Capillaries of Organs outside the nervous system  Fenestrated (“fenestra” = window) - with pores and channels (fenestra) between individual endothelial cells  Water and solutes can pass from blood to extracellular spaces (ECS) Capillaries of the CNS  Single layer of endothelial cells surrounded by a basement membrane, invested by a nearly continous layer of astrocytic extension called foot processes  Cells joined by continuous tight plasma junctions formed by the fusion of external layers of the PM (this tight membrane prevents entry of materials from the capillary lumen into the parenchyma)



B. Cerebellum 











Posterior Inferior Cerebellar Artery (PICA) o From the vertebral artery o Supplies the posterior inferior cerebellum as well as the medulla. o If lesioned, patient will complain of chest pain Anterior Inferior Cerebellar Artery (AICA) o From the basilar artery o Supplies the anterior inferior cerebellum as well as the pons. Superior Cerebellar Artery (SCbA) o From the basilar artery o Supplies the superior cerebellum.



Vasculature of the human brain  Arterial input and venous drainage only  No lymphatic vessels in CNS  Virchow Robin spaces – perivascular sheath-like extensions of subarachnoid space around arteries and veins. This is the counterpart of lymphatic vessels; this is also the site affected in meningitis or other neuro infections



Marla. Frances. Honey.



Tight Junctions  For substances to enter ECS or interstitium of brain, they need to pass through the plasma membrane of capillaries rather than between endothelial cells.  Lipid-soluble, uncharged substances can pass the plasma membrane with ease.  RULE: Only lipid-soluble drugs can reach therapeutic concentrations in the brain.  This is why mannitol is effective as osmotic diuretic. It cannot pass through the BBB and thus can only osmotically attract water from within. It is used as treatment for cerebral edema secondary to tumor. 



However, in meningitis, blood vessels are inflamed, causing disruption of BBB. Antibiotics can then diffuse into the brain tissue.  Water-soluble substances are effectivelv prevented from passing, except via specific uptake mechanisms. Specific transport mechanisms between blood and brain for certain
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substances needed by brain (such as GLUT1 transporter for glucose (energy source) Note: transport is via facilitated diffusion



BBB absent in:  Anterior 3rd ventricle  Tuber cenereum of the hypothalamus  Pineal gland  Area postrema of the caudal 4th ventricle (area related to vomiting) Mainly in diencephalon area Areas where the CNS can process information Allow the brain to sample or monitor the blood so that the brain can give appropriate responses to certain conditions



B. Changes in Cardiac Output  Due to alterations in cardiac rhythm and myocardial function eg. MI and cardiomyopathy  Due to presence of cardiac disease  Important in terms of blood reaching the brain  Brain supply may also be impaired C. Reflexes that Mediate CV tone and Help Maintain a constant BP involve:  Baroreceptor in carotid sinus and aortic arch (from 2013: adjust BP in accordance to position eg. standing, lying, sitting







Astrocytic foot processes  Do not contribute to BBB  Presently appears that it does not exclude substances from entering ECS of brain  Main function: rapid transfer of ions from extracellular environment of neurons to region of capillary wall  Maintains optimal milieu of neurons: remove superoxide radicals and charged particles III. CEREBRAL BLOOD FLOW AND METABOLISM



A. Cerebral Blood Flow (CBF) Brain  2 % total body weight (1.2 kg female; 1.5 kg male)  receives 15% of cardiac output o Normal blood flow through the brain 50-55 ml per 100 g brain tissue per minute (750 ml/min)  utilizes 20% of oxygen consumed in basal state o total oxygen consumption of brain: 3.7 ml per 100 g brain tissue per minute (50 ml per minute) 



2013: In Alzheimer patients, their brains could weigh at just about 800 grams



 



Directly proportional to perfusion pressure Inversely proportional to the total resistance of the system



CBF = (MAP - CVP) / CV MAP- mean arterial pressure (supplied by the heart) CVP- central venous pressure (moving force) CVR- cerebrovascular resistance (virtually absent, depend on caliber of lumen) MAP - pumped by heart, most important determinant of the formula CVP - central pressure that moves the blood inside the brain - normally very low



  



Factors outside the cranial cavity that modify or regulate CBF Primarily related to the cardiovascular system, systemic BP, efficiency of cardiac function, viscosity of blood Brings blood to brain



B. Extracerebral Factors That Affect CBF A. Systemic BP  Principal force in maintaining cerebral circulation  Pressure differences between arteries and veins  Normal condition: cerebral venous pressure - low (5mmHg)  Most important factors in maintaining CBF: systemic arterial blood pressure  Systemic arterial BP is dependent on a. Efficiency of cardiac function (cardiac output) Dysfunction: cardiomyopathy b. Peripheral vasomotor tone or resistance Dysfunction: atheroscleorsis, dyslipidemia c. Both governed principally by both autonomic control from the vasomotor center in the medulla



Cardiogenic shock, systemic shock both lowers BP Sympathetic: high HR Parasympathetic: low HR







May be altered by advancing age, the presence of atherosclerosis and certain drugs may alter these reflex mechanisms (diuretics that can decrease blood volume) (can damage baroreceptors) In the elderly, a simple physiologic act such as assuming an upright posture may result in severe orthostatic hypotension and pronounced reduction in CBF (causing fainting or syncope)



D. Viscosity of Blood  Severe anemia: may cause increase CBF by as much as 30% (to match the need for oxygen)  Polycythemia (increase in RBC = inc. viscosity): may decrease CBF by as much as 50% (commonly caused by smoking. Polycythemia vera – not so common form o Smoking = inc viscosity = dec CBF by as much as 50% A. State of Cerebral Vasculature  Widespread intracranial arterial pressure disease; increase cerebrospinal resistance; decrease in CBF B. Decrease in CBF  Pathologic processes that are associated with a rapid shunting of blood from arteries to veins (arteriovenous malformation or AVM); increase in total CBF but decrease in local tissue perfusion C. Increase in Intracranial Pressure (ICP)  Transmitted directly to the low pressure venous system o increase in CVP o decrease in CBF  In pathologic states frequently accompanied by increased ICP, reduction in blood flow may further accentuate signs and symptoms produced by the primary lesions C. Intracellular/Intrinsic Factors That Affect CBF 1. Neurogenic Control (See Table 1)  Both extrinsic and intrinsic to brain  Extracranial and intracranial arteries are richly supplied by a neural network  Has minor role in regulation of CBF compared to other factors (chemical and metabolic factors) 2.     



Myogenic Control Main mechanism of cerebral autoregulation Like all other hollow organs that contain smooth muscle, Cerebral vessels are able to alter their diameter in response to intraluminal pressure High pressure - vasoconstriction Low pressure – vasodilation 2013: Along with chemical-metabolic factors, has more significant role in regulation than neurogenic control



From 2013



Marla. Frances. Honey.
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3.



Chemical Metabolic Factors



  



Primarily a pressure-controlled myogenic mechanism that operates independently but synergistically with other neurogenic and chemical-metabolic factors Major homeostatic and protective mechanism “The brain is always in autoregulation."



Metabolic Regulation  Normal conditions: CBF coupled directly to neuronal metabolic activity  Direct/ linear increase/decrease in CBF results from corresponding change in brain metabolic activity  Coupling of 1-2 seconds  Coupling: strictly regional effect (produces little alteration in overall blood flow) E. Ischemic cascade Phenomenon 1. Decrease in CBF and cerebral O2 and glucose consumption Figure. Factors that regulate cerebral blood flow (CBF) Carbon Dioxide  End product of cerebral metabolism  Rapidly diffuses across the BBB  Most potent physiologic and pharmacologic agent that influences CBF: cerebral blood vessels react rapidly to any changes in local CO2 tension  Fastest response to inc/dec. in CO2  Direct relationship of PaCO2 vs. CBF  Inc PaCO2 - vasodilation  Dec PaCO2 – vasoconstriction  Oxygen  Not as potent, effect is opposite to CO2  Reaction of cerebral circulation to local oxygen tension (PaO2) is reverse of that of PaCO2  Not as sensitive as PaCO2  Inc PaO2 - vasoconstriction  Dec PaO2 – vasodilation  CO2 and O2 may act..  directly on the smooth muscle of the vessel wall  indirectly via neurogenic chemoreceptors  by producing alterations in brain hydrogen concentration  pH  lactic acid- end product of anaerobic metab, a potent vasodilator  low pH (acidosis from inc CO2) - vasodilation  high pH (alkalosis) – vasoconstriction



From 2013:  Results in ATP depletion which then impairs the Na+-K+ ATPase pump Without the pump:  The membrane potential is zero  (since the pump is responsible for maintaining the potential).  Therefore neuronal conduction is impaired  Water which is normally released with Na+, remains in the cell and causes cytotoxic swelling



2. Impairment of local autoregulatory mechanisms with loss of local responsitivity of vessels to chemical and metabolic changes and to alteration in perfusion pressure 3. Initiation of anaerobic glycolysis with increase in tissue lactate (leading to ischemia)  



Anaerobic glycolysis because of decreased O2. Increase in tissue lactate leading to acidosis.



4. Substrate depletion  Failure of mltochondrial functlon  Inefficient ATP generation +  Leakage of K ions from intracellular + 2+  Accumulation of Na , Cl , Ca ions and free fatty acids  Neuronal depolarization, loss of transmembrane potentiaI, increase in tissue water, impairment of ATP-dependent neurotransmitter uptake  May lead to cytotoxic edema = inability to uptake water



(REFER TO APPENDIX FOR SUMMARY TABLE)



Vasogenic Edema  Water enters the brain because of faulty BBB.  The temporal lobe descends and presses through the tentorium cerebelli, herniation.  Temporal lobe impinges on the third nerve. Continues to lower down the medulla, pons, etc. This results eventually to death.  Treatment: to prevent further edema induce vasoconstriction by decreasing CO2; induce hyperventilation. (immediate effect but detrimental if prolonged due to decreased cerebral blood flow) D. Cerebral Autoregulation Autoregulation  Ability of an organ to maintain its blood flow at a constant volume for all but the widest extremes in perfusion pressure Cerebral Autoregulation  Ability of normal brain to regulate its own blood supply in response to changes in the arterial BP and metabolic demand  Occurs in CBF when mean arterial BP = 60 - 150 mmHg (2013: CBF will remain constant as long as BP remains within the range)  Fallacy: inc. bp w/in the range causes headache  Occurs in both large and small arterioles  Autoregulation can be achieved through myogenic, neurogenic, chemical, and metabolic but but autoregulation is



Marla. Frances. Honey.



5. Energy loss  Increased release of excitatory neurotransmitters (glutamate)  Activation of NMDA receptors +  Increased permeability of Na lons causing intracellular swelling and lysis (cytotoxic swelling) 2+  Massive entry of Ca ions into postsynaptic neuron with 2+ additional Ca induced release of excitatory transmitters  Leads to neuronal necrosis 2+



6. Increase in intracellular Ca  Activation of phospholipases and proteases  Generation of O2 free radicals and nitric oxide  Causes membrane, mitochondrial and microtubular damage  Cell destruction = cell death  At this stage, even if blood supply is reinstituted, damage will happen not because of decrease in O2 but because of the free radicals. F. Case Studies Case: Patient is drowsy and in a stuporous state due to increased edema of a tumor. What should be done on the patient? • Intubate and increase respiration Logic: to decrease carbon dioxide However, hyperventilation can cause ischemia. This is only done as an emergency maneuver.
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• More commonly used method: use of diuretics Mannitol – osmotic diuretic, cannot pass through BBB However, water will be drawn out not only from the tumor but also from the whole brain in general. • Increase oxygen supply to the brain, but make sure that the heart is working properly. Revive the heart, then give O2. • Decrease the brain glucose level In the absence of O2, glucose is metabolized anaerobically. This can lead to metabolic acidosis. • Give fluid of higher tonicity fluid to control the edema. • Use drugs to block glutamate, NMDA receptors, and/or Ca2+. However, they were found to be unsuccessful • Use free radical scavengers to minimize damage.  Two types of edema 1. Vasogenic - due to breakdown in the BBB 2. Cytotoxic - due to decrease in brain energy 



Frances; Hello 2015!!!:D yehey!:) the sem is almost over? can you smell the scent of sembreak?haha:) Greetings (again) to the psych people!:D woohoo!:) at last di na tayo nomad guys. Nagsettle na tayo sa likod. :) Ang sisipag kasi nating makinig sa lecture eh. Hello din sa JU-ON group!!!:D (seriously, yan na ba talaga ang pangalan natin?) I'm looking forward to our future bonding times.:) Sana next time overnight naman not because we have to finish a paper or study for an exam but because we want to have fun lang and bond. haha. :) At para sa mga classmates ko na hindi ko pa nakilala o hindi ko pa lubos na nakikilala, hello na din. I believe na magkakakilakilala din tayo in the future:) God bless sa exam!:D



Why not use spinal tap? May cause a decrease in the buoyant effect on brain which could lead to herniation



GREETINGS Honey: Una, ang bagong cellphone number ko ay: 09052907288. Pa-save na lang. Thanks! Text-text tayo sa sembreak. Weee, malapit na.. isang linggo na lang. In fairness ito na ang pinakamahirap sa tatlo naming na-trans. Or pagod lang talaga ako.  babawiin ko na lang sa greetings. Mabuhay ang Ju-on Group/SusMarjoseph/Kuya Zaid and friends. Nairaos din natin ang proposal kahit masyadong gumana yung Murphy’s Law [everything that can go wrong, will.] Sana we have more time for movies, popcorn and youtube! Out-of-town naman tayo sa sembreak, please.  The Great Marj, salamat sa pagshare. Ags, for best LO! Cathy! Lalagay ko dapat yung “codename” mo pero baka magalit ka. Haha. Mia, sa susunod comedy na lang panoorin natin kasi gusto ko pang magamit ang eardrums ko. Peace! Sasha, thanks for being a great host kahit ilang araw kaming magulo sa inyo [at sa masarap na siopao bread]. Marla, videoke tayo! Kay Ron-ron na walang romantic interest, sad ang life pag walang love. LOL. Gab, paturo pa ng brain! Marlo, ikaw na ang HP fanboy. Pat, salamat sa flashdrive! IC, mabuhay ang mga sabaw! Angel, thanks ulit sa survival kit. Kumpleto talaga. Haha. Marcel, ikaw na ang mabenta humirit. Frannieeeeee, we want more “popcorn”.  Nina, AKIN SIYA. :p Kuya Zaid, sana pag-uwi mo ng Zamboanga pasalubungan mo kami ng something bukod sa crabs.  Popcorn queen Mia, popcorn girls frannieeeee, marla, sasha and cathy.. hello. :D Sa mga may sakit.. Ian, Lowie, Pam.. pagaling kayo! Thursday Club! Hello. May sem-ender chorva ba tayo? :D Sa iMed, hiiiii! October na, spontaneous gathering na ulit tayo. Matagal na rin akong di nakakabakasyon sa iMed land. :D Gbox club, kalian ang susunod na gig? Tandaan ang ating ultimate gig sa Redbox! Kung kailan, TBA. Special mentions: Anne , salamat kasi hindi ka nagsasawang ka-lunch ako. Maliliwanagan din ang mga bagay-bagay baling araw. :)) Paul, I’m happy you’re happy na. [tama ba?] Tristan, isang linggo kitang hindi nakasabay pumasok, nalungkot ako. At seryoso ako sa paggawa ng malaking I TOLD YOU SO. :)) Gab, kwentuhan mo pa ako pag may time. Haha. JP, ang gwapo mo. Mae, sana gumaling ka na fully, at salamat sa pakikinig sa kaguluhan ng mundo. :) Ica G, chill lang. :D Hannah, text mo lang ako anytime gusto mo ng mangungulit sayo. Hello sa mga parati kong nakakasabay sa medlib at MSU 2/F: Kenneth, Pen, Bram, Jed, Vince atbp. Sa lahat ng di ko pa nakakausap, hello din sa inyo! :D
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Table 1. Effect of neurogenic factors on arteries. Table 3. Glucose metabolism. Dr. Dasig mentioned only the anaerobic glycolysis, which happens in ischemia.



Table 2. Factors regulating cerebral blood flow.
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