BIOCHEMISTRY/PHYSIOLOGY

REVIEW PG 84-86

X

Circulatory System

i Stretch receptors irgarotid sinds

A" Most important for short term BP reg
A High BP activates t

1 Increased pressure in the carotid sinus increases the discharge of efferent fibers that trav&idiNthe 9
§ Then through local medullary circuitrgescending fibers are activated that inhibit sympathetic neurons
associated with the heart
A Respond to actual stretching, not chemicals
0 Stretch receptors in the atria
A Elicit Bainbridge reflex --- Think Bridging the gap from the heart to the Lungs
1 Initiated by excess blood volume in R atrium
1 Sensitive to both Pressure and stretch
1 Goalis to get heart to pump harder to transfer excess blood from pulm circ to systemic circ
1 A sudden increased inflow into th-will cause an increased blood flow to th-in 2-3 heart beats
A Afferent to the medulla via the vagus nerve
1 Stimulation of the heart by the vagus nerve keeps the HR down

n fidecr
A Then efferent sympathetic increases the HR strength of contractions
U0 Chemoreceptors
A Central iThink C for Central and CO2)
)l

1 MAJOR regulators of ventilation
1 Kaplan states central receptors are sensitive to low pH
§ Detect H changes in CSF (cerebrospinal fluid)
8§ NO detection of PO2
8 Detectincrase in PCQ
U When PCQgoes up, also increase$ because CO+ H,O forms carbonic acid, which then disassociates
to H" and bicarbonate
U Breathing a gas mixture wiffgiB@}ultimately leads to a stimulation of central chemoreceptors
0 Normally, air is 78% N221% O2, and traces of other gases like CO2
0 CO2 affects central chemoreceptor the most
A Peripheral
T Located in carotid and aortic bodies
f Detect change in blood BQf <60mmHg), PCQ, and H (or pH) ion concentrations
1 Transmit to resp. center in brain to reg.

il
T t 20ml/d|
ted to
berduse low hemoglobine, the less oxygen
in each ml of blood)
U Hypoxic hypoxiain which oxygen tensioof arterial blood is reduced
i Anaemic hypoxiain which the arterial oxygen tension is normal but the amount of
haemoglobin(Hb) available to carry oxygen is reduced.
1 S

ptors
§ Different Q, but it reads administration of 90:10 N20 to O2 will DEPRESS RESPIRATION??? And it will
result inRespiratory Acidosis

8 NOTEA Subanesthetic doses of nitrous &6 N20) cause increased respiration

S



A 13% in systemic arteries
A 7% in arterioles and capillaries
A 7% in heart
A 9% in pulmonary vessels
0 Liver
A Largest share of systemic CO
U Kidney
A Highest blood flow per gram dissue
0 Heart
A Large arteriovenous O2 difference
A Increased 02 demand is met by increased coronary blood flow, NOT by increased extraction of O2
0 Total Peripheral Resistance (TPR)
A Regulates the flow of blood from the sys. arterial to venus circulation
A Resistane to blood flow from the entire circulatory system
A Caused by accumulation @sodilatérocal metabolites (lactate,Kons, & denosing
i Organ Factors determining Autoregulation of blood flow
U Heart 02, adenosine, NO (Unique in that when hypoxicseawasoconstriction)
U Brain CO2, pH
U Kidneys Myogenic and tubuloglomerular feedback
U Lungs Hypoxia causes vasoconstriction (* Unique like the heart)
u  Skeletal Muscle Local metabolites, Lactate, Adenosine, K+ (vasodilators)
A
1 Accumulate due to increasing metabolism of exercising muscle
A Posseultoés Law
A = Viscosity (of blood) x length (of vessel) / (Radils)

1 Factors affecting blood resistance
§ s
u ng)
U Resistance is inversely proportional to t wer of vessel radius (= fyr
A If you Half the vessel, then resistance goes up 16 times
U Larger the vessel, the less resistance
8§ Viscosity
U Directly proportional to resistance
u [TReVenacava contains the highascosity blood in the'boties% sure from the other answer options of
aorta, vasa recta, pulmonary vein, pulmonary artery)
U  Viscosity increases with polycythemia, Hyperproteinemic states (Multiple Myeloma), and Hereditary
Spherocytosis
U May vary with hemsocrit
8§ Vessel Length
U Directly proportional to resistance
U Constant

1 *wmwvhwgmg the length or
reducing viscosity) due to the 4 power relationship

U Cardiac Output (O)

PP

> >

Regulates flow of blood from veins back into arterial side

91 During exercise, CO increasigdtially as a result of an increase in SV

1 After prolonged exercise, CO increases as a result of an increase in HR

1 IfHRis too high, diastolic filling is incomplete and CO drops (i.e. ventricular tachycardia, pulse >200)
Most important factor in relation to circulation

Average resting is 5.6 L /min for men

1 10-20% less for women

Heart Rate (HR)
1

Stroke Volume (SV)
1 = End Diastolic Volumé End Systolic Volume
1 Average is 7680ml
1 CAP
§ Contractility (increases SV)
0 Increased with
A Catecholamines (increased activity of Ca2+ pump in sarcoplasmic reticulum)




1 Sympathetic action of increasing HR neluction velocity, and contractiility
A Increased intracellular Ca2+
A Decreased Extracellular Ca2+
A Digitalis (increased intracellular Na+, resulting in increased Ca2+)
1 Resulting in bigger contractility, and slows down (more efficient)
U Decreased with
A B1 Blockers
A Heart Failure
A Acidosis
A Hypoxia/Hypercapnea
§ Afterload (decreases SV)
U Diastolic arterial pressure (proportional to peripheral resistance)
0 Vasodilators decrease afterload (i.e. hydralazine)
§ Preload (increases SV)
U  Ventricular EDV
U  Venous Dilators decreasegtoad (i.e. nitroglycerin)
C The blood returning to the heart via the inferior and superior ~ venae
cavae.

A Most important determinant of CO
A bwr

A Assisted by:

1 Contraction of skeletal muscles (especially in legs)
1 Pressure changes in thorax and abdomen during breathing
3 Valsalva Maneuver
5§ VR would bef@diliégEby a forced expiration witthe glottis closed
§ technique for increasing the intrathoracic and intra -abdominal
pressure by trying to breathe out forcibly (using the diaphragm
and abdominal muscles) when the glottis (the opening between
the vocal cords) is closed. The manoeuvre is often performed
during isometric exercises and weight -lifting. Air is trapped and
pressurized in the lungs, causing blood pressure to rise. The
great veins may collapse, reducing the flow of blood returning
to the heart. Immediately after the manoeuvre, ar eflex
bradycardia can occur that may cause dizziness and fainting.
1 Pressure of venous valves
1 Decrease venous compliance
1 Sympathetic action decreases compliance, and increases VR
1 eart
8§ FrankStarling
u ction

Matches CO with venous return

i
U Greater the filler, the harder the contraction because of more linking of actin and myosin
i

increase

Mean Arterial Pressure (MAP) = CO x TPR (Total Peripheral Resistance)
MAP is considered to be the perfusion pressure seen by organsin the body. MAP 60 is
good to get blood to all part, below that is problematic. 2/3 of diastolic and 1/3 of

systolic.
A Similar to Ohmdéds |l aw = Voltage = Current Xx Resistance
A ALSO MAP = Diastolic + 1/3 pulse pressure

1 Pulse Pressure = SystalidDiastolic
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§ Pulse Pressure & Stroke Vol ume
8§ Example 120/8@y MAP =80 + (12680)/3A 93.33
§ This is why doctors say the Diastolic BP is more important to monitor
Ejection Fraction
A =(EDVIiESV/ EDV) = Sv/ EDV (Whatdéos | eaves/ what you s
A Anidex of of ventriculacontractility
A Is normally 6670%
Ventricular Filling
A Rapid Filling Phase
1 Rapid flow of blood into the ventricle actually produces a decrease in atrial and ventricular pressures, but a sharp
increase in ventricular volume
A Diastasis (Slow Filling Phase)
1 Gradual rise in atrial, ventricular, venous pressures and ventricular volume
lume

Compliance (Larger compliance, larger the dilation)

A A measure of how much a vein reacts to an change in pressure
A Highly compliant veins dilate a lot
A Determines the amount of blood flow in the veins
A Sympathetic decreases venous compliance and returns more blood back to the heart
A Vascular compliance = Increase in volume/increase in pressure
Blood Flow
A = Pressure difference/Resistance
1 The greater the pressure gradient, the greater the flow
1 The flow rat decreases with increased resistance
1 CO=BP/TPRA V=IR=A (BP) Pressure = Flow (CO) x Resistance (TPR)
BP
A Measuring BRy What indicates systole when using a sphygmomanomatef®st sound
A enter
A BP=COXxTPR
1 Aorta

§ The characteristic of the aorta most responsible for the maintenance of diastolic BP is elastic distensibility
1 Systemic Arteries
§ High pressure

¢Erom the NE, sympathetics??)

§ Strongmuscular walls
§ Al ways carry blood AA for Away from the Hearto
8 ure are
u tance
8 (0]
U Now think of things that could cause a decrease in CO, like venous return for example
8 rt

§ Cardiac shock = inadequate pumping action of heart
1 Arterioles
8§ Greatest drop occurs in the arterioles

u istance in
u €is/c blood

accumulates in the lower body)
u les

Small vessels with diameter of 0.5 mm

Small lumen, buthick tunica media (almost all smooth muscle)
Primary resistance vessels, hence determine distribution of CO
Control valves for the capillaries

Local blood supply is regulated by tissue metabolism

Humoral factors affect diameter as well as sympathetic actation

w W W W W W
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1 Capillaries
§ Where exchange occurs
§ Walls are very thin
U Only a single layer of endothelial cells
U  Surrounded by a thin basal lamina of the tunica intima

Pﬂ

8§ More capillaries arranged in parallel
U BP decreases as it flows through circulation

1 Venules
& Small veins which collect blood from caps
§ Gradually coalesce into larger veins
1 Systemic Veins
§ Conduits for blood to get back to the heart
The blood pressure of the circulatory system is the loest in the veins
i Greater osmolarity is in the IVC
Larger lumens and thinner walls than arteries
Higher compliance, act as reservoirs
Valves, especially in limbs to prevent backflow

8
8
8
8

Edema
A Fromcapillary fluid pressure and increased colloid osmotic pressure of interstitium

f  These two actin the same direction when it comes to movement of water between interstitium & plasma

A Capillary pressure
1 Force out fluid by filtration
1 Determined by venous prese and arterial pressure

A Interstitial fluid pressure
1 Opposes cap pressure
A Oncotic pressure (or colloid osmotic pressure of the plasma)

1 Pulls fluid back into the plasma (same axn as the interstitial fluid pressure)

laries
pressure

1 Main protein contributing to oncotic pressueisumin
§ Albumin

a
e NOT

Smallest most abundant protein in the blood plasma

Important buffer in the blood and is partly responsible for blood viscosity

hesis
lood

i K|dnev is main organ responsiblefor reg of osmotic pressure with reg of water resorption via ADH
A When balance is off, edema occurs anmdpyatics pick up the extra fluid left in the interstitium
Pulmonary Circuit
A BP is much lower than systemic circuit

1 Pulmonary arteries are usually dilated and have little resistance are a lot of compliance

1 low
(Ceeat example of paralleling capillaries)

cC:

§ Think V = IR, aka O6pressure = current*resistancebd

A From right side of the heart to the lungs and back to the lefosidhe heart
li

Systemic Circuit
A To all tissues except ttaveoli



U **Volume flow for BOTH circuits is 5 L/min (VoI flow/min'is the Same for both hie Systemic & pulmonary

x  Blood
u BY Total Body Weight

A 92% Body Fluids ath Tissues
A 8% Blood

1 55% Plasma

1 45% Formed Elements
A Serum

T =Plasmai Clotting Factors (i.e. fibrinogen)

1 Clear, thin, sticky fluid portion after removal of fibrin clot and blood cells
1 No platelets, RBCs, or Fibrinogen
A Plasma
 =Serum + Fibrinogen
1 =Bloodi Formed elements
1 Liquid portion of the blood
1 55% of the blood

1 Contains
§ Proteins (7%) albumins 55%, globulins 38%, and fibrinogen 7%
§ Water (91%)
§ Other Solutes (2%) Metabolic endproducts, food materials, respiratory gases, hormones, and ions
is
A Formed elements
1 The other 45%
8 RBCs
§ Leukocytes
0 PMNs 4070%, Lymphocytes 2d0%, Monocytes 20%, Eosinophils 6%, Basophils <1%

§ Platelets
i RBCs
A Biconcave discs
A 7.5microns in diameter
A Function to transport £and CQ
A
A C
i xchange
1 Has lipid membrane of A, B, or O antibodies
1 Blood Type
Blood groups Antigens on RBC Antibodies in Plasma
(Agglutonogens) (Agglutinins)
O (Universal dOnOr) - Anti-A and AntiB
A A Anti-B
B B Anti-A

|_AB (Universal Recipients) Aand B H

A Hematocrit
1 Proportion of RBCs in a sample of blood
8§ 46.2%-- Males

u yd
A 0

9 Normal Venous pH

§ Venous =7.36

§ Arterial = 7.41

§ 40.6%-- Females

)l
U Hemoglobin (Hb)
A Constitutes 33% of the cell weight in RBCs

A 1 RBC contains up to 300 million Hb molecules
A *r



1 Heme synthesis occurs in the liver and bone marrow
1 The committed step is Glycine + Succinyl C&Agammaaminolevulinate (ALA)
§ This is done by the NZ aminolevulinate synthase (inhibited by product heme)

> >

Globin portion
1 Consists of 2 alpha and 2 beta chains
i Existsin 2 Forms:
§ Taut (T) has low affinity for Oxygen
0 Increased G| H+, Temp, CO2, and DPG favor the T form (Unloading O2)
0 CO2 binding favors the T form
A CO2 transport binds to the amino acids in the globin chain (at-tieennus) and not at the Heméesi
§ Relaxed (R) has high affinity for Oxygen (300x)
A Heme Portion
1 Consists of 4 ringshaped heme molecules
§ N-containing organic pigment molecule that has single atom?f(feerous) in its center, which can combine
one molecule of @
u

Attached to Globin polypeptide chains

Each Fe can bind reversibly with 1 molecule of €& Hb molecule can associate with Anlecules

(oxyhemalobin)

i Remember that O2 binds with positive cooperativity and negative allostery, meaning that the binding
of the first O2 helps with the binding of the other 3

0 This accounts for the sigmoid shape dissociation curve (unlike myoglobin)

Hb can bind C@andthat decreases amount that can bindto O

Carbon monoxide has a 200x greater affinity for hemoglobin than does 02

bin
U} ic

§ MetHemoglobin
u Has its iron in Fe*" (ferric) state and cannot function (NOT reduced hemoglobin)
Remember ferrOus (O for oxygen carrying)

F

w

w) W W

1 Fe

§ 2/3%f the bodyo6s Iron is in Hb

§ Other 1/%'is in liver, spleen, bone marrow, etc. in the form of ferritin or hemosiderin

§ Body normally has about 4 gms

8§ Absorbed in the upper part of small intesti primarily in duodenum

U Combines in blood plasma with beta globulin apotrasferrin to foansferrin which is then transported to
plasma
A Hb Types

1 Hb AT Normal type

1 Hb Ci Abnormal in which Lysine has replace glutamic acid causing redalestCity of the RBCs

1 Hb Hi Abnormal composed of 4 beta chains (resulting in athhéassemia)

1 Hb M7 Abnormal Hbs in which single amino a@dbstitution favors the formation of methemoglobin
seosylated

Hemoglobin.
1 HB'Si (Sickle Cell anemia)
& Abnormal Hb in whichvaline replacedylutamic acid in thebeta chan

U This causedb to becom & to polymerize into crystals that distort the
RBCs into a sickle shape (sickdell anemia)

i
1] H

A The pH at which number of positive charges equals the number of negative charges

Another Q!Sickle-cell anemia is caused by the presence of a valine substitution for glutamate in the sixth aminc
acid from the Nterminal end of the hemoglobin&hain. This amino acid substitution is the result of a base
change in the DNA of the-Bhain gene

globin




8 Involves a missense mutation
8§

A Hbtest
1 Measures the grams of Hb contained in 1dI of whole blood and provides an estimate of carrying capacity of RBCs
1 Normal Concentrations
8§ Womeni 12 to 16 gm/dl
8§ Meni 14 to 18 gm/di
§ Infantsi 14 to 20 gm/dl
1 Value depends on # &BCs and amount of Hb in each
§ Low value indicates anemia
& An anemicpatient breathing room air is expected to hawvemal arterial O , tension& reduced arterial O,
content

|
|

A Oxygen transport
1 O, picked up in the lungs forms oxyhemoglobin (HhO
9 Then.in tissues, Q splits away from Hb and creates reduced hemoglobin (HHb) or deoxyneoglobin
§ A dental patient presents with a bluish discoloration of the mucous MBs indicative of cyamussslikely the
result of increased levels tfduced hemoglobin

§ NOTE: Cyanosis, by definition, is a bluish discoloration of the skin d tiestpresace of deoxygenated Hb in

ce

T Axnis reversible
§ Depends of P®

U When PQis high, (in pulmonary caps), Hb has higher affinity for O
A hins

U  When PQis low, (in tissie caps), Hb has lower affinity and unloads O

i Comerson of 5010 Hp i th mos mportan rocessn oreventng  decrease of 02 s

§ Causes of @unloading (Decreased affinity for,foi Curve shift to the Right

u

u  Bohr effect
A The equilibrium expression for oxygen association to hemoglobin includes participation of H+ ions
A = decreased affinity for O

i
A ion
U Increase in Diphosphoglycerate (DPG)
A Hypoxia increases the formation of DPG
u exercise)

A So basically, when Cgenters the bloodiH'drops, causing unioading'ef.avhich then keeps the

blood pH from dropping too much

>

arterial
n
§ Curve shift to the left
U  This would be area representing times of Hypoxemia or cyanosis
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Oxygen-hemoglobin Dissociation: Excreise
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Oxygen dissociation equation:
]
0 yis the fractional occupancy of,@inding sites
0 Psgis the pQ at which 50% of sites are filled
i

es in)

A Notes:
1 At100mm Hg, Hb is essentially fully saturated (98%)
1 The PO2 must drop below 70 mmHg before there is a significant lowering of the total bound 02
1 At40 mmHg, (venous blood), approximately 75% of heme sites or occupied (or 3 bound
molecules)

%

Blood returning is 75% saturated in O,

e

CQO, is carried from tissue to the lungs in 3 ways

§ 90% Bicarbonate

§ 5% Bound to Hemoglobin as carbaminoglobin

8 5% Dissolved CQ

[CO;+H,O Z ,CB;Z H'+ HCO3]

Present within tubular cells, and it catalyzes the formation of carbonic acid from carbon dioxiddeand wa
Carbonic acid dissociates into hydrogen ion and bicarbonate

One of the fastest known enzymes and is found in great concentration in erythrocytes
Zinc is an essential component

The steps:

8§ Waste CQ, released from respiring tissues into the blood plasmers the erythrocyte

Hb i

§ Within the erythrocyte, carbonic anhydrase facilitates the combination pa@Dwater to form carbonic acid

[CO, + H,O Y HCOj]
u  Carbonic acid dissociates into hydrogen ions and bicarbonate ig@OM H* + HCO3]

A H2CO3
A ungs
A Because the RBC membranés not very permeable to cations, the HC® efflux is balanced with
a Cl- influx, which is known as the Ct shift
A Chloride passes from the plasing the cell as HCQ passes from cell into plasma
A Because HC@is much more soluble in blood plasma thaB,Chis roundabout route increases the

bl ooddébs capacity to carry carbon dioxide
8 Inthe lungs, HCO; reenters the erythrocyte and combines with hydrogen ions to form carbonic acid,
which is split by carbonic anhydrase into CQ and water
U This CQ diffuses into the alveoli and is exhaled
G So, carbonic anhydrase in erythrocytes increases the rate of dissociatig®Gaf H
Haldane Effect
8 In the lungs, oxygenation of Hb promotes dissociation of CO2 from Hb

te ion

from
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Although not required for C£and water to form carbonic acid, it greatly increase the reaction in both respects

o heSa e S e

It is converted to carbonic acid more rapidly in whole blood than in plasma
§ The reason: whole blood contains erythrocytes w/ carbonic anhydrase, while plasma does not contain RBCs

il gs

A Oxygen Tension vs. Oxygen Content

odies
t 20m|/d|
ntent

i NOTE Hb concentration is about 15 g/dl, and each gram can combine with 1.36 ml O2, so blood can carry 20
ml/dl of O2, compared with only 03I of physically dissolved O2
i nsion has
tors
A Carbaminohemoglobin
1 Hbthatis carrying C®
1 Hb carries 97% of @transported
0 Hemostasi$ preventing or minimizing blood loss
A Chain
1 Vasoconstriction
1 Platelet aggregation
§ d vessels
§
§ kopeni
tions
U Basically all the blood progenitor cellseatoo busy making WBCs and so ho energy to make platelets
1 Coagulation Cascad€picture)
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surface of endothelial cells or monocytes
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l Kallnkrem Vascular compromise results in increased
expression of the membrane protein TF on the
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§ Extrinsic pathway

0 Remember something else started it

ti  Uponinjury to endothelialel 1 s Y tissure factor (factor 111) r
i Which combines w/ factor VIl & C&to form activating complex for factor X

U Then activates factor I X to activated complex Y
a 3-7-10



§ Common:

i
i
i

Then activate factor X then factorllac at ed (pr ot hrombin Y thrombin)
10- [BISI@E Throm- Fibrinogen- Fibrin - x-linked fibrin
Also 10 ProT(2) Throm 13- Fibrin Monomerf x-linked fibrin

8§ Intrinsic pathway:

0 When platelets adhere to injured subé&aealbyt hel re
kallikrein and HMWK (high MW kininogen)
i Which activates factor Xl Y which activates | X
0 12-11-9-10
§& Notes
0O Factor X wupon activation is first slow Y once
Thrombinyks YpsfFaedor Xo6s rsn (prothromb Y thromb
0 Speeds up HUGE (800,000 FOLD when V and Ca2+ added)
0  Also speeds up back door via activation of factor VIl from thrombin which joins IX making it stronger
U  Thrombin
A Catalyzes: fibrinogen Y fibrin monomer rxn
A mbin
A Research has shown t
it Factor Xllla cat al y zlekedfibriniteacionn monomer Y cross
0 When BVsare ruptured, usually both intrinsic and extrinsic pathways are activated
a mbin and

nt

§ Thromboxane A2

u
i

>

l

gate
PGI2 acts to inhibit Platelet aggregation

g:
Sis

A Vitamin K is cofactor 2 (prothrombin), 7,9,10

§ (Plasmin breaks down dk)

> >

>

Erythropoeitin

Bleeding disorders

Hemophilia A representshieeding disorder due to lack of factor VIll

Stimulates RBC production in bone marrow
Glycoprotein hormone produced in the kidneys

T D I

Negative feeback mech sensitive to the amount,af ®lood
Site of action

1 Hemcoytoblast (a pluripotent stegall)

Can have hypo (anemia) or hyper (polycythemia) secretions of erythropoietin
asma Calcium Levels

8.5 to 10.5 mg/dI

Regulated by PTH

> > > >0 >

A High Plasma Ca results in CNS and Cardiovascular depression

Vit D regulates uptake in Gl

Plasma Phosporus levels
A 3.0to 4.5 mg/dl
A Regulaed by PTH
1 Causes kidneys to increase the rate of phosphate excretion
Blood glucose levels

A 80-100 ma/dl
A Reg. by insulin and glucagons


http://www.answers.com/topic/sodium-channel

A Glucose normally does not appear in urine although it is filtered because it is reabsorbed in the proximal convoluted

tubule
x  Heart
a \[alves
A TPMA (Toilet Paper, My A**)
A Tricuspid

1 Between Right Aand V

1 Tough, fibrous tissue flaps of endocardium

1 Secured to papillary muscle via chordae tendineae
1 right A

1 The three-segmented valve of the heart that keeps blood in the right ventricle

from flowing back into the right atrium.
A Pulmonary
1 Entrance of pulmonary artery
f 3cusps

1 Between Left Aand V
1 Tough, fibrous tissue flaps of endocardium
1 Securedo papillary muscle via chordae tendineae

A Aortic
Y Entrance of ascending aorta
Y 3cusps
i Sounds
A First Heart Sound
f ALubo
1 at beginning of ventricular contraction

§ muscle tension
increased but muscle can not be shortened).
9 Louder and stronger
1 Systole starts with®1sound
1 Diastole ends with®isound
A Second Heart sound

9 ADubo
1 Closure of semilunar valves (pulmonary and aortic)
8§ Aortic closes beforepmionary, so sound can be dAsplito

§ [Fhe'second heart sound is related o closuire of aoriic calvestole starts.

1 Systole ends with™sound
1 Diastole starts with™ sound
A y
A ime
u Cardiac Cycle 4 o s 4F'hc'ése o .
A Phaseis . 120 oy
1 17 Atrial Systole i / ’\,_..______ Pressure
1 27 Isovolumetric Contraction Pross 80 4T——— | T~
8 Period between mitral valve closure and aortic (mmHg) - i "
valve opening 40 - / ¢ L Press
§ Period of highest oxygen consumption | a |f [LAPress |
1 3i Rapid Ejectdn o4 T M T "
1 47 Reduced Ejection 120 o | —1— < LVEDV
1 57 Isovolumetric relaxation L\ Vol - \ —
8§ Period between aortic valve closing and mitral {ml) 80 -
valve opening -
1 61 Rapid Ventricular Filling I L J :—- «— LYYESW )
} 771 Reduced Ventricular Fllllng Heart ‘IV ol 1
A Sounds Sounds | [* ™ #‘
9 1i Mitral and Tricuspid Valve Closure (Lub) o 04 o8
1 27 Aortic and Pulmon. Valv€losure (Dub, second Time(sec)
Sound) Abbreviations:

LV Press, left ventricular pressure

a, a-wave,; c, c-wave; v, v-wave

ECG, electrocardiogram

LWEDV, left ventricular end-diastolic volume
LWESW, left ventricular end-systolic volume



i

i

i

9 37 Start of Ventricular filling
9 47 High atrial pressure/stiff ventricle

A Diastole

1 Isovolumetricientricular relaxafion

8§ Pulmonary and aortic valves close
8§ Ventricular pressure decreases

8
i
i

dual

test
During contraction of the ventricular myocardium (systole), the subendocardial coronary
vessels (the vessels that enter the myocardium) are compressed due to the high
intraventricular pressures. However the epicardial coronary vessels (the vessels that run a long
the outer surface of the heart) remain patent. Because of this, blood flow in the
subendocardium stops. As a result most myocardial perfusion occurs during heart relaxation
(diastole) when the subendocardial coronary vessels are patent and under low pressure. This
contributes to the filling difficulties of the coronary arteries.

1 Opening of tricuspid and mitral (bicuspid) valves [Passive Filling]
1 Atrial Systole
§ Following SA node depol, atria depamhd contract [Active Filling]
8§ The wave of depol slows in the AV node, allowing time for blood filling of ventricles

i 8§
A Systole

tole

I Isovolumetric ventricular contraction

8
8

Mitral and tricuspid valves clos
idhd ventricular volume drops rapidly.

9 Ventricular ejection
§ Opening the aortic and pulmonary valves
§ Empty rid at first, then rate slows and ventricular pressure drops

A

A Positiv
q

Inotropic States (Myocardial Contractility)

Chronotropic State (Heart Rate)

§ Ventricular pressure is greatest at beginning of ventricular ejection

iastole
els

Increase in Rate

A Term used to describe the degree to which the fibers are activated at a given preload and afterload

a2+

1 Agents include:
8§ Epi, NE, otler Betal agonsists

i
i

Increase the probability that a Ca channel is open
otropy

8§ Increased Extracellular [Ca2+]

i

Causes an increased influx of Ca during phase 2 of the &mh potential

8§ Cardiac glycosidedigitalis)

i
i
i

Inhibit the Na+/K+ ATPase, causing an increased intracellular [Ca2+]
Digitalis is given to increase strength of contractions & decrease HR
| think this makes it a positive inotrope & a negative chronotrope

A Negatve Inotropy
Y Related to decreased availability of intracellular Ca2+
8§ Agents:

u
i

c:

Exercise

Ca channel blockers

Acidosis

A Which blocks Ca2+ channels

Betal receptor antagonists

A Which decrease the probability that a given Ca2+ channel is open
Myocardial ischemia

Alcohol

Acetylcholine

A Decreases Ca2+ influx in the atria, but not in the ventricles
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A 3 major effects are essential for proper circulation during exercise:
T Mass discharge of sympathetic NS
§ Constricts vegetative muscles
8§ Vasodilates skeletal muscles
8§ Increaseheart stuff, etc.
§ Moderate exercise increases HR & coronary blood flow
 Increasein CO
8§ Skeletal muscle contraction facilitates more venous return, so stroke volume goes up, CO goes up
1 Increase in arterial BP
§ From symp action, increasing CO
0 Heart Muscle Refictory Periods
A Ventricular Musclg 0.25- 0.30 seconds
A Atrial Musclei 0.15 seconds
1 Types of refractory periods

8§
U  Another AP is not even possible (H gate stuck)
u
u
] n carry)
§ Relative
0 Begins at end of absolute and continues until membrane potential returns to restirgvel
U Another AP is possible if stimulus is larger than usual
A Excitation time for total heait 0.22 seconds
A Skeletal muscle cells have short refractory periods
9 Also can undergo tetanus, which increases strength of contraction
1 Cardiac muscle dogmttetany because of its long refractory period
U  Autonomic NS and the heart
A Controlled in medulla oblongata of brain stem
A Sympathetic
T NE
1 Increasein HR
1 Fibers are fronT1-T4 (accessory nerves)
A Parasympathetic
9 Ach
1 Decreasein HR
5 [Paiasympathetinervous system retates heart rate
1 Fibers in the vagus nerves
1 A
2
3
0  Myocardial Action Potential (RIGHT) 0
A Phase 0
1 Rapid upstroke 4
1 Voltagegated Na+ channels open —_—
A Phase 1
1 Initial Repolarization
1 Inactivationof voltagegated Na+ channels QRS
Y Voltagegated K+ channels begin to open
A Phase 2

i Platead Ca2+ influx through voltaggated channels balances K+ efflux
1 Ca2+ influx triggers myocyte contraction

A Phase 3
1 Rapid repolarization

B
T
1 Massive K+ efflux due to opening of voltagated slow K+ channels and
) closure of voltageated Ca2+ channels
A Phase 4

T Resting Potential " I
T High K+ permeability through K+ channels I "1




U Cardiac Conduction

A SA Node
1 Pacemaker
§

1

1
Internodal pathways

In posterior wall of R atrium by the opening of superior vena cava
acts a pacemaker)

1 0.04 Seconds
T Transmit depol to L atrium and AV node
A AV Node

1 Inthe lower R interatrial septum
1 Delays impulse 0.13 seconds so atria can contract first
1 The slowest rate of conduction velocity

A AV Bundle (of His)
1 Orginates in AV node
9 Divides into 2 bundle branches to 2 sides of interventricular septum

A Purkinje fibers
9 Originate in right and left bundle branches and extend to papillary muscles and lateral walls of the ventricles
1 Very fast depol through bundle bramshand purkinje fibers 0.03 seconds

i ECG or EKGi fiKnow the P, QRS, & T wavés

P wave activation of the atria

PR segment  the duration of the AV conductiqatrial depolarization to ventricle depolarization)
QRS complex activation of both ventricles

STT wave ventricular recovery

Each 1 mm square represents 0.04 sec (40 ms)

PRinterval je——»|
—|  |«—arSinenal Rate: 300 + # blarge boxes betweencdnsecutive Rvaves

QT interval

Copyright © 2005 by Elsevier Inc.

A P wave
1 Atrial depolarization
8 P waves occurring in ST segment indicating ectopic beats originating in the atria
8 AV Blocks
U 1%"Degree
A Prolonged PRnterval (>200msec)
i 2Degree

A Type | (Wenckebach) shows a progressive prolongation of PR interval until a P wave is blocked and
not followed by a QRS complex

A Typell( Mobitz) shows sporadic/episodic fAdroppedo

A Extra P waves before each QRS @iem on an EKG are indicative [JElGINCaImBIo0Ksecond

~ degree block)

A

i 3“Degree
A Complete AV block with P waves completelissociated from QRS complexes
A
k

S

QRS Complex

T Ventricular depol

T wave

1 Ventricular repol

ST segment

1 Ventricles are completely depolarized???0nly point where this happens in ECG)
9 Isoelectric

P-R interval

S

>




X

i

1 AWhatis the PR interval
U Length of time between depol afria and depol of ventricles

Index of the atrial depolarization and conduction through the AV node

w W W W

T Approx 0.16 seconds (0.13 + 0.03, see above)
Y normal if between .12 and .20 second.
A Q-Tinterval
f Period between ventricular depol and repol
T Approx 0.35 seconds
A T-P section

AV node
ricles
—mugh t

9 Isoelectric (aka ventricle is at resting membrane potentialj no electric signal to the Ieart during this section

1 Ventricle is filling with blood
1 Shortens a lot at high HRs

A Leads

i Standard Bipolar Limb Leads
g8 | Right Arm ()  Left Arm (+)
g 1 Right Arm ()  Left Leg (+)
8§

1 Standard Unipolar Limb Leads
§ AVR Right Arm (9
§ AVL Left Arm (+)
§ AVF Left Leg (+)

Y Doesndét matter which one you used

f ChestLeads
8 V1,V2,V3, V4, V5,V6
8§ Represent 6 places on the anterior chest wall
Heart NZs:

>

1 The first heart enzyme to appear in blood after a heart attack
Glutamate oxaloacetate transmaminase (@OFg second to appear
Glutamate pyruvate transmaminase (GPT)

Lactate dehydrogenasel3H) different isozyme characteristic of heart muscle
The plasma levels of these enzymes are commonly determined in the diagnosis of myocardial infarctions
1 They are particularly useful when the ECG is difficult to interpret
NEW GOLD STANDARD for Dx of a MIA Troponin C

I > >

>

the left ventricle. It can be brought on by an acute heart attack, severe
of the heart's left ventricle, and  mitral stenosis

Respiratory System

0

Gas exchange
A Oxygen passes from alveolar air into blood by diffusion
A Depends on:
1 Thickness of the membrane
8§ Thin is better
8§
1 Surface area of the respiratory membrane
8§
8§
1 Solubility of gas
§ Gas dissolved in liquid exerts partial pressure

nce

area

for cardi ac

Creatine kinase(CK) also called creatine phosphokingd&#K) yummy hearty pizza

ischemia, volume overload

brane

U  So partial pressure includes both gas particles and liquid gas particles

§ CO,is 20x more soluble than,O

arryt


http://www.answers.com/topic/coronary-heart-disease
http://www.answers.com/topic/ischemia
http://www.answers.com/topic/overload
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1 Partial pressure diffenee between two sides of a membrane
& Net diffusion from high to low pressure
u

s)

e gases

i
Alveolar PQ is greater than pulmonary arterial pressure
Alveolar PCQ is lower than pulmonary arterial pressure

w wn

>

ries

>

1 NOTE Hb does release H+, but NOT into the blood, only to be available in the RBC to make Carbonic acid
with the influxed bicarb

QuickTimeE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Puln'qonary Circulation
Normally a lowresistance, high compliance system
PO2 and PCO2 exert opposite effects on pulmonary and systemic circulation
1 A decrease in PAO2 causes a hypoxic vasonconstriction that shifts blood away from poorly ventilated regions of th
lung to wellventilated ones
A A consequence of pulmonary hypertensiois cor pulmonaleand subsequent right ventricular failure (Jugular venous
distention, edema, hepatomegaly)
Pulmonary Ventilation
A Total volume of gas per minute inspired or expired
A Coordinated in the brain stem (medulla)
V/Q Mismatch
A |deally Ventilation is matched to perfusion such that V/Q = 1
9 Actualis 0.8
A Lung zones
1 Apex of the lung = V/Q = 3 (wasted ventilation)
§ Just think blood is flowing through the base of the lungs, so base of the lungs, and air rises so V is greater
in the apex
1 Base of the lung = \Q = 0.6 (wasted perfusion)
§ BOTH ventilation and perfusion are Greater at the base of the lung than at the apex
1 V/Q =0 (means airway obstruction)

PP




1 V/Q = infinity (means blood flow obstruction)

A Volume of air moved in to the respiratorygsageways in one minute

A Is the actual air that reaches the alveoli and can participate in gas exchange
A Expressed in per minute OR per breath
)

1 Deadair space
§ Airthatis filled in the norgas exchange areas of the lung (all but alveoli)
§ ~150ml

A Is the best criterion for effectiveness of breathing

Lung Volumes and Capacities

Maximnal A A A A
Inspiratory Lewel
pilery IRV c
Lewvel at End of v
Ouiet Inspiration v
_______________________ M
ATA'ATEN A ____\fVT v A TLC*
Level at Erd of T 1
OQuiet Expiration ERV
___________________________ :: FRCY—Y
Ilaximal Expiratory Level
RV* FvC
L 2 h 4 h 4
*Net deterrmined by spirometry.
TLC= Total Lung Capacity V= Tidal Valurne
FRC= Functional Residual Capacity IC=Inspirstory Capacity
R¥= Residual Volune ERV= Expiratory Reserve Volurne
V(= Vital Capacity IRV= Inspiratory Reserve Volume

FVC = Forced Vital Capacity

A Tidal volume (\)

1 Amount of air entering thaihgs with each breath

1 Normalis 12/min

1 ~500ml
A Inspiratory capacity (IC)

1  Amount of air entering lungs with maximal inhalation
A Vital capacity (VC)

I Maximum volume a person can exhale slowly
1 =Vi+IRV+ERV
A Functional residual capacity (FRC)
This is the vtume left in lungs at the end ofmrmal guiet expiration
At FRC the tendency of the lungs to collapse is exactly balanced by the tendency of the chest wall to expand
= ERV + RV

f
f
f
f

A €RV)
1
1 ANATOMIC Deadspace

A Inspiratory Reserve Volume (IRV)
1 Extra volume of air that can be inspired in addition o V

1 Approx 30@ml

A Expiratory Reserve Volume (ERV)
1 Extra volume of air that can be exhaled after normal expiration of V
1 Approx 1100ml

A Total lung capacity (TLC)

1 Vital capacity + residual volume
A Forced vital capacity (FVC)

1 Maximum volume a person can exhale with maximaté
A Forced expiratory volume in one second (REV

1 Volume of air forcefully exhaled in one second
1 Note, this is a measure of flow whereas FVC is a measure of volume



A FEV,/FVC
9 This ratio is useful in differentiating obstructive and restrictive lung conditions

A TLC=
T IRV+V;+ERV+RV
T FRC+IC
T VC+RV
A A patient with emphysema exhibitscreasedRC & increasedompliance
1 Compliance

8§ is the measure of distensibility of a chamber expressed as a change in volume per unit change in pressure
1 Spirometry
§ You c aairé RVpFRC, and Total lung capacity
Lung Receptors
A Lung stretch receptors
1 Located in smooth muscle of airways
1 During inspiration (when distended):
§ StimulateHeringBreuer reflexwhich prevents overinflation
U The adequate stimulus for the HeriBgeuerreflex is the stretching of alveoli
A Think Bruer Hockey Gear to keep your lungs tight
§ Send stimuli over afferent vagus nerve to resp center in medulla

U cordYRespiratory mus

§ Not used much in normal breathing, only protective
8§

J Receptors

1 Located in the alveolar walls

1 When stimulated, cause rapid, shallow breathing
§ Jake is a shallow person

A Irritant Receptors
1 Located between airway epi cells
9 Stimulated by noxious substances
A Joint and muscle receptors
1 Are activatedduring exercise to stimulate breathing
A NOTE: PCQis the most important stimulus for the respiratory center in medulla

tion
| blood

1 patient

Respiratory Products
A Surfactant
1 Dipalmitoyl| Phosphatidylcholine (Lecithin)
1 Collapsing Pressure = 2 (tension)/Radius
1 Decreases alveolar surface tension and increases compliance
1 Difficulty breathing in neonate& due to deficient surfactangsulting in increased surface tension
Prostaglandins
Histamine
Angiotensin Converting Enzyme (ACE): cleavesAIAll, inactivates bradykinin and causes coughangioedema)
Kallikrein: Activates Bradykinin

espiratory Terms
A Apneai cessation of breathing
Hypercapne& Excess CQin arterial blood
Hypocapned Duh
Hyperpned Abnormally deep and rapid breathing
Resp Arrest Permanent cessation of breathing
Hyperventilationi Increased ventilation in excess of metabolic requirements
1 Results in loss of C&from blood, causing a decrease in BP and may result inrfgi(Brown Bag it)

ktlecrease in B

T > > >

> > > D> >

[H

A Hypoventilationi



U Pressures in the respiratory system:

1 decreased ventilation

f
f

§
§
§ e

cles

A Atmospheric Pressure

A

> >

>

A

1 =760mmHg = same pressure in alveoli when lungs are at rest (aka after a normal expiration)
Collapsing force of lungs

1 By the elastic CT of the lungs and surface tension from surfactant
1

§ ity
Expanding force of the lungs
***Both forces are equilavent at FRC or the end of ex
1 Here, both inspiration or expiration would require muscle lvement
Partial Pressures (in mmHg)

Venous Blood Arterial Blood Alveoli Atm

PO, 40 100 105 160
PCQ, 46 40 40 0.3
il cent

§ Jake how does th correlate with the 40 vs. 100mmHg thing above? Does it have to do with total content, and

not PO,, which changes drastically
1
? (Sounds normal to me)

1l
1
1

Intrapleural Pressure
1 Pressure w/in the pleural cavity
1 Inresting position, approx 4 mm Hg less than the atm presser(so 756mm HQg)

§ Intraalveolar pressure is the pressure inside the alveoli of the lungs.
g Intrapleural pressure (intrathoracic)  is the pressure within the pleural
cavity.
Intrapulmonary pressure is the pressure withing the lungs.
sure

8

pheric

Simultaneous contraction of the external intercostal muscles & the diaphragm results in a decrease in
intrapleural pressure so the air @n come in.

8§ (the pressure becomes more negatiteh at 6 s a decr ease)

=a =4 =

U Physiologic Dead Space

A
A

A
A

A

A

= Anatomic dead space + any part of the lung that should be ventilated and perfused but is not
= the volume of the conductingngpat hways (trachea and
work

Non perfusing alveoli, PHYSIOLOGIC dead space
Work, which is defined as P x V is reduced because volume is reduced
I You would decrease anatomic dead space with a tracheostomy

is 0.75

Respiratory Quotient
9 = The rate of Vco2/ Rate of vOQ2How much CO2 you make/ How much O2 you use
1 RQ =C02/02A remember the 0.8
1 RQ quotient for a person taking pure glucasdood source i§ higher than normal (normal is 0.8, with pure

glucose is 1.0)

8§ NOTE the RQ may be used to calculate the basal metabolic rate via the technique of indirect calorimetry (02

and CO2)

RQ: for fat = 0.7; for carb = 1.0




1 If the respiratory quogint is 0.7, the primary energy source is: fat, ketone bodies, glucose, etc.
8

0 Asthma

A Signs/Symptoms of asthma attack
Airway Edema
Brochospasm
Increased Mucous secretion
Increased airway resistance
§ NOT Decreased Surfactant
TX
1 Adrenergic Bete
A Consequencefo pt 6s respiratory difficulty

1

= =4 -4 -4

A

Acidosis
tion

x  Muscle
QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
X
x  epimysium: The external sheath of connective tissue surrounding a muscle
x  perimysium: The sheath of connective tissue enveloping bundles of muscle fibers (fascicle)
x  endomysium: The connective tissue surrounding each irtlial muscle fibre
x  myoribril: _Any of the threadlike fibrils that make up the contractile part of a striated muscle fibe
X

sarcomere:One of the segments into which a fibril of striated muscle is divided

0 Motor Unit
A Alpha motor neuron and all of the musclesiis it innervates
1 Each muscle has several muscle fibers
1 Each muscle fiber is innervated by a single alpha neuron
1 Each alpha neuron innervates many muscle fibers
1 All of the fibers innervated by a motor neuron contract when that motor neuron fires an AP
8§ In other words, when a nerve arrives at a motor unit, it will cause all of the motor unit to contract
A Size Principle
I Motor neurons are recruited in order of size

T If small force is needed, only small fibers activated, etc.
A Fractionation



i

T You do NOT need to astiite all motor units in a muscle at once

A

involved

Myosin complex with
‘ Yot F ATPase
ACHVATION
Aciin Helix
Tropomyosin
@
Ca?2+

Troponin ADP M2+

SEEhttp://www.sci.sdsu.edu/maas/actin_myosin_gif.htmfor a sweet Animation
Muscle Contraction (ABOVE PICS)
Controlled by nervous system

ofibril
APs traveling down somatic alpha motor neurons cause depolarizationséktatal fibers at which they terminate
Neuromuscular junction = junction between the terminal of the motor neuron and a muscle fiber

l

> >

ase of Ach
on

§ Ach then binds to the nicotinic cholinergic receptors in the muscle fiber plasma membrane. This causes
depolarization which triggers an AP (the action potential travels along the memituanes)

ission
the
ntial in

U This AP trlggers the release of calcium ions from the sarcoplasmic reticulum

A r
a

A Calcium is sequestered/stored in Sarcoplamic Reticulum

A This leads to crossbridge formation between actin and myosin. These interactions are responsible for
the development of tertsi and the shortening of the fibers
1 en there

es

A

A Troponin C (trops for movement when Ca++ binds)

A

Tropomyosin in Actin prevents connection of Mysoin to Action, when Ca++ binds to Troponin C then
Tropomysoin is relocated and myosin can bind.

916 U66geq [0 266 12 bicime”
1IEE (Nucowblez2eq) gecowbleazol
Gni cKll WEE suqg 9

A Calcium binds to troponin C on the thin filants


http://www.sci.sdsu.edu/movies/actin_myosin_gif.html

ponin

= =

lum)
Cardiac muscle only reeds 1 Ca to activate, other muscles need 2 Ca2+
2 sites are always filled by Mg
Causes a conformational change in troponin that permits Troponin | to release from tropomyosin
and then tropomyosin changes allowing myosin and actin to bind
After calcium binds with troponin, tropomyosin moves from its blocking position permitting actin
and myosin to interact
1 High energy myosin binds weakly to actin subunits, howewvben inorganic phosphate is
released from the myosin, the myosins bind tightly to the actisubunits
§ High energy myosin has ATP bound toupon release of R myosin can bind tightly to
actin
1 Energy stored in the highnergy myosin is discharged, and the myosin head swivel, pulling on the
thin filaments
§ Mg2+ comes in to Activate the ATPase, wibh then gives the energy to stroke
1 This repeated pulling of the thin filaments past the thick filaments toward the centers of the
sarcomeres draws the Z lines closer together, and the muscle fiber shortens (contracts)

= = =a =9

1 gth

8 !

8
1 This process is repeated as long as calcium ions are bound to troponin and ATP is available
1 Once c&ium ions are returned to the sarcoplasin reticulum, tropomyosin moves back into its

blocking position and prevents further interaction between-éigirgy myosins and actin subunits
8 Then contraction ceases and the muscle fibers relax

Sarcomere

.......................... v Actin
3 H zone

M line ,\L]osm Zline

A Band

A 1-2
seconds)
§ Then, iCEINGIDNOSHIE s used to rephosphorylate the now unbound ADP to ATP (rBx¢ezonds)
8§ Phosphocreatine, also known as creatine phosphate or P@hasghoryhtedcreatinemolecule that is an
important energy store in skeletaliscle It is used to generaeT P from ADP, formingcreatinefor the 2 to 7
seconds following an intense effort.

Glycogen is then the®Bparticipant ad is used to reconstitute both ATP and creatine phosphate

w wn
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QuickTimeE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

A
U  Types of muscle fibers:
A Extrafusal fibers:
1 Fibers that make up thmulk of the muscle
1 Innervatedby alphamotor neuronsdfferent neurons)
1 Provide the force for muscle contraction
A Intrafusal fibers
1 Are encapsulated in sheaths to form muscle spindles
1 Innervated by EMEEHEIEN (Motor) neurons
1 Two types of fibers:
8§ Nuclear bag fibers:
U Detect fastdynamic changes in musclength and tension
U Innervated bygroup la afferentj fastest in body
8§ Nuclear chain fibers:
U Detectstatic changes in muscle length and tension
U Innervated by the slower group Il afferents
Chain gangs are slow

*NOTE

pindle

a p|nal Reflex
*The spinal cord is the only structure in the CNS necedsary simple reflex

Two important spinal reflexes influence the contraction of skeletal muscles
1 Stretch reflex:

> >0

§ ltis initiated at receptors called muscle spindles that are sensitive to muscle length and tension

§ This reflex stimulates the stretched mugoleontract

§ Stretch reflex i (not withdrawal)

8§

8§ An example is the patellar reflex (knee jerk reflex) in which the striking of the patellar tenderkaethcauses
the quadriceps muscle to contract and swing the leg forward

§ to

(efeexnuscle splndles)

w W



§ Pfa

§ Fxns Extratussl foers —

i Maintain muscle tone for R
posture Sueictal musce Nudioar chan hbers .

U Increase efficiency for Nuclear bag foor
locomotion ‘ Pesghoinenve

U Postural reflexes are \ N raeve Soers)
malntaln bv mUSCIe E u Corveciive tissue sheath
spindles Aderart e Mg

Primaty toer — B

0 Smooth out movements
0 Act as site of
coordination for higher
order inputs
§ Muscle spindles(muscle
length and tension)
U  Are found within the Toncon —
belly of muscles
U Connective tissue sheath oo
that encloses-22
intrafusal muscle fibers
0 Consists of two afferent
fibers, group la and -
group 2 fibers PR
0 Type la Sensory Fiber also called Primary Afferent Type 1A iber or Group Il sensory fibers is a
component of amuscle fibers muscle spindlewhich keeps track of the how fast a muscle stretch
changes(the velocity of the stretch).
U Encapsulated intrafusal fibers that run in parallel with the main muscle fibers so that the spindle will stretct
when the muscle relaxes or stretches
U Detect both static and dynamic changes in muscle length
U The stretrching gies rise to a generator potential and ultimately to an action potential in the group la and 2
fibers that arise from the spindle
A The intrafusal fibers in addition to being innervated by sensory fibers also receive motor innervation
from gamma efferents
A Theactivation of these gamma fibers stretches the intrafusal muscle fibers and gives rise to an action
potential in the group la fibers
A Relaxation of intrafusal muscle fibers decreases impulse activity in the group la fibers
U  Finer movements require greatemmber of muscle spindles in a muscle
U0 3 components:
A Specialized muscle fibers (intrafusalyee below
1 Separate from the exrafusal fibers, that make up the bulk of the muscle fiber
A Sensory terminals: group la and Il afferents
1 Wrapped around specialized mlgstibers (intrafusal fibers)
A Motor terminalis: gamma motor neurons
1 Activation maintains the spindle sensitivity

e
ondngs

SHCONCAry MO vt

Flower soray
\ \ oncings

Efevont nerve Soors
{rmodor)

Gammra Sber .
Alpha VO

Mator avd plates
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QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

flewemal reflexes) (state of spasm, muscle

resists being stretched out)
§ Constant stimulation of muscle spindle, leads to spastic paralysis

Initiated at receptors called neurotendinous organs (golgi tendon organs)

8§ Reverse of stretch reflex

§ Also depolarize in response to sgtch, but this reflex inhibits alpha neuron causing the muscle to relax
U Golgi tendon organ@ension):

A Innervated by a single groupiiSCHSOIIDE!

1 Reciprocal inhibition
8§ When the stretch reflex stimulates the stretched muscle to contract, antagorsstiesithat oppose the

contraction are inhibited Extracenular Nulg
= Em—
messenger

l

8§ The neuronal mechanism that causes this reciprocal
relationship is called reciprocal innervation
a

Jaw opening reflex

Types of muscle:
A Smooth muscle
1 Contraction
91 First a hormone combines with a hormone receptor and activate
G protein
§ Then the alpha subunit goes and opens the Calcium channe [T

) AT — 04} +ADP

CELL'S RESFONSE




0 Calcium comes in and binds @almodulin
A Then the CaCM complex binds kyosin kinaseand activates it
1 MK attaches phosphate from ATP to myosin heads to activate the contractile process
§ A cycle of crossbridge formation, movement, detachment, and eboilge formation occurs
§ Relaxation occurs when myosin phosphatase removes phosphate from myosin
1 Characterized by:
Slow Ca2+ channels
NO transverse T tubules

Ach Stimulates Think glands and rest and digest muscles from Parasympathetic

tolor mones arenét nervous!
They have intrinsic nerves that are contained within plexuses i{@kenteric plexus)

i
cul

U They could cause the release of more Ca2+
Another Q: Slow wave potentials are commonly observed in smooth muscle

A Skeletal muscle
1
T NO slow Ca2+ channels

1 Has Transverse T tubules

Cardiac muscle
1 (Calcium-induced Calcium release)
§ Contraction is dependent on Extracelluta2+, which enters the cells during plateau of action potential and
stimulates Ca2+ release from the cardiac muscle Sarcoplasmic reticulum
1 Cardiac is different than skeletal because:
§ Action potential has a plateau, which is due to the Ca2+ influx
§ Cardiacnodal cells spontaneously depolarize, resulting in automaticity
§ Cardiac myocytes are electrically coupled to each other by gap jxns

U Muscle Cells/Energy

A Use the Phosphorylated form of creatine to store energy
A Normal metabolism cannot supply energy as quickly as a muscle cell can use it, so anrexfesssurce is needed
A The phosphate group can be quickly transferred to ADP to regenerate ATP necessary for muscle contraction
A ¢Mak: K*, lactate, adenosine)
il
8 Your muscles relax because ATP has been broken down to adenosine
A Phosphate compounds found in living organisms can be divided arbitrarily into two groups based on their standard free

energy hydrolysis:
91 Higher phosphate grotfpansfe potential than ATP:
§  Phosphoenolpyruvate
Acetyl phosphate

id
Carbamoyl phosphate
te

Glucosel-phosphate
Fructosel,6-diphosphate

§
§
§
§
8§
1 Lower phosphate groujpansfer potential thaATP: (Sugars and DePi Creatine)
8§
8§

8§ e

8

Creatine



QuickTi meE and a

TIFF (Uncompressed) decompressor
are needed to see this picture.

U ATP and muscle contration

A
A Although muscle fibers coati n
A

Sources of higlenergy R
M Creatine P
1 Glycolysis of glucose from stored glycogen
91 Cellular respiration in the mitochondria of muscle fibers
u  Slow vs. Fast Twitch
A Fast twith are twice as large
1 Twice for Type Il

only

enough ATP

Characteristic

—

ction

to power a

 Fasttwitch (type ll) |

few

| Myosin-ATPase activity Low High
Speed/intensity of contraction Slow/low Fast/hight
Resistance to fatigue High Low
Oxidative capacity High Low (Burn out quickly)
| Enzymes for anaerobic Glycolysis Low High (depends on anaerobic
glycolysis)
| Mitochondria Many (Youdve | Few
Krebds)
m Less extensive More extensive
Many Few
Myoglobin High Low
Glycogen corgnt Low High
CNS
U Spinal Cord

A Gray Matter

1 Dorsal Horn (DRGanglia)
§ Sensory impulses
91 Anterior Horn (Ventral)
8§ Motor impulses
A White Matter
1 Consists of myelinated nerve fibers, which form the ascending and descending tracts
A tract represents a group of axamshin the CNS having the same origin, termination, and function, and is
often named for its origin and termination (i.e., spinothalamic tract)

Sensory impulses
U Travel via the afferent of ascending neural pathways to the sensory cortex in the parietbtHel@ain

8
8

u

where they are interpreted

Sensory information is processed on ¢batralateral side
Spinothalamic tractanterior and lateral)

t witch

A Travel in the anterolateral quadrant of the spinal cord and are also called the anterolateral system



A Sensationsriginate in the dorsal horns of the spinal gray mat@ss to the opposite side of the
cord and ascend via the spinothalamic tractthrough the anterior and lateral white columns of the
cord to terminate at the levels of the brain stem and in the thalam

ts
8 Impulses concerned wigtain and temperature

1 Anterior (ventral) spinothalamic tracts
8 Impulses from receptors sensitivelitght touch

Carries sensations mainly in the posterior (dgrsalumns of the cord and them, after synapsing and
crossing to the opposite side in the medullaipward through the brain stem to the thalamus by way
of themedial lemniscus

A Conveys wellocalized sensations (ilGHIDICSSUICIaNCIBISHon
A Fasciculus gralus

1 Inthe medulla, nerve fibers from the fasciculus gracilis synapse in the nucleus gracilis
A Fasciculus cuneatus

1 Fibers from the fasciculus cuneatus synapse in the nucleus cuneatus also in the medulla

8§ **Processes from the two nuclei cross to the otide sf the medulla and give rise to a tract
called the medial lemniscus

8 Nerve fibers from the lemniscus synapse in the thalamus

t

A convey information about proprioception from spinal to cerebellum Ipsillaterlay
A

2
A Tractis IPSILATERAL

8§ Motor impulses
U  Travel from brain to muscles via motor (efferent or descending) pathways

U Originate in the motor cortex of the frontable
A These impulses reach the lower motor neurons of the PNS via the upper motor neurons
U Two systems:
A Pyramidal system (corticospinal)
1 Composed of lateral (7i090%) and anterior or ventral (1080%) corticospinal tracts
1 Impulses in this system travel fraifme primary motor cortex through the internal capsule to
the medulla, where they cross$o the opposite side and continue down the spinal cord

9 This system is responsible fofine, skilled, movements of skeletal muscle
1 %s

8§ Think it took fine, skilled movements to build the pyramids
A Extrapyramidal system:
1 Impulses originate in theremotor area of the front lobe (and other areas) and travel to the
pons, where they cross to the opposite sd
1 Then the impulses travel down the spinal cord to the anterior horn, where they are relayed to the
lower motor neurons. These neurons, in turn, carry impulses to the muscles

1 This system controls gross motor movements for posture and balance
1 Tracts in thissystem include
8 Rubrospinal, reticulospinal, olivospinal, vestibulospional, and tectospinal (neck muscles)
u is
A ed

A: Situated below and posterior to the cerebrum and above the pons and medulla
A Divided into two lateral hemispheres and a middle portion

A Fxns:
1 Maintain equilibrium
1 nt)
§ ctions

i Cerebrum
A Divided into right and left hemispheres, which are connected by nerve fibers called the corpus collosum
A Majority of the cortex is involved in associative and higher pfdectioning such as ideation, language, and thought
1 Frontal lobes: control skilled motor behavior (think pyramidal tract)
1 Parietal lobes: interprebmatosensory input
1 Occipital lobes: interpret visual input



1 Temporal lobes: interpret auditory input
0 Hypothalamus

A Controls many homeostatic processes, which are
il

T Fxns:
8§
b
8§
§ Appetite
§ Gastrointestinal activity
8§ (Gets out epi, which triggers glycogenolysis, etc.)
§ Sexuwl activity
8
8§ Emotions such as fear and rage
§
§
8§ Anterior parts of the hypothalamus excite parasympathetic functions such as constriction of the pupils of the e
u rfmedulla does)
a
a
Also regulates release of hormones of the pituitary glahds, it greatly affects the endocrine system

>

)

U Thalamus
A Large ovoid mass of gray matter t(iEENCIISCHSOIISHME(Except olfactoryps they ascend the cerebral cortex
A Output from the cortex also can synapse in the thalamus
A Located in the lower region of the brain
A Contributes to the subconscioius activities of the body, like controlling BP and respiration
B

A Includes:
9 Caudate nucleus
1 Putanmen

1 Globus pallidus
1 Substantia nigra
1 Subthalamic nucleus
Function is control complex patterns of voluntary motor behavior
Basal ganglia & Cerebellum are large collections of nuclei that modify movements on the-tovmieite basis
1 Cerebral cortex sends ifiormation to both, & both structures send information back to the cortex via the
thalamus
1 Output of the cerebellum is excitatory, while th_
1 Balance between these two systems allows for smooth, coordinated movement, antdandesiareither system
allows for smooth, coordinated movemdng., Parkinsons, Huntingtons, Dysmetria and Ataxia)
0 Hippocampus
A Functions in the consolidation of memories and in learning
A Sea Horse Shape
0 Brain stem
A Lies immediately inferior to the cerelmy just anterior to the cerebellum
A Consists of:
1 Midbrain
§ Connects dorsally with the cerebellum
§ Contains large voluntary motor nerve tracts
1 Pons
§ Connects cerebellum with the cerebrum and links the midbrain to the medulla oblongata
8§ Serves as the exit poirdrfcranial nerves V, VI, and VI
1 Medulla oblongata
§ Lowermost portion of the vertebrae brain, continuous with the spinal cord
§ Joins the spinal cord at the level of the foramen magnum
§ Contains the cardiac, vasomotor, and the respiratory centers of the brain

> >




w

are hyperventilation, so less breathing good idea)

8 ation:
U tors

isigeezingriot patellar reflex (AKA knee jerk))

A Nucleus tractus solitariusand nucleus retro ambiguus are the ridoléhe medulla responsible for

generating the respiratory rhythm

A Peripheral chemorectors from the aortic and carotid bodies synapse onto the NTS in the medulla to
increase respiration

A Apneustic center

S

1 Initiates respiration by activating the inspiratory center in the medulla
1 Inhibited by lung stretch receptors (Hering-Bruer Reflex)

8§ Remember Hockey, and the Ducks play on the PONd (Pons)

A Pneumotaxic center

1 Inhibitory center in the upper pons

M Stimulated by medullary inspiration neurons during inspiration to inhibit the apneustic

center until inspiration stops and expiration begins
1} ﬁvel

& A note on swallowing (no where else to put it):

(less H+ ad less CO2, so we

a
n
u rs
r od
A Trouble swallowing pills
u
A Primitive brain area deep within tihemporal lobe
1 Located in the micbasal region of the brain
A Initiates basic drives(hunger, aggressio and sexual arousal)
1
A Screens all sensory messages traveling to the cerebral cortex
x  Nerve
U Letds putindaseitshows oEstiotioxin blocks soditim channelsinnervexonMBs( i t 6s t he puf f

poison)
U Membranes

A Action potential is initiated by a gelarizing stimulus:

1 Ifit reaches threshold (about 20 mV positive to resting membrane potential) an excitable cell will fire an AP

1 If neuron does not reach this critical threshold level, then no AP will occur (all or none)
1 Solong as they can reach theefhold, suprathreshold stimuli produce the same AP that threshold stimuli do
§ Excitable cells include neurons and muscle cells

Action
potential

Voltage (mV)

Resting state

Refructory
period

0 I 2 3 4 S

Time (ms)




A

A

Depolarization
1 Makes membrane potential less negative (interior of cell becomes less negative)

1 Following a depol, a membranetien more permeable to Na+, which causes a further depol and the opening of
Na+ channels

1 Membrane potential actually reverses (becomes positive inglteovershoot) as the Na+ influx drives membrane
potential towards Na+ equilibrium potential

=A =4 =8 =9

Another Q: Sodium permeability of an axon membrane is maximal during the ascending limb of the action potentia
as so

=A =

MB
e in Na+

+/1 Kit+ a

Repolarization
M Occurs due to:

§ Rapid decrease in membrane perm to Na+ (stop flowing in)
§ Slower increase in membrane perm to K+ (start leaking out)
Hyperpolarization

T Membrane potential becomes more negative
T iaiom

if you have high extracellular potassium, what occurs?

SAME AS Failed Pump

SAME as Digoxin which prolonges contraction and wrings out the heart longer and more efficiently

SAME as HyperKalemia

U  Gradual hyperpolarization i thisiswhatlputiBecause K+ candét rush out

again
T —tential

1 Many K+ channels remain open for several milliseconds after repafiam of the membrane is complete
8§ I ncreased K+ conductance all ows for additional K+
overshoot 6)
U This opening of K+ channels, although delayed, is due to the initial depolarizing stimulus
§ Relatiwe refractory period
U The phase at which Sodium activation is ending
U In order to trigger a second AP, the depolarizing stimulus must be of a greater magnitude to achieve
threshold
0 Increased K+ permeability (not change in Na+ perm) has primary control evegl#tive refractory period
A The relative refractory period of a nerve corresponds to increased potassium permeability
8§ Absolute refractory period
U Determined by the duration of N& inactivation gate closure
U  No matter how strong the second stimulus, thecAfnot be propagated, as H ball is stuck, inactivating the
Sodium channel
U The length of the absolute refractory period limits the maximum frequency of effective nerve stimulation

w W W W

U0 Resting membrane potential (RMP):

> > >

>

Difference in electrical charge betweee fhside and the outside of the cell membrane of an unstimulated

(nonconducting) neuron

Due to an imbalance of charged particles (ions and proteins) between the extracellular and intracellular fluids

More positive ions (cations) outside the membrane ang megative ion (anions) on the inside

1 The membrane is said to be polarized (a voltage exists [called the RMP] across the membrane)

RMP varies, but in excitable cells runs betwegd( and {) 85 millivolts

i gative

Comes from 2 activities:

f There is a resting Kmembrane potential which allows (+) charges to leave cell down their electrochem. gradient
& In most excitable cells this is the most importagtiedminant of RMP

T The N&/K" pump establishes the Nand K’ gradients across the membrane using ATP




§ This pump is electrogenic, i.e., it exchanges tWadds into the cell for every three Nmns it pumps out of
the cell for each ATP that binds to theagglasmieside ATP binding site, resulting in a a net loss of positive
charges within the cell

8§ Cardiac Glycosides (digitoxin) block this pumpand keep the inside of the cell more positive and closer to
its threshold, thus increasing cardiac contractility
U Quabain inhibits by binding to the K+ site

>

>

than the

>

Nernst Equation

E—E" 4 0.0591 log [%c-n :':-ut' of cell]
n [ion inside cell]

1 nis the number oflectrongransferred in théalf-reaction

T E%is the formal electrode potential

1 Eis the electrode potential
Allows you to compute the electric potential difference required to produce an electrical force that is equal to and
opposite to the force of the equilibrium
At the peak of the action potential, the rapid increase in sodiuductance causes the membrane to move toward the
equilibrium potential for sodium

>

>

een the
fluid

Local anesthetics and the membrane

A Reversibly block impulse conduction and produce reversible loss of sensation at their administration site
A Small, myelinated nerve fiss which conduct pain and temperature sensations are affected first, followed by touch,
proprioception, and skeletal tone
A B s et REReE; stabilizing them in a closed position, effectively
rolonging the absolute refractory period
i lity to Na+
1 When the excitability has been textd below a critical level, a nerve impulse fails to pass through the anesthetized
area
A K, Cca”, and CI conductances remain unchanged
A
lue
Conduction
A n of travel
A
f  NOTE: The impulse from thd2) will terminate at the soma, because of the reasoning in°tige 1
A Unmyelinated neurons
1 Impulse travels along the entileembrane surface and is known as continuous conduction
1 Itis relatively slow (1.0 m/sec)
A Myelinated neurons

1 Myelin sheath decreases membrane capacitance affilCaSeSINCMDIANEIHESISIaCE M akes you jump,

preventing movement of Na+ and K+ through the membé



http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Half-reaction

i

1 Conserve energy since the Na+ and K+ pumps havedstablish concentration differences only at the nodes of
Ranvier (spread .2m and 2mm apart)
1 Travels up to 100 m/sec
il :
8§ Increase the velocity of nerve transmission along myelinfibers
§ Allow repolarization to occur with little transfer of ions
§ Depends on the presence of nodes of Ranvier
1 Conduction velocity depends on:
& Diameter of nerve fiber an increase in diameter reduces resistance to current flow down the axon
§ Presence of gelin sheath
A Neurilemma (aka sheath of Schwann or Schwanndés membr ¢
1 Thin membrane spirally enwrapping the myelin layers of certain fibers, especially those of peripheral nerves, or the
axons of certain unmyelinated nerve fibers
1 All axons of PNS have aenrilemma (made up of the outer layer of Schwann cells) around them
8§ When a Schwann cell is wrapped successively around an axon it becomes a myelin sheath
1 Peripheral fibers can sometimes regenerate if the soma (cell body) is not damaged and some tétheaeur
remains intact
1 The neurilemma forms a regeneration tube through which the growing axon reestablishes its original connection
1 If the nerve originally led to a skeletal muscle, the muscle atrophies in the absence of innervatigndwst xehen
the mnnection is reestablished
§ Regeneration of severed axons does not take place in the CNS because of the absence of a neurilemma
1 ***NOTE:
§

U Remember Motor crosses above in the medulla, where pain crosses right away at the spinal cord
A Synapse
1 Anatomical junction between 2 neurdndepolarization of presynaptic cell initiates a response in postsynaptic cell
1 An axon teminal of a presynaptic neuron closely approaches a dendrite or cell body of a postsynaptic neuron
§ But, the two cells are separated by a small synaptic cleft

1 Neurotransmitters are stored within the axon terminal of a presynaptic neuron in synaptic vesicles

1 When an AP depolarizes the presynaptic MB, voliggted calcium channels are opened causing an increase in
intracellular calcium

1 Calcium causes the synaptic vesicles to empty the neurotransmitters into the synaptic cleft

1 Neurotransmitters diffuse acroggetsynaptic cleft and bind to specific receptors on the postsynaptic cell

§ This process is called synaptic transmission and the time required is called synaptic delay

r than

A nd Plate Potentials
n the enc

@lromascular junction)

This increases probability of causing an AP in the postsynaptic neuron (excitatory postsynaptic potential = EPSP)
rve

= =4 =4 =4

m a large
rs

>

Temporal Summation
1 Occurs when two excitatory inputs arrive at a postsynaptic neuron in rapid succession
1 There is anncrease in the frequency of nerve impulses in a single presynaptic fiber

)l
Tetany

of Na+



A Point at which nerve signals are arriving fast enough to cause a big steadgtmontret just individual twitches
A tion

Tension (g)

’ Average
tension
(constant)

siimui | 1 1 BEEEE R RERTIIY

1
@ Twiteh (@) Summation (@) Incomplete tetanus (@ Complete tetanus
(unfused) (fused)

*%k e

1 Spontaneous or inducible increase in transmembrane potential following the compfetpolarization
8§ Inthe heart, this usually corresponds to the U wave on the EKG
Excitatory neurotransmitters in the CNS
A Depolarize the postsynaptic membrane bringing it closer to threshold and closer to firing an AP
A The altered membrane potentiakisown as an excitatory postsynaptic potential (EPSP)

A Includes: Ach, NE, Epi., Dopamine, Glutamate, Serotonin
Inhibitory neurotransmitte in the CNS

A Hyperpolarize the postsynaptic membrane moving it away from threshold amet faoim firing an AP
A An inhibitory postsynaptic potential (IPSP
Il

A GABA

1 |

1l

e

1 Cl-then hyperpolarizes the cell, making it harder to feel pain
11 Secreted by ree terminals in the spinal cord, cerebrum, basal ganglia, and in the cortex
A Glycine

1 binds to specific receptors (mainly in the spinal cord) opening chloride channels
1

CNS(= spinal cordt+ brain)
A Peripheral Nervous Systefafferents from sensory receptors to CNS + efferents from CNS to muscles, organs, glands)
1 Somatic nervous system
§ Consists of:
U 12 pairs of cranial nerves and 31 pairs of spinal nerves
1 Autonomic nervous systerhas two sudivisions:
§ Actions of the ANS are largely involuntary (in contrast to those of the somatic system)
§ Also differs from the somatic system in using two efferent neurons from the CNS to the effector
8§ Preganglionic neurons arise in the CNS and run to autonaniglig in the body
U Here they synapse with postganglionic neurons, which run to the effector organ (cardiac muscle, smooth
muscle, visceral organs, or glands)

i
Postganglionic neurons have thedll bodies in the autonomic ganglia and synapse on effector organs
Sympathetic nervous system

w W

U Ganglia located in the paraverterbral chain or prevertebral ganglia
i

Preganglionic neurons originate in the spinal cord segmeiits3T{thoracolumbar)
A
A Uses Ach (cholinergic)
Maijority of sympathetic post G are noradrenergic (NE

| cord

§ Paragmpathetic nervous system
U Ganglia located in or near effector organs
U Preganglionic neurons originate in the nuclei of cranial nerves in spinal cord segnie3ds&2aniosacral)
A Uses Ach (cholinergic)




U Postganglionic fibers are all cholinergic

A Innervation 6 salivary gland cells in humans is predominantly parasympathetic postganglionic
U Main nerves of the PNS are the vagus nerves

A They originate in the medulla oblongata
U Each preganglionic PS neuron synapses with just a few postganglionic

c:

A Absence or almost complete absence of oxygen from inspired gases, arterial blood, or tissues; to be
differentiated from hypoxia.

U Receptors/Neurotransmitters
A Cholinergic receptors

= = =4 =4 -4 -4 -4

UseAch as neurotransmitter
Membrane receptor proteins located on autonomic postganglionic neurons or on effector organs regulated by Ach
They are always excitatory in preganglionic
Effects of postganglionic PS can be either excitatory or inhibitory (PS filmeesvating heart cause a slowing)
Preganglionic autonomic neurons (both Symp and PS) and all postganglionic PS
& terminal
aror is NorEpi
Muscarinic
8§ Located on all effector organs innervated by postG neurons of the PS division
§ Located on those effector organs innervated by postG cholinergic neurons ofrheliSision (e.g., sweat
glands)
Nicotinic:
§ Located at the ganglia of both the Symp and PS divisions
0 Neuromuscular junction:
A Ach is the neurotransmitter released from the presynaptic terminal and the postsynaptic membrane
contains a nicotinic receptor
A Achopens Na+ channels in the motor endplate resulting in depolarization and the opening of voltage
gated Na+ channels in the sarcolemma
1 Leads to an AP in the skeletal muscle fiber which travels down the transverse tubules resulting in
a release of calcium fro the sarcoplasmic reticulum and muscle contraction
U Ach Synthesis

A Synthesized in the neurons from which it is released
1 Choline acetyltransferasecatalyzes formation of Ach fromcetyl CoA & Choline in the
presynaptic terminal
A Stored in the synaptic vesisle
A Following its release form the presynaptic terminal, Ach is rapidly broken down into acetate and
choline by the enzyme Actylcholinesterase (AChE)

ission

tial

U Receptors: structures that are generally activated by changes (stimuli) in either the internal or external
environment of the body. As a result of the activity of these receptors, nerve impulses aréd itiate
the sensory nerve cells

A Adrenergic receptors

1
1

f
f

Membrane receptor proteins located on autonomic effector organs that are regulated by catecholamines (Epi & NE
Two main types:

U Think Al1lso are Constriction, and the fi2s0 are b
8§ Alpha (NE, Epi)

0 Alpha 1: located on smooth muscle, produces excitation (contractmmstriction)
0 Alpha 2: located in presynaptic nerve terminals, platelets, fat cells, and the walls of the Gl tract; produce
inhibition (relaxation or dilation)
§ Beta (Epi)
i Beta 1: loated in the heart; produces excitat{iorcreased HR, and contractility)
U Beta 2: located on smooth muscle; produce relaxation (dilation)
A

NE stimulates mainly alpha receptorf r e me mber NE doesnd6t go to the Heal

Epi stimulates both alpha & beta receptors

i § Epi at high concentrations B 1 predominates, | i ke
A WGHOBRIAEIONBRSEAO)

)l

Enzyme that catalyzes the oxidatikeaminaon of monoamines such as \N&erotonin, and Epi

& Normally NE is uptaken into the nerve endings via active transport or diffused away into body fluids and then
into the blood, but if there is some left over, MAO takes care of it



1 This deamination process aith metabolizing excess neurotransmitters that may build up asyegbtic terminals
1 MAOQ is present in the nerve endings themselves
pi
U Two classes of receptors:

A Exteroceptors:
1 Respond to stimufrom the body surface, including touch, pressure, pain, temperature, light, and sound
1 t axons

A Interoceptors:
1 Sensitive to pressure, pain, and chemical changesg iimtiernal environment of the body

9 Baroreceptors
§ Aortic Arch

§ Carotid Sinus

U  Specialized types of receptors:

Photoreceptors:
1 Specialized receptors that are sensitivegbtlenergy

1 Located only in the retina of the eye (specifically the rods and cones)

A Mechanoreceptors:
1 Sensitive to pressure or stretch
f Pacinian corpuscles, muscle spindles, golgi tendon
sengs of hearing and balance
1 Tactile Sensatiod, Me i s s n er 6 sfourdanrdgmalpapilae s
A Thermoreceptors
1 Free nerve endings sensitive to changes in temperature
A Chemoreceptors
1 Stimulated by various chemicals (in food, the air, or blood)
1 Receptors for:
§ Taste (taste receptors)
U Sensations of taste are generated in the taste buds and conveyed to the CNS through CNawitl & IX
0 Low threshold of taste for BITTER
8§ Smell (olfactory receptors)
§ Monitoring pH & gas levels in the blood (osmoreceptors Gamotidbody © receptors
U Peripheral
A Carotid and Aortic bodies
1 respond to decrease in PO2, increased PCO2, increased H+, and decreased pH
1
1
U Central
A Respond to changes in PCO2 and pH of CSF, which are influenced by systemic PCO2
A DO NOT directly respond to PO2
i [?? from 2001 pilot
ins
rs
A Smell does have directly firing AP cells with ciliary sensors
s
A Nocioceptors
1 Free nerve endings sensitive to painful stimuli
A S

1 Type of interoceptor that provides information concerning the position of body parts, without the necessity of
visually observing the parts
1 Located in muscles, nelons, joints, and the vestibular apparatus
lex
0 Intracellular Receptors
A Remember, steroid hormones can go directly into the cell w/o using an Extracellular receptor and cAMP, etc.



A

Accomodation(to change)

(to constantsi They both have 2 T%)

the property of a nerve by which it adjusts tl@vly increasing strength of stimulus so thatts threshold of excitation
is greater than it would be were the stimulus strength to have risen more rapidly

U Facilitation

A

The enhancement or reinforcement of a nervous activity by the arrivals of signals from other neurons

Special Sensory Organs

U Retina:
A Innermost layer of the eye
A Receives visual stimuli and sends the info to the brain
A Photoreceptors called rods and cones compose thal viseptors of the retina and contain photopigments

1 Four different types of photopigments, each consisting of a protein called opsin to which a chromophore molecule
called retinal is attached

1 Opsins differ from pigment to pigment and confer specificthggnsitive properties on each photopigment

1 Retinal (retinaldehyde) is produced by vitamin A

Rods and Cones:

1 Rods:

§ Contain a photopigment called rhodopsin
§ Their response indicat*s‘i characterized by relative lack of color
discrimination

They are numerous in the periphery of the retina
is seen with rhodopsin in the retina

8
8

retina

§ Rods are more abundant, have higher sensitivity, and lower acuity compared to cones
1 Cones:
§ Primarily responsible for colorision
8§ Three different types of cones (red, green, blue)
U Each one contains a different photopigment and is selectively sensitive to a particular wavelength of light
§ Concentrated in the center of the retina especially ifovea
§ Principal photoreceptoruding daylight or in brightly lit areas

U Intraocular structure:

A

A

>

>

Sclera:
1 Tough white outer layer; maintains size and form of the eyeball
Cornea:
1 Transparent dome on surface of the eye
1 Serves as a protective covering & helps focus light on the retina laat¢keof the eye
Iris:
9 Circular colored area of the eye
1 Amount of pigment in the iris determines the color of the eye
1 The ciliary body is made up of three muscles and the iris
§ It controls the lens thickness
Pupil:
1 Circular opening (black area) in the midaf the iris, through which light enters the eye
91 Pupil size is controlled by the papillary sphincter muscle, which opens and closes the iris
Lens:
1 Situated directly behind the iris at the papillary opening, by changing its shape, the lens focusa®litjiet retina
Choroid:
1 Lines the inner aspect of the eyeball beneath the retina; very vascular



0 The eyeball itself is divided into two segments, each filled with fluid
A Anterior segment
1 Has two chambers (anterior and posterior)
91 Filled with agueous humor (wery fluid)
A Posterior segment
1 Filled with vitreous humor (thick, gelatinous material)
8§ Made with Type Il Cartilage

u Eyes:
A

s
le

A Problems witreyesight:

Myopia (nearsightednes opia, its what | have
§ he lens

8§ The eye is too long for the refractive power of the lens, and far objects are focused atrafpwih of the
retina
8§ The eye can focus on very near objects
§ Tx with concave lenses
1 Hyperopia (farsightedness)
§ The eyeball is too short for the lens, and near objects are focused behind the retina
a ject
€@9% sure that farsightedness is the answer)
i So in a detached retina, you canét read!
§ Distant objects are focused correctly
§ Tx with convex lenses
1 Astigmatism
§ Occurs wherthe curvature of the lens is not uniform
§ Tx with cylindric lenses
1 Presbyopia
§ Inability of the eye to focus sharply on nearby objects
8§ Results from the loss of elasticity of the lens with advancing age
8§  Tx with bifocals
1 Miosis
§ The constriction of the pupil dhe eye
§ Can be caused by a normal response to an increase in light, certain drugs or pathological conditions
1 Mydriasis
8§ Prolonged abnormal dilation of the pupil of the eye induced by a drug or caused by a disease
u Parts of the ear:
A External ear:
91 Auricle (pnna)
8§ Directs sound waves
1 External auditory canal (meatus)
§ Contains hair and cerumen (brown earwax) serves as a resonator
A Middle ear:
1 Air-filled cavity in the temporal bone
1 Auditory (eustachian) tube:
8§ Equalizes pressure
8 ar is not
ure

=a P=a=a-a

1 Ossicles (malleus, incus, stapes)
8§ Link together to transmit sounds to the oval window
A Inner ear:
1 Formed by a bony labyrinth and a membrani@byrinth
1 Vestibule (saccule and utricle):
U  Associated with sense of balance
U Responsible for static positioning (affected by gravity)
U Responds to LINEAR acceleration or deceleration
1 Semicircular canals:



§ Concerned with equilibrium, angular acceleratiod daceleration
§ Each one contains an enlarged region called the ampulla containing the receptor organ, the Crista ampullaris
U  The receptor contains hair cells whose processes are embedded in a gelatinous matrix
U Rotary acceleration in any plane will causeease of rotation opposite to the direction of the endolymph
displacement

8§ lar cana
1 Cochlea (contains two membranes, vestibular and basilar):
§ Portion of innerear responsible for hearing
8§ The spiral orga ]
u nd
0 Contains receptors (called hair cells) for hearing

U Basic functional unit of hearinigit transforms fluid vibration from sound waves (mechanical energy) into
a nerve impulse (electrical energy)

ochlea
Low pitch, low frequency (Bass) at the apex or middle of the snail

High pitch, High frequency at the big base of the snail

U The Elderly losewhich type first? A High pitched or at the base

A 2,000 Hz
1,300 Hz

w) W W

B basilar membrane

3,000 Hz
baze apex

high-frequency waves
(1,500-20,000 Hz)

C  basilar membrane

cochlear duct

base apes

medium-frequency yraves
{(600-1,500 Hz)

basilar membrane

4,000 Hz[

basilar
membrane

base apex

low-frequency waves
5,000 Hz (200-600 Hz)

7000 Hz

©1997 Encyclopaedia Britanniea, Ine.

It follows that there are five steps in the hearing process:

air conduction through the external ear to the eamdr

bone conduction through the middle ear (vibration and increase amplitude) to the inner ear
water conduction to the Organ of Corti

nerve conduction into the brain

interpretation by the brain

X X X X X

The chain of ossicles connected to the ear draineincus malleus, and stapes (middle éagarries theribrationto the oval window,
increasing itamplitude20 times on the way.

BISSEIBIESE is an excessive growth in the bones of the middle ear which interferes with the
transmission of sound.

x Gl System
0 Ptyalin
A NZin the saliva for digesting starches
0 The regulation of Gastric Secretion

A Cephalic stage

1 Eating tasting,smelling, and thinking about food increases the rate of gastric secretion via activation of the PS
nervous system, specifically the vagus

q S nerve

T What allows your stomach tmecome bigger?

§ Receptive relaxationis an increase in the stomach volume before the arrival of food
T Vagotomies are sometimes used to control gastric ulcers
T Vagus nerve also causes contraction of the gallbladder (not part of the cephalic stage)

A Gastric stae
1 Stretch associated with a volume of food filling the stomach also increases the rate of gastric secretions

1 This phase accounts for about 70% of the total gastric secretion
1 Involves both neural reflex pathways and the release of gastrin



http://www.answers.com/topic/incus
http://www.answers.com/topic/vibration
http://www.answers.com/topic/amplitude

§ Gastrin:
U Enteroadocrine cells (gastrin or G cells) of the pyloric glands of the stomach mucosa secrete it
U Absorbed in the blood and carried to the/ntic glands (gastric glands) in the body of the stomach

A There it stimulates the parietal cells to secrete HCL
i hphincwr

A THINK opposite to the enterogastric reflex

uickTimeE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

A Intestinal stage
1 The delivery of acidic, high osmolarity food/stuff into the small intestine

1 Inhibits gastric secretionia the enterogastric reflex and hormonal mechanisms (secretin)
Esophagus
A Nitrous Oxide
T Causes smooth muscle relaxation (lower esophageal sphincter)
Gastric glands of stomach mucosa:
A Stomach glands produce as much i3 Iers of secretions per day

A The pHof gastric secretion is 1.8.5
1 (among answer choices of bile, urine, saliva, & pancreatic juice)

The mucus produced by muesscreting cells is very alkaline and protects the stomach wall from being expossed to t
highly acidic gastric secretion
1 Geell

>

S
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Secretegastrin

U Stimulates secretions of Acid, IF, and Pepsinogen

0 Stimulates Gastric motility

U Inhibited by secretin or stomach pH <1.5

U  Stomach emptying is enhanced by gastrin & the presence of food in the stomach

1 Mucous neck cells (pyloric glands):

8

Secretepucusand some pepsinogen
U Adheres to the stomach walls, lubricates the walls and protects the gastric mucosa from acidic secretions

I Chief (peptic or zymogenic) cells:

8

Secrete®epsinogen
U0 Formed inside chief clin the inactive form (pepsinogen)
ach
0 Once pepsinogen is secreted & comes in contact with previously formed pepsin in the presence of HCI, it i
converted to form active pepsin
U Begins protein digestion

A Then that active pepsin, activates its other pepsinogen buddies
U Does NOT secrete Bicarbonate

q{ Parietal (oxyntic) cells

8

8§
8§

K+ and C} go out of the cell via a cotransporter

U Then K+ goes backdown the gradient formed by that cotransporter via the H+/K+ ATPase and H+
goes out causing gastric acid

Secrete$iCl

U Kills bacteria, breaks down food, activates pepsinogen to pepsin

U Sterilizes chyme

U Inhibited by Prostaglandin (PGI2 and PGE2) and GIP

U NOT essential for digestion

Secretegntrinsic factor

U Vitamin B12 absorption in terminal ileum

U So no parietal cells, you get pernicious anemia

Secretion is increased by Ach, gastrin and histamine

Peptic ulcers can rak either from the oversecretion of acid and pepsin or a diminished ability of the mucosal
barrier to protect against these secretions

U Intestinal secretions
A Mainly mucus, are secreted by goblet cells and enterocytes
A The pH of the secretions in the snaid large intestines is 7Z&0
A Surface cells (duodenum)

q Bicarbonate

§
8

Neutralizes acid
Stimulated by secretin (potentiated by vagal input) CCK

A | cells (duodenum and jejunum)

1 Cholecystokinin (CCK)

w W W W W

Stimulates gallbladder, and pancreatic enzyme secretion
Inhibits Gastric emptying
Stimulated by FAs and AAs
Augmented flow from the gallbladder during feeding results in part from the release of CCK
Stimulates gall bladder contraction, releasing bile
u Bile
A pH-~738
A Produced by the liver and stored in the gallbladder
A Composed of bile salts, phospholipids, cholesterol, bilirubin, and water (97%)
A Aids in the emulsification, digestion, and absorption of fats

A S cells (duodenum)

1 Secretin
8 Naturebs antacid
8§ Stimulates pancreatic Bicarb secretion
8§ Inhibits gastric acid secretion
§ Stimulated by FAs and AAs

A D cells (pancreatic islets and Gl mucosa)




1 Somatostatin
§ Inhibits Gastric acid and pepsinogen secretion, Pancreatic and intestine fluid secretion, Gallbladder contractio
and Release of both insulin and glucagons
) § Stimulated by acd and inhibited by the vagus
A Vasoactive Intestinal Peptide (VIP)
1 Secreted by smooth muscle and nerves of the intestines
9 Relaxes intestinal smooth muscle
1 Causes pancreatic bicarb secretion
T Inhibits gastric H+ secretion
0 Pancreatic secretions
A From pancreatiacinar cells include enzymes involved in protein breakdown including:
T Alphaamylasé starch digestion, secreted in active form
1 Proteases protein digestion, secreted as proenzymes
§ Trypsini Converted from trypsinogen by enterokinase, then trypsin aesithe other proenzymes
§ Chymotrypsin
8§ Elastase
§ Carboxypolypeptidase
n
§ Bile salts aid in the action of pancreatic lipase
U Activated by? A Acid, Typsin, Enterokinasebile salts
I Cholesterol esterase
Y Phospholipase A Fat digestion
Panceatic enzymes are secreted in an inactive form and are then activated in the small intestine
Pancreatic duct cells (I cells?) secrete a fluid that is high in bicarbonate ion concentration (pH&88.0
Pancreatic secretions stimulated by:
1 Achi Major stimulus for zymogen release, poor stimulus of bicarb
1 CCKi Major stimulus for enzymeich fluid by pancreatic acinar cells
1 Secretin Stimulates ductal cells to secrete bicadh fluid
1 Somatostatifi Inhibits the release of gastrin and secretin
u  Gastricempyting:
A Foodstuff entering the duodenum, especially fats and acidic chyme, stimulates hormone release
f Hormones released guodenum
8 Gastric inhibitory peptide (GIP)
U Inhibits the pyloric pump
1 So,fat ingestion most markedly affects (inhibits) the ratgastric emptying
U ParaSympathetic activation
A Usually excitatory in the Gl tract
A Increases production of saliva
A Increases H+ secretion
A
A
S

> >

Increases pancreatic enzyme and Bicarb secretion
Stimulates enteric nervous system to create peristalsis and relaxteghinc
ympathetic activation can have either excitatory or inhibitory effects
1 Increases the production of saliva (mucus)
1 Decreases splanchnic blood flow in flight or fight response
1 Decreases motility
1 Constricts sphincters
9 Stimulation of the sympathetic nenys supply to the gastrointestinal tract generally causes inhibition of motility
i Chyme
A Semifluid contents of the stomach, consisting of partially digested food and gastric secretions
A The volume and composition of chyme that enters the duodenum (begifhtiegsmall intestine) exerts a major
influence on gastric motility and the rate of gastric emptying
A When a portion of the small intestine becomes distended with chyme, the stretch of the intestinal wall elicits localized
rhythmic contractions, callesegnentation
1 Seagmentatiofaka rhythmic segmentation)
8§ Occurs at a rate of 11 to 12 cycles/min in the terminal ileum
8§ The contractions chop the chyme many times a minute
8§ In this way theypromote progressive mixing of the food with digestive secretibtise sml intestine
§ Intensity can be influenced by mechanical, neural, and hormonal inputs
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i

i

Live
i

§ For example, distension of the intestine by chyme apd
.. R . Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
PS neural activity both increase the contractile forca,
while Symp neural activity decreases it. Faldropiot
Two major types of entractions in the Gl tract:
A Peristalsis:
1 Contraction generates propulsive movements Bile salts
q Starts when food enters the stomach FRcephoipie
A Mixing contraction: Q O Q e
1 Serve to spread out the food and increase the surface area O droplets
available for digestion and absorption ] i /
§ **Smooth musclecontrol in the Gl tract is under the 1 ggicsf;;ic ipase Reeaiiegls
control of themyenteric plexusf the enteric NS O 0o Oo 0. 000 O intestinal
Entering the intestinal mucosa: 09,90 80 0Q 70,000 - Micslies s
A Fatty acid: 00 0 0°4,0%0 00,4
1 Inthe lumen of the small intestine, dietary TGs are —
emulsified by bile salts into smaller fat droplets (micelles) Free molecules
where thg are enzymatically digested into free FAs and |2 g:;ﬁggligg;zgd
monoglycerides .
1 The free FAs and monoglycerides readily diffuse acrossg
the brush borddny simple diffusion Diffusion
§ Then are reconstituted in tEER into TGs and finally =
transported by lymphatics
A Dipeptides and amb acids o . : _~ Fatty acids and
1 The endproducts of protein digestion PINVY \ : monoglycerides
1 The final digestive stage occurs by brush border peptidases o it Enithelial
. . . - — | |
and absorption immediately follows enfy)ﬁnes in e,{dop,asmic cf_.’,,
1 Absorption across the brush border occurs by multiple reticulum
secondary active transports utilizing either the Na or
) H' gradients
A Disaccharides and small glucose polymers |
9 Occurs at duodenum and proximal jejunum Droplets of triglyceride
1 Hydrolyzed at the brush border by lactase, sucrase,  [¢nclosed by membrane ]
. from the endoplasmic
maltase and alphdextrinase reticulum " ;
1 The resultant monosacchariadgisicoseand galactose are [,
thenabsorbed by secondry active transporters driven Chylomicron
by the Na" gradient i_this is an example of a co
transporter
8 t info
e Glucose and ___ Secondary active &
galactose transport with Na* Monosaccharides
Facilitated
f The Odd-ball A Fructose absorption is nediated by Eruciis Faciitsied difusion |~
™ . . iffusion
Facilitated diffusion (F for F
i i Activetdranspolr_t or To blood
mino acids —— secondary active —>» . " §
o transportr\X/ith Na* Amino acids g g?zll\ll?"rzs
Dipeptides (<} Difftslon > 0
(7] S d ti
Tripeptides _tr:ﬁzgoirzvﬁl: :I’E =
Q00
Short-chain Simple Diffusion
fatty acids diffusion o
r ° B
Long-chain Tnglylcerlde
Bl foumatien 7o e, = %8 @) B> e
i i of a villus
A Protein metabolism (deamination o {jECeHOMMENoNNO: Misll . Monoghcerides - 1*%"
" i Chylomicron Basolateral
f
Lumen of Microvilli Epithelial e
small intestine (brush border) cells of villus

I

@nd fibrinogen production

on apical surface

only its precursor prothrombin




9 Liver disease results in missing prothrombin and fibrinogen (not thrombin)
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1 s
8§ Bileis NOT an NZ, it is an emulsifying agent
1 NOT elimination of urea

Gluconeogenesis:

A Occurs mainly in the liver (90%), but the kidney isiaor contributor (10%)
~ 1 During prolonged starving the kidney becomes the major glyasiicing organ
A Is the synthesis of glucose from compounds that are not carbohydrates

1 Then the G6-phosphate gmot diffuse back out of the cell membrane and can be used to make glycogen
**Qther tissues use hexokinase to do the same thing as glucokinase
8§ ONLY hexokinase is feedback inhibited by Gluc@sBhosphate
**iver does not participate in the regulation ofrmediate blood glucose
Functions of liver in protein metabolism:

A 1. Deamination of amino acids:

1 Required before they can be used for energy or before they can be converted into CHO or fat
. Formation of urea for removal of ammonia from the body fluids:

A This enzyme uses ATP
A

A

2
1
1 Removes ammonia from body fluidsf the liver fails to do this, the result is a hepatic coma and death
1

Urea cycle
8§ Ordinarily, CarelesCrappersAre Always FreaksAboutUrination

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

8§ Occurs almost exclusively in the liver

8§ It represents the fate of most of the ammonia that is channeled there
U0  Ammonia is converted to urea in the liver Eventual excretion

8§

The two nitrogen atoms that are incorporated into urea enter the cycle

A 1 from ammonia, 1 from an AA (aspartate)

A




onia

U The first two reactions (ammonia to carbamagyhieén added to Ornithine to form Citrulline) occur in the

mitochondria, whereas the remaining cycle enzymes are locates dgttisol

A Ordinarily Careless Crappers
U Nitrogen can also come from Carbomyl Pi
Urea that is formed in the urea cycle is passed via the blood stream to the kidneys & is excreted into urine
U Carbamoyl Pis added to ornithine to become citrulline

A Aspartate isadded to citrulline to make argininosuccinate

1 Fumarate is released resulting in arginine

N

ine
A 3. Formation of plasma proteins:
1 Accounts for 90% of all plasma proteins
A 4. Ability to synthesize certain amiraids and other important chemical compounds from amino acids

T The nonessential amino acids can all be synthesized in the liver
8§ To do this for most aa, a keto acid having the same chemical composition (except at the keto oxygen) as that «
the aa is firssynthesized
§ Then the amino radical is transferred through transamination from an available aa to the keto acid to take the
place of the keto oxygen
U Cholesterol

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

1 brane
1 2) Secondarily used as the immediate precursor of bile acid
1 3) Thirdly, used as precursor to various steroid hormones

A Mainly synthesized in the liver from acetyl CoA

1 NADPHisnecessary for tius novosynthesis of CholesteraiND FA SYNTHESIS

9 NADPH is used in the reduction of cholesterol

A Key $n biosynthesis of cholesterol are:
1 HMG CoA, mevaolonic acid, isopentyl pyrophosphate, sauablene
8
A e
A Rate Limiting Enzyme of Cholesterol SynthegisHMG CoA Reductase
8§ AStati ns o -Comrbdudaset HMG
A Bile salts are formed from cholesterol (via cholic acid)

1

mones:

1
1



;
| |
§ The most potent naturally occurring human estrogen
q ic ring

Vitamin D is also formed from cholesterol by a series of reactions requiring the skin, liver and kidney
1 UV activation of precursors in the skin are required for vitamjsydithesis
Cholesterol absorption depends upon the presence of bile salts in ieahiemen
Cholesterol is mostly esterified with FAs when circulating in blood plasma
Circulating cholesterol is taken up into liver cells
1 Here it inhibits synthesis of additional cholesterol from acetyl CoA via allosteric inhibition of HMG CoA reductase
9 This provides intrinsic feedback control system to reduce excess cholesterol synthesis
0  Glucose
A Liver releases glucose back into the circulating blood during exercise
The skeletal muscle and the brain take up this extra glucose
Liver has the major respoibdity for maintaining blood glucose levels
1 Releases glucose into the blood during muscular activity and in the interval between meals
1 The released glucose is derived from two sources:
§ 1) Breakdown of stored glycogen
§ 2) Formation of new glucose by glucogemesis
0 Fasting State vs. Fed State
A Fed State
T Digestive System
8§ GlucoseA (liver) A Glu-6-PA GlycogenOR Glycolysis OR HMP Shunt
8§ Amino AcidsA (liver) A Proteins OR Glycolysis
§ ChylomicronsA (liver) A Fatty AcidsA Glycolysis OR Fat#y, VLDLs
A Fasting Stat
§ Fatty AcidsA (liver) A Acetyl CoOAA Ketone Bodies
8§ Amino Acids/Glycerol/Lactatd, (liver) A TCA CycleA Acetyl COAA Ketone Bodies
§ (liver) GlycogenA G6PA PyruvateA Acetyl COAA Ketone Bodies
8§ OR (liver) GlycogenA GlucoseA (out of the liver)a Gluccse
cogen
t hat

>

> >

> > >

Hereds a question uses info from all o

§ NOTE:

ies
A Glucose is required particularly by tissues such as the brain and RBCs
i RBCs oxidize glucose to pyruvate and lactate
1 Glucose is the major fuel fahe brain
§ It oxidizes approximately 140 g/day to €&nd water, producing ATP
8§ The brain contains no significant stores of glycogen, and is therefore completely dependent on the availability
of blood glucose
A In skeletal muscle
1 Glucose is phosphorylated, thdegraded by glycolysis to pyruvate, which is converted to aCetfl and oxidized
via the citric acid cycle
A Glucose is the major ergfoduct of CHO ingestion
0 Liver enzymes:
A Glutamatepyruvate transmaminase (GPT): atsdled alanine animotransferase (ALT
A Glutamateoxaloacetate transmaminase (GOT): @labed asparatate aminotransferase (AST)

x  Kidney



QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Countercurrent mechanism: (picture)

I > > >

idney

Essential for the concentration of urine

€Counter current)

System in the renal medulla that facilitates concentration of the urine as it passes through the renal tubules
Responsible for secretion of hyperosmotic urine in respanskevated plasma osmolarity and requires that the

penetration of the loop of Henle into the renal medulla for the development of the medullary osmotic gradient
1 The loops of Henle are responsible for the establishment of an osmotic gradient within tha ai¢de kidney

A

Depends on the special anatomical arrangement and transport properties of the loops of Henle

pon:

Active reabsorption ofodiumions by the thiclascendinglimb of the loop ofHenle

1 Osmotic equilibrium between interstitial fluid and tubular fluid in the descending limb of the loop of Henle
1 Continued inflow of new sodium chloride from the proximal tubule into the loop of Henle

The sodium chloride reabsorbed from the ascending dddienle keeps adding to the newly arrived sodium chloride,

thus multiplying its concentration in the medullary interstitium

Countercurrent exchange in the medullary BVs, called/dsa recta

Y The vasa recta do not create the medullary hyperosmolatityjobprevent it from being dissipated and can carry
away the water which has been reabsorbed

A Fhielkifdneyesibasiicist ructural and functional wunit

1 Proximal convoluted tubute

A

A

A

Nephron

A Parts:
8
8
8
8§
8§
8§
8§
8

AWor khorsed of the nephrons

Requires the greatest amount of ATP

0 80% ofATP is used for Na+ reabsorption

0 67% occurs in the PCT

Water Permeable!!!, as solutes get pumped actively, water follows

Reabsorption of ALL glucosand AAs, most of the bicarbonateater, and Na+, chloride, phosphate, calcium
Secretes Ammonia which actas buffer for secreted H+

Approximately 2/3 of the glomerular filtrate is reabsorbed in the proximal convoluted tubule

U  This includes 100% of the filtered glucose @mlino acids

Another Q: The osmotic pressure of the filtrate at the end of the proximableited tubule is about the same
as that of plasma

here

 Thin Descending limb of loop of Henle:

8

Reabsorption of solutes and water



§ Impermeable to Na+
T Thick Ascending limb of loop of Henle (Thick andhif)
Has a thick swim suit on
Impermeable to Water
Reabsorbtion Actively of NaCl-, and K+
Indirectly induces the reabsorption of Mg2+ and Ca2+
U  [Fhis, in thethick portion, is the basis for the countercurrent multiplier activity
0 Henl eds | o otofthenephrdnevhescia thertebalar fuid has the highest osmolarity &
osmolality
0 Osmolarity of 1400 at the bottom
A Dondt g eittheCollecting @uct is not part of the nephron
91 Distal convoluted tubule:

w W W W

)
§ Secretion of H and K*
U Proximal Secreted Ammonia
§ Reabsorption Actively of Na+ and-Cl

8 Reabsorption of Ca2+ is under control of R

1 Collecting duct
8 Where the distal ends of each distal convoluted tubule join

8 Reabsorbs Na+ in exchange for secreting K+ andddmtrolled by aldosterone)
§ Secretes H and reabsorbs watécontrolled by ADH = vasopressinantidiuretic hormoneADH = Pitressin
§ Osmolarity of medulla can reach 120800mOsm

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.


http://www.answers.com/topic/antidiuretic-hormone
http://www.answers.com/topic/adh
http://www.answers.com/topic/pitressin

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

u Juxtaglo?nerular vs. Cortical Nephrons
A Juxtaglomerular

1 Have their renal corpuscles close to the base of the medullary pyramid

1 Havellongloops of Henlend long thin segments thattend into the inner region of the pyramid

1 Most of the concentration of urine in the kidney is performefikiamedullary nephrarwhich are at a relatively
deep position in the kidngbj.

Cortical

1 Have their renal corpuscles in the outer part of the cortex

1 HaveShortLoops6f Herlland the hairpin turn occurs in the distal thick segment
Intermediate

1 Inbetween tk other two, duh!

>

>

Henle

lomerular filtration
Filtration process as blood flows through the kidney
Some of the plasma (1B%) is filtered out of the glomerulaapillaries and into the glomerular capsules of the renal
tubules as the glomerular filtrate

>>@ >

1 e blood)

1
A
A
§
1 Glucose & sodium chloride are filtered and subsequently reabsorbed
A
A Glomerular Filtration Barrier
1 Composed of:
8§ 1. Fenestrated capillary endothelium (size barrier)
8§ 2. Fused basement membrane with heparan sulfate (negative charge barrier)
A The charge barrier is lost in nephritic syndrome, resulting innailburia, hypoproteinemia,
generalized edema, and hyperlipidemia
§ 3. Epithelial layer consisting of podocyte foot processes
A Inulin:
1 A starch that is given by mouth
8§ NOT natural, thatds the creatinine one

filtered

secretion) FuR=E


http://www.answers.com/topic/juxtamedullary-nephron
http://www.answers.com/topic/nephron?cat=health#wp-_note-mcgill

1 Ifthe clearance of a substance which is freely filteresifaulin, then there is a neecretiorof the substance
) 9 Measures Clearance Rate
A Glomerular filtration rate (GFR)

1 Can be calculated by the clearance of inulin from plasma

1 gwatretedtinine)

8§ g:
1 The rate at which a substance is cleared from plasma
T Renal clearance equation

§ Cx=UxV/Px
U Cxi Volume of plasma cleared
0 UxT Urinary [] of x
U Vi Urine Volume
0 Pxi Plasma[] of x
§ = (plasma volume completely cleared)/(unit time) = (urinary comagan of the substance * urine volume) /
(plasma concentration of the substrate)
1 Assessment of blood urea nitrogen (BUN) and serum creatinine can also be estaddtethe GFR
§ Creatinine is freely filtered, isotresabsorbed, slightly secreted, andduced endogenously at a constant rate
§ Another Q: Creatinine is theaturaimetabolite measured clinically as a predictor of GFR

0 (Dondt mix this Q up with inulin)
A
1 Simply put, the amount of the substance removed correlates to the amount of plasma that flows through the kidney
A Decrease in GFR is caused by:
1 Constriction of afferent arteriole:
8§ Decreases the glomerular capillary hydrostatic pressureeamdases the renal blood flow (RBF)
8§ RBF =Is the volume oblooddelivered to the kidneys per unit time
1 Relaxation of efferent arterioles:
8§ Decreases the glomerular capillary hydrostatic pressure
1 Increased lasma protein concentration of glomerular capillary blood:
§ Increases plasma oncotic pressure
T Ureteral bl ockage (increased hydrostatic pressure i
§ Blockage of urine transport through the ureters will increase hydrostatic pressure inlBédwsma c aps ul e
U Capsule hydrostatic pressure is the major force causing glomerular filtration
Excessiveconstriction of the efferent arteriole will decrease RBF and GFR
A
1
1
1
1
) 8§ The most likely cause of an increasdilimation fraction is efferent arteriolar constriction
A PAH
1 Both filtered and secreted and is used to estimate renal plasma flow
§ (Filtration of PAHis also know agffective Renal plasma flow (RPF)
1 Secreted in proximal tubule
1 Secondary active transport system
1 Mediated by a carrier system for organic acids
1 Competitively inhibited by probenecid

A Filtration Fraction
1 =GFR/RPF or Guin/Cpan
1 The mostlikely cause of an increasefiltration fraction is efferent arteriolar constriction
T NSAIDs
§ Prostaglandins dilate afferent arterioles (9 RPF
8 So NSAIDs can cause renal failure because they inhibit the renal production ofgstaglandins, which
normally keep the afferents dilated to maintain GFR



http://www.answers.com/topic/blood

1 ACE Inhibitors
§ Angiotensin |1 constricts efferent afterioles (Z
i EndiniPRIL
8§ So if you inhibit ACE, no Angiotensin Il and FF would be less)
A Free Water Clearance
T Cho=V-Cosm
8§ V = Urine flow rate
T Cosm= Uosm VIPosm
A Glucose Clearance
T Atanormal level, all glucose is reabsorbed in proximal tubule
1 Atplasma glucose level of 200mg/dL, glucosuria begins (Threshold)
T Atplasma glucose level of 300mg/dtansport mechanism is completed saturated (Tm)

8 , & high
8§ d
8
§ t(via a cotransporter)
8§ cose
result
A Amino Acid Clearance
1 Resorption by at least 3 different carrier systems, with competitive inhibition within each group
1 Secondary active trangg occurs in proximal tubule and is saturable
A Kidney normally excretes-2 L urine/day
A When tubular secretion and reabsorption processes are completed, the fluid remaining within the tubules is transportec

other components of the urinary system to kereted as urine
Urine consists of water and other materials that were filtered or secreted into the tubules but not reabsorbed
Although about 180 L per day of glomerular filtrate are produced, the kidneys only ex@éte 1
Approximately 99% of filtrated returned to the vascular system, while 1% is excreted as urine
Water and substances the body needs are returned to the blood, whereas waste products and excess fluid and sol
remain in the tubules and are excreted form the body as urine
In response televated plasma osmolarity, a small volume of concentrated urine will be produced
§ If plasma osmolarity is lower than normal, a large volume of dilute urine will be excreted
Excretion rate = filtration raté reabsorption + secretion
Reabsorption
A Movementof solutes from the tubular fluid into the interstitial fluid
A Occurs in the following:
I Proximal tubule
9 Loop of Henle
q Distal convoluted tubule
1 Collecting duct
A Processes include: 1° active transport, 2° active transport, facilitated diffusion, simpledjfari solvent drag
Y Transport can be either transcellular or paracellular
***The osmolarity of the renal fluid at the end of the proximal tubules equals that of plasma
Secretion
A Movement of solutes from the interstitial fluid into the tubular fluid
Urine
A Normal urine
1 Consists of Na+, C] K+, calcium, magnesium, sulfates, phosphates, bicarbonate, uric acid, ammonium ions,
creatine, and urobilinogen
8 ECES
Is clear, strawcolored, slightly adic, and has the characteristic odor of urea
Normal specific gravity of urine is between 1.005 and 1.030
Formation is important in the regulation of atidse balance, maintenance of ECF volume and BP, and in
maintaining the normal osmolarity of ECF

= =A== =a=

=a = =4

>

1

1
A Causes of dilute urine:

1

\adten after ingesting a large quantitiy of water)




The ability to concentrate urine is most closely related to the length of the loop o

tibabetes mellitus, excess ADH
diuresis

§ In cellular dehydration water move®in interstitial and Extracellular to inside the cells, now you have a
decrease in plasma volume
U This decrease produces action potentials tgtipgaoptic hypophyseal tractand into the neural lobe of
the posterior pituitary resulting in the release oftAD
U ADH of course gets water reabsorbed and leaves the urine more concentrated
néwan more than €& K+

*kk

i Ammonia

A Produced from the metabolism of a variety of compounds

Amino acids is the most important because most Western diets are high in protein and provide excess aa, which are
deaminated to produce ammonia

Sources of ammonia:

A
A

A

1

From amino acids:

§ Many tissues, but ptcularly the liver, form ammonia from amino acids by the aminotransferase and glutamate
dehydrogenase reactions

From glutamine:

§ The kidney (specifically, the tubular celf§yrm ammonia from glutamine by the action of renal glutaminase

§ Most of this ammoia is excreted into the urine as Nhivhich is an important mechanism for maintaining the
b o d y 6-baseabalance

From amines:

8§ Amines obtained from the diet and monoamines that serve as hormones or neurotransmitters give rise to
ammonia by the action oh@ne oxidase

From purines and pyrimidines:

8§ The catabolism of purines and pyrimidines, amino groups attached to the rings are released as ammonia

§  Amino acids are the source of most of the nitrogen in purines

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

1
| toxicity
1 Glutamate dehydrogenase can catalyze the formation of glutamate from glutamine-ltetgigl@arate and
ammonia using NADPH & cofactor (SEE UREA CYCLE CHART)
Formation or urea in the liver is qualitatively the most important disposal route for ammonia
Urea travels in the blood from liver to kidneys, where it passes into the glomerular filtrate
is

ndocrine Fxns of the Kidney

IS B SN

PP

Conversion of 280H vitamin D to 1,25OH)2 vitamin D via lalphduydroxylase, which is activated by PTH
JG cells secrete erythropoietin to stimulate bone marrow and also secretes renin in regfemrsated renal arterial
pressure and increased renal nerve discharge (Beta 1 effect)
Secretion of prostaglandins that vasodilate the afferent arterioles to increase GFR
Hormones that act on the Kidney
1 Vasopressin (ADH)
8§ Induced by increased plasma osmityeand decreased blood volume

8§ Actions: y H20 permeability, § ur e-granspbrteranrthick i on i
ascending limb
1 Aldosterone
8 Induced by decreased blood volume (via Angiotensi
8§ Actions:regomNmgtion, § K+ secretion, § H+ secretio
1 Angiotensin II
8§ Induced by Decreased blood volume (via Renin)
§ Actions: CISHINNNCICHINNCINNCNINNENND ¢ + & n N aa - eabs6pEOCDEOximal GBUR
9 Atrial Natriuretic peptide (ANP)
8§ Induced by Increased atrial pressure
§ Actions: Decreased Na+ reabsorption, 9§ GFR
91 PTH

§ Induced by Decreased plasma [Ca2+]
§ Actions: g Ca2+ reabsorption, ¢ PreasorpticH) 2 vi t am



1} Acid/Base Regulation

A

I >

by the secretion of hydrogen ions (H+) into the renal tubules and the reabsorption of

bicarbonate ions (HCQ).

1
1

n

lood pH
Hydrogen ions are secreted into the tubules by tubular cells
Secretion mechanism derives hydrogen ions from carbonic acid
e
[CO,+H,O Z ,CB;Z H'+ HCO3]
Present within tubular cells, and it catalyzes the formation of carbonic acid from carbon dioxide and water
Carbonic acid dissociates into hydrogen ion and bicarbonate
One of the fastest known enzymes and is found in great cond@amiraerythrocytes

nate ion

Although not required for Cand water to form carbonic acid, it greatly increase the reaction in both respects

§ y

Phosphate compounds (HPO) and ammoniagfNH

§ The kidney can eliminate cations due to the high ratio of HPO420 H,PO,-
U Eliminating Cations, i.e. H+, just like HCO3- to H2CO3

Mechanism for recovering frommetabolic acidosis

Act as buffers to tie up hydrogen ions in the tubular fluid

Ammonia is formed in the tubular cells by the deamination of certain aa, particularly glutamic acid

8§ Ammonia interacts with the H+ and forms the ammonium ion to be removedtebody

§ It acts in the elimination of H' in the kidney and allowing for the reabsorption of N4 into blood

§ Secretion of ammonia aids in the elimination of hydrogen ion from the kidney

8§ Ammonia helps to reduce the Hydrogen lon concentration in body fluidsThis mechanism involves the
reabsorption of Sodium into the blood

1 Phosphate and ammonium excretion measurements provide good information on how much acid is being

eliminated by the kidneysi because phosphate and ammonium buffer the acid

§ Phosphate compods are excreted in combination with a cations such s Na

§ Ammonium ions are excreted in combination with anions such’as Cl

§ Normal blood bicarbonate:carbonic acid ratio is 20:1. A patient with 10:1 ratio is in uncompensated acidosis
U SO basically you hava 20:2 ratio, more carbonic acid, so H+ needs to go out!!!!

A orption of
(1% Na+ is reabsorbed into epi cell from lumen via countertransport gainst H+, then the Na+

gets into the blood vessel via a cotransport with Bicarb)

1
1
1
1
1
1
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x  Reproductive System

U Male puberty:

> >

PP

> > >

During early childhood, a boy does not secrete gonadotropins, and thus has little circulating testosterone

During puberty, the penis andstis enlarge and the male reaches full adult sexual and reproductive capability

1 In males, growth and development of secondary sex organs are under direct control of testosterone

Puberty also marks the development of male secondary sexual characteristics

Secretion of gonadotropins from the pituitary gland, which usually occurs between the ages of 10 and 15, marks the
onset of puberty

1

ation of
e

Pituitary gonadotropins stimulate testes functioning as well as testosterone secretion

—s
stimulates the secretiaf FSH and LH (gonadotropins) by the anterior pituitary gland

These gonadotropins stimulate the growth and function of the testes
1 s)

1 ESH

§ promotes the maturation of sustentacular ¢&lestoli cells)

ation
U produce ABP (Androgen Binding Protein) which ensures that testosterone is high in seminiferous tubules
U produce Inhibin, which inhibits FSH (negative feedback)

1



§ stimulates the interstitialLéydig cellg of the testes

U to produce testosteroiiesecondary sex characteristics

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

A AnabolicuSteroid Use
1 A person who used anabolic steroids, but who has recently stopped will experience
8§ Low FSH, and LH levels
8§ Low Testosterone levels
§ Decraased number of spermatids
) 0 NOT Sterility (Looked it up, it may take a few months, but gonads will get back to full production)
A Androgens
1 DHT> Testosterone> Androstenedione
§ Testosterone is converted to DIHY Salphareductase
§ Testosterone and androstenediane converted to estrogen in adipose tissue biNFhAromatase
9 Functions
Differenetiation of wolffian duct system into internal Gonadal structures
Secondary sexual characteristics and growth spurt during puberty
Required for normal spermatogenesis
Anabolc effects: increased muscle size, increased RBC production
Inhibits GNRH (negative feedback)
Fuses epiphyseal plates in bone
Increased Libido (Whoavhee!)
U Female Puberty
A Female reaches puberty 1 or 2 years earlier than males
A Puberty is marked by the firepisode of menstrual bleeding, which is called the menarch
A An alteration in brain function leads to increased gonadotrepiessing hormone (GnRH) secretion by the
hypothalamus
A GnRH stimulates the secretion of FSH and LH by the anterior pituitary gidmch ultimately leads to an increased
production of estrogens (androgen hormone) by the ovaries
A The events of puberty in the female (such as enlargement of the vagina, uterus, and uterine tubes; deposition of fat in
breasts and hips) are largely aut of increased production of estrogens by the ovaries
u Estrogen
A Estradiol> Estrone> Estriol
1 Estradiol from the Ovary
91 Estriol from the Placenta
A Functions:
Causes the development of female 2° sex characteristics (genitalia)
Causes the development of thedst
Maintains pregnancy
Growth of the follicle
Endometrial proliferation, myometrial excitability
Female Fat distribution

w W W W W W W
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T Hepatic synthesis of transport proteins
1 Feedback inhibition of FSH

1 LHSurge (Estrogen feedback on LH secretion switches to positiveoin neqgative just before LH surge)
A Is effective at very low concentrationﬂﬁget tissues by binding

to an intracellular receptor

>

ring
1 Androgens do NOT (19 carbong) ring)
1 Progesterones, Glucocorticoids, Mineralcorticoids (NO Ti2d. Cs)
A Estrogen Hormone Replacement Tx

Y Decreases risk of heart disease
T Decreases hot flashes and postmenopausal bone loss
A Unopposed Estrogen Tx
f Increases risk of endometrial cancer
one
Progesterone

A Funtions:
1 Stimulation of endometrial glandular secretions and spiral artery development
1 Maintenance of Pregnancy
ancy
Decreased myocardial excitability
Production of thick cervical mucous which inhibits sperm entry
Increased body temp
Inhibition of Gonadotropins (LH, FSH)
Uterine smooth muscle contraction

Promotes secretory changes in the endometrium during the latter half of monthly period, thusgrepari
endometrium for implantation of fertilized egg

=8 =488 n

A peptide hormone produced during pregnancy
A Synctiotrophoblast of placenta
A Maintains the corpus luteum for the ' trimester by acting like LH
A lts role is to prevent the disintegration of thecorpus luteum of the ovary and thereby maintain progesterone
production that is critical for a pregnancyin humans.
A In2"and 3 trimestersthe placenta synthesizes its own estrogen and progesterone and the corfpisum
degenerates
A Used to detect pregnancy because it appears in the urine 8 days after successful fertilization (blood and urine Testing)
A Elevated hCG in women withydatidiform moles or choriocarcinoma (chorio- outer membrane of placenta)

A A condition in which the changes associated with puberty beginwiexpectedly early age
A Results from hyperactive adrenal cortex

1
A These substances resemble the male and female sex hormones

Menopause

A Cessation of estrogen production with dig&ed decline in number of ovarian follicles
Average age of onset is 51 (earlieismokers)

Therapy- Estrogen replacement

HAVOC i Hot flashes, Atrophy of Vagina, Osteoporosis, Coronary heart disease
Menstrual cycle:

Yovar

=>>2>>

gth
Average menstrual cycle usually occurs over 2gdalthough the normal cycle may range from 22 to 34 days
1 Menstrual phase
§ Aunt Flow begins the cycle
§ Cycle starts with menstruation (cycle day 1), which usually lasts 5 days
9 Proliferative (follicular) phase
8§ Lasts from cycle day 6 to day 14
8§ LH and FSH act on the ovarian follicle (mature ovarian cyst containing the ovum)
U  This leads to estrogen secretion from the follicle, which in turn stimulates buildup of the
endometrium
0 Development of ovarian follicles the point of ovulatioris stimulated primarilyoy FSHi Follicle

stimulating hormone

> >
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§ Late in this phase, estrogen levels peak, FSH secretion declines, and LH secretion increases, surging at mid
cycle (around day 14)

LH Surge (Estrogen feedback on LH secretion switches to positive from negative just bed LH surge)
ation

w W W

with LH

Without the LH, @en though large quantities of FSH are available, the follicle will not progress to the
stage of ovulation
U FSHand LH are botglycoproteinsand act in both the ovaries (in females) and the testis (in males)
A e
A
§ Then, estrogen production decreases, the follicle matures, and ovulation occurs
1 Ovulation:
§ Day 15i 14 days after Day 1 of menstruati@®@UT does VARY
§ Occurs as a result of the estrogeduced LH surge
§ ry
u 4 days
§ Progestins
U Being used as oral contraceptive substance due to their ability to suppress ovulation
0 Remember Pgesterone is usually the maintainer of pregnancy, so body is fooled into thinking its prego
9 Luteal (secretory) phase:
§ Lasts about 14 days
8§ FSH and LH levels drop
0 The corpus luteum begins to develop, and it synthesizes estrogen and progesterone
f hCG is pranoting this in the T trimester
A ops
f This is why prego women are not horny in therimester, the corpus luteum is taking care of
itself and there is no circulating estradiolstimulate them to go find their man!!
1  But the 2° Trimester is Grea# The Madonna period
U Ruptured mature follicle forms the corpus luteum, which secretes progesterone and estrogen
§ If fertilization does not occur, the corpus luteum degenerates (becomiainie)
U As aresult, estrogen and progesterone levels decrease until their levels are too low to keep the
endometrium in a fully developed secretory state
U The endometrial lining is shed as menstrual fluid during menstruation or menses
1 Decreasing estrogeand progesterone levels stimulates the hypothalamus to produce GnRH, and the cycle beings
again

A Two significant results of the female sexual cycle:

1 Only a single mature ovum is normally released from the ovaries each month so that only a single fetyis tan b
grow at a time
x  Lipids
0 Lipids:

A Organic compounds that do not dissolve in water but do dissolve in alcohol and other organic solvents

A Are not able to move in body fluids due to their hydrophobic nature so they are packaged in micellar strilelires ca
lipoproteins

A Various lipoproteins are classified in terms of density

A Since lipids are much less dense than proteins there is an inverse relationship between lipid content and density
(i.e., high lipid content means low density particle} HDL good beause little lipid content

A The major components of lipoproteins being transported are phospholipids and proteins which make up the micellar
membrane (the protein component alone is calj@alipoprotein)

A: The major lipids includériacyglycerols or TGs (the most common lipids) phospholipids, and steroids

A .

A branes

A

ic)
A
0  Triglyceride: (TGS)
A Provide more than half the energy requirements of some organs, particuldihgtheeart, and skeletal muscle
A When hormones signal the need for metabolic energy, TGs stored in adipose tissue are brought out of storage and

S

transported to those tissues (skeletal muscle, heart, renal cortex) in which FAs can be oxidized foraheryp
TGs arenot membrane constituents



a hospholipids
Type of lipid that contains a phosphate group

ne
ted

1 Like a phospholipid bilayer, but its only one layer, small circular
Lipid micelles have spherical structures that are stabilized by hydrophobic interactions of lipid groups
ils

0 N

1
1
A Three major types of Body Phospholipids:

1 (aka phosphatidylcholine)

& Major component of cell membrane of RB@$§ myelin, of bile, and of surfactant (DPPC)
& Phospholipid present in liver bile
§ They are water doble emulsifiers
§ Are a group of phospholipids that upbpdrolysis Vields:
a
§

Lipotropic = g
nce

1 Lipotropic substance one that promogs taking fat out of the liver

ﬁe)

Both choline and lecithin are lipotropic substances

A compound synthesized by the body and is found in most atisraes

Is essential for the metabolism of TGs, particularly lipoprotein secretion, in the liver

A deficiency of choline in the diet can cause abnormalities in fat/lipid metabolism

Is a natural amine that is often classified with the B vitamins, althibugyhot a vitamin, and is a
constituent of many biologically important molecules sucA@sandlecithin

It prevents the deposition of fats in the liver and facilitates the movement of fats into the cells

>

oI B D

>

irrhosis
T W/ o choline you can6t put fat in the other ¢
liprotropic effect
Choline, chtine phosphate and cytidine diphosphocholine are involved in the synthesis of
phosphatidylcholine, a major phospholipids constituent of membranes and lipoproteins. It is
synthesizedle novan liver cells
1 The cephalins:
8§ A group of phospholipids having mestatic properties and found especially in the nervous tissue of the brain
and spinal cord
8 They resemble lecithin, except thegntain either 2-ethanolamine or L-serine in the place of choline
1 The sphingomyelins:
8§ Phospholipids that are found especiallynarve tissue and yield:
U Sphingosine, choline, a fatty acid, and phosphoric acid upon hydrolysis
8§ They aremembrane constituents
1 Basic structure of phospholipids: glycerol + fatty acids + phosphate group + R group

>
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q
Types of Lipoproteins

A

1 Lipid-binding progins, responsible for the transport in the blood

Least dense lipoprotein
Most triglyceride and the least protein content

=A =48

Secreted by intestinapithelial cells

8§ Remember micelles emulsify in water to give phospholipids, (NOT TGs SEE PICTURE ABOVE)
&microns

They are the largest of the lipoproteins

Are plasna lipoprotein

Carry FAs obtained in the diet to the tissues in which they are consumed or stored as fuel

Remnants of chylomicrons, depleted of their tracylglycerols but still containing cholesterol, move through the
bloodstream to the liver, where thegaaken up, degraded in lysosomes, and their constituents recycled
VLDLs (very lowdensity lipoproteins):

T More dense than chylomicrons

T High content of triacylglycerides

T Secreted by the liver

1 Transport endogenous (hepatic) triacylglycerols to various gggugnarily muscle and adipose tissue)
EDLS (low-density lipoproteins):

=A=a=a-a=9
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Large spherical particles made of a core of esterified cholesterol surrounded by a lipid bilayer containing protein
Denser than VLDLs

Less TG and more protein content

High phospholipils content

Highest cholesterol content

Delivers hepatic cholesterol to peripheral tissues

rol ester
dy

= =A=a=a0044

is
& When cholesterol is needed, a cell will make a receptor for LDL and insert the receptor in the plasma membrar
U0 Then LDL binds to the receptor and is engulfed (via endocytosis)
& When the cell has enough cholesterol, gene regulation for the LDL receptor is down regulated
§ Which one adjusts the Cholesterol level in blood2.DL
A HDLs (highdensity lipoproteins):
Y Most dense lipoproteins
1 Has the lowest triglyceride and highest protwantent
1 Transfers cholesterol as an acyl ester derivdtim other tissues back to the liver

1 Mediates reverse cholesterol transport (from periphery to liver)
1 Secreted from both liver and intestine

Contains three molecules of fatty acid combined with one molecule of glycerol
1 cerol
A Is alongchain compound with an even number of carbon atoms and a terminal COOH group
A Can be saturated, monounsaturated, or polyunsaturated
A Classified by the number of double bonds between carbon atoms in their fatty acids molecules:
1 Endingin-ic
q Saturated fat:
8§ Nodouble bonds between carbon atoms
8§ Arachidic acid, behenic acid, butyric, capric, caproic, caprylic, lauric, myristic, palmitic, stearic
u id
9 MonO fat:
§ One double bah between carbon atoms
§ Erucic,Ol€i€, palmitoleic
1 Polyunsaturated fat
§ Multiple double bonds between carbon atoms

c
§ ts

***StearicA oleicA linoleicA linolenicA (arachidoit): a sequence that shows increasing number of double bonds
itic

1
1

Fatty acids:
A Essential FAs cannot be synthesized because we lack the lack the enzymes to place double bonds aincerta

ositions (omegd 3 and omegda 6) and must therefore obtain them from the diet
| j

& Arachidonic (20:4), linoleic (18:2), and linolenic (18:8plyunsaturated fats
8

gthat 6 s why we eat
animals)

All fatty acids are building blocks of phospholipids and glycolipids and are therefore needed for the synthesis of MBs

Cells derive energy from them through beta oxidation

0 N

S
Freeing stored fat/Free fatty acids

Raises the intracellular concentration of cCAMP




X

X

U A cAMP-dependent protein kinase, in turn, phosphorylates & thereby activates hesensigve
triacylglycerol lipase

A t
e

1 cAMP. is broken down by cAMP phosphodiesterase
8§ sue by
se

§ Triglyceride Lipase
U This NZ initializes thehydrolysis of the estr linkages of TGs forming free FAs and glycerol
i SIDE BARA Fat, monoglycerides, and Proteins are broken downyayolysis
A TheBFAS that are released bind to Séribumin and travel to the tissues where they dissociate from
albumin and diffuse into thcells in which they will serve as fuel
A Glycerol released by lipase action
1 Is phospholyated by glycerol kinase, and the resulting glyceréd-phosphate is oxidized to
dihydroxyacetone phosphate
1 This compound is then converteddigceraldehyde3-phosphatdy the enzyme triose phosphate
isomerase
8 G3Pis then oxidized via glycolysis to go on to make Pyruvafe Acetyl COAA Kr e b 6 s
A Insulin causes activation of a phosphorylase which dephosphorylates the hormesensitive lipase and thereby
diminishes lipolysis

QuickTimeE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

A
[Faity aciddegeneratiomccurs in the mitochondria and uses FADHH/NAD-Think FAD A Fatty Acid Degeneration

i Degeneration occurs where its product (Acetyl CoA) will be used in Krebs!!
0A

A Both require phosphopantothenic acidthe Q discussed the 2 previous lines)
U Fatty Acid Catabolism

A

n




A Transported to the liver by employiSllllllg as a carrier substance, which is inhibited b{jiSBICEIICIVIEION-
CoA
A Oncelinsidethe'mitochondrithe fatty acid isransferred from the carnitine to a CoA and is oxidized (via beta
_ oxidation) to acetyl CoA
A Acetyl CoA molecules enter into the citri mgeguvalehtscycl e
~ (NADH, FADH,)
A The reducing equivalents are then reoxidized by electron transport system and the energy released by that process is
by the oxidative phosphorylation system to form ATP
A
1 Ketone bodies:
u
nd
u Betahydroxybutyrate
A Sometimes referred to asBetahydroxybutyrate or dwydroxybutyrate
U Acetone

A Not utilized by the body as fuel
A May normally leave the body via the lungs
A Fruity smell of the breath
§ During conditions of low glucose availability (starvation or fasting, or a case of diabetes mellituseadipo
tissue breaks down its triacylglycerol stores into FAs and glycerol, which are released into the blood
0 Glycerol is converted into glucose, by first getting converted to Glyceraldehye 3 Phosphate, which is an
intermediate in glycolysis, it makes Pyruvateen because the brain needs energy, you get
gluconeogenesis happening to send glucose out of the liver to the brain
0 When there is inadequate insulin, utilization of fat for energy in increased
Through the procesd o-okidation, the LIVER converts the FAs to acetyl CoA
Acetyl CoA is used by the liver mitochondria for the synthesis of the ketone bodies
u ies
u
8§ They are transported in the blood to peripheral tissues, where they can be reconverted to acetyl CoA and
oxidized by the citric acid cycle (Krebos cycl e)
They are important sources of energy for the peripherailetsss
They are soluble in aqueous solution and therefore do not require carriers in blood
Unlike fatty acids, ketone bodies can be oxidized by the brain
U Metabolized to 2 molecules of AcetgloA by the brain
U Under circumstances that cause ac€yA accumuldbn (starvation or untreated diabetes, for example),
thiolase catalyzes the condensation of two aggb/A molecules to acetoacet@oA, the parent of the
three ketone bodies
§ High concentrations in the blood result in keto acidosis
1 Ketosis:
§ Condition chareterized by an abnormally elevated concentration of ketone bodies in the body tissues and fluids
8§ Occurs when fatty acids are incompletely metabolized, a complication of untreated diabetes mellitus, starvatiol

w W

w wn W

fasiingand alcoholism
U In severe diabetic adidis, one would expect an increase in plasma keto acids
u mellitus

u sting
8§ Characterized by ketones in the urinet@kiria), K+ loss in urine, and a fruity odor of acetone on the breath
U Acetone is a compound that may leave the body by way of the lungs
8§ A diabetic coma can be caused by the buildup of ketone bodies
0 Itis commonly fatal, unless appropriate therapy ististd promptly

8§
8§
U Fatty Acid Biosynthesis

A WRITE OUT THE PR@ESS
A Summary of fatty acid synthesis:Acetyl CoAA malonyl CoAA malonytACPA acetyl ACR acetoacetyl
ACPA butyryl ACPA fatty acid
A Occurs in the cytosol, argkts there via a citrate shuttle
A
FAYhese arendt necessarily a part
for us knoowidatog about b




A I's not a si ropidagon usedvoethesatdlimmmfffattyacids

A Involves two carbon additions from acetyl CoA and an acyl protein (ACP)
1 Acetyl CoA s the immediatgrecursor for fatty acid synthesis

A The important step

1 The first one in which acetyl CoA, ATP, and bicarbonate form mai@oA

1 Akeyintermediate in the synthesis of FAs is male@gA, a 3carbon intermediate, which is formed from acetyl
CoA, bicarbonate, and ATP

1 This is the committed step, the essential control point
8§ Acetyl CoA is carboxylated bgcetyl CoA carboxylaseto MalonylCoA

U Similar to the carboxylation of Pyruvate to start gluconeogenesis

8§ n that
sis
8§ 2 Carbomy 3

carbon)

8

1 Kaplan
§ The dietis the primary soce of FAs
§ The next source is from the biosynthesis
0 In many instances, the saturated straight chain 16 carbon acid palmitic acid is first synthesized and all oth
FAs are made by modification of palmitic acid
A Important points:
1 Glucose is first degraded pyruvate by aerobic glycolysis in the cytoplasm
1 Pyruvate is then transported into the mitochondria, where pyruvate forms acetyl CoA (by pyruvate dehydrogenase]
and oxaloacetate (by pyruvate carboxylase)
1 Acetyl CoA and oxaloacetate condense to form citrate
8§ Then Oxaloacetate can either go up the Gluconeogenesis tract to PEP via PEPCKinase (the committed Step)
§ initf@eefirst step

of Krebods
Citrate, in turn, can beansported out of the mitochondria to the cytoplasm (where fatty acid synthesis occurs), and
there it splits to generate cytoplasmic acetyl CoA for fatty acid synthesis

=

§ Itis an allosteric enzyme & is the pincipal regulator of the pathway
§ So, for a lttle clarity, the 1% step of FA biosynthesis is the conversion of acetyl CoA to malonyl CoA

U Citrate is a positive modulator of acetyl CoA carboxylase in this step
U Acetyl CoA Carboxylase is the principal requlator of FA synthes

Malonyl CoA inhibits carnitine actyl-transferase preventing fatty acid

1 Coenzyme A (CoA)
8§ A pantothenic acid containing coenzyme that is involved in both fatty acid synthesis and catabolism
§ ups
§
0 Transporting FAs in the blood
A The body uses 3 mechs for transporting FAs in the blood
1 1) FAsto albumin
1 2) Chylanicrons (Cholesterol binds to fat and phospholipids to form chylomicrons)
1 3) Ketone bodies (acetixetate and beta hydroxyl butyrate
0 Bile Salts:

CHOs

y dbidse are conjugated bile components
Bile salts are amphipathic (hydrophilic and hydrophobic)

Bile salts are synthesd in the liver and pass, via the bile duct, into the duodenum and then into the jejunum
They aid in intestinal digestion and absorption of lipids by emulsifying and solubilizing thametes

P L
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The bile ducts carry bile salts from the liver to the gallbladder, where they are stored; excreted (excess) cholesterol is
dissolved in the bile salt micelles

ieid a process called
enterohepatic circulation used

Actions of bile salts:

1 Help in absorption of FAs, monoglycerides, cholesterol, and dfiids from the intestinal tract (form watsoluble
complexes [micelles] with FAs and glycerides)

1 Aid in the absorption of ADEK Vitamins

§ NOTE on micelles:
U The major driving force for forming a lipid micelle is hydrophobic interaction between hydrocitson

Have a detergent action on the fat particles in the food, which decreases the surface tension of the particles and

allows agitation in the intestinal tract to break the fat globules into minute sizes

S
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x  Membrane
U Cytoplasmic membrane = cell membrane:
Function is to regulate the flow of material into and out of the cell
A selectively permeable barrier, meaning that the movement of molecules across the MB is selectively restricted

Molecules and ions that are large, highly charged &/or polar move across the membrane via transport systems

)

assive Diffusion

Simple diffusion
1
9 No transport or carrier system is needed

A Facilitated diffusion (aka Mediated Diffusion)

i

> T > > > > >

nt

QuickTimeE and
Qu nd a TIFF (Uncompressed) decompressor
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A
1 A form of passive diffusion that uses the assistance of transport or carrier proteins
1 Requires no energy & moves molecules down threentration gradient
1 ted
§ Because the carrier can become saturated by the presence of large solute concentrations
1 tration
1
1 sion
port)

0 Active transport
A Primary active transportuses energy derived from ATP
1 EX: sodiumpotassium pump
A Secomlary active transpofit uses the gradient of one molecule to move andtimerdirect ATP coupling is used
T EXs: sodiumcalcium exchanger (count&nansport), glucose symporter ¢gansport)
1 The rapid movement of a substance across a biologic membranstageoncentration gradient requires the
participation of an energgequiring active transport system

=A==



Polar & hydrophilic

A Molecules or groups that are soluble in water (e.g., ions, glucose, and urea)

A Hydrophilic molecules require a carrier protein to cross the cell membrane

Nonpolar, hydrophobic

A Molecules or groups that are poorly sdeim water (e.g., @ CO,, and alcohol)
1

Hydrophobic molecules are transported across cell membranes by simple diffusion

I

> >

1
1 cid
1
Amphipathic = amphiphilic

cule
A An example of an amphiphilic molecule is phospholipid
Is afluid mosaic modebf lipids and proteins
A sterol and
A oteins
A rol
A ent
1 The hydrophilic head groupsteract with water on both the extracellular & intracellular surfaces
1 The hydrophobic fatty acyl chains in the central portion of the membrane
A Globular Proteins
91 Peripheral proteins are embedded at the periphery
1 Integral proteins
§ span from one side of thrembrane to the other sidegie associated with the hydrophobic phase of the
bilayer
8§ May move freely within the plane of the membrane
§ es
A CHOs are attached to proteins and lipids on the exterior side of the cell membrane
A The membrane mosaic is fluid because the interactions among lipids and between lipids & proteins are mpncovale
leaving individual lipid and protein molecules free to move laterally in the plane of the membrane
1 ction
A Bilayers arise through the operation of two ogipg forces:

1 1) attractive forces between hydrocarbon chains (van der Waals forces) caused by the hydrophobic effect forcing
such chains together

I 2) repulsive forces between the polar head groups

rane:

A Phospholipids:

Y Named so because many cells in CNS ganglia have them
ne
ix common features of biological membranes:
Sheetlike structure: only a few molecules thick 160 angstrom)
Consists mainly of lipids and proteins (CHOs are attached to exterior)
MB lipidsi small molecules witydrophobic and hydrophilic groups that form lipid bilayers in aqueous media
The hydrophobic center of the bilayer forms a barrier to the flow of polar molecules across the membrane
The proteins function as transporters, enzymes, receptors, etc.
Are noncovalent assemblies: the proteins and lipid molecules are held together by many noncovaelnt interactions
Are asymmetric: inside and outside faces are usually different

> > >
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T The plasma membrane has most of the CHOs (as glycoproteins and glycolipius)oter face while

T The lipids phosphatidylethanolamine and phosphatidylserine are more concentrated on the cytoplasmic face
| embly:

8§
8§
Proteins in cell membrane function as:

Transporter§ transport substances across the membrane
Enzymesd catalyze biocamical reactions

Receptors bind hormones or growth factors

Mediatorsi aid in triggering a sequence of events

ne
ne

I > >

A Most commonly consist of a weak acid (the proton donor) and a salt or conjugate base of that acid (the proton accepto
A e solution
A ldericantration by:
1 1) releasing H+ ions when pH rises
1 2) accepting H+ ions when pétops
A Major buffer systems include:
1 Sodium bicarbonate carbonic acid buffer system:
§ The major buffer in extracellular fulid
§ Is very important in the oral cavity for acid neutralization in foods & those produced by oral bacteria
1 Phosphate buffer system:
§ The minor buffer in the extracellular fluid
i Protein buffer system:
§ Intracellular roteins absorb ner
i fe
8§ Hemoglobin is a major intracellular buffer
A #*H ,C05 NaHCQ, N&HPO,, NaH,PO, all function in buffer systems in blood
Blood:
A s slightly basic, between pH 7.3544
A Acid-base balance is controlled precisely because even a minor deviation from the normal range can severely affect

many organs

A The body uses three mechanisms tarmdthe acid base balance:
T 1. Excess acid is excreted by the kidneys as H+;#Ni combined with phosphate
1 2. The body uses pH buffers in the blood to guard against sudden changes in acidity
§ The major blood buffers are bicarbonate, hemoglobin, and albonin
§ ic
1 3. The excretion of CQthe blood carries carbon dioxide to the lungs where it is exhaled
8§ Respiratory control centers in the brain regulate thelenrtnof carbon dioxide that is exhaled by controlling the
speed and depth of breathing
1 Anabnormality in one or more of these pH control mechanisms can cause one of two major disturbances in acid
base balance: acidosis or alkalosis
A From the HenderseHassébach relationship we can see how plasma pH is determined by the plasma levels of carbon

dioxide and bicarbonate. 6.1 is the pKa of the bicarbecetgon dioxide buffer system
9 pH=6.1+log [bicarbonate]/ (0.03 x partial pressure of carbon dioxide)
HendersonHasselbach equation:

pH = pkA WHEN [HA] = [A-]
1 Or when the acid is Half Neutralized

>

>

A A useful way of restating the expression for the dissociation constant of an gcid (K
T Ka=[HTATIHA]
1 The larger the K,, the stronger the acid, because most of the HA has been converted intband A"




A Conversely, the smaller the,Kthe less acid has dissociated, and therefore the weaker the acid
A ized
~ 1 Because from our equatién pH = pK then 0 = log[A/[HA] A 10° = ratioA 1 = ratio
A
A At pH = pKa,_ﬁ' i.e. half neutralized, and could then go either way
A te
U  This type of problem is solved by using the following equation: Kw = [H+HOH
A Kw is the ion product of water and always equat“0
A [H+] is the hydrogen ion concentration (pHleg[H"])
A [OH-] is the hydroxide ion concémation (pOH =log[OH]
A 14 =pH + pOH
T Use the pH scale
1 1l4=pH+4
1 pH=10
A
A EX The bH o  soiion o Q0L N HOI 30" CHien 9 rem 149
f pH=-l 0g[ 0 -pOH ]= VI og[®"=010]. OVP=1Y® 101 Y pH = 2
1 EX:fthe iH = 5.7| the iH+i = 1x10°
A

q This just recapitulates that pHis a fxn of log, or powers of 10!!!

1 Itis designategl for that solute

A This information has practical importaricéor a solution containing a mixture of amino acids, the different amino acids
can be separated on the basis of the direction and relative rate of their migration when placed in an electric field at a
known pH. The same applies to protein molecules and is frequenly used to separate proteins
1 Example: Glycine has a net negative charge at any pH abgiestsit will move toward the positive electrode

§ Atany pH below its pl it has a net positive charge (b/c dfi+) and moves towards the negative electrode

8§ The farther the pH of a glycine solution is from its isoelectric pght the greater the net electric charge of the

population of glycine molecules

At physiologic pH, all amino acids have both a negativegrged carboxyl group (COYand a positively charged
amino group (NH") They are therefore dipolar iofmwitterions)

—s, the ne

>

QuickTi meE and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

a pH I;]roblems
A Metabolic acidosis:
T Excessive blood acidity characterized by an inappropriately low level of bicarbonate in the blood
T Major cause$ chronic renal failure, diabetic ketoacidosis, lactic acidosis, poisons and diarrhea
8 diet

acidosis



§ The kidney responds to metabolic acidosis by synthesizing NH3 to then pull out H+ and make NH4+ and
excrete it

A Respiratory acidosis:
1 Excessive blood acidity caused by a buildup of,@Qhe blood as a result of poor lung function or slow breathing
1 Major cause$ emphysema, chronic bronchitis, severe pneumonia, pulmonary edema, & asthma

mi sunderstand this

{EONEY (H2CO3)

t(from therespiratory depression aypoventilatiof. Do n 6 t C

§ Having all that CO2 would shift the equation back to HGOH"
U There would be hypoxia, hypercapnia, and a response of tachycardia

A Metabolic alkalosis:
1 A condition in which the blood is alkaline because of an inappropriately high level of bicarbonate
1 Major cause$ vomiting acidic gastric contents or as a result of ingestions of alkaline drugs

q 8d HCO
8§ Normally, over 99% of bicarb is reabsorbed to continuelagfar, but inalkalosis, there would be an excess
of bicarb, so the kidney secretes more than usual into the urine to get the alkaline serum back down to
normal
A Respiratory alkalosis

1 A condition in which the blood is alkaline due to rapidpasionged dep breathing

§ Results in a low blood CQ level, which causes H+ and HCOS3 to shift to make CO1, hence reducing the
H+

1 ing

1 Major cause$ hyperventilation (most common causpin, cirrhosis of liver, & low levels of oxygen in the blood

(high altitude)

§ is

T Much less common than respiratory acidosis
A High Altitude Respiratory Resopnse
1 Acute increase in ventilation
§  Increased pulmonary ventilation at high altitudes results directly from the effect of hypoxia on the carotid body
Chronic increase in ventilation
Increased erythropoietiy increased hamtocrit and hemoglobin
Increased 2;DPG (binds to Hb so that Hb releases more 02)
Cellular changes (increased mitochondria)
Increased renal excretion of bicarbonate (to compensatesfuratory alkalosis)
Chronic hypoxic pulmonary vasoconstriction results in right ventricular hypertrophy
o Inwaterintoxication; most of the excess water will be found in'the infraceliular compa(aseniposed to extracellular,
intravasacular compartmest

=8 =88 -a9

melInIEN(GPA == Growth Hormone and Prolactione are NoATropic and Acidic)|
U Types of Hormones

A Steroid hormones:

1 Derivatives of cholesterol

§ PET CAT A Pet for heavy Petting (Sex Hormones) and Cat for Catabolism Hormones
§ ine

a
Not water soluble and bind to intracellular receptors, forming complexes that activate or inactivate genes
Best characterized by binding to intracellular receptors
Adrenal Steroids
§ Cholesterol YPregnenol oneYProgester omdoéterdn®oxycor t i
U  This is the Main chain, first NZ is Desmolase, which is controlled by ACTH and inhibited by ketoconazole
YPregnenoHyaheddypgr eghenxy o oGoitisbld o | Y
YProgesteHyde¥syprogesteronkstihendr ost enedi oneY
0 YAndr ost ebBseadioloneY
U YAndr ost e Testasterond/eDH T
§ Mineralocorticoids Aldosterone (21 Cs)

=a =4 =4

8
8



8§ Glucocorticoidg Cortisol (21 Cs)
& Androgend Testosterone (19 Cs)
§ Estrogens Estrone/Estdiol (18 Cs)

A AmINE hormones:

1 , an essential amino acid found in most proteins
1 They e)

A Polypeptide hormond

A

1 Proteins with a defined, genetically codscuctutre
1 rfa preprohormone)
1
1
1
1 the
1 ater soluk
dst hat 6s | inkle a definitio
1 They include:
§ Anterior pituitary hormones (GH, TSH, FSH, LH, & prolactin)
u ponse to
X
oxytocin)
Pancreatic hormones (insulin agldicagon)

8§
8§
§ PTH
§ Somatostatin

i IARiBiEGRYSFGH, TSH, Insulin, Glucagon, and Gastrin

U Elaborated primarily by the median eminence of the hypothalamus and by the D for delta cells of
pancreatic islds
U There is a positive Nbalance following administration of GH (somatotropin)
A particular hormone does not necessarily affect all cells; only its target cells
1 Target cells of a hormone possess receptors to which molecules of a hormone can attach
1 These eceptors can be located either on the plasma membrane or within the cell itself

U Second messenger:

A
A

> > >

>

>

T B D I

A molecule found inside a cell which responds to the presence of a hormone outside the cell
cGMP and cAMP are second messengers that carry signals fronil therfeee to proteins within the cell

(t breaks up glycogeninto glucose subunits.alpha 1A 4)
Frequently they act to stimulate protein kinase
They are rapidly broken down in cells (to terminate response) by enzymes called phosphodiesterases
Some hormones that use CAMP as a second mgssare:

Glucagon

Epinephrine

ACTH

Parathyroid hormone

TSH

FSH

FL

=8 =888

I This increases the rate of glycolysis & gluconeogenesis
cAMP is formed from ATP in a reaction catalyzed by adateytyclase

1 Adenylate cyclase is an integral protein of the plasma membrane
1 Many hormones act by way of stimulation of the MBund adenylate cyclase

Signal Molecule Precursors

ATP A cAMP via adenylate cyclase

GTPA cGMP via guanylate cyclase

Glutamate”A, GABA via glutamate decarboxylase (requires Vitamin B6)

CholineA Ach via choline acetyltransferase (ChAT)

Arachidonated Prostaglandins, thromboxanes, Leukotrienes via cyclooxygenase/lipoxygenase


http://www.answers.com/topic/glycogen
http://www.answers.com/topic/glucose
http://www.answers.com/topic/protein-subunit

A Fructose6-Phosphatéy, Fructose 1,&isphosphate via phosphottokinase (PFK), the rate limiting NZ of glycolysis
A 1,3BPGA 2,3BPG via bisphosphoglycerate mutase

i Hypothalamus:
Located on the floor of the forebrain

supraoptic-ADH and paraventricular Oxytocin
cells

Hormones are then transported along the axons of the neurosecretory cells to the pars nervosa (posterior pituitary)
Neural inputs to the brain influence their release
Secretdns of the anterior pituitary are controlled by hormones called hypothalamic releasing and inhibitory factors,

> >

> >

> >

which are secreted within the hypothalamus itself

feAnterior Hypothalamus (A/C)

Factors include:

1
1
1

1
1

Gonadotropin releasing hormone (GnRHjtimulates release of both FSH and LH
Thyrotropin releasing hormone (TRH)stimulates release of TSH

Corticotrophin releasing hormone (CRH§timulates release of ACTH

§ Stimulated ly: low plasma cortisol, hypoglycemia, pyrogen, and stress

§ Suppressed by: high plasma glucocorticoids

Growth hormone releasing hormone (GH RHstimulates release of GH
Dopamine (DA)i inhibits release of prolactin

Somatostatini_inhibits release of GH

1
0  Pituitary (Hypophysis)

A Posterior Pituitary: pars nervosa = neurohypophysis

A

1

1
1

Has direct hormonal control over the mammary glands (among many things)

muscle

Antidiuretic hormone (ADH) = vasopressin

End organ resistance to ADH is cal
A Kidneys fault for not absorbing the water

0 This results in the inability to concentrate urine, polyuria, and increased serum osmolarity (resulting from
the loss of free water in the urine)
A Urine Osmolarity of less than 200 mOsm/L

§ Decreases therine volume by increasing the reabsorption of water by the renal tubidesages the

Wwater
1} | tubules

8§ Released in response to:
U Increased plasma concentration of Na+
A Most important variable regulating ADH is plasma osmolarity
A Most sensitive hormone to plasma osmolarity
U Decreased blood volume
U Hypotension
§ Ethanol and caffeine decrease ADH release, while mieaticreases its release
§ Sweating causes an increase in AD#ile drinking large amounts of water causes a decrease in blood ADH
§ Hyposecretion of ADH results in diabetes insipidus (polyuria, polydipsia and polyphagia)
u
§ lality
Oxytocin
§ Causes muscle of the uterus and milk ducts in the breast to contract
U  What causes contraction of the uteAuxytocin
Released from the gterior pituitary iresponse to dilation of the cervix and to suckling
Stimulates smooth muscle cells of myoepithelium of mammary gland alveoli
U  Oxytocin is responsible for causing contractions of the uterine smooth muscle during labor
8§ ADH and oxytocin aretored and released form the pars nervosa, but neither hormone is produced there
U Produced by the paraventricular nuclei in the hypothalamus

8
8

Anterior Pituitary(FLAT PEG) = pars distalis = adenohyposphysis






