Formulas

Normal values

Non-lethal Lim

Na

138-146 (140)

115-175

K

3.8-5.0
  (4.0) 

1.5-9.0

Ca

2.0-2.8
  (2.5)

1-4.0

Cl-

103-112 (110)

70-130

HCO3-

24-32
  (28)

8-45

Glucose
75-95
  (>60,<120)
20-1500

pH

7.3-7.5
   (7.4)

6.9-8.0

Hormones


Action




Mech of Action

Parathyroid Hormone

Decrs Phos. Reabsorpt





Incrs Ca2+ Reabsorpt

Aldosterone


increases Na+ reabsorption





Increase H+ and K+ secretion

ADH



Increases H20 permiability

ANP



Increases Na+ excretion





Increase GFR

Angiotensin II


Increase Na+-H+ exchng 





Incrs HCO3- reabsorp (prox)

Diuretics


       Where

Mechanism

Action

Carbonic Anhydrase inhib        Prox. Tubule

Inhib CA             inhib. HCO3 reabs.

Loop Diuretics
   Thick Ascend Loop
   inhibNa/K/2Cl cotransp  incrs Nacl excret










        Incrs K excret










       Incrs Ca+ excret

Thiazides

Early distal tubule
inhib of NaCl reabs.           Incrs NaCl excret










       Incrs K+ excret










       Decrs Ca excret

K+ sparing diuretics    late distal tub + CD
inhib Na+ reabsorb
      Incrs Na excret







Inhib K secretion
      Decrs K excret







Inhib H secretion
      Decrs H excret

Disorder

Metabolic acidosis

Metabolic alkalosis

Respiratory acidosis

Respiratory Alkalosis

Clearance

   C= UV/P   C= Clearance   U= urine conc. V= urine Vol. P= plasma conc.

Renal plasma flow  


RPF=Cpah= [U]pah V/[P]pah


Cpah- clearaqnce of parahippuric acid

Renal Blood Flow

RBF=RPF/1-hematocrit

Glomerular Filtration

GFR=[U]inulinV/[P]inulin

Reabsorption Rate= Filtered Load (GFRx [plasma])-Exrection Rate (Vx [urine])

Filtration load> excretion Rate( net reabsoprtion

Filtration load< excretion Rate ( net secretion

CH20=V-Cosm

CH20- free-water clearance

V- urine flow rate

Cosm- osmolar clearance

CO2 +H20 (( H2CO3 (( H+ +HCO3-

pH= pK + log [A-]/[HA]

Vd=Vt X (Paco2-PEco2)/ Paco2

Vd=physiologic dead space

Vt= tidal vol.

Paco2= Pco2 of arterial 

PEco2= expired co2

Steady state: Vco2=VA X FAco2

Therefore: Paco2=PAco2=k(Vco2/VA)

Prs=Palv-Pbs

FEV1/FVC=.8 (normally)


Decreased w/ asthma incrs w/ fibrosis

Compliance=Δvol / Δpressure

1/Crs= 1/Cl + 1/Ccw

Transmural pressure= alveolar pressure-intrapleural pressure

Ptm=Pa-Ppl

LaPlace’s Law

P=2T/r

P=Collapsing pressure on alveolus

T= surface tension

R= radius of alveolus

Q= ΔP/R

Q= airflow  ΔP= pressure grad btwn mouth and alveoli R=airway resist


R=8ηl/πr4
R= resistance   η= viscosity of inspired gas

L= length of airway   r= radius of airway

Partial Pressures

Ptotal=(Patm-PH20)X fract. gas conc

Fick’s Law

Vgas= (A/T)*Dgas*(ΔP)

Diffusing capacity for lung


Dl= net rate of transfer (Vgas)/ (PA-Pa)

Pulmonary Vascular Resistance


PVR=Ppa-Pla / cardiac output

Ppa-pulmonary artery pressure

Pla- left atrial pressure

Zone 1

PA>Pa>Pv

Zone 2

Pa>PA>Pv

Zone 3

Pa>Pv>PA

Oxygen Content:

Cont. O2= SO2*Cmax+.003*PO2

Amnt of CO2 removed by ventilation

VCO2=VA*FACO2

Alveolar PO2 is driving force for diffusion O2

PAO2=PIO2-(PCO2/R)

Shunt Fraction

Qs/Qt=(Cc’O2-CaO2)/(Cc’O2-CvO2)

Histology

Cortex of kidney- readily identified by presence of Glomeruli


Podocytes- bulge into Bowman’s space


Enodthelial cells- bulge into lumen of capillaries


Mesangial cells- between capillaries form a struct. Framework


Afferent arteriole-( much bigger) continuity w/ interlobar artery 


Efferent arteriole 

Justaglomerular apparatus- contains, JG cells of AA, Macula densa, and lasa cells


Juxta-glomer cells-line the afferent arteriole w/numerous drk granules (renin)


Prox Tubule- distinguished by brush boarder


Bowman’s space continuous w/ lumen of proximal convoluted tubule

Medulla-


Medullary Rays- contains a large # of collecting ducts 


Collecting ducts (strt in cortex)- well defined cell boarders with wide diameter


Thick ascend loop of henle


Thin ascend/descend loop of henle


Vasa Recta- can see c-shaped RBC’s

Transitional epithelium- stratified columnar w/ outer layer puffy

-ureter- star shaped lumen, lamina propria w/connect tiisue( inner longitudinal, outer circular


-bladder- thick epithelium w/ lumen, thick muscle patches


-urthra

Renal System

Prt of urinary system (kidneys+ureters+bladder+urethra)

Bean shaped organs in the lumbar region outside the dorsal peritoneum

Kidney Function


-Receive 1300ml of blood each minute=20% cardiac output

-Fluid balance, salt balance, acid-base balance, removal of waste products

Main structural subdivisions


-outer cortex and inner medulla



Cortex- contains renal corpuscles and associated tubules

Medulla- 10-18 pyramid structures each capped with cortical tissue making up a kidney lobe

Basic Components of the Kidney- uriniferous tubule


-renal corpuscle (filtration)

-consists of glomerulus and capsule around it (bowman’s capsule)thru which ultrafiltrate passes


-proximal convoluted tubule (selective resorption)


-straight prox tubule


-descend thin seg of loop of Henle


-ascend thin seg loop of Henle


-Thick loop of Henle


-Distal convoluted tubule


-Collecting duct-belongs to a brached tree like system of excretory ducts

- papillary ducts pierce the papilla(minor calyx( major calyx( renal pelvis(ureter

Production of concentrated Urine


-125ml of Glomer. Filtrate formed each minute


-124ml are reabsorbed to form 1ml unrine/min


-in 24 hours 170-200L og bloof filtrate(1-1.5L urine


-Proximal tubule reabsorb 80% of h20 and salts of ultrafiltrate

-thick ascend loop of henle- reabsorbs salt but H20 can’t follow so urine bcms hypotonic

-collecting ducts have H20 channels that come to the surface with the help of ADH( conc. unrine

Structures of Renal Corpuscle


Glomerulus- tufts of capillary w/ fenetrated endothelium



Fenestrations 1000A wide, lack diaphragms



Endothelial cells- prt of basement membrane  shared w/podocytes

Parietal Epithelium- squamous parietal epithelium of Bowman’s capsule- continuous w/ epithel of Prox Tubbule

Visceral epithelium- epithelial cells or podocytes (spidery cells embracing the underlying capillaries)


-manufacture basement membrane


-provide filtration support


-slit pores of sep. adjacent pedicles of podocytes

Mesangial cells

· have characs of modified smooth muscle cells (contract in response to a number of vasoactive substances) which allows cells to modify glomer filtration locally

· aid in production and brk down of basement membranes

· uptake of macromolecules including immune complexes

· can generate interleukin I and platelet derived growth factor and respond in autocrin fashion (basement memb remodeling)

Baement Membrane- made by endothelial cells and podocytes


-3layers- maina rara interna, lamina densa, lamina rara externa


-type IV collagen conc in Lamina densa


Heparan sulfate proteoglycans are in lattice like array


-composition chnges w/disease

-IT IS THE CHIEF GLOMER. FILTER W/ CHRG AND SIZE SELECTIVE PROPERTIES

Blood Ultrafiltrate must pass thru

1) endothelium

2) basement membrane

3) podocytes

Kidney Disease and the Glomerulus- most common kidney diseases


1)immune Glomerulonephritis-thickening of the basement memb.

2)memranoproliferative glomerulonephritis-BM thickening and mesangial cell prolif

3) Minimal change glomerular disease- look normal but podocytes irreg- leading to massive protein loss to urine

Proximal Convoluted Tubule- longest and thickest part of the tubule system- occupies most of the cortex

Functions- 80% of H20 and NaCl resorbed, all Gluc resorbed, amino acids and leaked proteins resorbed, secretion of organic bases and acids

Cell Characteristics-


-brush border of microvilli-PAS +


-lysosomes and apical canaliculi asso w/ removal of leaked proteins


-interdigitation of cell surfaces


-abundant basal mitochondria

Loop of Henle- Descending Thick Limb- similar in struct to prox convoluted tubule

Loop of Henle- thin limbs


PAS+ basal lamina


Low cuboidal or squamous epithelium


DTL – H20 permiability is high and salt permeability is low


ATL- H20 permeability is low but memb is passively permeable to salts

Loop of Henle- Thick Ascending Limb


Funstions-



Active sodium pump, salt resoprtion, impermeable to H20



Contents bcm hypotonic



Site of action of many diuretic drugs

(corticomedullarly nephrons have long loops and are the ones primarily responsible for maintaining hypertonicity in medulla)

Macula Densa-as thick ascending limb return makes contact w/ vascular pole which tubule originated from


Functions

1) sense ionic content and H20 volume of tubular fluid and influ the glomer filtration rate

2) affect blood pressure by stimulating rennin secretion

3) can cause vasodialation via synth of nitric oxide

Cell Characs- narrow and columnar w/ nuclei close together

-located where the thick ascend limb makes contact w/ aff. Arteriole at glomerulus

Distal Convoluted Tubule


Functions



1)responsive to aldosterone( ion exchng Na+ absorbed and K+ excreted

2) helps maintain the acid-base balance by secreting H+ ions and NH4+ ions into tubular urine

Cell Characs- very abundant mitochondria property of salt pumping



-absence of brush boarder on apical boarder

Collecting Tubules/Ducts- principle cells and intercalated cells


Functions Principle cells



Removal of H20 from filtratedepend on ADH stored in pituitary

Cells become permeable to H20 by shuttling aquaporin water channels, stored in cytoplasm to apical memb


Function of intercalated cells



Secrete or reabsorb protons


Characteristics



Cells are pale and columnar w/distinct lateral cell boundaries (no brush b.)



Low conc of mitochondria



Appear as pale medullary rays when in groups

Diseases affecting kidney tubules and the tissues between them

1. bacterial infection: pyelonephritis

2. injury due to toxic drugs or metabolic disorders

Juxtaglomerular Apparatus- JG cells, Macula Densa, and MEsangial cells


JG cells- located in wall of aff arteriole as it approaches glomerulus


Modified smooth muscle cells


Store rennin in granules


Rennin released in response to dcrs blood press


Adjacent to macula densa and communicate w/ them via gap junction

Macula Densa Cells- prt of distal tubule wall where it contacts the glomer.

· communicated w/ JG cells

· sense chnges in osmolarity and vol. of tubule fluid and can influ glomer filtration rate and JG rennin secreteion

· can sense NO and therefore have vasodialation

Extraglomerular Mesangial (lacis) cells


-located outside glomer by macula densa


-PAS+ related to mesangila cells inside glomerulus

Blood Pressure control by JGA


-dcrs in BP stim JG cells to release rennin converts angiotensinogen (made in liver) into angiotensin I( ACE in lung converts AI to Angiotenin II vasoative peptide( rise in BP 


1. Stim ADH release( greater H20 reabsorb( greater ling Vol.


2. Angiotenin II constricts arteriole walls ( incrs in BP

3. Angiotenin II( aldosterone release from adrenals( NaCl release( incrs blood Vol.

Blood Circulation in the Kidney

Renal artery enters the Hilus( interlobar arteries pass up betwn the pyramids(arcuate arteries form arches at the junction of cortex and medulla give of vertical branches( interlobar arteries( aff. Arteriole( capillary loops( eff. Arteriole( capillary bed around prox and distal tubule (peritubular capillary network) some eff arterioles descend into medulla becming vasa recta( interlobar veins( arcuate veins(interlobar veins( renal viens and exit at hilus

Urinary passages and bladder

-lined by transitional epithelium ( stratified w/ puffy top)

Ureters

Pithelium w/ lamina propria of connective tissue surrounded by smooth muscle- inner longitudinal and outer circular- valves prevent back flow

Bladder

Beneath epithelium have muscular tunic consisting of several layers of smooth muscle

Respiratory System

Properties and Functions

Designed for the exhng of  Co2 in blood w/O2 in air 

Surface tension will tend to collapse air filled alveoli the lung is easy to inflate and cells don’t lyse on exposure to air


-capillaries leak fluid but lungs don’t fill w/ lymph


-site for metab processing of vasoactive substances


- immunologic defenses

Origin of Lungs in Embryology

-appear in 4th week of devel. As evagination of gut tude (primitive foregut endoderm) into the surrounding mesoderm

-airways formed thru a series of branching events eventually becming organized into lobules

-Only surface epithilum is derived from endoderm everything else-MESODERM

Anatomy-


Conducting (trachea, bronchi, bronchioles)- perfusion w/out ventilation


Respiratory-(terminal airways, alveolar, and pleura)- perfusion w/vent

Trachea- bronchi( end of each bronchi supplies a unit of bronchiolar airways and tissue know as lung lobule (sep by thin connective tissue septa and visible as polygon areas beneath pleura)

Normal tidal Vol. capacity for exchng 500mL w/ 150mL being Dead space  TLC~3500ml

Innervation


Parasympathetic (vagus nerve)( smooth muscle contraction

Sympathetic-smooth muscle relaxation (beta inhib adrenergic receptors on surface of smooth muscles dilate in response to catecholamines

Blood Supply

Pulmonary artery- carries deoxygenated blood from the right ventricle to the lungs for gas exchng

Bronchial Arteries- carry oxygenated blood from the aorta to the lung tissue to supply tissues

Lymphatics-

· continuously filter fluid from the microcirculation

· found only in the connective tissue (pleura and interlobar septa)

· Hylum of lung contains lymph nodes

Pleura

-Visceral pleura covering the lungs is a dense connective tissue membrane and provides


-air proof barrier


-prevents lung from overinflating


-sep from parietal pleura by thin fluid

-Covered in simple squamous epithelium (mesothelium)

Conducting protion of the lung

Trachea


- U shaped cartilaginous rings 


- well devel lamina propria w/elastic fiber and pseudostrat columnar epithel


- organized smooth muscle component


- submucus glands w/ glycoproteins IgA IgM, lysozymes

Bronchi


-irregular cartilage plates

- well devel lamina propria w/elastic fiber and pseudostrat columnar epithel


- organized smooth muscle component


- submucus glands w/ glycoproteins IgA IgM, lysozymes

Ciliated epithelium


Pseudostratified

Elastic membrane- modified BM thickened by addition of extra collagen fibers and elastic fibers that are supplied by adjacent connective tissue

Ciliated cells- 200 cilia (Kartengener’s syndrome don’t go in same direction)

Goblet cells- secrete mucus

Brush cells- microvilli, reflect sensors (cough), absorptive function

Basal Cells


Hormone secreting- dense core granules secrete 5HT Dopamine ect


Small granule-may reg lung secret and muscle tone- polypep hormone secr


Proliferative cellsdiff into the specialzed cell types of this epithelium

Neuroepitheliual bodiesnear bronchial divisions and bronchiole-alv poprtals- contain serotonin

Bronchioles


NO cartilage just a ring of smooth muscle


No submucous glands


Clara Cells release mucous/surfactant rich in mitochon and SER


Each bronchiole( 3-7 terminal bronchioles

· respiratory bronchioles have air containing outpouchings (alveoli)

· terminal bronchioles open into alveolar ducts at their termination

Alveolar Ducts- long branching hallways from the respiratory bronchioles

Alveolar sacs- round spaces distal to the alveolar ducts

Alveoli-

 300X10^6 


Contain dense capillary network- continuous/ held together by tight junctions


Elastic fiber in septa keeps it from overexpanding and rupturing the capillaries


Simple squamous epithelium- held together by tight junctions

Alveolar Type I cells- thin cover 90% of alveolar surface

Alveolar Type II cells- 

lrg rounded secretory cells that bulge into the alveolar space


multi-laminar bodies in their cytoplasm exocytose and form surfactant


-progenitor cell of alveolar epithelium during devel and after injury

Phagocytic cells


-alveolar macrophages- orig in bone marrow, phagocytose foreign matter



Exit by either:

1) dischrg out the air passageways in the septum

2) migrate back into the connective tissue to deposit inclusions

*Have fc protion for antibodies and receptors for glycoproteins to bind bacteria yeast ect.

-Neutrophils (only a few) crawl in alveolarspace and connective tissue and take up foreign matter


-Bronchioles secrete IgA to prevent infection

Non-respiratory Functions of the Lung- becs receive almost all of cardiac output good place to monitor vasoactive substances

1. Angiotensin converting enzyme

-converts Angiotensin I to Angiotensin II (vasoconstrictor)( aldosterone release (oncrs BP also inactivates bradykinin a vasodialator

2. Monoamine Oxidase and Catechol-O-methyl-transferase

- enzymes in endothelial cytoplasm that inactivate epineph, 5HT, dopa

3. prostagladin removal

-removes 95% in one pass although makes it’s own version to be released  following trauma

4. Anesthetic inhibit uptake and degradation of vasoactive amines by endothelial cells

