16.1 Four excretory organs

excretion
-rids the body of wastes from metabolism and breakdown of substance in cells
-four organs of excretion


-skin: water, salts, urea in sweet


- tongs: carbon dioxide, water vapor


- liver: bile pigments pass to intestine


- kidneys: nitrogenous wastes in urine

skin excretes
-the sweat glands excrete perspiration

perspiration

-a solution of water, salt, and some urea 

-in the dermis, a sweat gland is a coiled tubule, but then it straightens as its passes through and exits the epidermis

-sweating keeps the body temperature within normal range 

-if kidney failure, more urea is excreted by the sweat glands, formed a so-called urea frost on the skin

liver
-the liver excretes bile pigments


-like bile pigments, the yellow pigment found in urine, called urochrome

- from the breakdown of heme 
-deposited in blood and is subsequently excreted by the kidneys

-liver also excretes cholesterol and excess fat-soluble vitamins

lungs remove CO2
-the process of expiration removes CO2 from the body
urine
-95% water taken in as food or liquid and produced by cell metabolism



- increase blood volume and pressure


-5% solid wastes



- nitrogenous: urea, creatinine, uric acid



- inorganic salts


-amino acids, nucleotides, and creatine phosphate all contain nitrogen

-amino acid metabolism ends with urea, the primary nitrogenous end product of humans

-urea is produced by the liver excreted by the kidneys

nitrogenous wastes
- urea (20g/l) produced in the livier when CO2 and ammonia combine



- highly toxic ammonia NH3 from amino acid breakdown
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- creatinine (1.5g/l)



- breakdown of creatine phosphate in muscle metabolism (energy reserve)


-uric acid (0.7 g/l): nucleotide breakdown



- excess uric acid crystallizes in joints causing painful gout



(excretory function of the liver)

Salts (17g/l)
- ions in blood regulate pH, osmotic pressure, electrolyte balance



+ IONS


- IONS

sodium Na+


chlorides Cl-

potassium K+


sulfates SO4-2


magnesium Mg++


phosphates PO4-3

calcium Ca++


bicarbonate HCO3-

H+ as ammonium NH4+
Other wastes
- CO2 carried in blood mostly as bicarbonate ions HCO3-


- excreated by lungs and kidneys


- bile pigments from breakdown of heme (O2 carrying) part of hemoglobin in liver



- ducted with bile to the small intestine (produces color of feaces)



- iron returned to red bone marrow and used in new red blood cells 

- yellow urochrome pigment in urine also derived from heme breakdown



- deposited in the blood and removed by the kidneys

16.2 Urinary System

path of urine
- produced by paired kidneys 

- passes by peristalysis in muscular ureters (tubes) and collected in urinary bladder


- urethra from bladder to external opening

- also carries sperm in males (genital tract joins below bladder)


urination
- bladder stretch receptors send nerve impulse to spine (autonomic system)



- involuntary return impulse contracts bladder and relaxes sphincters



- urination delayed by the brain in older children and adults
kidneys
-bean-shaped, reddish brown, fist-sized, either side of spine below diaphragm
- covered by tough fibrous capsule of connective tissue over adipose tissue
- in depressions of the back muscles behind abdominal lining

- partly protected by the lower rib cage


- renal cortex: outer granulated layer


- renal medulla: inner, radially striated layer

- tubles penetrating renal medulla appear as striped renal pyramids


- renal pelvis inner collecting cavity leading to the ureter

- renal artery, renal vein and ureter enter concave side of each kidney

ureters
- muscular tubes that take urine from kidneys toward the 


bladder by peristalsis

urinary bladder
- muscular organ that expands when urine enters

- men, located front of rectum, seminal vesicles, and vas 

deferens

- female, found uterus and upper vagina

urethra
- tube that takes urine from the bladder to outside

- female, short which attracts bacterial invasion

- male, longer

genital and
- no connection in females

urinary systems
- connection in males

- where urethra also carries sperm during ejaculation

urination and nervous
- when bladder fill with urine, impulses are send to spinal

system
cord

- then cause bladder to contract and sphincters relax so able to urinate

nephrons
- substance that  kidneys are composed of 
- microscopic urine-forming tube made up of distinct parts (over a million per kidney)



- also called renal or kidney tubule

16.3 Anatomy of a Nephron

glomerulus
- knot of capillaries inside the glomerular capsule

peritubular capillary
- where blood goes after entering the glomerulus

· surrounds the rest of nephron

· blood goes into venule that joins the renal vein
Blood flow
- afferent arteriole from a branch of renal artery to a glomerulus capillary inside the glomerular capsule



- waste filled, high O2 blood directly from hert via aorta


- efferent arteriole from glomerular capsule to a pertiubular capillary surrounding rest of the nephron


- venule leaves nephron to join branches leading to the renal vein



- cleaner, lower O2 blood returns directly to heart via inferior vena cava

nephron structure
- glomerular (Bowman’s) capsule of outer squamous epithelium layer



- filtrate of blood and small molecules enters tubule by glomerular filtration


- proimal convoluted tuble of cuboidal epithelium with many mitochondria



- ATP energy for active transport 



- inner brush border of packed microvilli increases surface area



- tubular reabsorption of certain filtrates from lumen of tubule back to capillary 


- narrow U-shaped loop of Henle (loop of the nephron) of squamous epithelium



- water reabsorped on descending limb


- distal convoluted tubule of cuboidal epithelium with many mitochondria but no brush border (microvilli)



- last removal of waste from blood into tubule by tubular secretion


- collecting duct of cuboidal epithelium with few mitochondria



- several distal convoluted tubules join



- carries urine to the renal pelvis

nephron location
- renal cortex



- glomerular capsule, proximal and distal convoluted tubules


- renal medulla


- loop of Henle dips down and collecting ducts pass through 


- renal pyramids of the medulla



- many collecting ducts give the striated appearance

(moor’s Anatomy of a nephron combine with the other one)

1. cuboidal epithelium with brush border and many mitochondria
2. simple squamous epithelium

3. cuboidal epithelium with many mitochondria

4. cuboidal epithelium without mitochondria
Glomerular 
- outer layer, squamous epithelial cells

Capsule
- inner layer, podocytes that have long cytoplasmic


processes



- podocytes cling to capillary walls of glomerulus



- leave pores allowing smaller molecules in

· glomerulus to glomerular capsule is a process called glomerular filtration

proximal convoluted
- compose of epithelial cells lining part of nephron

tubule

- tightly pack to form brush border

loop of the nephron
- loop consists of descending limb that allows water to 


leave



- an ascending limb that is impervious to water

16.4 Urine Formation
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urine 
-divided into 3 steps:
formation

-glomerular filtration



-tubular reabsorption



-tubular secretion
glomerular
-occurs when whole blood enters the afferent arteriole and the 

filtration
glomerulus
(Pressure filtration)
-blood pressure (~60mmHg) forces water and small molecules into Boman’s capsule as a glomerular filtrate

- wastes (urea, uric acid, creatinine)


- nutrients (glucose, amino acids)


- inorganic salts (ions)

- lost water and nutrients reabsorbed by the rest of the nephron


- water 99%


- sodium 99.5%


- glucose 100%


- urea 44%

- plasma proteins and formed elements (blood cells, platelets) remain in capillary

- proteins maintain blood osmolarity (osmotic pressure) along with slats


-in effect, then, blood, in the glomerulus has 2 portions



-the filterable components



-the non-filterable components

Filterable blood components

Non-filterable blood components

water


formed elements (blood cells and platelets)

nitrogenous waste


proteins

nutrients

salts (ions)

-if urine were the same as golmerular filtrate , the body would continually lose water, salts, and nutrients

-death from dehydration, starvation, and low blood pressure wouldquickly follow

- the filtrate must be altered as this fluid passes through the remainder of the tubule

selective reabsorption
- from the proximal convoluted tubule into the peritubular 


capillary blood

- only certain molecules have carries and a maimum rate of transport


- active reabsorption of nutrients and salts



- 100% glucose and amino acid

- excess blood glucose in diabetes not reabsorbed and appears in urine



- 60-70% of Na+ reabsorbed increases osmolarity of blood


- passive reabsorption



- most water following blood osmolarity



- Cl- ions by channels follow Na+


- some urea (not a perfect process)

-osmolarity of the blood is maintained by the presence of plasma proteins and also by salt

-the reabsorption of salt (Na+Cl-)increases the osmolarity of the blood compared to the filtrate

-nutrients such as glucose and amino acids also return to the blood at the proximal convoluted tubule

-filtrate that enters the proximal convoluted tubule is divided into 2 portions

-the components that are being reabsorbed from tubule into blood
- the components that are non-reabsorbed and continue to pass through the nephron to be further processed into urine

Reabsorbed filtrate components

non-reabsorbed filtrate components

most water




some water

nutrients 




much nitrogenous waste

required salt (ions




excess salts (ions)

-substances that are not reabsorbed become the tubular fluid, which enters the loop of the nephron


(anatomy of a nephron with selective reabsorptions fig)

tubular
-is a second way by which substances are removed from blood 

secretion
and added to tubular fluids

- from pertiubular capillary into the distal convoluted tubule


- active transport of ions and wastes



- H+ and NH4- (ammonium) ions



- creatinine and uric acid



- drugs (eg. Penicillin)

- less effective removing wastes than glomerular filtration (Bowman’s capsule)
-in the end, urine contains substances that underwent glomerular filtration and substances that underwent tubular secretion

reabsorbing
- loop of Henle penetrates from the cortex outer medulla to 
water 
inner medulla



- hypertonic urine depends on water reabsorbed here (and collecting ducts)

- salt (Na+Cl-) absorbed into medulla tissue from the loop’s ascending limb which is impermeable to water



- thin lower part: high salt in filtrate diffuses to the inner 
medulla



- thick upper part low salt in filtrate actively transported to outer medulla


- osmotic gradient (saltiness) from outer to inner medulla causes water to leave along the entire length of the decending limb



- as the filtrate gets saltier downwards so too does the surrounding medulla


- high osmolarity of inner medulla explained also by urea beak in lower collecting duct


- effect of water and salt reabsorption is a filtrate isotonic to blood

- the innermost portion of the inner medulla has the highest concentration of solutes

-not due to salt because active transport of salt does not start until the thick portion of the ascending limb 

collecting duct
-fluid enters a collecting duct comes from the distal convoluted 
tubule

- isotonic filtrate entering from the cortex encounters some osmotic gradient


- water-diffuses out to the renal medulla



- urine becomes hypotonic to blood
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- water diffused out of the collecting duct into the renal


medulla



-urine within the collecting duct becomes hypertonic to 


blood plasma


-the antidiuretic hormone (ADH) regulates the permeability 
of the distal convoluted tubule and the collecting duct

-urine now passes out of the collecting duct into the renal pelvis of the kidney



-contains all the molecules that were not reabsorbed 



16.5 Regulatory Functions of the Kidneys
blood volume
- kidney regulated maintenance of blood pressure monitored by 3 organs


- kidney juxtaglomerular apparatus



- heart atrial natriuretic hormone (ANH)



- brain antidiuretic hormone (ADH

Juxtaglomerular 
- region where afferent arteriole and distal convoluted tubule 

Apparatus
make contract



- senses poor glomerular filtration due to low blood pressure (low Na+ low water)


- afferent arteriole cells in contract region secrete enzyme renin in the blood


- renin converts liver – made plasma protein angiotensinogen to angiotensin I


- angiotensin I converts to angiotensin II by enzyme formed in lung capillary walls


- angiotensin II stimulates adrenal cortex to release aldosterone



- angiotension II is also a vasoconstrictor (narrows vessels to increase pressure)

aldostrone
- steroid secreted by adrenal cortex of the adrenal gland lying a top the kidney
- increases Na+ reabsorption from distal convoluted tubule to blood

- water reabsorption increases volume

(the cycle)

Atrial natriuretic 
- secreted by heart atria when stretched by high blood volume

Hormone

- ANH inhibits renin secretion effectively

- when Na+ is excreted so is water decreasing blood volume and pressure

antidiuretic hormone
- secreted by posterior lobe or pitvitary gland beneath the brain

(vasopressin)

- under control of the hypothalamus

- increases permeability of collecting duct and water reabsorption

- low water in take increase production of ADH and decrease urine



- alcohol inhibits ADH and increases urine (divresis)


- inability to produce ADH causes diabetes insipidus 



- excessive watery urine and salt loss


- diuretic drugs are prescribed for high blood pressure



- increase water and salt excretion

blood pH
- whole nephron keeps a narrow range

- if acidic more H+ and ammonia NH3 excreted and more Na+ HCO3- (bicarbonate) reabsorbed

- if basic: less H+ and ammonia NH3 excreted and less Na+ and HCO3- (bicarbonate) reabsorbed

salt balance
- maintained by kidney adjusting excreting and reabsorption of various salts


(the 2nd hormone cycle)

16.6 Problems with Kidney Function

disease
- Urinary



- urethritis- infected the urethra


- cystitis-  infected the bladder



- pyelonephritis- infected the kidneys


- Glomerular



- blockage of the glomeruli 



- cause the glomeruli to become more permeable than usual



- more than 2/3 of the nephrons are inoperative




- called uremia



- can be detected by urinalysis

Kidney transplant
- patient needs to undergo dialysis, utilizing either an artificial kidney machine or continuous ambulatory peritoneal (abdominal) dialysis (CAPD)
