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The document summarizes the human excretory system. It describes the three main types of excretion - ammonotelism, ureotelism, and uricotelism. It then discusses the major organs of the human excretory system, including the kidneys, ureters, urinary bladder, and urethra. The kidneys filter waste from the blood and regulate homeostasis. Urine is transported from the kidneys to the bladder via the ureters and is stored in the bladder before being excreted through the urethra.Read less
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	1. EXCRETORY PRODUCTS AND
THEIR  ELIMINATION
BY
BISWANATH PRUSTY
 


	2. Excretion is the  elimination of
metabolic waste materials like
ammonia, urea, uric acid etc., from
the Animal body.
WHAT IS EXCRETION?
 


	3. TYPES OF EXCRETION
Ammonotelism  Ureotelism Uricotelism
 


	4. • Process of  excretion of NH3 is called Ammonotelism.
• The organism that excrete ammonia are called
ammonotelic.
• Ammonotelic animals: Aquatic invertebrates, aquatic
insects, bony fishes, aquatic amphibians etc.
• NH3 is highly toxic. So excretion needs excess of
water.
• NH3 is readily soluble in water and is excreted by
diffusion through body surface or gill surfaces (in
fishes) as ammonium ions.
• Kidneys do not play any significant role in its removal.
TYPES OF EXCRETION 1. Ammonotelism
 


	5. • Process of  excretion of urea is called
ureotelism.
• The organism that excrete urea as
nitrogenous waste are called ureotelic.
• Ureotelic animals: Cartilaginous fishes,
terrestrial & semi-aquatic amphibians
(frogs, toads etc.), aquatic & semi-aquatic
reptiles (alligators, turtles), mammals etc.
• In liver, NH3 is converted into less toxic urea.
So, it needs only moderate quantity of
water for excretion.
• Some amount of urea may be retained in
the kidney matrix of some animals to
maintain a desired osmolarity.
TYPES OF EXCRETION 2. Ureotelism
 


	6. • Process of  excretion of uric acid
is called uricotelism.
• The organism that excrete uric
acid are called uricotelic.
• It is insoluble in water. So water
is not required for excretion.
• Uricotelic animals: Insects, some
land crustaceans, land snails,
terrestrial reptiles & birds.
TYPES OF EXCRETION 3. Uricotelism
Ureotelism & uricotelism are needed for water conservation.
 


	7. EXCRETORY ORGANS IN  ANIMALS
Excretory organ Seen in
Protonephridia (flame cells)
Platyhelminthes, Planaria, rotifers,
some annelids & cephalochordate.
Nephridia Phylum Annelids (earth worm)
Malpighian tubules Insects
Antennal glands (green glands) Crustaceans (prawn etc.)
Kidneys Higher animals
 


	8. HUMAN EXCRETORY SYSTEM
  


	9. HUMAN EXCRETORY
SYSTEM
A pair  of Kidneys
A pair of ureters
Urinary bladder
Urethra
 



	11. HUMAN EXCRETORY
SYSTEM
A pair  of Kidneys
A pair of ureters
Urinary bladder
Urethra
 


	12. • Reddish brown,  bean-shaped structures
enclosed in a tough, 3-layered fibrous
capsule.
• It is situated between the levels of last
thoracic & 3rd lumbar vertebra one on
either side of the median line, last two
pairs of ribs (floating ribs) protect the
kidney.
• The concave side of each kidney faces
inward and convex side faces outwards, the
right kidney is slightly lower than the left.
• Length: 10-12 cm, Width: 5-7 cm,
Thickness: 2-3 cm.
• Average weight: 120-170 gm.
HUMAN EXCRETORY SYSTEM STRUCTURE OF KIDNEY
 


	13. On the concave  side of kidney, there is
an opening (hilum or hilus) through
which blood vessels, nerves, lymphatic
ducts & ureter enter the kidney.
HUMAN EXCRETORY SYSTEM STRUCTURE OF KIDNEY
 


	14. • A kidney  has outer cortex and
inner medulla.
• Medulla has few conical
projections called renal pyramids
(medullary pyramids) projecting
into the calyces.
• Cortex extends in between the
medullary pyramids as renal
columns called Columns of
Bertini.
HUMAN EXCRETORY SYSTEM STRUCTURE OF KIDNEY
 


	15. Function of Kidney
•  Removal of metabolic wastes. As we have discussed, the kidneys filter the blood,
removing metabolic wastes. These wastes are eliminated from the body via the urine.
• Regulation of fluid and electrolyte balance. The kidneys regulate blood solute
concentration, or osmolarity, by conserving or eliminating water and electrolytes such as
sodium, potassium, and calcium ions.
• Regulation of acid-base balance. The kidneys assist in the long-term regulation of blood
pH by conserving or eliminating hydrogen (H+) and bicarbonate (HCO3 -) ions.
• Maintenance of blood pressure. The kidneys directly Influence systemic blood pressure
through their control of blood volume. Additionally, they secrete an enzyme that
Influences both blood volume and peripheral resistance.
• Regulation of erythropoiesis. The kidneys regulate red blood cell production in the bone
marrow by releasing the hormone erythropoietin.
• Performing other metabolic functions. The kidneys play many important metabolic roles,
including detoxifying substances in the blood, activating vitamin D, and making new
glucose through the process of gluconeogenesis.
 


	16. STRUCTURE OF KIDNEY:  AT A GLANCE
HUMAN EXCRETORY SYSTEM STRUCTURE OF KIDNEY
 


	17. Cross section of  Kidney
 



	19. Anatomy of the  Kidneys
External Anatomy of the Kidneys
The kidneys are held in place on the posterior body wall and protected by three external layers of
connective tissue (Figure 24.2). From superficial to deep, these layers are as follows:
• Renal fascia. The renal fascia is a layer of dense irregular connective tissue that anchors each kidney
to the peritoneum and to the fascia covering the muscles of the posterior abdominal wall.
• Adipose capsule. The middle and thickest layer, called the adipose capsule, consists of adipose tissue
that wedges each kidney in place and shields it from physical shock. During prolonged starvation, the
body uses the fatty acids in the adipose capsule of the kidney for fuel. This causes the kidney to
droop, a condition called nephroptosis (nef-rop- TOH-sis; -ptosis = “drooping”).
• Renal capsule. The renal capsule is an extremely thin layer of dense irregular connective tissue that
covers the exterior of each kidney like plastic wrap. It protects the kidney from infection and
physical trauma.
 


	20. Internal Anatomy of  the Kidneys
A frontal section of the kidney reveals the three distinct regions of this organ: the outermost renal cortex, the middle renal
medulla, and the inner renal pelvis (Figure 24.3a). Together, the renal cortex and the renal medulla make up the urine-
forming portion of the kidney. The renal pelvis and associated structures drain urine that the cortex and medulla have
formed.
Notice in Figure 24.3a that the renal cortex is reddish-brown. This is due to its rich blood supply—it houses 90–95% of the
kidney’s blood vessels. At specific points, extensions of the renal cortex called renal columns pass through the renal
medulla toward the renal pelvis. The renal columns house blood vessels that branch from the renal artery as they travel to
the outer portion of the cortex.
Within the renal medulla we also find cone-shaped renal pyramids (or medullary pyramids), which are separated from one
another by a renal column on each side. Notice that the renal pyramids are darker in color and appear striped, reflecting
that they are made up of parallel bundles of small tubes, with fewer blood vessels than in the renal cortex.
The renal cortex and renal medulla of each kidney contain over one million microscopic filtering structures called nephrons.
Nephrons are the functional units of the kidney—each one is capable of filtering the blood and producing urine.
Figure 24.3b shows the basic structure of a nephron, which consists of two main components: the globe-shaped renal
corpuscle, and a long, snaking tube of epithelium called the renal tubule. Notice how these
components are arranged in the kidney. The renal corpuscle and the majority of the renal tubule reside in the renal cortex,
whereas varying amounts of the renal tubule dip into the renal medulla. The tip of each renal pyramid tapers into a slender
papilla (pah-PIL-ah; papil- = “nipple”), which borders on the first urine draining structure, a cup-shaped tube called a minor
calyx. Urine from three to four minor calyces drains into a larger major calyx. Two to three major calyces, in turn, drain
urine into the large collecting chamber that is the renal pelvis, which leads into the ureter. Smooth muscle tissue in the
walls of the calyces and renal pelvis contracts to help propel urine toward the ureter. Both the calyces and the renal pelvis
reside in the renal sinus.
 




	23. Blood Supply of  the Kidneys
The kidneys receive approximately one-fourth of the total cardiac output—about 1200 ml per minute—from
the right and left renal arteries, which branch from the abdominal aorta. The renal arteries fan out into ever-
smaller vessels as they pass through the renal sinus to the renal columns and cortex. Figure 24.4 traces the
path of blood flow through the kidney. From largest to smallest, the arteries shown in Figure 24.4 are as
follows:
1 Renal artery →2 Segmental artery → 3 Interlobar artery → 4 Arcuate artery → 5 Interlobular
(cortical radiate) artery → 6 Afferent arteriole → 7 Glomerulus → 8 Efferent arteriole → 9
Peritubular capillaries 1 → 10 Interlobular vein →11 Arcuate vein →12 Interlobar vein →13
Renal vein.
Note:that no segmental veins are present in the kidneys; the interlobar veins merge in the renal sinus to
form the large renal vein. The renal vein then exits the kidney through the hilum and empties
into the inferior vena cava.
 



	25. • Each kidney  has nearly one million
tubular nephrons.
• Nephrons are the structural &
functional units of kidney.
• Each nephron has 2 parts:
Glomerulus (Renal Corpuscle) and
Renal tubule.
NEPHRON
HUMAN EXCRETORY SYSTEM STRUCTURE OF KIDNEY
 


	26. The Renal Corpuscle  is responsible for filtering the blood. Each globe-shaped renal corpuscle
consists of two parts: the glomerulus and an outer sheath of epithelial tissue called the
glomerular capsule (or Bowman’s capsule; Figure 24.6). The glomerulus is a group of looping
fenestrated capillaries. These capillaries are called fenestrated because of the large pores, or
fenestrations (fenestre- = “window”), present within their plasma membranes and between
their endothelial cells. These fenestrations, which make the capillaries extremely “leaky,” or
permeable, form a main part of the filtering structure of the renal corpuscle.
Surrounding the glomerulus is the double-layered glomerular capsule, which consists of an
outer parietal layer and an inner visceral layer. The parietal layer is a globelike extension of the
renal tubule consisting of simple squamous epithelium. The visceral layer consists of modified
epithelial cells called podocytes (podo- = “foot”) that wrap around the glomerular capillaries.
Extending from each podocyte are extensions called foot processes, or pedicels. Pedicels weave
together to form filtration slits, which make up another part of the renal corpuscle’s filtering
structure. Between the parietal and visceral layers we find a hollow region, or lumen, called the
capsular space, which is continuous with the beginning of the renal tubule lumen.
Glomerulus (Renal Corpuscle)
 


	27. (Scanning electron micrograph)
  


	28. The Renal Tubule  Newly formed filtrate flows from the capsular space into the “pipes” of the nephron: the renal tubule. The
renal tubule is a winding tube responsible for modifying the filtrate. It has three regions: the proximal tubule, nephron loop,
and Distal tubule, each of which differs in structure and function (Figure 24.7).
• 1. Proximal tubule. The initial and longest segment of the renal tubule through which filtrate flows is the proximal
tubule; it consists of simple cuboidal epithelial cells with prominent microvilli. This part of the tubule has both
convoluted (coiled) and straight sections, which is why this text uses the broader term proximal tubule (rather than
proximal convoluted tubule). The many microvilli projecting into the lumen of the proximal tubule form a brush border,
so named because the fine projections resemble the bristles on a brush. This border greatly increases surface area.
• 2. Nephron loop (loop of Henle). The remaining filtrate flows on to the nephron loop, also known as the loop of Henle,
which is the only part of the renal tubule that dips into the renal medulla. The nephron loop has two limbs: The
Descending limb travels toward the renal medulla, turns 180°, and becomes the ascending limb, which climbs back
toward the renal cortex. The descending limb is composed of simple squamous epithelium, and thus is often called the
thin descending limb. In some nephrons this thin segment also forms the bend region and part of the ascending limb,
so there is also a thin ascending limb. However, the majority of the ascending limb is composed of thicker simple
cuboidal epithelium, and is therefore referred to as the thick ascending limb.
• 3. Distal tubule. The final segment through which the filtrate passes in the renal tubule is the distal tubule. (Again, this
text uses the broader term, as this segment of the tubule has both convoluted and straight sections.) Like the proximal
tubule, the distal tubule is composed of simple cuboidal epithelium. However, the distal tubule lacks a brush border.
Renal tubule
 



	30. It extend only  very little into
medulla.
 



	32. Ureter
The ureters are  the tubes that convey urine from the kidneys to the urinary bladder. They are about 25 to 30 cm long
with a diameter of about 3 mm. The ureter is continuous with the funnel-shaped renal pelvis. It passes downwards
through the abdominal cavity, behind the peritoneum in front of the psoas muscle into the pelvic cavity and passes
obliquely through the posterior wall of the bladder. Because of this arrangement, when urine accumulates and the
pressure in the bladder rises, the ureters are compressed, and the openings occluded. This prevents reflux of urine
into the ureters (towards the kidneys) as the bladder fills and during micturition, when pressure increases as the
muscular bladder wall contracts.
Structure
The ureters consist of three layers of tissue:
• an outer covering of fibrous tissue, continuous with the fibrous capsule of the kidney
• a middle muscular layer consisting of interlacing smooth muscle fibres that form a syncytium spiralling round the
ureter, some in clockwise and some in anticlockwise directions and an additional outer longitudinal layer in the lower
third
• an inner layer, the mucosa, lined with transitional epithelium.
Function
The ureters propel the urine from the kidneys into the bladder by peristaltic contraction of the smooth muscle layer.
This is an intrinsic property of the smooth muscle and is not under autonomic nerve control. The waves of
contraction originate in a pacemaker in the minor calyces. Peristaltic waves occur several times per minute,
increasing in frequency with the volume of urine produced, and send little spurts of urine into the bladder.
 



	34. urinary bladder
The urinary  bladder is a reservoir for urine. It lies in the pelvic
cavity and its size and position vary, depending on the amount of
urine it contains. When distended, the bladder rises into the
abdominal cavity. The bladder is roughly pear-shaped, but
becomes more oval as it fills with urine. It has anterior, superior
and posterior surfaces. The posterior surface is the base. The
bladder opens into the urethra at its lowest point, the neck. When
the bladder is empty the inner lining is arranged in folds, or rugae,
and these gradually disappear as the bladder fills. The bladder is
distensible but when it contains 300 to 400 ml the awareness of
the desire to urinate is initiated. The total capacity is rarely more
than about 600 ml. The three orifices in the bladder wall form a
triangle or trigone. The upper two orifices on the posterior wall
are the openings of the ureters. The lower orifice is the point of
origin of the urethra. Where the urethra commences is a
thickening of the smooth muscle layer forming the internal
urethral sphincter ,this sphincter is not under voluntary control.
 


	35. urethra
The urethra is  a canal extending from the neck of
the bladder to the exterior, at the external urethral
orifice. Its length differs in the male and in the
female. The male urethra is associated with the
urinary and the reproductive systems, and its about
20cm in length which opens out at the tip of the
penis by urogenital aperture. Thus the urethra
carries both urine and semen.
The female urethra is approximately 4
cm long. It runs downwards and forwards behind
the symphysis pubis and opens at the external
urethral orifice just in front of the vagina. The
external urethral orifice is guarded by the external
urethral sphincter which is under voluntary
control. Except during the passage of urine, the
walls of the urethra are in close apposition.
 


	36. Overview of Renal  Physiology
Nephrons carry out three basic physiologic processes
that allow the kidneys to perform their homeostatic
functions (process of urine formation) : filtration,
reabsorption, and secretion.
Glomerular filtration/Ultra filtration- The first process
performed by the nephron is to filter the blood, a
process known as glomerular filtration. This takes place
as blood passes through the membrane of the
glomerular capillaries and some of the plasma is
filtered into the surrounding glomerular space. This
filter is selective based on size, so it holds back cells
and most proteins, which remain in the blood, but
allows some of the smaller substances—including
water, electrolytes (such as Sodium and potassium
ions), acids and bases (such as hydrogen and
bicarbonate ions), organic molecules, and metabolic
wastes—to exit the blood and enter the glomerular
capsule. The fluid and solutes that enter the capsular
space of the nephron form the filtrate, also known as
tubular fluid.
 


	37. The inner part  of the glomerular capsule consists of three layers that act as
barriers, or filters; together these layers are called the filtration membrane.
This membrane is made up of the glomerular capillary endothelial cells, a
basal lamina, and podocytes (the visceral layer of the glomerular capsule).
1. Fenestrated glomerular capillary endothelial cells. Like all capillaries, the
glomeruli are composed of endothelial cells. Recall, however, that the
glomerular endothelial cells are fenestrated; they have pores that make
them leakier than most capillaries. The gaps between the glomerular
endothelial cells are relatively large (about 70–100 nm) but are still small
enough to prevent blood cells and platelets from exiting the capillaries.
2. Basal lamina. This thin layer of extracellular matrix gel separates the
glomerular endothelial cells from the podocytes. Collagen fibers within the
basal lamina form a meshwork that acts like a colander, preventing
substances with a diameter greater than 8 nm from entering the capsular
space. This effectively blocks the passage of most plasma proteins. In
addition, the collagen fibers have negative charges that repel negatively
charged plasma proteins, even those smaller than 8 nm in diameter.
3. Podocytes (visceral layer of the glomerular capsule). The podocytes
composing the visceral layer of the glomerular capsule make up the third
and finest filter in the filtration membrane. Note in Figure 24.12 that their
finger-like pedicels wrap around the glomerular capillaries and interlace to
form filtration slits. These narrow slits allow only substances with a diameter
less than 6–7 nm to enter the capsular space. Albumin, the most prevalent
plasma protein, has a diameter of 7.1 nm, so it is normally prevented from
entering the filtrate.
 


	38. Process of Glomerular  Filtration
When blood passes through glomerular capillaries, the plasma is filtered into the Bowman capsule. All the
substances of plasma are filtered except the plasma proteins. The filtered fluid is called glomerular filtrate.
Ultrafiltration
Glomerular filtration is called ultrafiltration because even the minute particles are filtered. But, the plasma proteins
are not filtered due to their large molecular size. The protein molecules are larger than the slit pores present in the
endothelium of capillaries. Thus, the glomerular filtrate contains all the substances present in plasma except the
plasma proteins.
METHOD OF COLLECTION OF GLOMERULAR FILTRATE
Glomerular filtrate is collected in experimental animals by micro-puncture technique. This technique involves
insertion of a micropipette into the Bowman capsule and aspiration of filtrate.
• GLOMERULAR FILTRATION RATE
Glomerular filtration rate (GFR) is defined as the total quantity of filtrate formed in all the nephrons of both the
kidneys in the given unit of time. Normal GFR is 125 mL/minute or about 180 L/day.
• FILTRATION FRACTION
Filtration fraction is the fraction (portion) of the renal plasma, which becomes the filtrate. It is the ratio between
renal plasma flow and glomerular filtration rate.
It is expressed in percentage.
Normal filtration fraction varies from 15% to 20%.
 


	39. Glomerular Filtration Rate  (GFR)
The amount of filtrate formed by the kidney per minutes is called glomerular filtrate rate(GFR). Over the
course of a day, the kidneys produce about 180 liters of filtrate, GFR of healthy individual is approximately
125ml/minutes.
Filtration Pressures
Let’s first review the two forces that drive fluid movement in a typical capillary bed:
● Hydrostatic pressure. Hydrostatic pressure is the force of a fluid on the wall of its container. In the case of
blood capillaries, hydrostatic pressure is equal to the blood pressure, and it tends to push water out of the
capillary and into the interstitial space. It is about 15 mm Hg. It also opposes glomerular filtration.
● Colloid osmotic pressure. Colloid osmotic pressure (COP) is the pressure created by proteins (primarily
albumin) in the plasma. The osmotic gradient created by these proteins pulls water into the capillaries by
osmosis. which is about 30 mm Hg. It opposes glomerular filtration.
Recall that these two forces work together in a capillary bed to determine the net filtration pressure (NFP) of
the bed. The net filtration pressure determines the direction of water movement between the capillaries
and the interstitial fluid. Simply stated, water moves out of the capillary if hydrostatic pressure is higher than
COP, or into the capillary if COP is higher than hydrostatic pressure.
Glomerular Capillary Pressure
Glomerular capillary pressure is the pressure exerted by the blood in glomerular capillaries. It is
about 55 mm Hg and, varies between 45 and 70 mm Hg. Glomerular
capillary pressure is the highest capillary pressure in the body. This pressure favors glomerular
 


	40. Net Filtration Pressure
Net  filtration pressure is the balance between pressure favoring filtration and pressures
opposing filtration. It is otherwise known as effective filtration pressure or essential
filtration pressure.
BP=Systolic/Diastolic
120/80
NFP= 55 - (30+15)= 10mm Hg
Autoregulation of filtration:- Renal blood flow is protected by a mechanism called
autoregulation whereby renal blood flow is maintained at a constant pressure across a wide
range of systolic blood pressures (from 80 to 200 mmHg). Autoregulation operates
independently of nervous control; i.e. if the nerve supply to the renal blood vessels is
interrupted, autoregulation continues to operate. It is therefore a property inherent in renal
blood vessels; it may be stimulated by changes in blood pressure in the renal arteries or by
fluctuating levels of certain metabolites, e.g. prostaglandins. In severe shock when the systolic
blood pressure falls below 80 mmHg, autoregulation fails and renal blood flow and the
hydrostatic pressure decrease, impairing filtration within the nephrons.
 


	41. Selective reabsorption /  Tubular reabsorption
Selective reabsorption is the process by which the composition and
volume of the glomerular filtrate are altered during its passage
through the convoluted tubules, the medullary loop and the collecting
tubule. The general purpose of this process is to reabsorb into the
blood those filtrate constituents needed by the body to maintain fluid
and electrolyte balance and the pH of the blood. Active transport is
carried out at carrier sites in the epithelial membrane using chemical
energy to transport substances against their concentration gradients
Some constituents of glomerular filtrate (e.g., glucose, amino acids)
do not normally appear in urine because they are completely
reabsorbed unless they are present in blood in excessive quantities.
The kidneys' maximum capacity for reabsorption of a substance is the
transport maximum, or renal threshold, e.g., normal blood glucose
level is 2.5 to 5.3 mmol/l (45 to 95 mg/100 ml). If the level rises
above the transport maximum of about 9 mmol/1 (160 mg/100 ml)
glucose appears in the urine because all the carrier sites are occupied
and the mechanism for active transfer out of the tubules is
overloaded. Other substances reabsorbed by active transport include
amino acids and sodium, calcium, potassium, phosphate and chloride.
 



	43. REGULATION OF TUBULAR  REABSORPTION
Tubular reabsorption is regulated by three factors:
1. Glomerulotubular balance
2. Hormonal factors
3. Nervous factors.
Glomerulotubular Balance
Glomerulotubular balance is the balance between the filtration and reabsorption of solutes and water in kidney. When GFR
increases, the tubular load of solutes and water in the proximal convoluted tubule is increased. It is followed by increase in the
reabsorption of solutes and water. This process helps in the constant reabsorption of solute particularly sodium and water from renal
tubule.
Hormonal Factors
 


	44. Nervous Factor
Activation of  sympathetic nervous system increases the tubular reabsorption (particularly of
sodium) from renal tubules. It also increases the tubular reabsorption indirectly by stimulating
secretion of renin from juxtaglomerular cells. Renin causes formation of angiotensin II, which
increases the sodium reabsorption.
TUBULAR SECRETION
INTRODUCTION
Tubular secretion is the process by which the substances are transported from blood into renal
tubules. It is also called tubular excretion. In addition to reabsorption from renal tubules, some
substances are also secreted into the lumen from the peritubular capillaries through the tubular
epithelial cells. Dye phenol red was the first substance found to be secreted in renal tubules in
experimental conditions. Later many other substances were found to be secreted.
Such substances are:
1. Paraaminohippuric acid (PAH)
2. Diodrast
3. 5hydroxyindoleacetic acid (5HIAA)
4. Amino derivatives
5. Penicillin.
 


	45. SUBSTANCES SECRETED IN  DIFFERENT
SEGMENTS OF RENAL TUBULES
1. Potassium is secreted actively by sodium-potassium pump in proximal and distal
convoluted tubules and collecting ducts
2. Ammonia is secreted in the proximal convoluted tubule
3. Hydrogen ions are secreted in the proximal and distal convoluted tubules.
Maximum hydrogen ion secretion occurs in proximal tubule
4. Urea is secreted in loop of Henle.
 


	46. Urine is about  95% water and
5% waste products.
Nitrogenous wastes excreted in
urine include urea, creatinine,
ammonia, and uric acid.
Ions such as sodium, potassium,
hydrogen, and calcium are also
excreted.
Urine is clear and amber in colour due to the
presence of urobilin, a bile pigment altered in
the intestine, reabsorbed then excreted by the
kidneys.
The specific gravity is between 1010 to 1030,
and the pH is around 6 (normal range of 4.5 to
8). A healthy adult passes 1000 to 1500 ml per
day.
 



	48. The Renin-Angiotensin-Aldosterone System
The  renin-angiotensinaldosterone system (RAAS) is a complex system whose primary
function is to maintain systemic blood pressure; it preserves the GFR as a secondary effect.
Therefore, it acts on much more than just the afferent and/or efferent arterioles of the
glomeruli. The RAAS also significantly impacts tubular reabsorption in the nephron and
collecting system in order to influence electrolyte balance and blood volume, in addition to
causing changes within the body as a whole.
This system may be triggered into action by three conditions:
• (1) stimulation from neurons of the sympathetic nervous system,
• (2) low glomerular hydrostatic pressure, or
• (3) stimulation from the macula densa cells as part of tubuloglomerular feedback.
Note that often the system is “turned on” by a combination of these three factors.
 



	50. The RAAS proceeds  by the following steps,
1 Systemic blood pressure decreases, causing a decrease in the GFR.
2 JG cells release renin. Decreased blood flow through the afferent arteriole triggers the JG
cells to release the enzyme renin into the bloodstream.
3 Renin converts angiotensinogen to angiotensin-I. Renin circulates until it encounters an
inactive protein produced by the liver called angiotensinogen (an′-jee-oh-ten-SINoh- jen).
Renin catalyzes the conversion of angiotensinogen to a product with minimal activity,
angiotensin-I (A-I).
4 ACE converts angiotensin-I to the active angiotensin-II. A-I circulates through the blood
until it encounters an enzyme called angiotensin-converting enzyme (ACE), which is made by
cells such as the endothelial cells in the lungs. ACE converts A-I to its active form, angiotensin-
II (A-II).
A-II has several different, simultaneous effects that influence both systemic blood pressure
and the GFR, including:
5a Promotes vasoconstriction of efferent arterioles. A-II constricts all of the renal blood
vessels, but it has a greater effect on the efferent arterioles than on the afferent arterioles.
This “clogs the drain,” raising glomerular hydrostatic pressure. This increased pressure, in turn,
increases the GFR to maintain the filtration rate despite the reduced blood flow.
 


	51. 5b Promotes vasoconstriction  of systemic blood vessels. A-II is a powerful vasoconstrictor of nearly all
systemic vessels (it causes effects more than 40 times stronger than those of norepinephrine). This
vasoconstriction increases peripheral resistance, which in turn increases systemic blood pressure.
5c Promotes reabsorption of sodium and chloride ions from the proximal tubule, and water follows. One
of the most powerful effects of A-II on blood pressure comes from its role in renal tubule reabsorption. In
the proximal tubule, A-II promotes reabsorption of both sodium and chloride ions from the filtrate, which
in turn causes reabsorption of water by osmosis. This increases blood volume, which raises blood
pressure.
5d Promotes aldosterone release, leading to increased sodium ion and water
reabsorption. A-II stimulates the adrenal glands to release the hormone
aldosterone. Aldosterone acts on the distal tubule and parts of the collecting system
to increase sodium ion reabsorption from the filtrate. If ADH is present, water
follows by osmosis, so this action increases blood volume,
and blood pressure.
5e Stimulates thirst. Another effect of A-II is to stimulate the thirst centers in the
hypothalamus. This can increase fluid intake, which would increase blood volume.
 


	52. Atrial Natriuretic Peptide
Recall  that certain cells of the atria in the heart produce the hormone atrial natriuretic
peptide (ANP). ANP, which is released when the volume of blood in the atria increases, acts
to lower blood volume and blood pressure and thereby reduce the workload of the heart.
One of the ways that ANP accomplishes this task is by increasing the GFR. ANP dilates the
afferent arterioles and constricts the efferent arterioles of the glomeruli, a combination that
“turns up the faucet” and “clogs the drain.” This increases the glomerular hydrostatic
pressure, raising the GFR. High GFR leads to more fluid loss and therefore decreases blood
volume and effectively lowers blood pressure.
Note:- that ANP is part of a system that works to decrease the systemic blood pressure; it
simply happens to do so by impacting the GFR.
 



	54. Micturition
• Micturition, also  called urination or
voiding, is the discharge of urine from the
urinary bladder to the outside of the body. It
is activated by a reflex arc called the
micturition reflex, which is mediated by the
parasympathetic nervous system.
This reflex arc is carried out by three
components:
(1) stretch receptors in the wall of the
urinary bladder,
(2) sensory afferent nerve fibers that convey
this information to the sacral portion of the
spinal cord (S2 and S3), and
(3) parasympathetic efferent fibers that
travel to the detrusor muscle and internal
sphincter of the urinary bladder.
 



	56. When urine fills  the bladder and stretches its walls,
1.the micturition reflex occurs. In infants and young children, this involuntary reflex is the primary
mechanism by which the urinary bladder is emptied. This reflex arc has two basic steps:
2. Stretch receptors send a signal via sensory afferent fibers to the sacral portion of the spinal cord.
3. Parasympathetic efferent fibers stimulate the detrusor muscle to contract and the internal
urethral sphincter to relax, causing micturition.
As children mature, however, pathways develop between these parasympathetic neurons and the
brain that allow control over the external urethral sphincter. At this point, micturition is
predominantly controlled by the micturition center in the pons, making the process voluntary.
When the bladder is full, two additional steps then occur simultaneously with the involuntary
process
4 Interneurons in the spinal cord communicate the “full bladder” signal to the micturition center in
the pons.
5 If micturition is appropriate, the cerebral cortex facilitates this process by allowing the external
urethral sphincter to relax, and urine is voided.
The time about 500–600 ml has accumulated in the urinary bladder, the urge to urinate
becomes too strong, voluntary control over the external urethral sphincter is lost, and micturition
occurs. After micturition, the bladder contains only about 10 ml of urine.
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