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General introduction to Excretory system

Front View of Urinary Tract

— Ureter

Bladder

Sphincter

Fig. 1: Excretory system
Source: http://healthmad.com/conditions -and -diseases/ human -excretory -system/

Kidney

Introduction

The kidneys perform  following functions:

i) Excrete most of the end products of metabolisms in the body.

if) Control the concentrations of most of the constituents of the body fluids.
iii) Maintenance of water and electrolyte balance

iv) Maintenance ofacid -base balance.

v) Regulation of blood pressure and blood volume.

vi) Secretion of erythropoietin -erythrocyte stimulating factor (ESF), essential for formation
of erythrocytes.

vii) Secretion of renin (Renin -Angiotensin - Aldosterone system)

The two kidneys together contain about 2,400,000 nephrons. A nephron is considered as a
smallest functional unit of kidney.

Histology of Kidne y
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Kidneys are enclosed in a strong capsule of an outer cortex and an inner medulla. T hey both
contain the uriniferous tubule.

Cortex

Connection to
minor calyx

/.'

Hilus

columns

Renal

Fig. 2: Gross anatomy of mammalian kidney
Source: http://biology.clc.uc.edu/courses/bio105/kidney.htm

The cortex is granular in appearance because the tubules here are much convoluted and it
also contain s malphigian corpuscles. The cortex overlies the bases of medullary pyramids
and dips down between them.

These displaced portions of cortex, which invade the medullary territory, are called renal

columns of Bertini. The cortex is subdivided into alternatin g radial tracts known as rays and
labyrinths. The rays are radially striated because they contain the straight parts of proximal
tubules and the collecting ducts. They are continuous with the striated medulla , hence called
Amedul | ary rayso, rayls dsuam happropoiatet term adr them. among fresh
tubules, glomeruli may be seen as bright red points.

Medulla
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The medulla comprises of 10 tol5 conical subdivisions called renal pyramids. The base of

each pyramid originates at the border between the corte x and medulla and terminates in
the papilla which projects into space of the renal pelvis, a funnel -shaped continuation of the
upper end of ureter. The lateral boundaries of each pyramid are defined by inward
extensions of the darker cortical tissue formin g renal columns of Bertini. The pyramids
contain the straight segments of the nephrons and the collecting ducts continuous with ones

of medullary rays of cortex. The outer border of the pelvis is divided into open -ended
pouches called major calyces that ex tend downward and divide into minor calyces, which
collect urine from tubules of each papilla. The spaces between calyces are part of the renal
sinus and are filled with adipose tissue, vessels and nerves. In the medulla are also present
medullary rays whe re the tubules are running in a straight course.

Hilium

Hiliium is a notch like structure present at t he medial concave border of a kidney through
which the renal artery enters and the renal vein and ureter leave the kidney.

Histological details of the Tub ule

The wall of the uriniferous tubule consists of a single layer of epithelial cells that rests on a
well - marked basement membrane.

Convoluted tubule

— Neek of tubule

Fig. 3 a: T.S. Kidney cortex
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Source: http://en.wikipedia.org/wiki/File:Gray1132.png

Fig. 3 b: T.S. Kidney cortex
Source : http://www.gamewood.net/rnet/renalpath/t14.jpg

Renal or Malpighian corpuscle

This is spheroidal body consisting of a vascular tuft or glomerulus, envelpoed by a two -
|l ayered epitheli al cup, the gl omerul ar or Bowmands Cap:

Glomerular capsule

Itis a do uble -layered cup of squamous epithelium enclosing a space, the urinary space that

is continuous with the lumen of the remainder of the nephron. the parietal epithelium of

Bowmanés Capsule remains essentially squamous itvhereas
blood capillaries of the glomerulus becomes modified to consist of podocyte cells. the main

bodies of these cells get separated from the basement membrane with which they remain in

contact only by extensions of their cytoplasm known as foot processes. the cell bodies of the

podocytes lie freely in the urinary spaces of the capsule.

Glomerulus
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This is a capillary -like plexus inserted in the course of afferent arterioles. The vessels in the
glomerulus form an anastomosing and branching network. The effere nt arteriole is formed
when the vessels reunite together. The lumen of the efferent arteriole is smaller than that of

the afferent arteriole. The endothelium of the glomerular vessels is extremely thin and richly

fenestrated with large pores. It is evident , therefore, that the only continuous layer between

the blood and the urinary spaces of the nephron is the basement membrane. Passage of
substances across this membrane takes place by filtration.

Proximal Convoluted Tubule

The component cells of a  tubule are typically columnar in shape. The cells of the proximal
tubule have a well -developed luminal brush border composed of very long, regularly
arranged microvilli. The microvilli greatly increase the surface area exposed to the nephric
filtrate for resorptiv. e activities. The opposite side of the cells, i.e., against the peritubular
blood capillaries, is packed with mitochondria, which provide energy in the form of ATP for

the active transport of some substances.

Thin Descending Segment of Loop of Henle

The th in tube of loop of Henle is about 15 microns in diameter. This portion is characterized
by a squamous epithelium with nuclei bulging into the lumen. An evident brush border is
lacking from th is level onward in the nephron.

Thin Ascending Segment of Loop of Henle

The squamous epithelium of the ascending limb abruptly changes here to a cuboidal type of
epithelium. In a transverse section it ranges between 25 -30microns in diameter. No cell
membrane is visible in its wall.

thin segment
of henlg’?loop

thick segment
of henlessnioop

collecting duct
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Fig. 4: T.S. medulla of kidney of mammal
Source: http://www.tutornext.com/ts -kidney/13814

Distal Convoluted Tubule

It is variable in width between 20 to 50 microns. The cells are smaller and their boundaries
more distinct.  The lumen of a distal convoluted tubule is distinct by t he lack of an obvious
Abrush b oPlashear membrane of the cells of distal tubule forms extensive basal
infolding between which many mitochondria are arranged. This is characteristic feature,

typical of cells, which are involved in the active transport o fions.

Value addition: Did you Know
Hormones from Kidney

The kidneys produce three hormones:

i) 1,25 -dihydroxycholecalciferol

i) Renin -secreted from juxtaglomerulus apparatus (JGA)

iii) Erythropoitein /ESF is secreted in response to hypoxia -stimulates  formation of
erythrocytes in bone marrow.

Source: Textbook of Medical Physiology - Guyton

Renal Blood supply

The rate of blood flow through both kidneys of an adult man is about 1200 mL/min. The

renal fraction is the portion of the total cardiac out put that passes through the kidneys. The
Cortex Bowman's capsule
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Fig. 5: a.Structure of Kidney, b. Detailed structure of nephron, c. Renal blood
supply in nephron
Source: http://kvhs.nbed.nb.ca/gallant/biology/nephron_structure.jpg

normal cardiac output of an adult man is a bout 5600 mL/min and blood flow through both
kidneys is about 1200 mL/min. Therefore, the normal renal fraction is about 21%.

There are two capillary beds supplying the nephron:
i) The glomerulus
i) The peritubular capillaries

The glomerular capillary b ed receives its blood from afferent arteriole and is separated from
peritubular capillary bed by the efferent arteriole ; that offers enough resistance to blood

flow. Thus glomerular capillary bed is high -pressure bed and peritubular capillary bed is a
low pressure bed.

Proximal Efferent
convoluted grteriole

Distal convoluted
~ tubule

Glomerulus

Glomerular
capsule

Afferent )
arteriole | [ | , ‘ ‘ ' \ Renal cortex
:

Y
l

:
+ A

Artery—— -~ ' |
Venule ‘ a

Vein ‘," ﬁ
thER

’

_\Pefltubulor \

Renal medulla

capillaries
Descending limb—% ~
Ascending limb \.v“
Fig. 6: The Functional nephron
Source: http://composemind.blogspot.com/2010/04/microscopic -structure -of-nephron.html

The Vasa Recta
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A special portion of the peritubular a capillary system is the vasa recta. It is network of
capillaries that descend around the lower portion of the loop of Henle. These capillaries form

loops in the medulla of kidney and then return to cortex before emptying into the veins. The

vasa recta play a special role in the counter -current mechanism, that is, concentrati on of
urine. Only about 1  -2% of total renal blood flow through medulla of kidney and is sluggish
compared to cortex of kidney where it is rapid.

Pressure in Renal Circulation

The figure gives approximate pressures in the different parts of the renal circu lation and
tubules. There is initial pressure of approximately 100 mm Hg in large arcuate arteries and

about 8 mm Hg in the veins where the blood finally drains. The afferent arteriole and the

efferent arteriole are the two major areas of resistance to blo od flow through the nephron.

In the afferent arteriole, the pressure falls from 100 mm Hg at its arterial end to about 60

mm Hg in the glomerulus. as the blood flow through the efferent arterioles from the
glomerulus to the peritubular capillary system, th e pressure falls another 47 mm Hg to a

Proximal . Glomerulus, Glomerular  Efferent afferent
convoluted . MP“EI‘* /ﬂ"tbﬂﬂlﬂ// arteriole

tubule _-Distal .
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duct
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Fig. 7: Pressure at different points in the vessels and tubules of functional nephron
and in the interstitial fluid
Source: http://focosi.altervista.org/kidney.html
mean peritubular capillary pressure of 13 mm Hg. therefore, the high pressure capillary bed

in the glomerulus operates at the pressure of about 60 mm Hg and thus causes rapid
filtration of fluid. The low pressure capillary bed in the peritubular capillary of about 13 mm
Hg, thus allowing ra  pid absorption of fluid due to the high osmotic pressure of plasma.
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Function of Peritubular Capillaries

About 180 liters of fluid are filtered through all the glomeruli, each day. From this, all but 1

1.5 liters are reabsorbed from the tubules into the ren

al interstitial spaces and hence into

the peritubular capillaries. The peritubular capillaries are extremely porous. So that
extremely rapid osmosis of fluid takes place resulting into required massive reabsorption.

Glomerular Filtration

The flud that fi | t er s

t hrough

the gl o

mer ul us into

filtrate. The membrane of glomerular capillaries is called glomerular membrane. The layers

of this membrane are:

i) Endothelial layer of capillary
i) Basement membrane

i) Layer of e pithelial cells

The high permeability of glomerular membrane shown above is caused by its special
structure. The capillary endothelial cells lining the glomerulus are perforated by thousands

of small holes called fenestrae. Outside the endothelial cells i

s a basement membrane

composed mainly of a meshwork of proteoglycan fibrillae. The layer of epithelial cells is not
continuous and instead consists mainly of finger like projections that covers the outer

surface of basement membrane. these fingers form sli

ts called slitpores through which the

glomerular filtrate filters. Thus the glomerular filtrate passes through three different layers

I «e»

before entering Bowmanbés capsu
\/ Foot process
of podocyte
<«—— Filtration slit
Pores in p=y
endothelium
Basal lamina
Capillary ——
lumen
; Filtered
material
. Lumen of
[B Bowman’s
) capsule

Fig. Functional structure of glomerular membrane

Source: http://www.colorado.edu/int

phys/Class/IPHY3430

-200/017kidneys.htm
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Value addition: Did you Know

Renal tubular Transport Maximum

It is the highest attainable rate of reabsorption. Substances that are reabsorbed by

an active carrier mediated process are HPO 4+ S0* ions, glucose, am ino acids, uric
acid, albumin, acetoacetate and a-ketoglutatrate. The maximum attainable rate of
secretion is designated as Ts. The substances that are secreted by the kidneys and

have a Tm are penicillin, salicylate, para aminohippuric acid (PAH) certain diuretics

and thiamine. Transport maximum is the difference between the filtered load (can be
calculated from a sample of Glomerular filtrate) and excretion rate (can be calculated

from a sample of urine).

Source: Textbook of Medical Physiology - Guyton
3.

Composition of Glomerular Filtrate
The gl omerular filtrate is plasma minus RBCs, WBCs, platelets and any significant amount of
proteins. The quantity of glomerular filtrate formed each minute in all nephrons of both
kidneys is called glomerular filtration rate. In a normal person, under normal ci rcumstances,
it averages approximately 125 mL/ min. That means, total quantity of glomerular filtrate
formed each day averages about 180 liters. Over 99% of the filtrate is usually reabsorbed in
the tubules and the remainder passing into the urine.
Filtra tion Fraction
Filtration fraction is the fraction of the renal plasma flow that becomes glomerular filtrate.
Since the normal plasma flow through both kidneys is 650 mL. Thus the average filtration
fraction is approximately 125/650 or 19%. This value can v ary tremendously both
physiologically and pathologically.
Reabsorption and Secretion in the Tubules
The glomerular filtrate entering the tubules of the nephron flows through:
i) The proximal convoluted tubule (PCT)
ii) Loop of Henle  (LOH)
iii) Distal conv oluted tubule (DCT)
iv) Collecting duct  (CT)
Table 1 shows the histological differences in these tubules.
It then enters the pelvis of kidney. Along this course, substances are selectively reabsorbed
or secreted by the tubular epithelium and the resultant fluid entering the pelvis is urine.
Normally, more than 99% of water in the glomerular filtrate is reabsorbed as it passes
through the tubules. Some constituents, such as glucose and amino acids are reabsorbed
almost entirely so that their concentrations decrease almost to zero before the fluids
become urine. Thus the y separate substances that are to be conserved in the body from
those that is to be eliminated in urine.
The basic mechanisms for transport through tubular membrane are active transport and
passive transport.

Institute of Life Long Learning, University of Delhi 12



Table .

Histological

Excretory System
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Active transportt  hrough the Tubular wall
Filtrate Interstitiaf
in tubule fuicl
umenrn

Tubule ceft /)
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P
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Na ™" e— 1 G == == Na

Paracellular
route

=
’\'\‘?—:—'_:y i

Peritubular
capifiary

———
Sy

Fig. : Mechanism of active transport of sodium from tubular lumen into the
peritubular capillary, illustrating active transport of base and sides of epithelial

cell and dif  fusion through luminal border of the cell.
Source: http://jwl.nwnu.edu.cn/jpkc/jwc/2009jpkc/rtkx/jp.htm

Each epithelial cel | has a
literally thousands of very minute microvilli that multiply

fibr ush

border o on
the surface area of luminal

exposure of cell about 20 fold. the base of the cell sits on basement membrane but it is
packed by an extension system of basal channels that multiply the basal surface area

manyfold as well.
Active transport of sodium occurs f

rom inside the epithelial cell through its side and basal

membranes into the basal channels and into the spaces between the cells. This transport
outward from the cell diminishes the sodium concentration inside the cell. Now this low

concentration inside t

he cell establishes a sodium ion concentration gradient from the tubule

to the inside of the cell, sodium ions diffuse from the tubule through the brush border into
the cell. Once inside the cell, the sodium is carried by the active transport process the r

of the way into the peritubular fluid of the basal channels and the spaces between the cells.
Once the sodium has been transported into the basal channels of the epithelial cells and

also into he intercellular spaces, the sodium can then move on into t

he peritubular capillary.

Other substances besides sodium that are actively absorbed through the tubular epithelial
cells include glucose, amino acids, calcium ions, potassium ions, chloride ions, phosphate

ions, ureate ions and others. Both glucose and am

ino acids are transported from the tubular

lumen through the brush border by a process called secondary active transport or sodium
co-transport. That means, glucose or amino acids molecule binds with a carrier molecule

and the sodium ions also binds with t

he same carrier. As the sodium diffuses inwards

through the brush border membrane, it literally pulls the carrier and the glucose or amino
acid along with it. Once inside the epithelial cell, the sodium and the glucose or amino acid
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Excretory System

split from the carrier. The glucose or amino acid then diffuses through the basal membrane

of the cell and hence into the peritubular capillaries.

Some substances are actively secreted into all or some portions of the tubules. These
include hydrogen ions, potassium ions and urea te ions. Active secretion occurs in the same
way as active absorption except that the cell membrane transport the secreted substances

in the opposite direction.

When the different solutes are transported out of the tubule and through the tubular
epithelium , their total concentration decreases inside the tubular lumen and increases
outside. This creates a concentration difference that causes osmosis of water in the same
direction that the solutes have been transported.

Plasma Clearance

The term plasma clear ance is used to express the ability of the kidneys to clean or clear the
plasma of various substances. Thus, if the plasma passing through the kidneys contain 0.1

gm of a substance in each 100 mL, and 0.1 gm of this substance also passes into the urine
each minute, then 100 mL of the plasma are cleaned or cleared of the substance per
minute. Plasma clearance for any substance can be calculated by the formula:

Plasma Clearance (mL/min) = Quantity of urine (mL/min) X Concentration in urine

Concentratio nin plasma

The rate of flow of inulin, which is a large polysaccharide, remains exactly the same
throughout the entire tubular system. The reason being that inulin is neither reabsorbed nor
secreted in any segment of the tubules.

The rate of flow of para  -aminohippuric acid (PAH) increases about five fold as the tubular
fluid passes through the proximal tubules; then its rate of flow remains constant in the
other tubules. This is because large quantities of PAH are secreted into the tubular fluid by
the pr oximal tubular epithelial cells and it is not reabsorbed in any segment of the tubular

system.
These two substances play an important role in experimental studies of tubular function.
Due to typical nature of Inulin glomerular filtrate contains the same co ncentration of Inulin

as does plasma, and as the filtrate flows down the tubules, all the filtered inulin continues
on into the urine. Thus all the glomerular filtrate formed is cleared of Inulin. Therefore,
plasma clearance per minute of inulin is equal t o the glomerular filtration rate.

Value addition: Did you Know

Mannitol and radioactive lothalamate

Inulin is not only compound that can be used for determining the quantity of
glomerular filtrate formed each minute, for the plasma clearance of any othe r
substance that is totally diffusible through the glomerular membrane but is neither

absorbed nor secreted by the tubular walls is equal to t he glomerular filtration rate.
Mannitol is a monosaccharide that is frequently used instead of inulin for such

mea surements and radioactive lothalamate is still another substance frequently used
because its radioactivity allow easy quantitative analysis.

Source: Textbook of Medical Physiology - Guyton
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Renal mechanisms

| t @nteresting to  understand

t he
composition of urine from moment to moment reflect

Excretory System

k i dcapahbilitys Th e

ki dneyos

capability

s the need of the body for excreting

different substances. The body at times has great excesses of water and, thus, must excrete

dilute urine. On other occ

asions, it has a deficit of water and thus, must excrete the

end

products of metabolism as well as other substances that must be removed from the body
fluids. We shall now discuss the ways in which the kidneys can change:

i) the osmolar concentration of ur

ine

i) the volume of both water and dissolved substances excreted each day and
iii) the rates of excretion of urea, sodium and potassium.

Diluting Mechanism of the kidney: The mechanism for excreting

excess water

One of the most important functions of th

e kidney is to control the osmolality of the body

fluids. It does this by excreting excessive amounts of water in the urine when the body
fluids are too dilute or by excreting excessive amounts of solutes when the body fluids are

too concentrated. Shift of

the kidneys from excreting excess water to excreting excess

solutes is controlled by antidiuretic hormone (ADH). In the absence of ADH, the kidneys
excrete excessive amounts of water, but when the blood concentration of ADH is high, the

kidneys excrete ex
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Fig. : Renal mechanism for urine formation in presence and absence of ADH
Source: http://classes.midlandstech.edu/carterp/Courses/bio211
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/chap25/Slide19.GIF

CORTREX

OUTER
MEDULLA
INNER
MEDULLA
INT. |COLLECTING
LOOP OF HENLE
FLUID| DUCT
Fig. : Renal mechanism for dilute urine formation. The darkened port ions of the tubular

system indicate that these portions of the tubules are relatively impermeable to
reabsorption of water in the absence of ADH. The solid arrows indicate active processes for
absorption of most of the solutes besides urinary waste.

Concen trating Mechanism of the kidney: Excretion of excess solutes -
Counter -Current Mechanism

The process for concentrating urine is not nearly as simple as for diluting it. Sometimes it is
exceedingly important to concentrate the urine as much as possible so th at excess solutes
can be eliminated with as little loss of water from the body as possible. The kidneys have

developed a special mechanism for concentrating the urine called the Counter -Current
mechanism.

The counter current mechanism depends on a special anatomical arrangement of the loops

of Henle and the vasa recta. In humans, the loops of Henle of one -third to one -fifth of the
nephrons dip deep into the medulla and then return to the cortex. Some dip all the way to
the tips of the papillae that project into renal pelvis. These nephrons with the long loops of
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Henle are called the juxtamedullary nephrons. Parallel to the long loop of Henle are loops of
peritubular capillaries called the vasa recta. These loop down into the medulla from the

cortex and then

back out to the cortex again. This arrangement is shown in fig.
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Fig. Counter current mechanism for concentrating the urine
Source: http://accessscience.proxy.mpcc.edu/content.aspx?id=724000

Hyperosmolalatity of the Medullary Interstitial Fluid

The firs t step in the excretion of excess solutes in the urine, or in other word, for excretion

of the concentrated urine is to create hyperosmolality of the medullary interstitial fluid.

The normal osmolality of the fluids in almost all parts of the body is about 300mOsm/ L. The
osmolality of the interstitial fluid in the medulla of the kidney is much higher, becomes
progressively greater the deeper one goes into the medulla increasing from 300 m Osm/ L
in cortex to 1200mOsm/L and sometimes upto 1400 mOsm/L in the pelvic tip of medulla.

Four different solute -concentrating mechanisms are responsible for this hyperosmolality.

These are:

i) Active transport of chloride ions plus electrogenic passive absorption of sodium ions out of
the thick portion of the ascending limb of loop of Henle.

Institute of Life Long Learning, University of Delhi 18



Excretory System

i) Active transport of sodium ions and electrogenic passive absorption of chloride ions along

with the sodium ions from the collecting duct to the medullary interstitial fluid.

iii) When the concentration of ADH is high in the blood , large amount of urea are also
absorbed into the medullary fluid from the inner medullary collecting duct.

In the presence of ADH, the inner medullary portion of the collecting duct becomes
moderately permeable to urea and highly permeable to water. So it causes rapid absorption
of water out of the collecting duct and this greatly increases the concentration of urea in the
duct. Now, because of this high urea concentration, the urea too diffuses through the
collecting duct wall into the medullary interstit ium.

iv) Transport of sodium and chloride ions into the inner medullary interstitium from the thin
segment of loop of Henle. When the concentration of urea rises very high in the medullary
interstitium because  of urea absorption from the collecting duct; t his immediately promotes
osmosis of water out of the descending thin limb of loop of Henle. Thus, the concentration

of sodium chloride inside the thin limb rises almost to twice normal. Now, due to this high
concentration, both sodium and chloride ions dif fuse passively out of the thin segment into
the interstitium.

There are four different factors that contribute to the marked increase in osmolality in the
medullary interstitial fluid:

i) Active transport of the ions into the interstitium by the thick po rtion of the ascending limb
of the loop of Henle.

i) Active transport of ions from the collecting duct into the interstitium.

iii) Passive diffusion of large amounts of urea from the collecting duct into the interstitium.

iv) Transport of additional sodium and chloride into the interstitium from the thin segment of

loop of Henle.

The net result is an increase in the osmolality of the medullary interstitial fluid to as high as

1200 to 1400 mOsm/ L near the tip of the papillae.

The combination of all three m echanisms for creating hyperosmolality in the medullary
interstitium is frequently called the counter -current multiplier mechanism of the loop of
Henle.

Counter -current exchange mechanism in Vasa Recta

The medullary bl ood flow has two characteristic s tha t are important for maintain the high
solute concentration in the medullary interstitial fluid

i) Medullary blood flow is very slight in quantity. Only 1 -2% of the total blood flow of the
kidney. Due to this | there is very sluggish blood flow, removal of solutes is minimized.

ii) Vasa recta functions as a counter current exchange that prevents washout of solutes

from the medulla. The counter current exchange r mechanism is one in which fluid flows
through a long U -tube, with the two arms of the U lying in ¢ lose proximity to each other so
that fluid and solutes can exchange readily between the two arms. This obviously also
requires th at each of the two arms of the U be highly permeable which is true of vasa recta.
When the fluid and solutes in the two paralle | streams of flow can exchange rapidly,
tremendous concentrations of solute can be maintained at the tip of the loop with relatively
negligible washout of solute.

Mechanism for excreting concentrated urine

Now we have understood how the kidney creates hyp erosmolaity in the medullary
interstitium. So now it becomes a simple matter to explain the mechanism for excreting the
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concentrated urine, thus causing loss of excess solutes from the body fluids while at the

same time retaining as much as water as possib le. When the concentration of ADH in blood

is high the epithelium of the entire collecting duct becomes highly permeable to water. As

the tubular fluid flows through the collecting duct, water is pulled by osmosis. Thus the
collecting duct fluid also be ~ com es highly concentrated, about 1200 mOsm/L; almost exactly
equal to the osmolal concentration of the solutes in the medullary interstitium near papilla.

Table 2 shows normal constituents of urine.

Table 2. Normal constituents of urine

Substance Urine (m L/min)

Quantity/min Concentration
Na * 0.128 mEqg 128 mEq/L
K* 0.06 mEq 60 mEqg/L
Ca'" 0.0048 mEq 4.8 mEq/L
Mg ™ 0.015 mEq 15 mEq/L
Cl° 0.134 mEq 134 mEg/L
HCO ;" 0.014 mEq 14 mEqg/L
H2PO 4 0.05 mEq 50 mEqg/L
HPO ,*
S042 - 0.033 mEq 33 mEg/L
Glucose 0 mg 0 mg/mL
Urea 18.2 mEq 1820 mEq/L
Uric acid 0.42 mEq 42 mEg/L
Creatinine 1.96 mEq 196 mEq/L
Inulin ----
Diodrast
PAH
Urea excretion
The body forms an average of 25 -30 grams of urea each day. All this urea must be excreted

in the urine; otherwise, it will accumulate in the body fluids. Its normal concentration in
plasma is about 26mg/ 100 mL.
The two major factors that determine the rate of urea excretion are:

i) Concentration of urea in the plasma.

i) Glomerular filtration rate.
These factors increase urea excretion mainly because the load of urea entering the proximal
tubules is equal to the product of the plasma urea concentration and the glomerular
filtration rate.
The urea recirculation mechanism through the loop of Henle, th e distal tubule and the
collecting duct is  a way to concentrate urea in the medullary interstitium and in the urea at
the same time as shown in Fig.
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Fig. Recirculation of the urea absorbed from the collecting duct, passing to loop of
Henle, through dista | tubule and finally back to the collecting duct.

Sodium excretion

We know that about 65% of glomerular filtrate is reabsorbed in the proximal tubules. This
reabsorption is primarily caused by the active transport of sodium through the proximal

tubular ep ithelium. When the sodium is reabsorbed, it causes diffusion of negative ions
through the membrane as well and the cumulative reabsorption of ions creates an osmotic
pressure that then moves water through the membranes too.

In the thin segment of loop of Henle, very little sodium and water are absorbed. In diluting
segment of the distal tubules, the active transport of chloride ions causes sodium to be
absorbed along with the chloride ions. As a result, the concentrations of sodium and chloride

in the tubul ar fluid often falls to as low as one - third to one -fifth their concentrations in the
original glomerular filtrate.

Value addition: Did you Know

Aldosterone

Sodium reabsorption in the late distal tubules and collecting ducts is highly
variable,depending  mainly on the concentration of aldosterone, a hormone secreted
by the adrenal cortex  (Zona Glomerulosa). It is a mineralocorticoid.

Source: Textbook of Medical Physiology by Guyton
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Potassium excretion

Potassium is transported through the e pithelium of the proximal tubules and of the diluting
segment of the distal tubule in almost exactly parallel fashion to the transport of sodium.

Both the potassium and the sodium are transported from the tubule into the blood. Thus,
about 65% of the potas  sium in the glomerular filtrate is absorbed in the proximal tubules
and 25% is absorbed in the diluting segment of the distal tubules.

Value addition: Did you Know

Potassium secretion

Normally, considerable amounts of potassium are secreted into the dis tal tubules,
and some also into the collecting ducts. It has no transport maximum (Tm) .

Source: Introduction to Endocrinology by Chandra S. Negi.

Value addition: Did you Know

Aldosterone and potassium

It is important to emphasize that aldoster one plays an equally important role in
determining potassium secretion as in determining sodium reabsorption from the late

distal tubules and collecting ducts even though the potassium secretion is mainly a
secondary result of the sodium reabsorption.

Inc reased Na+ reabsorption causes Hyperatremia leading to polydipsia and also
increase in blood pressure while decrease in K+ causes Hypokalemia leading to
paral ysis and muscle weakness.

Source: Textbook of Medical Physiology by Guyton
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Value addition: Did you Know

Role of Kidney in Maintenance of Blood pressure -Renin -
angiotensin system (RAAS)

Renal Ischaemia - Renin from JGA

- - +
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-
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Angi otension Il has following actions
1 Increases BP by causing arteriolar vasoconstriction  relieving Renal Ischaemia.
I Stimul ates vasomotor centre in hindbrain causing reflex rise in cardiac output,
reflex arteriolar constriction and increase in BP.
I May stimulate ADH (vasopressin increasing secretion indirectly causing water
retention, restoring blood volume and increase of arte riolar BP.

Aldosterone has following action:
I Causes increase in sodium reabsorption
9 Increases osmolality of blood leading to Polydipsia

Source: Textbook of Medical Physiology by Guyton
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Autoregulation of Glomerular Filtration Rate (GFR)

Though a chan ge in arterial pressure causes a marked change in urinary output, this causes

only very little change in glomerular filtration rate. This is called autoregulation of
glomerular filtration rate.

When excess glomerular filtrate flows rapidly through the tubu les, tubular reabsorption is
usually much too little before the fluid passes into the urine. With the result, the urine

volume is extreme, and excessive amounts of both water and solutes are lost from the

body. Thus, the kidney fails in one of the primary duties, to conserve those substances
needed by the body.

On the other hand, when too little glomerular filtrate is formed, too much of the fluid is
reabsorbed and urine excretion is greatly reduced. Thus, again, the kidney fails in another

of its primary f unction, that is to rid the body of the end -products of metabolism and excess
electrolytes as rapidly as possible.

Mechanism of autoregulation of GFR:

Tubuloglomerular Feedback

There are two special feedback mechanisms in e ach nephron, which  add togeth er to provide
the degree of glomerular filtration autoregulation, that is required. These are:

i) An afferent arteriolar vasodilator feedback mechanism.
ii) An efferent arteriolar vasoconstrictor feedback mechanism.

Through these mechanisms, the degree to which the fluid in the distal tubule has been
processed is detected and appropriate signals are sent back to the afferent and efferent
arterioles to increase or decrease the GFR . The combination of these two -feedback

mechanisms is called tubuloglomerular feedbac k. The feedback process occurs entirely at
the juxtaglomerular complex.

The Juxtaglomerular complex

The distal tubule passes in the angle between the afferent and efferent arterioles. These
epithelial cells of the distal tubule that come in contact with t he arterioles are more dense
than the other tubular cells and are collectively called the macula densa, which is located

about midway in the upper end of the thick portion of the ascending limb of loop of Henle.

The macula densa cells appear to secrete som e substance toward the arterioles because the
Golgi apparatus, which is an intracellular secretory organelle, is directed toward the
arterioles and not toward the lumen of the tubule in contrast to all other tubular epithelial

cells. Also the smooth muscle cells of both the afferent and the efferent arterioles are
smaller and contain dark granules where they come in contact with macula densa. These

cells are called juxtaglomerular cells, and the granules are composed mainly of inactive

rennin. The whole com plex of macula densa and juxtamedullary cells is called the
juxtamedullary complex.

The anatomical structure of the juxtaglomerular apparatus suggests that the fluid in distal

tubules in some way plays an important role in helping to control nephron functi on by
providing feedback signals to both afferent and efferent arterioles.
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Fig.: Juxtamedullary apparatus
Source: http://www.colorado.edu/intp hys/Class/IPHY3430 -200/017kidneys.htm

Acid -Base Balance

Metabolic reactions are highly sensitive to the hydrogen ion concentration of the fluid in
which they occur.  Although kidneys are ultimately responsible for balancing hydrogen ion
concentration in pl asma, the respiratory system also plays a very important role in
homeostasis. The regulation of hydrogen ion concentration in the body fluids regulates the
acid -base balance of the body.

The normal pH of arterial blood is 7.4 while the pH of venous blood and of interstitial flui  ds
is about 7.35. A person is considered to have acidosis whene ver the pH is below 7.4 andto
have alkalosis when it rises above this value .

Value addition: Did you Know

Lower and Upper limit of pH for human body

The lower limit and upper limit  at which a person can live more than a few hours is
about 7.0 and 8.0 respectively

Source: Introduction to Endocrinology by Chandra S. Negi.

Several special control systems are available to prevent acidosis or alkalosis, like

i) The acid -base buffer systems present in all the body fluids prevent excessive changes in
hydrogen ion concentration by immediately combin ing with any acid or alkali .
i) The respiratory center is immediately stimulated to alter the rate of breathing, i n case

the hydrogen ion co  ncentration changes measurably.
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