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/H/INTRODUCTION

{Excretion is the process by which the _unwanted

Substances—and-metabolic wastes are eliminated from
_the body) o &

A large amourit of waste materials and carbon di-
oxide are produced in the tissues during metabolic
process. In addition, residue of undigested food,
heavy metals, drugs. toxic substances and pathogenic
Iso present in_the body.

ooy e
organisms like bacteria are als
t be renioved to keep the

" Allthese substances mus

body in healthy condition. Various systems/organs in the
body are involvad in performing the excretory function, viz.

1. Digestive system excretes food residues in the form
'ome bacteria and toxic substances also

are excreted through feces T
bon dioxide and water vapor

2. Lungs-remove car
. 3.- Skin excretes water, salts and some wastes. It also
removes heat from the body E
4. Liver excretes many substances like bile pigments,
‘heavy mefals, drugs, foxins, bacteria, etc. through
; .?.ﬂ@* ' ' T
Although various organs are involved In removal of
wastes from the body, their excretory capacity is limited.
But repal system Of urinary_system has maximum
~ excretory capacity and so it plays a major role In
Romeostasis. ‘

of ieces.

P

thrqugh:urethra}Fig. 48.1).

Renal system includes:
1. A pair of kidneys
2. Ureters
3. Urinary bladder
4, Urethra.
idneys pro
‘yrine to urinary blad
until it is voided (em

duce_the urine. Ureters transport the
der. U_Qnary bladder stores the urine

ptied). Urine is voided from bladder

-

FUNCTIONS OF KIDNEY

Kidneys performseveral vital functions besides formation
of urine. By excreting urine, kidneys play the principal
role in homeostasis. Thus, the functions of kidney are:

m 1. ROLE IN HOMEOSTASIS
Primary_Tunetion- of kidneys is homeostasis. It is

accomplished by the formation of urine. During the -
formation of urine, kidneys regulate various activities in
the body, which are concerned with homeostasis such

|

as.

|. Excretion of Waste Producls

Kidneys_excrete the unwanted waste p.rodugts, which

&5 Tormed during metabolic activities:

S
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FIGURE 48.1: Urinary system

-
a.

Urea (end product of amino acid metabolism)
b. Uric ggid_(ep_tj,p_rggugl_of_g_tig@g acid nmm
c. Creatinine (end product of metabolism in muscies)
d. ﬂguﬁn_(%t of hemoglobin degradation)

e. Products o tabolism of other substances.
Kidneys also_excrete harmful foreign .chemical
.- substances such as toxins, rugs, heavy metals

pesticides, etc.

ii. Maintenance of Water Balance
M

= Kidneys maintain the water balance in the bocy by
- conserving water when it is decreased and excreting
water when it is excess in the body.lﬂis?s an important
process for homeostasis (Refer Chapter 4 for details).

iii. Muintenance of Electrolyte Balance

Maintenance of electrolyte balance, especially sodium

is in relation to water balance. Kidneys retain sodium if

the osmolarity of body water decreases and eliminate
sodium when osmolarity increases.

iv. Maintenance of Acid-Base Balance o

- The pH of tie blood and body fluids should b
maintained within narrow range for healthy living. It is
achieved by the function of kidneys (Chapter 54). Body
is under constant threat to develop acidosis, because
of production of lot of acids during metabolic activities.
However, it is prevented by kidneys, lungs and blood
buffers, which eliminate these acids. Among these

r' S
¢ role in preventing acidosis,
ns, which are capable
ke sulfurlc and

y majo
the only orga
In metabol!c aclds |

organs, kldneys pla
In fact, kidnevs aré
of eliminating certa
phosphoric acids.

m 2, HEMOPOIETIC FUNCTION

‘ oductlon of ermyteasby
rythropoielin 1$ the lmpqrtant
s (Chapter 10). Kldnfay
lled thrombopoietin,
thrombocytes

Kidneys stimulate the pr

secrefling erythropolatin. rof
stimulafing factor for erythropolesl

also secretes another factor ca f
whick stimulates the production ©

(Chapter 18).

m 3. ENDOCRINE FUNCTION . .
M -
kidneys secrete many hormonal substances in add

to erythropoietin and thrombopoietin (Chapter 72).

Hormones scoreted by kidneys

i. Erythropoietin
ii. Thrombopoietin

iii. Renin

iv. mdihydroxycho\ecalciferol (calcitriol)
v. Prostaglandins.

4. REGULATION OF BLOOD PRESSURE

Kidneys play animportant fole jn the long-term regulation
of arterial blood pressure (Chapter 103) by two ways:
' i. By regulating the volume of extracellular fluid

ii. Through renin-angiotensin mechanism.

ition

@ 5. REGULATION OF BLOOD CALCIUM LEVEL
C . = —

Kidneys play a role in the regulation of blood calcium
vitamin D. Vitamin D.is necassary for the absorplion ©
(Chapter 68). )

‘calcium from intestine

M FUNCTIONAL ANATOMY OF KIDNEY

Kidney is a compound tubular gland covered by a
connective tissue vapsule. There is a depression n

{he-medial border of kidney called hilum, thrqugh-which -
renal a-tery, renal veins, nerves and urefer pass.

B DIFFERENT LAYERS OF KIDNEY

Components of kidney are arranged in three layers (Fig.
48.2).

1. Outer cortex

2
3

‘Inner medulla

enal sinus.
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#e to form ducts of gallini,

Collecting ducts U™
bemiinh papz’lla. Other

2, Inner Medulla
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B RENAL CORPUSCL
S S'lo"I'UATION - TYPES OF NEPHRON
B  STRUCTURE

N TUBULAR PORTION OF NEPHRON
¥ PROXIMAL CONVOLUTED TUBULE
™ LOCP OF HENLE :
W DISTAL CONVOLUTED TUBULE

| COLLECTING DUCT
PASSAGE OF URINE

1S 4 INTRODUCTION

10 50 years of age at the L_ate_QLQ_B%m—i—%w)Er;

\E%ms formed by two parts (Fig. 49.7):

1. A blind end called -enal cor r_Malpighian
corpuscle %MM

2. Atubular portion called renal tubuie.
~———=on called renal tubule,

Proximal convoluted .
tubule Oistal convoluled

tubule

Thick descending

Thick ascend;
segment - nick scending

segment
. ) f == “ "“' =~ Thin ascending
Thin descending -- i g?;f’ segment
segment %Q 5 4;'
&, i S— Collecting ducl
N KOy g RS .
Halirpin bend

FIGURE 48.1: Structure of nephron
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RENAL CCRPUSCLE

Renal corpuscle or Malpigﬁian corpuscle is a spheroidal
and shghtly flattened structure with a diameter of about
200 u. '

Function of the renal corpuscle is the filtration of

_tg_lgo_di\-/hich forms the first phase of urine formation.

1 SITUATION OF RENAL CORPUSCLE AND
TYPES OF NEPHRON

Renal corpuscle is situated in the cortex of the kidney
either near the periphery or near the medulla.

-iassification of Nephrons
Basad on the situation of renal corpuscle, the nephrons

are classified into two types:
1. Coricalnephrons orsuperficialnephrons: Nephrons

r}?vm_g_tn&aamusdes in outer cortex of the kidney
£y ——— .
near neriphery (Fig. 49.2). In human kidneys,
85% nephrons are cortical nephrons.

Juxtameadullary
, nhephron
4

Corlical ---
nephron
--- Cortex
Coilechng -~ —~—-4-——==—= ----Ouler medulla
“lucl
Ductol .. e --Inner medulla
Bellini ==Zezr— Renal sinus

FIGURE 49.2: Types of nephron

NS by

{Cortical

E . AL
| Percentage 85% ,
| Situation of renal corpuscle  Outer cortex nééﬂfﬁ'é;ﬁeﬁbﬁ'éf‘&
i Short

Loop of Henle
zone uf medulla

: Bload supply to tubule Peritubular capillafies

i Function Formation of urine

TABLE 49.1: Features of two types of nephron )
rephron

Hairpin bend penetrates only up to outer

r22 €

[¥ 7757 Chapter 49 4 Nephron 305

[(e]

N

2. Juxtamedullary nephrons: _ Nephro vi
the corpuscles in_inner cortex near meduliz or

coticomedullary junction.
Features of the two types of nephrons are given in

Table 49.1.

B STRUCTURE OF RENAL CORPUSCLE

Rena i ions:

1. Glom

1. Glomerulus
% Bowman capsife.

Glomerulus

Glomerulus is a tuft of capillaries enclose
capsule. It consists-of glomerular capillaries interposed
between afferent arteriole on _one end and efferent
arteriole on the other end. Thus, the vascular system in

{rﬁglomerulus is purely arterial (Fig. 49.3).
Glomerular capillaries ‘arise from the afferent arte-

riole. After entering*the Bowman capsule, the afierent

Afferent arteriole .=

wrman

Efferent arteriole

X~ Parielel layer

FIGURE +'9.3: Renal corpuscle

Hairpin bend penetrates up to the tin of papilia

vasien
Mainly the corcentration of urine and also
formation of urine
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$
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malicapilaries are arra in iregular loops and form
anastomosis. All the sm capiliarias finally reunite to
form the efferent arteriole, which leaves the Bowman

D
w
-3

Diameter of the

efferent arteriole is less than that
of afferent aneriole

- This difference in diameter has got

= functional significance.

Functiona) histology

Glomerular capillaries are made up of single layer of

endothelig| cells, which are allached 6 & basement
membrana. Endothelium has many pores called
fenestrae or filtration Dores. Diameter of ezch pore is

9.1 u Presence of the fenestra s the evidence of the
fltration function of the glomerulys,

Bowman Capsule

Bowman Capstile is a-capsular structure, which enclo-
ses the glomerulus,

It_ is formed by two laye-s:
I. _Inner visceral Jayer

ii. Outer Parietal laver,

_ Visceral layer covers the glomerular Capiliaries. |t
5 Soninued =5 the el ‘ayer o een s |
Parieta] layer is continued with the wall of the tubular
portion of nephron. The cleft.|j!

A € _space between the
Visceral and parietal I €rs is continued as the lumen of

Functional anatomy of Bowman capsule resembles
a funnel with filter paper. Diameter of Bowman capsule

© 7 is 200 W

Functional histology

Both the layers of Bowman capsule are composed of
a single layer of flattened epithelial cells resting on a
basement memtrane. Basement membrane of the
visceral layer fuses with the basement membrane .of
glomerular capillaries on which the capillary endothelial
cells are arranged. Thus, the basement f_'nembranes,
which are fused together, form the separation t?etwgen
the glomerular capillary endotheliulm and the epithelium
i layer of Bowman capsule. '
o Vlé?)?tr:;lia?l cells of the visceral. Iay_er fuse with the
basement membrane but the fusion is not compleLe.
Each cell is connected with ba§ement membrag.el g
cytoplasmic extensions of epithclial cfells called pe_tlt;‘ :
or feet. These pedicles are arranged in an interdigi aThg
manner leaving small cleft-like spaces in b'e?Niﬁg The
cleft-like space is called slit pore. Epithelial ¢
pedicles are called podocytes (Fig. 49.4).

s
\\\ 0,
h 3 1
&
§ »/’
PV S —
Caplilary as
Blood Fenestra  endolhelium EMey

{ % )

N SRR i
RS ]
<IN ]
- ) |
3 P |
f’ |

|

{ |

- !

// |
|

|

1

]

- ]

]

1/
1
1
I
)
i
|
|
i
I
i
)

H I
Fillrate Slit pore

FIGL‘_RE 49.4; Filtering membrane in
formed by capillary endothelium on one

layer of Bowman capsule (vellow)

Podocyte

renal corpuscle, It is

side (red) and viscera|
on the other side,

B TUBULAR PORTION OF NEPHRON

Tubularportion ofne
capsule.
Itis made up of three parts:
1. Proximal convoluted tuby!z
2. Locp of Henle
3. Distal convoluted tubule.

phron is the continuation of Bowman

8 PROXIMAL CONVOLUTED TUBULE

Proximal convoluted tubyle ; i
A € 1S the cojleq portion arising -
from Bowman capsyle Tt Is situated in th, :

. he cortex. It s
continued as descending limb Leng

of |
Of proximal convarre e Len .,

i85 U. Proximal convol o Hhe diameter
of Henle. uted tubule js continued as Toop

Functional hiswology

d tubule s o
cells is the presence of hai-like. projection g,,these
towards the lumen of the tubule, Because lr;acttsd
presence of these projections, the epilhelial Ceﬁs e
calle.clbrush-bordered cells, e e

M LOOP OF HENLE

Loop of Henle consists of:
i, Descending limb
ii. Hairpin bend
iii. Ascending limb.
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Descending lim
SerEdls: g imt of loop of Henle is made up of /0 Thin ascending segmeni i" the continuation of hais
bend. Itis also lined by fizttened epithelial calis vwithour
—_—— i

a. Thick descending segment sh border.
b. Thin descendi byysh border,

' nding segment. Total length ofithin descending segment, hzi
Thick descending segment bend and thin ascending segment of Henle Icop

: . , ) L 10 mm to 15 mm and the diameter is 15
Thick descending segment is the direct continuation of Thin zscending segment is Dﬂd,;;ad 5 thic
the proximal convoluted tubule. It descends down info  cconding seament e o
medullz. It has a length of 6 mm: and a diameter of 55 p. TR
Thick ascending segmeit

Itis formed by_m;ib.botdered.cubmdaj_ggﬁhal cells.
Thick ascending ségment is about 9 mm long wiih 2

Thin descending segment

Thick descending segment is continued as thin des- diameter of 30 y. Thick ascending segment is lined oy

cending segment (Fig. 49.5). It is formed by flattened cuboidal epitheiial cells_without brush borcer

epithelial cells without brush horder and it is continued The terminal portion of thick 2scenoing segment,

as hairpin bend of the loop. wihich runs between the afferent and efferent zrisricles
of the same nephrons forms the macula densa. lzculz

ii. Hairpin Bend densa is the part of juxtaglomerular apparatus (Chapter
50).

Hairpin bend formed by flattened epithelial cells without Thick.ascending segment il Yo ihE oS
brush border and it is continued as the ascending g limb " ing segment ascencs {o e Coriex
and continues as distal convoluted fubule.

loop of Henle.
iii. Ascending Limb Length and Extent ?f Loop of Henle
-~ sy 4
Length and the extent of the loop of Henle vary in .=~

Ascending limb or segient of Henle loop has two :
parts: different nephrons: 7 .
i. In coriical nephrons it is short and the hairpin bend

a. Thin ascending segment
b. Thick ascending segment. ] penetrates only Up to outer medulla

13 1, o B4 n o "%?
X! 5 o ; 5 ._
A d'[’;-' ff PRl F 4» »'!{

Ascending limb
-.._‘_.-.-‘,-'r. g e
i

’l’ hick. ascencf ing I

' Hairpin bend  §
. P R

¢ ——

Descending limb
|

b }

Thick descending Thin descending -
segment segment : segm_eﬂt_
FIGURE 49.5: Parts of nephron i
. i
f

®
§e
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TRl = STy
f Bowmszn Capsule
| Proximal convoluted tubule.
3 ‘ Thick descending segment
s =, R AN 2 T2 0TS Sy A BRI
i gasceidnalsea Nt AR NBen!
thinascec.ngiSeament SRR

=

Cuboldal

al epilh

Thisk ascending segment

2T G ObBIGARePIN

Distal conveluted fubulg ~ SR

i Coliecting duct

i in juxtsmacullary neghrons, this is long and the
fhzirpin bend extends deep into the inner medulla.
in scme nephrons it even runs up to the papilla.
E DISTAL CONVOLUTED TUBULE
Distz! coavolutad tubule is the continuzlion of thick
es the cortex of kidney.

zscending segment and occupi

It is continued as collecting duct. The length of the distal
. convoluied tubule is 14.5 to 15 mm. Ithas a diameter of
* 221050 p (Table 48.2).

Pt

Functional kistology
Distz! convoluted tubule is lined by single ‘ayer of
cuboidzl epithelial cells without brush border. Epithelial
cell_ in distal convoluted tubule are called intercalated

cells (I cells).

B COLLECTING DUCT

Dista! convoluted tubule continues as the initial or
arched collecting duct, which is in cortex. The lower part

* of the collecting duct lies in meduila. Seventa ten initial
llecting duct,

collecting aucts unite to form the straight co

L —
Wlle.
Length of the collecting duct is 20 to 22 mm and

its diameter varies between 40 and 200 . Collecting

2

Flattened epitheliu n
Q ot 220 CLIDE \:-.—,wl.-.ﬁ
L feupoidalicells)

elium wit

OERGE
uboidal epitheli

PG T

IS

BrishiBore

T e

um without brush border
duct is formed by cuboidal or columnar epithelial
cells.

Functional histology
Collecting duct is formed b
cells:
1. Principal or P cells
2. Intercalated or | cells.
These two types of
significance (Chapters 53 and 54).

y two types of epitheh’al
cells have someé functional

m PASSAGE OF URINE
At the inner zone of medulla, the straight coflecting ducts
from each medullary pyramid unite to form papillary
ducts or ducts of Bellini, which open into a 'V’ shaped
area called papilla. Urine from each medullary pyramid
is coilecled in the papilla. From here it is drained into a
rinor calyx. Three or four minor calyces unite to form
one major calyx. Each kidney has got about 8 minor

calvces and 2 to 3 major calyces.
Fiom minor calyces urine passes through major

calyces, which open into the pelvis of the ureter. Pelvis is

the expanded portion of ureter present in the renal sinus.
From renal pelvis, urine passes through remaining

portion of ureter and reaches urinary bladder.

WAISEEANT. B2 6 A B AR e
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m  MACULA DENSA

n JUXTAGLOMERULAR CELLS
FUNCTIONS

m SECRETION OF HORMONES

m SECRETION OF OTHEk SUBSTANCES

m REGULATION OF GLOMERULAR BLOCD

® EXTRAGLOMERULAR MESANGIALI. CELLS

.

]
4
J

FLOW AND GLOMERULAR FILTRATION RATE

el
;E"’DEFINITION
. .'P"
<" Juxtaglomerular apparatus is a cpecialized organ
situated near the glomerulus of each nephron (juxta =
near).

B STRUCTURE OF
) 7 JUXTAGLOMERULAR APPARAT'S

Juxtaglomerular apparatus is formed by three different

structures (Fig. 50.1):

1. Macula densa

2. Extraglomerular mesangial cells
3. Juxtaglomerular cells.

B MACULA DENSA

., Macula densa is the end portion of thick ascending
" segment pefore it opens into distal convoluted tubule.
"t is situated between afferent and efferent arterioles of

the same nephron. It is very close to afferent arteriole.
Macula densa is formed by tightly packed cuboidal

epithelial cells.

B EXTRAGLOMERULAR MESANGIAL CELLS

Extraglomerular mesangial cells are situated in the
triangular region bound by afferent arteriole, efferent
arteriole and macula densa. These cells are also called
_agranular cells, lacis cells or Goormaghtigh cells.

Glomerular Mesangial Cells

Besides extraglomegular mesangial cells- there is
another type of mesangial cells situated in between
glomerular capillaries called glomerular mesangial or '
intraglomerular mesangial cells.

Glomerular mesangial cells support the glomerular
capillary loops by surfounding the capillaries in the form
of a cellular network.”™ .

These cells play’an important role in regulating
the glomerular filtration by -their contractile property.

——=Thick ascending
segment

Macula densa

i

3

Afferent ___gx= _—- Efferent arteriole

arteriole
———Extraglomerular
mesangial cells

cells
> Capillaries

f——- Glomerular -
mesangial cells

FIGURE 50.1: Juxtaglomerular apparatus
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Glaverntar mesangal ealls aie phagoeytic in nature.
fhese celis algo secrate glomarular ntaratitial matrlx,
erestaglanding ang Cytokines,

! JUNT»\G\_O.\‘.ERUL:\R CGELLS

Ju\:agiomemiar Cells
cRlls situated in the
1 entersthe Bowman

are special
wall of affera
Capsule. Th

ized smoolh muscle
ntarteriole just beforo |y

o : 880 smooth muselo colls
y Sre mostly prosentin tunica medla ang tunica adventitia
s Ofthe wall of the afferent arteriolg,

Juxtaglomerular ceolls are alg

because of the presence of sec
Cytoplasm.

0 called granular colls
retary granules In thelr

Polar Cushion or Polkissen
Juxteglomerylar cells form

Ccushion or polkissen arou
before it enters the Bowman

5 | FUNCTIONS OF

JUXTAGLOMERULAR APPARATUS

Primary function
Secretion of K

blood flow an

a thick cuff called polar

nd the afferent arteriole
capsule,

of Juxtaglomerular apparatus is the

ormones. It also ‘€gulates the glomerular
d glomerular filtration rate.

B SECRETION OF HORMONES

Juxtaglomerular apparatus secretes two hormones:
1. Renin

2. Prostaglandin.

1. Renin

forms the renin

-angiotensin system
System that p|

» Which is a hormone
ays an important rol

e in the maintenance -
of blood pressure (Chapter 103).

Stimulants for renin secretion

Secretion of renin is stimulated by four factors:
i. Fallin arterial blood pressure
il. Reduction in the ECF volume
iii. Increased sympathetic activity

iv. Decreased load of sodium and chloride in
macula densa.

Renin-angiotensin system

When renin is released into the blood, it acts on a
specific plasma protein called angiotensir\?gen or reqln
substrate, It is the a,-globulin. By the activity of renin,
the angiotensinogen is converted into a decapeptide

called angiotenaln | Angiotansin | s CONVarg, i
anglotensin 11, which Is an octapoptide by the acliyiy
of anglotensinconverting enzyme (ACE) S6Crate)
fram lunga, Moat of the aonvaralon of anglotensin | Inte
anglotensin [l takes place In lungs,

“Anglotensin Il has a-short half-life of aboyt 110

minules, Then itls raplcly degraded Into a hoptapopuao
callod anglotensin Il by anglotonsinases,

which are
presont In RBCs and vascular beds In many tissuas,
Anglotensin |1l Is convaerted Into anglotensin IV, which (g

a hoxapoptide (Fig. 50.2),
Actiens of Anglotensins
Anglotensin | -

Angiotensin | Is physioloyically inactive and serves only
as lhe precursor of angiotensin |1,

Angiotensin ||

Angiotensin It is the most active form. Its actions are:
On blood vessels:

i. Angiotensin || increases arterial blood pressure
oy directly acting on the blood vessels and
causing vasoconstriction, It is a potent constrictor
of arterioles, Earlier, when its other actions were
not found it was called hypertensin.

iil. It increases blood pressure indirectly by
Increasing the release of noradrenaline from
post;anglionic Sympatheticfibers. Noradrenaline
is a general vasoconstrictor (Chapter 71).

On adrenal cortax:
It stimulates zona
Secrete aldosterone.

n of sodium, which is also

responsible for efevation of blood pressure.

On kidney:

. Angiotensin |l re
by two ways:

a. It constricts the efferen
causes decrease in filtra
increase (Chapter 52)

b, It contracts the
leading to dec
glomerular ca
above)

ii. It increases sadium rea
tubules. This action is
proximal tubules,

On brain:

Qulates glomerular filtration rate

t areriole, which
tion after an initial

glomerular mesangial cells
rease in surface area of
pillaries and filtration (see

bsorption from renal
more predominant on

i. Angiotensin Il inhibits the baroreceptor reflex
and therebv indirectly increases the blood
pressure. Baroreceptor reflex is responsible for
decreasing the blood pressure (Chapter 103)
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Stimuli for renin secretion Plasma

1. Low blcod pressure
2. Low ECF volume

3. Sympathetic stimulation
4. Low plasma sodium
l —Jk, Renin
N —
R v

. . Angiotensin |

g Juxlaglomerular BIORERS
‘i‘ b apparatus .
A ACE |
Lungs Angiotensin I

Angiotensinases.———————b

Angiolénsin N—

Angiotensin [V

FIGURE 50.2: Renin-angiotensin system. ECF
filiration rate, ADH = Antidiuretic hormone. C

i Itincreases water intake by stimulating the thirst
center
ltincreases ine secretion oforticotropin-releasing

hormone (CRH) from hypothalamus. CRH in
turn increases secretion of adrenocorticotropic

hormone (ACTH) from pituitary
It increases secretion of artidiuretic hormone

(ADH) from hypothalamus.
Other actions:

Angiotensin Il acts as a growth factor in heart and
it is thought to cause muscular hypertrophy and cardiac
enlargement.

.Angiotensin 1
Angiotensin [lI" increases the blood

_ stimulates aldesteron
has 100% adrenocortical st
vasopressor activity of angiotensin Il.

Angiotensin IV
It also has adrenocortical stimulating and vasopressor

activities.

iii.

iv.

pressure and

imulating activity and 40%

T -
e I S ot e e e

Angiotensinogen

= extracellular fluid, A
RH = Corticotropin-releasing hormone,

e secretion from adrenal cortex. It

AR T T

t
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Actions

R ]

CE= Angiotensin-converting enzyme, GFR = Glomerular
ACTH = Adrenocorticotropic hormone.

~ ‘

2. Prostaglandin

Extraglomerular mesangia' cells of juxtaglomerular
apparatus secrete prostaglandin. Prostaglandin is also
secreted by interstitial cells of medulla callea type |
mredullary interstitial cells. Refer Chapter 72 for details.

&

m SECRETION OF OTHER SURSTANCES

1. Extraglomerular mesangial cells of juxtaglomerular
apparatus secrete cytokines like interleukin-2 and

tumor necrosis factor (Chapter 17)
2 Macula densa secretes thromboxane A,

@ REGULATION OF GLOMERULAR BLOOD
FLOW AND GLOMERULAR FILTRATION RATE
b ]

Macula densa of juxtaglomerular apparaws plays
an important role in the feedback mechanism called
tubuloglomerularfeedback mechanism, whichregulates
the renal blood flow and glorﬁierular filtration rate (Refer

Chapter 52 for detalils). .

s

=
L
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\/,llrine Formation

—

| IMTRODUCTION

| GLOMERULAR FILTRATION
- lNTRODUCTlON

FILTRATION FRACTION

FILTRATION COEFFICIENT

UBULAR REABSORF’TION
INTRODUCTION
METHOD oFf COLLECYION 0
SELECTIVE REABSORPTION
MECHANISM OF REABSORFTION
ROUTES oF REABSORPTION
SITE OF REABSORPTION

THRESHOLD SUBSTANCES

Bl DR R BREOErN O n

REABSORPTION OF |
B TUBULAR SECRETION
u INTRODUCTION
B SUBSTANCES SECRETED IN D

V{INTRODUCTION
L@@wmmm% Normally,
about 1,300 mL of bIOOd-LZB%.oﬁcardlac P

the Kidneys. Kidneys excrete the unwanted substances

along with water from the blood as urine, No:mal-uzi.nar_y_
output is 1 L/idayto 1.5 L

Processes of Urine Formation

When blood passes through glomerular capillaries, tha

Plasmais filtered into the Bowman Capsule. This process
IS called glomerular filtration,

METHOD oOF CCLLECTION OF GLOMERULAR FILTRATE
GLOMERULAR FILTRATION RATE (GFR)

PRESSURES DETERMINING FILTRATION

FACTORS REGULATING (AFFECTlNG) GFR

F TUBULAR FLUID

REGULATION OF TUBULAR REABS

TRANSPORT MAXIMUM - Tm VALUE
MPORTANT SUBSTANCES

IFFERENT SEGMENTS OF RENAL TUBULES
B SUMMARY oF URINE FORMATION

. reabsorbed from the tubules

=

ORPTION

tubular reabsorption,

And, some unwanted substances are secreted into

tubule from peritubular blogd vessels. This process
is called tubular Secretion or excretion (Fig. 52.1).

Thus, the urine formation includes three processes:
T —=° "T'® proce:

the
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T A Ao gl

Efferent
arloriole

Afferent
arleriole

Arlerial
"~ blood

| Peritubuiar
capillary

Venous blood

Urine

FIGURE 52.1: Events of urine formation

A Glomerular filtration. = Ww
B

& Tubular.
Among these three processes filtration is_the
function of the glomerulus. "Reabsorption and secretion

are the functions of tubular portion of the 0 n.

MOMERULAR FILTRATION

® INTRODUCTION

Glomerular filtration is the process by which the blood is
filtered while passing through the glomerular‘capillaries
by filtration membrane. It is the first process of urine
formation. The structure of filtration membrane is well

suited for filtration.

Filtration Membrane

Filtration membrane is formed by three layers:
A, G,Iomerularcapilléry membrane '
2. -Basement membrane ‘
‘3 Visceral layer of Bowman capsule.

1, Glomerular capillary membrane .
Glomerular capillary membrane is formed by single
layer of endothelial cells, which are attached to the

basement membrane. The capillary membrane has
many pores called fenestrae or filtration pores with a

diameter of 0.1 .

P v TR o

! - /Uf{raﬁltration

PSP I pre.

BRGSO WA 1 Bt o W

2. Basoment membrane

Basement membrane of glomerular capillaries and
the basement membrare of visceral layer of Bowman
capsule fuse toglether. The fused basement membrane
separate the endothelium of glomerular capillary and
the epithellum of visceral layer of Bowman capsule.

3. Visceral layer of Bowman capsule

med by a single layer of flattened epi-

This layer is for
sement membrane. Each

thellal cells resting on 2 ba
cell is ccnnected with the basement membrane by

cytoplasmic extensions called pedicles of feet. Epithelial
cells with pedicles are called podncytes (Pefer to Fig.
49.4). Pedicles ‘interdigitate leaving small cleft-like
spaces in betwegn. The cleft-like space is called slit
pore or filtration slit. Filtration takes place through

these slit pores. -

focess of Glon'jeru!ar Filtration

When blood passes through glomerular capillaries,
the plasma is filtered into the Bowman capsule. All the
substances of plasma aré filtered except the plasma
proteins. The filtered fluid is called glomerular filtrate.

}

alled ultrafiltration oecause even
the minute particles are filtered. But, the plasma proteins
are not filtered due to their large molecular size. The
protein molecules ‘&re larger than the slit pores present
in the endotheliuni of capillaries. Thus, the glomerular
filtrate contains alkthe substances present in plasma

except the plasma proeins.

Glomerular filtratioh is ¢

A
JETHOD OF COLLECTION OF
GLOMERULAR,FILTRATE

Glomerular filtrate is collected in experimental animals
by micropuncture technique. This teshnique involves
insertion of a micropipette into the Bowman capsulé
and aspiration of filtrate.

GLOMERULAR FILTRATION RATE

Glomerular filtration' rate (GFR) is defined as the total
quantity of filtrate tormed in all the nephrons of both the

kidneys in the given unit of time.
No[mal GFR is 125 mL/minute or about 180 L/day.

E/LTRATION FRACTION

Filtration fractiun is the fraction
plasma, which becomes the filtrate.

(portion) of the renal
It is the ratio
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M A=A

arf nrate.
between renal plasma flow and glomerular flitratlo
Itis expressed in percentage.

GFR

Fivaton raction =

x 100
Renal plasma flow

8
1
Normal filtration

,%:RESSURES DETERMINING FILTRATION

Pressures, which determine the GFR are:
Glomerular capillary pressure ‘
2. Colloidal osmotic pressure in the glomeruli
3. Hydrostatic pressure in the Bowman capsule.

These pressures determine the GFR by either
favoring or Opposing the filtration.

raction varles from 15% to 20%,

1. Glemcrutar Capillary Pressyre

pillary pressure in the
favors glomerular filtration,

2. Colloigaj Os notic Pressyre

It is the
glomerul;. The plasm

the  colloidg
g. it opposes

3. Hydrostatjc Pressure i Bowmar, Capsule

the balance between pressure
favoring filtration ang pressures OPposing filtration, It

is otherwise known ag effective filtration Pressure or
essentia| filtration Pressure,

Net filtration pressure =

Glomerylyy Colloidal Hydrostaljc
capillary osmolic  +- pressure in
pressure pressure Bowman capsule

=00~ (25 4 4 5) =20 Hg,

¥ PR
SRV BRSO AN Y
ROLTRE G A b S

RIEEN \\1‘ bl ”‘;“,‘![\.‘
SR o

Chanteri52:4 Urine:Rormation Wy
g ik G!ha m‘-‘r ‘ | . |

Net filtration pressure is a}t_:lout 20 mm H
varies between 15 and 20 mm Hg.

Starling Hypothesis and Starling Forces

N filtration pressure is basegq on
Detel'rmmhat;a%r:hg;i:eétarling hypothesis §tates lha‘t the
Sl?rf.’]??atign through capillary membrane is Proportiong
ot Id static pressure difference across the Membrane
to hydro cotic pressure difference. Hydrostatic Pressure
wilt'rlwllJ: ot%e glomerular capillaries is the 9|0merular
capillary pressure,

s
All the pressures involved in determination of :

filtration are called Starling forces. .

~B FILTRATION COEFFICIENT

pg}’tratlon coefficient is the GFR in ter

ms of net filtration
pressure. It is the GFR per mm Hg of net fiIFration
pressure. For example, when GFR is 125 mL/min and
net filtration pressure is 20 mm Hg.

125 mL
—_—

20 mm Hg
~8.25 ml/mm Hg

Filtration coefficient =

B FACTORS REGULATING (AFFECTING
1. Renal Blood Flow

) GFR

_ Macula densg
uxtaglome:ular apparatus

imb is Sensitive
tubular fluid.

When the concen
increases in the fj

tration of SO
ltrate

When GFR increas
increasesinthefiltr

dium Chiorige

€s, concen!ration o)

fsodiurn chloride
ate.MacuIadensareleases
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Decrease In GFR |

R s sl

Increase in GFR

e

Increase in NaCl concentration
in renal lubule

Macula densa Tubuloglomerular ;
: .- feedback i

Adenosine
. ,m.,-[.w
Y

Constriction of afferentaarlariole.

o _-:-a-.;..qm-_——r 2 .\-v—nmmr-bm-ww-s#w;’
Y
Decrease in glomerular blood flow —

o s

oglomerular feedback.

FIGURE 52.2: Tubul
R = Glomerular filtration rate.

NaCl = Sodium chloride, GF

from ATP. Adenosine .C2USES constriction of afferent
through glomerulus

arteriole. So the blood flow
decreases leading to decrease in GFR. Adenosine acts
ia adenosine A, receptors.

on afferent arteriole V!
There are several other factors, which increase of
decrease the sensitivity of tubuloglomerular feedback.
Factors increasing the sensitivity of tubuiogio-
merular feedback:
i. Adenosine
ii. Thromboxane
iii. Prostaglandin E,
iv. Hydroxyeicosatetranoic aci
Factors decreasing the sensi
merular feedback:
i Atrial natriuretic peptide
ii. Prostaglandin 1,
" i CyclicAMP(cAMP)
. - iv. Nitrous oxide. :

d. ,
tivity of tubuloglo-

When the concentration of sodium chloride
decreases in the filtrate
When GFR qecreases, concentration of sodium chloride
. decreases in the filtrate, Macula densa secretes

prostaglandin (PGE,), bradykinin and renin.

EGEZ and bradykinin cause dilatation of afferent
arteriole. Renin induces the formation of angiotensin
Il which causes constriction of efferent arteriole. The

ST AT e

ARSI TIATI ) 1 AR

nd constriction of efferent
lomerular blood flow and

dilatalion of afferent arteriole a
arteriole leads to increase ing

GFR.

3, Glcmerular Capillary Pressure

Glomerular filtration rate is directly proportional to
Normal glomerular

glomerular capillary pressure.
capillary pressure is 80 mm Hg. When glomerular
capillary pressure increases, the GFR also increases.

in turn depends upon the renal blood

Capiliary pressure,
flow and arterial plood pressure.

4. culloidal Osngotic Pressure

inversely proportional
which is exerted by
glomerular capillary blood.
ressure is 25 mm Hg. When
increases as in the case of

ma protein level GFR
jc pressuré is low as in

r filtration rate is

Glomerula
pressure,

to colloidal osmbotic
plasma proteins in the

Normal colloidal osmotic p
colloigal osmotic pressure
dehydration or ipcreased plas
decreases. When'colloidai osmot
hypoproteinemia',,GFR increases.

tic Pressure in Bowmarn Cép

this. Normally, it is 15
e increases in

sule

5. Hydrosta
proportional to

ydrostatic pressur
it. decreases GFR. Hydrostatic

le increases in conditions
dema of kidney beneath

GFR is inversely
mm Hg. When .he h
the Bowman capsule,
pressure in Bowman capsu
like obstruction of urethra;and e

renal capsule.

;

6. Constriction of Afferent Arteriole

Constriction of afferent arteriole reduces the blood flow
llaries, which in turn reduces

to the glomerularﬂcapi
GFR.

7. Constriction of Efferent Arteriole
If efferent arteriole is constricted, initially the GFR
f stagnation of blood in the

increases because ©
capillaries. Later when all the substances are - filtered
from this blood, further filtration does not accur. It is

because, the efferent arteriolar constriction prevents
outflow of blood from glomerulus and no fresh blood

enters the glomerulus for filtration.

8. Systemic Arterial Pressure

Renal blood flow and GFR are not affected as long
as the mean arterial blcod pressure is in between 60
and 180 mm Hg due to the autoregulatory mechanism
(Chapter 51). Variation in pressure above 180 mm Hg or
below 60 mm Hg affects the renal blood flow and GFR
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accordingly, Ly

ocause \ha
falln bayond 1),

aulotogulalory moghanlem
18 range,

Y, Sympathotic Stimulation

Afforon| and  affergn
sympatholic nervas, ‘Me
ol Sympathollc
change elthor Inranal blg
Strong Sympathal|e
constriction of the
neurotransmllmr Sub
S more sever,
afferent arter|
filtration but lat
is continued {
of both rena
reduction in

artorlolos arg supplled b
mild or modaralg etimulation
@8 not caugy any signlificant
od flow or GFR.

stimulation causes savare
blood vogsels by releasing tha

oles, §
erildegr
or more {
| blood

Is becausg of
Sympathe

tic neurotransmltter.

10, Surface Aro

GFR js directly
Capillary membr

If the
in the
for filtr

a of Caplllnry Membrang

Proportional tq the surface area of the
ane,

glomery|ar ca

cases of some renal diseases.
ation decreases, So there jg red

1. Permeabllity of C
GFR is dir

area
uclion in GFR,
aplllary Membrang

ectly pro ability

abnor

12, Con!raction of Glomerular Mes

Glomerular mesan
glomernlar Capillari
S€s surface areg
GFR (refer Chapt

angial Cells

ted in between the
these cells decrea-
ting in reduction in

gial cells are situa
es. Contraction of
of capillaries resul
er 51 for details)

13, Hormonay

Many hormon
by affe

and Other Factors

es and oth
cting the blood flo

Factors increaslng GFR

i.
Ii.
Iii,
iv.
v,
Vi,

€r secretory factorg alter GFR
W through glomerulys,

by vasodilatation

Alrial natriuratic peptide
Brain natriuretic peptide
CAMP

Dopamine
Endothelial-derived

nitric oxide
Prostaglandin (

PGE,),

of
presenmce Nere are tyo
h

'm'[
3 /

L I Chapter 624 Urinia F ormation %y

Faelors docronsing GFR by vasoconstriction

i, Anglotensin ||

Il. Endotheling

lll. Noradrénaline

Iv, Platelet-activating iactor

V. Platelet-derlved growth factor
VI, Prostaglandin (PGF,).

TUBULAR REABSORPTION,
B INTRODUGTION

Tubular reabsorption is the process by which water ang
other substarces are transported from renal tubules
back to the blood. When the glomerular filtrate flows

lar portion of nephron, both quantitative
and qualltative changes occur, Large quantity of water
(more than 99%), electrolytes ang other substances
are reabsorbeq by the tubular epithelial cells, The
reabsorbed Substances move into the interstitial flujg
of rena| medulla, And, from here, the Substa

Into the bloog in peritubular capillaries,
Since the Substan

from the glomerular fi|
tubular reabsorption,

METHOD o COLLECTION OF TUBULAR FLUID

methods to collect the tubular fluig for
analysis,

. Micropuncture Technique

A micropipette is inseted into the Bowman Capsule
and different Parts of tubular portion in the nephrons
of eXperimenta| animals, to collect the fluid. The fluig
samples are analyzed ang Compared with €ach other tg

assess the changes in different Parts of nephron.

2. Stop-flow Methoy

regularintervals of 30 se
the fluld from collecti
contain the fluid from g
Henle and proximal co
the samples are analy

conds. The first sa
ng duct. Successive samples
istal convoluted tubule, loops of

nvoluted tubule respectively. All
zed,

mple contains
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sz SELECTIVE REABSORPTION

Tubular reabsorption is k
r inown as selectiv
glective re i
:sgzg:: the.: tubular cells reabsorb only the sigi?arggzn
< . A > 4 =
e clucorsya .gm ::z abqu. Essential substances sucs
e e, cids and vitamin
- s are complet
;i‘;z;f:;Zed ﬁpm renal tubule. Whereas the umfanlilz
b es like metabolic waste products 2re n:)t
reabsorbed and excreted through urine

aﬁCHANISM CF REABSORPTION

Basic transport mechanisms il i
: s involved
reabsorption are of two types: 'm S
1. Active reabsorption
2. Passive reabsorption.

4. Active Reabsorption
s the movement of molecules
mical (uphill) gradient. It needs

Active reabsorption i
ed from ATP.

zgeinst the electroche
liberzation of energy. which is deriv

ces reabsorbed actively

absorbed actively
potassium,
, amino acid

he renal tubule
tes, sulfates,
bic acid, uric

Substan
from f§

phospha
s, ascor

Substances e
are sodium, calcium,
picarbonates, glucose
acid and ketone pbodies.
orption
molecuies

2. pPassive Reabs
dient. This

on is the movement of
hemical (downhill) gra

d enefgy-
vely

Passive reabsorpti
slong the electroc
process doces not neé

ces reabsorbed nass
S reabsorbed passivel

urea

Substan
y are chloride,

Substance
and waler.
SORPTION

\/Iﬂ(OUTES OF REAB
1 Reabsorption of substances from tubular jumen into the
y two routes:

peritubular capillary occurs b

P Trancelluar route
) 2. paracellular route.

el

4. Transcellular Route
ces move through the cell.

of substances from:

to tubular cell thro
(luminal) surface of the cell membrané

b. Tubular cell inio interstitial fluid

c. Interstitial fluid into capillary.

In this route the substan
it includes transport
a. Tubular lumen in

ugh apical

2. Paracelluar Roule

In this route, the su3stances move through h2
intercellular space.
It includes {ransp
i. Tubular fumend
laterai jntercefiular sp2
junction between the celis
Intersmnall flu.d into capillary (F

SITE OF REABSORPTION
of the substances occurs in almost all the s
bular portion of nephron. § ol
tances Reabsor‘bed from proximal \\‘ ;
oluted Tubule ¢

%) 1S reabsorbed 2

g of thé filtrate :
J prush porder Of §
pule increasss \‘

ort of substanchs from
into interstitial ayid present n

ce through the ught

ig. 52.3)-

Reabsorption
segments of tu

4. Subs
conv

about 88

. The

Atout 7/

in proxima| co
epilhelial cells in prox!

ilitates the reabsorplion-

oluted \

4

the surface
Substances reabsorbed fr convoll
amino acl poLassxum.

tubule are glucose, ;
cnates. chlorides,

calcium, bicaro
acid and water.

ds. sodium.

phosphates. urea, uric

absorbed from LooOpP of Henle

ed from loop of Henle are sodium

2. Substances R&
Substances reabs(?rb

- and chleride.
es Reabsorbed from Distal
d Tubule

Sodium, calcium, b‘;carbon
from distal convolul’ed fubule.
o

3. Substanc

convoltte
psorbed

ate and water arerea

F TUBULAR REABSORPT\O N

REGULATION o

/qbular reabsorption is regulated by three factors:

@ Transce\lu\af-
route

FIGURE 52.3: Routes of reabsorption
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:éOZ:L’ru!i\;ubular balance 1. High-threshold substances .
- rmonal factors ) B
. Nervous factors. . Low-threshold substances
. Non-threshold substances,

O Py

w M

1. Glomerulotubular Balance

Glomerul
filtration a%‘:?:':gsgf;igzeoiérli=balance betwean the  High-threshold substances are those substances, which
When GFR increases, the tubul&s and water in kidney, ~ do notappear In urine under normal conditions. he food
water in the proximal Sonvol t‘ld ar load of solules and  substances like glucose, amino acids, acetcacetate
is followed BPiersse el uted tubule is increased. |t lons and vitamins are completely r'eabsorbed from
Water. This process holne | e lfeabsorption of solutes and  renal tubu'es and do not appear in Lrine under normal
solule parbcularn Ipsin the censtant reabsorption of 9ondi.uons. These substances can appear in urine, only
f rly sodium and water from renal tubule. if their concentration in plasma is abnormally high or in
Mechanism of glomerulotubular balanse renal diseases when reabsorption is affected. So, these
I~ substances are called high-threshold substances.

1, High-threshold Substarces

Glcmerulgtubular palance occurs because of osmotic =%
S;esss:];e In the peritubular capillaries. When GFR increa- &+ LoW-threshold Substances

: re ; .
glomemlusarggﬁ:teoﬂgﬁfm; proteins accumulate in the  Low-threshold substances are the substances, which
€55 i Thia Blood . qthe t‘y‘ % osmotic pressure increa-  appear in urine even under normal conditions. The
Sndpertibrl s );" € time it reaches effere_nt arteriole  substances such as urea, uric acid and phosphate are
5 the mectit oy P an_es. _‘l‘he‘elevated osmotic pressure  reabsorbed to a little extend. So, these substances
ks pentu uar_caplllanes Increases reabsorption of  appear in urine even under normal conditions.
scdium and water from the tubule into the capillary blood.
2 i " 3. Non-threshold Substances
Z. Haormoisal Factors
No:’\-threshold substances are those substances,
whloh are not at all reabsorbed and are excreted in
urine irrespective of their plasma level. The metabolic

end products such as creatinine are the non-threshold
substances.

Hormones. which reguiate GFR are listed in Tahle 52.1.

3. Nervous Factor

Activation of sympathetic nervous system increases the

tubular reabsorption (particularly of sodium) from renal _/\ TRANSPORT MAXIMUM — Tm VALUE

tubules. ltalsoincreasesthetubularreabsorptionindirectly ™ . .

by stimulating secretion of renin from juxtaglomerular ~ rubular transport maximum or Tm s the rate at which
cells. Renin causes formation of 2ngiotensin I, which ~the maximum amount of a substance is reabsorbed

. A . from the renal tubule.

increases the sodium reabsorption (Chapter 50). So, for every actively reabsorbed substance, there
- i t which i d.F

B THRESHOLD SUBSTANCES is 2 maximum rate at which it could be reabsorbe or

example, the transport maximum for glucose (ng) is
epending upon the degree of reabsorption, various 375 mg/minute in adult males and about 30C mg/minute
substances are classified into three categories: in adult females.

) q limb

i Aldosterone G gl

|  ngrsases sodium EabERIORRRaun.
Angiotensin Il .-« ot R 8

k . hormon uted tubule and ¢

S

Antidiuretic hormone

- Atrial natriuretic:facte
Brain natriuretic factor

Decreases sodium reabsorp’ion
J—— ; ,..‘n;..:a:.»‘:b'mmm

Rl

- e RS redbsorption oficaldln
! Parathormone "~ Degreases phosphate reabsorpior
| i jum reabsorption R
! Calcitonin _Decreases calciun p

e —
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rhreshold Level in Plasma for8yhst 7
stances

paving Tm Value

renal threshold is the
- UBStance Sppsars inpdii:aEin:c .ntt;alion at which
. su i
il 3 old level, the substance is complt;:l'
i nf does not appear in urine. When thy
ks an 0 thgt substance reaches the thrr:shuld‘3
e e 'mount!s not reabsorbed and, so it appears'
ine. This level is cailed the renal thresh
bt e shold of that
i c’i:lf)r 1t_s-xanjple, the reqal threshold for glucose is 180
g/dL. hgt !s,'glucose is completely reabsorbed from
tubular fluid if its concentration in blood is below 180
mg/dL. So, the glucose does not appea: iii urine. Wh
the blood level of B ALt Is.not
. el of glucose reaches 180 mg/dL it is not
reabsorbed completely; hence it appears in urine.

EABSORPTION OF IMPORTANT SUBSTANCES

Reabsorption of Sodium
of sodium is reabsor-

From the glomerular filtrate, 99%
bed. Two thirds of sodium is reabsorbed in proximal
convoluted tubule and remaining one third'in other seg-
ments (except descending limb) and collecting duct.
Sodium reabsorption occurs in three steps:
1. Transport from lumen of renal tubules into the

tubular epithelial cells
2. Transport from tubular cells into the inters

" 3. Transport from interstitial fluid to the blooc.

fom Lumen of Renal Tubules
Epithelial Cells
f sodium ions from lumen into the

titial fluid

4 Transport
into the Tubular

o
by two ways:

for hydrogenion by
in proxi

Active reabsorption
tubular cells oceurs
i, Inexchange
counterport protein) —
tubules
i Along with other substances iike glucose and
amino acids by symport (sodium co-transport
: protein) = in other segments and cullecting duct.
It is believed that someé amount of sodium diffuses
electrochemicai gradient from lumen Into
tubular cell across the luminar membrane. The electro-
chemical gradient is developed by sodium-potassium
pump (see below).

antiport(sodium
mal convoluted

2, Transport from Tubular Cells into

the Interstitial Fluid
outside the cells by sodium-

pump moves three sodium iuns

Sodium is pumped
potassium pump. This

T sy o
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“in distal convoiuted

from the cell into interstitium and two potassium 1on-

from interstitium into the cell.

Tubular epithelial cells are connected with their
neighboring cells by tight junctions at their apical luminal
edges. But, beyona the light junction, a small space
is left betweed the adjoining cells along their lateral
borders, This space is called lateral intercellular space.
The interstitium extends into this space.

Most of the sodium ions aré pumped into the lateral
intercellular space by sodium-potassium pump. The rest
of the sodium ions are pumped into the interstitium DY
the sodium-potassium pump situated at the basal part

of the cell membrane. ‘
(Tran<port of sodiumoutofthe tubular cell by sodium-
m concentration

potassium pump, decreases the sodium CC !
within the cell. This develops an electrochemlqal g_radlent
between the lumen and tubular cell resulting In diffusion
of sodium into the cell):
rstitial Fluid 10 the Blood

3. Transport from Inte
ions enter the

rstitial  fluid, sodium
aries by concentration gradient.
pule, the sodium re-

In the distal convoluted tu
absorption is stimulated by the hormoné aldosterone
secreted by adrenal cortex.

From the inte
peritubular capill

Reabsorpiion of Water,
d distal

r occurs from proximal &n
¢ in collecting duct.

roxima/ canvoluted

Reabsorption of V\;late
sonvoluted tubuleg an

‘Ster from P

Reabsorption of w
‘water reabsorption

tubule — obligatory
Obligatory raabsorption is the type of water reabsorption
in proximal convoluted tubule, which i¢ secondary
(obligatory) to sodium reabsorption. When sodium

bed from the tubule. the osmotic pressuré
|t caus3s OSMOSIS of water from renal

decreases.
tubule. ‘
or from distal convoluted: tubule

Reabsorption of wal
and collecting duct = facultative water reabsorption
Facultative reabsorption Is the type of water reabsorption
tubule and collecting duct that
occurs by the activity of antidiuretic hormone (ADH). .
Normally, the distal convoluted tubule and the collecting
duct are not permeatgle to water. But in the presencée of
ADH, these segments become permeable to water, SO
it is reabsorbed.
Mechanism of action of ADH — Aquaporins
Antidiuretic hormoné increases water reabsorption
in distal convoluted tubules and collecting ducts by
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deviation is called spla

Amino acids are alsd reab
acids are reab

stimulating the water cf
: . , hannels call :
combines w ; : eda
epir:h;”l:;ls MLV opressinY 2) recepto(r]??rp?r:m 4
g Cm‘?mbrane and activates adaen’,, i
aquaporin yclic AMP. This cyclic AMP activafyc,ase'
Aquapso' yvhlc? Increase the water f“absorpn;: e
rins (AQP) are the ’ .
' i memb
;chlll’g) oftfnct,On as water channels. ThorL?g?he a%rg t?q%
2 hu&;:]ns Zre lden{iﬂed in mammals only & are fl;und
biles As-uaCIU??porm—1 . 2 and 3 are present in renal
is found inqsaliF\)/zrr;-;!s Zres;\em in brain and aquaporin-5
anas, in-
chahnels in renal tubules. quaporin-2 forms the water

Reabsorption of Glucose
n the proximal

Glucose is completely reabsorbed i
convoluted tubule. It is transported by secondary active
tran.sporl '(sodium cotransport) mechanism. Glucoseand
sodium bind to a common carrier protein in the Juminal
membrane of tubular epithelium and enter the cell. The
carrier protein is called sodium-dependant glucose
cotransporter 2 (SGLT2). From tubular cell glucosé Is
her carrier

transported into medullary interstitium by anot
protein called glucose transporter 2 (GLUT2).
Tubular maximum for glucose (Tm 5)

In addlt male, TmL. is 375 mg/minute an
fernales it about 300 mg/minute.

Renal threshoid for glucose

Renal thresholc for glucose is 180 m
blood. When the plood level reaches 180 mg/dL

is not reabsorbed completely and appears in urine.

d in adult

g/dL in venous
glucose

normal GFR of 125 mL/
n adult male the
hould

Splay

Splay me
minute and TmG of 3
predicted (expected)
be 300 mg/dL. But actually it is
When the renal threshold curves aré drawnb
these values, the actual curve deviates from the ‘should
be' or predicted Of ideal curve (Fig. 52.4). This type of
y. Splay is because of the fact
not have the same filtering and

ans deviation. With
75 mg/minute ina
shola for glucose S

that all the nephrons do

- reabsorbing capacities. -

Acids

Reabsorption of Amino
sorbed compl

etely In proximal
sorbed actively

Amino
hanism along

convoluted tubule.
active transport mec

by the secondary
with sodium.

renal thre with sodiym to
only 180 mg/dL.
y uslng) UBULAR SECRETION
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FIGURE 52.4: Splay in rend

Reabsorption of Gicarbonales
Bicarbonate 1S reabsorbed actively, mostly in proximal
It is reabsorbed in the form of

tubule (Chapter 54).
tas sodium picarbonate

carbon dioxide.
Bicarbcnateis mostly presen

te dissociates into sodium

odium

inthefiltrate. Sodium bicarbor:a
and hicarbonate ions in the tubular lumen. S
diffuses into tubular cell in exchange of hydrogen.
Bicarbonate combines with hydragen to form carbonic
acid. Carbonic acid dissociates into carbon dioxide and
¢ anhydrase. Carbon

water in the presence of carboni
dioxide and water enter the tubular cell.
In the tubular cells, carbon dioxide combines with
d. It immediately dissociates
bonate from the

water to form carboniz aci
and bicarbonate. Bicar
There it combines

into hydrogen
tubular cell enters the interstitium.
form scdium bicarbonate (Fig. 54.1).

hich the substances

m blood into renal tubules. Itis also
tion. In addition to reabsorption from
stances are also secreted into
tubular capillaries through the

L] iNTRODUCTlON

Tubular secretion is the process by W

are transported fro
called tubular excreé
renal tubules, some sub
the lumen from the peri
tubular epithelial cells.
Dye phenol red was
secreted in renal tubules
Later many other substances were foundt

the first substance found to be

in experimental conditions.
o be secreted.
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324 Section 5 ¢ Renal Physiology and Skin

Such subslances are:

-~

)

on by the processes of

Thus, urine is formed in nephr ‘
bsorption and tubular

glomerular fi tration, selective rea

1. Para-aminohippuric acid (PAH)
| 2 Diodrast secretion.
3. 5-hydroxyindoleacetic aciu (5-HIAA) MMARY OF URINE FORMATION
T 4. Amino derivatives . A
i 5. Penicillin. Urine formation takes place in three processes (Refer

BSTANCES SECRETED IN DIFFZRENT
SEGMENTS OF RENAL TUBULES

1. Potassiumis 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. Maximun hydrogen ion
secretion occurs in proximal tubule

4, Urea is secreted in loop of Henle.

to Fig. 52.1).

1. Glomerular filtration

Plasma is filtered in glomeruli and the substances r
the renal tubules along with water as filtrate.

each

2. Tubular Reabsorption
The 99% of filtrate is reabsorbed in different segments
of renal tubules.

3. Tubular Secretion
Some substances are transported from blood into the

renal tubule.
With all these changes, the filtrate becomes urine.
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