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(i) Parts of a nephron

Bowman's
capsule

Proximal tubule Distal tubule
— fa

Ascending

Descending |
limb of loop "mt,;:LLMP :
begins
Collecting
duct
Descending —— =— Ascending

U H;“' \1(

To bladder

T T T T T P ——




Collecting Ducts (CD)

e Each 8 DCTs unite together forming cortical CD that pass to
medulla to form medullary CD that unite together forming
minor calyces, then major calyces, then renal pelvis and finally

the ureter. It is lined by:

Intercalated cells (I-cells)

Principal cells (P-cells)
Predominate with few organells

Less in number with more
mitochondria, microvilli &
cytoplasmic vesicles.

Na* reabsorption (controlled by
Aldosterone)

Water reabsorption (controlled
by ADH)

Involved in H* secretion & HCO;
transport (also, found in DCT).




There are 2 types of the nephrons:

|1S. Cortical Nephrons Juxtamedullary Nephrons

-|No. (70-80% ) (20-30%)

|1 Found m cortex Found at the function of

renal cortexand medulla.

(2 Have relatively short|Have longer loop of Henle

! loop of Henle and Vasa recta.

|3 Under normal water In case ot deficient water

! conditions, this nephron |supply. mcreased water
deals with the control of |retention occurs through
blood volume. this nephron




Cortex

Efferant
arteriola

Afferant
arteriola

Outer zone

Interdabar
artary
wain

Medulla

Inner zone




Cortical nephrons

{g) Each nephron has two arterioles and two
sels of capillaries associated with it.

Glomerulus
(capillaries)

Copyright & 2007 Peasson Education, inc., publishing a3 Banjamin Cummings.

(h) Juxtamedullary nephron
with vasa recta

Peritubular
capillaries

Glomerulus —+% ¢/

Collecting
i duct

Cogyright © 2007 Pearson Educatian, Inc., publishing &8 Banjamin Cummings.
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The two types of nephrons and their features

f Feature Justamedullary nephron Cortcal nephron

Percentage 1% 8%
Renal capsule situation Tner cortex 15 near medulla Outer cortex 15 near pertphery
Tubule blood supply Vasa recta Peritubular capilares
— Concentrates urine (mamly), and -
also forms rme
Long short
Loop of Heale Hatrpin bend penetrates up to the ttpy Hatrpin bend penetrates only to outer

of papilla z0n of medulla
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Juxtaglomerular Apparatus (JGA)

The JGA (or complex) is a structure in the kidney and regulates the function of
each nephron. The JGA is named because it is next to (juxta) the glomerulus
The JGA consists of three types of cells: 1- macula densa, a part of the distal
convoluted tubule of the same nephron. 2- juxtaglomerular cells (also known as
granular cells) which secrete renin (R). 3- extraglomerular mesangial cells
Clinical significance

Excess secretfion of Rby the
JGA cells can lead to HT and . |
an increase in blood volume. ; i
One cause of this can be in-

Renal corpuscle

I Bowman's

Afferent arterole

creased R production due fo AR N\ S . ¥

) \* A g % VN, o i : i Capllary Jf
narrowing of the RA, or a tu- | '
mour of JGA cells. These will

.-‘/

lead to secondary hyperaldos- U —— i &

teronism, which will cause HT,Granular cels &/ Y/ /|. v/ v '
. Mesangum-Extra- _ ' “ WP I_'_' i ‘*.\'-. 4 Parietal
high blood Na, low blood K,  gemeniarcel A [ omeruis ¥5 / Olaye

Juxtaglomerular \ sl copilary
Efferent R .y

arteriole

S Y [| 5
docyte {Visceral
([ YPedicels | layen

and metabolic alkalosis apparatus

i 0
I'h:\‘:?:g?lgm;nrular cell Besament o
membrane capsule







——Sympathetic
\ nerve fiber

Podocytes

Mesangial cells
Granular
cells

Afferent arteriole

Smooth muscle
cells

Macula densa

Nephron
loop

FIGURE 23132 The Juxtaglomerular Apparatus.




Podocytes

Parietal Ia}fer of
Efferent : Bowman’s capsule

arteriole /

-

Brush border
(ITIICFDVI"I)

Macula densa Proxlmal
of distal tubule convoluted
~ tubule
Juxtaglomerular ce
Vascular Bowman's Urina
Afferent 0

) pole capsule pole
arteriole




Juxtaglomerular apparatus

Tubule
Capsule
Granular renin
producing cells
Afferent arteriole (=3 -\ Efferent arteriole
= Macula densacells =
{'.’-’f“’h‘"-'*"'--h_ el \ 4
NN .
: Distal tubule
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Proximal
tubile

'
J\ %ﬂi%h tubule increases.

Distal tubule  Efferent arteriole Bowman's capsule - Glomerulus
ﬁmmmm

Tubuloglomerular feedback
helps GFR autoregulation.

%Iw past macula densa increases.

arteriole \ A — j
o) / =
,k Paracrine ditfuses from macula
' densa to afferent arleriole.

) ATP

| ‘ {hﬂmnl arteriole constricts.
\ [

:

Resigtance in afferent
arleriole increases.

Collecting R
duct

, Hydrostatic pressure
\ / in glomerulus decreases.
of Y
Henle B

{# \—/ _EFH decreases.

Copyright D 2007 Pearson Education, inc.. publishing as Benjamin Cummings.
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Abdominal aorta

Renal artery

|

Segmental arteries

\/

lobar arteries

|

Interlobar arteries

|

Arcuate arteries

Interlobular
arteries

|

afferent glomerular
arterioles

Blood Supply

Interlobular vein

Arcuate vein

Arcuate artery

Renal column
Interlobar vein
Major calyx Interiobar artery
Lobar artery

Segmental artery

Renal
cortex ol

| LRenal artery
Minor calyx —Renal vein

Renal pelvis

MEd ,'Ilar*,-—- MEICIF ':3!':,1'3.
renel) —Ureter
pyramid

Renal capsule

Interlobular artery

Inferior vena
cava

Renal vein

i

Interlobar veins

ArcuaTe veins

4

Interlobular
veins




Anterior superior

I |, Superior
segmental artery ¢ ;, segmental artery
o Y Inferior
it suprarenal

artery

seomental P
D= Rendl

artery

artery
Arcuate
arteries Inferior
segmental
artery
Interlobar (R I Ureteric branch
arteries of the renal artery
FADAM

Aorta Inferlor vena cava

, T

Renal artery Renal vein
A
Y
Segmental artery Interlobar vein
)
Y
Iinterlobar artery g Arcuale vein
A
Y
Arcuate artery —> Cortical radiate vein
A
! i A
|
| Peritubular caplliaries |
Cortical radiate artery | me e l
|
} Y |
: Afterent arteriole Efferent arteriole |
| A |
| |
I |
| |
| |

Nephron-associated blood vessels
(s@a Figura 25.7)

{b) Path of blood flow through renal blood vessels




Arterial System

Renal Artery

Segmental
Artery

i

Interlobar
Artery

l

Arcuate
Artery

Glomerulus <— Interlobular
Arters

L —l———j———




Glomerular Blood Flow

Afferent Efferent
Interlobular arteriole arteriole
Artery
Glomerular
capillaries

Bowman's
capsule

Peritubular
capillaries

Renal
vein




There are 2 capillary bed

to-each nephron:
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Renal Plasma Flow (RPF)

* Use para-aminohippuric acid (PAH) to estimate RPF
* PAH is filtered and secreted

* 1009% of PAH that enters kidney leaves blood in urine
* Clearance PAH (1/min) = Plasma to kidney (1/min)

®
OH
Cpan = Upay *V = RPF /@AHW
Ppan 2R PAT]

*PAH clearance underestimates RPF by 10%

Not all renal plasma/blood to glomeruli
BoardsaBeyond

MMMMMMM



Plasma versus Blood

* Blood = Plasma + cells/proteins
* Renal Blood Flow > Renal Plasma Flow
* Separate calculations RBF vs. RPF >

Plasma
(55% of total blood)

-—

Buffy Coat
laukacytes & platelats
i(=1% of lolal bload)

Erythrocytes
(45% of total blood)

Image courtesy of KnuteKnudsen
L} Boards&Beyond .



Renal Blood Flow (RBF)

* RBF determined from RPF
* Blood = Plasma + Cells/Proteins
* Cells/Proteins (%) = Hct (%)

RPF = RBF (1-Hct)

RBF = 10cc/min
40% of cells (Hct)
60% RBF is plasma
RPF =10 (1-0.4) =10 (0.6)
= 6¢Cc/min

MMMMMMM

< D

Plasma
(55% of total blood)

Buffy Coat
leukocytes & platelets
(<1% of total bload)

Erythrocytes
(45% of total blood)

Image courtesy of KnuteKnudsen .



Renal Blood Flow (RBF)

* RBF determined from RPF < >
* Blood = Plasma + Cells/Proteins
* Cells/Proteins (%) = Hct (%)

RPF = RBF (1-Hct)

RBF = RPF
1- Hct

Plasma
(55% of total blood)

Buffy Coat
leukocytes & platelets
(<1% of total bload)

Erythrocytes
(45% of total blood)

Image courtesy of KnuteKnudsen
BoardsaBeyond .



Renal Blood Flow (RBF)

* RPF =1 liter/min
* Hct=40%

RBF = 1 = 1 = 1.61/min

1- Hct 0.6

MMMMMMMM



Renal Function Measurements

GFR
Fluid across Glomerulus
Inulin/Creatinine
RPF
Fluid into Glomerulus
PAH
J Urine Flow
Fluid out of kidney

MMMMMMMM
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Tubuloglomerular-teedback
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Renal Function Measurements

e
-

RPF
Fluid into Glomerulus

RPF = 5L/min
GFR = 2L/min
Filtration Fraction=2/5=40%

MMMMMMMM

|

GFR
Fluid across Glomerulus

Urine Flow
Fluid out of kidney
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Determining GFR NS

. . Ko b o
¢ Inulin clearance used to determine GFR ”“’ansa_.z%.azuwo_,z{--fDHE}T
+ Inulin neither secreted or resorbed oo

* All inulin filtered goes out

* Amount blood “cleared” of inulin is amount of blood
filtered by glomerulus

* Clearance of inulin (liters/min) = GFR

Cinulin - Uinulin *V. = GFR

P

inulin

MMMMMMM
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Creatinine

* Breakdown product muscle metabolism
* Closest naturally occurring substance to inulin

Inulin = All filtered goes out, no secretion/resorption

Creatinine = All filtered goes out, small amount secretion

* Using Cr instead of inulin:
Secreted Cr will be counted as filtered
This will slightly overestimate GFR

BoardsaBeyond

STUDY SMARTER



Creatinine C, = U *V

* Special formulas to convert Cr to GFR
Cockcroft-Gault formula
Modification of Diet in Renal Disease (MDRD) formula

Use age, gender, Cr level to estimate GFR

Cockcroft-Gault
CrCl = (140-age) * (Wtin kg) * (0.85 if female) / (72 * Cr)

UL} Boards&Beyond

STUDY SMARTER



P../GFR Relationship

Amount of Cr out in urine
Equal to amount produced

)
\
C.. = U, *V = GFR
PCr

MMMMMMMM



Creatinine Clearance

C., = Constant= GFR
PCr

Double [Cr] (1.0 to 2.0) = Half the GFR

MMMMMMMM



Creatinine

Cr

GFR

MMMMMMMM



Creatinine

* Worsening renal function = high blood Cr level

* Some sample values:
Normal kidney function =2 Cr = 0.8 mg/dl
Chronic kidney disease = Cr = 2.0 mg/dl
End stage renal disease (dialysis) 2 Cr = 4.0mg/dl

UL} Boards&Beyond

STUDY SMARTER



Creatinine

* GFR declines with age
» Notalways accompanied by rise in Cr
» Use of formulas is key

» Must adjust some medication dosages

’

* public Dom

Cockcroft-Gault
CrCl = (140-age) * (Wtin kg) * (0.85 if female) / (72 * Cr)
L} BoardsaBeyond

STLDY SMERTER
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‘essure

9

tfiteri

Hydrostatic pressure in Bowman's capsule =18

2-0smotic pressureof plasma protein-in

glomerulan capillary = 82 mmH

borces opposing filtration
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Hg

+10-mA

(PIGC{PBSH

2LA)
i

(3
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(60-
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Net-filtration-pressurer=




Wi 3 ge | 1Y

_J.?_?.‘E_..;.. NFP

Capillary blood pressure (BP) 60 mmHg out
Colloid osmotic pressure (COP) - 32 mmHg in
Capsular pressure (CP) - 18 mmHg in
Net filtration pressure (NFP) 10 mmHa out




Afferent Efferent

arteriole Glomerular  Glomerular arteriole
hydrostatic colloid osmotic

pressure pressure
(60 mm Hg) (32 mm Hg)

t

Bowman's
capsule
pressure
(18 mm Hg)

Glomerular Bowman's Glomerular

pressure _  hydrostatic capsule oncotic

5 O A O 1 |?r i O O ol s T T I

Net filtration
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