27 Urine Formation by the
Kidneys: Il. Tubular
Processing of the Glomerular
Filtrate
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~ OBJECTIVES |
E At the end of this lecture you should be }

able to describe:

@ Absortive Characteristics of different
parts of nephrons

@ Transport Mechanisms operating in
nephrons

@ Tubular Reabsoprtion and Secretion

=D .




Characteristics

URINE COMPOSITION
Yellow or Amber
(varies with concentration and diet)
pH freshly voided urine
= is usually acidic
Eemaren o (around pH 6),
a5 range=4.8 and 7.5
Colour Bright Yellow &
1.001 - 1.035 transparent
(denser than water)
Specific 1.002 to 1.030
Gravity
Volume 1-2L per day
Albumin | 20 pg of albumin per
Derived from Benzoic Acid minute (30 mg in 24
hours)
Glucose None

Ketone Bodies Derived from Triglycerides

Inorga Solutes

Chloride; Sulfate;
Phosphates

Anions

A Filtretion orly B. Filtration, partial
reabsorption

Substance A E"/j | Subetance B .

Y Y
urine unne
C. Filtraticn, complele D. Filtration, secretion
reabsarplion
Substance C | Substance D E/j
4
r
A
Uring Uring

[Urinary Excretion Rate = Filtration Rate — Reabsorption Rate + Secretion Rate]




" Ghecose

% of Filtered

Amount Amount Amount Load
Filtered | Reabsorbed | Excreted | Reabsorbed
Glucose 180 180 0 100
(g/day)
Bicarbonate | 4,320 4,318 2 >99.9
(mEq/day)
Sodium 25,560 25,410 150 99.4
(mEq/day)
Chloride 19,440 19,260 180 99.1
(mEq/day)
Potassium 756 664 92 87.8
(mEq/day)
Urea 46.8 23.4 23.4 50
(g/day)
Creatinine 1.8 0 1.8 0
(g/day)

Changes in Average Concentration of
Different Substances at Different
Points in Tubular System Relative to
Glomerular Filtrate
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CLASSIFICATION OF TRANSPORT
MECHANISMS

SIMPE DIFFUSION

FACILITATED DIFFUSION

BULK FLOW

PRIMARY ACTIVE TRANSPORT
SECONDARY ACTIVE TRANSPORT
PINOCYTOSIS




TRANPORT PATHWAYS

« PARACELLULAR
« TRANSCELLULAR

REABSORTION PATHWAYS

REABSORPTION PATHWAYS
e 5 There are two reabsorption pathways
through the tubular cell barrier:

: Transcellular pathway through the

I Clickthe arrow to
luminal and basalateral membranes

| seean animatian
| ofthe

. tanscellular
B "-,\ ;.J‘sflthway

y Paracellular pathway through
the tight junctions

Perituhular capillary

Tubular cell

Interstitial space

Jn Basolateral membrane

. o Eiltale

= ) tabuler e o )
el lumen L ~\‘ uminal membrane
i e




) FILTRATION
Peritubular Tubular +

capillary cells
Lumen

Paracellular
= < patrh .

« Transcellular
) path
Active
~— (;gﬁzﬁi) Solutes
Ultrafiltration
~4—— Osmosis€——H,0
REABSORPTION EXCRETION

\
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Interstitial Tubular Tulular
Tluid cells lurnen

Co-fransport

e = = = = Glugose -17—-,,I— Glucose

LN
Ma+
@ —70 mV
K- s
DO
e = = = = Aming acids Amino acids

Ma+ MNa+
- —T0mv
K

Counter-transport

Figure 27-3

PROXIMAL CONVOLUTED TUBULE

many mitochondria

brush border multiplies the surface area about 20-fold.
tight junctions

lateral intercellular spaces.

The zimple cubaidal cells of the PCT are called brush border cells because of their
nurmeraus microvilli, which project into the lumen of the tubule

Lumen

Microvilli
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Proximal tubule

a*, CI, HCO4 -, K7,
H,0, glucose, aming acids

Isosmotic

'|,: H*, organic acids, bases
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Creatinine
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Tubular fluid / plasma concentration
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% Total proximal tubule length
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THIN LOOP OF HENLE

« few mitochondria
« flattened with few microvilli

SQUAMOUS CELLS OF THE THIN LOOP OF HENLE

The cells ofthe thin segment of the descending loop of Henle are simple
= Stuamous epithelial cells

&

Lumen

Mitochondrion

Interstitial space —|
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membrane w ¢
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Tight
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THICK ASCENDING LOOP OF HANLE
AND EARLY DCT

Many mitochondria and microvilli, but fewer than in the proximal tubule

CELLS OF THE THICK ASCENDING  The cuboidal epithelia of the thick

LOOP OF HENLE AND EARLY DCT ascending loop of Henle and the
early DCT are similar.

— Interstitial
space

Thin descending
%, loop of Henle

Bttt 5T e =

Thick ascending

i
5% loop of Henle

Na*, CI-, K=,
Ca'™*, HCO,4, Mg**

ypo-
osmotic

Y
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Tubular

Henal
interstitial Tubular lumean
fluid cells (+8 mV)
Paracellular Na~, K*
-‘----------:_:--_------------ Mg++. Cat
LTSI

NN .
K+ H*
- Cr K ol
""" i 2cr
SN KEK' O
b

Loop diuretics

* Furosemide

= Ethacrynic acid
* Bumetanide

Guyton & Hall: Textbook of Medical Physiology 11le - www.studentcy

Henal Tubular
interstitial Tubular lumen
fiuid cells (=10mV)

[

@,
K+ Ma*

€ —mmmma(

Thiazide diuretics:

Mechanism of sodium chloride transport in the early distal tubule




LATE DCT AND CORTICAL COLLECTING
DUCT

CELLS OF THE LATE DCT Cuboidal cells of the late distal convoluted

tubule and the cottical collecting duct are
AND CORTICAL COLLECTING DuCT of twa distinct functional types: principal

cells and intercalated cells.

Microvilli
=
Intercalated ——
cell
— Basolateral
mermbrane
Tight .
junction ——— . “—— Mitachondrion

; Principal — '.
_| cell X
Interstitial
space

Luminal —
mermbrane

lumen

*Mitochondria and microvilli decrease.
Principal Cells (Na Abs and ADH related Water abs)
*Intercalated Cells (Acid Sec and HCOS3 Transport) Ul

Early distal tubule

MNa*, CI-, Ca*, Mg*

Late distal tubule

and collecting tubule
%& Principal

Intercalated "
cells K
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Renal Tubular
interstitial Tubular lumen
fluid cells {-50 mv)

likes

Principal Cell = >
Na*
e
K+ Q

Aldosterone antagonists Na* channel blockers
* Spironolactone * Amiloride
+ Eplerenone + Triamterene
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Renal Tubular
intarstitial Tubular cells lumen
fluid

CI_---O-* [:I— --------h-—]:'—
€= dm==  HCO; +H

| intercalated cell | A ‘ '

H,CO,
Carbonic
anhydrase
2
+
Co, ..::-_-_F_-_-_i:_ Co,
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MEDULLARY COLLECTING DUCT

CELLS OF THE MEDULLARY COLLECTING DucCT

@‘W&‘ The medullary collecting duct is composed mainly of principal cells.
e Mitochondrion

Basalateral
> membrane

——— Tightjunctian

Luminal membrane Interstitial space

Principal cell

Key feature: hotmonally regulated permeability to water and urea

Click the forward artow to see photamicrographs.

Medullary
collecting duct

Bt 5iEl e s

| Qs

Guyton & Hall: Textbook of Medical Physiology 11e - www, studenty
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PCT PARACELLULAR PATHWAY

Lateral -
intercellular.
Space

4593

Tubular lumen

1,
b

09 i

4

_| * Obligatory 80 %

| *Hormonally Regulated 20 %

The tight junctions of the PCT are nat
as tight as their name implies.

Inthe PCT, water diffuses through the
tight junction down its concentration
gradient.

Sodium, chloride, and potassium may
also follow in & process called solvent
drag.

Tight junction

‘o 4 Clickthe enlarged
8 tight junction to see

this activity.

lon key
@izt @K

g Chioride tl
T

REABSORPTION OF WATER IN
DIFFERENT SEGMENTS OF TUBULES

PART OF NEPHRON

PERCENTAGE
REABSORBED

Proximal tubules

65

Loop of Henle

15

Distal tubules

10

Collecting ducts

9.3

Passing into urine

0.7
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REABSORPTION OF WATER IN
DIFFERENT SEGMENTS OF TUBULES

PART OF NEPHRON AMOUNT
REABSORBED
Glomerular Filtrate 125
Flowing into the loops of Henle 45
Flowing into the distal tubules 25
Flowing into the collecting tubules 12
Flowing into the urine 1

GLUCOSE REABSORPTION

Tmax
375 mg/min

Filtered Load
125 mg/min
(GFRxPlasmaGilu)

Renal Threshold
200mg/dl

Glucose filtered load, reabsorption

or excretion (mg/min)

800+

700+

500

500+

400+

300+

200

1004

u]

*FBG=60-110 mg/dl

*RBG=110-200 mg/dI|
Filtered
load
Excr?n/
I
Transport
maximum Reabsorption
Normal

Threshold

Q

T 1 T T T T T 1
100 200 300 400 500 600 700 800
Plasma glucose concentration
(mg/100 mi)
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GLUCOSE REABSORPTION

Glucose reabsorbed (Tg)

Plasma glucose (Pg)

AMINO ACIDS REABSORPTION IN NEPHRON

Lumen Epithelial Cells Pel'ltlfblllal‘
Capillary
Early PCT
N
ATP
.......... [ T
[Sodium] — - BI_JOOD
@ .................. > ’ Facilitated Diffusion \
@ ....................... >
Prot ’ Pinocytosis \
* >
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TUBULAR TRANSPORT
MAXIMUM

» The Maximum limit/rate at which a
solute can be transported across the

tubular cells of kidneys is called
TUBULAR TRANSPORT MAXIMUM

Tm for Glucose is 375 mg/min

TUBULAR TRANSPORT MAXIMUM
FOR DIFFERENT SUBSTANCES

SUBSTANCE Tm
Glucose 375 mg/min
Phosphate 0.1 mM/min
Sulfate 0.06 mM/min
Amino Acids 1.5 mM/min
Urate 15 mg/min
Plasma Protein 30 mg/min
Hemoglobin 1 mg/min
Lactate 75 mg/min
Acetoacetate variable
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Transport Maximums for Substances
That Are Actively Secreted

Substance Transport Maximum
Creatinine 16 mg/min
Para-aminohippuric acid 80 mg/min

gradient-time transport

* (1) the electrochemical gradient for
 diffusion of the substance across the

membrane,

* (2) the permeability of the membrane for

the substance,

» and (3) the time that the fluid containing
the substance remains within the tubule.
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SODIUM HANDLING

APICAL

SITE TRANSPORTER FUNCTION
Proximal Tubule *Na/Gluc CT *Na & Gluc Uptake
*Na/Pi CT *Na & Pi Uptake
*Na/Amino Acid *Na & AA Uptake
*Na/Lactate *Na & Lactate Uptake

*Na/H Exchanger
*Cl/Base Exchanger

*Na Uptake and H Extrusion
*Cl Uptake

Thick Ascending Limb *Na,2Cl,,KCT *Na, 2 Cl,, K Uptake
*Na/H Exchanger *Na Uptake and H Extrusion
*K Channels *K Extrusion

EarlyDCT NaCl CT Na & ClI Uptake

Late DCTCollecting Duct

Na Channel (ENaC)

Na Uptake

MNa* reabsorption

| |

Bttt 5T e =

H.O reabsorption

|

|

Lumen el cE Luminal
+ fepis o;:r;e:trat'on + pes
potential . concentration
Fassive Cl- Fassive urea
reabsorption reabsorption

Active reabsorption of sodium coupled to the passive
reabsorption of chloride




HYDROGEN

*Secreted in
Proximal Tubule

Na-H COUNTER
TRANSPORT
Luminal Membrane

Na* Na®
G o SOT
K* H*

PCT & LOH

and Thick
ascending LOH T ——
by Counter Fena e Tututer
Transport WIth lntizgnal Tubular cells lumen
Na
* Secreted in DCT Ty oe T >
by H ATP ase <=l L T
y \ o
HzcosCarbonic
HED anhydrase
co, T co,
Renal Tubular
intarstitial Tubular cells lurnen
fluid
CI_---O-* --------FE'—
-tf = —s=m==  HCO, +H* H'
H,CO,
’ intercalated cell ‘ Carbonic
anhydrase

iyvton & Hall: Texthook of Medical Physiology 11e - www.stude
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Effect Of Aldosterone On Cortical Collecting Duct

f Henin
[from kidneys

- I o
Ang bia-nsi'rng,_ar(ﬁngh}tansin 1

A7 Angiotensin convarting anzyme

'r‘Ang'rn-lEnsin IT;
, — Adrenal cortax
Increasad K+ ions —---A .

* Incraasasd aldosterons sacration

D PidBetan
g staroms
Ma, K-ATPasa
- Mz + ™ '
------------------------
Basal J P
mambrana e,
N C o» Synthesis of K
Aldastararns “J - ) +|:ran5pc|rt prUI:EIr‘I‘_- Ma Channal
recaptor —— =] | I_i] pu LK Channal

Apicel
mambrane

0 | i

] Na Channel (ENaC) |

Lurnen of naphiran

UREA

Plasma concentration is 2.5-7.5
mmol/L

50 % is reabsorbed in PCT passively
with water

It is the only waste to be reabsorbed

Creatinine and Phenol are not
reabsorbed.
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POTASSIUM

It is both reabasorbed and secreted
* 67% of filtered load is reabsorbed by PCT
— solvent drag

» secreted by Thick Asc LOH, early distal tubule /
collecting duct

— correlated with dietary intake

» 80% of filtered load appears in urine if dietary
content high

* 1% if dietary content low

PERITUBULAR CAPILLARY AND RENAL INTERSTITIAL
FLUID PHYSICAL FORCES

Paritubular Interstitial Tubular Tubular
capillary fluid cells lurnen

TR N —

-— Py
& mm Hg

== T
" 15 mm Hg

Bulk
flow H,0 <€-=-= ~&==r=-H,0

Met reabsorption

pressure
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TUBULAR SECRETION

» Tubular Secretion may be by Passive or

Active Mechanisms
 The most important secretory

processes
lons

are for H, K and Organic

HYDROGEN

» Secreted in Proximal Tubule by
Counter Transport with Na

* In DCT and CT it is secreted by
Hydrogen ATP ase

« When body fluids are more acidic H
secretory process is accelerated and

Vice Versa




PROXIMAL CONVOLUTED TUBULE

B5%
am. .| * many mitochondria
< » brush border

+ tight junctions

+ lateral intercellular spaces.

a*, CI", HCO,, K7,
H.,0, glucasa, amino acids

Isoemotic

&, organic acids, bases

. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentc

PCT
@ —

@ __g Iso osmotic 65% %>
()

Org acids
& bases EE)UNSE
*bile salts 9
+,0xalate *toxins
’ *PAH
surate
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Creatinine

0.054

Tubular fluid / plasma concentration

0.01

T T T T 1
o 20 40 80 80 100
% Total proximal tubule length
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THIN DESCENDING SEGMENT
« few mitochondria OF LOOP OF HENLE

« flattened with few microvilli

SQUAMOUS CELLS OF THE THIN LOOP OF HENLE
The cells ofthe thin segment of the descending loop of Henle are simple
=, SUMAMOUS epithelial cells

&

Lumen

Mitochondrion

Interstitial space —|

Luminal
membrane




THICK ASCENDING LOOP OF HENLE
AND EARLY DCT

Many mitochondria and microvilli, but fewer than in the proximal tubule

Fenal Tubular
interstitial Tubular lumen
fluid cells (+8 mv)
B Paracellular ./ MNa’. K
= e i Lot s s o e b ot
diffusion -~
p \
D,
K-r
Na*
~§-—==—-0r 2CI
K-
_,‘_ - e e N g
\\' — J
a4
Loop diuretics
* Furosemide
= Ethacrynic acid
* Bumetanide




Renal Tubular
interstitial Tubular lumen
fluid cells (=10mV)
| EARLY DISTAL TUBULE |
O
cl-
BT -
Thiazide diuretics:

Mechanism of sodium chloride transport in the early distal tubule

LATE DCT AND CORTICAL
COLLECTING DUCT

Principal Cells (Na Abs and ADH related Water abs)
*Intercalated Cells (Acid Sec and HCO3 Transport)
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Renal Tubular
interstitial Tubular lumen
fluid cells {-50 mv)

likes

Principal Cell = >
Na*
e
K+ Q

Aldosterone antagonists Na* channel blockers
* Spironolactone * Amiloride
+ Eplerenone + Triamterene
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Renal Tubular
intarstitial Tubular cells lumen
fluid

CI_---O-* [:I— --------h-—]:'—
€= dm==  HCO; +H

b @

H,CO,
Carbonic
anhydrase
2
+
Co, ..::-_-_F_-_-_i:_ Co,

intercalated cell ’
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i

MEDULLARY COLLECTING DUCT

' High Osmolality |

Osmoreceptors |

' Low ECF Volume |

|Pressure R \




