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The purpose of tubular secreeti

TR

* To dispose of certain substances
that are bound to plasma proteins. .

* To eliminate undesirable substances
or end products that have been
reabsorbed by passive processes.




continued...

* To rid the body of excessive K+

 To control blood pH; when blood pH
approaches the alkaline end of its range,
C12-is reabsorbed instead of HCOA3-,

which is allowed to leave the body in
urine.
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Can you name therﬁ%
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Name two types of subtances that are
not readily filtered by the kidneys .
and must be secreted.
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Certain drugs and metabolite[s
Metabolites include:
H+
K+
NHA4
creatinine

ANSWER '/
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What substances are reabsorbed by
passive processes?
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ANSWER

Urea and Uric Acid




Regulation of Urine Concentrat

and Volume (77/&\1

* Discusses the concentration of urine
and how much is produced. .

* the volume of urine that we excrete
everyday is a reflection of how much
extracellular fluid and sodium our
bodies have to spare
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Regulation of Urine Concentcati
and Volume, cont. %)E\ ‘

* The kidney tubule regulation of the
salt and water in our bodies is the .

most important factor in determining
urine volume
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Regulation of Urine Concentcati
and Volume, cont. (%)E\

* Too much water and salt in our
bodies is dangerous and too little .
water and salt in our bodies is
dangerous. Therefore, the level of
water and salts excreted in urine -
the urine volume - is adjusted to the

needs of the body.
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under optimum conditions, the bodg/
produces urine at a rate of about 1
mil/min.




Regulation of Urine Concentr;
and Volume, cont. (77/&\

The kidneys regulate urine concentration
and volume by countercurrent
mechanisms.

Countercurrent mechanisms establish
and maintain osmotic gradiant throughout
the kidney that allows urine concentration
to vary dramatically.
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Regulation of Urine Concentrat

and Volume, cont. (77/&\ 1? %;

COUNTERCURRENT MECHANISMS ARE:

1) The interaction of 2) The flow of
the flow of blood through
filtration through the ascending
the ascending and descending
and descending portions of the
limbs of the loops vasa recta blood
of Henle vessels.




Cortex

The osmolality of the interstitial
fluid in the renal cortex is
isotonic at 300 mOsm, but the
osmolality of the interstitial fluid
in the renal medulla increases
progressively from 300 mOsm
at the corticomedullary junction
to 1200 mOsm at the medullary-
pelvis junction. One greatly
enlarged nephron and its
collecting duct are depicted to
show their positions relative to
the medullary gradient.
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QUESTION 2?7 %E\ \

Which mechanism does filtrate
flows thru?

Loops of Henle
Vasa Recta
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ANSWER

Loops of Henle




NN

QUESTION?? (7%\ \

Which mechanism does blood flow ‘
thru?

Loop of Henle
Vasa Recta
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ANSWER ff/i\ ?

Vasa Recta




The Countercurrent Multiplier))/

Key:
= i r__"; i —
— A.ntwfs transport ollacting duct \ Osmolality .
——lle = Passive transport /_) Eiiigmmlmal from efferent
s [ ,/—h imCsm) artaricle o Tovein
.-'H. "'-\._.-'-. '\-.'. 3':';] \ "'\-\H.-.-' .l-..
300 100 NN .
i | 1 | | |
- l 100 100 300 300 300
. MNAC| — e [\
Cortex H., O tfm—— MNaG] — l
_____ £ H,0 iﬁanu- df— H,0
400 200 400
HoO | NAC| th— 100 400
NaC T NaC| == m—p NaCl
HE'D"_l AC| th— l HO €—pio0 — 1,0
Cuter Ho0) e MAC| T
medulia 800 400 100 go0 400
H?D I Mal _-"Em — AT
MaC! df— f— g f— HyO e ff— H,0
H,, (0 l
: 500 700 800 =00
Mall _.'EIDD C o L L
HE.D e i | faa  if— HE{J i | Af— I'L:.C'

Inner \\ } 100 \ /

medulla A

1200
{a) Loop of Hanle —

Capyrght @& 2001 Bajamin Cummindgs. an mprint of Addison Wesley Langman, [5G,

{b) Vasa rema;r .



\

—
e

The Countercurrent Multipli%
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1)The descending limb of the loop of Henle is 1
impermeable to solutes but permeable to water

2)The ascending limb is permeable to solutes, but
not to water

 Water going out produces salty filtrate that the
ascending limb uses to raise the osmolality of the

medullary insterstitial fluid. Positive feedback is
established




The Countercurrent Multip
- Loop of Henle

3)Urea recycling
contributes to the
medullary osmotic
gradient
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Moves on

Urea left behind
Henle thin limb
& collecting duct
Not permeable
To urea
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The Countercurrent Excha
- Vasa recta

Maintains osmotic gradiant established by the cyling of salt while
delivering blood to cells in the area.

Because the vessels receive only about 10% of the renal blood supply,
blood flow through the vasa recta is sluggish.

Vasa recta is permeable to water and NaC1

As the blood flows into the medullary depths, it loses water and gains salt
(becomes hypertonic).

As the blood emerges from the medullary area to the cortex, the process
is reversed: it picks up water and looses salt.

The system does not create the medullary gradient but it protects it by
preventing rapid removal of salt from the medullary interstitial space, and
by removing reabsorbed water.




Antidiuretic Hormone (A }
Facts (77/ ) ?

Stimulates excretion of highly concentrated urine enhances ure
transport in the medullary collecting duct.

Enhances urea recyling, enhances the medullary osmotic -
gradient and enables more concentrated urine to be formed

Inhibits diuresis (urine output)

With maximal ADH secretion, up to 99% of the water in the filtrate
is reabsorbed and returned to the blood, and half a liter per day
of highly concentrated urine is excreted.

Release of ADH is enhanced by any event that raises plasma
osmolality above 300 mOsm such as sweating or diarrhea, or
greatly reduced blood volume or blood pressure.




For Your Information |

The ability of our kidneys to produce
concentrated urine is critically tied,

to our ability to survive without
water.
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Formation of Dilute urine an
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concentrated urine ff/ E\a\. 212

In the absence of antidiuretic hormone
(ADH), dilute filtrate produced by the
countercurrent mechanism remains dilute
as it passes through the collecting duct.

The presence of ADH, cencentrated urine
Is excreted. Consequently water rapidly
leaves the filtrate in the collecting duct.




This typically contains:

Uric aacicd 0.6 qf

Bicarbonale ions 1.rx g

Average wurime Creatinine 7

volume per day

for an adult = Polassium ions .z g
1.4 litres

Sodium ions 4.1 g

Chiloride ions &.5 g

rea™

“mitro-menowm:s breakdowsn
pro-duct of protein Mmetab-olism




Chemicals that
Enhance
Urinary output




Renal CI e\
enal Clearance = | ©
T

Refers to the volume of plasma that is cleared of a
particular substance in a given time, usually 1 minute.

Renal clearances are done to detect glomerular damage
and follow the progress of renal disease

The renal clearance is calculated from the following

equation:

RC =UV/P

u = concentration of the substance in urine
v = flow rate of urine formation
p = concentration of the substance in plasma










Definitions:

Filtration

The physiological
process of mechanically
seperating liquid from
undissolved particles by
passing it through a
semi permeable
membrane with pores
small enough to prevent
the passage of the
undissolved particles.

Glomerular: fi{jcr tio

The passive process by
which water and small
molecules are forced®
trhough fenestrations
within the renal
corpuscle and into the
capsular space. The
main driving force is the
glomerular blood
hydrostatic pressure
measured by the
creatinine clearance
test.
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Definitions cont... 2

Glomerular filtrate Net filtration (F/)

e Protein poor fluid e The dynamic
transferred in the equilibrium force
capsular space of which may be

the renal corpuscle measured In the

as a result of capsular space of

glomerular filtration. the renal corpuscle

Consists of water which determines

and small dissolved how much water and

solutes soltutes leave blood
In the glomerulus.




Structures within thes\w/
N\
Bowmans Capsule

Renal Filtration (1)

Efferent arteriole
Pl o fd R <5 - Blood flow

. T,

Blood flow

Afferent arteriole

Glomerulus

Glomerular —%{,
capsule '

Parietal layer of
glomerular capsule

Visceral layer of

Proximal convoluted glomerular capsule

tubule




What i1s GFR?

e The total amount of plasma
filtrate formed by all the
nephrons of the kidneys per

minute

e |t Is used to evaluate the

kidneys ability to remove waste
products from the body.




What is 1t used for?

* GFR Is used to screen for early
signs of kidney damage and, in,
those already diagnosed with
kidney disease (nhephropathy),
signs of further deterioration of
kidney function




How 1t works

Blood enters the kidneys through arteries that
branch inside the kidneys into tiny clusters of
looping blood vessels. Each cluster is called a
glomerulus, which comes from the Greek word
meaning filter. There are approximately 1 million
glomeruli, or filters, in each kidney. The glomerulus
IS attached to the opening of a small fluid-
collecting tube called a tubule. Blood is filtered In
the glomerulus, and extra water and wastes pass
Into the tubule and become urine. Eventually, the
urine drains from the kidneys into the bladder
through larger tubes called wureters



Structure

I — Renal corpuscle Renal corpuscle

‘ / | Glomerulus Bowman's capsule |

Efferent arteriole

- Granular
juxtaglomarular
cells

Macula densa
cells of the
distal tubule

Frosimal
conoutad

lubule - Mesanglial cell

Affarant artariole

Juxlaglomerular
apparatus

Copyrighl @ 2001 Bangamin Cummings, an imprint of Addison Weslay Langman, Ing.




How I1s GFR deternm

The total surface area available
for filtration -

The permeability of the filtration
membrane

The net filtration pressure




Net filtration pressure”

Difference between pressure
forcing fluid into the glomerulag
space and pressures resisting

filtration
Forces In — forces out
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GFR fills the capsular space and- “//

formed by a net filtration press z}

(NFP) of 10mmHg

Copyright £ The McGraw-Hill Companies. inc. Fermission reguired for reproduction or dispiay.

Glomerular Filtration Rate

Hydrostatic
pressure
of blood

Glomerular hydrostatic
pressure promotes
outward flow

(about 60 mm Hg)

Plasma osmotic
pressure opposes
outward flow
(about 32 mm Hg)

Capsular hydrostatic
pressure opposes
outward flow

(about 18 mm Hg)




GFR determination

e Normally total surface area and
permeability do not change in healthy
Individuals, though they can be changed By
Injuries and disease processes,; therefore,
the body normally adjusts GFR by adjusting
net filtration pressure in the kidneys

GFR Is proportional to net filtration
pressure; it iIs measured by a variety of
clinical tests known as renal clearance
studies, of which the creatinine clearance
test is the most popular; a typical GFR In
healthy individuals is 120-125 mL/min
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Factors affecting GER=

e T

Dietary protein Vascular diseases

Intake Congestive hearts
Ketoacidosis failure

Hyperglycemia (high Sodium and water
blood sugar) depletion

Pregnancy (dehydration)
Hemorrhage

Vigorous exercise
Shock




How IS It measured=

e GFR cannot be
directly measurements_
measured. may include:

Instead, itis Cystatin C test
estimated from Serum

the creatinine test
measurements o
Creatinine

of other body I rost
waste products. clearance tes







