Physiology week 15 — Renal (GFR/Na/K) VIVAs

TOPIC: Functional anatonyy of the nephren NUMBEER:
OPENING | Deseribe the cell types i the gomerulus | PROMPTS COMMENTS
QUESTION and thair imetinng 7 _
"Rgfgim | Capllary endothelial cells — Afferent | What types of | =ed fenestated
Q artertole become: 3 tuft of capillanes | cells s betwasn ‘:313“-_[3-"."
mvaginated mto  Bowman's  capsule | blood and  the | TRISRIENA.
Endethelmn  fenestrated wath 7090 nm | capallary amd
potes. Separated from capsule epithelivm by | filirats m
baszal lamma. Bowman's
capzula?
What are thew
functionsT?
2 Eprtheliz] calls of Bowmman's capsula: Need podocvies
{a) Pedocvies possess pseudopedia that :jeﬂ:da]:u:-m
mrerdigitate to form 25 nm wide £ ol
filtration  slits  over  capallary fﬁ t = L
endothelivm. Each =l is elossd by At 3.
a thm membrane.
(b) Mesangzial cells are stellate and he
betwaen capillary endothelum and
basal lamima. Involred m regulation
of filtration, sscretion of wvarous
substance:  and  absorption  of
mnnmne conplexes.
SE.EE':S}?I}D\ What properiies of substances m the blood Need both
Q : pravent fiee passage across the glomemilar
membrane?
FOINTS 17 - dizmeter = 8
REQUIRED | - &% i
2 Lack of neutrality (charged)




TOPIC: Functional anatomy of the nephron NUMEBER:

OPENING | Describe the cell types in the glomerulus | PROMPTS COMMENTS
QUESTION | and their fimetions 7 [3 types altogether]
igr‘;_“ 1 Capillary endothelial cells — Afferent | What types of | eed fenestrated
QUIRED | orieriole becomes a mft of capillanies | cells Lie between capillary
invaginated  into Bowmam's capsule. [ blood and the | membrane.
Endothelium  fenestrated with 70-20 nm | capillary  and
pores ie ‘leaky’ to facilitate filtration. | filtrate m
Separated from capsule epithelmm by basal | Bowman's
lamina. capsule?
What are themr
finctions?
2 Epithelial cells of Bowmsan's capsule: Need podocytes
- ) eme o with
(a) Podocytes posse s psead_opodm that peudopodia
mterdigitate to form 25 nm wide Formi
p——— . - orming
filration  slits rer  capillary Filiration slits
endothelium. Each sht is closed by e
a thin membrane.
() Mesangial cells are stellate and lie
between capillary endotheliim and
basal lamina. Invelved in:
+ regulation of filtration
+  secretion of various substances
+ absorption of mumune complexes
SE.E]:Z(;}H—DO\' What properties of substances m the blood Need both
Q N prevent free passage across the glomemlar
membrane?
TOINTS -
REQU 1 Larger dhameter = & nm

2 Lack of neutrality (charged)

TOPIC: Glomerular filtration rate

DP_END«'G What 1s a normal Glomerular Filtration Rate
QUESTION in himans?

PROMPTS

COMDMENTS

PDD"—F,[S 1. 125 ml/min 1
REQUIRED
SECOND | what factors would cause a decrease in 3/5 to pass
QUESTION | zpo
(if needed) '
POINTS 1. Hydrostatic pressure 1
REQUIRED

2. Renal blood flow 2

Capillary permeability 3

Rl el

Plasma protein osmotic pressure

h

Size of capillary beds

_h
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TOPIC: Potazsnum handling by the kidney NUMEER:

OFENING | (yhat bappevs to potassium as @ passes | PROMPTS
QUESTION thrmish = nephron ™

POINTS N —
REQUIRED 1 Freely filtered 1 Beabs/secret™

1 §7% reabsorbed prox tub (with Ia + HﬁD.': 2

3 20% reabsorbed asc lnnb (with IWa and CT)

[*¥)

4 Dzt muly reabs or secretes (HEUATPase) 4

Ln

5 Feabs in alpha mtercalated cells

6 Seceton by principal cells &

T Driet, zldosterone A/B hunen ions dhretics

g

E}':L%g;?ﬂ\ How does potassinm handling by the kidney

(If pesded) chapge in response to changes in pH?
EELIISRID 1 H and K are exchanged 1

(35

1 Actdosis dec K excration

[T

3 H miakes K move info cire, less for excret”

4 Alkalosis increases K excretion 4
5 5
] ]
éIT:]EIf_]E?[IDN How does aldosterons increase K sscrenon?
(1f meaded)
ESLTISRID 1 Incrassed Ma enmy inte cells 1 Effect on I¥a?

(3%

2 Inc puamping out of 2z by Wa-K pump

[FX)

3 Inc K uptake into principal cells

4 Tnc K conc inc sscretion driving force 4

3 Also inc lnminal memmbrans K channels

L

] ]

et wlieallind

Renal regnlation of How is the secretion of renin regulated?
sodiom balance,

Describe the juxtaglomerular apparatus

Stimulatory: Increased sympathetic nervous activity ;
Increased circulating catecholamines; Prostaglandins
Imhibitory: Increased Na' and CI" reabsorption across
the macula densa; Increased afferent arteriolar pressure;
Angiorensin I, Vasopressin.

Three of the above with one from each.

Afferent and efferent arterioles and tubule touch at one
point..
Macula densa and juxtaglomerular cells.

TESISEINCTT HI UL T W [0, GV LI WAL [FLiO08 ¥ o L
Factors affecting What factors affect filtration across the | » Permeability and area of the glomerular
GFR glomerular capillary bed? capillary bed.
e Hydrostatic pressures in the capillary and the
tubule.

How can GFR be measured?

» Oncotic pressure in the plasma and the filtrate.

Uy " /Py or concepts.

[ T4 Loop of Deescribe the structure of the Thin descending, thin ascending, thick ascending limbs. Cortical nephrons with short loops (85%) & justamedullary
Henle — Loop of Henle nephrons with Jong loops into medullary pyramids (15%).
structure and
function Describe the function of the Counter eurrent multiplier: maintains gradient of osmolality; requires vasa recta as countercurrent exchangers
Loop of Henle Thin descending: high permeability to water; it moves out of tubule into interstitivm

Thin ascending: high permeability to NaCl; it moves out of tubule into interstititm
Thick ascending: active transport Na, K, Cl, from tubule to interstitium; impermeable to H20




TOPIC: Renal sodium & potassium excretion NUMBER: 3

GFE. for inulin; Creatinine Clearance is

approximation

Control of GFR. depends on
1. sizeof capillary bed®,
2. permeability of capills*,
3. hydrostatic pressure®,
4, oncolic pressure®.

permeable as skeletal.

These influenced by changes in RBF, MAP,[ |
plasma proteinsg}, effective surface area, |

changes in pressure  across  Bowman's
capsule eg wureteric obstruction, renal
oadema. Glomerular capills  are  S0x

OPENING What are the major physiological factors PROMPT MMEN
QUESTION | affecting sodium excretion from the kidney? S co s
POINTS 1. Amount filtered versus amount How does the | 4topass
REQUIRED reabsorbed, therefore kidney regulate
2. ECF, sodium
3. GFI_L excretion?
4. Na intake,
5. hormonal e.g. aldosterone
angiotensin and K and H excretion
(SQEUECDS%N What are the major physiological factors 2 to pass
: affecting potassium excretion from the
(if needed) .
kidney?
POINTS 1. Kisreabsorbed in PIs and secreted | How does the
REQUIRED in distal tubule, kidney regulate
2. Amount secreted relates to tubular potassium
flow, ] . excretion?
3. Na excretion or reabsorption,
4. K intake
TOPIC: Water excretion by the kidney NUMBER: 3
OPENING | Describe how water is reabsorbed in the | PROMPTS COMMENTS
QUESTION i hron
POINTS 00§ ; Need 10
REQUIRED 1. 60-70% in the Proximal tubule undorstand  that
‘water is
reabsorbed in
different parts &
the rle of
vasopressin  in
the  collecting
duct.
2. 15% in the loop of Henle
3. 5% in the distal tubule
4. Up to 10% in the collecting duct
depending on the presence of anfidiuretic
hormone. )
SECD%N What hormonal factor influences water | What does
gglli‘gde 4 excretion? vasopressin do?
POINTS .. .
1. Vasopressin increases the permeability of
REQUIRED the collecting duct to water & allow water to
be reabsorbed.
TOPIC: Glomerular fillration NUMBER: 3
OPENING What factors control glomerular fltration? PFROMPTS COMMENTS
QUESTION
POINTS Mention average 125mlfmin or 0.16-0.2 of Meed ¥ to pass,
REQUIRED | RPF and its derivation Ui x W/ Pi= Ci= l

I 2.2 Renal blood | Describe the control renal blood | - Chemical: Noradrenaline constricts interlobular and afferent arterioles, Angiotensin 11 constricts efferent arterioles =

flow, normeal
values and
regulation

flow

dec. bl flow in medulla.
- Neural: SNS -> dec bl flow. Fall of BP, vasoconstrictor response includes renal bl flow,

- Autoregulation: contractile response of smooth muscle of afferent artericle to stretch (BP), NO may be involved.
Angiotensin 11 plays a role in constricting efferent arterioles, maintairing GFR.

afferent arterioles. Dopamite (made in kidney) vasoditates. Acetylcholine vasodilates. Prostaglandins inc. bl flow in cortex,



Describe water handling in 1) The collecting ducts (CD) have two portions: a 2
the collecting ducts of the cortical portion and a medullary portion 3
kidneys 6
**2) Changes in osmolality and volume in the CDs
depend on amount of vasopressin acting on cucts
Prompt ; How does N
vasopressin affect water **3) This antidiuretic hormone from the post pituitary
handling in the collecting gland increases the permeability of CDs to H20
ducts ?
4) Key to action of vasopressin on the CDs is
aquaporin-2. Unlike other aquaporins, this is stored in
vesicles in cytoplasm of principal cells.
5) Vasopressin causes rapid insertion of these vesicles
into apical membrane of cells. Effect is mediated via
the vasopressin V3 receptor, cyclic AMP, protein
kinase A, and a molecular motor, one of the dyneins
**6) In presence of enough vasopressin to produce
maximal antidiuresis, H20 moves out of hypotonic
fluid entering cortical CDs into interstitium of
cortex, and the tubular fluid becomes isotonic
7) As much as 10% of the filtered H20 is removed
8) When vasopressin is absent, the collecting duct
epithelium is relatively impermeable to water and the
fluid therefore remains hypotonic, and large amounts
flow into renal pelvis,
TOPIC: Renal Blood Flow NUMEEER:
OPENING COMMENT
QUESTION | What iz normal renal blood flow and how can it be meazured?
POINTS 1. Fick principle (zmount of 2 substance taken up per umt
REQUIRED time dividad by arterio-venous concentration difference)
1. PAH (excreted, not metabolized or stored, deesn't |2 of3

affect flow) iz used to measure effective renal plasma

flow (0% cleared)
ERPF = Clearance of PAH =TN/P = 630 mlL/mom

Actual renal plasma flow = ERPFN.Y = 700 ml/'nun
Fenal bloed flow =EPF x 1/1-Het (Het =0.45)

#o|

:JI

Eenal blood flow = approx 1250 mL./'min

FROMPTS What substance can be uzad to measure renal plasma flow?

SECOND How do blood flow and oxyzen extraction vary in different
QUESTION | parts of the kidney?
(1f meeded)
POINTS 1. Cortical flow is high {5 ml/gm of tizsue) and oxyzen
REQUIRED axfraction 1= low

2. Medullary blood flow 15 low (2.5 ml/zm mn outer cortex, 2 of3

0.6 mL/zm in inner cortex) and cogygen extracion 1= hgher
(mzore metzbolic woirk dons)

[}

Medulla iz vulnerable to hypoxic damage if flow iz
reduced (low flow, high cxvgen usage)

PROMPTS How much blood fows to the renal medulla?




What is an osmotic diuresis ?

Prompt:
Describe how it occurs.

Prompt:
Can you give me an example

*#* 1) Presence of large guantities of unreabsorbed
solutes in renal tubules causes an %1 in urine volume
called osmotic diuresis

** 2% Splutes that are not reabsorbed in the proximal
tubules exert an appreciable osmotic effect as volume
of tubular fluid ¥ and their concentration T

** 3) Therefore, they "hold water in the tubules

4) Concentration gradient against which Na* can be
pumped out of proximal tubules is limited. Normalily,
movement of H20 out of proximal tubule prevents
any appreciable gradient from developing, but Na*
concentration in fluid + when H20 reabsorptian is 4
because of presence in tubular fluid of T amounts of
unreabsorbable solutes. Limiting concentration
gradient is reached, and further proximal reabsorption
of Na™ is prevented; more Na™ remains in tubule, and
H20 stays with it

5) The result is that loop of Henle is presented with a
greatly T volume of isotonic fluid.

6) This fluid has a 4 Na* concentration, but total
amount of Na™ reaching the loop per unit timeis T

7) In loop, reabsorption of water and Na* is  because
the medullary hypertonicity is . The 4 is due
primarily to | reabsorption of Na*, K*, and CI™in the
ascending limb of loop because limiting concentration
gradient for Na* reabsorption is reached. More fluid
passes through the distal tubule, and because of the |
in osmotic gradient along the medullary pyramids,

Ty

other electrolytes.

less water is reabsorbed in collecting ducts. Result is a
marked T in urine volume and excretion of Na™ and

8) Osmotic diuresis is produced by administration of
compounds such as mannitol and related
polysaccharides that are filtered but not reabsorbed.
It is also produced by naturally occurring substances
when present in amounts exceeding the capacity of
the tubules to reabsorb them. E.g. diabetes mellitus,

sodiurm chloride or urea.

glucose that remains in tubules when filtered load
exceads TmG causes polyuria, Osmotic diuresis can
also be produced by infusion of large amounts of

LRey ITems Mmarked win~ |

Describe a method for measuring
the glomerular filtration rate

Prompt
Describe the properties of a
suitable substance and give an
example

Measure excretion of a substance which is
freely filtered through the glomeruli
neither secreted nor reabsorbed by the
tubules

MNon toxic, not metablised

Eg Inulin, NB Endogenous Creatinine has
limitations

GFR =_UX x V
PX
where
Ux is the conc of X in the urine,
P is the urine flow per unit time
Px is the arterial plasma level of X.
If X is not metabolized in the tissues then the
peripheral venous plasma level can be
substituted for the arterial plasma level.

Three of five

One example

Definition or description
and basic formula

What is normal GFR and what are
the factors which affect it

125ml/min in normal 70 kg male, 10% less
for women, and correlates with surface area.

Factors RBF, Systemic BP, Ureteric
obstruction, compression by oedema within
renal capsule, Plasma proteins, Permeability
changes, Filtration surface area

Value (100 - 150)
and three factors




Question 3:
Counter-Current
mechanism
Ganong pp 716-8

i} Describe the counter-current mechanism

in the kidnay,

PBrompt: What iz the rola of the vasta recta?

Swmwnaing
Lmb

Ricwpeing
[y

e BTl
e hslhew D ol - = PILIT MR R B NS

Countercurrent multipllers

a)Countercurrent multipliers in the LOH through

b)Vasta recta as countercurrent exchangers in the

active transport of Na (& CI) out of its thick
ascending limb, Water moves out of the thin
dascending limb, with Inflow of tubular fluid from the
PCT. This increases the interstitial camelarity, This
results in hypotonic fluid flows inte DCT, isotonic fluld
flow's inte the asc thick LOH, The final result is a
gradient cone from the top to the bottom of the LOH
& a gradient hyperosmolarity in the medulla
interstitium.

kidney i which NaCl & urea diffuse out of the asc
limb of the vessel & into the desc limb, while water
diffuses out of the desc into the ascending limb of
the vascular loop. As a result the solute remains in
the redulls pyramid & maintain the interstitial conc.

Countercurrent sxchangsrs

Question 3:

Renal regulation of
sodium

' Ganong pp 709-10,
[T234

iy Where dogs sodium reabsorption ocour
iri the nephron?

iy What ara the mechanizme of sodium re-
absorption in the nephron?

&) All parts of the nephron except thin part of the LoH
(+3pecify at least two of))

by B0% PCT primarily by Na'-H" exchangs but also a
range of cotranzspart {gle, Fi. A4, lactate)

c) 30% thick sscending limb of LoH (Na™-2C1-K*
cotransporter)

dy 7% DCT LoH (Ma"-CI cotransporter)

2) 3% collecting ducts through Ne+ channels (ENaC)

¢ MNa/K ATPase active transport. Moves {by
gradient thus generated) acrose apical mambranas
fram tubulzr lumen into cell via cotransport &
exchanger proteins. Driven by active transport by
MNa-K ATPase (3Naf2K) from tubular cell into
interstitium {mainly into lateral interstiéial spaced)

liust get bold to pass.

iiit What mechanisms in the kidney reduce
sodium excretion?

Brompt (if they get it ar**-about-t™)

What mechanizms in the kidmey cause e
body to refain sodium by reducing sodium
excretion?

Multiple regulatory mechanisms (reflects importance of
Ma as the prime determinani of ECF volume)
« Reduced GFR
s Increaszed tubular reabsorption
o tadrenocortical hormones esp.
aldestercne - act primarily on
collecting ducts {activation of ENaC)
= LAMNP {inhibit ENaC)
ATl {PCT)
o [lsecration of K and H')

o

Must get bold to pass.




TOPIC: Renal regulation of K+ excretion NUMEER:
OPENING COMMENTS
QUESTION Describe how the nephron handles potassinm.
POINTS 1. K+ is freely filtered at the glomerulus (~600 mEg/day). | Bolded = at loast one
REQUIRED 2. Moztis re_abs-:nrbetli by active transport in the proximal | ..
tubule (~560 mEq/day).
3. E=1s then secreted by paszsrve diffusion inte the tubular
flurd in the distal tubule.
4. K= 1is also genevally passively secreted into the tubular
flund in the collecting ducts.
5. The total E+ sxcration 1= appreximately squal to K=
mtake (~90 mEq/dav) and K+ balance 15 maintained.
6. There 13 no direct exchange of K- for Wa+ m the tmbular
flund of the distal nephron. Heowever reabsorption of MNa+
it the tubular cell tends to promote secrefion of K+ (or
H=) to mamtain the potential differance across the apieal
membrane.
PROMPTS
SECOND What factors influence this?
QUESTION
(1f needed)
POINTS 1. Ti!.lﬁ;:te;f“ Iietiretiﬁnnlgf |If_ iz El:;pu;irim:al tuhtlle rate | A:lazst e of the
REOUIRED o - of tubular fluid throag e distal nephron. three bolded
Q With rapid flow the concentration of K+ in the fluid e
remain: lower and secretion continues.
2. Increased delrvery of Na+ to the collectmz ducts
promotes mereased secrefion of K+ (2.2, thiande
diuretics).
3. Cowversely decreased delivery of Na+ to the collecting
duects promotes decreazed secretion of K+
4. Inhibation of K= absorption m the prowimal neplron {a 2.
osmiotie or loop diretics) promotes sxcretion of K+
%, In the diztal nephron K+ and H+ compete for
secrefion In association with reabzorption of Na+.
Therefore in acidozis when H+ excretion iz increased,
K+ zecretion iz decreazed.
6. Aldosterone increases reabsorption of Na+ in the
collecting ducts and thereby promotes K+ secretion.
TOPIC: Tubular fimction NUMEEE:
OPENING What facters mfluence clearance  of | PROMPTS COMMENTS
QUESTION | -phepanras b the kidnan? s
POINTS 1 A - = Need 3.
1 Amewnt of substance excreted = amownt
REQUIRED | ohored + net smount transfared
2 Changes m EBT and svstenuc BF
3 Aptive transpeort (primary and sscomdary)
4 Homoomal (aldosterome, angictsnsin,
endothehn)
SECOND Farrlain 1] : o ] - Explam
_ | Explan the mechamsm of tubuloglomenilar -
QUESTION | gop = feedback
mechanizm
POINTS 1 Increased rate of flow m LoH and DCT
REQUIRED | i\ rezces GFR. and local Ma™
2 Macula denzsa adencsine Al recepfors
activated by mereased NaTKT activity,
causmg mereasad €37, vasoconstriction and
decraazad GFE
3 % solute reabsorbed remains constant
(glormarulotubular balance)




12 How does the kidney handle ¢ E~+ filterad ~600meq/24hrs
Eﬂ;ﬂaﬁf E' | potassinm? &  Active K+ meabsoiption 1n prox mubules ~560meq/24hrs
L ¢ K+ secretion ~502meq/?4hrs at distal tubule — amount proportionate to flow rate through distal tubulas
*  Secretion - Electrical coupling to Na+ reab, thus H= also
How do other 1ons affect *  Collacting tubules INa reab’d, K excretad, elactvical couplmg and passive K movement
potassinm transport across the *  HNarveab'd m association with H sscvation, K excretion decrsaszed if Mz low i distal tubule
membranes in the nephron? *  NaK 2C] apical transporter/transport proteim
+  3Na2K ATPase
Prompt: How is patassium
rransported inre and our of the
fubules?
32 Please outlme the structure of #  Thin/descendmg, Thick/ascendmg. Simated mostly in the 1enal medulla
Loap of Henle, the Lof H *  Origin from PCT

stctre & fimction
CGanong pp 700,

714-718

‘What happens te electrolytes in
the loop

Explam the counter-current
concenfrating mechanism

Shett (cortieal) and long (ucta med Jloops
Macula denza at diztal end, where joins DCT

(Thin) Descending limb water permeahle

Fluid becomes hypertonic as descend: loop

(Thick) Asc limb impermeable to water, NaK C] tranzported out, hypotonic at end, so K+ diffuses back
Active trans. ATPaze

Gradient
Exchange (vasa racta)

| 3 &), What general mechanisms
| are involved in renal tubular
. reabsorption and secretion?

Mechanisms involved in re-absorpion and secretion include enduég.-tosig_ passive
diffusion and facilitated diffusion and active transport.

i 2 of Bold to Pass

3 ). How ix Sodium reabsorped
in the various parts of the

nephron?

gradient,

membrame.

Site

Mo sedium fmanspart in Thin descending Loop of Henle.
In rest of system, sodium moves by co-transport, exchange or down concentration

Sodium pumped out of cell by Active Sodiuvm-Cl-Potassium pump in baselateral
60% in PCT by Sodinm-Hydrogen exchange.

| 30% in thick ascending Limb via Sodium —Potassium co-transport,
7% in DCT via Sodium-Chloride exchange

Apical Transporter Function
Ne T Na oy

wg fE L

Na OT

Na‘H exchanger e upiake,

Bold to pass, demonsirating
reasoneble understanding of
different processes




Question 3. Describe how sodium is handled in the Mast Filtered out with solutes/ Afs (909%) MB — good candidates will
a} glomeruius and the PCT Maost (80%) Na-H counterdransport, volunteer Na resorbtion through
Bicarbonate is main anlon reabsorbed with Na out except TALH, 80/30/7/3 % -
Absolulely depends on Na K ATP ase ( Basement MY | all Na axcration last 3%
C Anhydrase-tub cell to generaste H+/ Bic
Small co-transport with nutrients fanions/ Cl latter part
Approx &0%
]
List the mechanisms that effect Na
reabsorption 1) Tubulo-glom - Macula Densa,t Natadencs/ Ca, aff Reqgd :1 humeral { 1other
YESOD0N
Z)Glomearfiub balance- > filtered = = resorbed {good
capacity}- mainly oncotic p in eff capillariss
3) Humeral
Aldosterone- distal CT / ENaC, K+H#+
PGEZ —pran Ma K ATF ases block! Ca ++ >
Ouabain endog- ATP ase block affect
Endothefin and IL-1 cause natriuresis (prob >
PGEZ)
ANP-T cGMP — lezs ENaC
Angio 2- renal ACE feirc Ang 1 + renal -1 PCT >
Question Discuss how and where Prox Na Bic co tranpart Active secretion H+ ( H+/Na+ co transport- 2ary active secretion),
3a; H.* is secreted in the Distal allows reuptake of HCO3- fromC anhydrase brush border - H20/
kidney? H+ ATPasa H+/K+ (| cells) CO02- Bic then into interstitium with Na via Na/k ATF'ase}_
with karge C Anh conc + Cli HCO3 BM Bic in cell transferred to Interstitium zlong gdt_
exchanger In DCT/ Coll ducts- Principle cells/ Aldo- have H+ ATPAse
channels + H/K ATPAs=s linked to Bic/ Cl- exchanger in BM
Scora: Prompt: how is
Bicarbonate involved. s et it ot PASS-FAIL must know 2 diff mechanisms, and mention bicarb
3b: What s the limiting pH of | pH 4.5 maximal zcidity urine

H+ load would be 100-100 x greater than max pH,

urine and how is this
limitation dealt with?

much > er acidity required excrated
3 major BUFFER systems

H2C03 (proximal), NH4+(throughout) and
HPo4 (distal)

Buffers all inc { partic H2CO3 and NH4 when acidotic)- NH4 via
glutamate in Interstitium, H2CO3 inc with H+ extra = >substrate +
= C anh. HPO4 v concentrated in DCT




TOPIC: Eenal zodinm handling

NUMBER:

OFPENDING
QUESTION

How does the kidney reabsori filtered sodium?

FROMFTS

COMMENTS

FOINIS
REQUIRED

1. Crverview: 3 2-step process:

[2] Co-transport or exchange from huven info twbular
epithelial cell down its concentration gradient

[®] then actvely pranped from cell to interstimum and
Lateral infercellular spaces by sodinm porassinm
ATPase af the baselateral part of the call.

Need the 1= 2 points
and ar  least 3
examples. [TB]

2. Sites iovolved: PCT, thick ascending loop, distal
rubules and collecting ducts. Specific co-ransporers
or exchangers are as follows:

3 PCT (60%40): [5]
*  Sodinm/glucose co-Tansporer
+  Sodinm'phosphate co-fransporter
*  Spdinmy/amino acid co-ransporter
+  Sodinm/lactate co-transporter

+  SedivmFypdrogen exchanger

4. Thicl: ascending limb (30%a): [2]

*  Sodimpotassium? chlonde cofransporter
(mote that due fo the action of the
sodiipetazzivmchloride  cofransporier

fum potassium ATPase. there i

accumulaiion of pofassinm o the call

Potassium diffures our of the cell dovwn iz

concentration  gradient In axchange jfor

MAENEsILM oF calcium)

*  SodmmRypdrogen exchanger

5 DCT: Sodium ' chlords co-mansportar

G CIx Sodimn chsppel (sodion exchsnged for
potassiumm or ydrogen)

SECOND
QUESTION

How much filtered sedium is reabsorbed?

POINTE
EEQUIRED

Ar least 99 4% [under normal condinons]




TOPIC: Regu

lation of renal sodivm handling NUMBER:

OFPENING
QUESTION

Why is it importans to regulate renal sodinm handling?

FROMETS

COMMENTS

POINIS
REQUIRED

1. Sodinm is the most abundan: caton in the ECF and
accounts for over $0% of the osmotically active sohite in the
plasma and intersttial fuid

Why iz
sodiimm 5o
mportant o
the body?

At least 2 polnts are
essential

1. It also underpins most of the acovity of cells and their
comrmnication with mterstidum, by its role [with E+] in
malntarming elecmical concentranon gradients.

3. In excess, it can harm the body esp via debydration [short
term1] & HT [longterm]

SECOND
QUESTION

How does the kidney FEGULATE sodion bandling?

POINTS
REQUIRED

Multiple mechamsms, mainly via local snd systemic

hormional mechanisms. There is a balance betwesn

hormiones which increase & decresse IMa uptake. Here is

SUIMmAary:

1. TG feadback

Balance bemween competing factors:

T Wa resbsooprion by: aldosterone, ang I (1e the

rennin-anglotensin-aldosterone system)

« | Na upfake from lomen [pamioesis] by: ANE,
PGEZ

.

1. Tubuloglomerular feedback Macula densa cells mn the
ascendmeg limb and DT control GFE — as flow m the DCT
rises, GFR falls.

Describe
wbuloglome
ralar
feadback.

Let's follow the staps if T Ma intaka:

T Wa intake — TECF wol

— Tblood vol

— 1BF

— VA TeCtd ACT A5 sensors and ralease sdenosine

— |smmmlus oo JG apparams to secrete rewin (via macula
densa)

— |renin-angioT-aldosterons

— |renal retenfion of 2Ja /HIC

— BF & ECF volune retum to normsl

Aldosterone: canses increased CD reabserption of sodinm
m association with secration of potassium and bydrogen.
*  Acts on Peells in CD that contin epithelial sodinm
chanmels.
*  Alsp incresses the number of sodhum potassinm
ATPase molecnles m the basal membrana.
= Small action in bladder.

Angiotensin II: increases resbsorption of sodnon and
bicarbonate by an sciion oo the PCT.

| Question 3:

| Acld secralion &
abecrpiion in kidney

| Ganong pp 720-1

iy How s H+ ion secreted in the proximal a) Secondary active transport (The renal tubular
tubule of the kidney? cells secrete H” into the tubular fluid in exchange
for Na'; and for each H' secreted, one Na'* and
one HCOy™ are added to the blood)
) Linked to Na+'K+ ATPase

Cutline the buffer systems that actto bing | 71 3 systerms — HCO3, HPO4, NH3
H# ion in the tubular fluid iy Major role of carbonic anhydrase/HC O3 systemn

il What is the impantance of H+ buffering Limiting pH {~4.5) would rapidly be reached unless
systams in the urine 7 free H+ is buffered

To pass: 2/3, must have

| bicarbonata
1




TOPIC: Micturition NUMEER:

OPENING
QUESTION

Deseribe the physiologic process of Micturition

COMMENTS

POINTS
REQUIRED

1 A spinal reflex inhibited and facilitated by higher centres
Intravesical pressure rises only after $00mls vrine m bladder
Anatomy: Detrusor m, int and ext urethral sphincters

During micturition Detruzor contraces, and perineal muscles
and EUS relax.

2 Merve Supply

Parazympathetic (5 2,3,4) via pelvic nn (afferent and
efferents) tofrom detruser ( efferent comtraction) and
pudendal nn to EUS (relaxation)

Svmpathetic (L1.2,3) — Hypogasine mn via Inf Mesenteric
Ganghon play mo role m active muctwoihon per se but role m
prevention. {causze contraction of bladder muscle o prevent reflux
of semen mnte bladder dunng ejaculation)

4. Imtiation — remains unseitled, pelvic floor mmscle relaxation
motiates. Penneal muscles and EUS can be contracted volumtanky
for prolonged perieds. Bladder S has intnnsic comtractils
achivity Post urination, female wrethra empties by gravity.

Male expels by contraction of bulbocavemosus m

{optional/extra
detail]

PROMPTS

What muscles and nerves are imvolved?

SECOND
QUESTION
(1f needed)

List other factor: that stimulate and inhibit micturition

POINTS
REQUIRED

1. Stimulants -

a) Stretch/pressure (intravesical volume = 400mls)

b} Higher centre input

) Parasyvmpathetics (eg crganophosphates)

d) Sympathetic inhibiting drug( ez a-blockers)

e)Veolumtary abdommal mmsele contraction augments siream
but does not mitiate michurition per se

{3 of 5 to pasz)

1. Inhibitors
a) Parasympathetic inhibitors (atropine)
b) Higher centres

¢) Svmpathomimetics

(b} + one other

FEOMFTS

a) What 15 the effect of autonomuc agents on muchurition 7
b} What non autonomie precipitants and mhibiters de vou knew?

{optional §

22
Renal blood Sow
Ganong pp T02-703

What 15 2 typical value for renal | ~25% of cardiac ourput or 1250 ml/min
blood flow m an adult a2t rest?
What factors 1egulate renal Chemical: Woradrenaline constricts mt
blood flow? (3of5) Dopamine causes renal va

N0 may be invelvad.

erlobular and afferent arterioles.

sodilation.

Angiotensin IT constricts effevent arteriolss to a greater extent than the affarent arteriolas.
Prostazlandms increase blocd flow in the covtex and decrease bloed flow iz the madulla.
Acetylcholme produces renal vasedilation.

Neural Strong stmulation of the sympathetic nervous system produces renal vasoconstricton.

Autoregulation: Direct contractile response of smooth muscle of afferent arteriole to stratch.

At low perfusion pressures angictenszin IT plays a role in constricting efferent arterioles,




TOPIC: The factors m the control of renzl blood flow NUMEER:

OFENING
QUESTION | What detenmines rensl blood flow? FROMPTS
EELIIERID Systemic blood pressura
Fienal vascular resistance, which is n tum
influenced by:
Catecholamines (nerves & systamdc)
Angziotensin IT (I cells -= renm)
Prostaglandins
Control systems:
Fiznal autorsgulation (myogenic- What conmol
siretch response, vasodilator systems influence
metabelites, 710, Tprostazlanding) renal blood flow?
I apparams
Renal sympathetic nerves
SE.%%!;?DW What are the consequences of a sustained
?.f — B reduction of renal blood flow?
EEEISRID (Renzl blood flow maintined MEP >70)
MMedulla is smleerable to hypoxia (high ME)
ATH
Uraenua

Please describe how the
urinary bladder empties

Prompt ; Could you describe
the relationship between
pressure and volume in the
bladder as it relates to
bladder emptying

1)8mooth muscle of the bladder is arranged in spiral, longitudinal,
and circular bundles

2)Contraction of the circular muscle, (detrusor musele), is mainly
responsible for emptying the bladder during urination **

3)Micturition is fundamentally a spinal reflex facilitated end
inhibited by higher brain centers and, like defecation, subjact to
voluntary facilitation and inhibition **

4)Urine enters the bladder without producing much increase in
intravesical pressure until the viscus is well filled

5) The bladder muscle has the property of plasticity; when it is
stretched, the tension initially produced is not maintained

&) The curve shows an initial slight rise in pressure when the first
increments in volume are produced; a long, nearly flat segment as
further increments are produced; and a sudden, sharp rise in pressure
as the micturition reflex is triggered

7} The first urge to void is felt at a bladder volume of about 150 mL,
and a marked sense of fullness at about 400 mL.

9) The flatness of segment Ib is a manifestation of the law of
Laplace which states that the pressure in a spherical viscus is equal
to twice the wall tension divided by the radius. In the case of the
bladder, the tension increases as the organ fills, but so does the
radius. Therefore, the pressure increase is slight until the organ is
relatively full

2
3
11

Basic understanding
the process in an
organised fashion




11) During micturition, the perineal muscles and external
urethral sphincter are relaxed; the detrusor muscle contracts:
and wurine passes out through the urethra. **

12 )The mechanism by which voluntary urination is initiated
remains unsettled. One of the initial events is relaxation of the
muscles of the pelvie floor, and this may cause a sufficient
downward tug on the detrusor muscle fo initiate its coniraction.
14)The perineal muscles and external sphincter can be contracted
voluntarily, preventing urine from passing down the urethra or
interrupting the flow once urination has begun.

Describe the reflex control 1)The bladder smooth musele has some inherent contractile activity; | Parasympathethetic
associated with voiding however, when its nerve supply is intact, stretch receptors in the reflex

bladder wall initiate a reflex contraction that has a lower threshold

than the inherent contractile response of the muscle. Sacral portion of cord

**2)Fibers in the pelvic nerves are the afferent limb of the voiding
reflex, and the mpathetic fibers to the bladder that constitute - _
the efferent Iimm trzvel in these nerves. :gbﬁlérlgger 300
##23)The reflex is integrated in the sacral portion of the spinal cord.
*#4) In the adult, the volume of urine in the bladder that normally
initiates a reflex contraction is about 300400 mL.

**5) The sympathetic nerves to the bladder play no part in
micturition,

6) They do mediate the contraction of the bladder muscle that
prevents semen from entering the bladder during ejaculation




