Physiology week 16 — Renal (volumes/buffers)

VIVAs

| Question 3:

Describe how anti-diuretic hormone!
Vasopressin acts on the kidney.

VWhat factors influence ADH secretion

ADH binds to G-recaptor,
W2 activates adenylate cyclase,

7 1C c-AMP B migration of IC endasomes.
H20 channels (aguaporin2) inserted into luminal membrane
twater parmeability, with {water reabsorption

Table 39-1. Summary of stimuli affecting vasopressin secretion.

Vasopressin Secretion
Increased

osmotic P of plasmat 285mmal
Decreased ECF

Pain, emation, "stress,” exercise
Mausea and vomiting

Standing

Clofibrate, carbamazeping
Angictensin ||

Decreased
osmaotic P of plasma |
Incressed ECF volume

Alcohol

| Osmolality mediated via

osmoreceptors OVLT

| ECF via Baroeceptors

NB low P baro rec {pulmiatria >
arberial) via NTS/ CVLM).

If bled/ hypotens reinforces via
Angio 2 > ADH and allows
lower osmelality to trigger ADH

Pass /Fail

must know ECFf Osmolality + 1
other or some sensor! effector
pathway




TOPIC: Vasopressin NUMEBER:
OPENING i COMMENTS
QUESTION Dezcribe the effects of Vasopressin
POINTS 1 Retention of water (antidiuretic hormone) (V2 receptors) | 1 and 2 plus ons
REQUIRED other
2 Vazoconstrictor effect (V1A receprors)
3 Central effect bram (area postrema)) to decrease CO
4 Glyeogenolysis m liver (V1A recaptors)
5 Madiate mereased ACTH secretion (V1B receptors)
6. Neurotransmetter in bram and spmal cord
PROMPTS
SECOND How does vasopressin cause retention of water 7
QUESTION
PDD'-_IE' Increases permeability of CD, acting on V2 raceptors Bolded
EEQUIRED
Inzertion of proteim water channels (aguaperin I} m
luminz] membranes.
Water enters hypertonic interstztinm
Uhine becomes concentrated and volume decreases
Fetention of water in excess of sclute
QUESTION What stimuli affect vasopressin secretion 7
POINTS LF . — . . Atleast 2
REQUIRED - Factors increasing vasopressin secretion
4 effective osmotic pressure of plazma
+ ECF volume
Pam, emetion, “soess”, exercise, standing
Mansea and vommitng
Clofibrate, carbamezepine, angiotensin 2
2. Factors decreasing vasopressin secretion Atleast 2
Y effective osmotic pressure of plazma
# ECTF volume
Alcohol
PROMPTS
TOPIC: ADH releaze NUMBER: 3a
OFENING | What factors affect Antidivretic Hormone | PROMPTS COMMENTS
QUESTION | (ADH) secretion ADH iz abe | Must be sble to
kmown %) distinguish  the
VRIGPressm. T+ = . -
Whar  srimulares | 205 .IJJ]}*\.I[H!I:.:
VAIOPressim 25p. Delname
secrerion’ Prompr | PrESSUDE
o get the list
POINTS 1 Plazma osmotic pressure — imcrezss P0F | 1 how does that | Must bave to
BEQUIRED | 1404 1o imcrsase ATH secration. Semsisvs to changes | affect it? pass
aroend 18 imosmkeg
1 Extracellular fluid volume — mvems |2 Must have to
ralationship  betwesz ADH secrwiton and ECF pass
volume. Primasy meditors ars the low pressurs
TeCEplods in great veins, atoz azd pulmonary vessels
3 Pain, emofion, stress, nansea vomiting— | 3 Alust be able to
all merease ADE mAlLe and
explain 2 of the
4 last group to
pass
4 Standing 4
5 Drugs — eg, carhanzapize, clofhrate increass, | 5
aleohol decrezsas
& Angiotenzin II - momeases &

g




4 a). What is the normal 285-295mosm/L Accept 280-300
range of osmolality of ECF L i . . .
4b). How is this Maintained by Vasopressin-secreting and thirst mechanisms 3/dRald
A d"t ’ If osm |, thirst is ], Vp seeretion is |, resulting in urinary loss of free water

maintained? If osm 1, thirst is 1, Vp seeretion is 7, leading to renal reabsorption of free water in renal collecting ductsipyramids
WP secretion | by (] effective plasma osm pressure)

4 ¢). What other stimuli f*ni;;:F vulvim {(via low pressure receplors} 2/3 Bold
affect Vp secretion? N » emotion, exercise, stress (eg surgery)

ausea & vomiting
Angiotensin I1

Prompt- Anti-diuretic Standing
Hormone Cloftbrate, carbamazepine
¥ secretion | by (] effective plasma osm pressure]
T ECF volume I of 2 Bald
Aleohal
f " \ -
1.2 Respiratory | Describe how respiration CO2 + H10 = HICO3 = H + HCO3. Rapid responder.
compensation compensates for acid-hase Respiratory Centre responds to H, mainly 2t peripheral chemoreceptors, also ransferred to C8F by 002,
for acid base changes Metaholic acidosis —> inc ventilation, dec CO2 -» dec H, dec HOO3 (“base deficle™),
changas Metahbolic alkalosis —= dec ventilation, ine ©O2 -> in¢ H, inc FCO3 ("base excess'). In reality often no compensation.
Davenport Davenport Diagram,
Whar clincal conditions might
canse metabolic acidosis? ¢ - DEA; hyposxia - laetic acid
metabolle alkalosis? - YVomiting -=loss of acid.

TOPIC: Fenal rezulation of acid excretion

OFENING What 15 the renal response to acidzemza” PROMPTS COMMENTS
QUESTION
PODL-EISR}ZD 1. Hydrogen ions actvely secreted into the | 1
REQ proximal tubule, thick ascending loop of
Henle and distal tubules, facilitaed the re-
absorption of bicarbonate ions by forming
the carbowic acid, which dissociztes to fornm
CO2 and water.
2. 2
SECOND N 23
QUESTION Describe the buffer systzms mvalved.
(1if peaded)
POINTS
REQUIRED 1. Bicarbonate 1
2. Phosphate 2
3. Ammonia 3

Renal regulation of | What is the renal response to respiratory | Increased H' secretion and HCO;™ absorption.
H' acidosis?

What buffering systems are there for H' | At least HCO,” and one of HPO,” or NH3 with

in renal tubular fluid? explanation of buffering mechanism.
3.4 Buffers in What are the major buffers of blood? | Proteins, albumin; Haemoglobin; histidine residues = x6 proteins; Deoxygenated Hb better than HbO2; Carbonic
body fluids Acid-Bicarb system,
How do they work? fast with carbonic anhydrase; Hb deoxygenated; Hb histidine residues; proteins anions

What are the major buffers in cells. Hproteins = H+ and Protein- ; HZPO4 = 2H+ and HPO4 -

Describe the Henderson-Hasselbaleh | pH = pK + log [A-]/ [HA]. Maost effective when [A-]/ [HA] =1, so pH = pK.
equation




TOPIC: Acidification of Urine

OPEMING How does the kidney acidify the urine? COMMENTS
GUESTION
POINTS Secretion of hydrogen ions. 23

Binding of the hydrogen ions with buffers.

Secretion/absorpiion of bicarbonate ions.

PROMPTS

SECOND Iz there a difference between the proximal and MNeeds o
QUESTION | distal tubules? understand
POINTS PCTIDCTICD z=crete H+,

PCT via Ma+/H+ exchange.
Ma+/K+ATPase — Ma+ from cell fo infersfitium.

DCTICD H+ gecretion ATP driven proton purip.

PROMPTS Prompt if necessary

THIRD

QUESTION | What factors increase acid secretion? 47

POINTS Factors which increase acid secrstion

TPCO2 T PaC02 T aldosterone
4 K+, T CA concentration
T K+ 4 H+ secretion.

FROMFPTS .
3. Describe the renal response to = Renal mechanisms aperate to compensate for metabolic acidosis and refurn the serum | Compensatory mechanisms identified |
metabolic acidosis. pH towards normeal Must know H secrered info tubular I

e Anions that replace HCO are filtered #t the glomerulus along with comesponding fluid in exchange for Na' |
cations (mainly Na") Must know about buffering and give |

& Renal tubule cells seerete H' into tubuler fluid in exchange for Na®and HCO," two buffers |
|

= Buffering in the urine gives greater capacity to this system {otherwise limiting pH of
4.5 would stop futher T sesretion)
= Buffering systems include: Bicarbonate, Phosphate, Ammenia

Prompts: (1) What prevents H' secretion stopping when urine pH falls to 4,57 (i) Can you |
name any of the buiTers that operare? | |




OPENING What are the buffer systems in blood? PROMPTS COMMENTS
QUESTION

POINTS 1 Especially carbonic acid / hicarbonate system | What binds to This + one other

REQUIRED [responsible for 80% of ECF buffering]: Carbonic | H™ 1n blood?
anhydrase required. Present in Red blood cells: also
gastric parietal cells & renal tubule cells. Not a very
powerful buffer [dissoc constant 6.1, which means
that at pH 7.4 1t’s v much skewed towards HCO3- [1e
not at maximal buffering capacity]. Inhibited by
Cyanide Azide Sulphide Sulphonamides

2 Plasma proteins — esp albumin (free carboxyl and
amino groups)

3 Hb (imidazole groups of histidine residues): Six
times the buffering capacity of plasma proteins.
Deoxygenated hasmoglobin 1s a better buffer. which
1s useful be venous blood is more acidic.

Background: an acid-base buffer is a solution of 2
or more compounds which together prevent marked
changes in [H+] when either an acid or base is
added.

SECOND
QUESTION
(if needed)

Explain how carbonic acid / bicarbonate system
works.

POINTS
REQUIRED

1 Write equation: Henderson-Hasselbach Essential

pH =pKa + log [A-][HA
For hicarh:

pH = 6.1 + log [HCO3]/[CO2].
The pKa 1s derived from the Ka value of the
following reaction:

CO: + H;O <== HECO;, <=>H" + HCOJ—
(where CO; refers to dissolved CO;)

The concentration of carbonic acid 1s very low
compared to the other components so the above
equation is usually simplified to-

CO, + H,O === H" + HCO;-

2 Carbonic anhydrase is the catalyst (it increases | Where is Essential bits:
speed of reaction). There are different subtypes of | carbonic

carbonic anhydrase, but most of the significant ones | anhydrase
are intracellular [present imn Red blood cells: also | found? Know it's intracellular
gastric parietal cells & renal tubule cells]. Carbonic esp RBC

anhydrase 1s a metalloenzyme [all known forms of
carbonic anhyvdrase in living creatures use Zinc ...
except marine diatoms, which use cadmium! This is
the only kmown example of a cadmium based reaction

Mention the enzyme




used by organisms.]

3 The power of the system lies in the fact that CO2
can be altered by respiration, and HCO3 by the
kidneys. This is why it’s so effective despite having
such a low pKa. The excretion of CO; via the lungs 15
particularly important because of the rapidity of the

response. Because of this. the resp system has been
called ‘the 4™ buffer” [the 4™ musketeer?].

THIRD _ What are the non-blood buffers?
QUESTION
(1f needed)
PDII\F_[S 1. Interstitial fluid buffers (Bicarbonare)
REQUIRED
2 Intracellular fluid buffers (Phosphate)
3. Intracellular protein buffers- in fact, these are
responsible for 73% of the body’s total buffering
capacity.
TOPIC: Bugfers NUMEER:
OFPENING What are the buffer systems m blood? PROMEPTS COMMENTS
QUESTION
POINTS 1 Es ialke bon id |/ bicark What hind- Tlus - one othar
1 Especially carbomie ac: carbonate | What bmds o
REQUIRED system H mbloed?
2 Plazma protems (free carbooy] and ammo
Eroups)
3 Hbo (mmedazole goups of histidme
rezidues)
éﬁ%g;?ﬂ\ E:;:Ea:lz";:\}:\ carbome acid /[ bicarbonate
{if needad) - ' B
POINTS 1 o et E=zential
REQUIRED | - Diraw equations
2 Hghhght mupertance of carbome Ezzential
anhydrase (mecreases speed of reaction) and
where catbome anbdizse 15 (miracellular)
3 Outlme control by respiratory and remal
swstems.




