
  

MBChB Yr 2: renal module

Module Organizer info:

Name: Prof. Jamie Davies
Role: Professor of Experimental Anatomy
Preferred mode of address: ’Jamie’ or ‘Professor Davies’; your choice
Preferred pronoun: (I don’t really care).
Location: Hugh Robson Building, George Sq
Phone: (0131) (6)502999
Email: jamie.davies@ed.ac.uk



  

Rena/ Uro anatomy and physiology       5 lectures      Jamie Davies
            
                                                                1 workshop (IRT)          Jamie Davies & May Sallam

Meaning of Proteinurea 1 Lecture      Peter Mathieson

Clinical aspects of Na+/ H
2
0                    2 lectures                       Paddy Gibson

Acute and chronic renal disease              3 lectures                     Jeremy Hughes and John Neary

Renal transplantation                               1 lecture                       Jeremy Hughes

Drugs affecting kidney                            1 lecture                         Simon Maxwell

Acid-base disorders                                  1 lecture                       Peter Rae

The Lower Urinary Tract                          1 lecture                        Alan McNeil

UTIs                                                           1 CAL, 1 lecture          Clinical skills team

Urinalysis and intimate examination        1 practical                     Clinical skills team

Science to Clinical Practice                      1 session                      Jeremy Hughes et al.

Outline of the module (actual order of events may differ for you).



  
Cartoon: New Yorker

http://golgi.ana.ed.ac.uk/coursenotes/mbchbyr2/renal.html

click

Note: your downloadable 
slides use these call-outs to 
link to extra information (eg 
things explained in a different 
way to the way I explain them 
in these lectures). Use the QR 
code if using paper copies, or 
click if using electronic – they 
go to the same place.

http://golgi.ana.ed.ac.uk/coursenotes/mbchbyr2/renal.html


  



  

Course book:

168 pages, so not unhelpfully 
large for a second year, non-
specialist, student. 

Same material as lectures, but in 
a different order and CASE-
BASED)

Library has STANDARD 
LOAN copies at Geo Sq, RIE.



  

Alternative Course 
book:

(Just over 100 pages, so not 
unhelpfully large for a second 
year, non-specialist, student)

Library has reserve copies at 
Geo Sq, RIE and WGH.



  

If you want better explanations 
(less brief), then try Chapter 
22

(This is a superb book 
generally).



  

Source: Body Worlds

20% of cardiac output

The star of this module: the kidney

FUNCTIONS:

Filtration of blood, 

Detoxification (incl drugs), 

Regulation of blood pressure, 

Regulation of blood pH, 

Regulation of haematopoiesis

Making vitamin D

Left kidney

This module will be mostly about 
these, but don't forget the other 
functions!



  

The problem:

1) The blood fills up with waste products and toxins that need to be cleared from 
the body

2) The blood is full of goodies about the same size as waste products and toxins 
(or smaller, in the case of water), that are precious and must not be lost from 
the body  

 

UREA

glutamineglucose etc, etc

creatinine

(From 
muscle)



  

This lecture

Lectures 2-3

Lectures 3-4 Lecture 5 
development 
and disease



  

Today's lecture We need:

1)A pump

2)A filter

Easy! – Run the input directly from 
the high-pressure side of the 
circulation (c. 15,000 N/m2, c. 0.1atm)

=115mm Hg, if you 
must use non-SI 
units



  

The filter:

"Design" problems;

We need to make a very fine filter (cut off c. 4nm = 40Å, free flow below 18Å )

We need the filter not to clog.

We need to be able to filter a lot of fluid in a small-ish space



  

The finest filter – the slit diaphragm.

Patrakka J, Tryggvason K. (2007) Nephrin--a unique structural and signaling protein of the kidney filter. Trends Mol Med. 2007 13:396-403. 

Processes of adjacent cells

Slit diaphragm

Cross-section:

IMPORTANT: this understanding is relatively recent (late 1990s)– 
beware old texts that claim the finest filter is the GBM

click

http://www.cell.com/trends/molecular-medicine/fulltext/S1471-4914(07)00144-X


  

Only about 3% of the total area is actually slit (the hole itself)

-> the slit diaphragm is therefore a major source of resistance to fluid 
flow



  

You NEED this pressure.

Think about osmotic pressures:

Filtrate sideBlood side

.
.

.

.
. .

. ..

.

. .

.

.

Proteins and small 
molecule solutes

ONLY small molecule 
solutes

.. So we need pressure on the left 
to oppose it

Click

https://en.wikipedia.org/wiki/Osmotic_pressure


  

Effect of restricting blood supply and drain:

Restrict afferent arteriole:

•Blood pressure in capillaries drops

•Filtration rate drops

Restrict efferent arteriole:

•Blood pressure in glomerular capillaries rises

•Filtration rate rises



  

The filter:

"Design" problems;

We need to make a very fine filter (cut off c. 4nm = 40Å, free flow below 18Å )

We need the filter not to clog.

We need to be able to filter a lot of fluid in a small-ish space



  

Anti-clogging: pinocytosis of trapped proteins

BUT – this kind of thing only works for proteins small enough to 
pinocytose. If big protein aggregates, bacteria, platelets etc got jammed 
against the slit membrane, there would be a problem…

Additional filters are needed to keep these out.



  

Face view of a 
flattened-out 
endothelial cell

NB – in this diagram, everything has been 'flattened out' for clarity.
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The filter:

"Design" problems;

We need to make a very fine filter (cut off c. 4nm = 40Å, free flow below 18Å )

We need the filter not to clog.

We need to be able to filter a lot of fluid in a small-ish space



  
Real SEM

Mesangial cells fill these 
spaces

Solution number 1: bundle lots of this up in one place:

Renal corpuscle

blood

Real vascular cast



  

The renal corpuscle



   NB – size of dissolved molecules is hugely exaggerated.

Sorry – I have permission to show you the medical art that appeared 
at this point in the lecture in the live presentation, but I do not have 
permission to include it in a slide set on the web. You can, however, 
use this link to see it on the artist’s own website (or you can scan the 
QR code below with your phone/ pad to see it that way).

http://www.jimstanis.com/glomerulus_9_3.html


  

Solution number 2: have lots of renal corpuscles in one kidney.

Humans: 50,000 – 1,000,000 (some variation is due to foetal programming – 
Barker hypothesis – nephron number follows mother's amino acid nutrition).

Resin fill of the blood vessels of a piece 
of rabbit kidney: each of these 'balls' is a 
glomerulus.

(never mind the rest of the complex 
blood system – we'll meet that in a 
few lectures' time).



  

Typical values:

Blood flow to kidneys  - 1.2L / min

Plasma flow to kidneys – 0.66L /min (assuming normal haematocrit of 0.45)

Rate of filtration through glomerulus = 0.13L /min

-> 20% of plasma is removed as filtrate.

From: the renal system at a glancecreatinine



  

The filter:

"Design" problems;

We need to make a very fine filter (cut off c. 4nm = 40Å, free flow below 18Å )

We need the filter not to clog.

We need to be able to filter a lot of fluid in a small-ish space



  

An artificial glomerulus – the dialysis machine.

From The Renal System at a Glance

Wikipedia commons

NB – the fresh dialysate is full of the 
'wanted' small molecules of the blood 
(glucose etc) so that there is no net 
loss of these. 



  

Or Transplant – but there are four problems:

Availability                  Social                       Rejection               Tumours

A Manila Slum. Source: writingthirty.blogspot.com/

www.pharmace
utical-technolo
gy.com

Theft (India)
abcnews.go.com 

        3x    risk. 

Wong & Chapman (2008) 
Trans Rev 22: 141-149

http://writingthirty.blogspot.com/2007/12/welcome-to-one-kidney-island.html
http://writingthirty.blogspot.com/2007/12/welcome-to-one-kidney-island.html
http://www.pharmaceutical-technology.com/
http://www.pharmaceutical-technology.com/
http://www.pharmaceutical-technology.com/
http://abcnews.go.com/Health/story?id=4224506&page=1


  

Tangent (not on syllabus) – books about the patient experience

click click

click
click

And about 
the invention 
of dialysis

https://www.amazon.co.uk/Dialysis-Memoir-Lisa-Frieden-ebook/dp/B00LGVJX5U/
https://www.amazon.co.uk/Confessions-Kidney-Transplant-Recipient-Mary/dp/1480259748/
https://www.amazon.co.uk/STAYING-ALIVE-Dialysis-Transplant-Survival-ebook/dp/B00KSNMPE8/
https://www.amazon.co.uk/Nuts-Bolts-Life-Paul-Heiney/dp/0750928964/


  

www.kidneyresearchuk.org

http://www.kidneyresearchuk.org/
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