
Physiol-12A13 Describe the factors affecting the diffusion of gas at the placenta, 
including the Bohr and Haldane effects. 
 
Background 
 
Placenta is the organ that connects fetus and uterine wall 
Function of the placenta = facilitate nutrient and waste exchange between mother and 
fetus 
 
At the placenta, O2 and CO2 passively diffuse down their respective concentration 
gradients: 

- CO2 transferred from fetus → mother 
- O2 transferred from mother → fetus 

 
Rate of diffusion is governed by Fick’s law of diffusion, which states that 
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Where, 
 
D = rate of diffusion 
A = diffusional surface area 
t = membrane thickness 
sol = solubility of diffusate 
MW = molecular weight of diffusate 
Δconc = concentration gradient 
 
Placenta is much less efficient than the lung in terms of gas exchange because: 

- smaller surface area for diffusion (15 m2 placenta vs 80 m2 lung) 
- greater diffusion distance (3.5 µm placenta vs 0.5 µm lung) 

 
Concentration Gradient Across Placenta 
 
 Uterine A Uterine V Umbilical A Umbilical V 
Flow (mL/min) 600 600 300 300 
pO2 (mmHg) 100 40 18 28 
pCO2 (mmHg) 32 45 55 35 
 
Placental oxygen consumption = 6 mL/min 
Fetal oxygen consumption ≈ 17 mL/min 
 
Bohr and Haldane Effects 
 
∃ additional mechanisms to ↑efficiency of gas diffusion across placenta 
 
Bohr effect = changes to pCO2 or pH ! influence Hb affinity for O2 
i.e. ↑pCO2 or ↓pH ! ↓Hb affinity for O2 



Mechanism = O2 binding to Hb releases H+ (and vice versa) ∴ H+ binding to Hb 
promotes O2 release 
 
Haldane effect = changes to Hb-O2 binding ! influence Hb affinity for CO2 
i.e. oxyHb ! ↓Hb affinity for CO2 
Mechanism = deoxyHb is a better buffer for H+ than oxyHb ∴ deoxyHb shifts the 
CO2 dissociation equation to the right (CO2 + H2O ! HCO3

– + H+) ! carries more 
CO2 
 
Double Bohr Double Haldane Effect 
 
Bohr effect 1 – placenta 
Fetus unloads CO2 in placenta ! ↑placental CO2 ! ↓Hb affinity for O2 ! ↑O2 
unloading ! ↑O2 available for fetus 
 
Bohr effect 2 – fetus 
Fetus unloads CO2 ! ↓fetal CO2 ! ↑Hb affinity for O2 ! ↑fetal O2 binding 
 
Haldane effect 1 – placenta 
Placenta unloads oxygenated blood to fetus ! ↓placental O2 ! ↑Hb affinity for CO2 
! ↑placental CO2 uptake from fetus 
 
Haldane effect 2 – fetus 
Fetus takes up oxygenated blood from placental ! ↑fetal O2 ! ↓Hb affinity for CO2 
! ↑fetal CO2 release to placenta 
 
The above is enhanced via maternal hyperventilation ! ↓maternal PaCO2 ! larger 
gradient for CO2 to diffuse from fetus to mother ! greater Bohr effect of the fetus 
 
Examiner’s comments – 50.2 % of candidates passed this question. 
 
Main Points expected for a pass: 
" which gases were transferred at the placenta with normal values for the 

mother and foetus 
" how gases diffuse across the placenta with relevance to Fick’s law of diffusion 

and how the placenta differs from the lung 
" detailed descriptions of the Bohr and Haldane effects 
" explanation of the double Bohr and double Haldane effects as they occur at the 

placenta 
Additional points could be gained for: 
" maternal hyperventilation with mechanisms 
" placental oxygen consumption 
" quantification of the effect of Bohr and Haldane effects 
 
Many candidates had a structure to their answers, in some cases suggesting poor time 
management. In many answers there was confusion regarding the direction of shifts in 
the haemoglobin oxygen dissociation curve. Few candidates mentioned the values of 
CO2/O2 at the placenta, and of those that did many were incorrect. The main reason 
for failing this question was insufficient core knowledge. 



 


