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Statement of Purpose: Previous studies suggested the 
use of the Human Umbilical Vein (HUV) as a vascular 
grafting material or as a tendon or ligament engineered 
tissue.  In most tissue engineering applications cells are 
often loaded initially at the interior of the HUV while 
media is available only at the exterior surface.  As a 
result, the transport of nutrients and growth factors 
through the wall of the scaffold is critical for cell 
survival, proliferation and migration into the interior of 
the HUV.  The goal of this study is to evaluate the 
permeability of the HUV membrane to glucose and 
fluorescently labeled-Dextran (FITC-Dextran) spanning 
a wide range of molecular weights.  
Materials and Methods: A side-by side diffusion 
chamber was designed to allow the measurement of the 

coefficient of 
permeability of 
different 
biomolecules 
through the HUV (
         Figure 

1).  
         Figure 1 
 A 0.75 mm thick square section of HUV was placed 
between the two chambers.  The molecule of interest 
was loaded in the first chamber, and 2.5ml of nano pure 
water were loaded in the second chamber.  Two 
different solutions were used for the measurements of 
the permeability coefficient.  The first solution was 
70μg/ml FITC-conjugated dextran molecules with three 
different molecular weights: 4.4, 50, and 580 KDa.  The 
second solution was glucose (0.18 KDa), loaded at a 
concentration of 100 mg/ml.  Glucose was chosen 
because it is a key component in cell culture media and 
necessary for cell nutrition and survival.  10 μl samples 
were collected from chamber 1 at different time points 
for up to 48 hours.  To calculate the permeability 
coefficient, the HUV was considered as a “thin 
membrane” and a quasi-steady state was assumed1.  The 
following relation was used and the permeability 
coefficient (P) was deduced from the slope of the plot of 
time (t) versus the logarithmic of the concentrations1: 
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⎛ − .  Where C0 and C1 are the 

initial (time=0) and measured (time=t) solute 
concentrations in chamber 1.  Am is the cross sectional 
area of the HUV (0.713cm2), and V is the volume of 
each chamber (2.50 ml) 
Results and Discussion:   
There was no significant difference between glucose 
permeability through the HUV and that through the 
Wharton’s jelly (WJ) (Figure 2-a).  The tested section of 
HUV had a total thickness of 0.75 mm.  Knowing that 
the wall of the HUV only composes 0.412 ± 0.025 mm2 
of the total thickness, we could deduce that the tested 
section of HUV had almost 45% of WJ matrix in it 
(Figure 2-b).  The wall of the HUV, in turn, is 
composed of three sub-layers: intima (14%), media 
(59%) and adventitia (27%)2.  Since the flow of 

nutrients is passing through the two main stratified 
layers of the HUV, then the total coefficient of 
permeability (PHUV) is limited by the individual 
coefficients of permeability of the WJ (PWJ) and the 
HUV wall (PHUV wall) layers.  
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Using the above relation the resulting glucose 
coefficient of permeability through the WJ was PWJ = 
3.04x10-5.± 5.42x10-6 cm/sec significantly larger than 
that of the HUV wall PHUV wall = 2.17x10-5.± 4.94x10-6 
cm/sec (Figure 2-a).  This was expected since the wall 
of the HUV includes the media layer that is composed 
of packed smooth muscle fibers and densely interwoven 
collagen fibers2 compared to the loose architecture of 
the fibers of the WJ 

 
Figure 2 

Large molecules >50 KDa did not diffuse through the 
HUV (Figure 2-c).  However, it could not be concluded 
that proteins having a molecular weight larger than 50 
KDa would not permeate through the membrane.  Two 
molecules having the same molecular weight might 
have significantly different geometries.  For instance, 
bovine serum albumin has a molecular weight of 65 
KDa but a molecular radius R = 3.5 nm significantly 
lower than FITC-50 with an R = 4.89 nm.  Thus, it was 
necessary to compare the permeability of the HUV 
using the molecular radius rather than the molecular 
weight.  An inversely proportional relationship was 
revealed when the coefficient of permeability was 
plotted against the molecular radius (Figure 2-d).   
Conclusions:  
It was determined that glucose permeability through the 
HUV wall was significantly lower than that through the 
WJ.  The coefficient of permeability of glucose was 
almost an order of magnitude higher than that of FITC-
Dextran 4.4 KDa.  High molecular weight FITC-
Dextran molecules did not diffuse through the HUV, 
limiting the molecular radius of proteins that could 
permeate through the biological scaffold to less than 
4.89 nm.  
References: 
1. Truskey GA. 2004. Transport phenomena in 
biological systems. 317-21 pp. 
2. Li WC. Ann Vasc Surg. 2008;22:417-24 
3. Prausnitz MR. Journal of pharmaceutical sciences. 
1998;87:1479-88 


