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Mean transit time across the capillary membrane for

. ‘different weights of FITC-dextran

G Rutili, P Hagander and XK-E Arfors

ABSTRACT

Information on the mean transit time (t) across the
capillary membrane for different macromolecules may
contribute to a better understanding of the transport
mechanism involved. The plasma (Cp)'and interstitial
fluid {Cif) concentrations in the subcutaneous tissue
of different molecular sizes of fluorescein labelled
dextrans (FITC-dx) were determined as a function of
time after a single intravenous injection. The experi-
ments were .performed in 35 rabbits. The plasma data
were fitted using a two exponentials functiqn. First
order kinetics were then assumed for the transport
across the capillary, h(t) = A3'£;k3t,and the inter-
stitial fluid data was fitted by

t
Cif(t) = g h(t—r)Cp(T)dr

This assumption gave good agreenment with the experimen-
tal data. The t was given by the relation E = 1/k4. The
data obtained indicates that two different mechanisns
are involved in the transfer of macromolecules across
the capillary, one related to molecular weights up to
40,000 and the other constant for all molecular weights.
The calculated t is a weighted value of £ for each of
the two mechanisms,
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Talk given at the 1st World Congress for Microcirculation,
Toronto, June 15-20, 1975.

G Rutili and K-E Arfors are with Deﬁartment of Experimental
Medicine, Pharmacia AB, Uppsala.



Most of the present knowledge about the transfer of macro-

molecules across the capillary are mainly based on studies

carried out on lymph. In these studies, usually, a lymph

vessel has been cannulated and the concentration of diffe~

rent tracers is nmeasured as a function of time, after
.intravenous injection of the tracer. These studies have
primarily supplied information about steady state conditions.
From the lymph to plasma concentration ratic at steady-state
and from the lymph flow values information about the per-
meabllity properties of the capillary membrane have been

" evaluated.

This, however, gives little information about the mechanisms
involved in the transport of these molecules, A better under-

'i' standing of these processes could be achieved if additional
information about tfansient events could be obtained. One of
the parameters frequently used to describe these events is
the mean transit time {%). In the present studies, we have
estimated the mean transit time from blood to the intersti-
tium for different molecular weight dextrans.

|

The concentration of fluorescein labelled dextran (FITC-dx)
in plasma and interstitial fluid was measured as a function
of time after single intravenous injection of the tracer.
Two different methods were used for the measurement of the

i@ concentration of dextran in the interstitium. With the first
method, small inter%titial fluid sémples of 2 to 5 nanoliters
volumes were obtainéd by micropuncture of the subcutancous

. tissue of the hind~leg of rabbits. The concentration of
FITC-dx in the interstitial fluid and in plasma was then
measured in a microscope fltted with a photo-multiplier and
dark-field condenser for fluorescence determination, The
details of the measuring procedure and of the sampling pro-
cedure have previously been presented at the Aberdeen meeting
of 1972.

The sensitivity of this method wés, however, not sufficient’ ;

to quantitate small changes in interstitial £luid concentra-
tion of PITC~dx for molecular weights higher than 20,000



because of the small absolute values of concentration,
especially during the initial part of the experiment.

In order to increase the sensitivity of the method, direct
in-vivo measurements of the amount of fluorescence in the
tissue were performed. These studies required the use of a
tissue which could be transilluminated. For this purpose,
we have used the hamster cheek-pouch.

After nephrectomy, the pouch was exteriorized, fixed on a
perspex table and prepared according to the method of Duling.
In order to eliminate diffusion of the tracer from the

tissue to the commonly used superfuéing buffer solution,

the pouch was superfused with nitrogen saturated paraffin
oil at 37°. It was found that it was necessary to saturate
the paraffin oil with nitrogen in order to lower the oxygen
tension around the pouch, thus maintaining capillary blood
flow En the cheek pouch.

The amount of fluorescence in a small area of tissue between

caplllaries was measured.

In order to calculate the mean transit time, cértain assump-

tions were made:

1. The capillary flow is large as compared to the trans-
capillary flow and, thus, the plasma concentration
constitutes the input to the system,

2. The interstitium is a well mixed compartment.

3. The transporé of macromolecules across the capillary
is described by first order kinetics.

The plasma data were fitted by a two-exponential
function: '
First order kinétics were assumed for the transport across

the capillary membrane, i.e.
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(@

. _k3t
h{t) = A,

and the interstitial fluid data fitted by

t
Ciplt) = g ht-r) cp(r) dr

A good fitting to the eXperimental data was obtained, asg
shown in fig. 1 and figq, 2, and it dave us no reason to
assume a more complicated system than first order kinetics.

AS a result of this caleulation, the values for g and t in
table I were obtaineq. ' :

dextran fractions of relatively wige molecular weight distyri-

from blood teo the interstitium, One, related to molecules up
to Mw 20 - 40,000, and the other common for all molecular
weights,
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The Mw dependent transport process has been described in
the literature as a combination of filtration and diffusion
through small pores of 40-50 A of radius. The Mw independent

process has been explained in terms of pinocytotic transport
or in terms of convection through large pores.

The ratio between R and ¥ expresses the initial transcapil-
lary plasma clearance per unit of interstitial distribution
volume. Assuming identical V4 for the different Mw, the
initial plasma clearance per 100 g of subcutaneous tissue
was calculated (Table II and fig. 4y,

It can be seen that it decreases with increasing Mw reaching

. a constant value of 0.03 ml/min for Mw higher than 37,000.
{ 4 This constant value should, therefore, represent the initial
clearance through pinocytosis or convection via large pores.

By subtracting this value from the total clearance value,

the transport through the small pores can be evaluated. A
representation of the initial plasma clearance per 100 g
+issue through the small pore system is shown in figure 5,
where the broken line represent the slope for an unirestricted

diffusive transport.
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