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© ABSTRACT

A general formulation in terms of the mass transport
equatioﬁ is provided for the loop of Henle mechanism which
takes into account transport throuéh the peritubular space
‘and diffusion. It is shown that as one approximation the
results of Kuhn and Ramel are obtained but with a term that

dépends on the ratio of the sodium permeabilities of the tubes.
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The countercurrent meéhanism of the loop of Henle has
been discussed by Kuhn and Ramel (1) who formulated their
cléssic'analySis in terms oflcertain ad hoc thermodynamic
assumptions about steady state transport through membranes. : 5¢:{
These authors also neglect the effett of diffusion on the ,éy
transport of ions. The purpose of the present briefvreport
is'that of showing how a more:rigorous and straightforward
deveiopmeﬁt is possible proéeediné directly from the clas-
sical mass traﬂsport equatioﬁs,‘the appropriate boundary , ?{
cénditions and the assumption of a linear ion pump in the

ascending tubule. Transport in the peritubular space is

also included in the analysis given here. While a general
analytical solution to the resulting equation is not given,
it is shown that as one approximation the basic expression
of Kuhn and Ramel result. However, the present formulation

emphasizes the importance of the ratio of the sodium per-
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meabilities of the ascending to that of the descending tubule.
A model of the loop of Heﬁle in the vicinity of the bend

is shown in Figure 1. For purposes of geometric simplicity

the tubule of length h, width w and thickness q is assumed

to have a regtangular cross section. The distance between




the descending and ascending tubule is d. The urinary flow
',velocity in the loop of Henle, v, may to a good approximation
be considered as constant in magnitude with a component only
in the y direction,‘bui Qith a positive sign in the descending
' lqop and a negative sign in the ascending loop.

For the present purpose§ we shall only consider the trans-
port of sodium ion since it is understood that tﬁe anion will
move passively in such a way as to achieve charge neutrality.
Thé concentra;ion of sodium ion will be represented,ﬁy Ci(x,y,z)
where the subscript, i, may assume the values 1, 2, and 3 des-
ignate respectively the coﬁceﬁtration in the descending tubule,
‘the peritubular space and the ascending tubule. Transport is
considered to occur only at the interior facing surfaces at
x =q and x = q + d.

In general, for a sodium flux J taken positive in the
direction of the outwardly drawn normal, we have under steady
state conditions | '
v.J =0 | ' (1)
The flux veétor associated with the tubule musf take into .

account transport due to flow and diffusion so that

J = Cv - DVC (2)
where D is the diffusion constant regarded as independent
of position. The diffusion equation, which must be solved

for each of the three regions, is

aC 2. : .
vigy - DVC =0 (3)

with v = 0 in the peritubular space. The three solutions

e —————— U
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neglected) gives the result, with boundary condition C

the bend,

C.( -_ - o ' K3P1y
4 Y) »". 3(Y) = Cl(O) exp Vq(pl 3 PS) (13)

‘where C(0) is C (y) at y;O. - .
This result is in the form obtained by Kuhﬁ énd Ramel,
showing that the increase in sodium concentration will occur
if there is active transport across the ascending tubule wall.
This increase also depends on.the flow velocity in the tubules
as well as on the ratio of the sodium permeability of the
‘descending to that of the ascending tubule} vHowevef it is worthy of

Pl/P3 << 1 then according to (13)'there should be little

dependency on tubule permeabilities.

Refrences

(1) Kuhn, W. and A. Ramel, Helvetica Chimica Acta, 42, 1959, 628.

Research sponsored by the Air Force Office of Scientific
Research, Office of Aerospace Research, United States Air
Force under AFOSR Contract No. 667-65.




\_alvl

7
-/,
Z,

-

-
=

Model of Loop of llenle System

Figure 1



