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Retrograde Axonal Transport
A Possible Role in the Development of Neuropathy
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Summary. The accumulation of *H-fucose labelled
glycoprotein and 3S-methionine labelled protein
carried by the retrograde axonal transport in the sen-
sory fibres of the sciatic nerve was examined on the
day after injection of streptozotocin in rats. The
accumulation of fucose-label was reduced (2.8 = 0.4
(SD) versus 2.1 =% 0.5 (arbitrary units), 2p = 0.0044)
indicating a decreased retrograde flux of glycopro-
teins. This early transport abnormality could have a
key role in the development of peripheral neuro-
pathy in diabetes.
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In the nerve cell proteins associated with structure
and transmitter function are synthesised in the cell
body and subsequently carried by the anterograde
transport system to the axon and its terminals. In the
opposite direction there is a retrograde transport of
macromolecules suggested to act as a messenger safe-
guarding the integrity of the entire neuron [16].

Abnormalities in the axonal transport of mac-
romolecules could underlie the development of fi-
bre degeneration and functional impairment in
axonopathies. Studies to examine this hypothesis are,
however, few and inconclusive [4, 7, 8, 19-22].

We have earlier shown that reduced myelinated
fibre calibre [9, 10] and reduced nerve conduction
velocity [11] are associated with a decreased flux of
retrogradely transported glycoproteins in intact [12]
and crushed [26] nerves of streptozotocin rats four
weeks after the induction of diabetes. This transport
abnormality could be an early and important feature
in the development of diabetic neuropathy but it
might as well be a late consequence of changes in
morphology. In an attempt to clarify this question we
now report on retrograde axonal transport of glyco-
proteins at the earliest possible interval after the
induction of diabetes in the animal model.
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Methods

Male Wistar rats 25 weeks old weighing between 305 and 445 g
were injected IV with 40 mg kg~! streptozotocin dissolved in
0.15 mol/l saline (pH 4.8). Blood glucose was measured in non-
fasting animals at 2-8 h intervals with Dextrostix and an Ames
Reflectancemeter.

On the following day at a time when the blood glucose level
had reached a plateau (Fig. 2) the diabetic rats and their age and
weight matched controls were injected with 1 ul of a buffered [18]
precursor solution containing 5uCi 3°S-methionine (750 Ci
mmol~!, Amersham) and 10uCi 3H-fucose (26 Ci mmol~!,
Amersham) in each microlitre into the right fifth lumbar dorsal
root ganglion [24]. Twelve hours later the left ganglia were
injected with 1 ul of the same precursor solution and subsequently
a crush was produced in the distal part of the left sciatic nerve just
above the knee [26].

Nineteen hours after injection into the right ganglia and 7h
after the injection on the left side two collection ligatures 6 mm
apart were placed for a 2 h period in the midthigh portion of the
sciatic nerve on both sides [2, 3]. At the end of the collection
period the nerves were removed and axonal transport stopped by
cooling. The frozen nerves were cut into 3 or 6 mm segments as
shown in Figure 1. Eventually, the segments were treated with
10% TCA (trichloroacetic acid, w/w), dissolved in Lumasolve and
their activity measured by liquid scintillation counting.

The flux of activity carried by the retrograde and the antero-
grade axonal transport were estimated by the accumulation proxi-
mal to the proximal ligature and distal to the distal one, respec-
tively [12].

Student’s t-test was employed for the statistical analysis using a
5% limit of significance.

Results

In Figure 2 mean blood glucose values measured at
2-8 h intervals for the 50 h experimental period are
shown. During the first day an initial lag period of
5-10h was followed by a steady increase in the glu-
cose level. On the second day the level plateaued
with individual values varying between 14.4 and
23.9mmol 171

Table 1 shows the data for the retrograde and the
anterograde flux of labelled material obtained during
the second day of the experiment.

The retrograde flux of glycoprotein activity in
intact nerves was decreased by 25% whereas the flux



Table 1. Retrograde and anterograde axonal flux of 3°S-methionine labelled protein and *H-fucose labelled glycoproteins in intact and
crushed nerves for diabetic rats and controls. Values are means + SD (n)

Substance Group Axonal flux
Intact nerve (19-21 h after precursor injection) Crushed nerve (7-9 h after precursor injection)
Retrograde Anterograde Retrograde' Anterograde
(pre-existing activity) mm"™" [12, 26]
35S-methionine Control 1.3 + 0.4 (10) 1.9 + 0.6 (10) 3.6 = 0.3 (10) 2.8 £ 0.5 (10)
labelled Diabetes 1.1 £ 0.2 (8) 2.3 +0.1(8) 3.1+ 0.6 (9) 3.7 + 0.8 (9)
protein 2p NS NS 0.040 0.0093
3H-fucose Control 2.8 +04(9) 39+ 1.0(9) 3.2 £ 04 (10) 5.0 £ 0.9 (10)
labelled Diabetes 2.1 % 0.5 (8) 4.1 = 0.6 (8) 23 % 0.7 (9) 5.9+ 0.9 (9)
glycoprotein 2p 0.0044 NS 0.0015 0.048
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Fig. 1. The figure shows the placing of the two collection ligatures
(6 mm apart) on the intact nerve on the right side and on the
crushed nerve on the left. Formulae for calculation of the retro-
grade (DA) and the anterograde accumulation (PA) are given.
(Ay) activity in distal accumulation segment, (A,) activity in proxi-
mal accumulation segment, (S;) activity in interligature segment
and (8,) and (S,) activity in distal and proximal segments
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Time after streptozotocin injection

Fig. 2. Blood glucose values as a function of time after intravenous
injection of streptozotocin in nine test rats. Values are group
means and SEM’s. The time for the first and the second dorsal root
ganglion injection and time for the end of the experiment are
indicated on the abscissa

of labelled protein was statistically unchanged. In
crushed nerves the retrograde flux of both labels was
decreased, glycoproteins twice as much as proteins.
The anterograde flux in intact nerves was normal. In
crushed nerves it was increased for both labels.
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It is not known whether morphological changes
are present at that early time. In a previous study the
myelinated nerve fibre calibre seemed to be gradu-
ally reduced during a 4 week period of streptozotocin
diabetes whereas the density of axon organelles
remained unchanged [11]. It is, therefore, likely that
the very early changes in axonal glycoprotein flux
precede the abnormalities in fibre structure.

The present observation taken in concert with
previous findings enable us to suggest that the
decreased retrograde flux of glycoproteins induces
the reset of the protein synthesis in the nerve cell
body necessary for the decrease of anterograde trans-
port of structural proteins [13]. The morphological
consequence of these protein abnormalities could be
the reduction in size of the nerve cell body and its
axon [9, 10, 25].

The suggestion that information concerning the
state of the axon and its terminals is communicated to
the nerve cell body by the retrograde axonal trans-
port is supported by the finding of an increased
retrograde flux of proteins after nerve transsection
[3], anticipating the associated biochemical and
structural changes in the nerve cell body [1, 6, 14,
15]. Since the increase in the retrograde flux is
accompanied by an increased anterograde transport
of structural proteins in regenerating nerves after
transsection [6] the changes in transport are reverse
to those acting in streptozotocin diabetes. This leads
us to suggest a key role for retrograde transport in
nerve cells, increasing or decreasing, during various
conditions. A general scheme for the way the nerve
cell responds to changes in the physical and chemical
surroundings is proposed as follows



(1) nerve cell membrane changes

(2) retrograde axonal transport

(3) protein synthesis in the nerve cell body

(4) fast and slow anterograde axonal transport
(5) changes of structure and function of axons.

The chemical factor responsible for the develop-
ment of diabetic neuropathy is likely to be glucose or
one of its metabolites as rats fed galactose, an epimer
of glucose, develop similar changes of the peripheral
nerves as diabetic rats [17, 23, 27].

Changes in the function of cell membranes in
streptozotocin diabetes are indicated by the findings
of a decreased activity of a cell membrane enzyme as
well as of an abnormality of the pinocytotic vescicles
[5, 28].

It is possible that the sequence of events as pro-
posed for the pathological process in diabetic
neuropathy applies to other axonopathies. Thus
Sahenk and Mendell [22] found a decreased retro-
grade axonal flux in zinc pyridinethione neuropathy
in rats a few weeks after the start of exposition to the
drug. This change in axonal transport as well as those
reported in other toxic axonopathies [8, 19, 20] have
all been demonstrated at a time when ultrastructural
alterations are present in the axons. Consequently, it
is not known whether these transport abnormalities
are of a primary or a secondary nature.

At the moment it seems reasonable to suggest a
key role for retrograde transport in the development
of some of the axonopathies, for example diabetic
neuropathy, the defect being misinformation for the
direction of protein synthesis in the nerve cell body.
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