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Abstract To clarify the differences between the mecha-
nisms of conduction slowing/block and accommodative
processes in focal demyelinating neuropathies, this com-
putational study presents the kinetics of the ionic,
transaxonal and transmyelin currents defining the intra-
cellular and electrotonic potentials in different segments of
human motor nerve fibres. The computations use our pre-
vious double cable model of the fibres. The simulated fibres
have focal demyelination of internodes, paranodes or both
together. The intracellular potentials are defined mainly by
the Na* current, as the contribution of the K fast and K*
slow currents to the total nodal ionic current is negligible.
The paranodal demyelinations cause an increase in the
transaxonal current and a decrease in the transmyelin cur-
rent at the paranodal segments. However, there is an
inverse relationship between the transaxonal and transmy-
elin currents at the same segments in the cases of internodal
demyelination. The internodal ionic channels beneath the
myelin sheath do not contribute to the intracellular poten-
tials, but they show a high sensitivity to long-lasting pulses.
The slow components of the electrotonic potentials depend
on the activation of the channel types in the nodal or
internodal axolemma, whereas the fast components of the
potentials are determined mainly by the passive cable
responses. However, the current kinetics changes (defining
the investigated electrotonic changes) are relatively weak.
The study summarizes the results from these modelling
investigations on the mechanisms underlying the conduc-
tion slowing/block and accommodative processes in focal
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PIFD Paranodal internodal focal demyelination
PISD Paranodal internodal systematic demyelination
Introduction

A major function of the nerve fibre is to transmit informa-
tion reliably from one site to another. If the axon of a
myelinated fibre remains in continuity despite alterations or
demyelinations, the fibre may retain its ability to conduct
nervous impulses, but the axonal demyelination can lead to
a spectrum of conduction abnormalities. Conduction slow-
ing or conduction block is a characteristic feature described
in demyelinating neuropathies, such as Charcot-Marie-
Tooth disease type 1A (CMT1A), chronic inflammatory
demyelinating polyneuropathy (CIDP) (Cappelen-Smith
et al. 2001; Nodera et al. 2004; Sung et al. 2004), n-hexane
neuropathy (Chang et al. 1998; Kuwabara et al. 1993),
Guillain—Barré syndrome (GBS) and multifocal motor
neuropathy (MMN) (Kaji 2003; Kuwabara et al. 2002;
Priori et al. 2005). CIDP is one of several chronic demye-
linating neuropathies that can occur with other systemic
diseases (Barohn et al. 1989; Gorson et al. 2000; Katz et al.
2000). GBS is classified into acute inflammatory demye-
linating polyneuropathy (AIDP) and acute motor axonal
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neuropathy (AMAN) by pathological and electrodiagnostic
criteria (Choudhury and Arora 2001; Feasby et al. 1986;
Griffin et al. 1995).

In our previous papers (Stephanova and Alexandrov
2006; Stephanova and Daskalova 2008; Stephanova et al.
2006a, b, 2007a, b) multiple membrane properties (such as
intracellular, electrotonic and extracellular potentials as
well as strength—duration time constants, rheobases and
recovery cycles) of human demyelinated motor nerve fibres
have been investigated by mathematical models. The de-
myelinations were focal occurring at the internode,
paranode or both. The studies showed that the changes in
the multiple membrane properties cited above for the
investigated demyelinations [such as internodal focal
demyelination (IFD) (Stephanova et al. 2006a, b), paran-
odal focal demyelination (PFD) (Stephanova and
Alexandrov 2006; Stephanova and Daskalova 2008) and
paranodal internodal focal demyelination (PIFD) (Stepha-
nova et al. 2007b)] are so slight as to be essentially
indistinguishable from normal values in the cases without
conduction block. The studies confirm that the transition
from conduction slowing to conduction block of the intra-
cellular potentials leads to amplification of the degree of
these membrane property changes, as the direction of the
changes is maintained (Stephanova and Alexandrov 2006;
Stephanova and Daskalova 2008). The results also show
that the membrane abnormalities simulated in the focally
demyelinated cases are in good accordance with the data
from the patients with GBS and MMN (Kaji 2003; Kuwa-
bara et al. 2002; Priori et al. 2005; Nodera and Kaji 2006).

Threshold electrotonus can be measured in these dis-
eases. According to Bostock (1995) the threshold
electrotonus is coined for the changes in threshold pro-
duced by long-lasting DC pulses, as the accommodative
changes in threshold largely parallel the underlying elec-
trotonic changes in membrane potential. Moreover, the
mechanisms of the accommodative processes based on the
kinetics of the currents defining electrotonic potentials
have been investigated for systematic demyelinations [such
as internodal systematic demyelination (ISD), paranodal
systematic demyelination (PSD) and paranodal internodal
systematic demyelination (PISD), in Stephanova et al.
(2007a)] of human motor nerve fibres.

In the present study, we compare the mechanisms of
conduction slowing/block and accommodative processes
based on the intracellular and electrotonic potentials,
respectively, of focally demyelinated human motor nerve
fibres. An analysis of the kinetics of the ionic, transaxonal
and transmyelin currents defining these potentials in dif-
ferent segments of the fibres is presented. To show the
differences between the mechanisms of the accommodative
processes in focal and systematic demyelinations, a part of
the results concerning the current kinetics in the systematic
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demyelinations will be compared with those presented
here.

Methods

The electrophysiology of human motor nerve fibres can be
studied successfully using a double cable model of these
fibres (Stephanova and Bostock 1995, 1996). Our model is
a further development of the previous remarkably detailed
model by Halter and Clark (1991) in which the separation
of the axonal membrane, myelin sheath and the corre-
sponding compartments was first reported in the literature.
As the double cable model is thoroughly described and
discussed in each of our papers cited above, we will
mention here only that the normal fibre has N = 150
myelin lamellae. The model axon comprises 30 nodes of
Ranvier and 29 internodes. Each internode is divided into
two paranodal and five internodal segments. All calcula-
tions are carried out for fibres with an axon diameter of
12.5 pm. The lengths of node, paranode and nodal center to
nodal center are 1.5, 200 and 1400 pum, respectively. The
temperature is 37°C. The normal myelin thickness is
2.4 um. The total internodal diameter is 17.5 um. The
entire normal myelin sheath is characterized with C,,
(myelin capacitance) 1.5 pF and Ry, (myelin resistance)
250 MQ, and the R,, (paranodal seal resistance) is
125 MQ. The -characteristic parameters defining the
investigated demyelinations are given in Table 1. The
conduction velocity of 58 m/s at 37°C for the 17.5 pm

Table 1 Membrane parameter values and conduction velocities
characteristic for human motor nerve fibres in the normal and de-
myelinated cases, when the demyelinations are mild (IFD 70%; PFD
70%; PIFD 70%; PISD 70%) and severe (IFD 96%; PFD 96; PIFD
96%; PISD 82%)

N Ryy IMQ]  Cuy [PF] Ry, (MQ] v [mis]
Normal 150 2500 1.5 125.0 58
IFD 70% 47 78.3 4.8 125.0 40
PFD 70% 150  250.0 1.5 39.0 38
PIFD 70% 47 78.3 4.8 39.0 23
IFD 96% 6 10.0 37.5 125.0 0
PFD 96% 150  250.0 1.5 5.0 0
PIFD 96% 6 10.0 37.5 5.0 0
PISD 70% 47 78.3 4.8 39.0 25
PISD 82% 27 45.0 8.3 22.5 0

The membrane values showing the difference between the normal and
each demyelinated case are italicized. The conduction velocities are
calculated from the times of the intracellular potential maxima at the
ninth and tenth nodes

N number of myelin lamellae, R, myelin resistance, C, myelin
capacitance, R, paranodal seal resistance, v conduction velocity
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Fig. 1 Schematic diagram of node paranodal mternodal
human motor nerve fibres from segment segment

the 7th to the 14th nodes in the
normal, focally and
systematically demyelinated
cases. The reduction of the
myelin lamellae (/FD) or of the
paranodal seal resistance (PFD)
or simultaneously both of them D
(PIFD) is restricted to only
three (eighth, ninth and tenth)
consecutive internodes for the
focally demyelinated cases. The

normal

simultaneous reduction of the PFD
myelin lamellae and paranodal
seal resistance is uniform along
the fibre length in the PISD case
PIFD
PIED

diameter human fibre is achieved, which corresponds
qualitatively with experimental data at similar temperature
(Huxley and Stampfli 1949; Rasminsky 1973; Dioszeghy
and Stalberg 1992). The channel types and maximum
permeabilities (cm3/s X 1079) are as follows: node, Na
(sodium) 9, K¢ (fast potassium) 0.07, K; (slow potassium)
0.26; internode, Na* (sodium) 80, K¢* (fast potassium) 27,
K* (slow potassium) 2, IR* (inward rectifier) 0.008, L, *
(leak) 0.0064. The asterisk denotes an internodal quantity.

The investigated demyelinations are associated with a
corresponding loosing or lifting of the myelin end bulbs
and myelin lamellae away from the axolemma (Fig. 1). In
the figure, the reduction of the myelin lamellae (IFD) or of
the paranodal seal resistance (PFD) or simultaneously of
the paranodal seal resistance and myelin lamellae (PIFD) is
restricted to only three (eighth, ninth and tenth) consecu-
tive internodes. The investigations are performed for 70
and 96% myelin reduction values, as it was done in our
previous studies (Stephanova and Alexandrov 2006;
Stephanova and Daskalova 2008). The first value is not
sufficient to develop a conduction block of the intracellular
potentials in the focally demyelinated cases and the de-
myelinations are regarded as mild. The second value leads
to conduction block of the intracellular potentials in the
investigated demyelinations. Such demyelinations are
regarded as severe. The paranodal internodal systematic
demyelination (PISD), as the most common case of various
systematic demyelinations (Stephanova and Alexandrov
2006; Stephanova and Daskalova 2008), is used here, for a
comparison with the focally demyelinated cases. (The
simultaneous reduction of myelin lamellae and paranodal
seal resistance in all internodes is termed paranodal inter-
nodal systematic demyelination.) The 70% reduction value
is again not sufficient to develop a conduction block in the

PISD. However, the conduction block is achieved when the
myelin reduction value is 82%.

The intracellular potentials are simulated by adding a
short (0.1 ms) rectangular current pulse to the center of the
first node. This case of point application of current intra-
axonally at the center of the node closely approximates the
effects of point application of current extra-axonally at the
node and realizes a point fibre polarization.

The electrotonic potentials are simulated by adding a
100 ms subthreshold current to the center of each inter-
nodal segment and the case of periodic kind of uniform
fibre polarization is realized. The periodic kind of uniform
polarization is first simulated in the human motor elec-
trotonus model (Stephanova and Bostock 1996). The
electrotonic potentials are calculated for depolarizing and
hyperpolarizing currents, which correspond to 0.4 times the
threshold for a 1 ms current pulse.

Results

Conduction slowing/block and accommodative
processes based on the intracellular and electrotonic
potentials, respectively

A comparison between the intracellular potentials is pre-
sented for the IFD, PFD, PIFD and normal cases without
(Fig. 2a) and with (Fig. 2b) conduction block of human
motor nerve fibres. The potentials are shown at each node,
from the 7th to the 14th. For a better illustration, the nor-
mal case is repeated in the fourth column (Fig. 2a, b). The
conduction proceeds into, through and beyond the de-
myelinated zone in the demyelinated cases (Fig. 2a).
Although the rate of rise of the potential at the 8th, 9th and
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Fig. 2 Intracellular (a, b) and electrotonic (¢, d) potentials in the
mild (a, ¢) and severe (b, d) IFD, PFD, PIFD cases of human motor
nerve fibres. These potentials are compared with those of the normal
(the fourth column in a, b), mild and severe PISD cases (the forth
column in ¢ and d). The intracellular potentials are shown at each

10th nodes is gradually reduced, the potential recovers in
the subsequent nodes. The potential amplitude achieves its
normal value and the conduction occurs at its normal
velocity in the regions distal to the demyelinated zone. In
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node, from the 7th to the 14th. The normal (dotted lines) and
abnormal (continued lines) electrotonic potentials in response to
100 ms depolarizing and hyperpolarizing current pulses (£40% of
threshold) are also presented at each node from the 7th to the 14th

the cases of conduction block (Fig. 2b), the peak-to-peak
amplitude of the potentials decreases until the potential
dies out. The further reduction of the rate of rise of the
potential at the nodes causes failure of the conduction.
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A comparison of the electrotonic potentials is pre-
sented for the normal, IFD, PFD and PIFD cases, when
the demyelinations are mild (Fig. 2c) and severe (Fig. 2
d). To show the differences between the accommodative
processes in the focally and systematically demyelinated
cases, we have also added simulation of the PISD, which
is mild or severe (Fig. 2c, d, in the fourth column). The
temporal distributions of the potentials during and after
100 ms depolarizing and hyperpolarizing currents (£40%
of threshold) are at each node, from the 7th to the 14th.
For all focally demyelinated cases, the polarizing elec-
trotonic potentials are similar, with a small drop to a
minimum amplitude in the tenth node and with a small
rise to a maximum amplitude in the 14th node. The
transition from mild to severe demyelination leads to
amplification of the degree of the potential changes, as
the direction of these changes is maintained. In the mild
and severe PISD cases each node behaves identically, and
an overlap of the potentials at the nodes is obtained. The
same is also valid for the normal case. When these cases
are compared with the focal cases, the obtained differ-
ences are the greater increase in the depolarizing
responses and the abnormally increase in the hyperpo-
larizing responses. The potentials are the most abnormal
in the severe PISD case (Fig. 2d).

Mechanisms of the conduction slowing/block

The observed changes in the intracellular potentials are
determined by the current kinetics (Fig. 3) of the fibres.
The shown currents are at node 10 (a, b, c), adjacent distal
paranode (d) and mid-internode between nodes 10 and 11
(e). To provide a better illustration: (1) the nodal ionic
currents (Ina, Ixs Iks, ;) are presented in Fig. 3a; (2) the
nodal transaxonal current (/,, dotted line) and the nodal
external membrane current (/) are presented in Fig. 3b,
and (3) all these currents are presented in Fig. 3c. Using the
model, we can also distinguish between membrane currents
across the nodal or internodal axolemma (Z,, dotted line in
Fig. 3b—e) and the external membrane current (I, in
Fig. 3b—e), which are usually not the same, since current
can flow longitudinally in the periaxonal space. (In the
paranodal and internodal fibre segments, the external
membrane current (/,, in Fig. 3d, e) is equal to the trans-
myelin current). In the normal, IFD, PFD, PIFD cases, the
nodal Iy, current (Fig. 3a, c) is activated rapidly by
membrane depolarization and then inactivates. The intra-
cellular potentials at the nodal segments are defined mainly
by this Iy, current, as the contribution of the Ik and Iy
currents to the total nodal ionic current (/;) is negligible.
However, the externally recorded nodal inward current (/,,,
in Fig. 3b, c¢) is less than the current across the nodal

axolemma (1,), because of the short-circuiting through the
paranodal seal resistance (R,,). Compared with the IFD
case, the externally recorded nodal inward current ([,
negative phase) in the PFD case is lower. The decrease of
the paranodal seal resistance also results in increased
positive phase (reflecting the capacitive leakage current) of
the external membrane current. Similarly, considerably
more outward current flows across the paranodal axolemma
(I, in Fig. 3d) than is apparent from the current flowing
across the myelin (/). However, compared with the nor-
mal case, the externally recorded membrane current (/,,,, in
Fig. 3b, ¢) and the transmyelin currents (/,, in Fig. 3d, e)
in the IFD and PIFD cases are of greater magnitude. The
kinetics of the currents in the PIFD case is consistent with
the effect of reduced myelin lamellae, additionally
increased by reduced paranodal seal resistance. As in the
normal case, for all demyelinated cases, the internodal
ionic currents beneath the myelin sheath (I;a, If(f, I;;S, IfR,
I1,) do not change significantly during the intracellular
potential, either at the paranode and mid-internode, and
appear as straight lines in Fig. 3d, e, respectively. The
transaxonal and transmyelin currents are equal at the mid-
internode (I, and I, in Fig. 3e).

In the case of conduction block, the kinetics of the
currents discussed above is zero at the node 10, adjacent
distal paranode and mid-internode between nodes 10 and
11. Our unpublished data also show that the current
kinetics of the focally demyelinated cases at the investi-
gated segments, compared to the current kinetics at the
same segments of the systematically demyelinated cases is
very similar. However, in the focally demyelinated cases,
the processes are realized earlier.

Mechanisms of the accommodative processes
in the normal, IFD, PFD and PIFD cases

The observed changes in the electrotonic potentials to the
subthreshold polarizing current pulses are also determined
by the current kinetics (Figs. 4, 5, 6, 7) of the fibres. To
provide a better comparison, the ionic and I,, I, currents
are illustrated in different figures, however, they will be
discussed simultaneously. In the normal and mildly de-
myelinated cases, the currents are again at node 10 (a),
paranode next to node 10 (b) and mid-internode between
nodes 10 and 11 (c), whereas, for the severely demyeli-
nated cases, the currents at the same segments are given
in (d), (e) and (f), respectively. For a better illustration:
(1) the currents of the normal case given in (a), (b), (c)
are repeated in (d), (e), (f), respectively; (2) the asterisk is
omitted in Figs. 4b, c, e, f and 6b, c, e, f and (3) the zero
straight lines in Fig. 6b, c, e, f indicate the internodal Iy,
current.
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Fig. 3 Kinetics of the currents defining the intracellular potential in
the normal, IFD, PFD and PIFD cases at node (a—c), adjacent distal
paranode (d) and mid-internode between nodes 10 and 11 (e). The
demyelinations (70%) are in the cases without conduction block of
the intracellular potential. Currents: (a) nodal: Iy, (sodium), /iy (fast
potassium), Ixs (slow potassium), /; (total ionic); (b) nodal: I,
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Fig. 4 During the subthreshold
depolarizing current pulses, the
kinetics of the ionic currents
defining the electrotonic
potential in the normal, IFD,
PFD and PIFD cases is
presented at node 10 (a, d),
paranode next to node 10 (b, e)
and mid-internode between
nodes 10 and 11 (¢, f) for the
mild (70%) and severe (96%)
demyelinations, respectively.
Currents: Iy, (sodium), Ik
(slow potassium), Ik¢ (fast
potassium), /; (total ionic, dotted
lines), I (inward rectifier), I;
(leakage)
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Fig. 5 During the subthreshold
depolarizing current pulses, the
kinetics of the transaxonal ([,
dotted lines) and external
membrane (I,,, continued lines)
currents defining the
electrotonic potential in the
normal, IFD, PFD and PIFD
cases is presented at node 10 (a,
d), paranode next to node 10 (b,
e) and mid-internode between
nodes 10 and 11 (¢, f) for the
mild (70%) and severe (96%)
demyelinations, respectively. In
the paranodal and internodal
segments, the external
membrane current is equal to
the transmyelin current
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Fig. 6 During the subthreshold
hyperpolarizing current pulses,
the kinetics of the ionic currents
defining the electrotonic
potential in the normal, IFD,
PFD and PIFD cases is
presented at node 10 (a, d),
paranode next to node 10 (b, e)
and mid-internode between
nodes 10 and 11 (¢, f) for the
mild (70%) and severe (96%)
demyelinations, respectively.
Currents: Iy, (sodium), Ik
(slow potassium), Ik¢ (fast
potassium), /; (total ionic, dotted
lines), I (inward rectifier), I;
(leakage)
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Fig. 7 During the subthreshold
hyperpolarizing current pulses,
the kinetics of the transaxonal
(I,, dotted lines) and external
membrane (I,,, continued lines)
currents defining the
electrotonic potential in the
normal, IFD, PFD and PIFD
cases is presented at node 10 (a,
d), paranode next to node 10 (b,
e) and mid-internode between
nodes 10 and 11 (¢, f) for the
mild (70%) and severe (96%)
demyelinations, respectively. In
the paranodal and internodal
segments the external
membrane current is equal to
the transmyelin current
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A. Current kinetics defining the depolarizing
electrotonic potentials

The temporal distributions of the ionic (Fig. 4) and I, I,
(Fig. 5) currents are presented during the depolarizing
current pulses. The results show that the contribution of
nodal slow potassium current (/i) to, both the total ionic
current (Z;, dotted line in Fig. 4a, d) and the generation of
the electrotonic potential in the normal and demyelinated
cases, is obviously large. The other channels such as
sodium (In,) and fast potassium (/xf) have minor contri-
bution to the potential generation at the nodes. An overlap
of the transaxonal (/,, dotted line in Fig. 5a, d) and total
nodal ionic current (/;, dotted line in Fig. 4a, d) is obtained.
Much of the externally recorded nodal current (I, con-
tinued line in Fig. Sa, d) does not flow across the
axolemma, since I, (dotted line) is much smaller, but
passes longitudinally via the paranodal seal resistance to
the periaxonal space. Conversely, considerably more cur-
rents flow across the paranodal and internodal axolemma
(1,, dotted line in Fig. 5b, c, e, f) than is apparent from the
current flowing across the myelin sheath (/,,,, continued line
in Fig. 5b, c, e, f). For the same segments, the fast (/) and
slow (Iks) potassium currents, resulting from activation of
the ionic channels beneath the myelin sheath, dominate in
the total ionic current (/;, dotted line in Fig. 4b, c, e, f).

The decrease of the paranodal seal resistance causes an
increase in both the external membrane current (/,,,, PFD,
in Fig. 5a, d) and the transaxonal current, as well as a
decrease in the transmyelin current at the paranodal and
internodal segments (I, and I,,, PFD, in Fig. 5b, e), as the
changes in the I, are the biggest at the paranodal segments.
However, there is an inverse relationship between the
transaxonal (/,) and transmyelin (/,) currents at the
paranodal and internodal segments in the IFD cases (I, and
I, IFD, in Fig. 5b, c, e, f). The current kinetics in the
paranodal internodal demyelinations is consistent with the
effect of the paranodal demyelination, additionally
increased by the internodal demyelination (PIFD, in
Figs. 4-5). The results also show that the changes in the
ionic currents are so slight as to be essentially indistin-
guishable from normal values in the mild demyelinations
(Fig. 4a—c). However, compared to the mild cases (Fig. 5
a—c), the I, I, kinetics changes in the severe cases are
bigger (Fig. 5d-f).

B. Current kinetics defining the hyperpolarizing
electrotonic potentials

The contribution of the nodal ionic channels to the total
ionic currents (Z;, dotted line) in the normal and abnormal
cases (Fig. 6a, d) is negligible during the hyperpolarizing
current pulses. Whereas at the paranodal and internodal

segments, the activating slow potassium (Ix;) and leak (Ly)
channels dominate in the total ionic currents (Fig. 6b, c, e,
f). Compared to the demyelinated cases during the depo-
larizing current pulses (Fig. 5), the kinetics of the
transaxonal (I,) and transmyelin (/;,,) currents in the given
different fibre segments is very similar (Fig. 7). However,
these currents flow in the opposite direction during the
hyperpolarizing current pulses.

Mechanisms of the accommodative processes in the
mild and severe PISD cases

To show the differences between the mechanisms of the
accommodative processes in the focal and systematic de-
myelinations (Fig. 2c, d), the current kinetics changes,
defining the electrotonic potentials in the mild and severe
PISD cases, are also presented (Fig. 8). They can be
compared with those of the normal, mild and severe IFD,
PFD and PIFD cases, which were shown and discussed
above. The currents, defining the depolarizing electrotonic
potentials, are again at node 10(a), paranode next to node
10(b) and mid-internode between nodes 10 and 11(c),
whereas, for the hyperpolarizing potentials, the currents at
the same segments are given in (d), (e) and (f), respec-
tively. For a better comparison: (1) the ionic currents (first
and second columns) and I,, I, currents (third and fourth
columns) are illustrated in the same figure; (2) the asterisk
(denoting the internodal ionic currents) is omitted in
Fig. 8b, c, e, f, and (3) the zero straight lines in Fig. 8b, c,
e, f indicate the internodal Iy, current. The results show
that the mechanisms, defining the systematic electrotonic
potentials, are the same as those described above for the
focal electrotonic potentials. The main difference is that,
the activating inward rectifier (IR) channels dominate in
the total ionic currents at the paranodal and internodal
segments of the systematically demyelinated cases. More-
over, the currents in the mild systematic demyelination
(Fig. 8, first and third columns) abnormally increase when
this demyelination is severe (Fig. 8, second and fourth
columns). Compared to the mild and severe PISD cases,
the current kinetics changes in the severe IFD, PFD and
PIFD cases are relatively weak.

Discussion

In this study, the comparison between the conduction
slowing/block and accommodative processes shows that
their mechanisms are quite different in the normal and
abnormal human motor nerve fibres. The gradually reduced
amplitude, prolonged duration and slowed conduction
velocity of the intracellular potentials passing through and
beyond the demyelinated zone is an expected result in the
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Fig. 8 The kinetics of the
currents, defining the
electrotonic potential in the
mild (70%) and severe (82%)
PISD cases is presented at node
10 (a, d), paranode next to node
10 (b, e) and mid-internode
between nodes 10 and 11 (¢, f)
during the subthreshold
depolarizing (a, b, ¢) and
hyperpolarizing (d, e, f) current
pulses. Currents: Iy, (sodium),
Ik (slow potassium), Iy (fast
potassium), /; (total ionic, dotted
lines), I1r (inward rectifier), I} g
(leakage), I, (transaxonal,
dotted lines), and I, (external
membrane, continued lines)
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focally demyelinated cases. The conduction block is a
critical diagnostic feature in the GBS and MMN patients
(Kaji 2003; Kuwabara et al. 2002; Priori et al. 2005; No-
dera and Kaji 2006). Our results confirm that the classical
“transient” Na* current contributes mainly to the intra-
cellular potentials at the node. This current is activated
rapidly by membrane depolarization and then inactivates.
About 99% of the nodal Na* current behaves in this way.
The remaining 1% “persistent” Na* current is activated at
membrane potentials that are ~10-20 mV more negative
(Bostock and Rothwell 1997). This current is not simulated
in the present study. However, according to the cited
authors, the persistent nodal Na* current contributes mainly
to the strength—duration time constants. The maximal
amplitude, duration and afterpotential of the intracellular
potential, calculated by us, match those of intracellular
potential as measured in a node of Ranvier of single human
myelinated nerve fibre (Schwarz et al. 1995). Our results
also show that the internodal channels beneath the myelin
sheath do not contribute to the intracellular potentials at the
paranodal and internodal fibre segments. However, their
contribution to the generation of the electrotonic potentials
is significant.

The electrotonic potentials allow the accommodative
responses to polarizing currents to be investigated in the
normal and abnormal human motor nerve fibres. This study
indicates a number of differences in the electrotonic
potentials and their current kinetics between the normal
and demyelinated cases when the latter are mild or severe.
The described current kinetics of the electrotonic potentials
shows that the slow (20-100 ms) components of the
potentials are dependent on the activation of the channel
types in the nodal or internodal axolemma, whereas the fast
(0-20 ms) components of the potentials are determined
mainly by the passive cable responses, i.e. by the capaci-
tances and resistances of the corresponding different
segments along the fibre. The present study also confirms
that the kinetics of the currents, defining the electrotonic
potentials is similar in the focally and systematically de-
myelinated cases. However, compared to the systematic
cases, the current kinetics changes in the focal cases are
relatively weak.

In conclusion, the conduction slowing/block and
accommodative processes as characteristic features in
demyelinating neuropathies are known to the neurophysi-
ologists. However, the complex investigation of the current
kinetics defining these processes in the focally demyeli-
nated cases of human motor nerve fibres is first presented
here. Our previous studies (Stephanova and Alexandrov
2006; Stephanova and Daskalova 2005a, b, 2008; Stepha-
nova et al. 2005, 2006a, b, 2007a, b) show that the
systematic demyelinations (ISD, PSD, PISD) are specific
indicators for hereditary and chronic neuropathies (such as

CMTI1A and CIDP), whereas the focal demyelinations
(IFD, PFD, PIFD) are specific indicators for acquired
demyelinating neuropathies (such as Guillain—Barré syn-
drome and MMN). Consequently, this study provides
important information about the electrogenesis of the
demyelinating neuropathies.
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