
nisms discussed in this report are suf- 
ficient to account for many long-term 
population cycles of forest insects. 

Systematic acquisition of more data 
will allow these ideas to be subjected to 
additional tests similar to that of Fig. 2. 
The model represented by Eqs. 3 ,5 ,  and 
6 is of more than academic interest as it 
enables us to calculate the rate at which 
a virus or other pathogen must be arti- 
ficially introduced if it is to be effective in 
the control, or extinction, of a popu- 
lation of insect pests (14). Beyond this, 
evolutionary aspects of the association 
between invertebrate hosts and their 
pathogens (I, 27) must be examined; we 
have focused only on the dynamics of 
existing associations. 
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Reorganization of the Axon Membrane in Demyelinated 
Peripheral Nerve Fibers: Morphological Evidence 

Abstract. Cytochemical staining of demyelinated peripheral axons revealed two 
types of axon membrane organization, one of which suggests that the demyelinated 
axolemma acquires a high density of sodium channels. Ferric ion-ferrocyanide 
stain was confined to a restricted region of axon membrane at the beginning of a 
demyelinated segment or was distributed throughout the demyelinated segment of 
axon. The latter pattern represents one possible morphological correlate of continu- 
ous conduction through a demyelinated segment and suggests a reorganization of 
the axolemma after demyelination. 

At least three responses have been 
demonstrated when an action potential 
arrives at a demyelinated segment of an 
axon. Conduction block may occur if the 
demyelinated axolemma is inexcitable 
( I ,  2) or as a result of impedance mis- 
match (3, 4). Slowed saltation of action 
potentials between nodes of Ranvier re- 
sults when passive internodal properties 
are altered due to loss of myelin (5). 
Finally, continuous conduction can oc- 
cur across demyelinated internodal 
membranes that possess electrical ex- 
citability (6, 7). 

In normal myelinated fibers, Na+ 
channels are concentrated at the nodes 
of Ranvier; in the internodal axolemma 
their density is lower than that necessary 
to sustain conduction (2). It has been 
suggested that demyelinated axonal re- 
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gions develop electrical excitability, 
much as denemated muscle develops hy- 
persensitivity (2). Electrophysiological 
observations of continuous conduction 
in demyelinated axons (6, 7) indicate that 
internodal membranes undergo reorgani- 
zation resulting in the development of 
electrical excitability. The physiological 
observations (6, 7) suggest that (i) Na+ 
channels and associated structures re- 
main aggregated in clusters that become 
distributed along the length of the axon, 
(ii) reorganization of the axon membrane 
occurs such that individual Naf channels 
are dispersed through the demyelinated 
internodal membrane, andlor (iii) new 
channels are added to the demyelinated 
axon membrane. 

Although the structural heterogeneity 
(8) of the axolemma of normally myeli- 
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nated axons is clearly established (2, 9- 
11), sufficient anatomical evidence has 
yet to be presented to illustrate the mor- 
phological basis of abnormal modes of 
conduction in demyelinated fibers or to 
demonstrate structural modification of 
the axon membrane. This report pro- 
vides morphological evidence showing 
that in some demyelinated fibers the ax- 
olemma reorganizes into a configuration 
that can sustain continuous conduction. 

Fibers from the peroneal nerve of 
adult male Wistar rats, demyelinated by 
crushing (12), were examined. Seven to 
30 days after the sciatic nerve was 
crushed, the peroneal nerve distal to the 
crushed area was excised, immersed in 
fixative for 3 hours, and stained by the 
ferric ion-ferrocyanide (FeFCN) cyto- 
chemical technique (13). We previously 
summarized evidence indicating that this 
staining technique provides a cyto- 
chemical marker for regions of high Na+ 
channel density (14). 

Figure 1 shows electron micrographs 
of demyelinated peroneal nerve fibers 16 
days after the sciatic nerve was crushed 
for 30 seconds with watchmaker's for- 
ceps. This interval offers examples of de- 
myelination, remyelination, and regener- 
ation. Figure 1A illustrates the pattern of 
FeFCN staining in a heminode, one of 
the common stages of demyelination ob- 

served after this survival period. The ax- 
on (a) is myelinated (m, myelin) on one 
side of the stained area (left of the brack- 
et) and is demyelinated on the other side 
(right of the bracket). A Schwann cell (s) 
has established a one-to-one relationshib 
with the demyelinated segment, suggest- 
ing that remyelination is imminent for 
that segment (e, extracellular space). 
The region of the axon shown in Fig. 1B 
(from the bracketed region in Fig. 1A) 
has accumulated only a moderate 
amount of FeFCN stain (between ar- 
rows) and this is confined to the axo- 
plasmic side of the axolemma for a 1- 
pm region (the length of a normal node 
of Ranvier) adjacent to the last terminal 
loop of the myelinated side. Axoplasm in 
the region beneath the stained axolemma 
is more electron-dense than contiguous 
axoplasm or internodal axoplasm of 
neighboring axons. This pattern of stain- 
ing resembles the pattern observed at 
normal nodes of Ranvier (2, 10, 1 I), in 
that the length of the zone of FeFCN 
staining in the demyelinated fiber is 
restricted to - 1 pm. No apparent 
Schwann cell specializations form the 
right boundary of the stained region. 

In contrast, the axon shown in Fig. 1C 
(a photomontage of electron micro- 
graphs of the same tissue as in Fig. 1, A 
and B) has a demyelinated region 12 pm 

long and is characterized by dense stain- 
ing distributed throughout the demyeli- 
nated zone on the cytoplasmic surface of 
the axolemma. This stained demyeli- 
nated zone retains two well-defined 
areas of very dense stain (arrowheads 
mark the inner boundary) adjacent to de- 
generating myelin and networks of fin- 
gerlike processes @,, pa.  Distinct sub- 
axolemmal aggregates of stain (insets in 
Fig. 1C) are distributed throughout the 
demyelinated region (15). While the 
FeFCN staining appears to be uneven in 
the demyelinated zone, its distribution 
throughout this region is relatively con- 
tinuous. Adjacent regenerating axons 
(such as a,), with or without myelin 
sheaths in the same section, are not 
stained beneath the axolemma. How- 
ever, in this material there were many 
examples of normally stained nodes with 
the stain present at the nodal axolemma, 
as in normal tissue. Examination of seri- 
al sections revealed that the axolemma 
of axon a (Fig. 1C) is densely stained in 
the demyelinated region, in contrast to 
axolemma wrapped by compact myelin, 
which is not stained. 

The neurophysiological data for de- 
myelinated fibers are consistent with 
several patterns of distribution of Na+ 
channels and associated structures. For 
example, the channels can be concen- 

Fig. 1. Electron micrographs of demyelinated nerve fibers stained by the fenic ion-ferrocyanide technique. Scale bars: (A), (B), and (C), 1pM; 
insets, 0.1 pm. 
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trated in patches at separate nodal re- 
gions so as to allow for distinct zones of 
inward current, thereby causing slowed 
saltation (5) and conduction block. Alter- 
natively, the distribution of the channels 
can be relatively continuous, allowing 
for spatially continuous inward current 
(6, 7) and continuous conduction along 
the demyelinated region. 

Our results suggest morphological cor- 
relates for both predicted patterns of or- 
ganization of the axolemma in peripheral 
demyelinated axons. Figure 1, A and B, 
presents the anatomical correlate of the 
type of axonal membrane that might con- 
duct with slowed saltation or exhibit 
conduction blocking. When an action po- 
tential reaches the demyelinated zone 
from the myelinated portion of the fiber, 
conduction may be blocked because of 
reduced excitability of the demyelinated 
membrane (1,2) or impedance mismatch 
at the junction of the myelinated and de- 
myelinated regions (3, 4). Saltation may 
continue, although slowed because of 
changes in passive properties of the in- 
ternodal membrane, riamely an increase 
in internodal capacitance and a decrease 
in internodal transverse resistance (5). 

The electron micrograph in Fig. 1C 
presents a possible morphological corre- 
late of continuous conduction. The spa- 
tial distribution of FeFCN stain that we 
have described suggests a high density of 
Na+ channels along the demyelinated 
(former paranodal or internodal) region. 
This pattern of staining offers one mor- 
phological correlate for the physiological 
observation of spatially continuous in- 
ward current associated with continuous 
conduction along the demyelinated ax- 
on. In this case the demyelinated ax- 
olemma, which presumably contained a 
low density (2) of Naf channels prior 
to demyelination, reorganized by redis- 
tributing channels or by acquiring new 
ones. 

These data concerning reorganization 
of the axon membrane after demyelina- 
tion are of interest not only in terms of 
understanding the pathophysiology of 
demyelinated fibers, but also with re- 
spect to the mechanisms that mediate 
subsequent recovery of conduction. Fu- 
ture studies incorporating freeze-frac- 
ture or pharmacological methods should 
provide further information about this 
phenomenon. 
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Aspirin: An Unexpected Side Effect on Prostacyclin 
Synthesis in Cultured Vascular Smooth Muscle Cells 

Abstract. Monolayer cultures of rat aorta smooth muscle cells synthesized the 
anti-aggregatory substance prostacyclin via the cyclooxygenase pathway from 14C- 
labeled arachidonic acid. The product was identified both by bioassay and by mass 
spectrometry. Labeled cells produced prostacyclin only when exposed to the initiator 
thrombin: treatment with therapeutic concentrations of aspirin (0.2 millimolar) for 30 
minutes completely destroyed the cells' ability to synthesize prostacyclin. Prostacyclin 
synthesis from exogenous arachidonic acid recovered fully within 1 to 2 hours by a 
cycloheximide-sensitive process. Thrombin responsiveness, which was permanently 
impaired in confluent nondividing cultures, recovered substantially and within 24 
hours only when cells were stimulated to divide by subculturing. These results in- 
dicate that resting vascular cells can rapidly synthesize new cyclooxygenase, but 
that aspirin destroys additional components of the prostacyclin system which can 
only be replaced during cell division. 

Thromboxane (TXA,) and pros- 
tacyclin (PGI,) are synthesized from 
arachidonic acid by way of a common 
endoperoxide precursor (1, 2). When 
synthesized in platelets, TXAz stimu- 
lates aggregation and is a vasoconstrictor 
(3); in contrast, PGIp synthesized in 
blood vessel walls is a potent inhibitor of 
aggregation and acts as a vasodilator (4). 

A common property underlying the ac- 
tion of a number of antiplatelet drugs 
such as aspirin is their ability to inhibit 
the cyclooxygenase enzyme that con- 
verts arachidonic acid to the cyclic endo- 
peroxide intermediate and thus to pre- 
vent the synthesis of the proaggregatory 
substance TXA, in platelets (5). A num- 
ber of these drugs are being tested both 
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