
P300 amplitude, we assume that the P300 der experimental conditions. The 30 experimen- we believe our effects are the result of true P300 
tal blocks were composed of two replications of amplitude changes and not changes in latency 

manifests the activation of some infor- the 15 conditions (four difficulty manipulations variability. 
rnation processing activity that is in- by three secondary tasks and three single-task 15. The reason P300 did not decline with tracking 

tracking blocks). The order of presentation of difficulty in the visual flash condition cannot be 
voked by the appearance of task-rele- the conditions was counterbalanced across sub- stated with certainty, although lack of a difficul- 

ty effect on secondary task visual P300's is events, its re- I:. tids;oot-mean-square error means for the three consistent with the results of another unpub- 
lated to its expectancy. It has been sug- difficulty conditions ( lP ,  lU ,  and 2U) were 137, lished study in our laboratory. We propose two 

gested that this -subroutine- is involved 208, and 249 [F(2, 22) = 289.7, P < 0.0001; hypotheses. (i) Tracking error is higher in the 
paired contrasts between adjacent levels, flash than in the auditory probe condition. Given 

in updating, or revising, the model of the P i 0.01 in both cases]. The interaction be- the competition for the two tasks for visual 
tween experimental condition and primary task input, subjects may have biased their allocation 

environment maintained in working difficulty was also statistically significant [F(6, of resources toward the probes to a greater 
66) = 9.5, P < 0.0011. extent when the probes were visual than when (16)' The resources On which 

13. The means for the subjective difficulty ratings in they were auditory. (ii) The visual flash condi- 
this updating activity depends seem to be the count-only, IP ,  I U ,  and 2U conditions were tion may be placed in the middle of an ordered 

limited in their availability, and, when ~ 2 , 0 , ~ ~ 0 7 i 1 , 3 . 5 4 ~  and 4.71 [F(3, 33) = 99.2, continuum defining the degree of separation 
between primary and secondary task stimuli. 

deployed in the service of one task, their 14. The data bases submitted to the PCA's were Like the step probes, the visual flash probes 
composed of 288 average waveforms (12 sub- share the common visual modality and spatial availability to be of service to other tasks jects by four primary task difficulty manipula. location; but like the auditory probes, they are 

is reduced. tions by two stimuli by three electrodes) con- independent events from stimuli in the tracking 
taining 128 (1.28-second) points each. Five com- task. Since the step probes produce increasing 

CHRISTOPHER WICKENS ponents were derived from each PCA. The amplitude with primary task difficulty and the 
ARTHUR KRAMER component scores obtained from the PCA's auditory probes a decreasing amplitude, the 

were analyzed in repeated-measures analyses of visual flash probes, in the middle of this continu- 
LINDA VANASSE variance. All analyses were repeated after the um, might reflect the compromise of these two 

E~~~~~~ D~~~~~~ single trial waveforms within each condition had trends, that is, no effect. 
been adjusted for differences in latency. This 16. E. Donchin, Psychophysiology 18, 493 (1981). 

Department of Psychology, was accomplished to ensure that lower ampli- 17. This research was supported by the Air Force 
tude of the averaged waveform in certain condi- Office of Scientific Research under contract University of Illinois, tions did not result from increased variability in F49620-79-C-0233 with Dr. Alfred Fregley as 

Champaign 61820 latency. In all cases the analyses on the latency- technical monitor. 
adjusted waveforms showed the same statistical 
effects as on the unadjusted waveforms. Hence, 18 August 1982; revised 16 May 1983 
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Lewy Bodies of Parkinson's Disease Contain 
Neurofilament Antigens 

Abstract. The Lewy body, a histological hallmark of Parkinson's disease, is a 
filamentous inclusion residing most prominently in pigmented neurons of the 
brainstem. Zmmunocytochemical reactions of Lewy bodies were examined with 
antisera to  severalJilamentous proteins of the nervous system and positive reactions 
were found with those against neurojilaments. A n  abnormal organization of the 
neuronal cytoskeleton may be a pathological feature of Parkinson's disease. 

Parkinson's disease (PD) is a progres- 
sive, neurodegenerative disorder charac- 
terized by dysfunction in tone, move- 
ment, and posture. Decreased dopamine 
levels in the nigrostriatal pathway have 
been observed in PD (1). Since the dopa- 
mine deficit is accompanied by a loss of 
neurons in the substantia nigra (2), it is 
likely that neurotransmitter losses are 
secondary to neuronal death. It is there- 
fore important to identify abnormalities 
of neuronal form and function in addition 
to neurotransmitter decreases. In this 
report we present evidence for a marked 
disorganization of the neuronal cytoskel- 
eta1 system in neurons of PD by demon- 
strating that the Lewy body, a histologi- 
cal hallmark of idiopathic PD, contains 
neurofilament antigens. 

Lewy bodies are intraneuronal, cyto- 
plasmic inclusions that were originally 
described in neurons of the substantia 
innominata and dorsal motor nucleus of 
the vagus (3). They have since been 
found in neurons of the substantia nigra 
and other brainstem nuclei (particularly 
those that are aminergic) and in the hy- 
pothalamus, spinal cord, sympathetic 
ganglia, and, rarely, the cerebral cortex 

(2, 4). Although Lewy bodies have been 
recognized for many years by neurolo- 
gists and neuropathologists, nothing has 
been known about their molecular com- 
position, save that histological reactions 
have implied a proteinaceous nature (5). 
Since they represent an abnormality that 
accompanies neuronal loss in a major 
neurodegenerative disease, the identifi- 
cation of their components may help to 
illuminate the details of abnormal nerve 
cell metabolism. 

Ultrastructural studies have demon- 
strated that Lewy bodies are composed 
of filamentous structures. At the periph- 
ery the filaments emerge radially, often 
admixed with granular o r  vesicular mate- 
rial. The denser core is composed of 
apparently random, tightly packed ag- 
gregations of filaments, vesicular pro- 
files, and poorly resolved granular mate- 
rial (6, 7 ) .  The diameter of the filaments 
has been given as 7 to 8 nm (6, 3, a size 
commensurate with that of intermediate 
filaments, which are polymeric organ- 
elles composed of a class of acidic pro- 
teins found in a wide variety of cell types 
(8). The intermediate filaments of neu- 
rons, neurofilaments, seem to be pecu- 
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liar to neurons, however (9),  and are 
composed of three major proteins with 
molecular weights around 210,000, 
160,000, and 70,000. These proteins ap- 
pear to be separate gene products but 
share structural features and antigenic 
sites (10). Given the availability of anti- 
sera to several central nervous system 
(CNS) filamentous proteins and the use 
of immunocytochemical techniques, we 
examined the reactions of Lewy bodies 
with a series of antisera against CNS 
filament proteins. Of all those tested. 
only those specific for neurofilament 
proteins gave positive results. 

Using a peroxidase-antiperoxidase 
technique (PAP) (II), we performed im- 
munocytochemistry on paraffin sections 
of brains from four patients with idio- 
pathic PD and from one patient with PD 
and dementia whose cerebral cortex also 
contained Lewy bodies. We used four 
different rabbit antisera to neurofilament 
(NF) polypeptides: antiserum 1, raised 
against rat NF protein of 210,000 dal- 
tons; antiserum 2, raised against rat NF 
protein of 70,000 daltons (the antigens 
used in raising antisera 1 and 2 had been 
isolated in electrophoretically pure form 
from rat CNS by column chromatogra- 
phy) (12); antiserum 3, .raised against 
human NF protein of 210,000 daltons, 
the antigen having been cut out of poly- 
acrylamide gels after sodium dodecyl 
sulfate-gel electrophoresis (13); and anti- 
serum 4, raised against reassembled bo- 
vine NF's (14). By immunocytoche- 
mistry on tissue sections all antisera re- 
acted with round inclusions in the cell 
bodies of nigral and cortical neurons, the 
morphology of which appeared to be 
typical of Lewy bodies (Fig. 1). Many 
inclusions displayed homogeneous stain- 
ing, while others showed accentuation of 
the periphery. 

To demonstrate conclusively that the 
immunocytochemical reaction recog- 
nized Lewy bodies, we stained sections 
with hematoxylin and eosin to show 
Lewy bodies by their characteristic eo- 
sinophilia and photographed a number of 
inclusions. The slides were then decolor- 
ized and treated with NF antiserum, and 
the bound immunoglobulin was detected 
by the PAP method. Thus, the same 
neuron could be viewed after staining by 
the two techniques. All Lewy bodies 
identified by their eosinophilia also re- 
acted with NF antiserum (Fig. 1); con- 
versely, all NF-positive profiles in neu- 
ronal cell bodies were sites of Lewy 
bodies. The specificity of the reaction 
was tested by adsorbing the antiserum to 
the 210,000-dalton NF protein and the 
antiserum to the 70,000-dalton NF pro- 
tein with the column-purified 210,000- 

and 70,000-dalton polypeptides, respec- In addition to testing the NF antisera, 
tively. Prior adsorption prevented subse- we tested a rabbit antiserum against 
quent PAP reaction (Fig. 1). That Lewy chicken gizzard actin that reacts with 
bodies were indeed present on the sec- actin in the mammalian CNS (15) and a 
tions stained with the adsorbed antisera rabbit antiserum raised against a two- 
was confirmed by subsequent staining cycle purified CNS microtubule fraction 
with hematoxylin and eosin. (2XMT) that reacts with the neurofibril- 

Fig. 1. Reaction of the rounded, cytoplasmic Lewy bodies in pigmented nigral neurons (A to D) 
and a cortical neuron (E) with antiserum 1 (arrowheads). Binding of antibody (I : 250 dilution of 
antiserum) was visualized by subsequent reaction with swine antiserum to rabbit immunoglob- 
ulin G, rabbit PAP. and diaminobenzidine (13. 15. 16). In several Lewv bodies the core remains 
unstained (A to c); while other inclusions ;tiin more diffusely (D and E). The PAP reaction of 
NF antisera with axons (arrows in A to C) is a normal finding. Magnifications: (A) to (C), x530; 
(D) and (E), X750. (F) Section of substantia nigra after reaction with antiserum 1 (1:250 
dilution) adsorbed with the 210,000 NF protein (10 )~g/ml). Neither Lewy bodies nor axons 
show reaction product. The dark, granular material in the nigral neurons in (A) to (D) and (F) is 
neuromelanin, which did not react with any of the antisera (~200) .  (G) Section of substantia 
nigra stained by hematoxylin and eosin, showing two Lewy bodies (arrowheads) (~350) .  (H) 
PAP reaction of the same neurons shown in (G) after destaining and restaining with the NF 
antiserum, demonstrating that the two Lewy bodies (arrowheads) react with the antiserum 
(X350). 

9 SEPTEMBER 1983 



lary tangles of Alzheimer's disease but rons of patients with familial and Guama- 4. L. E. Lipkin, Am. J. Parhol. 35, 11 17 (1959): W. 
A. Den Hartog Jager and J. Bethlem, J .  Neurol. 
Neurosurg. Psychiatv 23, 283 (1960); H. Oka- 
zaki. L. E. L i~k in .  S. M. Aronson. J. Neuro- 

does not behave like an antiserum to 
tubulin (16). Neither the actin nor the 
2XMT antiserum reacted with Lewy 

nian forms of amyotrophic lateral sclero- 
sis (19, 23), indicating that Lewy body 
formation may be a pathological feature 
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