
Functional Studies of Cultured 
Brain Tissues as Related 
to "Demyelinative Disorders" 

Abstract. The serums from animals 
with experimental allergic encephalo- 
myelitis and humans with multiple 
sclerosis procduce, in addition to demye- 
lination, rapid, reversible alterations in 
complex, evoked bioelectric (synaptic) 
responses of culturect cerebral cortex 
and spinal cord tissues' of the mouse. 
The active factors are dependent on 

comnplement and are not present in 
serums from normal animals and hu- 
mans. 

The demyelinative process in animals 
affected with experimental allergic en- 

cephalomyelitis (EAE) has been widely 
studied, mainly because many of its 
structural details resemble those ob- 
served in the nervous system of patients 
with multiple sclerosis (MS) and al- 
lied diseases. In fact, the hypothesis 
of an auto-immune pathogenesis for the 
naturally occurring diseases has been 
inferred from the analogous EAE proc- 
esses (1). Additional support for such 
a mechanism has been derived from 
the observations that serums from ani- 
mals affected with EAE and from the 

majority of patients experiencing an 
active stage of MS produce identical 
patterns of demyelination in cultured 
tissue fragments of mammalian central 
nervous system (CNS) (2). In addi- 
tion, the demyelinating factors in the 
animal serums have been demonstrated 
to be complement-dependent antibodies 
(3), and those in human serums have, 
thus far, also been found to be depend- 
ent on complement (4). Yet, the proc- 
ess of demyelination alone has not been 
considered an adequate explanation for 
all the clinical phenomena in either 
MS or EAE. In the former, the rapid- 
ity of onset and recession of early 
symptoms, quite unrelated to the sever- 
ity of their expression, has always 
challenged the thoughtful clinician and 
pathologist to seek beyond the striking 
and dramatic fact of demyelination (5). 
In these experimental models, entire 
species such as the hamster may dem- 
onstrate few if any demyelinating le- 
sions in spite of obvious clinical in- 
volvement; even in groups of animals 
which do exhibit demyelination, a serial 
selection of animals at intervals after 
they have been inoculated with CNS 
antigens has revealed individuals with 
clinically apparent disease without any 
discernible lesions in the CNS (6). 

In the experiments described here, 
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cultured fragments (about 1 mm') of 
mammalian (mouse) CNS tissues were 
used for investigation of the "demye- 
linative disorders." The results. demon- 
strate that drastic alterations occur in 
bioelectric functions of the explanted 
tissues when they are exposed to the 
serums from rabbits with EAE or 
patients with MS. 

Cerebral neocortex and spinal cord 
tissues were cultured for long periods 
in vitro under conditions which led to 
the formation of myelin sheaths and 
synaptic junctions (7), as well as to 
the development of a remarkable de- 
gree of physiological organization re- 
sembling complex networks of the CNS 
in vivo (8). The characteristic re- 
sponse patterns of these CNS explants 
to electrical stimulation (8) consist of 
two components: (i) simple spike po- 
tentials, of brief duration, representing 
the propagation of impulses along 
axons (Figs. lB and 2B3); and (ii) 
complex potentials, of much longer 
duration and latency (Figs. 1A and 
2A), indicating the generation of syn- 
aptic potentials in circuitous multi- 
neuronal pathways. Technical details 
of the experimental arrangement used 
for the electrophysiologic studies were 
described previously (8, 9). 

Exposure of the cultured cerebral 
and spinal cord explants to serum from 
animals with EAE (at concentrations 
of 10 to 25 percent of the medium) 
led not only to a characteristic, specific 
pattern of demyelination within a few 
hours (10) but, also, to extensive al- 
terations in the bioelectric properties 
of the tissues long before any morpho- 
logical changes had been detected. In 
fact, preliminary electron-microscopic 
studies of the cultured spinal cord tis- 
sue (11, see also 10) revealed no 
alteration in the typical synaptic ultra- 
structure after 1 hour of exposure to 
an EAE serum which produced func- 
tional block (as described below) within 
a few minutes in. a simultaneously ex- 
posed sister culture (that is, one pre- 
pared from the same spinal cord). 
The complex responses characteristic 
of synaptic transmission often disap- 
peared within a few minutes after ap- 
plication of EAE serum, but simple 
axon spikes could still generally be 
evoked (see Fig. I, A and B). In some 
cases, the threshold for direct excitation 
of simple spikes also rose markedly, es- 
pecially after prolonged exposure to 
the serum. Serums from six rabbits 
with EAE were tested on 13 cultures of 
mouse cerebrum and spinal cord. Par- 
tial or complete block of complex bio- 
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Fig. 1. Effects of serum from a rabbit with 
EAE on bioelectric activity of cultured 
fragment (1 mm:) of cerebral tissue (35 
days after explantation from newborn 
mouse). (A.) Simultaneous control records 
of characteristic evoked responses in two 
cortical regions of explant (100 p apart) 
after application (with a 10-,u saline-filled 
pipette) of a single electric stimulus (0.1 
msec duration) to a subcortical zone (Al) 
and to a cortical zone (A2). Stimulus-re- 
cording distances were 1.5 and 0.5 mm in 
A1 and A2, respectively. Large, long-last- 
ing, positive potentials follow brief spikes 
at both recording sites (upper sweep in 
each record obtained with 25-a Ag elec- 
trode, and lower, with 5-u saline-filled 
pipette). Responses to subcortical stimu- 
lus (Al) have much longer latency. Low- 
est sweep in A2 shows stimulus signal. (B) 
Ten minutes after exposure to EAE serum 
(25 percent). All slow-wave components 
of responses with cortical (Br) and sub- 
cortical (B2) stimuli have disappeared. 
Only simple spike potentials occur even 
with high stimulus-intensity. (Cl) Thirty 
minutes after replacement of EAE serum 
with normal serum (25 percent). Long- 
lasting barrage of spike responses indicates 
partial recovery of complex activity. 
(C2) One hour after further exposure to 
control medium. Slow-wave components 
appear with superimposed spike bursts 
(elicited at much lower stimulus intensity 
than required for simple responses in B). 
Time and amplitude calibrations apply to 
all succeeding records, unless otherwise 
noted; upward deflection indicates nega- 
tivity at active recording electrode. 
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electric responses occurred in all cul- 
tures after exposure to the serum for 
less than 1 hour. When the effective 
serum was removed and replaced with 
normal nutrient solution or balanced 
salt solution, the cultured tissue slowly 
regained its usual bioelectric functions 
(Fig. 1C). Repeated or prolonged ex- 
posure to the effective serums decreased 
the rate and extent of functional recov- 
ery of explants returned to the con- 
trol medium. At least partial recovery 
occurred, in most experiments, within 
5 to 60 minutes. Fresh serums from 
normal rabbits and guinea pigs (10 to 
20 percent) did not produce these 
changes. Fresh guinea pig serum was 
therefore, often added to the serum ob- 
tained from animals with EAE (or 
humans with MS) to ensure an ade- 
quate concentration of complement 
during these experiments. Rabbit serum 
containing antibodies to kidney tissue 
(12), that is, capable of producing 
severe kidney lesions when injected in- 
to mice, did not block the bioelectric 
responses of cultured mouse cerebral 
cortex when applied in a concentration 
of 25 percent for over an hour. Subse- 
quent introduction of serum (25 per- 
cent) from a rabbit with EAE produced 
the characteristic blocking effect within 
5 minutes. 

The serums of two patients, obtained 
during acute exacerbations of MS, 
blocked interneuronal functions of 
three cerebral explants in exactly the 
same manner as when serum from ani- 
mals with EAE was used (Fig. 2, A and 
B). The human serums appeared to 
be less potent than some of the rabbit 
serums since a 50-percent concentra- 
tion of human serum was needed to 
effect the same change as was observed 
when 10 percent of the rabbit serum 
was used; moreover, to block complex 
bioelectric responses comipletely, 20 to 
50 minutes was required as compared 
with 5 to 10 minutes for some of the 
animal serums. Serum from normal 
humans had no effect on the cultures. 
In fact, human placental serum was 

present in concentrations of up to 40 

percent in the nutrient medium used 
for long-term maintenance of the cul- 
tures as well as for the electrophysio- 
logical experiments. 

Strychnine, at concentrations (1 j/g/ 
ml of balanced salt solution) which 
produce only slight stimulating effects 
in normal cultures (8), greatly accel- 
erated the recovery process when ex- 

plants were returned to control me- 
dium (see Fig. 2, C and D). Pharmaco- 
dynamic analysis of these data suggests 
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that the primary bioelectric effects of 
serums from animals with EAE and 
humans with MS may be due to selec- 
tive interference with synaptic proces- 
ses in these cultured CNS tissues. (13). 

Heating the effective serums at 56?C 
for 20 to 30 minutes destroyed their 
ability to alter neural function (Fig. 
2D), as determined by eight tests. In 
four experiments the addition of fresh 
serum from normal guinea pigs (10 to 
20 percent) restored the ability of 
heat-inactivated serum to block bio- 
electric responses (Fig. 2, E and F). 

The only previous study which ap- 
pears to demonstrate direct effects of 
immunologic agents on bioelectric prop- 
erties of CNS tissue was carried out 
in vivo in the cat by intraventricular 
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injection of antibodies to caudate nu- 
cleus of the cerebrum (14). This pro- 
cedure resulted in gradual alteration 
and, after several days, abolition of 
spontaneous bioelectric activity con- 
fined mainly to the caudate nucleus. 
It will be of interest to investigate pos- 
sible relationships between these phe- 
nomena in the living animal and in 
vitro, bearing in mind the marked dif- 
ferences between the two cases, that is, 
serum obtained from rabbits affected 
with EAE following injection of spinal 
cord antigenic emulsion produce similar 
functional block in explants of cerebral 
cortex as well as spinal cord; inter- 
ference with the bioelectric activities of 
the cultured tissues may occur within 
minutes and is, moreover, reversible. 
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Fig. 2. Effects of serum from a human with MS on bioelectric activity of cultured 
cerebral tissue (12 days after explantation from newborn mouse). (A) Simultaneous 
control records of characteristic responses evoked in two cortical regions (100 u apart) 
with single stimulus, after 15 minutes exposure to 10 percent guinea pig (GP) serum. 
Diphasic potential with long-duration negativity occurs at one site (upper sweep; re- 
corded with 25-,u Ag electrode) and monophasic positive response at other site (recorded 
with 8-,u saline-filled pipette). (Bi) Seven minutes after exposure to MS (50 percent) and 
GP (10 percent) serums. Amplitude and duration of evoked potentials have decreased 
markedly in both cortical regions. (B2) Three minutes later-slow-wave components have 
disappeared almost completely (stimulus threshold much higher now). (B:) Faster sweep 
reveals that early-latency spike potentials can still be elicited (at high stimulus inten- 
sities) after 20 minutes exposure to MS serum. (C1) Twenty minutes after replacement 
of MS and GP serums by balanced salt solution (BSS). Slow-wave responses have re- 
turned, but with small amplitude (stimulus threshold still high). (C2 and Ci) Within 10 
minutes after strychnine (1 ug/ml BSS); about 1 hour after removal of serums. Orig- 
inal evoked response has been almost completely restored at one cortical site (upper 
sweep) and large, negative component has developed at the other site (stimulus thresh- 
old down to normal range). (D) Thirty-five minutes after replacement of "strychnine- 
BSS" by 50 percent MS and 10 percent GP serums which had previously been heated to 
56?C for 20 minutes. Evoked responses have not been significantly affected except for 
return of strychnine-inverted component to its original polarity (lower sweep). (El) 
Within a few minutes after addition of unheated GP serum (20 percent) to the heated 
MS-plus-GP serums. Evoked responses are almost completely blocked (stimulus of high- 
er intensity than used in D). (E2) Negative evoked response with unusually large ampli- 
tude still occurs at higher stimulus intensity (upper sweep). (E:,) About 1 hour later. 
Evoked responses have been almost completely blocked (even with much higher stimu- 
lus intensity than in El). (F) Thirty minutes after replacement of serums by BSS and 
then addition of strychnine (1 ,ug/ml). Evoked response has been restored at one site 
(upper sweep), even with weak stimulus. 
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This demonstration of circulating 
factors, dependent upon the presence 
of complement and capable of produc- 
ing a reversible synaptic blocking effect 
when applied directly to CNS tissue, 
may be significant in explaining the 
pathogenesis and clinical course of 
EAE and MS. However, the specificity 
of the demonstrated reaction in terms 
of the "demyelinative disorders" can- 
not be fully evaluated until the serums 
of patients with destructive but not 
essentially demyelinative lesions are 
examined. 
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Visually Evoked Electrocortical Responses in Kittens: 

Development of Specific and Nonspecific Systems 

Abstract. Visually evoked electrocortical responses' were differentiated ontoge- 
netically in young kittens by age of onset, latency, and polarity. A long-latency 
negative wave,, present by 4 days of age and abolished later by lesions of the 
superior colliculus and pretectal region of the midbrain, is attributed to the non- 
specific sensory system. A short-latency, positive and negative, diphasic wave,. 
developing by 10 to 15 days of age and blocked by lesion of the lateral geniculate 
body, is identified with the specific visual system. 
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Recently there has been heightened 
interest in the structural, biochemical, 
and electrophysiological properties of 
the developing brain and its relation- 
ship to the ontogeny of behavior (1). 
Extensive investigations of the elec- 
trophysiology of the visual system have 
been made in adult animals, but there 
have been few studies of the matura- 
tion of electrocortical activity of the 
visual area in newborn and young 
animals, apart from electroencephalo- 
graphic studies in human infants (2). 
Cross-sectional samplings, at different 
ages, of electrocortical responses to 
visual stimulation have been made in 
the rabbit (3) and kitten (4). These 
have revealed important changes in 
visually evoked potentials as a function 
of age. 

Our interest has focused upon the 
significance of the time sequence of 
development of visually evoked re- 
sponses in kittens as revealed in both 
longitudinal and cross-sectional studies 
from the time the kittens are a few 
days old, when the first response com- 
ponent appears, until they are 1 or 
2 months old, when the evoked, poten- 
tial has attained essentially the form 
typical of the mature cat. The separa- 
tion of early-developing and late-de- 
veloping components of the evoked 
response in the natural course of the 
maturational process has made it pos- 
sible to study the characteristics of the 
components separately as a function 
of age. Additionally, the separation of 
response components (by time of onset, 
polarity, latency, amplitude, and cor- 
tical distribution) at certain ages has 
made it possible to study the effect 
upon these components of selective 
midbrain and thalamic lesions. 

The lesions were made on the basis 
of the hypothesis that an initially ap- 
pearing wave of negative polarity, long 
latency, and widespread distribution is 
mediated by the nonspecific sensory 
system, and that a later-developing 
diphasic wave of positive and negative 
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polarity, short latency, and more limit- 
ed distribution is mediated by the clas- 
sical, specific, visual projection system. 
The hypothesis appears to have been 
confirmed by our studies, in that lesions 
of the superior colliculus and pretectal 
region of the midbrain blocked the 
long-latency response, and lesions of 
the lateral geniculate body interfered 
with the short-latency response. 

Forty kittens from 20 litters were 
studied at various ages; emphasis was 
placed on serial recordings. In the 
most extensive longitudinal sequence 
recordings were made repeatedly on 
the same kitten approximately every 
5 days from the 4th to the 56th day 
of age. Both acute preparations (tem- 
porarily anesthetized for each record- 
ing) and chronic preparations (unanes- 
thetized animals with permanently im- 
planted electrodes) were used. In the 
case of the former the kittens were 
immobilized by light Nembutal an- 
esthesia each time recordings were 
made. Brief flashes from a Grass PS- 
1 photostimulator were collimated and 
focused by an optical system and de- 
livered monocularly. The eyelids were 
held open with a retractor, and the 
pupil was dilated with homatropine. 
Monopolar recordings (a mouthpiece 
served as grounded reference lead) and 
bipolar recordings were obtained bi- 
laterally over two visual-response sites 
(shown in I of Fig. 2). In the chronic 
preparations screw electrodes were im- 
planted in the skull over the same 
visual-response sites. 

The sequence of development of the 
visually evoked responses was similar 
in cross-sectional and longitudinal 
methods of study. 

Figure 1 shows a typical longitudinal 
sequence recorded at increasing age 
levels in the same kitten. The first 
response to appear over the visual 
cortex on the side opposite the eye 
stimulated (the contralateral visual cor- 
tex) was a single, long-latency wave 
of negative polarity with a peak latency 
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