
454 PASSIVE TRANSFER OF ALLERGIC ENCEPHALOMYELITIS 

report occurred among lamibs not affected 
with cyclopia. 

Thin layer chromatography of crystalline 
preparation from benzene extracts( 3 )  of V. 
californicum roots was done on alumina. 
The mixed crystalline material was obtained 
by evaporation of nearly all the benzene from 
the extract in VQCUO whereupon crystalliza- 
tion occurred. Benzene methanol (6: 1 v,v) 
was used as developer and bromphenol blue- 
acetone (20 mg;'l00 ml) followed (by 0.5 M 
phosphate-citrate buffer pH 3.95 as spray 
reagents to visualize the spots on the thin 
layer plates. The plates were photographed 
immediately after spraying, prior to fading. 

Results and discussion. The production of 
the veratramine-induced type malformations 
by the plant V .  C Q ~ ~ ~ O Y T Z ~ C W Z  is described in 
Table I and Fig. 1-3. The results were in 
every way similar to those obtained with 
pure veratramine includming the marked im- 
provement or recovery of ,afflicted animals 
within a few days to weeks after birth( 1 ) .  

These results suggested the presence of 
veratramine in the planit. We had previously 
isolated veratrosine, the glucoside of Vera- 
tramine, from this plant (3)  further suggest- 
ing the likelihood of the presence of the latter 
in a t  least precursor concentrations. LVe 

sought, therefore, to identify veratramine in 
mixed crystalline preparations from benzene 
extracts of the plant roots by thin layer 
chromatography. Fig. 4 shows 3 such ben- 
zene extracts chromatographed with authen- 
tic veratramine. All 3 possess spots of iden- 
tical Rf with veratramine. It thus appears 
probable that the veratramine-induced type 
malformations caused by C. californicum 
root or top may be due to the presence of 
that alkaloid in the plant. 

Summary. Congenital malformations of 
the type produced by maternal ingestion of 
the alkaloid veratramine occurred from ma- 
ternal ingestion of the plant Veratrurn cdi- 
fornicum. A preliminary identification Olf 
veratramine in benzene extracts from the 
plant by thin layer chromatography was 
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Several investigators have studied the pro- 
tection against active induction of experi- 
mental allergic encephalomyelitis (EAE) af- 
forded by a variety of treatments (reviewed 
in ( 1 ) ) .  I t  is likely, though not proven, that 
such treatments act by inhibition of the 
prwess of immunization against the neural 
tissue antigen-adjuvant mixture. There are 
few studies on the influence of one attack 
of EAE upon a subsequent attack( 1,2 ) . Such 
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studies must take into account effects of the 
first attack on subsequent active immuniza- 
tion well as effects on the target organ, 
the cenltral nervous system itself. The pro- 
duction of EAE by passive transfer of living 
immunized lymphoid cells ( 1,3 ) simplifies this 
problem. The recipient animal can be sub- 
jected to repeated attacks of EAE induced 
by waves of actively immunized, encephdito- 
genic cells, each wave derived from fresh 
and immundogically naive donors. In this 
way, effects of previous at'tacks on autive 
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immunization are eliminated. With this meth- 
od, we have exposed aspects of lesion dis-tri- 
bution, protection and enhancement that are 
probably determined at the level of the ner- 
vous system. 

Methods. Passive transfer of EAE was 
accomplished by transfusion of living, im- 
munized ldymph node cells. Donors and re- 
cipienlts were inbred, isohistogenic, 8-10 week 
old male Lewis rats, obtained from Microbio- 
logical Associates Tnc., antd maintained on 
Purina Laboratory Clhow and tap water. 
Donors were immunized with guinm pig 
spinal cord tissue emulsified in Freund's com- 
plete adjuvant anld injected into the right 
hind foot pad ; imlmediately thereafter con- 
centrated pertussis vaccine was injected in 
the dorsum of the same foot. Seven or 8 
days later, as soon as some donors developed 
signs of EAE, lymph nodes draining the sites 
of inmulation were removed frwm all donors 
and processed rapidly into a cell suspension. 
The suspension was washed twice and in- 
jected in a volume of 1 or 2 ml through a 25 
gauge needle into the dorsal penile vein olf 
anesthetized recipients. The donor: recipient 
ratio was 1 :  1. The 3 experiments reportd 
here required 9 separate transfers, in which 
cell cour,ts varied from 1.2 to 3.3 X 108 
celk per donor. For details of immunization 
and transfer, see(4). 

Recipients were checked dlaily for signs of 
EAE: weakness or paralysis of tail and ex- 
tremities. Seven days after Ithe last transfer 
(10 days for half of each group in the third 
experiment), they were killed by exsanguina- 

tion under ether anesthesia. Tistsues were fixed 
in Bouin's solution. Coronal slices of mosit 
of forebrain and all of hindbrain, and longi- 
tudinal segments of entire cord were ern- 
bedded in paraffin, sectioned and stained by 
hemartoxylin-eosin. Slides were randomized 
and scored for EAE without knowledge of 
origin. Cord, cerc~bellum, medulla and fore- 
brain were scored separately and indepen- 
dently of each other to avoid bias. Peri- 
vascular inflammation was graded as follows: 
1+, up to 4 or 5 lesions in the entire area 
under study; 2+,  several scattered groups of 
lesions; 3+, many groups oif lesions; 4+, 
lesions in nearly every low-power field. 

For electron microscopic #examination, rats 
were anesthetized by an intwperi~toneal injec- 
tion of nem,butal. The trachea was cannu- 
lated anld attached to an automatic respirator. 
The c h a t  wilrs opened and the central ner- 
vous system was fixed /by perfusion through 
the aolata with 5% gluitaraldehyde in phos- 
phate buffer. Specimens of spinal cord, cere- 
bellar and cerebral whilte matter were dis- 
sected, post-fixed in Dalton's chrome osmium 
fixative, infiltrated and mbedded in q o n  ( 5 ) .  
Sections were cut with di~amond knives, on 
LKB Ultratome I or Sowall Porter-Blum 
MT1 ultramicrotomes and examined wilth an 
RCA EMU-3F electron microscope afiter 
staining with 270 uranyl acetate in absolute 
methanol. Stains for myelin (Lux01 fast 
blue) and glia fibers (Holzer) were p r f m e d  
on remaining neural tissue from these animials 
and several other specimens. 

Experimental design (Tabie I ) ,  In the 

TA4BLE I. Effects of Repeated Passive Transfers of EAE. 

I-- Clinlcal E.4E, incidence* Histologic EAE, scoret 
Exp. Transfer .4 Transfer B Transfer c Transfer D C,ord Cerebellum 

1 8/8 

2 6/6 

No transfer 

No transfer 
$ 7  $ 7  

3 10/13 
N o  transfer 

7 )  7 7  

$1  7 7  

Non-EAE 

3/7 
8/8 

5 /6 
6 /6  

N o  transfer 
12/12 
10/10  

Nmo ,transfer 

Yon-EAE 
$ $  $ 7  

- 
- 

1 /6 
2 /3 
6/6 
7/12 
4/ 7 
8/8 

No tra.nsfer 
Non-EAE 

3.1 
3 .O 

2.2 
2 .8  
3.3 

0/12 1.4 
O/ 7 2 . 6  
O/ 7 2.5 

11/11 3.1 
7/8 2.7 

- 
- 

- 
- 
- 

3.2 
1 .o 
2.7  
3.5 

.8 
1.7 
1.7 
2.1 

.4 

.4 

*Numerators represent number of rats with weakness or paralysis of l'imbs or tail. In every 
case signs had disappeared by the time of the next transfer. Denominaton Rpresent total No. of 
rats. Decreases in denominators in later transfers were caused by deaths., 

t Avg. severity of lesions, graded individually from 0 to 4. 



456 PASSIVE TRANSFER OF ALLERGIC ENCEPHALOMYELITIS 

first experiment one group of rats was given 
2 successive transfers while another group 
received only the second. In  the second 
experiment, one group was given 3 successive 
transfen, while other groups received only 
the last two or last one transfer. In  the third 
experiment, one group was given 4 SUCC~S- 

sive transfers, while other groups received 
only the last three, two or one transfer. Thus, 
each experiment recapitulated its predecessor 
and added an additional stage. At the begin- 
ning of each experiment, all rats were selected 
from a single shipment even though some 
did not receive a transfer for severad weeks. 
The interval between transfers was 2 weeks. 
In every instance, clinical signs of EAE from 
the preceding attack had subsided by the time 
of the next transfer. This made i t  possible 
to detect clinical effects of each successive 
transfer. Histologic effects could be evalu- 
ated of course, only after the last transfers. 

Controls. I t  was important to detennine 
whether the infla,inmatory lesions observed 
after multiple transfers were caused only by 
the last transfer or represented a summation 
of effects of several transfers. For this pur- 
pose, 7 ,  5 and 10 control animals were in- 
cluded in Exp. 1, 2 and 3, respectively, (not 
recorded in Table I ) .  They received all the 
transfers except the last. They were sacri- 
ficed at  the same time as the experimental 
groups. Histologic examination revealed re- 
sidual changes (demyelination, gliosis) but 
there was nearly complete resolution of peri- 
vascular inflammation in the brain and 
cord. Therefore, the histologic scores follow- 
ing repeated transfers represented EAE ac- 
quired from the last transfer only, and not 
a cumulation of lesions from successive earlier 
transfers. 

The third experiment included an addi- 
tional control gmup whose first 3 transfers 
consisted of non-encephali togenic cells. These 
cells were derived from lymph nodes of 
donors stimulated with Freund’s adjuvant 
and pertussis vaccine but without neural 
antigen. When this group received the fourth 
transfer (encephalitogenic cells), they de- 
veluped as much EAE as animals that were 
left untreated during lthe first three trans- 
fers (Table I). Therefore, changes in inci- 

dence and distribution of lesions after mul- 
tiple attacks of EAE were not caused by 
any non-slpecific effects of repeated cell 
transfers . 

Results. Almost every animal developed 
signs of EAE after its first exposure to en- 
cephalitogenic cells (80 of the 84 rats repre- 
sented in Table I). Second transfers caused 
clinical signs in only 26 of 42 rats. Clinical 
signs were much less frequenlt and less severe 
following third and fourth transfers (8 of 
25 rats and zero of 12 rats, respectively). 
The signs in these 8 rats were invariably 
mild, restricted to tthe tail, and unattended 
by the limb p a l y s i s  observed in these same 
animals during earlier attacks. In  the last 
experiment, sacrifice of half of each group 
of rats was delayed 3 days but there was no 
instance of late onset of disease. Therefore, 
previous attacks of EAE had induced ameli- 
oration and not merely delay in appearance 
of clinical signs. 

Despite clear evidence in each experiment 
of clinical amelioration following the last of 
successive transfers, histologic examination 
revealed a different picture (Table I).  In 
fact, inflammatory lesions of EAE were abun- 
dant in the spinal cords of most animals, 
including many that had exhibited no clinical 
signs after the last transfer. The 3 groups 
that had received 2 tramfers and one of the 
group that had received 3 transfers revealed 
just as many spinal cord lesions as the groups 
that had only one attack. A slight decrease 
in histologic score was found in one group 
that had received 3 transfers. Definite inhi- 
bition of histologic lesions in cord was found 
only in the group that received 4 transfers. 

Even more dramatic controversion of the 
clinical impression was afforded by examina- 
tion of the cerebellum. Evwy group of rats 
that had received more than one transfer 
had evidence of enhancement of disease in 
the cerebellum (Table I ) .  Cerakllar lesions 
were relatively mild and infrequenlt after one 
transfer. In conitrast, the cerebellum was 
as severely affected as the spinal cord in rats 
that received more than one transfer. 

It is important to emphasize that the in- 
crease of cerabellar lesions could not have 
been a mere cumulativn af lesions from SUC- 
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cessive attacks because, in each experiment, 
the control groups in which the last transfer 
was omitted had almost complete resolution 
of perivascular inflammation. Howem, IF- 

ly demarcated zone6 of partial demyelinatim 
and fibrillary gliosis were present in both 
spinal cord and cerebellum of these animals. 
In  (the last experiment, three rats od this con- 
trol group were examined by electron micros- 
copy. Although these rats had gone through 
3 separate attacks of EAE with clinical signs 
on each occasion, this examination also re- 
vealed no evidence of residual inflammation. 
The presence of gliosis was conlfirmed, but 
it was not localized aruund vessels, nor was 
there evidente of intrinsic vascular abnolr- 
ma1 i ty . 

The forebrain had a minimal increase in 
EAE lesions after multiple transfers in each 
experiment, but the lesions in this area were 
so few in number that no significance could be 
ascribed to these results. No consistent change 
in the lesions in medulla oblongata was found. 

Discussion. clinical evahation of the effect 
of multiple passive transfers was unreliable. 
The apparent amlioration of c l in id  signs 
was contmvmtd by clear histologic evidence 
of enhancement of EAE in the cerebellum. 
This lack of correlation is prdbQbly due to the 
difficulty of detecting neurologic signs of 
cerebellar dysfunction in rats. Weakness, hy- 
ptonia  and paralysis, the usual evidences of 
EAE, probably reflect lesions in spinal cord 
and brain stern. Even here, however, m e -  
lation was p r  as many rats without d i n i d  
signs lhad innumerable lesions in cord and 
medulla. Amelioration or a k n c e  of clinical 
signs of EAE in the presence of abundant 
histologic lesions has been observed in the 
past following Slecond attacks of EAE ( 2 ) ,  and 
after protective treatments with unmyelinated 
central narvous system tissue and adjuvants 
(2),  purified brain fractions( 6 ) ,  or stress( 7).  

Nevertheless, one cannot disregard the 
clinical wbservations, especially because histo- 
logic confirmation of inhibition of EAE was 
obtained in the spinal cord after four con- 
secutive transfers. The failure to detect slight 
inhibition in the cord after 2 or 3 transfers 
may represent an inadequacy of hsistologic 
mrinn: the lesions were too numerous to 

count, and simple scoring might be too crude 
to detect small differences in the presence of 
severe disease. Furthermore, discrepcies be- 
tween clinical and histologic evaluations 
have not been the rule in investigations oi 
first attacks of E,4E, either in our hands 
or in other laboratories. There is no doubt 
that rats recover function after a first attack 
of EAE before their c d  lesions have disap- 
peared; it seems pssible that functicmd 
r e m r y  involves the utilization of accessory 
neural pathways and that this adaptive re- 
sponse persists and modifies the clinical effects 
of subsequent attacks of EAE. 

I t  remains to explain the hitologic effects 
of multiple passive transfers, namely, de- 
creased involvement of spinal cord after the 
fourth attack and increased involvement of 
cerebellum after 2 , 3  or 4 attacks. For purpom 
of discussion, we mume that these two 
phenomena are related. If they are related, 
it is possible to rule out most systemic fac- 
tors, such as antibodies with either inhibitoryt 
or facilitatory effects, altered nutritional state, 
or non-specific stress. Systemic factors are 
not likely to have opposite effects on spinal 
card and cerebelllum. It is more logical to sup- 
p e  that EAE lesions in the cord hve a local 
blocking effect, which increases with each at- 
tack until most available sites are rendsred 
immune. Circulating encephalitagenic cells, 
blocked flrom access to the cord, are available 
to muse cerebellar lesions. I t  may be presumed 
that the cerebellum itself is subjeot in its turn 
to such a blocking effect, bult our &ta have 
not established this; perhaps more than 4 
transfers m l d  be needed. Local blockade in 
the cord might be related to the gliosis demon- 
strated by light anid electron microwcpy. Haw- 
ever, the lack of p e r i v m  lodimtion 
makes the significance of this change un- 

t The Lewis rats used in the present study are 
p r  <producers of complement fixing antibodies for 
which a proteotive role has been hypothesized, and 
are relatively susceptilhle to  repeated adive sen*- 
zaticm with neural tissue and adjuvants(1). The 
effects of repeated passive transfers might be different 
in Wbtar sad=, that lproduce large amounts of pro- 
tective antibodies and are rel7ativdy insusceptible to 
repeated aotive sensitization. Unfortuna~tely, Wistar 
rats are not isohist-nic and therefore n d  easily 

., ~ . . used in passive transfer experiments. 
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certain. Loss of myelin was ton slight to 
cause significant decrease of the encepha- 
litogenic antigen which is presumed to be 
responsible for the influx of specifically im- 
munized cells. In  view of the absence of ullbra- 
structural lesions in vessel walls, the un- 
certain significance of gliosis, and the minor 
degree of myelin loss, one may consider local 
release of a blocking antibody from the in- 
filtrating lymphoid cells within the lesions. 
Local blockade in the nervous system should 
be considered in the interpretation of ex- 
perimenlts done with active sensitization as 
well as passive transfer of EAE. If EAE is 
related to multiple sclerosis, these same con- 
siderations might apply to the formation and 
growth of plaques. 

An opposite sequence of events might be 
conjectured. Minimal attack on the cere4.A- 
lum in the first attack might be sufficient to 
break the blood-brain barrier( 8) ,  facilitate 
localization of EAE in cerebellum in sub- 
sequent attacks(9) and reduce the number of 
cells available to attack the mrd. However, 
any mechanism of this type should apply with 
even more force to the spinal cord where EAE 
lesions and disruption of blood-brain barrier 
are greater from the outset, and this vitiates 
the logic of the argument. 

Either view presupposes that the total 
number of encephalitogenic cells is fixed, and 
any increase of cells in one area of the nervous 
system must imply a decrease in some other 
area. In EAE produced by active sensitization, 
the evidence is quite the opposite( 10) : diver- 
sion of encephalitogenic cells into the fore- 
brain did not act to spare the spinal md, 
probably due to conltinuous immunization of 
lymphoid cells by the antigen-adjuvant depot. 
I n  the passive transfer system, the absence of 
a depot and the limited mitotic potential of 
lymphoid cells removed from their source of 
stimulation, make the presupposition seem 
reasonable. llTe have made two unpublished 
attempts to prove this concept by causing 
some of the passively transferred cells to 
localize preferentially in cyanide lesions in 
the forebrain( 9.4). This maneuver did cause 
delay and amelioration of clinical signs and 
decrease of histologic lesions in spinal cord 
and cerebellum of recipients. However, this 
effect muld not be confirmed in admnala- 

tomized recipients. Therefore, sparing of cod 
and cerebellum was largely or entirely an 
adrenal-mediated stress phenomenon ( 7) 
rather than the [result of deviation of en- 
cephalitogenic cells into the forebrain. The 
concept of a fixed total number of encephali- 
togenic cells still seems reasonable but re- 
mains to be proved. 

Summary. Repeated attacks of experimental 
allergic encephalomyelitis (EAE) were in- 
duced in rats by 2, 3 or 4 consecutive bi- 
weekly passive transfers of living, encephali- 
togenic, lymphoid cells. The incidence and 
severity of clinical signs of EAE decreased 
progressively during successive attacks. A 
decrease in spinal cord lesions was fmnd 
histologically only after the fourth transfer. 
Unexpectedly, the cerebellum revealed a 
marked increase of EAE lesions ahtm the 
second, third or fourth transfers. This redis- 
trilbution of lesions may be due to local 
blockade at  the sites of original attack in the 
spinal cord. 
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Parke, Davis & Co., Detroit, Mich., for penltussis 
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