


THE SERUM PROTEIN FRACTIONS IN RABBITS 

INOCULATED WITH HtAIB AND FREUND' S ADJUVANT 

A 

THESIS 

submitted to 

THE FACULTY OF GRADUATE STUDIES 

in partial fulfilment of 

the requirements for 

the Degree of 

MASTER OF SCIENCE 

in 

'!he Department of Neuropathology 

University of B;~skatchewan

by 

UGO SCHACBERL 

Written under the supervision of 

Dr. J. Olszewski 

The University of Saskatchewan. in conjunotion with the author. 

olaims copyright. Use of the material herein shall not be made 

without proper aeknowldegement. 

May, 1960. 

170165



(i) 

INTRODUCTION•••••••••••••••••••••••••••••••••••••••••••••••• 1 

A. RE\~~~ OF THE LITERATURE•••••••••••••••••••••••••••••••• 2 

I. GFN~L J~OLOGICAL PROB~E••••••••••••••••••• 2 

1. Autoimmunization••••••••••••••••••••••••••••••••••••••••••••••• 2 

2. Allergy and skin reaction in experimental animals •••••••••••••• 5 

3. Haptens. adjuvants, "allergic irritab3.1ity" and the Freund's
adjuvant...... 6

4. Analysis of the immunological effects of the Freund's
adjuvant •••••• 10

5. Antibrain antibodies••••••••••••••••••••••••••••••••••••••••••• 12 

6. Antigen-antiboqy reactions in the brain in vivo•••••••••••••••• 13 

II. EXPERIK~JTAL ENCEPHALOMYELITIS•••••••••••••••••• 15 

(1) Historical notes••••••••••••••••••••••••••••••••••••••••••••••• 15 

(2) Route and number of injections, the animals, the encephalito
genic material ••••••••••• 18 

(3) Infectivity•••••••••••••••••••••••••••••••••••••••••••••••••••• 24 

(4) The clinicopathological entity••••••••••••••••••••••••••••••••• 25 

(5) The quanti.tative appraisal of the disease•••••••••••••••••••••• 30 

(6) Chemical studies••••••••••••••••••••••••••••••••••••••••••••••• 31 

(7) The allergic pathogenetic hypothesis ••••••••••••••••••••••••••• 33 

Antibrain-antibodies and experimental tlallergic tl encephalo
~elitis••••••• 35 

Relationship between encephalitogenic activity and the 
immunological activity of Freund's adjuvant •• 35 

(10) The passive transfer••••••••••••••••••••••••••••••••••••••••••• 37 

(11) Experimental "allergic" encephalomyelitis and the blood-bra.in 
barrier••••••••••••• 38 

(12) Prevention•••••••••••••••••••••••••••••••••••••••••••••••••••• 39 



(11)

B. THE SERUM PROTE~I]\1 FRACTIONS IN RABBITS -VrrTH EAE••••••••••••••••41 

I. AIM OF THE PRESENT INVESTIGATION••••••••••••••••••••••••••••••••••41 

II. 1{~TERIAL AND METHOD•••••••••••••••••••••••••••••••••••••••••••••••42 

(1) Animals•••••••••••••••••••••••••••••••••••••••••••••••••••••••42 

(2) The encephalitogenic injection••••••••••••••••••••••••••••••••42 

(;) Obtaining the sample••••••••••••••••••••••••••••••••••••••••••4; 

(4) Paper electrophoresis of serum proteins•••••••••••••••••••••••44 

(5) Clinical and pathological observations•••••••••••••••••••••••• 46 

(6) Sampling••••••••••••••••••••••••••••••••••••••••••••••••••••••46 

TII. RESULTS••••••••••••• : •••••••••••••••••••••••••••••••••••••••••••• 48 

(1) Serum protein fractions •••••••••••••••••••••••••••••••••••••••48 

(2) Clinical and pathological observations••••••••••••••••••••••••64 

IV. DISCUSSION 

(1) Reliability of the technique••••••••••••••••••••••••••••••••••70 

(2) Statistical evaluation of the data••••••••••••••••••••••••••••71 

a) Preliminary evaluation•••••••••••••••••••••••••••••••••••7l 

b) Further analysis of the alpha fractions •••••••••••••••••• 73 

c) Paired comparison of the alpha fraction •••••••••••••••••7; 

(J) Qualitative changes••••••••••••••••••••••••••••••••••••••••••• 79 

(4) Intercurrent di.seases•••••••••••••••••••••••••••••••••••••••••79 

(5) Irregularity of sampling••••••••••••••••••••••••••••••••••••••80 

(6) Cotrmlent on some clinical and pathological aspects of the 
disease•••••••81 

C. S~UffiY AND CONCLUSIONS••••••••••••••••••••••••••••••••••••••••••82 

ACKNOhLEDGMENT•••••••••••••••••••••••••••••••••••••••••••••••8; 

ILLUSTRATIONS 

RlKFERENCES 



-1

INTRODUCTION 

The subject of the present study is the form of encephalomyelitis 

which ean be produced in experimental ani.mals by the injection of nervous 

tissue. One of the names given to this condition is "experimental allergic 

encephaloD\Yelitis" (EAE). In the following discussion this term is used 

for the purpose of identifying the condition and it bears no pathogenetic 

implications. 

At the turn of the century the appearance of neuropara.lytic accidents 

as a complication of antirabies treatment stimulated the attempt to produce 

neurologieal signs by the injection of nervous tissue into animals. The 

development of such complications even amongst patients who had not been 

bitten; the negative an1llal inoculations in a few fatal eases; and the 

milder prognosis than that of true rabies, all suggested that these con

ditions were not attenuated rabies. They appeared to be the result of the 

injections of rabbit nervous tissue, which was an inseparable component of 

the Pasteur vaccine (Stuart and Krikorian, 1928 and 1930; Hurst, 1932). 

Notwithstanding the rapidly aceum.ulating experimental data on the subject, 

the way in which the nervous tissue acts to produce these complications is 

still a matter for speculation. The hypothetical suggestion that immunolog

ical phenomena may be involved in the pathogenesis of this conditioD has 

evoked considerable interest and has prompted the inclusion of syndromes 

with a similar course and histopathology (the parainfectiou5 encephalitides) 

within the same path@genetic entity. (Glanzmann, quoted by Allegranza and 

Rovescalli, 19.53). A similar pathogenesis for multiple solerosis was pro

posed by Van Bog.,aert (quoted by Allegranza and Rovescalli, 19.53) and sub

sequently by other authors. (Ferraro. 19.58). The hypothesis has also linked 
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this particular problem. with the 1I10re general problem of the immunological 

reaction as a cause of disease. 

In view of this, the literature on experimental encephalo1l\Yel1tis 

will be reviewed in two parts. The first will deal with sOlle iDmunologieal 

phenomena relevant to the discussion of the main topic. The second will 

include a discussion of the experimental disease itself, with regard; to its 

history, the method of production, the clinical, chemical, imm.unologieal and 

pathological findings and the research which has been conducted in order to 

elucidate its pathogenesis. 

The review of the literature will be followed by the report of a study 

of the seI'lDl protein fractions in rabbits during the development of EAE. 

A. REVIEW OF THE LITERATURE 

I. GENERAL nnroNOLOGICAL PROJ3I.m4S 

1. Autoimmunization. 

1t>Jhen, in the XIX centuI7. the discoveries of Pasteur drew the interest 

of researchers to the investigation of the mechanisms of immunity, it was 

observed that under special circumstances these m.echanisms could be mobilized 

against tissue cells. This could be done by injecting the tissue of one 

animal species into another species, and thus producing heteroantibodies. 

The sera containing these antibodies were termed cytolytic or cytotoxic. 

In this wq, Bordet (1900) produced haemolytic sera, Metchnikoff (1900) 

spermatotoxic sera. Delezenne (1900) produced neurotoxic sera, and Von 

Dungern (quoted by Ehrlich and Morganroth. 1900) sera against ciliated epith

elium. These sera proved to be organ and species specific. For instance, 

the serum produced by Delezenne by the injection of dog brain into ducks 

could cause oonvulsions and death when injected intracerebrally into dogs. 

but not in rabbits, and produced only mild effects in cats. It had no effeot 
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on leukocytes. 

Ehrlich and Morgenroth in 1900 questioned whether such mechanisms 

could be at work in some natural pathological conditions. Could imlmine 

bodies be formed 'b7. an organism as a result of absorption "of' its own cell 

material". when an organ or a tissue 'Was damaged by a disease1 The demon

stration of such a possibility, according to Ehrlich and Morgenroth involved 

two I'oqtiiremant$. It was necessary firstly to show that a body component 

(autologous antigen) could produce antibodies in the same animal f'romwhich 

it was obtained and secondly to show that such antibodies could act on the 

animal which was producing them (auto-antibodies). Ehrlich and Morgenroth 

failed to satisfY the first condition. since they were unable to produce 

haemolysins in goats by subcutaneous injection of the animals' own red 

blood cells. They concluded that if' an animal's own tissues were ever to 

function as an effecti.,e antigen they had to be modified in some wIlY'. With 

regard to the second point, Ehrlich and Morgenroth found that by injecting 

the blood of the same species (homologou.s antigen) it 'Was possible to produce 

haemolysms which were effective against blood of the same species (isolysins) 

but not against that of the animal producing them. In some cases isolysins 

could also be produced by injecting the blood of other species. Ehrlich and 

Morgenroth (1901) obtained isolysins by injecting goats with sheep blood. 

They were probably dealing with what we know today as the Forssman antigen. 

which is present in m.any species (heterogenetic - see Raffel, 19.53). There

fore. if heterogenetic antigens ~cai:l excite the production of isoantibodies, 

it is not nec99sary to postulate an autologous antigen for the production of 

autoantibodies. (Waksman, 19.59 b). 

Ehrlich and Morgenroth had thus demonstrated a reluctance of the organ

ism to produce demonstrable self-destroying antibodies ("horror autotorlcus") 



in their cases (Ehrlich and Morgenroth, 1901). However, they did not think 

that the possibility of an autologous antigen stimulating the production of 

auto-antibodies was completely disproved. Such antibodies, they thought, could 

indeed be formed, even under physiological conditions, but possibly the sim

ultaneous formation of anti-antibodies inhibited their etreet. 

Ehrlich and Morgenroth (1901) observed also that some rabbits iJmmm

ized against goat or ox red b1.ood cells yielded sera with anticomplementary 

activity. Since this activity was displayed also against the animal's own 

complement, they considered these as examples of auto-antibodies. 

The anti-kidney antibodies produced by Cavelti and Cavelti (1945, 1946) 

atter injecting rabbits with homologous kidney and streptococcal toxin are 

another example of the auto-antibod;y" phenomenon. The iso-antibodies thus 

produced are apparently able to function as auto-antibodies also, as can be 

judged by in vitro tests carried out in a few cases with the kidneys of the 

same animals which provided the serum. 

The work of Wite1:~ and Rose (19.56a) gives us an affirmative answer 

to the other question, that is to whether an autologous antigen can produce 

antibGdies at all. The above authors have shown that thyroid tissue, obtained 

from a rabbit at operation, when reinjected into the same animal as an emulsion 

with Freund's adjuvant, can stimulate the production of antithyroid an~ibodies.

We are here dealing with a modified autologous antigen, as postulated by Ehrlich 

and Morgenroth (1901). 

Complement fixation tests using the thyroid of the same animal which 

furnished the serum, have shown that the antithyroid antibodies are auto

antibodies. Damage to the thyroid gland by the injection of homologous 

thyroid extract with Freund's adjuvant was demonstrated in another exper

iment (vlitebsky and Rose, 19.56b). 
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2. AllergY and the skin reactions in experimental animals. 

Von Pirquet (qUoted by Rich. 1946-47), repeating Jenner I S observ

~ations of the hyperreaction of revaccination and studying serwa sickness 

and the tuberculin reaction, arrived at the generalization that in infect

ious disease the damage to the host was due te the latter's immunological 

mechanisms rather than to direot damage by the microorganisms. In principle. 

the pathogenesis of allergio tissue damage differs from the presumably direct. 

damage of the above discussed cytotoxicity. Allergic damage is the secondary 

effect .of an immunological reaction. It may be mediated through Richet 's 

anaphylatoxin (Ricnet. 1913) with a functional effect on the smooth muscul

ature as a consequence of the union of antigen and humoral antibodies at the 

cellular level (anaphy1aotic type of allergy) (see Gladstone, 1954). On the 

other hand it may act in a less well .understood way by direct necrotizing 

action on all types of tissue. (allergy of bacterial infections. tuberculin. 

type of hypersensitivity, or delayed type of hypersensitivity) (Rafrel, 1954). 

Local inflammation occurs within a few hours after an antigen able to 

excite humoral antibodies is injected intradermally into an animal previously 

sensitized to it. This reaction disappears within the next 24 hours. 

The tuberculin reaotion appears at the end of the first day after the 

ohallenge (delayed reaotion). The reaction consists of a hard swelling with 

a white oentre. which may beeeae neorotio and then slough. This reaction 

persists for several days (Raffel. 1948; Zinsser. 1921; Dienes. 1928; Dienes 

and Sohoenheit. 1929; Uhr at al•• 1957). 

1.he fact that serum can passively transmit the 1mm.ediate type of react

ion. 'but not the delayed type. indicates a clear pathogenetic distinction 

between the two phenomena (Zinsser, 1921). The delayed type of sensitivity 

can be transmitted by cells (Chase. 1945; Kirchmeier and Russel. 1947; 

Lawrenoe. 1949) • 

The olinical and pathologioal distinotion in experimental animals 



is less clear cut, for the following reasons: 

a). Time of onset. lbe rabbit tends to react with delay to any form 

of allergy (Zinsser. 1921). An animal may develop both a. delayed and immed

iate type of sensitivity at the same time. and thus show an early, immediate 

reaction which passes imperceptibly into the delayed type(Uhr et al., 19.57). 

b). Necrosis may take place in the delayed sensitivity. However the 

rabbit has a tendency to respond With necrosis to any form. of allergy (Dienes, 

1928; Zinsser. 1921). The necrotic iramediate reaction (Arthus phenomenon) is 

difficult to produce in the guinea pig. except under special circumstances, 

(Dienes and Schoenheit, 1929; Beneceraff and Kabat, 19.50). 

c). Histologically the Arthus reaction consists of an acute (poly

morphonuclear exudate). haemorrhagic inflammation, but there is little agree

ment on the histological characteristics of the delayed skin reaction. The 

latter is considered by some authors to be characterized by the early appear

ance of the chronic, mononuclear elements in the inflammatory focus. others 

consider that the delayed type of hypersensitivity reaction has morphologically 

nothing specific (review of the controversy by Rich, 19.51 and by Waksman, 1958). 

On the other hand, the ability to'eli<ci't· a hypersensitivity reaction 

in the cornea, which has no blood vessels, is considered a proof that the hyper

sensitivity in such a ca.se is of a. delayed type (Rich and Follis, quoted by 

Haffel, 1954). 

3. Haptens, adjuvants, -allergic irritability" and Freund's adjuvant. 

Some or all o'r the tissues of a variety of animal and plant species 

have the property, when injected into rabbits. of stimulating the production of 

haemolysins against sheep red cells(Forssman antigen) (Raffel. 1953). Extract

ion of these tissuesw1th alcohol results in a loss of the antigenicity of both 

the residue and the extract. The latter is still able to react in vitro with 

a serum haemolytic for sheep cells and deprive it of its lytic power. The 
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addition of hog serum to such an aloohol.ic extraot will reoonstitute the 

original antigenio power. Landsteiner ga.ve the names of haptens to the 

group of substances with the general properties just described. (Landst

einer and Si.mm.s t 192.3 ) • 

Landsteiner considered that the activation of a hapten 1s due to 

some sort of chemical combination with a protein to form what he oalled a 

conjugate. Sachs (quoted by Lewis, 1935) proposed the "Schlepper" theory. 

According to this hypothesis the foreign protein acts by .coating the hapten 

and carrying it (Schlepper=carrier) to the site of the formation of anti

bodies, where the foreign protein can be disposed of and the hapten unmasked. 

Without a foreign protein to protect it, the hapten becom.es coated with the 

host I s protein and never comes in contact with the antibody forming cells. 

If this were so, then any inert substance when combined with a hapten, might 

perhaps act as a carrier and be able to bring about the formation of anti

bodies. '!here were in fact reports of antibody production with a hapten 

and kaolin. (Zozaya, quoted by Lewis, 1935). Jacobs (l934), a eo-worker 

of Landsteiner, rejected this interpretation and noted that kaolin was 

unable to substitute a foreign protein if the hapten was properly purified. 

Such effects as those which had been observed with kaolin, he contended, were 

due to the impurity of the hapten, which, under these circumstances, was &1.

rea~ slightly antigenio by itself'. 

As can be seen from· the example of the Forssmann antigen, the dis

tinction between the activation of a hapten and the enhancement of an al

rea~ present antigenicity can be based, at times, on controversial grounds. 

The enhancement of an immunological mechanism by the addition of another 

substance to the antigen is referred to as the adjuvant effect. (Allegransa 

and Rovesealli, 1953). Following the example of Allegranza and Rovescalli, 
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the present writer will for the purpose of this discussion exclude from the 

definition of adjuvant any phenomenon attribltable to the activation of a 

hapten. 

In relation to humoral -~antieody,; the adjuvant effect can express it

self' in an acceleration of the antibodies' formation. in a higher titre of 

antibodies and in a longer persistence of such titres. 

Glenny (1926), in one of the earliest applications of the adjuvant 

effect, showed that in guinea pigs injected with an alum precipitate of 

diphtheria toxoid the Schult' reaction became negative a weak or so earlier 

than in controls injected w~th &lUll free toxoid. Henle et ale (1946) showed 

that antibodies against the influenza virus in man are produced in higher 

titres and for a longer period by the use of paraffin oU and a lanolin-llke 

substance as adjuvants. 

Besides enhancing the formation of humoral antibodies, adjuvants can 

also influence the lntensity of the delayed type of hypersensitivity. When 

killed ~bercle bacilli suspended in paraffin oil are injected lnto guines 

pigs, the resulting skin sensitivity to tuberculin is much more intense than 

in aniIlals injected with a saline suspension of bacilli (Freund, Casal and 

Hosmer, 1937; Freund, 1947). 

The mechanism of adjuvant action is not clear. Adjuvants have to be 

injected together with the antigen or into the same slt8 in order to exert 

their action. The enhancement of the reaction could be due either to a longer 

retention of the antigen in -situ, or to its prolongedemissioninto the circul

ation (dispensing effect). or to the more intense inflamnatory reaction at 

the injection site with the accumulation of antibo<.tv producing cells. 

Lewis and Loomis in 1924 described a particular case of adjuvant effect. 

They infected guinea pigs with tubercle bacilli by intraperitoneal injection 

and then by the same route. they injected sheep red cells into these tubercul

ous guinea pigs. They noticed that haemolysin production in these animals 
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was more intense and prolonged than in non-tuberculous controls. They att

ributed this effect to a general influence of the tuberculous infection on 

the immunological reactivity of the animals <"allergic irritability"). 

Dienes and Schoenheit (1927, 1929, 1930) became interested in this 

phenomenon and undertook the study" of the effect of various protein antigens 

on tuberculous guinea pigs. One of the techniques used by these authors was 

the injection of the antigen into a tuberculous lymph node. Some success was 

obta1nfP also when killed mycobacteria were substituted for living ones in el

icitihg a tuberculous reaction (Dienes, 1928). The authors found that one 

of the effects of the tubercle bacilli consisted ot a modification of the 

animal's :iJmnunological response to proteins; the resulting s~ reaction was 

often of the delayed. type instead of being of the immediate type. 

It should be noted. here that, while the effect observed by Lewis and 

Loomis is clearly an adjuvant effect, the m.odification of the reaction to 

protein antigens observed by Dienes and Schoenheit is less readily classified 

as such. Landsteiner and Chase (1941) consider this phenomenon different from 

a mere enhancement of antigenic activity, since it can be elicited without 

appreciable influence on the intensity of the anaphylactic response to the 

same antigen. 1hey conclude that "a qualitative difference seems rather 

probable". Raffel and Forney (1948) reached the same conclusion by demon

strating that the change from immediate to delayed reaction is possible 

without simultaneously enhancing the production of circulating antibodies. 

Freund and McDermott (1942), noting that killed mycobacteria exci~e

a JIlUcb more intense response when injected in an oil emulsion (Freund, 

Casals and Hosmer. 1937) , tested the effect of such an emulsion on the 

response of the guinea pig to protein antigens. They found that delayed 

sensitivity to horse serum could be brought about with such an emulsion 

only' if lanolin or a lanolin derivative was added to it. The influence 
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of such a technique on humoral antibod3 production has been studied with 

Salmonella typhosa (Freund and Bonanto t 1944) and Haemophi1us infiuenzae 

(Freund, 1947) amongst other antigens. This technique has been found 

effective in producing higher titres and a prolonged presence of' 

agglutinins. 

According to Freund, (1947) the proportions of the aqueous component, 

lanolin derivative in 011, are important for the enhancement of antibody 

production. The proportions recommended are: 

aqueous phase 2 to .3 •.5 

lanolin derivative 1 

paraffin oil 2 or less 

Freund considers the physical properties of such an emulsion of paramount 

importance in promoting the peculiar action of· his adjuvant. Any particular 

matter injected with it, is to be found inside of little aqueous droplets 

contained in the oily medium, while the tubercle bacUli are found in the 

oil and often on the surface of the droplets{Freund and Bonanto, 1944). 

One more property of Freund's adjuvant will be discussed later in 

connection nth antibrain antibodies. 'Ibis is the property of activating 

haptens , (Schwentker and Rivers. 19.34). 

4. Analysis or the imm.unologica.l effects of Freund's adjuvant. 

Freund's adjuvant is, as we have seen, composed of three constituents: 

oil, a lanolin-like substance and mycobacteria, (Freund, McDermott, 1942). 

It has at least three different functions: 

a) • To modify the i.Jmmm.ological response to certain substances, by 

exciting the development of delayed hypersensitivity (Freund and McDermott. 

1942). 
b). To enhance the production of antibodies (Freund and Bonanto, 1944). 

c). To activate certain haptens{Sehwentker and Rivers. 19.34). 
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a). The modification of the immunological response: The experim.ents of 

Lewis and Loomis (1924), and Dienes and Schoenheit (1927, 1929 and 1930), 

showed that, with living bacteria, the only component necessary tor the 

development of the delayed type of sensitivity is the mycobacterium. With 

killed bacteria,oU and lanolin are usually necessary to obtain the same 

effect. (Landsteiner and Chase, 1941). Raffel has shown that the fraction 

of the tubercle bacillus responsible for sensitization to tuberculin is the 

bacillary "wax" contained in chloroform extract. Choucroun and Lederer have 

extracted similar fractions from the mycobacterium (review by Raffel, 1954). 

The role of the oil in the adjuvant may be one of bringing into solution the 

active fraction (Choucroun, 1947). Peanut oil cannot be substituted for 

paraffin oil (Fr~und. 1947). The role of the lanolin may be one of emuls

ification, but it should be kept in mind that all surface-active emulsifiers 

cannot substitute for lanolin (Freund, 1947). 

The animals sensitized by the Freund.' s adjuvant also develop a delayed 

cutaneous hypersensitivity for lanolin (Freund, Stern, Pisani, 1947). 

b). The enhancement of antibody formation: For this, mycobacteria are 

not necessary. 1hey may enhance the adjuvant action of oU and .lanolin in 

certain cases (with Salmonella typhi). or in other eases (e.g. against...!!!. 

innuenzae) present no additional effect (Freund. 1947). Lederer has reported 

that. according to his co-worker White. the adjuvant effect of DJycobacteria 

as reflected in the enhancement of antibody formation is due to a special 

chemical fraction. similar but not identical, to Raffel's wax. This traction 

is not present in the bovine, but is present in the human type (SYMPOSIUM, 

1959. page 398). 

c). The activation of haptens: The effect of the Freund's adjuvant 

when injected with homologous brain is an example of such an action(Schwentker 

and Rivers. 1934). Homologous brain is unable to stimulate antibody formation 
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when injected alone. The addition of Freund's adjuvant to rabbit brain renders 

such a brain able to stimulate production of antibrain antibodies in rabbits. 

when homologous brain is injected into dogs together with Freund's adjuvant, 

antibodies will form. However, when the emulsion is prepared with brain, 

paraffin oil and mycobacteria, but no lanolin-like substance, detectable com

plement fixing or flocculating antibodies are not formed (Thomas, Paterson, and 

Smithwick, 1950). Thus the lanolin-like substance seems to be indispensable for 

the activation of the brain hapten by Freund'S adjuvant. Whether other compon

ents of the latter also play a part in this phenomenon is not clear. 

5. Antibrain antibodies. 

Heterologous brain injected intravenously into rabbits stimulates the 

production of antiprain antibodies in these animals (Witebskjr and Steinfie1d, 

quoted by witebsky~ 1959). The response is in some respects unpredictable. 

some rabbits ,.a~ding species specific and others organ specific antibodies 

(Witebsky. Rose and Shulman, 1956). "litebsky (1959) has summarized the above 

findings by descriping two kinds of antigens in the brain: (a) a species 

specific antigen which is destroyed by boiling; (b) an organ specific antigen 

resistant to boiling and extractable with 80% alcohol. The alcoholic extract 

of heterologous b~ain. although able to react with antibodies in vitro, is 

unable to stimulate their production (Brant, Outh, Mueller, 1926) (quoted by 

Witebsky, 1959) unless combined with a foreign protein (Kopeloff and Kope

loff, 1944). Thi.$ was also found to occur with complete homologous brain 

(Schwentker and Rivers, 1934). 

These findings can be explained by considering .the brain antigen to 

be an alcohol sol'tlLble hapten. Complete heterologous brain is active because 

of the foreign pr4>tein present in it with the hapten. The homologous brain 

has no foreign pr~tein and thus one must be added to it in order to activate 
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the hapten. (Lewis, 1933). 

Freund's adjuvant. as mentioned above, can act as a hapten activator 

with homologous brain in rabbits (Schwentker and Rivers, 19.34) and dogs 

(Thomas, Paterson and Smithwick. 1950). The lanolin-like substance seems 

to be of' importance in this phenomenon. In the guinea pig, Freund's adjuv

ant is unable to render homologous brain antigenic (Kopelof'f and Kopelof!', 

1947; Koprowski and Jervis, 1948). although there is one discordant report 

(Hill. 1949)• 

The organ specificity of brain is not absolute and, following the 

injection of brain, cross reactions may develop with other organs. espec

ially the testicle. kidney (Kopeloff and Kopelo!! t 1944). placenta, peri

pheral nerve and posterior pituitary (Lumsden, Kabat, Wolf and Bezer, 1950). 

After absorption by the respective organs the antibrain titre is lowered. 

but still present. 

The existence of brain autoantibodies. that is antibodies reacting with 

the brain of the animal fumishing the serum has not been investigated. 

The possibility of the inducement of' antibody production by autolog

ous brain has been studied,. by Lumsden, Kabat. Wolf and Bezer (1950). '!Wo 

monkeys were given injections of tissue from. their own frontal lobes re

moved at operation. and emulsified with Freund's adjuvant. No iso-anti

bodies were found in the sera, of these animals t but tests with autologous 

brain were not made. 

6. Antigen-antibody reactions in the brain in vivo. 

Pressman (1951) has discussed the possibility that the intracellular 

location of an antigen may protect it in vivo from the action of certain 

antibodies. The consideration of' whether an antibo~ may ever reach its 

target in vivo is of' particuJ.ar importance in the ease of' antibodies direct

ed against the central nervous system. because of the l!l~brain barrier 

(Paterson, SYMPOSIUM. page 338). 
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The possible antigenicity of nervous tissue in vivo has been invest

igated by the intracerebral, intracarotid and subaraehnoidal injection of 

antibodies. 

Delezerme's experiment with the intracerebral injectien of a neuro

toxic serum. has been referred to above. This serum, as noted, had a rela

tive species specificity. (Delezenne, 1900). 

Jervis (1943), has studied the morphology of Forssma:n' s "carotid 

syndrome". When anti-Forerbft.an antibodies are injected into the carotid 

artery of a guinea pig, a neurological syndrome referable to the midbrain 

and hindbrain develops in the animals. PathologicallY' there are vascular 

lesions (swelling of endothelium, congestion, haemorrhages) and parenchymal 

changes, with degeneration of neurons, and foci of deD\Yelination. thrombi 

and emboli are not evident. Jervis interprets these lesions as occurring 

in two stages;' f?-rstJ::y an impairment of the blood-brain barrier, followed 

later by a reaction of the antibody with the parenchyma. 

Similar lesions were produced by Jervis by the subarachnoid injection 

of anti-ForsslJl8.n:n antibodies in the guinea pig. 

Hurst (195.5) has performed similar experiments and obtained similar 

results in monkeys, sheep and pigs. He used antibrain antibodies introduc

ing thea by the intracarotid or subarachnoid route. The antibodies inject

ed into the IlOnkey were produced in goats or rabbits, with monkey brain. 

Similarly in the other experiments the antisera used were produced with 

brain of the refripient speoies. 

The brain is able to respond with morphologioal changes to the 

reaotion between the antigen and antibocV, as is apparent from the so

oalled "cerebral anaph1"laxis" (Kopeloff, Davidoff. Kope1off, 1936) or 

"Arthus phenomenon" of the brain (Davidoff. Seegal and Seegal, 1932). 

Jervis, Ferraro, Kopelo!£' and Kopelof'f (1941) (see also Ferraro and 



-15

Roizin. 1954) have used egg white to produce this phenomenon in the 

monkey. The ani.mals were sensitized by the intravenous, intramuscular 

or intracerebral route or a com.bination of them. They were subsequently 

challenged by intracerebral injections of egg white with resultant haemo

rrhagic inflammation at the site of injection. Koprowski and Jervis (1948) 

have produced cerebral anaphylaxis in guinea pigs injected with brain

adjuvant em.ulsions. They injected brain emulsions obtained from various 

speoiesintraeerebrally into these anim.als and found that fatal reactions 

were almost exclusively liDdted to those animals whioh had been injected 

with brain from the same species which had furnished the sensitizing emul

sion. Both fatal and non-fatal. eases showed a local haemorrhagia area at 

the site ot the intracerebral injection. but in the non-fatal cases the 

changes were mild. This experiment seems to suggest that the role of 

species specific anti1:;>odies should not be underestimated in anaphylaotic 

phenomena involving ,sensitization to brain. 

(1) Histotl:eal notes. 

As stated in the first part of this review, the first experimental 

investigations of the effeot of injections of central nervous substances 

were linked with the problems of antirabies treatment. 

The first investigators at the start of the century observed that 

in rabbits and in dogs repeated injections or homologous or heterologou.s 

nervous tissue eould lead to a general impairment of health and to death. 

No neurological signs were observed. However. Koritsehoner and Sohw-8inbu.rg 

in 1.925 (quoted by Stuart and Krikorian, 1928; Hurst. 1932; Allegranza and 

Rovesealli. 1953) reported 16 eases of paralysis out of 78 rabbits repeatedly 
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injeoted with human brain. 

Hurst in 1932 undertook to reinvestigate' the problem in rabbits. 

He injected various amounts of heterologous brain. (from two grams to over 

twenty grams per kg. of body weight) over a period of, five days to two 

months. He obtained four cases of paralysis among four dozen rabbits. 

Histological examination did not disclose aqy lesions in the central or 

peripheral nervous systems of these four animals. 

Rivers. Sprunt and Berry in 1933. used a combined treatment with 

brain. aqueous-alcohol emulsions and alcohol-ether extracts administered 

intramuscularly. They produced neurological signs and histological lesions 

in the central nervous system in two out of eight monkeys. 

In 1935 Rivers and Schwentker repeated this experiment and obtained 

lesions in seven out of eight monkeys. Clinical signs in the affected 

animals included blindness. facial paralysis and ataxia but lit Ue or no 

paralysis of the extrem1ties. The histological lesions consisted of a 

perivascular infiammation. sometimes haemorrhagic in character, with 

polymorphonuclears, including eosinophiles. Some foci had a granulomatous 

character with some giant and "globoid" cells. };\yalin destru.ction was more 

prominent around the ventricles and in the pons and cerebellum. The cord 

was hardly affected. except for some tract degeneration. There was some 

involvement of the meninges. 'Ihe lesions did not resemble the spontaneous 

dif:f'u!e sclerosis described by Perdrau (1930 ) as tfSchilder disease of the 

Monkey". 

Hurst '(19L,4) was unable to reproduce these results in monkeys and 

rabbits with heterologous brain. Similarly Innes and Shearer (quoted by 

Hurst, 1944) were unable to affect sheep and lambs by a similar technique. 

Ferraro and Jervis in 1940 reproduced the results of' Rivers and his 

co-workers in seven out o:f seven monkeys which they had treated twice a 

week, in some cases for over a year. 
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Schwentker and Rivers (1934) were unable to induce neurological 

signs in rabbits by repeated injections of homologous brain in saline. 

but had success by using homologous brain which had been either autolyzed 

or infected with vaccinia. or combined with pig serum. "k7f.th injections of 

the autolyzed brain over a period of approxi.t.nately a month. they obtained 

paraplegia in 32% of the cases. Histological evidence was doubtful because 

of the pre.ence of a spontaneous encephalitis attributed to a protozoon 

( Encephalitozoon) • '!his disease is characterized by granulomata, wi.tb 

meningitis and perivascular cuffing in the central nervous system (McCartney. 

1924). The authors. comparing their results with Hurst's eases (see abeve). 

concluded tha.t they had produced a similar syndrom.e with no corresponding 

histological lesions. 

In 1946 Mc>rgan. (see also Horgan. 1947) in attempting to produce a 

vaccine against poliomyelitis. used Freund's adjuvant with the aim. of increas

ing the antigenicity of the poliomyelitis virus. Monkeys received injections 

of a Ddxture of Freund's adjuvant with the spinal cord from a monkey infected 

with poliomyelitis. The animals developed a syndrome similar to that described 

by Rivers and his co-workers (1933 and 193.5) and by Ferraro and Jervis (1940). 

The histologieal lesions were also of the same general character. The diff

erences between this affection and the one produced by the injections of brain 

without adjuvant lay in the greater incidence, the limited number of injections 

and the shorter time necessary to produce the disease. A histopathologic diff

erence lay in the absence of giant cells in the animals injected with the brain.. 

adjuvant mixture. The clinical syndrome and the pathological lesions could also 

be repr0duced with normal central nervous tissue with Freund's adjuvant. 

The same year Kabat. \"101£ and Bazer (1946 and 1947) obtained the same 

results by injecting heterologous (rabbit) brain plus Freund's adjuvant into 

monkeys. They considered taat brain antibodies played a part. in the patho
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genesis of the neurological syndrome obtained without adjuvant by previous 

workers and that the adjuvant facilitated the process by enhancing anti

body production. 

'rhe same technique was soon applied successfully by several research

ers to other laboratory animals. (Freund, Stern, Pisani. 1947, Morrison, 

1947 etc.) Because of the ease and relative rapidity with which this affect

ion could now be produeed. the study of its pathogenesis became the object 

of intensive experimental investigation. 

(2) The route and number of injections. the an:imals. and the encephalito

genic material. 

Rivers, Sprmt and Berry (193.3) working without adjuvmt had needed 

fr_ 52 to S4 injections to produce the disease. With the Freund's adjuvant 

Morgan (19q6 and 1947) found three injections sufficient to produce the dis

ease in monkeys. In guinea pigs (Freund, Stern and Pisani, 1947) and rabbits 

(Morrison. 1947). a single injection has been used successfully. In other 

species (dog - Thomas,Paterson and Smithwick; mice - 01itsq and Yager, 1949) 

a larger number of' injections is required. 

The routes of injectiOD used have been subcutaneous (Morgan, 1946 and 

1947), intrum.seu1ar (Kabat, Wolf, Bezer. 1946. 1947). intracutaneous (Waks..; 

mam and Morrison) and intraperitoneal (Cazzullo and Ferraro. 1949). Accord

ing to Allegranza and Rov.scall! (1953), when the injection is given intra

peritoneallY in the guinea pigtb.e necessary dosage is oDl,. half of that 

needed by the intrmmscular route. The intracutaneous route is particularly 

efficient in the guinea pig (Lipton and Freund. 19.5.3) and the rabbit (Waks

man2. and Morrison. 1951). According to the latter authors. if the skin of' 

the rabbit's f'ootpad is used as the site of injection the incidence of the 

disease is increased. 

For the injection to be efficient. the nervous tissue emulsion must 

be injected together with the adjuva.nt. Injections into separate sites are 
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ineffective (Kabat, Wolf and Bezer, 1948; Alvord, 1949). S1mi.lar1y ~.'

effective is the injection of adjuvant and brain into the same site, but with 

a time interval. between their injections (Olitsky and Lee, 19.53). 

The animals in which RAE has been produced are the rhesus monkey 

(Morgan, 19~ and 1947; Kabat, \iolf and Bazer, 1946 and 1947; Ferraro and 

Roizin, 1954) the rabbit (Morrison, 1947, Waks~' and Morrison, 1951), the 

guinea pig (Freund, Stern and Pisani, 1947; Alvord, 1949; Lumsden, 1949) 

the dog (Thomas, Paterson and Smithwick. 1950), the rat (Lipton and Freund, 

1953), the mouse (Olitsky and Yager, 1949) and the syrian hamster (Tal, 

Laufer and Behar, 1958). 

In the guinea pig, Lumsden (1949 b) has reported the incidence of 

the disease amongst the treated animals to vary between 40 and 80~ in diff

erent experimental groups treated with exactly the same method (multiple in
.. 

j ections) • A particular strain of guinea pigs, the Hartley strain, shows a 

consistent incidence of 100% (Lipton and Freund, 1953). In the rat not all 

strains seem susceptibde. Lipton and Freund (1952) produced the disease in 

the Sherman strain. Susceptibility also varies between strains of mice, the 

Swiss strain being 10~ susceptible When repeated injections are llsed (011t

sky, Yager, 1949). 

Lee, 01itsky Schneider and Zinder (1954) have tested pure lines of 

miee (uninterrupted for more than seven years) with multiple injections and 

have found one line lOO~ resistant and another line 100~ susceptible to EO. 

A study" or the offspring resulting from crossing these two lines, shows that 

there are two dominant genetic factors transmitting susceptibility and one 

recessive factor transmittin~ resistance. 

Both brain and spinal cord (Waksmanr and Morrison, 1951) can be used 

in the preparation of the emulsion. Either white or grey matter is effective 

(LlUIlsden. 1949 b). Morgan (1947) obtained only a few eases of neurological 

affection in monkeys injected with grey matter and adjuvant and concluded 
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that such low incidence should be interpreted as meaning that the grey 

matter is ineffective. The few positive eases were, according to this 

author, due to contamination with white matter. However. AJ.vord (1949). 

Kope1off and Kopelo!f (1947) obtained neurological affections by the inject

ion of grey matter. The !\opeloffa found that grey matter was only slightly 

less effective tibanwhltre" and Lumsden (1949 b) found that in guinea pigs 

human grey matter wa.s more effective than white matter. Peripheral nerve 

has been found effect.ive by Lumsden (1"949 a). but .A1\ford (1949) Kabat. Wolf 

and Bezer (1948) and Morgan (1947) have reported negative results with it. 

Alvord (1949) has found optic nerve effective. With peripheral nerve Ttlaks

mann and Adams (195.5 and 19.56) have produced an experimentBJ. neuritis distinct 

in localization fraa the disease under discussion here. Homologous brain 

has been reported as being moreceffectiva than heterologous in guinea pigs 

(lumSden. 1949 b). Of non-mammalian brain. chicken brain has been found to 

be effective (Kabat. Wolf' and l3ezer, 1948). but frog and fish brains have 

proved ineffective in monkeys (Kabat, \'101f and Bazar, 1948). Foetal guinea 

pig brain has been shown to be effective (Imnsden, 1949 b). but foetal 

rabbit brain apparently gives negative results (Svet-Moldavskaya and. Svet

Moldav~lm.i, 1958). Newborn rabbit brain has proved effective as early as 

the third day of lite (Lumsden, Kabat. Wolf and Bezer. 1950). Monkey brain 

obtained at operation and injected into the same animal with Freund's 

adjuvant has proved effective (Lumsden, Kabat. Wolf and Bezer. 1950). 

Neither cold storage (400 for 20 weeks, Lumsden (1949 a); formalin-' 

ization (Ali\brd and neSt 1949), a1.1toclaving (Alvord, 1949). boiling (Kope

loff and Kopelo:f'f. 1947) or autolysis (Kabat, Wolf and Bezar. 1948) affects 

the enoephalitogenic aotivity of the emulsion. (Some authors find that 

formallnization (Lumsden, 1949 b) and autoclaving (Kopeloff and Kopeloff. 

1947) slightly reduce the activity. 
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The ~ amount of whole brain necessary to produce the disease 

in guinea pigs has been estimated at 5 mg. (Alvord, 1949) but may be as loW' 

as 0.2 mg. in the Hartley strain (Lipton and Fritund. 1953). 

Analysis of the chemical nature of the encephalitogenic agent has 

lead to the isolation of several fractions from the central. nervous system, 

all active in producing EAE. These fractions include lipids (.Alvord. 1948 

and 1949) and proteolipids (Folch and Lees. 1959; Olitsky-and Tal. 1952; 

Lee, 1959) as well as water soluble and calcium acetate soluble fractions 

(HotUe, et al., 1949; Ferraro, Roizin and Cazzu!o, 1950; Ferraro and Roizin. 

1951; ICies, Roboz and Alvord, 1956)·. 

The results with many of the fractions have been different from. author 

to author (Goldstein et al" 19.55). In this respect it has been noted that 

(1) there is often no assurance that a particular fraotion is a chemically 

pure substance; (Folch and Lees, 1959; Ferraro and Roizin, 1951), and (2) 

that the same extraction which has led to an active fraction in one labor

atory, may lead to an inactive fraction in another. This may happen for 

at least two different reasons: (a) There may be a variation of the species 

and breed of anjmals on which the fraction 1s tested (Goldstein in Symposium. 

1959, page 307) or (b) small variations of the procedure may lead to the in

activation of some component (Chase in Symposium. 1959. page 308). 

Organs other than the central nervous Sllstem have generally been 

found devoid of encephalitogenic activity even when injected together with 

Freund 1 S adjuvant. Organs thus tested have included the adrenal. skin. 

testis, placenta (Lumsden. 1949 b), heart (Freund, Stern, Pisani, 1947), 

lung (Kabat, Wolf and Bezer. 1947), and kidney (Freund. Stern and Pisani. 

1947; Morgan, 1947). On the other hand Kopeloff and 3Kp loff (1947) have 

reported a rew positive cases with an organ-adjuvant sion of kidney 

and one case using the testis. Lumsden (1949 b) obtaine one positive 
I 

case 1dt!J. skin. The latter author thinks the effect C1d be attributed 
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possibly to a fragment of peripheral nerve in the skin used for the pre

paration. Allegranza and Rovesealli (1953). investigating a few cases of 

paraplegia with sphincter involvement in guinea pigs treated with kidney 

and adjuvant emulsion found that the local infiammation caused by the 

injeotion material (in the deepmu.scles of the neck) had extended by 

continuity to the nerve root.s of the cervical level and from these the 

fibrous reaction had spread to. the meninges of that region. Other levels 

were not involved and the authors distinguish this syndrome from the dis

seminated encephalom.;yelitis caused by brain-adjuvant emulsions. 

The other component of the enoephalitogenic emulsion is the FreundIS 

adjuvant. The presence of a lanolin-like substanoe and the proportions of 

this lanolin-like substanoe, the oil and the aqueous phase have been de

soribed as very oritioal for the immunological activity of the Freund's 

adjuvant (Freund, 1947). All these do not seem to be striet requirements 

for the enoephalitogenic activity. Thus, ThOJllas, Paterson and Smithwick 

(1950) have noted that in dogs the omission of the lanolin-like substance 

from the emulsion results in a failure of the humoral antibrain antibodies 

to appear, but that the emulsion still posseses en.cephalitogenic activity. 

Morrison (:1,947) and Waksmanx and Morrison (19.51) have also omitted the 

lanolin-like substance !'rom the emulsion and produced the disease in 

rabbits with such incomplete adjuvants (*) 

(*) The Freund's adjuvant can be obtained cOII11lercially from the Difeo 

Laboratories. This company uses the term. "incomplete adjuvant" to indicate 

a mixture of lanolin-like substance and oil. without mycobacteria. 

Obviously, the omission of any other component of the adjuvant. especia1q 

if essential for some iDmlunological activity, justifies the adjective 

"incomplete". 
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Olszewski (personal communication) similarly has produced the disease 

in guinea pigs, without including a lanolin-like substance in the emul

sion. • 
The amount of killed 1l\Y'cobacteria in the emulsion has been between 

0.2 (Morgan, 1947. 011tsky and Yager. 1949) and 0.5 mg. per ml. (Kabat, 

Wolf. Bezer. 1947). Some species apparently require a higher concentration 

of II\Ycobacteria. Thus. Lipton and Freund (1952) have used one mg. per ti. 

in the rat. Waksman:",', and Mortlson (19.51) consider the concentration of 

mycobacteria of importance. and not the absolute quantity injected. Be
/' 

sides the hl1DlaD. strain of :!trcobacterilUll tuberculasis. the bovine type 

(\ihi.te, Symposium. 19.59. page 4(0) has also been found to be effective as 

also have: Jlrcobacteriwn butYrlcum (Freund, Stern, Pisani, 1947), Oooci

diQdes immitis, the yeast-like fungus which causes the San Joaquin Valley 

fever. and Nooardia (:Actinomyces) asteroides (Freund, Lipton and Morrison, 

19.50). Freund, Lipton and Morrison (19.50) by omitting glycerine from the 

culture mediWll, have succeeded in growing a strain of llkcobacterip but

TM cum devoid of a.cid and alcohol resistance and this strain has proved to 

be effective as a part of the encephalitogenic emulsion. 

Raffel' 8 "wax" which imparts the aMlity to excite the delayed type 

of sensitivity to tuberculoprotein (Raffel. 1948) or to other protein 

antigens (Raffel et. al.. 1949), as well as Choucroun' s PMKo and Lederer's 

lipopolysaccharide were tested by Waksman) and Adams (1953) and found to 

be etfective as part of the encephalitogenic injection. Colover (19.5.4) 

has fouad that lipid solvents do not remove the effective fraction from the 

bacilli and has coneluded that the fraction responsible is a protein. 

However.. like Raf!el' IS t Lederer's and. Choucroun' s fra tiona (see review 

by Raffel, 1954), Colover's protem fraction contains :mycolic acid (Col

over and Oensden, 19.56). 

• For a comparison between immunological and encephal°togenic activity of 

Freund's adjuvant see pp. 36 at seq. 
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The injection of adjuvant alome has been descr bed as ineffective 

in producing the neurological affection (Morgan. 1947; Lumsden. 1949 a; 

Alvord. 1949). However Constantineseo et ale (1959) 

effective. Freund's adjuvant alone isbrain-a.djuvant emulsions a.re more 

able to induee the disease in gllinea pigs when inject d into the neck 

muscles. '!hey consider the disease to be induced by ransport of the 

adjuvant into the central nervous 

found affected. Tal and Behar (1958). Tal. Laufer an 

Behar and Tal (1959) have found that Freund's adjuvan 

is able to induce an inflammatory reaction of the een ral nervous system 

in the Syrian hamster and guinea pig without neurolog cal signs. The 

alterations induced by brain adjuvant emulsions accor g to these authors, 

always include deD.\Yelina.tion and thus are different III those produced by 

adjuvant alone, where only infiaJ.m1lation is evident. nce these two reports 

come from outside this continent, it would. be interes mg to investigate the 

role of the type of mineral oil used in the productio of these lesions. It 

is pertinent to mention here that Choucroun (1947) in France was able to 

produce lesions in the lungs of guinea pigs by an oil extract of tubercle 

'bacilli (PMKO)' but that she could not reproduce thes results when she 

came to this continent. Choucroun offers amongst oth r explanations the 

hypothesis that the difference may be due to the oil sed for extraction. 

(3 ) InfectiTitl. 

The possibility of an i.nf'ectious etiology for EAE is ruled out by 

the fact that the intracerebral injection of central ervous tissue frODl 

affected animals into narmaistailed to induce any di ease. (Olitsky and 

Yager, 1949; Good, Campbell and Good. 1950; Kabat. \~lt. and Bezer, 1947; 

Hill, 1949). The growth of central nervous tissue f om affected animals 

on agar plates has also been negative (Hill,· 1949). Koprowski and Jervis 

system and other or· ana which were also 

alone or with liver, 
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(1948), and Lumsden (1949) have seeded agar plates with their enoephalit

ogenio emulsions with negative results. 

(4) The c1in1cQ-patho10gical entitYe 

If the injection has been given intramnscularly. the site is not 

readi.ly available for inspection. It may however be palpated as a firm 

nodule (Yager, Olitsky, 1949) and may interfere with the movements of the 

inoculated part, preSWllably due to local tenderness. Such signs should 

not be diagnosed as neurological involvement (Allegranza and Rovesealli, 

1953). If the injection has been intracutaneous or subcutaneous, one will 

observe at the site of injection a smooth, rounded, diffuse swelling, whose 

center will in time necrotize and slough out (Lwasden, 1949 b). In the 

m.onkey further signs appear between 2 to 7 weeks after the first injection. 

The animal becomes affected rather suddenly, showing any of the following 

signs (Morgan, 1947; Kabat, Wolf, and Beser, 1947; Ferraro and Roizin, 1954); 

weakness, stupor, reduced vision, blindness, strab18l1lUs, ptosis, nystagmus, 

rigidity, tremor of the head of trunk and extremities, museular twitching, 

ataxia, hemiparesis, paralysis of fore and hind legs. or convulsions, which 

may be general or of the Jacksonian type. 

In guinea pigs. (Ferraro. Roizin. 1954; Lumsden, 1949 a; Alvord, 191fJ). 

the above described manifestations at the site of injection are followed by' 

progressive loss of weight (Ferraro and Roizin, 1954; Lumsden, 1949 a; Alleg

ranza and Rovesealli. 1953) and sluggishness. Some of the animals may die 

suddenly at this stage. before showing neurological signs. &tlTeen the 

fourteenth and thirty-fourth day (with a ma:x:i.mum incidence at the thirty

second day (Imnsden, 1949 a)) a great nUDlber of the injected guinea pigs 

begin to show neurological signs. Some may not show the first neurological 

signs until as late as two months after the firstinjecti<m (Alvord, 1949). 

The first neurological. manifestation may be a slight unsteadiness of gait, 
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the disturbance being localized to the bind-legs, the forelegs being 

rarely involved. The hind-legs become, as a rule, completely paralyzed; 

the animal moves around with the help of his forelegs, dragging its be

hind. In a few days, incontinence of urine and faeces follow, and the. 

anal sphincter is widely dilated at all times. The urinary incontinence 

is described as being of the overnow type (Lumsden. 1949 a) and infect

ion of the bladder may follow. Tremor. muscular twitching, (LUlsden, 1949 a; 

Ferraro and Roiain. 1954), and oonvulsions (Ferraro and Roisin, 1954) have 

been described. Nystagmus which is relatively frequent in the monkey, has 

been described in the guinea pig by Ferraro and Roizin, (1954) b1t Lumsden 

(1949) has never observed it. mindness has not been described in the guinea 

pig. :Many oft.Be paralyzed guinea pigs die within 30 days (Alvord at &1., 

1959). 

Morrison, (1947) has described a s1m1lar paraplegia in rabbits with 

sphincter involvement and death occurring within .5 weeks, sometimes in a 

few days. 

Rats also develop paralysis (Lipton .and Freund. 1952). Mice present 

a wider range of signs (Yager and Olitsky. 1949) with loss of weight, rurfied 

fur. dyspnea, tremor, ataxia, circling movements, exclted or,pathetie state. 

and later pares1s1 but complete paraplegia, with involvement' of the sphincters 

is described as rare in this species. 

In all species the pathological picture is one of encephalitis. or 

encephalomyelitis, or more oftenmeningoencephalomyelitis. Grossly there 

is usually nothing to be observed, but Kabat. '!flolf and :Sezer (1947) and 

Morgan (1947) have described gross lesions in the monkey, consisting of 

petecchiae or larger hemorrhagic areas. 

Histologically the following characteristics have been described: 

1. Meningitis. 

2. Perivascular infiammation. 
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inflammation (Lumsden, 1949 a). 

I4. Infiltration wit.hin the parenchyma. 

Deuwelination, with the cells laden with sudanophilic 

material (Morrison, 1947; Lumsden. 1949 a). 
I 

6. Perivascular haemorrhages (Morgan. 1947)fbr diapedesis 

of red cells (Ferraro and Roizl.n. 1954) in the monkey and ... the mouse 

(Yager and Olitsky. 1949). I 

7. Morrison (1947) feels that the axens are fsua1J¥ preserved 

but on the other hand. Lumsden (1949 a) has stressed the t: at that axon 

destruotion em often be demonstrated in the inflamed area • 

8. Neuronal damage is absent (Morrison, 194 ) or limited 

to degeneration (Yager and Olitsky, 1949). 

9. 1hrombosis and intimal or subendothelial pro1i'eration 
I 

leading to the· narrowing or occlusion of the blood vessel ~ens have been 

described by some authors (Morrison, 1947; Ferraro and R01,in, 19.54) t but 

have been considered rare or absent by others (Kabat, Wolf land Bazer. 1947). 

10. Some degree of gliosis in chronic leSion, (Freund. Lipton. 

Morrison. 1950)., I 

In the rabbit non-purulent meningitis is described s always being 

present (Morrison, 1947; Waksmam and Morrison, 1951) and y be responsible 

for some early transitory neurological signs (Morrison. 19 7). In some cases 

it IIIllY be the o~ histological evidence of the disease (+'.SlIIIll'll and Morrison...
1951). Ferraro and Roizin (19.54) have described involvemit of the spirlal 

roots and ganglia. In mice (Yager and Olitsky, 1949) men gitis m.ay be 

absent. 

The perivascular inflammation consists of an infilt ation ~f the 

vessel walls w""itil haematogenous and histogenous elements. 

(Kabat, Wolf and Bezer, 1947; Morgan. 1947) and in the mou e (Yag,r and 

Olitsky. 1949), the predominant elements are the polymorph nuclear Leuce
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cytes, of which there are rew eosinophiles, although these usually have 

been described at times as predominating (Morgan, 1947; Ferraro and Roizin, 

1954). In the rabbit and guinea pig (Morrison, 1947; Lumsden, 1949 a}, 

polymorphonuclears are rare, and in the rat (Lipton and Freund. 1952) they 

are absent,the predominanthaematogenous element being the lymphocyte. 

Histogenous elements are also present. In m.onkeys and guinea pigs 

the infiltrate often appears composed of a great number of cells with 

abundant cytoplasm. (Kabat, Wolf and Bezer, 1947; Lumsden, 1949 a; Ferraro 

and Roizin, 1954; Alvord, 1949). Although these cells have been described 

under different names, the pictures published by the different authors show 

that the histological appearance is the same in all cases. Kabat, Wolf and 

Bezer (1947) described in monkeys "eells having an epithelioid appearance·. 

Ferraro and Roizin (1954) and Alvord (1949) speakef a "granulomatous" 

formation. Lumsden (1949 a) who gives a description of these eells, speaks 

of it proliferation of -adventitial c~llsn. He considers the proliferative 

aspect as being the main characteristic of the process and describes such. 

cells under the inflamed pia. 'While in the disease produced w'ithout adjuvant,· 

giant cells were a constant feature, they have not been described· in the 

syndrome produced with a9.juvant (Morgan, 1947). 

Veins, venues, arterioles, capillaries ~re usually described as 

being equally affected (Kabat, Wolf, and Bezer, 1947; Morrison, 1947); 

however, Lumsden (1949 a) contends that the process is maiftly perivenous. 

The infiammat10n o!ten extends into the parenchyma (Yager and Olitsky,. , 

1949; Morrison, 1947; Lumsden, 1949 a; Lipton and Freund, 1952) and parenchymal 

foci, independent from blood vessels ha.ve been described at t:iDles (Ferraro 

and Roizin, 1954). The reaction within the parenchyma is mainly microglial 

and gitter cells are present (Morrison, 1947; Ferraro and Roizin, 1954) al

th.ough. som.etimes they are scanty (Lumsden. 1949 a). 
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Demyelination is more evident in the monkey than in other animals 

(Ferraro and Roizin, 1954), but 1s less prominent in monkeys treated. with 

brain adjuvant emulsions than in those treated with brain extracts without 

adjuvant (Morgan, 1947). The demyelination is perivascular in charaoter 

(Kabat, Wolf, and Bezer, 1947; Yager and 01itsky, 1949; Morrison. 1947; 

IAuasden, 1949 a; Morgan, 1947; Ferraro and Roizin, 1954; Alvord, 1949). 

Lumsden (1949 a) considers that in the guinea pig the appearanoe of de~el

ination may often be due to a pushing aside of the ~elin by the inflammatory 

oe1ls rather than to the myelin's destruotion. However, when there is a micro

glial reaction in the surrounding parenchyma, the demyelination is, aooording 

to Lumsden, genuine. The dell\Yelina.ted areas, in these cases, have a fuzzy 

border, fat droplets are apparent. and there is destruction of' axens, Accord

ing to Ferraro and Roizin (19.54) the presenoe of demyelination in guinea pigs 

is ~estionable at times. l>em3"elinatiotll may be independent of the blood vessels 

if' the aniDlal has survived for a longer period and then tends to affect the 

posterior (Morrison, 1947) and the lateral columns (Freund, Lipton and Morrison, 

1950). (See Fig. 1). In the monkey the affection may not involve the, cord 

(Kabat. Wolf and !Szer. 1947). In other a.ni.mals it may be disseminated or 

involve the cord only or the brain only (Morrison, 1947). 

Neurons are said to be well preserved (Morrison. 1947) although neur

onal degeneration has been desoribed in mice (Yager and Olitsky. 1949). 

The pathological manitestationr: at the site of the injection is a hard 

nodule. The histological appearance of this (Kabat. Wolf and 13ezer, 1947. 

Yager and Olitsky. 1949; Lumsden, 1949 a; Kabat. 'V'Jo1f and Bazer, 1949;L1pton 

and Freund. 1952) being that of a fibrous honeyoombed formation. including 

drops of the injected emulsion in its mesh. Histiooytes, lymphocytes and 

sometimes polymorphonuolear leukocytes are seen in this granuloma, together 

with cellu1ar detritus, while giant cells are uso present. Acoollding te 

Kabat. Wolf and Bezer (L949), if mycobacteria are omitted from the emulsions, 
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the local reaction is minimal and histiocytes are not observed. 

(5) The C1U!!titativ8 a;epraisal of the· disease. 

other conditions being equal, the incidence of the disease varies. 

with the species llse:land, within the same species. with the breed used (Lip

ton and Freund. 1952; 01itsky and Yager, 1949; Lee, Olitsky, Schneider and 

Zinder. 1954; Symposi\Ul, 1959. page 300). Within the same species and with 

mixed breed there may be present. for undetermined reasons (*). a large 

variation in incidence from. one experimental group to another (Utmsden. 1940 a). 

This renders the incidence a10ne an unreliable criterion for judging such 

factors as: 

1) The encephalitogenic activity of a particular brain fraction or 

~eobacterial fraction. 

2) The effecti.veness;)f a certain treatment in preventing the disease. 

Lee (Symposium. 1959. page 243) has overcome this difficulty by using 

the already mentioned lOO~ susceptible strain of mice. In this wq every 

unaffected case assumes an undoubtable significance. other allthors have 

preferred to use strains of unpredictable susceptibility. but to rely on a 

quantitative appraisal of the degree of disease. giving a numerieal score to 

each ease and subjecting these scores to statistical analysis. 

Alvord at al. (1959) assigned their scores mainly on the basis of the 

length of the survival time and on the extension of the histological lesions. 

A few points are added for animals showing gross lipemia, because these 

authors consider the latter well correlated with the incidence and severity 

of the disease (nes et ale t 1957). 

(*) Allegranzaand Rovescall1 have shown that one of the reasons for the 

unpredictability of this respenee may lie in an improper mixing of the 

encephalitogenic emulsions. They have described significant differences 

in the count of mycobacteria in different drops of the sarae batch of emulsien. 
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Waksmani (1959) insists that for a quantitative appraisal, intra

litter comparison should always be used. That is, experil'ltental and control 

procedures should be randomly distributed within each animal litter available. 

One should avoid using unrelated animals for experimental procedures and 

control groups. There is probably some advantage to this experimental design. 

But it should be remembered that except for som.e human twins and the twins 

of the Da.sypus Armadillo of South America, the l!;ttermates of other mammals 

are muJ.tiovular (Hammlett and Wislocki, 1934) and therefore genetically 

heterogeneous. 

Walesmanr' et al. (1954) used a scoring method. similar to that of Alvord 

and Kies, but in tneir opinion, the length of time necessary for the onset 

of the disease is more important than the length of .survival, the latter being 

a variable dependent to a certain extent on nursing care. 

(6) Chemical studies. 

The serum proteins of an1m.als with EAE have been the object of studies 

by Allegranza and Turolla (Symposium, 1959, page 499) Vulpe,et al., (1957), 

Vulpe and Hawkins (Symposium, 1959. page 50l) Kies, Murphy and Goldstein 

(Symposium, 1959, page 50.3), Tonini and Missere, (19.58). These investigations 

were prompted by variou$ considerations, namely: 

a) An attempt to establish an analogy" with certain diseases such as 

thyroiditis, JIlUltiple sclerosis, lupus erythematosus and scleroderma, as well 

as with states of' experimental hypersensitivity (Vu1pe et al., 1957). 

b) An attempt to use the protein ehangea, if any, as an index of the 

pharmacological action of ACTa and various corticosteroid hormones on EAR 

(Tonini and Hissere, 1958). 

e) Alvord (Symposium, 1959, page 5.31) has suggested that changes in 

the serum proteins eould be used as an additional point for the quantitative 

appraisal of the disease. 



The emphasis has been particularly on the possible increase in the 

gamma fraction. as an indication of antibody formation. Allegranza and Tur

olla. (Symposium, 1959) and Kies. Murpbyand Goldstein (Symposium, 1959) have 

found no significant changes in the serum protein fractions in guinea pigs with 

EAE. Tonini and Missere (1958) have described a hypoalbwrdnemia and pyPerglobul

inemia in rats and rabbits. with alpha and gamma globulins involved in the changes. 

Vulpe et ale (1957) described similar changes in guines pigs. Vulpe and Hawkins 

(Symposium. 1959, page 501) have studied the serum protein fractions in rabbits 

treated with an encephalitogenic injection. In these animals the beta 2 fraction 

became prominent just before the onset of the paralysis. other changes in the 

affected animals consisted in a poorer resolution of the alpha globulin fractions. 

sta.rting from the second week after injection. and in the appearance of an addit

ional fraction of mobility interm.ediate between alpha 1 and alpha 2. 

Kabat et ale (19.51) have studied the proteins in the cerebrospinal fluid 

of monkeys with experimental encephalitis caused by brain-adjuvant injections. 

'!hey find that during the early stage of the disease. due presumably to exud

ation of serwn proteins. the total cerebrospinal fluid. protein is increased. In 

a llliter stage there is a. relative increase in gamma globulin, which they inter

pret as due to a local synthesis of antibodies in the central nervous system. 

Vogel (19.51) has shown that either intracerebral or intravenous injection 

of pancreatic lipase in rabbits causes denwelination :in the central nervous 

system, and that in guinea pigs with EAE. the injection site and the local lymph 

nodes show a large proportion of histocytes containing a lipolytic enzyme. This 

anthor suggests that lipolytic enzymes may playa part in the pathogenesis of 

EAE. 
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Vulpe and. Olszewski (1959) have shown that lipolytic enzymes appear 

increased in the local lymph nodes after the injection of subcutaneous fat 

and adjuvant, although this procedure does not cause a neurological affection. 

On the other hand. not all animals injected with brain and adjuvant and becom

ing affected show an increase in enzymes. 

Kies et al. (1957) have described a fairly constant increase of lipids 

in the serum of affected animals. The increase concerns mainly neutral fats. 

(7) !he allergic pathogenetic hypothesis. 

Stuart and Krikorian (1930). reporting a case of fatal ascending 

paralysis following antirabies treatment, eomment on a therapeutic attempt 

by the consulting physicians. The patient was given a transfUsion of blood 

from a person who had undergone antirabies treatment but who had not devel

oped neurological complications. This treatment was based on a hypo-ergic 

hypothesis. It was considered that the complications of antirabies trea\

ment were due to a lack of antibody against the brain substance injected. 

Schwentker and Rivers (1934) on the other band took. as a starting 

point for their research into the effeets of brain injections, the hypo

thesis that the neurological complications of antirabies treatment and 

perhaps the post-infectious encephalitides were -in solie manner associated 

wi.th the development of specific antibodies for brainR. No precise hypo

thesis on how these antibodies might act was stated. 

Ferraro and Jervis (1940) in reporting their successful experiment 

in monkeys using brain extracts (without adjuvant) discussed three possible 

pathogenetic mechanisms for the experimental encephalitis: 1) embolism; 

2) thrombosis; 3) a neurotoxin. 

Jervis. Ferraro and the Kopeloffs (1941) subsequently arrived. at the 

conclusion that the mechanism underlying this encephalitis was anaphylactic 
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in nature. 

The factors leading to this conclusion were: 

a) The study of cerebral anaphylaxis in monkeys. These authors 

found that the s~e of the exciting injection in the brain presented at 

hemorrhagic infiammation. In other parts of the brains of the same a.ni.mals 

one could find areas of perivascular demye11nation, accompanied bygitter cills. 

polymorphonuclear leucoeytes, (including eosinophilea), lymphocytes, plasma 

cells and giant cells. These lesions, according to the authors. originated 

in a response to a complete antigen formed in vivo at the site of the intra

cerebral injection from. an association of the brain hapten with the injected 

foreign protein. 'lbe presence of eosinophile leueoey'tes was interpreted as 

indicating an anaphylactic mechanism. 

b) The comparison between three types of lesions: the acute cerebral 

Arthus phenomenon, the demyelinating lesions of other parts of the brain in 

the same animals, and the lesions of encephalitis produced with intramuseluar 

injections of brain extracts. The last two types of lesions, according to 

Jervis, Ferraro and the Kopeloffs closely resembled each other. Between these 

lesions and the acute cerebral Arthus phenomenon there was the same differenee 

as between chronic and acute anaphylactoid lesions of skin and joints. 

Ferraro and Roizin (1954) extended the comparison to include the lesions 

produced by brain-adjuvant emulsions and SUlIIMarized as follows the reasons 

for their belief in the allergic nature of this experimental encephalitis: 

a) The brain contains a hapten. 

b) Repeated injections are necessary to produce the disease and this 

suggests sensitization. 

c) Antibodies can be produced by the injection of brain; the adjuvant, 

which is known to enhance antibody formation accelerates the development of 

the encephalomwelitis. 

d) The morphological changes are of the same type as the ones found 
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in some reactions known to be causedby' allergic mechanisms (eosinophile 

leucoeytes and plasma cells in the exudate). 

Because of the allergic hypothesis, the experimental disease has been 

termed experimental allergic encephalomyelitis, with the term "allergic" 

often written in quotation marks, to indicate its hypothetic undertone. 

Waksman and Morrison (1951) consider that a delayed type of hyper

sensitivity, and not humoral antibodies playa part in the pathogenesis of 

this experimental eneephalo~elitis.

(8) Antibrain antibodies and the experimental "allergic" encephalomyelitis. 

Lumsden, Kabat, Wolf and B!zer (1950) found that some of the monkeys 

becoming affected with EAE had no complement fixing antibrain antibodies in 

their serum. Of the monkeys which had been injected without becoming affected, 

25~ did present antibrain antibodies in their serum. 

Thomas, Paterson and Smithwick (1950) studied the colt'lplement fixing 

antibrain antibodies in the serum of dogs injected with homologous brain and 

Freund' 5 adjuvant. The authors found that while antibodies occasionally 

appeared in the serum weeks before the onset of the paralysis, at other times 

they could be domonstrated neither before or after the paralysis. Paterson 

(1957) has studied antibodies in rabbits after the injection of brain- Freund's 

adjuvant emulsions. Both mammalian and non-mammalian brains (frog, 'snake and 

turtle) were able to stimulate production of antibrain antibodies in the rabbit. 

However, the non-mammalian brains lacked all encephalitogenic activity on guinea 

pigs of the Hartley strain. More instances of EAE without the appearance of 

humoral antibrain antibodies in the serum of the affected animals, are reviewed 

below. 

(9) Relationship between the encephalitogenic activity and the immunological 

activity of Freund's adjuvant. 
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(a) Activation.f haptens. It has been noted before that Freund's 

adjuvant is able to confer antigenic properties on homologous brain; that in 

dogs the inclusion ef a lanolin-like substance in the emulsiOl'1 is indispensable 

for this effect (Thomas, Paterson and Smithwick, 1950) and that experimentu 

Dleningo-eneephal~elitis,can be pnduced with the aid of an incomplete Freund's 

adjuvant not eontailling a lanolin-like substance. In guinea pigs, the homologous 

brain hapten is often not activated by complete Freund's adjuvant (Kopelorf and 

Kopelorf. 1947; Koprowski and Jervis. 1948), but the homologous brain-adjuvant 

mixture is encephalitogenic for the guinea pig. 

(b) Ehhancement of antibody formation. Freund's adjuvant is known to 

enhance antibody formation with various antigens. As reviewed above the factors 

acting in this respect may be different with different antigens. The mycobacteria 

may participate in enhancing antiboq formation, but they are net essential for 

this effect. (Freund, 1947). On the other hand they play an easential part in 

the rapid production of experimental disseminated encephalomyelitis (Kabat, Wolf 

and Bez~rt 1947; Alvord, 1949). The question as to whether Freund's adj11Vant 

enllances antibody format1(.)n or net in the particular case of heterologous brain 

has not been investigated, to the knOWledge of the present writer. 

(c) Delayed hypersensitivity. One of the imDmnologica1 activities of 

Freund's adjuvant is to induce a delayed type of hypersensitivity against the 

particular antigen used. Both guinea pigs (Kopeloff and Kopelofr, 1947; Freund, 

Stern and Pisani, 1947) and rabbits (Waksman and Morrison. 1951) have been shOh 

to develop an apparently delayed type ,of skin sensitivity to central nervous 

tissue after an encephalitogenic injection. A similar sensitivity to lanolin 

has also been shown to develop in guinea pigs (Freund, stern and Pisani. 1947). 

Waksman and Morrison (1951) working on rabbits sensitized by" means of 

homologous cOrd-adjuvant emulsion, have correlated the time of onset of the 

disease with the the at which the skin sensitivity to cord reaches its peak. 

They also describe a correlation between the intensity of the skin reaction and 
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the degree of disease as measured by the degree of paralysis, the time of 

survivaJ. and the extension of the histological lesions. The authors consider 

the skin reaction in these rabbits to be of the dela.yed type, because of its 

morphological. appearance among other considerations, but mainly because corneal 

reactions can also be eUcited. The authors did not succeed in transmitting the 

skin sensitivity passively either by serwa. or by spleen or lymph node cells. An 

examination of the data tabulated. by Waksman and Morrison shows that these authors 

did not filld any ease in which EAE developed in the absence of skin sensitivity 

to hom.ologous cord. However 50~ of all rabbits showing skin sensitivity failed. 

to develop the disease, leaving the correlation between sensitivity and disease 

incomplete in this respect. 

Freund. Stern and Pisani (1947) and Kope1off and Kopela!f (1947). found 

that guinea pigs. injected with a homologous brain-adjuvant emulsion developed 

EA.E. but no skin sensitivity to guinea pig brain. The same authors found that 

guinea pigs treated with rabbit brain-adjuvant eaulsion developed beth elisease 

and skin sensitivity to rabbit brain, but no skin sensitivity tG homologous 

brain. These guinea pigs also presented skin sensitivity to rabbit serum 

(Chase. 1959). showing that this was a species-specific, rather than an organ

specific reaction. The skin sensitivity of guinea pigs to rabbit brain has 

been transmitted passively by means of peritoneal exudate and spleen eells 

(Lipton and Freund. 1953; Chase, 1959). 

(10) The passive transfer. 

The serua of affected animals injected intravenously. intra-peritoneally 

and subarachnoidally 1.-waS"ineapable', Q.f>produeing ~ EAE (Horgan, 1947; 

Kabat, Wolf and Sezer, 1948; Freund. Stern and Pisani. 1947; Hill. 1949. 

Al1egranza and Rovesealli, 1953). The amount of circulating antibody injected 

may have been insufficient t.o transmit the disease in the above experiments. 

On the other aand, lhermitte and Halpern (1952) were unable to transmit the 

disease from. dog to dog qy a erossed circulation maintained for 6 hours. 



-38

Absorption of the effective antibodies by the central nervous tissue 

of the donor has been suggested to explain the failure of serum transfer 

(Kabat, Wolf and Bezer, 1948). Paterson (SymPOSilDl. 1959,page 338) has 

shown that when rats are injected with rabbit antibrain sera. the re-el,J>1:.ent.$s 

titre as determined by eompleJflent fixation remains unchanged for hours. If 

the blood-brain barrier of the reClp.islft,is damaged by appropriate tra:wna, some 

decrease in its titre of antibrain antibodies is evident in the first twenty 

minutes. 

Attempts to transfer the disease by cells have been unsuccessful 

(Morgan, 1947; Kabat, Wolf and Bezer, 1948; Hill, 1949; Lhermitte and Halpem, 

1952; Chase, 1959) by the intrum.seular, intraperiteneal and intravenous routes. 

The cell suspensions were prepared. !rca peritoneal exudate induced by oil, or 

from the spleen or lymph nodes of aftecteo. animals. The subaraehnoida1 route 

has be_ tried by Burst (1955), who injected monkeys intraeistema.l.q with sus

pensions of lymph node cells from goats treated with simian brain and adjuvant. 

Lipton and Freund (1953) have succeeded in transterring the disease frOlll 

inoculated rats into re1ti..-P_i:~,by joining donor and reetpj:etrt. in parabiosis by 

coelostomy, the animals remaining united for nine days before sacrifice, Whether 

these cases shoulG\ be considered a transfer by cells, by humoral antibodies or 

simpq a transmisnOn of encephalitogenic material from one animal. to the other 

it is not clear. However only a few of a group of rats inoculated with an 

encephalitogenic emulsion will show histologic lesions within nine days. . 

(11) Experimental disseminated encephalo!yelitis and the blood-brain ·barrier. 

The blood-brain barrier has been found to be impaired in EAE by Barlow 

(1958) using trypan blue, and by Vulpe. Hawkins and Rozd.ilsky" (1959) using 

iodinated bovine albumin (see also Symposium, 19.52, page 172). 

Clark and Bogdanove (19:S9) have damaged the blood-brain barrier by the 

use of heat in guinea pigs previously inoculated with an encephalitogenic 
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emulsion and observed lesions typical of EAE in the vicinity of the traumatic 

lesion. The latter was inflicted on the 5th day after inoculation and the 

animals were sacrificed on the 8th day. The significance of this experiment is 

difficult to assess. The lesions observed in the vicinity of the area of trauma 

could have developed independently, since other authors have reported ElE with 

an "incubation" as short as seven days (Alvard et al., 19.59) or less (Cazzullo 

and Ferran>, 1949). 

(12) Prevention. 

The assumption that an allergy of the anaphylactic type may be involved 

in the pathogenesis of EAE (Ferraro and Roizin t 19.54) implies that the lesions 

could be produced by a histamine-like substance liberated at the site of reaction. 

On this ground Alvord at ale (1958) have tried unsuccesst\1.11y to prevent the 

disease in inoculated guinea pigs by the administration of pyrlbenzauiine. 

ACTH and cortisone, which have amongst other effects the property of 

supressing antibod.Y formation, have a protective effect against the encephal

itogenic activity of brain-adjuvant eJllUlsions (Mayer, et al., 19.50; Kabat. Wolf, 

and Bezar, 19.52). The preventive action of ACTa and cortisone may be due to 

non-specific suppression of the innammatory reaotion rather than to a specific 

anti-allergic action (Gel1 and Binde, 1951). Osgood and Favour, (1951) point 

out that such typical allergio reactions as the Arthus phenomenon, anaphylactic 

shock and the Prausnitz-Kilstner reaction are not suppressed by' ACTa. The cutan

eous reaction to tuberculin is suppressed by ACTH, but so is the non-allergic 

reaction caused by turpentine. Kabat, Wolf andBezer (1952) point out that the 

suppression of the inflammation at the site of inoculation corre1ateswith the 

prevention of EAE by cortisone in animals inoculated with brain-adjuvant emulsions. 

Good, Campbell and Good (19.50) describe prevention of EA.E by PABA and 

salicylate. They attribute this effect to a suppression of antibody formation. 

These authors worked with guinea pigs inoculated with homologous brain, a sit
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uation in which suppression of antibody' formation is not likelyt because, as 

reviewed above. in these circumstances the disease usual~ develops in the 

absence of detectable antibod.1es. 

X-ray treatment of the inoculated animals in dosages knOlm to suppress 

antibody formation does not prevent the development of the disease (Symposium. 

1959. page 494). 

Ferraro and Cazzul!e (1949) have obtained a lower incidence of the 

disease by administering repeated doses of brain with incomplete adjuvant 

(without nwcobacteria) to their animals, prior to the encephalitogenic injeot

ion. Brain alone has no protective effect. Lumsden (1949 b) has observed that 

guinea pigs, whioh have tolerated an encephalitogenic injection, are immune t.e 

subsequent ones. Animals whioh have received an injection of adrenal-adjuvant 

emulsions are also ilImune to subsequent encephalitogenic injection. Lumsden 

concludes tha.t the protective action is due to the adjuvant. Svet-Moldavska7a 

4nd~·sY'et-Mold.avskit (1958) have described a protective action of foetal rabbit 

brain-adju.vant emulsion (foetal brain has no encephalitogem:o aotion). Condi 

(1957) has observed a protective action by pretreatment with homologous spinal 

oord. According to this author, there are two possible explanations for the 

protective action of cord: (a) active immunization; (b) a mechanism similar. 

to Felton's i.maunological paralysis. The phenom.enon of i.maunological paralysis 

(Felton, 1955) eonsists in the failure of a pneumococcal vaocine to immunize 

experimental animals previously treated with the speoific pneumococcal poly

saccharide. These animals succumb to an inoculation of a virulent strain of 

the pneumocooous, while controls, immuniZed in the same way, survive•. Also, 

a larger amount of C:antibof3y' is required to provide passive protection for 

animals with immunological paralysis, than for the controls. 

Waksman (1959) has described an attempt at preventing the disease in 

rats by injecting them with rat's cord in their first days or weeks of life. 
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The study of his tabulated data shows that while amongst the controls inocul

ated with an encephalitogenic emulsion the incidence of disease was 67~, amongst 

the pre-treated rats the incidence was 62f;. 'Ihe author. by applying a seore to 

each animal and subjecting the scores to statistical analysis. arrives at the 

conclusion that the difference between controls and pre-treated animals is 

significant. Other data presented by Waksman include rats pre-treated with 

rabbit cord (incidence of disease: 28%) and adult rabbits pre-treated. orally 

and parenterally with heterologous brain (no prevention). 

nes and Alvord (1958) on the basis of an analysis of the protective 

action of each component of the encephalitogenic emulsion. conclude that the 

complete adjuvant has protective action, while brain tissue has not. Unfor

tunately. in their short communication. only average scores are presented. 

without any statement about the number' of animals used and the actual course 

of the experiment. 

Florey (quoted by Vulpe in Symposium, 19.59. page 457) has described a 

protective action of antibrain antisera on guinea pigs given an encephalito

genic injection. 'lbe oontrol group had an inoidence of disease of 87.S%. 

while the group of animals given sera had an incidence from JJ~ to 50~. The 

difference in incidence between experimental. and control groups was therefore 

no greater than the variability of incidence reported bJr Lumsden (1949 b) for 

different groups of guinea pigs given the same standardized enoephalitogenic 

treatment and no protective trea.tment. 

B.) THE SERUM PROTEIN FRACTIONS IN RABBITS WITH EAE. 

I. .AIM OF THE PRESENT INVESTIGATION. 

As reviewed abevs t the findings concerning the protein fractions in the 

serum of animals receiving an encephalitogenic treatment. have been contradict

ory. itJhile some authors have reported significant ehanges, others have reported 

no changes at all. 
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Particularly worthy of investigation has been the report of qualitative 

changes in the serum of rabbits "incubating" experimental "allergic" encephal0

llJYelitis. Such changes. if confinned. could indicate that the affected organ

ism is involved in some active biochemical or immunological elaboration of 

proteins just prior to the onset of the disease. 

It has been the purpose of the present study to investigate such quaJ.it

ative and quantitative aspects of this problem. 

II. Y.iA.'£ElU.AL AND MErHOD 

(1) Animals. 

The ani.mals used were adult rabbits obtained from va.rious local sources. 

They were males and females, and apparently healthy at the start of the experi

mente They were housed in separate wooden cages and given water and pellets ad 

libit'Ull1 with occasional additions of cabbage and carrots. No antibiotics were 

added to their diet. 

(2) The encephalitogenic injection. 

The nervous tissue was that of human frontal lobes obtained with sterile 

precautions at autopsy, from a person deceased from circulatory :tailure, without 

apparent pathologic involvement of the nervous system. The tissue was stripped 

of., the leptomeninges and the grey matter removed by suction with a serum trans

fer pipette. The white matter was emulsified in a glass homogenizer with addit

ion of a 0.5% aqueous solution of phenol. The emulsion was preserved frozen at 

- 15°0. The Freund's adjuvant was prepared from 1) Bayol. F•• 2) Falba, 3) The 

bovine type of Mycobacterium tuberculosis, BeG strain. heat killed) lyophilized 

and preserved in sealed ampules in a carbo~drate excipient. These mycobacteria 

" ".were obtained from the Institut de Jli.i.crobiologie. Universite de YJDntreal. The 

bacilli were ground in a glass mortar and emulsified in the oily medil.Ufl by re

peated suction and expulsion from a syringe. 
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Each animal was given a single treatment, consisting or an intraoutaneous 

injection of 2 ml. of one of the two emulsions described in Table I. The injeot

ion was given in Bmltiple sites into the skin of the abdominal wall. 

Table I. 

THE ENCEPHALITOGENIC EMULSION 

composition of each of 2 ti. 

Rabbit no. 279. 280. 281, 282 

HUman brain 23.5 mg. 300 mg. 
(white matter) 

().5% phenol in water 0•.548 ml. 0.7 ml. 

BOG (killed) 3.66 mg. .3 mg. 

0.2 ml.Falba 

0.8 1Dl.Bayol F 

(3 ) Obtaining the sample. 

For bleeding, the rabbits were lifted from the carrying box with one 

hand under the hind quarters and the other under the chest and deposited on 

a small stainless steel table, where they were allowed to sit without res

traint. The blood was obtained by a technique similar to the one <suggeste<kby 

Boyd (1947). The skin was shaved in a restricted area over the marginal ear 
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vein. The area was then cleansed thoroughly wi.th 70% ethyl alcohol, dried wi.th 

sterile cotton and the vein punctured qy means of a sterile hypodermic needle. 

The needle was then removed and the blood allowed to .flow freely and fall into 

a test tube. Care was taken to have a rapid flow for the purpose. Any blood 

that had stagnated over the skin was discarded. Artificial hyperemia by m.ech

anical or chemical irritation was avoided. The ma.x:i.mu.m amount of blood collected 

from a single animal. during the whole experiment was approximately 30 ml. (during 

a period of 2 or more months). 

The blood, collected as specified above, was allowed to clot at room 

temperature for six hours. with the test tube in a slanted position. The clear, 

non-b.aemolyzed serum was collected by m.eans of a serum-transfer pipette. The 

few red cells present were separated by centrifugation at 1500 r.p.lIl. 

(~) Paper eleetrophoresis of serum proteins. 

As a rule the serum was tested fresh. Occasional tests were earried 

out on serum. which had been preserved frozen (on rare occasions when the test 

had to be repeated for technical reasons). 

The technical data are SWlImarized in Table II. 

The protein fractions were expressed in 1> of the total protein. and 

named according to Scheif'fart and Berg (quoted by Ribeiro et al •• 1958). 

The variabil!ty due to the method alone was tested by running repeatedly 

the same control specimen (preserved frozen at -15 0 C) in the same chamber and 

at the same time as the experimental specimens. 
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Table II. 

PAPER ELECTROPHORESIS FOR SEPARATION OF PROTEIN FRACTIONS - TECHNICAL DATA. 

Chamber horizental type, Lucite 

Length 0 f the paper 22 em. 

Paper ns L Whatman (chromatographic) 1 1/2 " wide 

Bnffer Barbital pH 8.6 0.1 ionic strength * 

by means of a stainless steel Spinco 
Application ef serum sample striper 

Volts 1.50 

Milliamperes 6 

Temperature 

Hours 16 

Drying In even at 120 0 C for 30 minutes. 

Staining and rinsing Ponceau 2 R in acid methanol as a stain 
(Natelson, 19.57) and rinsing in the same solvent. 

Scanning Spinco Analytrol 14..odel RA ** 

* The same Buffer was used for approximately 15 runs, reversing the 

direction of the eurrent every time. (Nate1son, 1957). 

** The scanning was performed by }F~. VJ.m. Irwin, at the ehemieal laboratory, 

Department of Patholo@y, University Hospital. 
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(.5) Clinical and patbolog;eal observations. 

The state of health of each single animal was evaluated by regular 

inspection during life and gross and microscopic examination at death (the 

animals were sacrificed by an oveNose of Nembutal). The abdominal and 

thoracic organs were fixed with formalin. Paraffin seetions of these organs 

were stained with H & E. The brain, brain stem and the whole spinal cord 

were removed. Four or !ive frontal sections of the brain were examined. 

Transversal sections were made at several levels of the cord. The remaining 

portions of the cord were sectioned longitudinally, so that the entire cord 

was available for histologic examination. 

The staining methods used for the central nervous sustem were Nissl 

(cresyl violet), and in some cases Luxol blue (Margolis and Pickett. 1956) 

and H &E. 

(6) Sampling. 

Specimens for serum protein fractions were obtained every second day 

(with an occasional interval. of two days between samples), before and after 

the encephalitogenic injection. The number of specimens obtained from. each 

individual rabbit is shown in Table III. 
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TABLE III. 

Sampling 

No. of speci No. of speci No. of speci How long be
mens obtained mens obtained mens obtained fore the on

Rabbit no. before the en after injec. after the on set of EAE 
cephalitogenic and before the set of EAE. was testing 
injection. onset of EAE discontinued. 

279 • 6 16 2 

280 * 6 6 4 

't'S 
t) 

281 * 
282 * 

6 

7 

6 

10 

4 

1 
~

CIS 
,..., 
~

t> 

0 

s:: 
H 

404 * 
414 * 
265 * 
401 * 

4 

1 

15 

7 

7 

11 

10 

11 

3 

none 

none 

none 

3 days 

39 days 

19 days 

405 * 6 11 none 22 days 

266 * 12 none none 

339 * .5 none none 

'd e 2 none none 
e 
..., 
•• 

264 

267 

6 

3 

nene 

none 

none 

none 
Jot 

~ 268 2 none none 
s:: 

t:> 269 2 none none 



I II. RESULTS. 

(1) Serum protein· fractions. 

'!he relative values obtained for the serum protein fractions of 

the tmtreated and of the inoculated rabbits are reported in Tables IV. 

Y and Table VI shows the values obtained by repeated testing of the 

same serum specimen. 
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TABLE IV 

SERUM PROTEIN FRACTIONS 

IN UNTREATED RABBITS. 
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Serum. Protein Fractions in 1> of Total 

Date 

Rabbit e. 

March 25 

27 

Alb. 

76.60 

73.00 

ee, 

4.03 

4.10 

oC.t 

4.39 

.5.00 

~,

5.85 

8.50 

~:J.

1.10 

1.80 

~

8.03 

7.30 

Animal no. 

Apr. 2 

4 

8 

11 

11 

14 

264. 

71.70 

68.75 

73.00 

78.50 

81.00 * 
75.40 

4.52 

5.95 

5•.56 

4.37 

3.01 

4.27 

4.52 

4.50 

4.59 

).13 

3.57 

3.36 

7.80 

7.85 

5.80 

5.63 

5.50 

5.79 

2.35 

0.70 

1.11 

2.00 

11.46 

10.60 

10.55 

8.45 

5.87 

9.20 

Ani.mal no. 

Apr. 3 

6 

9 

267. 

72.00 

77.75 

80.50 * 

3.49 

2.30 * 
3.17 

2.69 

3.97 

2.82 

7.53 

4.60 

3.38 * 

1.88 

0.84 

12.35 

10.70 

10.00 

Animal no. 

Apr. 3 

9 

268. 

77.80 

85.60 * 

4.94 

2.30 • 
3.84 

4.00 

5.48 

2.30 * 

0.54 7.40 

5·80 

An1mal no. 

Apr. 3 

6 

269. 

7.3.90 

77.00 

5.20 

4.30 

3.50 

).83 

8.80 

7.77 

2.90 

1.30 

6.20 

5.80 

* The values so marked are outside the "normala range (See discussion and 
table X) 
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Serum protein fractions in %of the Total 

Date 

Animal no. 

AJ.b. 

266. 

<X 
I 0-0..2 f;, /J1

Apr. 4 70.60 3.25 1.72 * 10.30 * 1.28 12.85 

6 63.90 5.18 3.53 9.54 2.90 14.94 

8 66.16 2.18 * 4.80 7.86 3.06 15.94 

11 71.81 4.20 2.39 7.45 2.1,3 11.27 

14 69.15 4.96 2.48 9.22 3.90 10.28 

16 60.90 * 4.12 4.12 5.68 3.70 20.58~

18 65.82 3.80 2.05 8.01 3.38 16.03 

June 6 62.54 4.65 3.76 6.65 3.10 19.25' 

8 68.74 5.96 2.50 5.19 2.31 15.30 

10 69.38 4.98 2.37 5.45 2.12 15.70 

12 66.67 5.81 2.52 7.17 17.8)= 

14 6,3.76 5·90 2.74 6.53 2.,32 18.75: 

Animal no.339·

June 6 7).79 5.14 3.78 7.03 2.43 7.83

8 74.62 5.30 3.35 6.41 1.67 8.65 

10 69.49 6.02 4.42 6.02 1.90 12.15 

12 69.23 4.87 5.49 7.62 2.44 10.35 

July 9 75.00 5.92 4.28 5.39 1.94 7.24 

* The values so marked are outside the "normal" range (See discussion and table X). 
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TABLE V 

SERUM PROTEIN IN RABBITS 

BEFORE AND AFTER A SINGLE 

ENCEPHALITOGENIC INJECTION 
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TABLE V 

Serum protein fractions in $ of total 

Date .Alb. oCr O':J- ~,
Animal no. 279 

June 6 66.97 6.39 3.74 9.25 

8 70.51 6.06 3.33 7.68 

10 72.09 4.75 .3•.33 6.66 

12 69.61 4.78 3.91 7.81 

14 65.81 6.46 3.99 6.84 

July 9 71.92 4.72 3.15 6.56 

11 Date of injection. 

1.3 70.25 1.79 * 8.60 * 7.35 

15 61.85 * 8.2.3 2.74 9.98 ** 
17 70•.31 5.94 3.09 8.08 

19 73.20 4.90 2.32 7.22 

2l 7.3.9° 5.87 2•.34 7.04 

23 77.98 3.97 0.72 * 5·05 

25 75.56 4.20 2.96 6.91 

27 7.3.92 .3.74 2.24 8.23 

29 76.60 4.25 2.9.3 5.85 

31 79.15 2.8.3 2.83 5.65* 
Aug. 2 71.78 2.15 * 4.29 5.21 

4 74.64 .3.55 3.79 5.69 

6 72.00 5.14 3.43 7.°5 

8 6.3.21 6.07 4.14 8.93 

10 73.81 4•.33 1.52 6.41* 
Onset of disease.12 

12 69.21 7.14 3.94 6.90 

14 56.39 * 8.06 * 7.22 * 8.89 

* The values so marked are outside the "normal" range (See 

;!JtL

1.76 11.89 

2.7.3 9.69 

2.85 9·51 

3.04 10.85 

.3.61 1.3.29 

1.3.65 

2.87 12.01 

3.49 13.72 

2.85 9.74 

1.80 10.57 

1.47 9.38 

2.5.3 9.75 

1.48 8.69 

1.50 10.47 

1.60 8.78 

9.54 

.3.07 13.50 

2.37 9.9.5 

12.35 

4.29 * 12.8t 

1.73 12.1~

2.46 10.3! 

4.44 * 15.0( 

scussion and tabIeX) 
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TABLE V 

Serum protein fractions in %of total 

Da.te Alb. oC oC, )3,~ /1J.
Animal no. 279 (cont'd) 

Aug. 16 57.58 • 7.68 * 6.46 * 8.89 5.66 13.76 

Sacrificed. 

Animal no. 280 

June 6 66.60 4.05 4.50 9.90 * 1.80 13.15 

8 69.60 5.36 4.94 8.37 3.43 8.58 

10 65.60 6.36 5.10 8.99 3.29 10.72 

12 66.80 5.80 5.40 8.00 3.40 10.60 

14 66.10 5.50 4.40 8.30 3.60 12.10 

July 9 72.11 4·51 5.07 7.32 1.69 9.30 

11 Date of injection. 

13 61.75 * 7.02 9.07 * 4.72 3.86 11.58 

15 64.07 7.80 * 6.73 * 8.53 3.99 9.07 

17 67.79 6.25 6.73 * 8.17 3.85 7.21 

19 60.66 * 7.79 * 6.35 * 11.07 • 4.92 * 9.22 

21 68.29 5.96 6.78 * 8.67 3.79 6.50 

23 66.53 6.73 5.94 8.71 2.77 9.)1 

25 Onset of disease. 

25 7.3 •.59 4.62 5.13 7.44 1.79 7.44 

27 61.6.5 • 6.39 6.39 * 9.96 3.95 11.65 

29 68.8.5 5·19 6.01 7.38 4.92 * 7.65 

.30 6,3.35 4.79 4.04 10.25 * 6.52 * 10.8? 

.30 Sacrificed. 

The values so marked are outside the "normal" range (See discussion and Table X)* 
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TABLE V 

Serum protein fractions in %of total 

Date Alb. oC 
( 

Animal no. 281 

June 6 73.70 4.85 

8 71.22 4.86 

10 71.97 4.67 

12 73.15 4.72 

14 70.90 6.00 

July 9 77.84 4.86 

11 Date of injection. 

13 64.04 7.88 * 
15 63.91 6.61 

17 69.90 6.0) 

19 67.62 6.67 

21 68.29 5.18 

23 67.lf6 4.56 

2.5 Onset of disease. 

2.5 54.63 * 
27 63.60 

29 54.96 * 
30 58.09 * 
30 Sacrificed. 

* The values so marked are 

.5.29 

5.92 

8.49 * 
7.72 * 

oC',.2.. 

2•.53 

2.70 

3.16 

2.66 

2.88 

2.97 

).70 

4.41 

2.72 

3.81 

3.66 

4.56 

4.85 

4.61 

7.01 * 
5.88 

outside the "normalU 

~,

7.83 

7.30 

7.15 

7.58 

7.34 

7.03 

8.13 

11.02 * 
8.35 

9.33 * 
9.15 * 
9.42 * 

11.01 * 
10.31 * 
14.02 * 
14.34 * 

;8~

2.53 

2.70 

2.10 

2.lf6 

2.44

1.62 

8.;6 

11.32 

10.41 

9.43 

10.44 

5.68 

).20 

).31 

3.88 

4.19 * 
4.74 

2.74 

1).05 

10.74 

9.13 

8.38 

10.98 

1l.2S 

6.17 

3.51 

7.01 * 
2.94 

18.06: 

12.06 

8.49 

11.03 

range (See discussion and Table X) 
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TABLE V 

Serum protein fractions in f; of total 

Date Alb. oC, oG1.. ~, 4.t 
Anaal no. 282. 

June 6 72.81 4.77 2.20 6.61 2.94 10.67 

8 69.81 6.73 2.91 8.74 2.69 9.42 

10 63.60 7.27 4.36 10.78 * 3.49 11.10 

12 68.60 6.08 3.22 8.94 2.86 10.30 

14 66.60 8.43 * 3.90 8.18 3.66 9.26 

16 68.00 6.84 3.68 7.37 3.41 10.70 

July 9 77.02 5.59 2.17 7.45 1.55 6.21 

11 Date of injection 

13 65.81 9.23 * 5.81 7.52 3.59 8.03 

15 65.64 9.49 * 4.36 9.74 * 2.56 8.21 

17 61.64 * 9.97 * 5.11 8.70 4.26 * 10.23 

18 70.96 5.09 4.49 6.59 2.99 9.89 

19 68.62 7·59 * 3.79 8.62 3.45 7.93 

21 68.13 7.8.3 * 3.39 9.92 * 1.83 8.09 

23 65•.34 8.61 * 3.97 10.15 * 2.65 9.27 

25 68.36 6.50 4.24 7.63 2.82 10.47 

27 68.60 7.96 * 3.98 8.71 2.99 7.71 

29 67.17 6.79 4.53 9.06 3.77 8.68 

30 Onset of disease 

31 68.45 5.95 4.76 7.14 5.95 * 7.f/~

31 Sacrificed 

* The values so marked are outside the "normal" range. (See discussion and Table X) 
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TABLE V 

serum. protein fractions in %of total 

Date Alb. ex: , O<:.J.- ;(3, ;3,(
Animal no. 404 

Aug. 27 71.84 5.83 5.18 7.44 1.94 7.77 

Sept. 5 76.65 4.82 4.31 6.85 1.52 5.84 

7 77.58 5.45 3.94 5.76 1.82 5.45 

9 78.06 4.72 2.78 6.11 1.94 6.39 

25 Date of injection 

26 70.75 4.35 6.72 7.91 2.77 7.51* 
29 65.21 5.76 6.22 14.52 * 2.30 5.99* 

Oct. 1 75.75 ).65 4.94 8.)7 1.29 6.01 

4 67.70 4.28 6.61 * 9.34 1.95 10.12 

8 68.03 4.57 7.45 * 8.89 2.40 8.65 

13 63.45 5.04 8.40 * 10.50 * 1.89 10.71 

15 70.08 ).86 7.34 * 7.53 ).28 7.92 

18 Onset of disease 

18 68.04 4.64 6.19 * 1.82 1.55 8.76 

21 69.77 3.95 5.81 8.14 2.33 10.00 

23 71.10 4.)6 6.42 6.88 2.29 8.94 

24 Sacrificed 

* The values so marked are outside the "normal" range. (See discussion and Table X) 
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TABLE V 

Serum protein fractions in 'f> of the total 

Date 

Animal no. 

Alb. 

414 

~, c:>C 
:L ;8/ ;JL 

Sept. 22 71.47 5.50 3.40 7.59 6.2.8 5.76 

2.5 Date of injection 

26 72.2B 6.34 5.07 7.97 3.26 5.07 

29 73.61 5.56 3.61 8.06 3.06 6.11 

Oct. 1 74.17 5.92 3.55 8.06 2.13 6.16 

4 67.95 3.59 6.10 8.46 2.82 11.03 

(6 '73.30 4.55 3.98 7.95 2.27 8.52 

8 72.98 5.56 4.94 6.48 1.,54 8.95 

13 64.98 6.45 8.36 • 8.71 2.79 8.ll 

15 75.63 5·31 3.75 5.93 1•.56 7.82 

18 71.94 5·70 5.06 6.96 2.53 7.81 

21 71.11 5.53 5.03 5.28 2.76 10.)0 

23 75.64 3.3.3 4.62 5.64 2.31 8.46 

26 Onset of disease 

29 Sacrificed 

• The values so marked are outside the "normal- range. (See discussion and Table X) 
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SERUM PROTE'IN IN RABmTS BEFORE AND AFTER A SINGLE 
ENCEPHALITOGENIC INJEC'l'ION 
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SERUM PROTEIN IN RABBITS BEFORE AND AFTER A SINGLE 

ENCEPHALITOGENIC INJECI'ION . 

Serum protein fractions in %of total 

Date Alb. ~I

Animal no. 401. 

Aug. 25 66.89 * 5.77 5.25 12.10 * 10.05 

27 68.65 5.94 5.33 7.79 3.28 9.02 

29 68.97 6.68 5.82 8.62 3.02 ;.6.90 

Sept. 5 68.13 6.04 4.79 8.13 10.63 

7 74.45 5.49 4.67 9.34 6.04 

9 69.21 5.17 4.93 10.84 * 9.85 

22 67.60 * 5.79 4.29 12.88 9.44 

25 Date of injection 

26 71.23 5.48 .5.02 7.31 J.88 7.08 

29 57.91 * 9.77 * 5.58 4.88 4.65 * 17.21 1 

Oct. 2 64.93 3.73 6.22 * 10.70 * 1l.44 

4 63.20 6.49 6.28 * 8.44 12.55 

6 66.59 4.96 6.80 * 9.48 8.84 

8 65.09 5.28 6.42 * 8.49 11.32 

13 68.50 7.11 4.88 8.13 11.38 

15 71.29 5.20 .5.45 6.44 1.98 9.65 

18 67.28 5.97 4.94 9.47 12.35 

2l 58.55 * 7.77 * 8.81 * 9.33 2.59 12.95 

23 73.36 4.71 5.12 6.56 3.07 7.17 

Nov. 11 Onset of disease 

12 Sacrificed 

* The values so marked are outside the "normal" range. (See discussion and Table X) 
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TABLE V 

SERUM PROTEIN IN RABBITS :EEFORE AND AFTER. A. SINGLE 

ENCEPHALITOGENIC INJECTION 

Serum protein fractions in ~ of total 

Date Alb. oC, oC"t (J, }3:z 
Animal no. 405. 

Aug. 25 71.92 6.16 * 5.02 5.48 1.37 10.0.5 

29 68.77 7.91 4.35 6.32 1.98 10.67 

Sept. 5 68.91 5.22 .5.47 6.97 2.49 10.95 

7 '70.16 4.71 .5.24 6.;4 2.09 11.26 

9 73.90 5.68 3.98 5.11 3.13 8.81 

22 67.30 * 4.75 4.75 6.47 .2.03 14.50 

2.5 Date of injection 

26 68.68 6.76 4.63 6.05 3.20 10.68 

29 70.79 6.07 4.67 5.61 2.57 10.28 

Oct. 1 70.67 6.00 3.78 .5.'78 2.22 11.56 

4 64.58 7.92 • 3.75 6.25 2.71 14.79 

6 70.54 5.20 4.46 5.69 2.48 11.63 

8 66.73 .5.96 4.81 5.96 2.12 14.42 

13 66.12 4.90 5.10 5.57 1.63 16.73 

15 68.48 7.00 5.25 4.86 1.95 12.45 

18 63.06 ,6.98 6.31 • 6.53 3.38 13.74 

zi 67.56 5.12 3.90 5.8.5 2.44 15.12 

23 77.08 4.40 3.24 5.09 1.62 8.56 

Nov. 14 Onset of disease 

15 sacrificed 

* The values so marked a-e outside "normal" range. (See discussion and Table X) 
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TABLE VI 

NORMAL Smmi PROTEIN FRACTIONS OF THE RABBIT. 

(Variability due to the m.ethod 

paper electrophoresis). 
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Values obtained from repeated testing of the same sample of normal (untreated) 
rabbit serum. preserved. frozen. 

Serum protein fractions in %of total. 

Date Alb. oCt oC.2 ;3, i3:L <Y 
April 3 78.66 4.48 3.73 5.22 1.49 6.22 

7 79.81 • 2.16 • 4.09 5.29 1.92 6.73 

8 80.66 • g.. 72 3.T? 5.42 1.18 4.25 

9 83.27 • 2.60 • 3.72 5.20 1.49 3.72 * 
II 80•.50 * 4.64 2.79 5.57 0.62 5.88 

14 75.00 3.90 4.60 7.50 1.50 7.50 

16 79.88 * 5.83 3.79 5.53 0.87 4.08 • 
18 79.98 * 5.04 5.76 6.24 2.40 9•.59 

30 76.19 4.23 4.23 6.35 1.85 7.14 

May 1 77·13 4.26 4.52 7.18 1.86 5.05 

June 6 69.09 6.97 4.85 9.09 1.82 8.18 

July 5 79.35 5.48 3.81 5.24 2.38 4.05 ~

9 80.29 * 4.75 4.28 5.70 1.43 3.56 ,. 

1,3 74.27 4.69 5.83 6.80 1.78 6.63 

13 76.60 3.62 4.04 7.23 1.91 6.60 

15 76.73 3.75 4.93 5.92 1.78 6.90 

17 78.72 2.48 • 4.95 6.44 1.73 5.69 

17 74.32 4.79 4.79 6.51 2.40 7.19 

19 76.92 3.71 5.04 6.63 2.12 5.57 

2l 73.05 4.79 4.79 8.08 1.80 7.49 

21 79.72 • 4.02 .3.82 5.42 2.21 4.82 

23 79.40 • 4.02 4.27 6.03 1.51 4.77 

25 79.75 3.37 4.29 6.45 1.84 4.29 

27 75.95 3.29 4.36 7.34 2.28 6.58 

29 83.61 3.,34 4.01 4.68 1•.34 3.01 

* The values so marked are outside the "normal n range. (See discussion and Tba1e X) 
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2. Clinical and pathological observations. 

\iith one exception (280) all the animals gained weight during the period 

of observation preceding the experiment. Arter the encephalitogenic injection 

a slight loss of weight was recorded in some animals and a slight gain in 

others (Table VII). 

TABLE vn 

WEIGHT OF THE A:NDW.S BEFORE AND .AFTER THE ENCEPHALITOGENIC INJECTION

Twieight in kilograms

AniJaal no. Before 10 days after After the 
'onset of 

bE 

Zl9 3.6

280 4.1

281 4.1

282 3.2

404 3.4

414 3.5

Table VIII shows clinical and pathological data for each ani.m.a1, including 

observations concerning intercurrent diseases. 

Spontaneous encephalitis of the rabbit, to which reference is made in 

table VIII, is a chronic, endemic encephalitis, which usually causes no neuro

logical signs. Histologically, except for the absence of calcification, it 

resembles toxoplasmosis and has been attributed to a protozoon (Encephalitozoon 

cuniculi) (McCartney, 1924). 



-65

The extension of the lesions of EA.E at histological examination is 

expressed in table VIII by one or two pluses. This notation does not 

imply a strict quantitative appraisal of the disease. As examples, 

fig. 2• .3, 4 and 5 show the distribution and intensity of the lesions 

indieated as ++ and fig. 7, 8, 9, 10 and 11 show the distribution and 

intensity of the lesions indicated as +. 
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Table VIII - CLINICAL AND HISTOLOGIC DATA ON THE RABBITS USED FOR THIS STUDY. 

Animal no. 

Evidence of Experimental "allergic" 
encephalomyelitis 

Clinical Histologic 

Granulomata 
typical of 
the.spon
taneous ECM 
of the rab
bit. 

Patho1ogio findings in 
other organs Notes 

282 Complete paraplegia 
19 days after in
jection. 

~ + none none 

.' 

First signs of the 14th 
day. Developed complete 
paraplegia with sphinctel 
incompetence. ~thmical

lateral movements of the 
eyes. 

Unsteadiness of walk, in
ability to jump over ob
stacles, starting from 
the 31st day. 

Complete paraplegia with 
sphincter incompetence, 
with the first signs of 
the disease appearing 
the 13th day after in
jection. 

none none++ 
I 
o
?' 

none++ Liver: grossly, ye1lewish 
with increased lobular arch
itecture; microscopically, 
enlarged portal spaees with 
abundant biliary ducts. The 

hepatic cells have the ap
pearanoe of fatty degener
ated cells. 

nonenone++ 281 
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Table VIII - CLINICAL AND HISTOLOGIC DATA ON THE RABBITS USED FOR THIS STUDY (oontinuation) 

Animal no. 

lt04 

Evidence of Experimental "allergic" 
encepba1o~elitis

Clinical 

Ataxic the 2,3rd day t 

with one of the hind 
legs oompletely par~zed
a few days afterwards. 

Histologic 

++ 

Granulomata 
typical of 
the spon
taneous ECM 
of the 
rabbit 

none 

Pathologic findings in 
other organs. 

Notes 

414 

40.5 

401 

265 

Weakness of rt. hind limb 
starting from the 31st 
dq 

Paraplegia the 50th day 

Ataxio the 47th day 

Sacrificed the 67th day. 
It was difficult to 
decide whether its in
ability to move co-ordi
nately was due to the 
general cachexia or to 
neurologival involvement. 

++ 

+ 

+ 

+ 

nGne 

none 

none 

none 

Parenchynatous degeneration 
Gf the liver. Lungs pre
senting diffUse miliary 
bluish spots, microscopi
cally composed of alveoli 
filled with macrophages t 

some grwped to form giant 
cells of the foreign body 
type, with polymorphonuc
lears intermi~gled.

none 

none 

The 33rd da,. 
developed 
dispnea with 
a rattling 
respiz-ation 

Cachexia 
in the last 
two weeks 
of ·lif'e 

~
l' 



Table VIII - CLINICAL AND HISTOLOGIC DATA ON THE RABBITS USED FOR THIS STUDY 
(Continuation) 

Animal no. 

266 

JJ9 

co 
d 
J.c 
+Js:: 
0 ~4
0 

267 

268 

l69 

:Evidence of Experimental "allergic" 
encephalo~elitis

Clinical Histologic 

Granulomata 
typical of 
the spen
taneous ECM 
of the 
rabbit 

PAthological findings in 
other organs Notes 

none present none sacrificed 
because o~
sn:'Pffles 

none present nene sacrificed 
because or 
snilrfles 

I 

~

Control; 
no autopsy 

Control; 
no autopsy 

Control; 
DQ autopsy 

Control; 
no autopsy 

Control; 
no autopsy 
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Grossly nothing remarkable was seen in the central nervous qstem. 

Microscopically ther was a patchy leptomeningeal inflaJJlJ1ation over the cord, 

medulla, bramstem and cerebral hemispheres. The inflammation extended mto 

the subpial nervou.s tissue and was also present around the blood vessels in 

the deeper parts of the brain and spinal cord, within both the white and the 

grq matter. In the cord, under the inflamed meninges there was an accu.raul

ation of cells with pale nuclei and a hyperchromatic cytoplasm, stained 

pinkish with the PAS stain. '!he perivascular inflammation involved the 

adventitia. The inflammatory cells were lymphocytes and histiocytes, poly

morphonuclear cells being observed only exceptionally. The parenchyma 

surrounding the inflamed vessels showed at times an infiltration with 

lymphocytes and microglial cells (Fig. 6) • Occasionally, the dorsal root 

ganglia were also involved. Neurons appeared well preserved in all parts of 

the central nervou.s system. both near to and far from the inflamed vessels 

(Fig. 12). ~vith the Luxol blue - PAS stain (Margolis and Pickett, 1956). no 

areas of demyelination could be observed. 

'!he lesions were mostly disseminated over the entire eNS, but showed 

a tendency to be more intense in the sacral region of the CGrd (Fig. 2). 

At the site of il1jection the reaction cGnsisted of a growth of fibro

blasts with lymphocytes, plasma cells and histioeyt.es, surrounding pockets of 

the emulsion and accwnulations of necrotic cell detritus. 



-70

'~IV. DISCUSSION • 

1. Reliability of the technique. 

Table IX summarizes the d.ata frOl1l table VI 

TABLE IX 

RESULTS OF 25 DETERMINATIONS ON A SINGLE FROZEN SPECnmN 

(from an lUltreated. rabbit) 

%of the total protein 
Stand.ard deviation 

Mean Range i t 1.9bs 
(i) 

Albumin .3.18 

alpha 1 4.197 6.97 - 2.16 

alpha 2 0.47 

beta 1 9.09 - 4.68 

0.494BETA. 2 1.77 2.4 - 0.62 

9.59 - 3.01 1.55
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The variability is considered to be due to the method only and not to the 

storage of the serum, because, as one can see from Table VI, there is neither a 

downward nor an upward trend in any of the fractions. Saffer et ale (1953) have 

reported that storage of serum in a frozen state does not alter its protein 

electrophoretic pattern. 

The relatively large variability, due to the method only, suggests 

caution in interpreting small differences. The use of a large number of control 

determinations and a statistical analysis of the data seem indispensable. 

2. Statistical evaluation of the data * 

Three statistical procedures were applied to the data in tables IV and V: 

a) Preliminary evaluation of the values obtained for each protein fraction. 

b) A further analysis of the alpha fractions by unpaired comparison. 

c) Paired comparison of the alpha fractions. 

a. PRE LIM I N A RYE V A L U A T ION. 

This consisted in determining a "normal It range for each serum protein 

fraction and then comparing wit.h this r~e the values obtained after injection. 

The normal range was established on 90 determinations on serum obtained from 16 

rabbits (column b of Table III). The normal range was considered to be the one 

subtended by 95% of a normal distribution curve, whose mean was the mean of all 

+ the 90 values. The range was therefore i-I.96 s, where X = mean, s:l: stand.ard 

deviation. These two values were obtained by pooling all the data obtained from 

the 16 rabbits. Table X shows the normal. means, standard devi.ation and ranges 

for each of the serum. protein fractions. 

* General Referenoe: Dixon and Massey, 1951. 
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Table X 

NORMAL RANGE OF THE SiltUM PROTEIN 

FRACTIONS OF THE RABBIT AS DETERMINED Hi PAPER ELECTROPHORESIS 

AND ESTIMATED FROM 90 DErERMINATIONS ON 16 UNTREATED RABBITS. 

tf, of the total protein 

Standard Deviation 
Mean Range X -

+ 
1.96 s 

Albumin 71.06 79.66  62.46 4.39 

alpha 1 5.18 7.4  2.96 1.13 

alpha 2 4.02 6.1 - 1.94 1.06 

beta 1 7.37 9.678 - 4.058 1.69 

beta 2 1.95 4.13 - 0.00 l.ll 

gamma 10.46 16.517 - 4.397 3.2 

-Note: X and s calculated by simple pooling of the data. 

In tables IV. V and VI the values departing from the normal thusI 

established are marked with an asterisk. 

The alpha fractions seem to depart most frequently trom the normal. while 

very few abnormal values can be noted in the other globulins and in the albumin 

fractions. 
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b. Further analysis o f the a 1 p h a 

f r act ion s • 

Because of the large number of abnormal values in the alpha fractions, 

a further analysis by unpaired comparison was carried out. The data used 

for this evaluation are from 11 animals (mark~ with asterisks in table III). 

Because of differences between the means of the various animals, the mean of 

the means and an unbiased estimate of sigma were used rather than a mean and 

standard deviation derived by simple pooling of the data. 

The results of these calculations are shown in Table XI. 

c. P air e d comparison o f the a 1 P h a 

f r act ion. 

While paired comparison eliminates extraneous effects, it involves 

the risk of accepting a hypothesis when not true. It was decided to use 

this method of evaluation in order to give a maximum chance to the hypo

thesis that there was a significa.nt difference between the values obtained 

before and after injection. 

The data used were those from animals 279, 280, 281, 282. 404, 265, 

401, 405. To compensat.e for the fact that the determinations after injection 

were more numerous than those before injection, only every second or third 

determination after injection _erE!) taken. Thus 52 pairs (with a z distrib

ution) were obtained. Table XII gives the estimated parameters of the 

differences. 



--74

Table XI 

STATISTICAL SIGNIFICANCE OF THE CHANGES IN SERUM ALPHA PROTE]}J FRACTIONS 

alpha 1 alpha 2 alpha 1 +·a1pha 2 

Before After Before After Before After 

Mean of the means 
(X) 5,45 5.10 11.16 

Unbiased estimate 
of sigma (Sp) * 0.87 0.63 1.13 1.97 

t ** 0.98 0.43 1.59 

Degree of freedom .) 
(N + N -2 17 .after before 

Conclusion from 
t table Difference Difference Difference not 

not signi not signi signi.ficant 
ficant ficant 

sp=* 

i after - Xbefore 
** t = 

-------------------------~-----

2 )2 

Nbef ore 

(N f"- -1). (Sp ft ) + (Nb r - 1). (sPbeforea ",er a er e ore
1 +

MaftN + N - 2 
after before 

where n = number of specimens from each animal and 

*** N =number of animals 

1 
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Table XII 

PA:rn.ED CPMPARISON FOR THE SERUM ALPHA 1 + ALPHA 2 FRACTION 

ESTIMATED PARAMETERS 

Mean of the differences (X2 - Xl) 1.98 

Standard deviation (80) of X
2 

- Xl 2.29 

n = number of pairs 52 

Three hypotheses were entertained:

a) The differences between values after injection and before injection

(X2 -:s.) come a(for the alphal + alpha2 fraction) from universe possessing a 

means (J.1) equal to two standard deviations (25) of the values before injection 

(Xl). If this were so, then most of the values after injection (X2) would be 

two standard deviations away from the mean before injection (Xl) and therefore 

outside the area covered qy the corresponding distribution curve. In such a 

case, the difference between the two groups of determination would have some 

significance. 

b) The same differences (X - Xl) come from a universe with J.1 equal to2 

one standard deviation of Xle 

c) The same differences (X - Xl) come from a universe with mean 0;2 

that is, there is no difference between Itafter" and "before" valuese 

Because of the fact that we deal here With a z distribution any hypothesis 

will be rejected if 

The rejecting statements will have mor~ strength than the accepting ones. 

The standard deviation of the normal was determined from the Xl (before 

injection) values from our 52 pairs and was found to be 

s = 1.42 
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Table XIII shows the three hypotheses expressed qy ~bols and the 

results of their evaluation according to the formula, 

X2 - ~ - IJ. 1.98 - p, 
z= =----

3D /0 2.29 1\[52 

Table XIII 

PAIRED COMPARISON FOR THE SERUM ALPHA 1 + ALPHA 2 FRACTION 

Conclusions. 

Conclusion concerning 
Hypothesis Z the hypothesis 

a) ~ = 2 x 5 = 2.84 - 2.69 rejected 

acceptedb) IJ. = s = 1.42 

c) p, = 0 + 6. rejected 
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We can conclude that the values for the alpha fraction obtained from 

the after injection specimens are, if different from the normal at all, not 

significantly so. This conclusion is best illustrated by Fig. 13. which 

shows that the two distribution curves for before and after injeetion super

impose widely. Fig. 13 is derived from table XIII and from the following 

data concerning our 52 pairs used in the paired comparison: 

Standard deviation of Xl = 1.42 

Standard deviation of X2 = 2.77 

This graph underlines the fact that the after injection values have 

a wider spread than the before values. 

We must refer back to table V in order to understand the reason for 

this Wider spread. Theoretically it may be due to: 

(a) the fact that at a certain period after injection the alpha 

globulin raises abruptly, being normal bef'or-erand after this crucial point; 

(b) the fact that certain animals respond to the injection with a 

r-ise in alpha globulin and certain do not. 

(c) both factors a and b • 

.An inspection of table V and of the values marked there with an 

asterisk shews that the factor mentioned under (b) caused the wide spread 

of the curve. 

A further question arises as to whether this different behavior of 

different arnmal.s is related to the degree of disease as judged by the length 

of uincubatiofi'n and the extensiveness of the histopathologic 1.nvolvement 

(hTaksman et al, 19.54). Table XIV shows that such a relationship is not 

altogether apparent, because animals with a low degree of disease show a 

higher incidence of increase of the appha globulin than animals with a 

medium degree of disease. 
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The number of animals in each category is probably too low for 

definite conclusions on this point. The fact. however, that the disease may 

develop in some of the animals without changes in the relative values of the 

serum protein fractions seems to put such changes in the same category with 

the antibrain antibodies and the delayed type of skin sensitivity to brain. 

That is, these changes may at times be part of the syndrome but do not 

appear essential to the development of experimental Uallergictt encephalo

myelitis. 

Table XIV 

THE REL.A.TIONSHIP BET"NEEN INCRE..l\SES IN THE SERUM ALPHA GLOBULIN 

AND DEGREE OF EAR 

Animal no. Onset of the disease Histologic involvement Incidence of 
globulin increase 

282 RAPID 2/3 

280 

281 

(from 13 to 
19 days after 
injection) 

++ 

279 (from 23 to 
31 days after 

1/3 

404 injection) ++ 

414 

401 SLOW + 2/3 

(over six weeks 
after injection) 
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(3) Qualitative changes 

The qualitative changes reported by Vulpe and Hawkins (Symposium. 1959. 

page 501) in the serum protein electrophoretic pattern concerned mainly the 

presence or absence of the beta 2 fraction and the degree of separation of 

the two alpha fractions. 

In the group of rabbits discussed here no changes of this kind were 

observed (Fig. 14. 15, 16, 17, 18, 19). The degree of separation of the 

alpha fractions and the prominence of the beta 2 fraction varied from animal 

to animal, but in the same animal were constant throughout the experiment. 

The observations reported here suggest that the serum protein electrophoretic 

pattern is in this regard characteristic and constant for each animal, and 

that it is not affected by the encephalitogenic injection in any respect. 

(4) Intercurrent diseases. 

At the time of the experiment an epidemic of It snuffles" (Hebster, 1924) 

developed in our colony. The data obtained from affected animals were dis

regarded, with the exception of animals no. 339 and 266. The control data 

obtained from these animals were used because the samples had been taken 

approximately a month prior to the onset of "snuffles" in these animals. 

Spontaneous encephalitis of the rabbit was present in animals 266 and 

lj9 only. A few granulomata were found in the brains of these rabbits. 

Animal no. 279, while apparently free from intercurrent disease, was 

found at autopsy to have a moderate fatty degeneration of the liver. An 

inspection of the data collected from this animal suggests that this compli

cation may have intervened in the last week of life (that is after the onset 

of the experimental disease) since albumin was decreased and globulins increased 

during this period. These data (Aug. 14 and Aug. 16) were :included in the 

calculations because it was considered that the fatty degeneration of the liver 
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may have been a complication of the experimental disease itself and therefore 

part of the phenomenon under.study. 

Rabbit no. 40S showed an abnormality of the liver and lu.ngs at autopsy. 

The electrophoretic serum protein pattern of this animal showed no devi.ation 

from the normal; 'Whatever the meaning of the pathological changes in this 

animal they do not seem to have affected the relatlve value of the serum 

protein fractions. The clinical signs reported for rabbits 401 and 26S 

appeared after the end of the testing period. 

(S) Irregularity of sampling. 

Of nine animals only 7 were follolved up to the onset of the dt.seasec 

and only 6 were tested after the onset as well. 'rhe rabbits 265, 401, 405 

(See table III) were followed for only approximately half the period of 

"incubation". Animal 414 gave only one control specimen. All these irreg

ularities were due either to an unexpected delay in the onset of the disease 

in some of the animals or to the appearance of intercurrent diseases, necess

itating the removal of one animal from the experimental group and the last 

minute addition of a new one. 

The above mentioned facts have given a certain irregularity to the 

experimental plan. It should ·be noted 'however, that, ,of the three animals 

not followed up (to the onset of the disease, only one failed to show a 

significant increase in the alpha globulins. The lack of statistical 

significance of the changes in the alpha globnlins(when the animals are 

analyzed as a group) cannot be attributed therefore to inadequate sampling. 

It should be noted also that one important control group was not 

included in this experiment. Thj_s 'Would consist of animals injected with 

Freund'S adjuvant in one site and br~in in another one, in order to study 

the changes due to the encephalitogenic material, but not to the develop

ment of the disease. Such controls had been planned, but because of the 
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lack of significance of the results obtained, further control studies were 

deemed unnecessar,y. 

Total protein concentration was not determined. Such studies, done 

by others t have ,revealed no significant changes of the total protein during 

the incubation of experimental "allergic" encephalomyelitis. (Tonini and 

Missere, 1958). 

(6) Comments on some clinical and pathological aspects of the disease. 

Some authors report that loss of weight during the period of t1incub

ation" is a characteristic feature of EAE (Allegranza and Rovescalli, 1953. 

Ferraro and Roizin, 1954). Our observations in this group suggest that this 

is not necessarily so (Table VII). Very often the neurological signs appear

suddenly with no weight loss or other apparent disturbances heralding the 

onset of the disease. 

A few pathological features as observed in this group require comment. 

V/ith the exception of two animals, no pathological alterations were found in 

the abdominal and thoracic viscera. '!he changes in the lungs of the animal 

no. 405 are particul~rly interesting, because of the reports of Allegranza 

and Rovescalli (1935) of miliary tubercuihes in the lungs of guinea pigs with 

RAE. However-, our observation:.was isolated and may well be coincidental. 

The Luxol blue - PAS technique, which shows both cellular elements and myelin, 

is particularly apt in revealing that any minute perivascular or subpial area, 

where the ~elin is not stained, is filled with inflammatory cells. These 

areas appear to represent a "pushing aside" (Lumsden, 1949 a) of the myelin, 

rather than a demyelination (Fig. 12). 

The distribution of the lesions as shown in Figs. 2, 3, 4 and 5 may 

suggest that we are dealing here with a proc:ess spreading into the central 
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nervous &Ystem from the m.eninges. The features suggesting this view are the 

subpial involvement, the preferential involvement of the segment of the 

vessels closer to the surface and the fact that the deeper vessels tend to 

be spared in the absence of superficial involvement. Further support for 

such a contention is given by the fact that in mild cases a meningitis may 

be the only manifestation of EAE (Ferraro and Roizin, 1954; Waksman and 

IVforrison. 1951) while this meningitis has been reported as always being 

present (Morrison, 1947). In contradiction of this, Olitsky and Yager 

(1949) state that meningitis is not a constant characterist:ic;ofthe'di$ease. 

The involvement of the hippocampal vessels in this group was more 

prominent than the involvement of the rest of the brain proper. This again 

suggests spreading from the subarachnoid space. Lee and Olszewski (in press, 

1959) have seen that if iodinated radioactive albumin is injected subarach

noidally into rabbits, one of the preferential portals of the entry of the 

radioactive substance into the CNS is through the hippocampal vessels. 

C. SUMMARY AND CONCLUSIONS 

Serum specimens were obtained at regular intervals from 9 rabbits 

before and after a single encephalitogenic injection of heterologous brain 

and Freund f s adjuvant. 'lhe relative values of the serum protein fractions i.n these ' 

serat>were determined by paper electrophoresis. Some of the rabbits taken 

individually sholled signi.fi.cant increase in the alpha globulin and particularly 

in the alpha two fraction, after the encephB.litogenic injection. However, 

statistical evalua.tion of the results as a group revealed no significant 

difference between the values obtained before and those obtained after 

injection. 

It is concluded that: (a) changes of the serum protein fractions

occur in some rabbits after the encephalitogenic injection; (b) these changes

are not essential to the development of experimental "allergic" encephalorrwelitis.
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Fig. 1 - De~elination of the posterior columns in a 
guinea pig which survived a month after the 
onset of paraplegia (from an experiment not 
reported here). 
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Figs. 2 and .3. 

Rabbit no 404. Severe involvement of the thoracic and 
sacral levels of the spinal cord. In the sacral cord, 
note the extension of the inflammation of the posterior 

gray commissure. 
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Figs. 4 and 5. Rabbit no. 404. -Lesser degree of 
inflammation in the brainstem. In the brain: 
Meningi t i s and perivascular infiltration extending 
~~thin the cortex. 
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Fig. 6 - Perivascular and subpial inflammation. 
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Figs. 7 and 8. Rabbit no. 405. - A slight involvement of the 
lumbar cord, but no inflammation of the thoracic level. 
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Figs. 9 and 10. Rabbit no. 405. No in
volvement of the cervical level of the 
spinal cord or of the brainstem• 
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Fi g. 11. Rabbit no. 405. Slight meningitis 
over the cortex, with no extension around the 
cortical vessels. 
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Fig. 12. "Pushing aside" of the myelin sheaths by the infla.mmatory 
cells. Note the well preserved neuron in proximity to 
the inflamed vessel. 

Fig. 13. Relative values of the alpha globulin in rabbits. The result 
of a paired comparison. Distribution curves before
and after an encephalitogenic injection. The means 
(JJ.) are one sta.ndard deviation apart and the "after" values 
have a wider spread, due to the absence of changes in some 
of the animals. 
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279

June 14 

Aug. 14 

Figs. 14, 15 and 16. Se fractions in rabbit no. 279 before the 
encephalitogenic injection and two days after 
paralysis. The degree of separation of the 
alpha fraction and of the beta 2 fraction 
have remained unchanged. 
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Aug. 27 

Oct. 2l 

Fi gs . 17, 18 and 19. Serum protein fractions in rabbit no. 404 
before the encephalitogenic injection and 

two days after the onset of paralysis. 
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