CHAPTER

DEFENSE
rTr\
REcocNtrtoN THAT multiple factors are responsiblefor abnormal
I
"t
conditions,
and that these factors can be systematizedaccording to the
concepts presented above, throws new light on a specific aspect of the
relationship between the different entities and the environment when this
tends to alter their characteristicorganization.This responseis concretized
as the defenseagainstthe noxious.The analysisof this defensehas been
facilitatedby emphasizingthe relativeindependence
of the endtiesforming
the complex hierarchic organism,the dualistic patterns of response,and
the critical role of the lipids as well as of proteins. Abnormal processesin
an organism's defense system may be better understood when they are
compared to those correspondingto normal physiologicalprocesses.For
this reason,we start with this last aspect.
The direct intervention of a noxious agent upon a biological entity can
be characterizedby its tendencyto induce heterogenization,
through an alterationof the entity'sconstituents
or the relationship
betweenthem.This, in
turn, affectsone or more of the constantsthat characterizn,the entity. The
ensuing defense response is directed ultimately at restoring the altered
constantsto their normal values.
Involved in a first stage of defenseare those very factors which normally maintain the constants,the factors which induce the oscillatory
dynamic balance. As a first response, they become exaggerated. Such
exaggeration,which takes place successively
for the opposite phases,resolves many slight noxious interventionswithout clinical manifestations.
Through a damping movement, the exaggeratedoscillationssoon return
to normal. If the normal constantsare reestablished,
the phenomenoncan
be consideredto be a physiologicalresponse.
But if the alterationsinducedby the noxiousagentpersist,an abnormal
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condition results. Indeed, in this casethe exaggerationof oscillatory movement can be so great that an abnormaliry may result even from this exaggeratedattempt of the entity to reestablishnormalcy. In fact, offbalances
are induced by just such changeswhich often represent,by themselvesas
will be secnlater, one of the major immediatefactors inducing the abnormalcy. As long as an abnormal condition is not resolved,the biological
entity will try to utilize new meansin order to reestablishthe normal balance. If the constantsdisturbed by the noxious intervention are fundamental, or if the changesresultingfrom the defensemechanismitself are
too great, death of the entity will result.
As expected,responseswill differ accordingto the level to which an
affectedentity belongs.However, despitethe many differencesrelated to
levels, a common and relatively simple pattern can be recognizedwhen
manifestationsoccurring at different levels as tlre result of the noxious
intervention are compared and referred to the basic pathological concepts
already noted.
Most of the information about this simple pattern was originally obtained by srudyingresponsesat the systemiclevel. Blood was parricularly
suitablebecauseof its availability,its multiple constantsand manifestcapacity to conserve them, and particularly because of the facility with
which noxious agentscould be inducedto act upon it.
The interventionof a noxious agent able to change the energeticbalance of blood sets in motion immediatelya group of successiveprocesses
which may or may not be clinically apparent,dependingupon their intensity.They have been describedas hemoclasiaby widal and hemo-shock
by many authon. Although widely investiga,ted,
the mechanismdid not
appear clcar. From our studies, we have arrived at certain conclusions
which we will briefly prasenthere.
Diphasic Phenomenon
As a noxiousfactor, we usedan intravenousinjectionof killed microbes
or of a colloidal suspensionof a metal. within a few minutes, a group of
changesoccurred.They were revealedthrough a seriesof analysesmade at
very short intervals.(Note /) The changeswere found to affect most of
the blood constituents,The most characteristicchangein our opinion is a
leucopeniawhich especiallyaffects the granulocytes.With it, there is a
lowering of serum antitryptic power; a decreaseof serum albumin; appearance of degradatedproteins,esteraseand amylase;increaseof free fatty
acids; and a lowering of coagulabilitywith reduced clot retraction.Clinically, these changesare accompaniedby hypothermia and hypotension.
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Together they representwhat we will call the "negative phase" of the immediate response.
This group of changesrepresents,in fact, only the first part of a diphasic phenomenon.The negativephase is usually followed by a second
and opposite one which we call the "positive phase" of this immcdiate
response.It results from the tendencyof the body to correct, and even
over{orrect, the changesoccurring in the fint phase. After hypothermia
and hypotension,hyperthermiaand slight hypertensionfollow. At the same
time, thc number of granulocytesincreases,as does the antitryptic power
of serum and its albumin contcnt. The serum appears richcr in frec
stcrols. Blood coagulabilityand clot retractionalso increase.After moving
rapidly to a peak, all thesevaluesreturn slowly to normal. The existence
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Frc;, 75. Diphusic responsein the delense.The intravenousinjections to a normal individual of a foreign material such as of a suspensionof killed microbes or of a colloidal
metal induces a typical responsewhich correspondsto the hemoshock. A diphasic
curve seen in most of the analysescharacterizesthe occurring variations. The curve
presentedcorrespondsto the total number of the blood leucocytes.A parallel diphasic
curve is seen for other blood analysessuch as clot retraction, albumin content of the
s e r u m , a n d a n t i t r y p t i c v a l u e s o f t h e s e r u m . S i m i l a r d i p h a s i cc u r v e s , b u t o p p o s i t e i n
sens€,are seen for blood coagulation time, amount of arnylase and esterasein the
\ e r u m . a m o u n t o f K , i n t h e s e r u m , a n d f o r t h e a m o u n t s o f p r o t e o s e sa n d p e p t o n e s
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of two phases can be recognized in all the changes occurring in hemos h o c k(. F i g . 7 5 )
In trying to correlatethe multiple changestaking place, it is the lysis
of leucocytes,especiallygranulocytes,which can be considcredo[ primary
importancein the developmentof hemo-shock.This is evident from the
relationship between granulocytopeniaand the intensity of the diphasic
phenomenon.The administrationof morphine or other opium derivatives
to an individual,prior to the applicationof the noxious factor, will reduce
or suppressthe granulocytopeniatogether with all the manifestations.
(Note 2/ Intensive physical exerciseconcomitantwith the application of
the noxious factor will increasethe granulocytopeniaparallel with all the
manifestationsof hemo-shock.(Note 3)
According to our hypothesis,lysis leads to liberation of proteolytic
enzymeswhich may be present as such or may be present in precursor
form in the leucocytes.And it is the interventionof theseenzymeswhich
reducesthe antitryptic power of the blood and, by digestingblood constituents,Iowers the amount of albumin presentin the serum, and induces
a parallel increaseof productsof protcin hydrolysis.The increasein anrylase as well as in esterasepresentin blood is related to the other hydrolytic enzymesliberated in this phase,and is also probably correlatedwith
leucolysis.The esterascacts hydrolytically upon the neutral fats present
and this would explain, at least in part, the liberation of free fatty acids
seenin this phase.In the changescorrespondingto the first phase,digestive
effect of theseenzymesupon the blood constituentscan be recognizedas
being one of the most important interveningfactors.
We confirmedthe correlationbetwcenthesechangesand leucolysisnot
only through thcir parallel variations, as mentioned above, but also
through in-vitro experiments.Lysis of leucocytesresultedin liberation of
hydrolytic enzymcs.An exudatc rich in granulocyteswas obtained by
injectingsterilebroth, or an aleuronsuspension,
into the pleura of rabbits.
To this exudate,removed through pleural puncture, a small amount of a
colloidalsilver-proteinpreparation(Collargol0.lvo) was added and the
preparationmaintainedat 38oC. This was seento induce the appearance
of vacuolesin the leucocytes,following the phagocytosisof silver grains.
The vacuoleswere observedto grow rapidly to huge dimensionsfollowed
(FiS. 76)
by burstingof the leucocytes.
Analysisof the pleuralfluid treatedin this mannerhas shown the same
changeas those seenin the first phaseof hemo-shock:loweringof antitryptic power with a decreasein albumin content, increasein products
formed by partial digestionof proteins,appearanceof amylaseand ester-
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ase, and an increaseof free fatty acids. There were also the same nuclear
"shadows" as encounteredin large amounts in the circulating blood at this
phase. The increaseof the potassiumcontent of serum seen in this phase,
and the increase found also in the supernatantpart following centrifugation of the exudate to which Collargol had been added, representsa further
confirmation of the role of leucolysisin this first phase.These data enabled
us to consider that the mechanismthrough which the blood tries to combat the intervention of a noxious agent corresponds,in the first phase,
primarily to a lysis of granulocytesfollowed by hydrolytic digestion.
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FIc. 76. Drawing of the changesinducedby a colloidul su.spension
ol silver proteinate
upon leucocyles.The leucocyteswerc obtained by injecting broth intrapleurally to
rabbits. Silver proteinate was added to thc suspensionof leucocytesand thc changes
observed in a microscope heated chamber maintained at 38'C. The phagocytosisof
the silver proteinate leads first to the appearanceof this substanceas intracellular
granules, followed by the formation of vacuoles.As these grow to a huge size the
cells burst. The nucleus remains as nuclear shadow.

The second phase, which would correspond to efforts to correct the
exaggeratedeftectsof the first digestivephase,involveslargely a mobilization of reservesof those blood constituentswhich were altered during the
first digestivephase.The spleenpours a part of its storedblood into the circulation. The richnessof spleen in reticuloendothelialcells explains the
liberation of sterolswhich is seenduring this secondphase.This is recogrluzr,dby the fact that, at this time, the spleenefferent blood is richer in
sterols than the afterent blood. Other constituentscome from intercellular
and lymphatic spaces.This mobilization,characterizingthe second phase
of hemoshock, appearsto be achievedin large part mechanically,through
a direct intervention of the vegetativenervous system inducing the contraction of the smooth muscularfibers, as seen during chill, which marks
the beginningof this secondphase.Fever which follows, is in part, due to
the sterols liberated largely by the reticuloendothelialsystem.
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If this hemeshock, in spite of its frequently violent clinical manilestations, resolves the effects of the noxious intervention upon the blood, it
can be considered to be, to a certain degree, a physiological response.It
amounts to an exaggoration of the oscillatory mechanism through which
the characteristicconstantsof the blood are maintained. By employing the
hydrolytic enzymesstored h the leucocytes,the blood tries to resolve the
influence exercised by the noxious factor, digesting and thus breaking
down either the factor itself or the results of its direct intervention. Acting
upon blood constituents,the noxious agent often inducesthe appearanceof
micelles bigger than those normally circulating. The fatty acids liberated
by hydrolytic enzymes would insure, in the first place, a higher boundary
permeability, thus permitting the passagethrough the capillaries of substancesotherwisebarred. At the sametime the fatty acids bind the antigen
in a lipidic complex.
In the second phase, the organism tries to repair damagescaused by
the exaggerateddigestive processor by the intervention of fatty acids. If
the organism is able to resolve through a successfuldiphasic reaction the
changesinduced by the noxious agent,it returns to normal.
Prolonged Hemoshock
Inability of the organism to resolvethe noxious interventionthrough
the mechanisminvolved in the diphasic phenomenonleads to abnormal
prolongationof one phaseor another.If it is unableto destroythe noxious
factor in the first phase or to mobilize the repair process in the second
and thus correct the damage induced by the first phase, the organism remains in a prolonged first phase of hemo-shock.If the second phase is
quantitativelyor especiallyqualitativelyinadequate,the organism remains
in a prolongedsecondphase,continuingto try to resolvethe offbalanceby
a quantitativelygreater mobilization of the otherwisequalitatively inadequate weaponswhich are at its disposal.It is the predominantintervention
of the lipids which characterizestheseextendedphases.We wish to note
again that the fatty acids intervenein the prolongedfirst phasewhile antifatty acid agents,especiallysterols,are active in the second.
The adrenalsplay a particularly important role in the immediate and
prolonged defense process.In the first phase, the increasedamount of
fatty acids with four or morc double bonds found in blood and in the
organismin generalappearsto conrefrom the adrenals,which are usually
extremelyrich in thesesubstances.
In an exaggeratedlyintensiveprolonged
first phase,we found small reddish adrenalspracticallydevoid of fatty
acids.This occurrence,togetherwith the concurrentincreasein fatty acids
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in the blood, relates thesechangesin fatty acid content of the blood largely
to a Iiberation of the adrenal fatty acids into the circulation. Another important factor for the prolonged first phase appears in the intervention of
lymphocytes able to induce a lysis of compounds of very high fatty acids
such as presenteven in waxes.(Note 4) A lymphopeniacorrespondsto the
prolonged first phase. In the elevation of the amount of anti-fatty acid
agents in blood, characteristic of the prolonged second phase of the diphasic phenomenon, the adrenals seem to intervene again providing a
portion of the increasedcirculating sterols. The exaggeratedmanufacture
of sterols can be attributed to the reticuloendothelial system in general.
cranulocytosis and lymphocytosis occur in this prolonged second phase.
The interventionof sterols, which are relatively simple steroids,can explain the clinical manifestationssuch as fever, which charactcrizethe prolonged second phase, since fever can be induced by the administration of
Iarge amounts of sterols.
we can separate, from the point of view of its manifestations, the
immediatediphasichemo-shockphenomenonwith a short evolution, from
the more prolonged forms. while the former, if not too exaggerated,would
correspondto a physiologicalphenomenon,t}tc latter is always abnormal.
In the former, the principal interventionis that of hydrolytic enzymes;in
the latter, lipids play the most predominant role. pathogenically,each
phase of the diphasic phenomenon,if unable by itself to resolvethe immediateproblem, will be followed by a correspondinglipidic predominance.
The result may be either one of the two phascs,with fatty acids or sterols
predominant.We call this entire response"the antiheterogeneous
reaction"
of the defense,separatingits diphasic manifesrationsinto immediate hydrolytic and prolonged lipidic stages.
A rui heterogeneous Reaction
Although, in the prolongedlipidic stage,a certain specificiryfor particular antigens can be recognized,the antiheterogeneousresponse in
generalrepresentsrather a nonspecificeffort of the organismto resolvethe
problemscausedby the presenc€of any heterogeneous
factors as such.
Before going further, we want to cmphasizesomc important characteristics of this antiheterogeneousresponse related to organization. The
catabolic processespresent in the first phasc appear to result in part from
the direct hydrolytic process and in part from the biological intervention
of the products of hydrolysis, especiallyfatty acids. The hydrolytic enzymatic processis homotropic in nature by delinition, as it breaks down
difterent constituents,liberatinggroupswith anionic and cationiccharacter.
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Enhancing the catabolic character of the first phase processesare the
anionic groups which appear to have a predominant role. The second
phase, a reparative one, is anabolic and therefore, heterotropic in character.
The study of the antiheterogeneous
responseemphasizesanother fundamentalcharacteristicof the processes.
A basic differenceexistsbetween
the direct effectsinduced by the interveningagentand thoseresultingfrom
the defenseprocessesthemselves.A direct effect of a noxious intervention
correspondsto heterogenizationof the constituents.Some changes will
appear through this heterogenizationitself, others through the defense
processes
which representthe responseof the organismto the heterogenization. While the first correspondsto a direct action, the last is catalogued
as antigenic,its manifestationsbeing grouped as defenseprocesses.The
same substancecan have a direct action and an antigenic one revealed
principally through the manifestationswhich it induces. A direct action
can be noted instantaneouslyif the changesinduced are sufficientlyintensive.The antigen effectsalways require a certain time before manifestationsappear. This time can range from a few minutes for the first
enzymaticresponseto hours or days for the prolongedresponse.
An important feature of the prolongedstageis that it persistsas long
as the noxious agent is present.This is evident in cases in which the
noxious agent can be suppressedthrough external intervention.For example, with suppressionof microbial activity by antibiotics, the corresponding clinical condition disappears.Of more interest is the effect of
antimicrobialand antitoxic immune sera. Administration of a specific
scrum, if it can neutralizethe noxious agent,producesa curative effect at
this stage.In a short time, symptomsdisappearand the organism reverts
to normal. Although nonspecific,the prolongedantiheterogeneous
reaction
shows such a straight correlation with the presenceof the antigen as to
makeus designatethis stageas primaryor toxic. In this stage,the organism
reactswith clinical manifestationsof diseaseif the antigen is capable of
inducingsufficientnoxious changes;if not, there are no clinical manifestations. Persistencein the organismof an antigenbeyond the rapid diphasic
phenomenonindicates,in general,an incapacityof the organismto achieve
its disposalsuccessfully.The need for more complex meansto combat the
antigenbecomesimperative.
with or withoutclinicalmanifestations-thatis, evenwithout a primary
toxic stageof the disease-as long as the antigcnhas not been fully neutralized, the organism will still try to resolve its intervention and return
to normal, resortingto other means.It will produce antibodieswith a cer-
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tain degreeof specificity toward the antigen. Two kinds of antibodies will
be manufactured and will differ in their fundamental characteristics,the
time of their appearance,and their role in the defenseprocesses.
CoagulantAntibodies
The first group of antibodies have a characteristicproperty. Together
with the antigen, on which they fix with a degree of specificity, they form
highly energeticcomplexes.This is manifest in a marked tendency to bind
together such complexesas well as constituentsof the blood and form huge
aggregates.When such antibodies are produced for, and act against, a
specific microbe, agglutination results. Conglutination, prccipitation and
flocculation occur when similar antibodiesact against other antigens.Due
to their tendency to establishantigen antibody complexesresulting in huge
formations, these antibodiesare generallygrouped as coagulant antibodies.
Although the coagulation characteristic is not demonstrable in vitro for
all antibodies in this group, we use the term "coagulant antibodies" for
didactic purposes.
The huge complex formation resultingfrom the binding of coagulant
antibodieswith an antigencan appear as a precipitate,agglutinatedmicrobe
or conglutinated red cells. Once established,this formation representsa
new heterogeneousentity of much larger dimensions than the antigen
alone. As srrch,it becomesby itself a new noxious agent for the organism
which consequentlyreacts against it. The organism utilizes the same processesagainst this noxious antigen-coagulantantibody complex as it uses
for any heterogeneousagent, with the same immediate diphasic or prolonged mechanism.
Teleologically,the formation of coagulantantibodiescan be interpreted
as an attempt of the organism to defend itself anew against the an,tigen.
The antigen, this time fixed through these antibodies in a new and more
noxious formation, will once again incito the nonspecific defense mechanism. First there will be the antiheterogeneousresponsewith its diphasic
phenomenonand, if once more this is not effective,a prolonged new lipidic
intervention will follow. If the quantity of heterogeneousformations is
gteat, the first phase of the diphasic phenomenoncan be so severe as to
cause death in a few minutes. If less severe,this first phase is followed by
the second,with chills and high temperature,As in all the antiheterogeneous reactions, the organism tries to combat the presenceof the noxious
factor-in this case, the flocculate produced by the antigen-antibodybond
-attempting to digest it through hydrolytic enzymes or to neutralize it
through constituents brought in during the second phase of the diphasic
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phenomenon. If it fails, the abnormal prolonged form of this response
follows with characteristiclipidic liberation.
In terms of biological meaning, the formation of coagulant antibodies
representsa new chance for the organism to resume tho fight against antigens by using the same fundamental means, the antiheterogeneousreaction. However, since the new agent, the antigen-antibody complex, is
much more noxious than the antigen alone, the intensity of the response
will be much stronger and the chancesof disposing of the antigen will be
greater.
AIIergic Reaction
The genericterm "allergic" is reservedfor the entire group of processes
in which a coagulant antibody takes part. The reaction now against the
antigen-antibody complex is a typical antiheterogeneousresponse. A
fundamental difference exists, however, between the antiheterogeneous
reaction in the primary toxic stageand the reaction which occurs when the
heterogeneousfactor is a complex antigen-coagulantantibody usually with
more noxious character than the antigen alone. It is the nature of the antigen-antibody,the result of the bond of the coagulantand the antigen,which
gives it the allergic character. This faot explains why, although we can
possessspecificimmune sorum able to neutralizean antigen alone, this will
not influencethe allergic response.Already bound to a coagulant antibody,
the antigencannot be bound again and consequentlyneutralizrd by another
antibody. The specificneutralizing serum will have no effect upon the antigen-coagulant-antibodycomplex already formed and consequently will
have no effect upon the proc€ssesinduced by this complex. The immune
serum does not influence the allergic manifestations which represent tbe
response to antigen-coagulant-antibodycomplexes. This would theoretically explain the favorable effects of a specific serum upon a condition
which is in the toxic primary stage,where the antigen intervenesas such,
and the lack of such favorable eftectsin the allergic stage,where the antigen is representingon.ly a part of a complex new noxious formation.
This mechanism would also explain why t}le same immune serum, although without curative effect upon the allergic stage of a condition, will
have preventivo activity. Before the onset of the allergic stage-that is,
before the coagulant antibodieshave appeared-the active immune serum
will bind and neutralizethe antigensstill free in the organism.Under these
conditions, when coagulant antibodies appear, the antigens are no longer
availableto be botrnd by them to form the noxious antigen+oagulant-antibody complexes.Without curative action, immune serum is effective as a

DEPENSE

/

l8l

preventive only when administeredprior to appearanceof coagulant antibodies.
An important factor for the allergic responseis the time of liberation
of coagulant antibodies. Generally, a period of 6 to 8 days is required.
Under specialcircumstances,as in casesin which the organism has manufactured the same antibodies in the past, the time necessaryfor their appe:rranceis reduced even to 4 days. In other cases,for certain antigensor
for older subjects,the time may be as long as | 4 days or even longer. For
certain antigens,or under specialcircumstances,the body appearsunable
to make coagulantantibodiesat all. In that case,no allergic manifestations
appear.
It must be emphasizedthat antibodieswill be liberatedeven if the antigen is no longer present.The presenceof antibodiesalone does not give
rise to any reaction and their appearancewill pass without any manifestations. However, they can persistunder certaincircumstancesfor months or
years and become a potential source of abnormality. At any time if the
same antigen becomes present in the body, the coagulant antibody will
form the allergic bond with it. The body will then react against the newly
formed complex with an antiheterogeneous
response.If this occurs in the
blood or central nervous system,it can appear as an immediate violent reaction which corresponds to anaphylactic shock. It is the intensive first
phaseof the diphasicphenomenonwhich kills in anaphylacticshock. such
shock can be easily producedin animalsas passiveanaphylaxyby making
coagulantantibodiesand antigensavailableconcomitantlyin the blood.
Li pi do- p rot ei c A rui bodies
Analysisof allergicantibodiesindicatesthat they have two constituents,
lipids and proteins.Electrophoreticanalysesreveal that they are displaced
mostly as beta globulins. Experiments show that such lipidoproteic antibodies lose their activity if broken into their constituents,neither the lipid
fraction nor the protein alone being able to bind the antigen.
The study of the lipido-proteic antibodies,brought us back to consider
the role of the lipids in the immediateor prolonged first phase.Moet, if not
all the natural antigenshave lipids and lipoproteinsin their structure.As
we have seenabove,someof the fatty acidsinduce defenseresponses.
The
administration of fatty acids is followed by a leucopenia-especially a
lymphopenia; administration of sterols,by a hyperleucocytosis.Some fatty
acids,suchas thoseobtainedfrom the tuberclebacilli,inducecharacteristic
lesions such as giant cells. There are both naturally present lipoproteins
and those resulting from the bond of the body's freed fatty acids to rhe
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antigen,which seemto act as specificantigens,inducing the appearanceof
coagulant,allergic antibodies.Experiments,which we will discussbelow,
have shown that, while the specificityof the antibodiesis highly related to
the protein fraction, the allergic or immune characterof the resulting responseis due to the fact that lipido-proteinsare involved in these processes.The injection of the procluctresultingfrom the action in vitro of the
acid lipidic constituentsof an organism upon proteins of another species
acts as an antigen inducing the early appearanceof coagulantantibodies.
The repeatedinjectionsof the product obtainedthrough the action in vitro
of foreign lipoacid fractionsof variousorigins upon different body proteins
also inducesallergic response.Just as we have connectedthe appearance
of the first diphasicphenomenonto hydrolytic enzymesand the prolonged
form of the antiheterogeneous
defensemechanismto the intervention of
lipids, we relate the allergicbody defenseto the interventionof lipidoproteic formations.The allergicstageof defensethus could be considered
to be a lipido-proteicdefenseresponseagainstlipido-proteic antigens.
N eutralizing A ntibodies
The unsuccessfulfight of the organismagainstan antigen through the
diphasic,lipidic or allergic responsesoften can evolve further, making use
of a more effective measurewhich correspondsto another kind of antibody, different from the coagulanttype. The characteristicof this second
type is that it forms, specificallywith the antigenagainstwhich it is manufactured,a new kind of bond, an antigen-antibody-complex,
this time entirely nonnoxious to the organism. This complex is energetically so
balancedas to corrcspondto the constantsof respectivelevelsof the body
whereit occurs.Through this new bond, the antigenis biologicallyneutralized in the sensethat the resulting antigen-antibody-complex
is entirely
harmless.
This type of neutralizingor immune antibody usually appearson or
after thc l5th day followingthe momentwhen the organismhas startedto
organizeits defenseagainstthe antigen.It can occur whether the antigen
is still prcsent or not and whether it is free or bound to coagulant antibodies.It reprcsentsthe best meansthrough which the organism opposes
the influenceexerciscdby an antigen.The appearanceof the neutralizing
antibodiescorrespondsto the last stage,the immune one, in the defense
mcchanism.If the antigenhas produceda clinical condition,the neutralizationof the antigenby the new antibodyresultsin the slow disappearance
of morbid manifestationsand a progressivereturn to normal. With or without prior clinical manifcstations,
the presenceof the neutralizingantibody
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in the organism provides a potential weapon to prevent the same antigen
from again causing trouble. This has led us to identify this part of the
defensereaction as the "immune stage" of the defensemechanism.
The action of these neutralizing antibodieshas been demonstratedbeyond doubt through passive immunity. Their administration confers protection againstthe antigen. This action is limited to the antigen so long as
it is not bound by another antibody. Clinicatly, neutralizing antibodies
have a curative value if the antigen is present, inducing the primary-toxic
response.They have, also a preventive effect upon the allergic form of the
disease if they are administered before the appearanceof the coagulant
antibodies.
lltu6alizing antibodies are globulinic in nature. They are displaced in
electrophoretic analyses as gamma globulins. Isolated zrs pure globulins,
they do not lose their activity. This would differentiate them from the
coagulant antibodies which, as previously noted, are lipideproteinic in
nature.
The defenseresourcesof organismsagainst antigensthus can be didactically separated into four fundamentally distinct groups: enzymatic
hydrolytic, lipidic, lipoproteinicand proteinic.They correspondto distinct
stagesfrom the point of view of reactionsinduced and biological meaning.
The first representsa primary, direct, immediateresponsecharacterizedby
a rapid nonspecific digestive process and followed by the exaggerated
mobilization of repair processes.If the immediate responseis inadequate,a
second stageas a prolonged lipidic defensefollows. Although it has a certain degreeof specificity,this last responseis still directed againsta heterogeneousconstitution of the agent as such. If unsuccessfulin inactivating
the agent, all these responsesare followed by another defense stage in
which action is taken against the antigen through more specific coagulant
lipido-proteinic antibodies and through the antiheterogeneousreaction to
the resulting complex. with the last stage, which is characterizedby the
intervention of proteinic neutralizingprotectiveimmune antibodies,the fight
against the antigen is usually concluded successfully.Table XI, below,
summarizes this syst,ematizationof the defenseresponse.
Defense and Hierarchic Levels
The above changes represent, in a schematic manner, what happens
when a noxious agent acts directly or indirectly upon blood. The same
basic patterns of defense,the substancesused and the processesinvolved
can be found at various hierarchic levels.It is easy to seethat, with such a
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Jomplex mechanism occurring in different individuals and againsga great
variety of antigensr gest variations in manifestations will be evidenced.
When an antigen enters the organism and is not fully neutralized by
the intervention of immune antibodies.the mechanismof defenseis set in
motion. This can be limited to a group of entities, to one level, or can
aftect more levels and entities. According to the nature of the antigen and
the capacity of the di.fferententities to respond, the different proc€ss will
proceed all the way to the stage of protective immunity or it can stop at
any stage.These factors, nature of the antigen, levels and entities involved
and degreeof responsefor each of them, determine the pathogeniccharacteristics of the resulting condition. The manifestationsfor a stage and a
grouP of entities can be so exclusiveas to produce a characteristicclinical
disease.The ability to respond through only a part of the defensemechanism dependson the nature of the antigen and on the conditions existing in
the different entities affected.The clinical manifqstationsfurnish important
information concerningthe defenseprocesseswhich are occurring.
C Iinical Manil estations
The first stageof the defensereaction,if highly intensive,can be manifested clinically as superacuteshock. This occurs minutes after the
intervention of the noxious factor. If the second phase of the diphasic
phenomenonis intensive,a chill with high temperaturewill appear.A state
of shock occursif fatty acids remain predominant,as in the prolongedfirst
phase. A feverish condition correspondsto a predominant anti-fatty acid
intervention in the prolongedsecondphase.while the first phase of the
condition appearsimmediately after the intervention of the antigen,the app€arance and persistenceof the second phase, which corresponds to the
prolongedlipidic, dependsupon the nature and especiallythe amount of
antigen presentin the organism.Incubation time may vary from minutes to
severaldays. This relativelyshort and variable incubation time represents
an important characteristicwhich enablesus to recognizethis stage.Another characteristic of this stage is the disappearanceof symptoms after
administrationof neutralizingimmune antibodiesspecificfor the antigen.
If the antigenby itself has no toxic effectsupon the organism,its presence will not induce important manifestations.The direct response,enzymatic or prolonged lipidic, will be so limited as to have either minimal
clinical manifestationsor none at all.
we have seen that a.llergiccoagulantantibodiesusually appear after
the 6th day following penetrationof the antigeninto the organism.If the
antigen is still pres€nt, the appearanceof the antibodieswill induce an
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allergic condition. In caseswhere the antigen already has produced toxic
manifestations,the appearanceof the allergic stage will be marked either
by new symptoms or increasedintensity of existing ones. With a nontoxic
antigen, the presenceof which was not revealedpreviously by any clinical
manifestations,the appearanceof the allergic complex will coincide with
the appearanceof symptoms and, thus, with the appearanceof the clinical
condition. The period before the appearanceof symptoms correspondsto
the time before the appearanceof theseallergic antibodies.This incubation
time, as for all allergic manifestations,will be 6 or more days, which corresponds to the time necessaryfor the appearanceof the coagulant antibodies. An obligatory incubation time of 6 days or greater thus is an
indication that the processhas an allergic pathogenesis.
If the organism has previously manufactured similar coagulant antibodies againstthe same antigen, this incubation period could be shortened
to 5 or even 4 days. Against certain antigens,some organismsneed a longer
time to produce coagulant antibodies and the incubation time may run as
Iong as severalweeks.
Organisation and Delense
Going beyond the defensereaction in its general aspect, that is, independent of the place in the organizationwhere the characteristicprocesses
occur, we considered it in relation to hierarchic organization of entities.
conceptually, it can be acceptedthat each hierarchicentity, having a certain degreeof biological independence,
will have its own problems to resolve when it faces an antigen. Each will react for itself and. for this reason
alone, there will be differencesin the defensemechanismat different levels.
It can also be acceptedthat becauseof differencesin the means at their
dispoeal,the various entities will show individual peculiaritiesin their
resPonses.
Although some information is missing,our systematizationof the defense reaction according to the manifestations at various organizational
levels,stands.For each stage,manifestations
having common basic characteristicscan be identified at different levels such as cellular, tissular, organic, and systemic.At the cellular level, the first phase of the diphasic
phenomenoncorrespondsto a manifest increasein membrane permeability
and intracellularhydrolytic processes.
The changesseen in the first phase
of shock can be interpreted as resulting in part from such processes.we
will note here only that, for cells,the first phaseis characterizedby vacuolization of the cytoplasm and even of the nuclei similar to the vacuolization
seen in the leucocytesin the presenceof a colloidal metal. In superacute
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shock, which correspondsto the first part of the diphasicphenomenon,we
observed such vacuoles in central nervous system, liver and pulmonary
alveolarcells.(SeeShock,Chapter9) The sameprocessat the tissularlevel
causeslytic changesand, if this lysis acts upon vessels,producespetechiae.
For the systemic level, the first phase of the diphasic phenomenon is
marked by the changesoccurring in blood. The leucocytes,rich in hydrolytic enzymes,have a pronounced lytic tendency. The liberated enzymes
act upon the blood constituents and can impart to this stage the acute
dramatic aspectoften seen in clinical hemo-shock.
The prolonged lipidic phaseof the antiheterogeneous
reaction will have
different manifestationsaccording to the level affected. These differences
will correspond closely to the antagonisticinfluence exercised by the two
groups of lipids, sterols and fatty acids. we have discussedpreviously the
interventionof theselipids at differentlevels.We will mention briefly here
their role in the difterent phasesof the defensemechanrsm.
we have seen that, in general, the changesat the nuclear level correspond to prolonged youth if they are produced by the predominant intervention of sterols and to a rapid aglng with karyorrhexis and pyknosis
when produced by fatty acids. Similar manifestationscan be recognizedin
this phaseof the defensemechanismat the cellular level for the cytoplasm
and protoplasm formations, with aging signs and necrosisinduced by fatty
acids, and predominanceof youthful characteristicsinduced by sterols.For
the tissular level, intervention of fatty acids induces local alkalosis and
edema, while the sterols induce a local acidosisand fibroblasticreaction.
Lysis of vesselswith hemorrhagesoccurs in processesin which fatty acids
predominate.The predominanceof sterolsleads to a marked tendencyof
the vascularendotheliumto proliferateand this, in turn, can lead to vascular obliterationand ischemicinfarcts if the vesselsare terminal. At the organic level, the prolonged lipidic responseis more manifest than at lower
levels as the result of impaired specific function of the organ. Dualism in
clinical manifestationsis evident; oliguria or polyuria, diarrhea or constipation, insomnia or somnolenceare examplesof organic impairments seen
as clinical manifestationsof this stage of the defense mechanism. At the
systemic level, dual manifestationsare even more pronounced. Hypothermia, hypotension,cold perspiration,enophthalmia and dark-colored
blood are related to predominance of fatty acids, opposite manifestations
to predominance of sterols. Although these prolonged manifestations,part
lipidic response,can occur concomiof the nonspecificantiheterogeneous
tantly at the various levels of the organization, usually they affect one or
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severallevels. The manifestationscorrespondingto the one level or several
levelswill predominate.
The allergic stage shows the same clinical manifestationscommon to
the antiheterogeneousresponse with its enzymatic or prolonged lipidic
The fundamental difterencein the allergic stageis the obligatory
Processes.
incubation perid of 6 or more days. once the alleryic complex i5 lsarized,
the manifestations
are the sameas thoseproducedby highly active antigens
inducing a direct antiheterogeneousreaction.
The qualitative difterencesin the capacity of the hierarchic entities to
combat various noxious agentscan explain the diflerencesin the manifestations of allergic Processestaking place at the cellular or tissular levels as
comparedto those in the blood, which is at the systemiclevel. At any level,
the mobilization of lytic enzymesable to break down the alleryic antigenantibody complex can be so intense as to bring rapid death of the entity
or can be slow and prolonged. However, at the systemic level, as in the
circulating blood, the producs resulting from exaggeratedlysis are more
rapidly and completelydisposedof than in cytoplasmor interstitialfluids.
In the latter, they will be presentfor a long time and their noxious in-fluence
will persist.If the lytic products appear in moderate amounts in blood, the
organism may be able to disposeof them without any clinical manifestations.
For thesereasons,the presenceof antigensin the btood when coagulant
antibodies start to apPear will not induce serious manifestationsand will
even prevent them. As coagulant antibodiesappear gradually in the blood,
only small amounts of antigen-antibodycomplex will be produced at any
one time. Although highly noxious in large amounts, the complexescan be
resolved through lytic processesif formed gradua-lly,and consquently will
not provoke clinical manifestations.
At the tissular and cellular levels,a similar progressiveappearanceof
antigen-coagulant-antibodycomplex cannot be resolved in the same way.
The lytic reactions which break down this complex cannot occur with the
efficiencynoted in the blood. The complexesand tro products of lysis will
progressivelyaccumulate and the consequentmanifestationswill become
more and more intensive. It is for this reason that longJasting allergic
manifestationscolTespondto seriouslocal conditions.Even if the antigenantibody complexesare produced at a moderate rate, when antibodies appear and the antigen is present, they will induce little or no systemic
manifestations.On the contrary, seriousallergic manifestationswill arise
if the complexesare formed at the cellular,tissularor even organic levels.
Becausethe defenseProcesscsat theselevels cannot resolve them at the
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sams 1319as they appetr, as defenseprocessesin the blood can do, severe
local manifestations result. This may lead to necrosis and even rejection cif
alteredcells or tissues.These representthe very important difterenceswhich
exist between allergic processeswhich occur in the blood and those which
occur at the difterent levels following the appearanceof allergic antibodies
while the antigen is still present.
The fact that there will be no reaction when small amounts of the
allergic complex are progressivelyformed, as in casesin which antigensare
presentin the blood at the moment of appearanceof the allergic antibodi$,
is confirmed indirectly by the possibitity of prevonting severe systemic
manifestationsthrough skeptophylacticor desensitizationprocedures.The
introduction of very small amounts of antigen thus produces only small
amounts of complex at any one time, avoiding clinical manifestations.With
progressivedoses however, the antigens will fix circulating antibodies in
srrfficient proportion to prevent the formation of important amounts of the
same complexes after further administration of the antigen. The presence
of the secondphase of the diphasic phenomenon,with the exaggerationof
constituentsantagonisticto those presentin the first phase,will also act to
Prevent the occurrenceof an intensivefirst phasewhen the antigen appears
anew.
The situation changesentirely when antibodiesappear and the antigen
no longer is present. They can then accumulate in the blood in large
amounts. Thereafter, sudden appearanceof the antigen in sufficient quantity will form a large amount of the allergic complex and the subsequent
reaction can be so violent as to kill the subject.This occurs in anaphylactic
shock. When the antigenis limited to other levels,important local changes
can be induced.
The neutralizing immune antibodies, if manifestations already exist,
will prevent new ones from appearingand this will permit healing prooesses
to take place without further interference. The antibodies will prevent
manifsstationsat the respectivelevel if the antigen appearsagain.
Affinity ol Antigens
In the defense proc€sses,another factor intervenesto produce difierencesbetween responsesat difterent levels-the special affinity of antigens
for various cells, tissuesor organs.This affinity will determine not only the
levelbut also the individual entitieswhere manifestationswill occur. It has
to be emphasizedthat the independenceof the levelsor of groups of entities
in an organism goes so far as to allow the defenseprocessesto progressto
difierent stages.While defenseprocessesat the tissular level, for instance,
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cannot go beyond the stage of prolonged lipidic response,those at the organic or systemic level can arrive at the allergic stage.we will see below
the importance of this unequal responseof the difterent levels.
The unequal capacity of different tissuesto manufacture allergic antibodies could be postulatedto explain the propensity for local allergic conditions. The ectodermic system appears especially inclined to allergic
responses,as seen for the skin. We tried to relate this to the natural richnessof these organs in sterols. This would explain the fact that the brain,
which is richest in sterols,seemsto show the earliest allergic manifestations,
which could be interpreted as resultingfrom early or more constant appearance of coagulantantibodies.
Besidesthese difrerencesin the responsesof various entities, an important factor intervenes in the induction of localized allergic manifestations. It corresponds to unequal affinity of the antigen itself for various
entities.This would localize the antigen in cells, tissuesor organs so that
when coagulatedantibodiesdo appear, the noxious allergic complex will
be formed locally in the sameentities.It seemsthat this localizationof the
antigen,such as upon nerves,kidney,lung, etc., is more important than the
capacity to produce antibodies in determining predilection of pathological
pr@essesfor specificcells, tissuesor organs.
one of the most interestingaspectsof the defensemechanismis the
relationshipbetween successivesteps.we could show, generally,that an
intensiveresponsein one step representsa favorable condition for appearanceof an intensiveresponsein the next step.It is a known fact that manufacture of immune antibodies is influenced by an inflammatory process.
This is the reason for the customaryinjection of tapioca, for instance,in
horsesduring their immunization for the production of therapeuticsera.
We could show that injectionsof lipids, lipid acids or insaponifiablefraction of placenta,or of organsof animalsof the same speciesfor instance,
manifestly hasten the appearanceof the next step in the defense against
the microbe.
It seemsclear that under the influenceof the lipids used,the agglutinins
appear in blood earlier and their amount increasesmore rapidly than in
the control animals.
Antigenic Factors
The interventionof different mechanismsin the defensehas led to the
suppositionthat each one would be induced by relatively specificfactors
presenteitherin the antigenitselfor appearingduring the defenseprocesses.
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An analysisof this aspectof the problcmof the defenschas broughtfurther
interesting
information.
The interventionof the first mechanism,that of hydrolytic enzymes
acting througha processsimilar to digestion,would have as aim to break
down the antigenitself as well as the groupsresultingfrom the bond between antigenand body constituents,
especiallyproteins.By analogywith
the processof digestion,the factorpresentin the body which would induce
this responsewould correspondto abnormallylow numberof micellcs.The
low numberof micellespresentis revealedby a cryoscopicindex near zero.
The digestivedefensemechanismwould thus intend to lower this cryoscopic index back to its normal valuesor even bclow them.
The secondmechanism,
that of the lipidic intervention,would havetwo
aims.One, to act againstfree lipidseitherprcsentin the antigenor resulting
from the hydrolytic action upon fats, and sccond,to bind hydrosoluble
constitucntsinto complexeswith a lower hydrosolubility,
and consequently
rvith lower diffusioncapacitythroughthe aqueousmedia of the organism.
This concernsthe antigenas well as the productsrcsultingfrom the lytic
intervention.The bond would take place throughthe activepolar part of
the lipid molecules.
The third mechanismis characterized
by the intervcntionof the allergic
antibodieswith thc aim of binding the antigenin higher complcxes.The
lipido-proteicantibodieswill opposea lipido-protcicfraction presentin
the antigenitselfor resultingfrom the bond bctweenlipids liberatedin the
second mechanismand proteinsof the antigenor of the body. The coagulant effcctwould resultfrom the bond throughthe polar and nonpolar
groups of the lipido-proteicantibodiesand those of the lipido-proteic
antigenicfactors.
For the fourth mechanism,characterized
by the protcctiveantibodies,
the antigenicfactor would be represented
by the proteicconstituents
of the
antigen,which leadsto an antireplication
in the specificantibodies.
It shouldbe notedthat in the complexdefensemechanismthe resultsof
the interventionof a defenseprocessrepresentantigenicfactorsfor the next
step. The presenceof productsof the enzymaticdigestionleadsto the interventionof the lipidic phase,largelyaimed to immobilizeand inactivate
them; the bond betweenlipids and antigenleadsto the appearanceof the
allergic lipido-proteicantibodies.Possibly,the occurring lipido-proteic
complexeswould intervene,facilitatingthe appearanceof the protective
antibodies.The idea that successive
antigenicfactors would induce the
of differentstepsin the defensemechanism,has led to a series
appearance
of studieswith the aim to obtain desiredreactionsthroueh the use of such
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antigenicfactors. we will describehere very briefly severalsuch applications which were interestingalso becauseof the practicalresultsobtained.
Hydrolysis Products
we tried thus to utilize the productsresultingfrom the breakingdown
of body constituentsor of other materialsin order to induce through their
administration,the appearanccof the seconddefensemechanism.Applying
the dualistic concept, we separatedthus in the products of hydrolysis of
different materials,those with an acid characterfrom the group with basic
and alcoholic characters.Various materials were thus hydrolyzed using
KoH, NaoH or ammonia.The solublepart, separated,
was treatedwith an
acid and a precipitateobtained.After washingit, this precipitatewas red.issolvedby a.lkalizing
to a pH still below neutrality.This has represented
the
"acid fraction." Besidesacid lipids, this fraction containsalso acid protein
groups and even humic acids.
The part which remainedinsolubleafter treatmentwith KoH (separated from the soluble part) was treated with an acid. The part which
becamesolublewas then separated,
reprecipitated
by alkali, and partially
redissolvedby bringingthe pH, throughacidification,near 7. This representsthe "alkaline fraction." With differentdegreesof chemicalhydrolysis,
various fractions-more or less broken dsu/n-sps obtained for both the
acid and alkaline fractions.The degreeof this "digestion"has appeared
highlyimportant.The amountof the productsobtaineddecreases
for an insufficienthydrolysisas well as for a too highly pushedhydrolysis.
Accordingto the mechanisnrmentionedaboveit was expectedthat these
fractions,resultingfrom the breakingdown of body constituentsor of the
antigen and correspondingto the effect of the first enzymatic defense
mechanism,
would inducethe secondstepof the defensemechanism.This
would correspondin part to the interventionof the properdin systemand
of the lipidic defense.It has as characteristic
the fact that it would appear
only within a certaintime. The followingexperimentillustratesthis clearly.
The "acid fractions" of human blood, hydrolyzedby KoH was obtained
and then injectedintraperitoneallyto mice. At different intervalsfollowing
this injectionthe mice were inoculatedwith 3,000,000microbesof a fresh
c u l t u r eo f B a c .p r o t e u sI.n c o n t r o l st h i s i n o c u l a t i o n
w o u l d r e s u l ti n a I O O V o
lethalinfection.No protectionwas seento appearin the l6 hoursfollowing
the injectionof the "acid fraction."At thc l6th hour, J,2,,were protected.
This protectionincreasedwith time to be completeafter 22 hours, when all
the animals survived. This protection was still present after a few days.
The inoculationof thc nontreatedblood in the same proportion was
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seenincapableof conferringthe samedegreeof defense,a fact which indicatesthe importanceof the breakingdown processin this ,.24 hours" defense.These resultsare similar to those obtainedby I. A. parfentjev with
malucidin,a product of hydrolysisof yeast.
Another applicationof the sameconcept was in the use of the lipidoproteiccomplexes.
In a group of researchstudies,we utirizedthe products resultingfrom
the bond betweenan antigenand a lipid, with the intent to obtain a lipidoproteic antigen and through it. a lipido-proteic defense response.Often
the mixture of the antigenwith the lipidic preparationsappearedsufficient.
Fatty acids, such as oleic, linoleic, arachidonicor eleostearic,acting
directly upon the killed typhoid microbeswere usually seento enhancethe
production of agglutinins and of specific immune antibodies. The same
effect was produced by lipoacids of the same sp€ciesas the test animal.
Lipoacids of guinea pigs were especiallyactive in promoting the app€arance
of agglutinins but less potent in inducing the appearanceof immune antibodies. The lipoacid fraction of bacteria such as B. subtilis, coli, diphtheria, acting in vitro upon typhoid killed microbes,led to the appearance
of antibodies against typhoid microbes but produced almoet no antibod.ies
againstthosemicrobesfrom which the fatty acidswere obtained.The lipo
acid fraction of tuberclebacitli bound to killed typhoid microbeswas seen
to induce agglutininsbut seemedto roduce and even prevent the appearance of immune antibodies.The same influencewas seen with the lipids
obtained frorn tlre seedsof Bixa orellana but was less accentuatedfor the
lipids from fish and squid. Butanol and especiallyheptanol were seen to
retard the appearanceof all antibodies,allergic and immune.
Allergic Precipitates
The injection of killed typhoid microbes agglutinated by a specific
serum was followed by rapid production of immune antisera. The serum
of rabbits injected with these mixtures prevents a lethal condition induced
in mice by intraperitonealiniectionof living microbesin much smallerdoses
than serum obtained with untreated microbes.
on the other hand, the injection of the same killed ryphoid microbes,
mixed together with a flocculate obtained, for instance, from egg protein,
and an antiegg precipitant-guinea pig serum-produces a much lcss
rapid appearance of antityphoid immune antibodies than injection of
microbes alone.
Another form of lipido-proteiccomplex, utilized as agent with the aim
to induce not a lipido-proteic responsebut a higher one in the defense
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process,was that of allergic precipitates.Through a blender, we obtained
from rat and mousetumorshomogenates
in which it was no longerpossible
to seecells.After centrifugationthe supernatantfluid was separated,and
usedas antigen.Part of it was inoculatedto guineapigs,twice at 3-day intervals.The amount of appearingprecipitineswas determinedperiodically
and the animal bled when the serum had a sufficientlyhigh titre. Using the
sameantigenand the obtainedsera properlydiluted,flocculateswere obtaincd.The precipitateseparated
was injectedto animalshavingthe tumor
grafted.In a high proportion 6f g35s5-in more than Tovo in some experiments-the tumorsstartedto showchanges24 hoursfollowingthe injection
of the precipitate,to ulcerateor disappearin the subsequent
days. Similar
research,usingpooledhuman tumors,is in progress.
Intermediary Lysatesand Antigens
of interestwas a specialuseof the intermediarylysatesin order to obtain changesin the antigens,which would facilitatethe defensemechanism.
Microbes,tissuesor other products,serving as antigenswere injccted,
mixed with intermediarylysatesfrom blood or other sources.This was seen
to resultin a morc specificsecondday defenseresponse.
Mice injectedwith
such a mixture of blood intermediaryacid fraction plus killed microbes
showedresistanceto the inoculation,24 hours later, of the same living
microbesin dosesotherwiselethal.The protectionobtainedhas a marked
degreeof specificity.
In experimentsnow in course,we utilize blendedtumors mixed with
the intermediaryacid lysatefraction,to inducea defensein animalshaving
the sametumor grafted.
Thc discussionaboveconcernswhat could be called the immunological
part of the defensereaction.It has to be coupledwith many other processes
or phenomcnawhich can be systematized
as endocrine,vegetative,central
nervousor even psychologicalresponses.
Someof them could be indirectly
related to the interventionof lipids, and possibly involved through them
in the immunologicalresponses.
This concept of inrmunologicaldefense,even under its incompleteasp€ct has helpedus to understanda numberof importantpathogenicproblems, includingtwo which have becn of particularinterestto us: infectious
discaseand cancer.Our study of the infectiousdiseasesunder this aspect
w a s r e p o r t e di n a p r e l i m i n a r yc o m m u n i c a t i oinn 1 9 1 9 . ( 3 7 ) I n 1 9 4 2 ,t h i s
part of the researchwas presentedat the Congressof Medicine in Mexico
and publishedin the journal "Pasteur."(38)
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INFECTIOUSDISEASES
Toxic and Allergic Conditions
In infectiousdiseasethe antigenis a micro-organismwhich may bc a virus,
microbe, protozoa,mycct, etc., or even a product elaboratedby a microorganism.Thc responscof an organism to the presenceof an infectious
antigentendsto follow the same successive
stagespreviouslyoutlincd. If
the meansat the immediatedisposalof the organismare qualitativclyand
quantitativelysufficientto neutralizethe antigen,the entire processwi.ll be
resolvedasymptomatically.
othcrwise, the first stage of the defensercaction, the primary toxic diphasicphcnomenon.will bc set into motion.
According to the qualitativeeffectiveness
o[ this response,manifestations
will vary from simplesubclinicerJ
changesto clinicalreactions.If thc second
phaseof the diphasicresponsecannottake place.a prolongedform of the
first phasewill result.It correspondsto shock,which is encounteredonly
in very severeinfections.The rapidly lethalconditionresuttingfrom transfusion of massivelyinfectcdblood is an examplc.
The secondphasebringschill and fever.If thc secondphaseresponse
is qualitativelyinsufficicnt,the prolongedform ensucs,bringing fever,the
usualmanifestationof many infcctiousdiscases.
Thc fever persistsas long
as the nonneutralizedantigcnis present.In this stageof the defcnsereaction againsta micro-organism
or its toxins,the symptoms,althoughresultingfrom thc responscof the organism,are still directly rclated to the
presenceof the antigen in sufficientquantity.The quantity necessaryto
induccthe clinicalmanifestations
can be reachcdwithin a short time after
the penetrationof the antigeninto the organism.The toxic reactionthus
can appear in a few hours. Consequently,
there is no specificobligatory
incubationtime. The manifestations
will disappcarwhen the amount of
antigenis decreased
sufficiently.For somemicrobes,antibioticshave such
action,resuitingin a decreasein the amount of the antigenprcsent,and
consequently
in the disappearance
of the clinicalmanifestations.
A similar
decreasein the amount of the free antigenprcsentcan be obtainedby its
neutralization
throughspecificimmunescra,if available.Conseqently,
such
serahave curativeeffectsin infectiousdiseases
characterized
by a primary
toxic pathogenesis.
Allcrgic antibodieswill appearafter an obligatoryincubationperiod of
6 or more days. If the antigenis still prcsent.it may be destroycdby the
new defensiveantiheterogeneous
responses
mobilizedagainstthe resulting
allergiccomplex.ln this case,the appearance
of the allcrgicantibodiesre-
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sttlts in a kind of clinical crisis which can lead to the cessationof the disease. However, if this eftect does not occur, the appearanceof allergic
antibodieswill cause an increasein symptornsor in their gravity.
In cases asymptomatic prior to the appearanceof the allergic antibodiesbecauseof low direct toxicity or insufficient quantity of the antigen,
the diseasewill become cl.inically apparent only with the appearanceof the
allergic manifestations.The clinical condition thus will have an obligatory
incubation of 6 or more days, since this representsthe time necessaryfor
the coagulant antibodies to be produced. Since the manifestationsin such
casesare due to the allergic complex and not to the direct action of antigen,
they will be nonexistentor minimal during the incubation time. Due to the
allergic complex, the condition will not respond to specific immune sera
able to neutralize the antigen but ineffective against the allergic complex.
Specific immune sera are not curative for these infectious conditions of
alleryic pathogenesis.As already noted, only when administered before
allergic antibodies have appeared,during their incubation period, do these
sera have a marked preventive effect.
Thus the pathogenesisof an infectious diseasecan be toxic or allergic
in nature. The two pathogenicmechanismscan be identified easily tfuough
incubation time of major clinical manifestations. An infectious disease
which appears shortly after the entrance of the antigen without an obligatory incubation has to be corcidered, according to our concept, to be ol
toxic pathogenesiswhile one which appears alter an incubation time obligatory greater than 5 or 6 days has to be considered allergic.
Applying this concept, we have separatedthe clinical infectious diseases
into two groups, toxic and allergic, using incubation time as the criterion.
We wish to note here the great similarity in the incubation time for the
diseasesin each group. Most of the allergic group have an obligatory incubation time ranging from 6 to 14 days, which coincides with the usual
time neededfor the appearanceof the allergic antibodies.The incubation
time is independent of the fundamental nature of the etiologioal agentvirus, microbe, protozoa, etc.---or of the nature of their products+xo.
toxins, endotoxins, etc. This indicates that the principal factor in the
incubation time is the allergic pathogenic mechanism itself.
Based upon the criterion of obligatory incubation time, the following
diseaseswith brief incubation time have been consideredas having a toxic
pathogenic mechanism: diphtheria, botulism, anthrax (Bac. anthracis),
meningococcalinfections, cholera, some streptococcalinfections, dysentery
(especiallyShiga Kruse bac.), plague, scarletfever, pneumonia,etc. In the
allergic group, with an obligatory incubation time above 6 days, we find:
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typhoid, typhus, tetanus,prertussis.
rabies,mcaslcs,poliomyelitis,glanders,
etc. (TnnlE XII) In both groups.thereare variedetiologicalagents.Thus,
in the allergicgroup, for example,the antigensinclude a microbe with an
exotoxin (tetanus) with an endotoxin (typhoid), a rickcttsia (typhus),
and a virus (rabies).
'f,rsLe

Xll

lNrrctrous Dtselsus
Incubation
Low
Dyphtheria
Anthrax
Botulism
GaseousCangrene
Plague
Erysipelas
Dysentery
MeningococcicInf.
Cholera
Pneumococcus
Inf.

Ohligatoryubove 6 duys
Typhoid
-f
etanus
Pcrtussis
Glander
Tularenria
Leprosis
Typhus
Rabies
i\'teasles
Munrps
Poliomyelitis
Smallpox
Chickenpox
Recurrentfever

The concept of toxic and allcrgic pathogenesisfor these diseasesis
impressivelyconfirmed when we consider the cfTectsof specific immune
seraupon their evolution.The specificserademonstratecurative properties
for all diseasesin the first group with brief incubationtime, consideredin
our conceptbecauseof this incubatingtime as toxic. Not one of the conditions of the secondgroup, consideredas allergicon the basisof their
incubationtime alone,can bc curedby immunescra.Still more impressive
is the fact that, in spiteof the lack of curativeeffect,the sameserahave a
marked preventiveeffect upon the sameallcrgic conditionsif administered
beforethe onsetof the symptoms,that is, duringthe incubationperiod.This
confiffnsour explanationthat the therapeuticinefficiencyof the sera in the
secondgroup is due to the allergicpathogenesis
of the diseaseand not to a
lack of active antibodies.Moreovcr, the sarnesera have a curative action
upon infectionswith brief incubationperiods induced experimentallyin
animalswith the same agent.Thc concepthas been confirmed in most of
the infectiousdiseasesand we will discusssomeof thesediseasesbriefly.
Before discussingthis aspectof infectiousdiseasesin more detail, we
want to mentionanotheroccurrencewhich can bc interpretedalso through
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the concept of allergic conditions. It concerns a kind of recurrence of
symptomsseenoften around the 7th day after the beginningof the clinical
condition in infectiousdiseaseswhich, by themselves,have allergic pathogenesissuch as typhoid, mumps,measles,pertussis,etc.
While in thesecasesthe condition itself can be consideredan allergic
manifestationagainstthe infectiousagent as antigen,a 7th day exacerbation in the course of the clinical condition can be interpretedas a second
allergicreaction.This time a new antigenhas to be considered.This appears
to occur with the first allergic manifestation,the new reaction appearing
7 days later. The complex antigen-coagulant-antibodies
responsiblefor the
clinical manifestationsof the allergic condition could representthis secondary antigen. Besides the antiheterogeneous
reaction-+nrymatic and
lipidic-which determine the symptoms of the condition, this complex
inducesthe appearanceof a new group of coagulantantibodiesagainstit.
Around the 7th day after the beginning of the clinical condition when
thesenew coagulantantibodiesagainstthis secondaryantigen appear,they
induce the exacerbationseen.
The existenceof these secondarya.llergicreactionstoward secondary
antigens,often themselvesof allergicnature, explainsmany of the tardive
manifestations
seenin the courseof infectiousconditions.
Pneumococcic P neumonia
This disease,which appearsafter a very short incubation pcriod, has
the characteristicsof a primary or toxic condition, with chill marking the
beginningof the clinical manifestations.Antipneumococcicimmune sera,
correspondingto thc type or even to the subgroupof the etiologic microbe
are curativewhen administered
in time and in adequatedoses.In the natural evolution of the disease,a crisis usually appearson the Sth day. This
correspondsto a marked aggravationof symptomswhich can be so intense
as to lead to death.The term "crisis" indicatesthis characteristicexaggeration of the manifestations.The coincidencebetween appearanceof the
crisis around the 8th day and the moment when allcrgic manifestations
gcnerallyoccur has suggestedan allergicnature for this crisis.
usually, the courseof the diseasechangessuddenlyafter the crisis.
Most of the marked manifestationsdisappearin a short time. This allergic
crisis, with an initial increasein the severityof the condition, is not seen
in patientswho have receivedspecificserumwhich has actedto preventthe
crisis as allcrgic reaction.In pneumoniathe crisis has its beneficialeffect,
a fact which accordswith the conceptthat allergic interventionprovides a
new opportunity to resolvc the interventionof the noxious agent. As we
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have seen,the allergicstagerepresentsa second,more complex method of
combattingantigens.In the caseof pneumococcic
pneumonia,this allergic
defenseeftort is often successful,The evolution of the diseascis stopped.
Diphtheria
We considereddiphtheria,becauseof is characteristicshort incubation
time, to be a typical primary-toxic discase.This is also confirmcd by the
curative effectof its immune serum.However,the diseasehas a manifestation in which we recognizean allergic nature: diphtheria paralysis.with
a usual obligatoryincubationperiod of about g days, and always of morc
than 6 days, diphtheriaparalysisis a typical allcrgic condition. once present, it resistsdiphtheria immune serum,yet it can be efficientlyprevented
by the same senrm. In animals such as guinea pigs and hamsten, such
paralysiscan be induced and its allergiccharacterclearty recognized.The
heatingof toxin at 56"C reducesits direct toxicity without impairing its
antigenicproperties.Administrationof even huge amountsof heatedtoxin
does not produce any immediatetoxic effect. yet the heated toxin, evcn
though it has lost its toxic effect,inducesparalysis,
classically, this para.lysishas been related to a hypothcrical thermostabilefractionof the toxin, with a high incubationtimc. This view does
not agree with thc resultsof our cxperimcnts.When different amounts of
the same heatedtoxin are injectedin guineapigs of the same sex, age and
weight, the incubation time for paralysis,although always above 6 days,
changes,becomingparadoxicallylonger when higher dosesare used. with
great amountsof the heatedtoxin, correspondingto 20,000 lethal dosesof
the nonheated toxin, incubation time becomesas long as 14-17 days in
contrastto 8-9 days for relativelysmall amounts.TesLr XIII showsthis
relationship.
T,rsle XIII
Changes
in theincubation
timeof paralysis
incluced
by diftcrentamounts
of heateddiphtheria
toxin
Arnoutrt used

.5 LD
I L D
5 L D
20 LD
IOO LD
1000 LD
5000 LD
20000 LD
'Onein [our animals
didnotshowparalysis.

Incubation ti,tleurcrage ol 4 anintals
8.33 daysr

8.25
8,00
8.25
9 . 75
I 1.00
13.75
t5.75
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If the paralysis were induced by direct action of a thermoatabilefraction of the toxin, then higher doses of the fraction should reduce, or at
least, not increase the incubation time. This paradoxical fact can be explained simply through the mechanismof allergic pathogenesis.It is a fact
common to immunological reactionsthat an organism has gteater difficulty
in manufac{uring any antibody when very large amounts of antigen are
Presentthan when smaller amountsare involved. This difficulty is translated
into a longer time necessaryfor the appearanceof the antibodies.As seen
in our experiments,in the caseof an a.llergicreaction, this difficulty in the
manufacture of coagulant antibodies would result in a longer incubation
time.
The localization of the auergic manifestation as paralysis can be explained in part through the affnity of toxin as antigen for nerves and in
part through the participation of the nerves in the allergic reaction. The
levels at which the diphtheria toxin acts seem to be tissular, organic and
systemic,with preferencefor the adrenals,inducing characteristicsuprarenalitis. When coagulant antibodies appear, no manifest systemic allergic
reaction will occur with the antigen still present in the blood. The allergy
will be manifest,however,at the lower tissuelevel and especiallyin the
nearby nerves. Antigen must be presentin the nerve at the moment of
appearanceof the coagulant antibodies if paralysis is to occur. This can
be demonstratedby using sensitizingand triggeringinjectionsof toxin in
animals.
we sensitizedguinea pigs to heated and unheatedtoxin by injecting
relatively small amounts intravenously.On the sixth or seventhday, another small quantity of the same toxin was injected, this time near the
sciatic nerve. The total amount of toxin was far below the lethal dose. Two
or three days later, paralysisdevelopedin the injeaed timb in a high proportion of animals while no such paralysiscould be observedin animals
injected only intravenouslyor with the same total amount of toxin at once
in the limb. In other experiments,the daily injection of small amounts of
toxin, whetherheatedor nonheated,near the sciaticnerve, induced paralysis although the total quantity of toxin was much lower than that which
ordinarily would induce para.lysis
in any similar animal. paralysisappeared
in thesecasesafter an incubation period of about 12 days. The animals
sensitizedby one or more injectionsof heatedtoxin respondedto the nonheated as triggering injections and vice versa, indicating that antigenic
propertieswere responsiblcfor rhe paralytic allergic manifestation.
In humans,anti-diphtheriaserum,eftectiveagainsttoxic manifestations.
had no effect upon paralysisonce it had appearedbut is very effective in
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preventingit. The s,unewas true in animal experiments.Injected 24 hours
before the appearanceof paralysis.the serum had a consistent preventive
action. This fact confirms again the allergic pathogenesis
of the paralysis.
In anotherexperiment,we showedthat administrationof cortisone,with
its anti-allergic action, also reducesthe incidenceof paralysis without having the same effect upon the direct toxic action. It can be noted, too, that
among small laboratory animals,diphtheria paralysiscan be induced readily
in guineapigs,lessreadily in hamsters,and not at all in adult rats and mice.
In addition to the sensitivityof guineapigs to diphtheria toxin, this can be
related to the great capacity of theseanimals in general to produce allergic
antibodiesand thus to be subjectto anaphylacticreaction.Basedon these
considerations,we can classify diphtheria paralysisas a typical localized
allergicreaction.
Typhoid
Typhoid, as seen in humans, is an allergic condition with an incubation period obligatory longer than 6 days. However, in experimentalanimals the samemicrobe inducesa condition with a short incubationperid,
a fact which indicatesa primary toxic pathogenesis.
This differencecan
explain the striking difterence in results with immune sera. The literature
emphasizesgreat efficacy in experimentalanimals for various immune sera
prepared againstthis microbe and its endotoxin (Chantemesse,Besredka,
Kitasato, wassermann,etc.), but no efficacyin the human disease.
In our experiments,
whena suflicientamountof microbes,aliveor dead,
was injectedat once, a primary-toxiccondition was induced in guineapigs.
The incubation period was brief. with the same microbe, alive or dead, we
were able to obtain the allergic form in guinea pigs with repeated,daily
injections of small amounts.The ailergic form similar to that seen in humrns was induced. After about 12 days, temperaturestafled to rise and
usually remained high for more than two weeks, even with the dead
microbe if the injectionswere continued.lf living microbeswere used,the
condition continuedeven without new injections.We even obtainedpositive
hemocultureat this time. Under similar conditions,the same allergic form
of typhoid also was induced in rabbits although much less consistently
than in guinea pigs. An antityphoid serum obtained from rabbits showed
activity against the toxic form of infection induced in guinea pigs. It was
entirely ineffective againstthe allergic form when that was already present,
although the total amount of microbes injected over a period of many days
was smaller than was used to induce the toxic form. Injected before the
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8th day, the same serum prevented the appearanceof the allergic form of
the experimental disease.
Tetanus
In the light of our concept, we studied tetanus pathogenesisin an effort
to explain the classicallyemphasizedseparationbetweenthe so<alled small
and big animal disease.(39) In mice, tetanushas a short incubation period
and is manifestedby localized contractions,while the diseaseof so-called
"big animals" starts with trismus after an incubation period of more than
6 days. Based upon incubation times, we consideredtetanus to be the toxic
form in small animals, the allergic form in large animals.
we could, in fact, induce a condition in mice manifested by trismus
and epistotonus,and having an incubation period longer than 8 days, by
daily repeatedintravenousinjectionsof small amountsof toxin. The special
affinity of this toxin for the nervous system,and the strong bond between
nervous tissue and toxin, limited the response to the antitetanic scrum
even of the primary form. If injected in time, however, the antitetanic
serum controlled this primary form. The same serum appearsto be highly
effective in the prevention of the condition in animals which have been
prepared for the allergic form, provided it is administered before the allergic manifestations have appeared. The same senrm is totally inaaive
once the allergic condition is present.
Rabies
Under all circumstances,rabies needsan incubation time of more than
5 days. From our point of view, therefore, it has to be considered an allergic condition. when the rabies virus was passedrepeatedly through the
brains of rabbits, incubation time became continuously shorter and ultimately was fixed at 6 or even 5 days. Classically,this progressivelyshortened incubationtime is interpretedas being due to progressivelyincreased
virulence of the virus after these passages.In the tight of our concept of
the pathogenesis
of infectiousdisease,a reductionof incubationtime is the
result of increasedvirulence onJy in casesof primary direct toxic pathogenesis.In the allergiccondition,which has an entirely differentpathogenic
mechanismwith the incubation period related to the time necessaryfor
the body to producecoagulantantibodies,a shorterincubationwould correspond to a different change.It resultsfrom a greaterfacility of the organism
for manufacturingantibodiesagainstthe infectious agent. In the case of
rabies, a short incubation period of 5 days for a "fixed virus" would mean
that the organism is able to manufacture allergic antibodies more easily,
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and consequentlyearlier. Apparently,antibodyproduction is more difficult
for the "streetvirus" which has a longer incubationtime. The fixed virus
consequentlyappears to be not only a brain-adaptedvirus, but also a
weaker antigen,againstwhich the body and especiallythe nervoussystem
is more easilyable to manufactureallergicantibodies.
The possibility of using the fixed virus as a vaccine in an individual
already infected with street virus can be explained by differencesin the
relationshipbetweenthe organismand the two viruses.Usually the street
virus has a much longer incubation time, indicating that the body needs
much more time to manufacture the allergic antibodies.The same as the
animal is able to make allergic antibodiesin a short time against the fixed
virus, the vaccinatedindividualwill be able to manufacturemore rapidly
also the protectivcneutralizingantibodicsagainstthe same changeclfixed
virus. The neutralizingantibodieswill thus appearearlier and act against
the "street virus" before the organismin generaland the nervoussystemin
particular has made allergic antibodiesagainstit.
It is possible,however,that an additionalfactor may intervenein this
case. In vaccine, we use an allergic complex as it is present in the nervous
system. This corresponds to a further step in the general process of immunity and its presencecould shortenstill more the time necessaryfor
the appearanceof protectiveneutralizingantibodies.
The conceptof rabies,clinical and experimental,as an allergic condition has recent-lyreceivedconfirmationthrough the results obtained with
a specific antirabiesserum (Koprowski). With no curative capacity, this
serum is able to prevent the diseaseif it is injectedbefore the appearance
of the clinical condition,even if onJyshortly before.It helps in caseswhere
no more time is left for active immunity to be establishedby the body itself
as a responseto the vaccine.This passiveimmunity is consequentlyindicated for the case in which vaccinationstarts late. The serum, with no
curative effect once the clinical condition has started, has a preventive
eflect, a fact which accordswith the conceptof rabiesas a condition with
allergic pathogenesis.
Syphilis and Tuberculosis
Syphilitic chancre has the characteristics
of an allergic condition. The
first lesion,often a small blisteron a noninduratedbase,showsa minimal
reaction in spite of its richnessin treponemas.It is only after an incubation
of about 9 days that the intensivereaction appears,with the characteristic induration. Becauseof this, tle chancre can be consideredto be a
specificallergic manifestation.The positive lutein reaction also corresponds
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to an allergic response.The appearanceof secondarymanifestations also
can be indicative of allergic pathogenesis,but with another antigen than
the treponema involved.
Severalpossible antigens have to be considered.One would consist of
constituentsof the microbe itself againstwhich the body needsalmost one
month to manufacturespecificcoagulantantibodies.Another antigen would
correspondto constituentsof the body itself becoming heterogeneousunder
the influenceof the treponema.A lipido-proteinicantigenseemsplausible.
Complement fixation, flocculation, and other diagnostic tests for syphilis
use antigenswhich are not directly obtained from the microbes but usually
correspondto lipido-proteic fractions of organs,such as heart. In the origlnal reaction of Wassermann,the antigen was an extract from organs rich
in treponema,such as the liver of stillborn infants with heredosyphilis.
This would favor the hypothesisthat a secondaryantigen is involved and
that it has its origin in the body constituents heterogenizedthrough the
influenceof the spirochetae.A similar antigenwould accountfor the pathc.
genesisof the secondarymanifestations.By extending this concept, the
tertiary lesionsand parasyphiliticmanifestationscan also be seento be of
similar allergic pathogenesis,with other newly formed antigensinvolved.
Secondaryantigens would conceivably develop in tuberculosisas well.
White the primary tuberculouschancrecan be seen as an allergic manifestationhaving the lipido-protein of the microbe as antigen, the cavern
formation can be attributedto a secondaryantigen.
It appears highly probable that it is these "secondary" antigens,together with the inability of the organismto manufactureefficient immune
antibodies,that keep the defensein the allergic stageand impart to both
tuberculosisand syphilis not only their chronic character but also their
clinical gravity. The allergic pathogenesis
explainsalso the inefficiencyof
all the tentativesto obtain sera againsttheseconditions.
Streptococcal I nl ections
Erysipelasand many other streptococcicinfectionsappear as primary
toxic diseaseswith a short incubation.Active immune sera in sufficient
amountsinjectedin time give good results.Often a marked changein the
symptomsis seen toward the Sth day, a fact which could be considered
to indicate passageinto the allergic phase.Many other manifestationsof
streptococcal infections, such as those seen in rheumatic fever, can be
consideredallergic.
The glomerulonephritiswhich appearsas a complicationof scarletfever
or of pharyngealstreptococcicinfection is especiallyinteresting.While a
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change in gencral symptomsin theseinfectionsis seen toward the ltth
'l-he
day, this complicationusuallyappearstoward the 24th day.
intervention of a secondaryantigenresultingfrom the bond betweenlipids and thc
renal tissuescan be hypothecatcdin the light of studics concerning immunologica.ldefense processesagainst tissues,which we present in the
following pages.
We do not want to leave the problem of infectiousdiseaseswithout a
few more words about the use of lipids in the defensemechanismagainst
microbes.The fact that lipids liberated in the first defenseresponsesare
bound to microbes and intervene in this complex form to promote the
appearance
of higherdefenseprocesses
has led us to use similar bonds in
order to stimu.latethis defense.We have seenabove how lipids other than
thoseofferedby the infectedorganismcan be used.The injectionof killed
microbes treated with lipoacid from hetcrogeneous
sources,such as from
speciesnaturallyrefractoryto the microbe.hasenhancedthe defensemechanism. Microbestreatedwith lipoacidsof the tuberclebacilli or of Bixa
orellana were seento induce a strongspccifica.llergicresponse.
Interestingresultswcre obtaincdthroughthe usc of insaponifiable
fractions bound to the microbes.The fractionsobtainedfrom refractoryspecies
appearedto be most effectivein enhancingthe defensemechanismin general. The insaponifiablefractionsobtainedfrom the entire body of rats,
animals refractory to most infections,gave the best resultsfor most of the
infectionsstudied.
in addition to using killed microbestreated
In these investigations,
with lipids in vitro, we employedanothermethod to treat the microbes.
Lipoids were added to the media in which the organismswere grown.
Somc of the lipoids were seento increase,and othersto decre:u;e,microbial
virulence.Killed and usedas vaccinesin casesof resistantinfections,these
lipoid-treatedmicrobeswere seen to induce more eflectiveimmunization.
Experimentsin progressindicatethe possibilityof using such microbes
-and even virusesso treated-to obtain long-lastingimmunity. Microbes
with very reduced virulence are used as live vaccines.Their capacity to
induce effectivedefenseresponsesin a short time also his led to their use
as "late" vaccines,i.e,, vaccineswhich can be administeredduring the
incubationtime of an infection.As thesestudiesare still in progressan
evaluationof the resultsis not yet possible.
An interestingaspect of the influenccexerted by lipids upon microorganismsis their use in producingqualitativechangesin antibiotics.Prcliminary researchshowsthat the addition of lipids of the microbesagainst
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which more active antibioticsare sought seemsto alter the antibiotics
that they have a higher degreeof specificityagainstthesemicrobes.
IMMUNOLOGICAL DEFENSE AGAINST
CELLS AND TISSUES
Heterogenizationof the Transplants
It is known that the introductionin a normal subjectof cells or tissuesfrom
an animal of another speciesor even a transplantfrom thc same spccies
will induce the appearanceof defenseprocesses.These differ with the degree of heterogeneityof the transplant.Experimentally,we can vary this
degreeof heterogeneityof transplantedcells and study the different responsesin the frame of the normal and abnormaldefensemechanism.
For the highly heterogeneous
transplant,such as cells or tissue of a
strangespecies,a primary responseoccurs, with liberation of hydrolytic
enzymes and lipids. If sufficiently strong, this response will destroy and
eliminate the transplant. If the transplant is moderately heterogeneous.
such as one from an individual of the same species,the primary reaction
is milder so that the transplantedtissuesurvivesthis attack. It will. however, be killed and rejected with the appearanceof the second defense
stage,i.e., that of the allergic reaction.The damageto the transplantcan
be attributedto the antiheterogeneous
reaction,which this time appearsto
be directedtoward the product resultingfrom the bond betweenthe transplant and tissueallergic antibodies.
For a still less hetcrogeneous
transplant,such as one from young animalsof the samespecies,
the two defenseresponses
arc nrild. However,the
transplantis often destroyedthrough a later interventionof immune antibodies. This is seen to occur after some months for organs or for cell
transplantssuch as bone marrow cells for the treatmentof severeradiation
damage.In these cases,the defensemechanismwhich intervenesmonths
after grafting can be correlatedto the immune stage.An autograft,which
is a perfectly homologoustransplant,usually will survive. The fate of a
transplantthus appearsto be determinedby its heterogeneity.
This heterogeneity, howcver, does not result only from the differenceswhich exist
betweendonor and receiver.Even an autotransplantcan be heterogenized
by surgicalmanipulation,heat or other treatment,or by changingits organizationalrelationshipto other entities.to such a degreeas to be destroyed
by an immune, allergicor even a primary defenseresponse.
The heterogeneityof the transplant-intrinsic or induced by the appli-
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cation of external agents-represents only one factor which determines
the nature of the defense processes.Another factor corresponds to the
changesin the antigen or constituentsinduced by the intervention of prifl&rJ, allergic or even protective irnmunological reactions. The study of
the defense reaction against the organism's own tissues or cells heterogenized by previous immunological responsesis of special interest, in view
of the role of such heterogenizedentities in a more complex defensemechanism. The organism often heterogenizesits own entities through the agents
used in the defense against foreign entities. primary, allergic and even
immune reactions induce various degreesof heterogenizationof the organism's own constituentsat various levels of the organization.
Through the intervention of hydrolytic enzymes,lipids, allergic antibodiesor even neutralizingantibodies,differentchangesin an organism's
orvn entitiescan be induced.From these,the heterogenization
of body entities by lipids was studiedin particular.The heterogeneous
effectof lipoacids
could be shown in many experiments,
as in the following: Suspensions
of
cells of differentorgansof guineapigs,in a concentrationof I gram of cells
to l0 cc.of saline,were prepared.At the sametime lipoacidsuspensions
in
saline were obtained starting from ZVo solutionsof different lipoacids in
alcohol. Four weekly administrations
to guinea pigs of the separatecell
suspensions
or of the lipoacid suspensions
were not followed in most of the
animalsby any seriousmanifestations.
A heterogenization
of the cells was
obtainedthroughthe actionof the lipoacidsuspension
upon the cetls.While
one singJeinjection of the so-treatedcells showed no noxious manifestations, consecutiveinjectionsat weekly intervalswere seento induce,in less
than a month, importantchangesgenerallyconcerningthe respectiveorgans
from which the cellsderived.
The lipoacid-cellcomplexactsas an antigen,with the type of cell determining the organ where the abnormal changeswill occur, and the lipid
determiningthe characterof the occurring reaction.Depending upon the
lipoacid, the effect will vary from minimal tissular lesions all the way to
changesleadingto death.
massivedegenerative
The degreeof heterogeneityof the lipoacid appearsto be one factor
which determinesthe stageof defenseinduced.Oleic and linoleic acids,and
the lipoacidsfrom human placenta,cow liver or total body of guinea pigs
had a slightereffect in inducing organ lesionsthan the lipoacids obtained
from Bixa orellanaand especiallyfrom the tuberclebacilli which led to
seriousdamagein the respectiveorgans.Tuberculinacting upon the cells
had the sameeffect as lipids obtainedfrom tuberclebacilli.
Through variations in the nature of the autogenousfactors-hydrolytic
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enzymes,lipids, allergic antibodiesor even immune antibodies-a graduated seriesof changesin an organism'sown entities can be induced. of
the factors which intervene in the heterogenizationof such entities, we
have studiedthe lipids in particular. An antigenicrole for lipoacidscould
be shown in many experiments.For example,suspensionsof red cells or
cellsof different tissuesof guineapigs in a concentrationof I gram of cells
to l0 cc. of saline were prepared,At the same time lipoacid preparations
wereobtainedin the followingmanner.5 cc. of a Z% solutionin alcoholof
difterentlipoacidsor mixturesof lipoacidswere added to ll0 cc. of water
and the preparationboiled under low pressureuntil reducedto 100 cc.
The cell suspensions
were administeredto guineapigs in four injections
at weekly intervalswith no seriousmanifestations.
The same was done for
the lipoacidsabove. A preparationwas obtainedthrough the action of the
lipoacidsupon the cell suspensionin the following manner. 5 cc. of the
colloidallipoacid aqueoussuspension
were addedto 5 cc. of the suspension
of cells of different tissues.To 5 cc. of red cells, only I cc. o[ the lipidic
suspensionwas added. The mixture in each case was incubated for two
hours at 37"C and centrifuged.The cellular residues,separatedfrom the
supernatantfluid, were resuspendedin saline zr.ndkept frozen. While one
injection of the so-treatedcells showed no noxious manifestations.consecutiveinjectionsat weekly intervalswere seen to induce, in less than a
month, manifest changesin the respectiveorgans. with the red cells, a
marked anemia was induced. oleic and linoleic acids, and the lipoacids
from human placenta,cow liver or total body of guinea pigs had only a
slight effect in inducing organ lesions.The lipoacids obtained from Bixa
orellana and especiallyfrom the tuberclebacilli led to seriousdamage in
the respectiveorgans and resultedin death usually in less than 3 weeks.
Tuberculin in thesecaseshad the same effect as lipids obtained from tuberclebacilli.
The degreeof heterogeneityof the lipoacid appearsto be the factor
which determinesthe stageof defenseinduced,The lipoacid-cellcomplex
acts as an antigen.with the type of cell determiningthe organ where the
abnormal changesoccurs, and the lipid determiningthe character of the
occurringreaction.Dependingupon the lipoacid. the effect will vary from
minimal tissularlesionsall the way to massivedegenerative
changesleading
to death.
The intervention of a bond betweencells and lipids app€arsevident
when acid lipid preparationsare injected repeatedlyat week.lyintervalsin
the sameorgan. Lesionsare obtainedwhich are similar to but lessintensive
than thoseproducedby the cell-lipoacidcomplexes.
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It was highly interestingto note the differences
in lcsionsdependingon
the origin of the cells injected.Zones of necroeis.often with subacute
cellular degenerationand even with inflammatoryprocesses.were induced
by not too heterogeneous
fatty acids.Acute glomerulonephritis.
Iiver degeneration,pneumonia,enteritis or encephalitisresulted from repeated
injectionsof cel.lsfrom kidney, Iiver. lungs, intestinesand brain treated in
vitro with bixin, lipoacidsof tuberclebacilli,lipoacidsof fish or even fatty
acid mixtures of cod liver oil.
Against tissuetransplants,injectionsof the host with lipoids with negative character-such as fatty acids.mixture of lipoacidsof differentorigins,
and lipids with SH or SeH as polar groups-have exaggeratedall phasesof
defenseprocesses.
skin transplantsbetweensiblings,which usuallygive a
high percentageof acceptedgrafts,were rejectedcompletelyafter treatment
with some of theseagents.The degreeof heterogeneityof the agentsap
peared particularly interesting.with lipoacids of the same species,very
higl doseswere requiredto induceonly minimal changcs.on the other
hand, preparationsof lipoacidsof fuh, mollusk, molds and microbesproduced marked effects.Transplants treated with these preparationswere
rejected or absorbedafter eight or more days. Seldom was an immediate
rejection seen.
Even more interestingwere the resultsobtainedby direct action of the
lipids upon transplants,achievinga bond betweenthem. For theseexperiments, the agentswere usedin oil solutionsas weUas in salinesuspensions.
Transplants were dipped into diflerent preparations.Even autografts if
treated with lipoacidsof the same speciesoften werc rejected.This took
place even after more than three weeks.when more heterogeneous
lipoacids were used, such as those obtained from other species,autografts
were rejectedas completelyas transplantsof the same species,i.e., around
the eighth day. This also occurred with relatively heterogeneousagents,
such as the lipoids of microbes,especiallythose of the tubercle bacilli.
with still more heterogeneousagents,such as lipoids with SH or seH
polar groups, the treated transplantswere rejectedthrough an immediate
direct inflammatoryreaction.
The influenceexerted by injectionsof the opposite group of ripoids
with positive character was in the opposite direction. The percentageof
acceptedtransplantswas increased.
By dipping skin transplantsof animalsof the samespeciesin preparations of the insaponifiablefractionsof the species,the percentageof persistentgraftswas highly increased.ln someexperimentsall the transplants
between siblingswere positive.Even betweendifferent strains of mice,
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such positive results were obtained. The treatment of transplants with
butanol alone was not effective.Adding butanol to the preparationof insaponifiablcfractions,however,enhancedthe effectof the latter.
The most interesting results were obtained by cross-treatment-in
which the transplant was treated with the insaponifiablefraction of the
strain of the host and the host with the insaponifiablefraction of the donor.
An unusual number of positive grafts were obtained between strains of
mice and, in exceptionalcases,even betweenspecieswhen a mixture of
the two preparationsof insaponifiablefractionsof the donor and host was
usedfor the treatmentof both transplantand host.
Even more interestingresultswere obtainedwhen, in addition to these
treatmentsof transplantand host, anothertreatment-that of the "bed" of
the transplsnf-"rin5added.The wound receivingthe transplantwas soaked
with the mixture of insaponifiablefractions. Often aJter the graft, treatment with the fractions was continued through small injections into the
bed of the transplant.Injections into the transplant itself, if possible,increasedthe number of positiveresults.
Before pursuing further the study of these interestingproblems, an
analysisof another aspectof the responseto hcterogenizedmatcrial has
appearednecessary.It concernsthe interventionof different levels of the
organizationin the defcnsemechanism.This was seen to vary according
to the degreeof heterogeneity
of the transplant.The defenseprocessesthus
can be limited to the heterogenized
entity or to entitiesof the samelevel.
or they can extcnd far into the hierarchic organization.With a highly
heterogenizedmaterial, a broad hierarchic reaction occurs with several
superiorlevels intervening.In thesecasesprimary enzymaticor prolonged
processes
involve the tissular,organicand systemiclevels.With lessheterogcnization,the ensuingprimary reaction is not strong enough to destroy
and eliminatethe heterogenized
entitiesand an allergicreactiontakesplace.
This involvcsother levelssuch as tissularand even organic.With still less
intensiveheterogenization,the defenseremains localized at the affected
level itself and is weaker.With the defenseinefiicientin its primary or allergic stages,a protectivestagebecomesnecessaryin order to take care of
the heterogenized
entities.
The analysisof many conditionsindicatesthc importanceof the different factorsfor the developmentof the clinical manifestations.
Seventh Day Manilestations in Trauma
we have studied these defensereactions for trauma, the degree of
intensityof the trauma indicatingthe extentof the exogenousheterogeniza-
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tion. Very intensivetrauma can produce a lethal superacuteshock which
corresponds,as we shall see below, to a generalizedprimary response.A
less intensive trauma may induce a tissular necrosis with consecutive
sloughingas a localizedprimary defense.A still less intensivetrauma may
induce an allergic tissular response.The importanceof these changesfor
clinical manifestationsis such that it appearsnecessaryto emphasizethem.
After surgery,for instance,a slight temperatureelevationis often observed
betrveenthe 7th and 9th day, This has to be interpreted as an allergic
reaction. When intensiveenough, this allergic responsewith the ensuing
l}tic action passesfrom thc tissular level to the higher level of the blood
vesscls.Along with inflammation and pain, local hemorrhagesoften appear. Severehemorrhagesoccur at this time after various traumatic incidents. The most disturbing complicationsfor plastic surgcry of the nose,
for instancc,are the sevcre "7th day hcmorrhages."The fact that they
start at this critical moment indicatesthcir allergicpathogenesis.
The study
of theseallergicchangeshas shown that they occur in the evolution of all
traumatic lesions. They can occur and remain clinically inapparent and
uneventful,as seenin the followingexperiment.
In groupsof rats of the samesexand agekept under similarconditions,
parallel skin incisions 3 cm. long at t/z cm. intervals were made. The
lesions were excised at differcnt times and chloride content determined.
Fig. 78 shows the curvc of averagevalucsof the total chloride content
of theseskin woundsin goups of six animalsfor each day. It can be seen
that intcnsivelocal chloride retentionoccurswith the first <lefense
reaction,
with valuesas much as four times greaterthan thoseof normal tissues.On
the third day, chloride content falls. It goes below normal tissue values
after thc fifth day during the hcarlingprocess.However, in an othcrwise
regular curve, thcre is a distinct temporaryincreasein chloride content on
the 8th day. Its occurrenceat this time, when coagulantantibodiesappear,
indicates its allergic nature.
The same allergic pathogenesis
explainsthe exacerbationof symptoms
seen about the 7th day in many conditions.In patientswho have suffered
a myocardialinfarct, for example,recurrenceof pain is often scenthe 7th8th day aftcr the infarct.
Part of the effectsof chemical,physicaland hormonal agentscould be
interprcted in terms of influenceexerted upon thc different factors which
intervenein the defenscmechanism.Someagentssuch as opium derivatives
were seen to affcct the liberation of hydrolytic enzymeswhile others interfere with the manufactureof allergicor immune antibodies.The influence
exerted by radiation upon the defensemechanismcan be related to its
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Flc 7E. Wound chloride ctrrve. The curve of the amount of the chlorides present
in skin wounds in rats correspondsto the average value obtained in 6 rats for each
figure. A first phase, with high values correspondsto tbc offbalance D. This is followed by a second phase characterizedby an offbalanceA. A variation in the curve
correspondingto the 8th day is constantly seen as corresponding to an allergic reaction. The values representmgs. of chlorine per 100 gr. of weight of the wet malerial.

effect upon granulocytesand lymphocyteswhile neoglucogeniccofticoids
affect the connective tissueand lymphocytes.
Researchin all these directions is still in progressand the results will
be communicatedin further publications.
For the time being,they havebrought more information and suggestions
of researchin the specialcaseof the immunologicalproblem of cancer.
IMMUNOLOGICAL

PROBLEMS IN CANCER

We usedthe data obtainedfrom the analysisof the defenseprocessagainst
cells and tissuesin the study of the immunologicalproblem of cancer.The
different canceroushierarchicentities,as defined previously may be con-
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sideredto correspond,up to a certain point, to heterogeneous
entities-the
grafted tumors to transplantsand the spontaneoustumors to heterogenized
entities of the individual.
We tried, in a first seriesof experiments,to follow the interventionof
the differentmechanismsof defenseon graftedtumors in animals,employing transplantsof various degreesof heterogcneity.Different types of tumors were used. Highly heterogeneous
tumors obtainedfrom speciesother
than the host would not grow when transplanted.The death of the transplant. even its rejection if mechanicallypossible.occurs in a short time.
The necrosisof the transplantand the relativelywide inflammatoryprocess
that developsaround it immediatelyafter the graft indicatethe intervention
of the first stageof the defensereaction from the cellular to the organic
level.
with a secondgroup of tumors, usuallyfrom the same speciesor even
moderatelyheterogeneous,
the grafts take and the tumors grow for a time.
often, around the 8th to the l5th day. the transplantstarts to show pro
found changes.The changesaffectthe entire tumor which involutesrapidly
and is often expclled.That this is due to allergicreactioncould be shownby
the following experiment.Fragmentsof the samekind of tumor which had
been obtained from different animals were transplantedat 2 to 3 day intervals in the same host. In spite of the different agesof the transplants,
the death and rejection of all occurred at short intervalsand in the same
manner, indicatingthe interventionof a mechanismtaking place in the
host and relatively independentof the evolution of the transplant itself.
Such a mechanismwould be the interventionof allergic antibodies.
In a third group of grafts of low heterogeneity,
the tumors continue to
evolve for an even longer period of time, and it is only in a few animals
that these tumors are entirely rejccted.This change,which consistsof
cytolysisof the tumor, takes a certain time to be completed,which indicatesthat it probably resultsfrom the interventionof protectiveantibodies.
The first and the seconddefensemechanismsappearedto be inadequateto
conquerthe tumor and it was the third stage,with formationof protective
antibodies,which apparentlywas able to accomplishit. This mechanismis
confirmedby the fact that later grafts are negativefrom the time they are
transplanted,through cytolytic changesin the tumor and not through an
intensiveinflammatory processas seen in the primary reaction. The immunologicalnature of the defensein thesecasescould be seenalso through
the passiveimmunity which could be inducedin other animals with the
serumof the host.
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Grafts in Humans
The grafting of cancerouscells in normal humans usually leads to the
appearanceof a growing tumor which (315) after a period of days, almost always sufters the same fate as a moderately heterogeneoustransplant: death followed by resorption or expulsion. The time when this processo@urs indicatesthe allergic natureof the defensemechanism.It is highly
probable that, without the intervention of this efficient allergic defense,the
cancerousprocess would have continued to evolve.
Such continued growth occurs if grafts are made in subjects already
having their own cancerousprocess.This would indicate that the allergic
defensemechanism against the graft is no longer operating in these cases.
The fact that a canceroussubject acceptsa new tumor graft while the
normal one rejects it indicates that defenseprocessesare different for the
normal and this canceroussubject.The inability of thesesubjectsto reject
a grafted tumor through an alleryic responseappears to be the major immunological difference between the normal and the cancerous subject. Still
more important is the fact that in cancer patients,the anomaly would correspond to a lossof the capacity to reject the grafted tumor which the normal
subjectseemsto have.
In trying to determine the nature of the immunological anomaly in the
evolution of a spontaneouscanc€r in patients, we have to relate it to this
loss of the defenseprocessesas seen above.
In studying this occurrencein general,a loss of defenseagainst:rn antigen can be conceived to occur for any of the three different mechanisms
involved in defense:primary, allergic or protective.In caseswhen this takes
place, the loss of the protective stagewill take place first. The allergic defense will be affected next and finally, the primary response.This explains
why the inability of an individual to achieveone stageof the defenseleaves
the defenseresting in the immediately previous stage.The inability to manufacture protective globulinic antibodies,for instance, will leave an individual in the allergic stagewhich, in the developmentof defense,preccdes
manufactureof the immune antibodies.This results in a potential allergic
condition if the antigen is absent or an actual allergic condition if the antigen is present.We have seenthat this occurs in most of the chronic infectious conditions.Similarly,with the inability of an organismto manufacture
coagulantantibodies,the defenseremains in the previous defensestage,the
primary lipidic one.
Before going further, we have to discussa factor believed by many
authon to be involved also in the defensemechanismagainstcancer. A few
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yearsago, the defensemechanismin generalhad beenrelatedto the properdin system.Howcver,whenconsidered
in termsof the systematization
of thc
defenseprocesses,properdin has to be regardedas a nonspecificdirect antinoxiousreaction.It appearsto be involvedin the antiheterogeneous
defense
response,appearingafter the enzymatichydrolytic attack and at the bcginning of the prolongedlipidic intervention.
The decrease
in the properdincontentof thc blood of subjectswith cancer has causedvarious authors to try to explain through it the differences
in the reaction of cancerousand normal subjectstoward a new transplant.
The analysisof the conditionsunder which this occurs,however,has shown
us that the anomaly does not residein the antiheterogeneous
processesof
defense,which are the same againstantigen and allergic complex, but in
the allergic reaction itself. From the immunologicalpoint of view, the differencebetweena normal subjectand one with invasivecancer residesin
the loss of capacity to induce the secondtype of defense,the allergic,toward the canceroustissue. Correspondingto an inability to manufacture
coagulantantibodies,this deficiencywould explain the lack of respective
antiheterogeneous
reaction toward the antigen-coagulant-antibodies
complex and consequentlythe low blood content of properdin seen in these
cases.
Failure of the allergic defensemechanismspecificallyagainst cancer
entitiesneed not mean generalfailure of allergic defense.The failure may
be limited to inability to manufactureallergic antibodiesagainsta specific
antigen.We have seen,especiallyfor the infcctiousdiseases,that primary
and allergicprocessescan occur with great intensityand still not be qualitativelyefficient.The agent,the microbe,for instance,can still rcmain present despiteeven violent ailergic reactions.The mere presenccof defense
processes
does not implicitly mean successful
defense;they may be qualitatively insufficient.
In cancer,if the allergicdefcnseis insufficicnt,
two eventualities
havc to
be considered:either the organismin generalcannot passinto the allergic
stageof defenseand thereforeis unableto manufactureallergic antibodies,
or this responseis only qualitativelyinsufficient.In thc latter casc,the general and even local reactionscould be quite intensivebut still be ineffective.
This seemsto occur only in certain forms of cancer such as those with a
high inflammatoryprocess;for instance,in the inflammatoryform of breast
carcinoma.As this cancer starts and evolvesas an acute mastitis,very intensive defensiveprocesses,apparentlyonly of the primary stage,occur.
But they are unable to check the diseasewhich usually cvolveseven more
rapidly in these cases.This is also true for other cancerswhere fever is
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present,indicatinga prolongedprimary, toxic stage.The lack of local reaction seenat the site of the growing transplantin the canceroussubject at
the time when the normal individual kills or rejects the transplant points
to the fact that the anomaly residesin qualitative inability to manufacture
allergicantibodies.
The next problem was to investigate the reason for the failure of
allergic defense against the tumors. we could show that the cancerous subject has not lost the capacity in general to manufacture coagulant antibodies.Even subjectswith very widely spread cancer were able
to respondwith a local skin allergicreactionto a secondinjection of an antigen (proteins from mollusks) made more than ten days after a first preparatory one. (Note 7) Their inability to fight transplantedcancer cells
through a similar allergic reaction indicatesthat the loss of this capacity
is not generalbut relatively specifictoward the cancerouscells. The lack
of an intensive inflammatory process, as well as the existence of high
amountsof lipids in the canceroustissue,also would indicateindirectly an
inability of the canceroussubjectto resolvethe existing immunological
problem of fighting cancer through an allergic reaction. The presenceof
large amountsof lipids indicatesthat thc defensemechanismhas been
arrested in the stage of pronounced lipidic predominance. Abnormal
amountsof lipids thus could representan indirect meansof recognizingthe
failure of an allergic responseto cancerousentities.
The next problem was to try to determinewhere in the organization
the failure occurs.The different levelsof the organizationare independent
to a certaindegreeand passageof an abnormalityfrom one level to another
induceshierarchicprogressionof the condition. This has posed the problem of the progressiveloss at the differentlevelsof the natural capacityto
defend againstcancer. Recently many investigatorshave shown that cancer cells passinto the lymphatic systemand into the generalcirculation in
a much higher proportion than had been suspectedbefore. Malignant cells
in the circulation are destroyed,however,by the defcnsemeanswhich are
not lost at this level.The samepatientthus may still have an activelygrowing cancerat the tissularlevel,indicatingthat this defenseprocess,although
successfulfor the higher levelsof the organization,does not interveneat
this lower level.
The hierarchicprogressionof cancercan be seenas a proefessiveloss
of the immunologicaldefensecapacity.while the organism conservesthe
capacityto fight at a higher level, a lower hierarchicentity no longer opposesthe cancerouscondition. It is not the absenceof cancerouscells in
blood or organs which explainsthe lack of an explosivespreadof the dis-
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ease,but the presenceof efficientdefensemeansat theselevelswhich keeps
a cancer still localized.
Metastases
The relativeindependence
in the lossof the defensecapacityof different
entities would explain one of the most baffing problems of cancer-why
certain cancerstend to metastasize
to certain organsor tissues.Somecancers show bone metastases,
othersspreadto many organs,while still others
spreadonly to certain specificorgans.This can be explainedby a loss of
the defensecapacityat the organ level. While some organslose,others still
maintain their allergicdefensecapacity.The circulatingcancer cells will
inducemultiplc metastases
in the first but will not be able to take hold in
the latter.
A similarmechanismcan alsoexplainthe persistence
of inactivecancer
cells for years after an operation.The defensemechanism,while it is not
able to aftect the cells and destroy them, is still sufficientlyactive at the
tissular level to prevent the condition from progressingat this level. The
canc€r cells will start to invade this level only when the tissular level is
unable to defend itself further through an allergic responseagainstthe invading cells. By losing its allergic responsecapacity,the tissular level will
even exaggeratethe correspondinglower primary stageof defense,that is,
the prolongedlipidic phasewith the consequentchangeswhich this brings
on. Among them would be the appearanceof pain.
Under thesecircumstances,
the generalimmunologicalcondition favorable to the hierarchically progressivedevelopmcntof cancer has to be
regardedas the loss of the capacityof the different levels for an effective
allergicresponsetoward cancerousentities.The immunologicalproblemof
cancer consequentlyappearsin a speciallight, different from all the other
known conditionswherean unsuccessful
immunologicalresponseis present.
In the other conditions,the problem of the inability to conquer an antigen
is one involving the incapacityto mobilizeor developan eftectiveimmunological response.In cancer,the body appearsto have lost a previouslyexisting capacitythat was presentbeforethe diseaseappeared,In other diseases,
the immunologica.lproblem is to create a new and favorable condition in
the fight againstan antigen,by developingmeanswhich do not exist in the
normal individual. In cancer. the immunologicalproblem would be to
prevent the loss of a property possessed
by normal subjectsor. if already
Iost.to find somemeansto regainit.
Theseconsiderations
and the study of the differentfactorsinvolvedin
the developmentof the progressive
defensestagehas led us again to the
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role of the lipids in these processes.The appearanceof a stage in the
defense mechanism seems to be strongly related to the frrlfillrnent of
the qualitative requirementfor the previous stage.Deficiency of essential
factors in one stage representsan impediment for the next stage. In the
case of cancer, failure of the specffic allergic phase thus could be traced
to a qualitativelyinadequateprecedinglipidic phase.A level is unable to
surmountan allergicdefensebecausethe lipids which can mobilize arequalitatively inadequate.Even abnormal richnessin lipids thus could be interpreted as resulting from their qualitative inadequacy.This very excess
indicatestheir importance.
Imntunological Therapeutic Approach
The fact that effectivedefenseresourcesare present at a highcr level
does not mean that they inevitablywill act at a lower level.
This view of the abnormal immunological processesin cancer has
pointed the way for some new therapeuticapproaches.From the therapcutic point of view, the problem becomesone of how to induce the body
to regain, at the necessarylevel, the lost immunologicalcapacity,and
througha specificallcrgicdefense,to combatthe cancerousentities.Furthermore, sincethis specificallergicdefensecapacityis lost independentlyby the
various levels of organization,the immediate problem would be how it
could be recoveredfor the particular level where the loss occurs. The existenceof adequatedefensecapacityat a higher level, such as the systemic,
docs not provide a solution for cancer presentat lower levels such as the
tissular,becauseof the independence
which exists betweenlevels.only
the manufactureof coagulantor immune antibodiesagainstcancer at the
proper levcl would put the individualin a sufficientlyactivedefensephase
to enablehim to resolvethe condition at that level.
The problem of immunity at the proper level thus appearsto be critical
for any immunologicalattack againstcancer.It is evident in other conditions as well and has inspired the use of local vaccination in localized
infcctiousconditions.( 307, 308)
The study of immunity againstviruseshas permitted us to recognize
the importanceof immunity at differentlevels.Virus infection is a typical
cellularcondition,the virus multiplyingonly within a cell. Theoretically,an
immunity at all levels can be induced for viruses.According to the view
discussedabove,however,a systemicimmunity with circulating antibodies
will not insure a cellular defense.It would interveneonly when the virus
is passingthrough the systemiclevel and its activity would last only during
the time when circulating antibodiesare present. During this time, the
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virus will be prevented from reaching the cells. Once tbe circulating antibodies iue no longer present, the cells cease to be protected. For an efficient defenseagainst viruses an immunity within the cell appears thus to
be indispensable.The use of dead virus vaccine will induce only systemic
immunity, which can be recognizedthrough the circulating antibodies. It
is unlikely that the killed virus enters the cells. It does not aftect them,
and consequentlydoes not induce cellular immunity. Even a mild cellular
infection with living virus will give the necessarylongJasting cellular imrnunity. This would explain the need for living and not killed vaccinesfor
viral infections, as first postulatedby Pasteur.
A similar level immunity can explain the differencesseen between the
immunity resulting from the use of microbial vaccines and that produced
by natural disease.Typhoid infection gives lifelong immunity; the vaccination, only relative and temporary immunity. An explanation can be found
in the fact that, in the disease,along with the septicemia,manifestchanges
occur in organs and tissues.Spleenand lymphatic tissuesare highly affected
in typhoid and it is possible that the developmentof the defense at their
level would explain the lifelong immunity that follows the natural infection.
rn cancer, the problem would be to induce not a systemic defense,
which is still present for invasive cancer, but an effective tissue or even
cellular defense.Immunologicaltreatmentof cancer would have to make
tissular and possibly cellular levels regain their capacity to defend themselves through efficient allergic responses.The immunological prevention
of cancer would lie not in the creation of this defenseor in increasingit
quantitativelybut enhancingit qualitatively.A successfulallergic defensc
at this level apparently would have a preventive and even curative effect.
The use of lipids in the induction of the defensemechanismagainsttissues
has an interestingapplicationin cancer.A systemictreatment with lipids
or lipoids can change the defenseresponseso that it can be effective at
a specific level where it is otherwise inadequate.For invasive cancer, the
lipid activity must be induced at the cell level. The active lipoids for this
purpose are those with a high affinity for the cancerouscell.
As abnormal cells in general show similar capacity to bind the lipoids
administered,this general affinity becomesa handicap if abnormal entities
other than cancerouscells are present. These considerationshave led us
to attempt to use methodswhich will insure the activity of lipids at the ccll
level.
In one of these methods,the chosenlipoids are brought directly into
contact with cancerouscells through local injections into the tumors. SingJe
injections produce only limited changes in tumors. Local injections re-
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peatedso as to insure the presenceof the lipoids once, and then again 15
days later, are required to induce an eftective response.The lipoids or
lipids are so chosen that, when bound to body constituentsthey will induce allergic or immune defenseresponses.The acid lipids of tubercle
bacilli, bixine or guinea pigs are especiallyprone to induce allergic reactions,while the lipids of microbes-such as coli, typhoid or diphtheria
-produce immune responses.
In another method, lipids chosenwere bound to cancerousentities in
vitro. Cancerouscells were obtainedand treatedin vitro with lipids under
whoseinfluencethe body is able to manufactureallergic or immune antibodies. colloidal suspensionsof the lipids or lipoids were prepared as
mentionedabove,mixed with suspensions
of cancerouscells, kept at 37.C
for a few hours, then separatedfrom the non-fixedlipids and injectedinto
patients. In order to obtain good results it was necessaryto inject this
material at least twice, at an interval longer than two weeks, in order to
insurean allergicreactionagainstthc cell-lipidpreparation.While a single
injection produced good resultsonly in a very small number of cases,repeated injections were manifestly more effective.When canceroustumor
cells could be obtained through biopsy from the patient, we used thenr
for the in vitro treatmentwith lipoacids.when biopsy material was not
available,we used cancerouscells of similar origin as the tumor of the
subject,preferablypooled.
The condition for successof these methods has appearedto be the
presenceof the cell-lipidcomplex at the moment of appearanceof antibodies. This is assuredonly by the repetition of the injection. Another
interestingaspectof the immunologicalproblem in cancer, related to loss
of the natural defensemechanism,is the loss by cancerentitiesof their
capacity to utilize certain elements known to intervene in the defense
mechanism.The role of magnesiumin the properdin system, copper in
cytochromeoxidase,of calcium in generaldefense,suggestsa correlation
betweentheir deficientutilizationin cancerand the loss of the defense.We
will discussthis problembelow,after reviewingthe pharmacological
aspect
of theseelements.

