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+ PREFACE.

This thesis is oomposed of a series of papers,
three of which have been published by the author in oon-.
‘Junction with others, or the ‘author alone, one article pre-
pared for publication and a preliminary report of the studies

which are now being made.

Much of the work neceésary for the final proof of the
ideas advanced in this thesis oan not be completed before this
theais must be submittad. Many new methods for the study of
minute changes of foreign substances in the body must be de-
vised and applied to this problem before the hypqthages pre-

- sented here can be rounded into complete, precise‘theories.'
The author therefore makes no claima ‘to a finished piece of
work, but wiahea only to present certain new and 1nterest1ng ‘
faota and to deduct from them tentative theories oéncerning |
,immunity and its chemiogl baaia} | | |

The artioles and experiments are assembled as nearly
as péssible in chronological order. They present therefore the
~ trend of thought present through out the work as well as the
heoeasarx modifications of ideas as new facts présented them-
selves, However each experiment is complete in itself and

the whole makes more or less a larger unit of thought.
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Some Important Concepts of Disease and Immunity.

By .
‘ Paul E. Wedgewood
. (Merrell Fellou.in Blochemistry)

From the*Departmentupf Bipuhémistry,iﬁniversity of Cincinnati.

Introduction. .

Since 1mmunologioa1 terminology is often so shaded
by the conoeptions of various wrihers, we shall brieflv dis-
ouas the 1deas which are foremost in our minds ‘concerning the
nature of immunity. However before we can understend the

. A
nature of immunitv we muat understand the nature of diaease.

The Nature of Disesss:

- The cdnoéption of the nature-of diaease‘has varied
as immunologlists have‘qmphasized its‘variouu,phases. ' ;With,{
the exceptions 6: diseases due to physical and chemioal agents,
nutritional Qefioianciea, metabolic disturbances such as dia-
betes, gout, asthma, obesity, hypo- and hyper-glandular de-
rangements, certain mental diseases, neoplasms, and discases
of unknown orlgin, tho groeater bulk of the allments of man-
kiud havevbeenvshown to be due to the invasion of the body by

: l;&ing‘crganisms such as bacteria, {ungi, proto- and metazoan



parasites, and.virusas. - What role if any ;s played by
baoteria'in these exoaptiong is not,définitely mown, but
ﬁgny.authéritiéa.feel.thaf,wh;lé thesevdisaéaés méy not be
due to spgbiﬁic‘organiéms”%hat the prgsenée of an infection

often predisposes to their occurrence.

The conception of tha mechanism by which the bacteria
"are able to harm the body has also changed. ~ Various theories
have ariaen from time to time as new discoveriea have been

made., Simple meohanical conceptions such as occlusion of the
véscular or 1ymphatic syatems, changea in the colloidal atate

. the bacteria have been of 1nterest. But 1t soon became
apparent that bacteria were not inert but were chemical sub-
stannes which had the propertv of growth and reproduction.

The following quotationa from the writings of Ludvig Hektoen .
(1) shows the oonoeption of this mechanism in 1907; YAt the pre -
'sent time the pathogenic effects of 1nfeotious miorobea are
‘regarded as chemical rather than mechanical in natur;. In

a few diseaaes in whioh thgre_is a great multiplioation of the
1nfeotioﬁa agents 1n the'blood, meohanioal ﬁffects may play |
some role; and in a pyaemia infectious emboliam is of great
importance; but only a rew of the reaulta of infeotion oan

be explained on mechanical grounda. - 8inoe the diaoovery



by Roux and !ersin of *he specific poison of diphtheria ‘
baoillua in 1888,f?ollowed sooh by Kitasato s discovery of:

tetanus toxin, the 1ntoxication by baoterial products has

been aocepted generally 88 the raal e;planation of the changoa

that ocour in ‘the infected body. To a certain extent the

period of incubation maybe regardedwas indicating the velocity
of'éhemicalﬁreactions that follow infections. Specif1b

' poisons have not been discoverad for many of our infectious

organisms as ‘they grow in artificial média, and thia 15 ex-
plained by wany as due &t least in part to the protound
differences in the conditions about the. bacteria when growing
‘-artificiallv and in the animal bodv.‘

Vaughan (2) has pmphasized the fact that, altho
‘badtérig are morphologioaliy simple, they are‘noﬁ,chemicaily
simple, but gre perha§a_more gomplex than the body cells which
they attaak." An‘exéct knowledge of their ohemioal oompoai-
tion and rate of multiplication is of greatest importance in
the study of the. varlous diseasea. vAcourate quantitative
’and qualitative chemical knowlgdge ot bacterial metébolism.

1s also essential to a complete pibturq_of_disease.I

The chemical composition of bacteria varies greatly
(3), 4, (5) This is especially true of the ‘quantitative
analyses which vary not only between the differont bacteria

but also the same atrain of organism grown upon different
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ge@ia. } Actively gréwingvbacteria contain ffom-SO to 90%
of watér., .This varies considerably with the media.  The
ash content variea with the salt oontent of the media, in
th?,ogse of,cholera vibrios (3) from 13 to 25#. ‘ Phosphoric
acid is.é pfominent cohstiﬁﬁent of ﬁhe ash, in some organiams

as high as 50% of the total. Sulphur, potaasium, chlorine,

'calcium, magnesium, iron, silica, etoc. may also be present.
.The amount of, protein also varies with the media. In protein

or poptone rich media the protein may be aa‘high‘éa 70%.

These proteins may be aimple;protein éuoh as albumins and
globulins or they may be éoﬁpound proteins, such as glyco-
proteins, nucleo-protein, etc. The character of the proteiﬁs
ﬁppbara to be relatively independent of the media and more or
less characteristic of each strain, " fhe importance of the
proteins to disease will be discussed more fully when we dis-
cuss the nature of immunity. While the ocomplete amino-acid
oontent‘of ali baoteria has not been worked out, it is quite
oertain from the work of Vaughan and his pupils, and others

that certain bacteria may be deficient in certain of" the common

.amino-aoida and rich in othare,‘e.g., B. mesentaricua (5) is

defiocient in di-amino acids, tyrosine, glyooooll, and containe
16.6% of glutaminic aold. ~.Chromatin altho’not uaually‘

present as a nucleus is probably the chief oonqtitgent of

| bacteria. ' There is still some question as to whether the
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‘carbohydrate portion OA the cnromat*n is a pentoso or a
hexose. . The amount of ether soluble material also varies
with tho madia.-: The character of the\lipins appear to be
.1ndependent of éhe media. % Simplo oorbohydfutes sppsar to

bo rather soanty in nost bacteria. Substances which gﬁve
a reaction with iodin have been doscribed in soms forms (6).
Various,ﬁorkorsrhave described what they thought was cellulose,
but Vaughan (5)‘is‘of the opinion that ﬁh@% they thoughﬁ was
csllulose:orfhomicellulose was really a nitrogenous carbo-
hydrate, (a ohitiﬁ‘like'body).. Vsughan boiieves that carbo-
hydrates are present as glyco~§roteina\and oombined with . .
‘ ohospﬁorus from which 1t‘is'notveasily detached, but 1ﬁ may -
be .that he wsshed away some of the cerbohydrates,in ’
'purifioation‘of this‘materiai for analyses, Lovsne (7) de-~
scribes a,glyoogen-like cofbohydrate‘in ohe_tuberolo'bacillus
which was grown upon various medla. - This substance oouid be
extracted with salt solutions, and gave . all the chemioal toests
for glyQOgen. Asvyot the vitamlnu content of the variaus
bacteria has not been workod out but it is quite probable
from the work ofrHosoya.(B) and others that certain fofma will
bs'fouﬁd to be rich in these substances and other forms de-
ficient in them. ' .From this it is evident that unless the
bacteria are grown under conditions nearlv 1dentical to those

| of the body the quantitativs analyses will give us little
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more:thaﬁ A gcnérai notion,bﬁ the ngtbré 6f diaoaéa. fHow—

“evérjﬁhe velue of'this qu§1i£Ati?e,nbt1on must not be under
estimated. o S f‘" R S -

' ‘{*  o o B | - o

In this brief discusslon of bacterlal metabolism

_wé can do no more than mention a féw 6f'1ts most important
featurea. A study of the nutritional “equireﬁents of bacteria
is of interest for 1t is evident that if the ‘bactenia require
donditions for grovth and‘roproduct;on dirreront,than those
found 1n the- body tﬁe will not he pathogénic. If the bactefia
frequire and oonsume or destroy aubstances oaaential to the
w011~being of the host, suoh as vitamins, essential salts, rare
\ amino-aoids, internal secretion, etc. the body may suffor in |
this munner from bacterial inveaion.  The inportance of this
lattor mode of aot*on of the hacteria is discussod in detail
‘in sootions Iy and 5. While not the seme, this conception is
simiiar'to th; eihaustion theory of Pasteur (10) A study

of the digestive enzymea and the rerments of baoteria &nd the
ronditiona under which they'are able to bring about dis~
integration of the body fluids and tissue shows that the
‘bactoria are dependent ﬁpon theso for.many of theiﬁ metabollc
‘aotivitiea. ..Thehehenzymes may‘élay an. important role n

\ dlsease but.adwyet.our.kndwledge bf-the.aotion of enzymes 1s

tob.meager to properly evaluate their 1mpof¥ancé'in discase,
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| The bocterial.products of metabolism ney be harm=
1ess, fery poisonoﬁs, or their toxicithmay be relative to the
amount formed or to alteration of the host by previaas 1nvaaion.
Thesse bacterial products mey be (a) manufectured by the‘
bacteria, (b) or formed incidently by the disintegraticn of the
'aubstratum i. e. the body iluids, (c) or the decomposition of
the dead bacte:la..‘ ‘

- The synthetic products of bacteria of special im~
portance are the true soluble toxins which are formed inde-
penoently of‘the media‘and those specific toxins nct forhod:in
the body but dependent upon the media. ‘.The'baoteria capable
'of-forming true toxlns (1 3. toxins which circulute in the
body 1mnad1ately cauaing disease symptoms, and agninst which
the booy 1s eble to form antitoxins) are very few, e. g |
B. diphtherise, B. tetani, and perhaps the hemolytic strepto-
cocoi of scarlet fever (0) Those forming the specific
toxina dependent upon the media are the B. botulinus apd B.
pyooyaneus. | -

The baoterial products of a non-speclrio toxic nature
formed incidental to bacterial metaboliam by the disintegration
of the protoins of the mediavare‘the amines. and the cholins,

e.g. such asz:



Amines

ethyl aﬁine-"

1~methyl’én1ne'

P -methyl amine
80-amylamine
Utresein

adaverin

to.

il

N

| _  Fprmula. o cpolipe o Formula ,
CHgNH, . Choline OH, OH~CH, -N(Cli3 ) -OH
. CHg i, O | o ‘Heurin 'qﬁzacn-n(c}% )3-OH |
(CHz )N =~ .~ DMuscarin  CH(OH),-CH,-N(CHz)3-OH
- (o) éécrig'-cnz-cxg-mzi Beta!'.'nll ‘ .c'oon..cﬂa —N(GH5)5-6K

NH, ~CH,~CH, ~CH, ~OF, -NHl,
NH, -Gl -CH, ~CH, ~CHp ~CH, -NI, |

.Sinoe'so few bacterie form true soluble toxins it is-

evident that thé‘ﬁature of disease is not primarily one of

sp@bific”toxins. Tho folldwing quotation taken from Kolmer's

. book (12a) on immunity shows thot some inmunologists are atill -

seeking these true soluble'spécific't9xins as &.solution of this

‘problem.' "In addliion to these typibal_ﬁoxtﬁ”producers,'it is

_ highly probable that the majority of bacteria, including the

pyOgenic:ooooi (staphylboocci,'atraptocooci, pneuniocosci, -

gonococoi, and meningocossi), the pathogenic haoilli-not

-already mentioned (typhoid; colon, cholora, influenza, stc.),

and even many aaprophytic bacteria are capable of producing .

'aoﬁe of these exotoxins which~exert-1nf1uence on the patho-~

.genesiS'of disease, H“it appeara that theses toxins possoss

certain properties in common, although quantitatively they

- vary within extremé'limits, and hence in relative importance
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iin the causation of disease.”

The amines, oholins, etc., i.e. the non-apecific
toxic products ofAthterial metabolism, cannot be the principal
cause of the disease since (a) they are incapable of pro-
.duoihg all the effects of bacterial invasion, (b) are far less
rpoisonoud than the original bacteria, (c) some of the most
highly poisonous ptomains are formedvby non-pathogenic bacteris,
(a) these ptomains (13) do not exsite the formation of immune |
bbdiga, (e)‘furthermore, in certain diseases the symptoms are
least severe'whefe the greatest absorption of ﬁhe autolytic
producta is taking plaoa. Thesse substanoes; however, probably .
contribute in an important manneyx 1n the production of oedema
€11), fever and other impartant phenomena of disease (lab).
Howevef.muph wark of a quantitative nature must yet be done
'beforé tbeir,importanoe in this respect. is definitely |
'eatablishéd; ' Itfis, therefore, extremely doubtful if ptomains
 are produoed in important quantities by pathogenio bacteria
infecting 1iv1ng tissues (17).

. Before leaving the discussion of the toxic sub-
stances, which probably arise from the<suﬁétratum aé‘a result
of bactprial action, we must mention certain facts which will -
be discusgéq‘mbra fully later. If the blood of an animal
. 1is incubated under definite Qondj.tibns with bgcteria, bacterial
cell subatahoe, kaolin, agar, Vaughan'a‘pdison; eto. (16) it

béoomqs'vefy'toxid for that animal. Since the serum is the .

i



one constituent that is constant in all these reactions it

is 10gical to conclude that the toxio substance arises

from. it.- It is theoreticallv possible that the protein
equilibrium may be so upset by the presence of bacteria or
'their metabolio products that the proteins of the host act as

~ foreign proteins and bring sbout sevenevchanges.

The fact that dead bacteria are poisonous when in-
jected in sufficient quantities, combined with the failure
to demonstrate the production of these true soluble specific
Atcxine bv all pathOgenic bacteria, 1eﬂd immunologists to sesk
a solution of the nature of disease in the so-called endo-
toxins. ' These endo-toxins ‘were 1ooked upon as. specific
poisons preformed and firmly Iixed in the bacterial bodies
‘which were set free only when autolysis or: disintegration of |
the bacteria by the digestive enzymes of the host cccurred.
They differ from the true toxins in that they do not gilve
rise to anti toxins (lh), but generate in the serum of the
animal only the usual types of'wmn-bodies for the bacteria from
which the endo—toxin was prcparcd sach as: ‘agglutinins,
. bacteriolysins, etc., when animals are immunized (14) against
these.endo~toxins.\ | "The conception of the nature of these
anti-bodies 1is plainiy set forth in the followlng quotation-
(15).  "On the other hand certain'bacteria\which develop
tokic qualities do nbtiset these free as they are formed but
store them in or build them into the structure of their
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Al \

//godiea whence they are freed onlv after death or disinte-

-~ TS

-

gpation of the bacterial oell through autolveie or some ox-

.ternal agenov. Such toxio substances stored in tho texture

of the bacteria are called endo-toxine and thev do not appear

,edireotlv to stimulate the organism to the formation of anti- '

bodies, although the bodies of the becteria have epeoific anti-

[genic powers due to the cherncteristio proteins...'

{'4 Vaughan (2) hes ahown thnt not only bacteria but

praotioally all proteine of animal, plent, oxr baoterial origin
possess a toxio group which can be 1iberated by digestion with
a 2% alkali in absolute aloo&ol. He believes that this poison
i1s set frae when the proteine are disrupted by the enzvmee of

the body tieauee or fluide. Ir Vaughanh theory s correct it,

“makee the exist noe or tgeso egao oxine as produote of o

. aber*ent foreign protein oleavage, since they produce aooording

to most observers (18), (5), the development of evmptome and
lesione Whioh resemble oloeely thoee of aoute or delayed
anaphylaxie suoh as dyepnea, pruritue, ooughing, sneezing,

partial emphyeeme, focal hemorrhagee in 1ungs, stomach,

' intestinea, appendix, eto., with the ocoaaional gradual

: Waeting, fever, and death.

+ -

Although the olinioel pioture of diseaso ie

‘5enerally that of a looal or general toxemie, investigatore
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have es,jettfsiled to,demonetrate the production‘of_either -
'aolublo toxinsvor nonéspecifio poisons (btomains,~ohloins,
endo-toxins etc, ) of bacterial metabolism, in artificial ‘
media or in the infected body, in sufficient quantities and
‘of a proper character to explain.the natufe‘or disease; except
1n_three or four diseases. . This has legd certain immunolo-
‘;giets and, bioohemtete to new conoeptiona of the‘nature-of di-
eeese whichnwould explain not only the apparent speoificity
of disease and 1mmunity but also the general features of the
 verioue diseases. They have sought this explanation in the
‘protein pert of the bacteria which should act as any otﬁer'
foreign protein 11 1ntroduoed parenterelly. |

;
Foremost -among these are the theories advanced by -

Friedberger (19), (20), Thiele end Embleton (19), (21), abroaaq,
and by Vaughan (5) and Mathews (92), in this. oountry.‘ Al-
though these theories differ 1n oertein eesential pointe they
have e.somewhat common basis, in that they ell,ooneider disease
eyemptdme~es being due»mainly'to foreign proteins. . The faot
thet the anaphylatoxin of Friedberger, the endo-toxln of
_Thiele and Embleton, :and the poisonous protein of Vaughan may
be of endogenous origin rather than exOgenoue (1.e. from the

serum proteins of the host) does not distract from the

attraotivenees of these theories but rather adde eupport to



19

the theory advanced by Proféaéor A. P, Mathews. Of these
theories pérhaps the most promising and attractive 1is the‘ono‘
advanced by Professor A. P. Mathews (2?), since it gives us for
the first time a logioal explanation for many of the perplexing
| phenomena of disease and immunity, as well as a new and atimu-

lating,hypothoaia'for further work.

The Néture of Dlsease according to Mathews.

-~ In the fdllowirig quotation (22) Professor Mathews
gives a few of his rsasons for abandoning the specifio oon~
' oeption of diaease, "first, because most pathogenic bacteria
'do not form these soluble toxins, diphtheria and tetanus peing
exoéptional; and, second, because of the discovery of anaphylaxis,
or aensitization;'by Richet, and becauge‘of Vaughaﬁ's discovery

of a thic'principle in all proteins”.

o Professor Mathews advanoes tho theory that not only
. aathma, hay fever, and eczema are: due to an anaphvlactic
aonsitization of the body, or special pagta of 1%, to certain
aDecific proteins, but that all infeetious diseéses, as well
.88 many which are really or apparently non-infectious in
n&ture, are also due to specitic anaphylactio sensitization of
the body to strange or partly digested proteins, coming eithsr
from bacteria, parasites, foods, etc.. There is therefore

One mechanism for all or nearly all disease, and only a few
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1like diphtheria and tetanus hava added to this mechanlsm

an additional poisoning by a true soluble toxin. The symptoma
of diaease differ, depending upon the principal tissues or
organs senqitized..‘ According to this theory the incubation
period of aoute infectious diseeses may not only be a period
during which the bacteria are developing but a time during
which the body cells are becoming sensitized to the proteina

of the invading organism.  The period of greatest activity
of the disease is the shock. The crisis 1s the desensitiza-

tion. . The natural cure of the disease is desensitization.

g Clinically, most diseases do not appear to be as.
simple as this, due to tho fact thet many various factors com-
Plicate the picture, such as difference in: structure of the
1nvading'orggnism; ability of the 6rganism to grow in the
body, rate of growth and reérodnction, portion of the body
first 1nvaded, etc.; but we bslieve that hypersensitivity is

the principle and fundamental m°chanism of most diseases,

Nature of Immunity:

Vle may now, with this new conceﬁtion of the nature
Of disense cleer in our minds, diﬁcuss the nature of the
powers‘possosged_by the living organism to resist or to
Overcoms a particular inreotion, i.e. the naturs of immunity.
8o great is the number of faotors, which go to make up this

Polyphasic resistance, that it is with great difficulty that
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any onse factor may be selected as the basic one. Certain -
L of -the earlier hypotheses should be mentioned,. not only for
their historical interest, for in these ere found the in-
ceptions of our.mbre rocentithdorics. In the e;haustion
hypothesis of Pasteur (10)fiskfoqnd a possible éxplanatibn
of the anaphylatoxin of Freidberger. This will bs considered
under the Qisoussion of the mechanism of anaphylaxis. Chauveau's
theory (23) of the retention of inimicel substan¢es‘1s in mahy
respécts-similar to the theqry of bacteriolysin, hemolysians etc.
Buchner's theory (23) of inorecase of local rcsistance of tﬁe
organs by méans of an inflammatory reaction, which protects
the_tissdeS-agaihst reinfection by the same germ,‘ié somevwhat
aimiiér to‘some of our‘more recent concoptiohs. rFof mdny
years the‘oelluiar theory of Metchnikoff and the humoral
. theory of Ehrlich have claimed most of the. attention of the
wimmgnologistg,wbaoteriqlogists and blochemists.  The
‘6611u1ar;thebr& ascribes cure and protection to the activity of
.certain white corpuscles of,thé blood such aa the rolymorpho-
nuclear ieukocyte§, large mononuclosr 1eukocytes; (1nc1udes
the endothelisl cell) and the small and large lymphocytes.
The humorsal ‘theory aégfibés these proporties to the body fluids,
1fa. tofthc presepce%q#mapeéific anti-bodics such as: antitoxins,
baotqriolysins, opsonina, agglutinine, precipitins, ete.

| More recently, to these two concepts has been added

the gonception of local resistance or immunity, e.g. the
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fixed tissue,immuntty,of.QQy,.the cﬁti—immunity of - Besredka,
the intestinal immunization of Calmetbe, obe. . This theory
1nb£ f;xed:tiséuefimmunity_is discussed in the oxcellent re-
view of this,subjdct by Gay. Tﬁafbaay believos in the.nedess-
ity of thisnadditionnl conoepéldn‘is plainly set forth in the
 fo11owing qﬁotation.(hé). "But sven sfter admitting a complete
cooperation between these two factors (of cellular and humoral
theoriogs on the evilidonce submitted by the proponents of both.
‘cellular and humoral theories of irmunlty there romain un-
lexplained inétahcés of protectlion apainst bactérial agonts 4in o
which no‘direcf participation of either Metchnikoff's phago-
cytos, in the narrowér»sense of polymorphonﬁclear-ieucocytea,
or of the humoral properties of the blood or both together,
can bo invoked.  There remains a ftertiumlquid'.to oxplain, ---.
It is precisely in thoae dsbatable and unexpleined instances
of protaétiop (often of en extreme grade that wo baliéve that
fixed tissus or local immunity is operative and 1t is our
purpose here to gift the evidence for its exiatonce, extent,
nature, and yreactical utilization. |

Melalnikov (24) (05) believaes that tho bosis of
GVBry immunity. is the lmmunity of the cell, and that- the
prenence of anti—bodies in ths fluids of tho body. 15 a
8econdqry phenonenon which appeqrs mostly 1n higher unimalu.
A(‘-cording to him, cosxistenso of a cellular Imaunlity and anti-

Podles 1a the perfect form of immunity which ocours only in



certain bacterial infections, and that in most diseases
there is no evidence that the antiwbcdics pla& sny part- in-
the immunity.

| Vaughan} apparently, docs not belisve that the anti-
bodies, such as agglutinins and précipitins; are'of prime im-
portance in immunity for he says, (26), "The active constit-
uvents of the culturc, the agglutinable substance, 1s not, 1n.
my opinion, an e#scntial cqnstitﬁentfor[the bacterial cells,
but congisté of ane or wCre protoins closely sssoclated with
the bacterisl cells., My rcasons may bc'atated as foilows:
(a) Agglutination doos not destroy’the viability or the viru-
" lencge of bacterin; thercfora, the reaction does not disrupt
tho living bacterial cell. (b) 1horoughly washed typhoid
bacilli are not agglutinable. (c) When typﬁoid breilll ara
thoroughly sha«cn ln salt :olution S0 ns ‘40 remows their
flagellse ond th* bacillli are dcposited_in a cenprifuge, the
emulsicn of flagellac is agglutlnable. ‘(d) Neufeld has shown
that when. cholera bacilli qre thoroughly uleansed by being
shaken ﬁith one per cont alkali, which doys not destroy then
&nd only washes away adhorent matter, they are not inagglutin-

able but‘ﬁroduoe no agglutinin when 1njected 1lnto antinals. ™

Although fixed tisaue immunity, phagocytos‘s, ete.
‘are of importance in the immunological consideration; we be-
lieve that there 1s a phenqmenon, of prime importance in

1mmUn}ty, more fundamental than those set forth in any of
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thase'thcories,‘ Tiis phopomenon,yparédoxical as 1t nay
at filrst appoar, is, according to Professor A, P.'Mathews
(22), M. J.~Rosenaﬁ‘(ﬂ7), Ch. Richet (28), A. T. Honderson (29)
and many Ouhers, anuphjl”“xs, i e.'the»reuistancé to infection
is probably due to hyper unsitivltv of tho tigsues to ths pro-

Yoing of ‘the lavading bacterma.

that the proceas of anaphylaxis is closely allied to
.immunity, nppears to have been clear in the mind of Richet,
who first gave tho name to this phanomenon, for he says (30),

‘ 'We have called anabhylaxis (the opposite of 1mmunity) that _
Droperty roasessed by a venom of diminishing rather than .
increasing imnunity, when it is injected in non-fatal doges.
:It is probabla that many polisons (ox toxina) bave thia property, |
'; but since we have been attracted by their vaceinating or pro-
rhylactic properties we have nog és yot cgrefﬁlly aﬁudiea them
froﬁ this point of view." A few.months 1atér(52) he csalls
attention to the nocessity of & lea pse of seve“"l davﬂ, in
Order that the resis tance he decreased rathexr than inc“eﬂsed
&nd he suggosts that anaphylaxig resembles o sort of vaccina-
't%on. 8t111 later, he (31) expposses-thig 1dea very clearly
vwhen ho says, "The anaphylactic reaction is a function of de-
fenae; which maintains 1néabt and homoldgous the chenical
constitution of sach spediés‘of animals by preventing the
€ntrance 1nto the nrotop]aen of the coll of the forefgn pro-
t°1n8, which would. modify the spscifio ohemioal structure of

»



theac cells.®

Rosenau (27) suggests thet hvpersuscapt:b*lity
(anaphylaxis) might explain the incubation period of certain
communicaole dlseases. - He also calls attentlon to certaxn
'important relationg betweon anuphylaxis and immunitv for in-
atance he says, "We Lloresaw last year that the probiem of
hypersusceptibility hag important bea“;ng upon the question of
Lwnunity and expreused the opinion (J, A M.A., x1ii, No. 13,
.ﬁept. 29, 1906 ps 1007-1010) that resistance to disease may
be 1urgely gained through a process of hypersusceptibility. ---
The phenomsnon of hypersusceptibillty has beon produced in
Buinea pigs by extracts obtalned from'the‘colon‘bgoillus;
Jeast, hay bacillus, anthrax, tubercular bacilluq) and
‘typhoidAbacillus. The hypsrsusceptibility produced by the
Solon and the typhoid baoilli‘was‘folldwed by a definite
lmwunity to the corresponding infections.™ . However he
fails %o roalize thoe vaSt.importanée end gencral aﬁplicability
of hié sﬁggestion as shown by what £o11ows,.”In the case of
anthrax, however, immunity d008‘not rollow hypersusceptibility
Lo’ the anthrax proteid. Wc are,. therefore, not dealing with
'8 general law applicable to all infections, but with cortain -

11M1tutions as in the sage of antltoxic cimmunity".

It is‘probable that this and many other exceptions

8F® more apparent than real and that most of them may be
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explained,'either by sbeo;al structures of the invading
Organism, such as the capsules which aiﬁherlmake_them géid

- fast or Gram positive (Dyer (33) believes that the attenuation
of'B.'anthraois;'acoording to Pasteur's method of grcwing
betweeh'h2~93°'0.; prevents the formation of tha‘norﬁal fatty
substances by~the‘béoterié; and the bacteria as a reéu1t,~1a
éasily'digested.by the body ﬁroducing‘immunity) or by

'Bpeoial modes of aotion of the 1nvad1ng bacteria, 8.8

‘Ologging of the capillaries, etc. (34).

‘Professor A. P, Mathews (22), in his paper entitled,
 "The ﬁature of Disease and its Natural Therapy", advances

the theory, that immunity is due t o sensitization, in such a
¢lear'and definite mannef that there can be no doubt as to

the 1mp6rtanco thht‘he places upon this phenomenon. He says,
"Immunity is a result of this sensitization, rather than of

- .the production of specific antibodies. It may be dus to

the following process: ‘The sénsitizatibn to the proteins of
the bacteria causes an intense ‘and quick reaction of the
Mechanism of resistance when the baoteria are reinbroduced,
and the 1nvader\1a overwhelmed, eaten and digested bafore

1t oan multiply. The production of antibodies is only one
Pbaae of this reaction.”

In thége discussions of the nature of immunity and

digease, we .have attempted to consider them only in their



,broadest sensd. ~ We 1eavo for future consideration the
many other faotdrs which tond to obaoure this general bio-
lOgicm.truth. We have alreadv pointed out how Rosenau
failed to grasp this general conoeption, because of the:

apparont expeptlon of anthrax. ('the secrets of nature are

hiddeh by being revealad all at the same time.) We have

not in this paper divided immunity for purpoaea of discusaion,
| acoording to the olassical divisions, e.g. into natural, and
4cquired; for we cuan not help but believe that this division
is apt to misload rather -than to clarixy our minds. The
differcnce being quantitative rather than qualitative.

A Thore is little doubt thut the phagocytes play a
'Apﬂrt sn—itnig in natural as well as acquired immunity. The
1”D0rtance of the white corpuscles in natural immunity was
first suggested by Sternberg, G. M. (35), 1881 and later
Biven experimental support by Metohnikoff, Elie (188l). The

- fixeq tissue immunity of Gey and others ere also of importance

in the natural immunity. We give these two concepts first
°°n81deration:for-w6 beliéVe‘that immunity,is.primarily e
Cellular phenomenon and only secondarilv‘a humoral Obody
fluids) one, Our main reason for this belief is the necessity
f°P_a conception of 1mﬁun1ty that will explain 3bacteﬁ1aemia'
a8 well as thé many other phenomena such as: the persistance

of thqvorgahiama in the blood stream after the orisis, the
lasting quality of an acﬁive'immunity as compared with that



_ They differ from ‘those of Vaughan on aeveral
.D01nts' 1st. Wa believe that the protoins which are 1oosely
bound to the baoteria Whibh Vaughan removed when he washed

., the baoteria vith aterile salt solutions or coagulated by
_alcohol are essential to the action of the bacteria, Theso
albumin~1ike proteins probqblv play an 1mportant part in de-
tgrmining the specificity of the infection and of thelbodv s
.defehse. °nd. The pathogenioitv of the bacteria depends
upon the aonsitization and poisonlng power of their proteins,
as wel;vas their,ability_tq 1ive in the fluida of,tha body.
This pqint fihdsvits strongest support in the work of Vaughan
who deacribés the existance of an organism (as shown by bbsi-
tive blood cultures over a long period of tims) in the blood
for forty to flfty days, and yat could find no evidences of
DathOgeniotty of the organism (uu), 1.e. a truo bacteriaemia.
3rd, The .symptoms of discsase nre due to.the reaction of the
hYPersensitivé.tiSSues to fhg‘protpins-of the bacteria rather'
than to the parential digestion of the invading protelns. |
It may ve possible that this échsitiv;ty depends upon the rate
of Parenﬁial,digestion. hth.fHatqrallimmunity nay be dus to
- many factors, but we feel sure that inhox ted hyporsensitivity
(transmitted from parqnts‘to offsﬁning eiﬁher iﬁtra-uterine
or extra-utorine by the colostrum ote.) must play an im-
bortant part. 5th. Acquired imminity is due to hyper-:
B°n81t1vity;or the tissues rather than the dsvelopment of .
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sPooific ferments. This holds alike for that immurilty con-
'i red by vacoination, by an attack of a disease etc., and
Pcssibly for all forms of immunitv except possibly the .anti-
'toxic immunity. and ‘the lytic Lmmunity of d'Herelle. 4th. We
differ further in that ‘We are 1nclined to place the ﬁhenomenon
of' immanity as primarily”cellular‘rather than humoral as Vaughan
Placés,iﬁ. | | | o

-

We have oonsideredAtge cure of disecase as anti-
anéphyldxis ob desensitization The'nama\doaensitization"
vas first givon by wGil and later by Besredka to tho refractory
Phagg . of anaphylaxis, during which an anaphylaotio animal would
t°lerate Without sgvere symptoms many timos,thg lethal dose

°f a given protein to which it had been previouslysensitized.
JThe nane desensitt"ntion i1s to be preferred to theAOne firht |
8lven by Besredka, l.0.. antinanaphylaxis, since it more aptly
’deﬂcribea the phenomenon. ¥We shall not here enter into a
dlscussion of the nature of this dessmsitization.  Tnis subject
hag been.recontlv\févieﬁéd b& Longcope, Ve T (Ll4). if space
Pormitied, it would be interesting to compare the methods

“Sed SUchssfully in desensitization wlth those employed in
Mon-speciric protein therapy for they are very similar. The
%ubject of non-specific protein therapy hss been extensively
Yeviewaqd by Petersen, Wn. F. (45). THe thoory of Professor

H&thQWS EUggasta that in as much as nearly all diseascs are
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due to ) ﬁingle mechanism (nnaphylaiis),‘tho.natural cure

of dieease is duo also to\a single non~spec1f1c process (de-
sensitization). He says, "It consists in dasansitizing thﬂl
tlssues of the body by maans‘of a partially digested protein
defived from . the body’s"bwn ttssues.bv a prccess of autolysis..
.These albumoses, peptidas, on othcr substances probably do-.
sensitiza by replacing in the sansitizod 00lls the sensitlicing
substance. ~ The colls are accordingly no'longer irritated, the
pacterial»prgtaiﬁ products entering thg'body ceaso to‘bé.toxic,
and as a rosult all symptoms of dlsense subside,  The brain
loseslité rostlessnesé and goos to‘sleep; oxidation is rs-
duced and the températura falls to normal or balow; the
capillsry wall nO‘longar'irritated, no longor pours out plasma;
the bronchiole musculatura relaxes and resplration bocomes
Basier;‘: the heart picks up its load; ths kidnays, no longcr
Poigsonod, renow their activity and help in getting rid of the

sensitizing substance”.

‘We have reviewed many of the conoeptions regardlng

Summary :

the nnture of disease, immunity, and natural therapy. We

40 not contend phat we have thoroughly covered all of‘the
vVarious phases of this vast subject. It has beon our .purpose
in this-revieﬁ toréuggést a new conception and to éét forth a

Tew of the many réaaons for doing so.



1
\M

' Brlefly then,‘ve have based our studiea on the~
following ooncepts. 1st. The symptoms ox most diseases are
dus to hyparsenaltiviuy orf the tissues ox one or more organs
of the bodv. , ?nd. Immunity is the result of thls sensitiza-
tion.  3rd. The natural cure of disease is brougﬁt about by -

deaenaitization of the tissues to the. invading protein.,

'.Conclusions.

- We may thun conc lude that the chemical basls of
1mmunitylis the chemical basis anaphylaxis.‘*‘This consists
in a_study 6f th#substancea which.bring"abéuisensitizétion;
deaensitization,,ar‘the modification of either of thess prﬁ-

Cesses,
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| The Chemical Basis of Immunity

[.—The Influence of Vitamin B Upon Anaphylaxis

BY PAUL E. WEDGEWOOD AND AGNES II. GRANT.

From the Department of Biochemistry, University of Cincinnati, Cincinnati, Ohio.

RELATION of vitamins to infectious discase

and resistance to discase has now been observed
Y Many investigators, but the exact nature of this
relatmnship is still very obscure. Thus it is certain
that o deficiency of vitamin A, the active principle of
cod liveyp oil, predisposes to tuberculosis and xeroph-
tlmh“ia; and that the vital resistance of the body to

ot 1080 3§ . .
% infections appears to depend in some way upon

YIS Vitamin, The healing effect of cod liver oil on
Oth these troubles is well known,  Similar observa-
,1"0“5 have been made as regards other infections.
hus hepg fed on dicts deficient in A and B (5)
Were more susceptible to roup than fowls cqually

. ®XPosed but on a complete dict.

‘Similarly as regards the anti-scorbutic vitamin,
Lis well known that the symptoms of this discase
are certajnly complicated even if they are not caused
¥ bacterial invaders which attack the gums, joints
' other parts of the body where there appears to

e 10‘\Ycrcd resistance or diminished vitality.
SymI;t;ms bccu'suggcslcd also that certain of t}xc
invade "TS of dxs.casc may be (Iuc.: tc.> the bactct:ml
lllc‘co,rs consuming directly, or m(!lrcctly causing
ang thls’umlm?n of the stt.)rcd’vnanm!s of the body
son or“S causing a r.cal vitamin deficiency. A per-
s g, ﬂfn‘lln‘al suffcrmg: from scurvy, for example,
‘Vhiclle celings of lassitude, p:.un, fever and so (?n
V‘lriou::ﬁ comuion to many dlsca§cs. I.s there in
Which thilscascs a real vitamin deficiency in th}: body
| us I)rC(llS[)O.SCS to the s.prcad of the disease?
bﬂ(llyliic are questions to which answers are very

cded,

thc\x&tl;ﬂvc att:}ckefl the pro.blcm by studying first
Mamely '?lll of v1tm.nms to a single .fflc.tor o'f‘(llscasc,
era ba,s i‘s 1aphylaxis, or !1ypcrscm.;|tw1ty. I'he gen-
of the work is that given by Professor

ot
.

A. . Mathews in his paper entitled, “The Nature
of Discase and of Its Natural Therapy.” In that
saper Professor Mathews developed the theory that
the symptoms of infectious disease of all kinds were
due to a hypersensitivity of certain tissues of the
body and in particular the nervous tissues, produced
by their sensitization through the partially digested
proteins coming from the bacterial bodies. This, the
process of anaphylaxis, he considered as the real
basis of immunity. The natural cure of the discasc
was due to the substitution of similar products from
its own proteins, for these partially digested bac-
terial protein fragments, thus leading to a temporary
desensitization during which the bacteria could be
destroyed or walled off. '

Whether this hypothesis be true or not, it puts
anaphylaxis as the cardinal process in infectious
disease, where it has also been placed by numerous
other writers, and for this reason we began our
study on the relation of vitamins to this process.

Abderhalden and Wertheimer (1), who have re-
cently attacked this problem. have obtained positive
evidence that vitamin B is related to anaphylaxis.
They found that pigeons which were on a dicet de-
ficient in B had a markedly increased anaphylactic
shock.as compared with sensitized pigeons on a nor-
mal diet. Abderhalden (1 and 6) from cffect of
vitamin B deficiency upon respiration in the whole
animal and Hess (3 and 7) from the cffects upon
respiration of tissue itself, ascribe the symptoms pro-
duced by lack of B not to the accumulation of toxic
products in the intestines, but to a general lowering
of oxidative processes.

G. A. Hartwell (2) made a curious observation,
which ‘may have some rclation to anaphylaxis. ITe
observed that nursing young rats had convulsions
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and spasms if the mothers were cating a heavy pro-
tein dict without vitamin B, but not if this vitamin
was given with the heavy protein diet.

These are all the observations we have found in
the literature bearing on this problem.

We chose young white rats for experimentation,
It is impossible lo produce cither active or passive
anaphylaxis in an adult white rat when the latter is
on a complete diet, as was shown by W. T', Long-
cope (4). Such rats show no cffect whatever on
the second or third parenteral injection of a foreign
protein. '

We have found, however, that yvoung white rats
may be sensitized and will die upon the second or
third parenteral injection of a foreign protein (ana-
phylaxis) if they are kept on a diet deficient in vita-
min B. This proves that a deficiency of vitamin B
cither predisposes to sensitization or increases the
effects of sensitization in these animals, We found,
_just as had Longcope, that adult rats on a complete
dict, or even young rats on such a diet, showed no
effects from second or third injections of protein.
We have not tried adult rats on a diet deficient in
D vitamin, since it is known that young white rats
are more sensitive to vitamin deficiency, and we
hegan with them,

To show-that a variation of salt in the diet pro-
duced no change in susceptibility to anaphylaxis, we
first tried an experiment on twelve young albino
white rats about twenty-¢ight days old, and weigh-
ing at the first injection about cighty grams cach.
These rats were divided into two groups cach on a

comiplete diet of corn meal, oat meal, linsced meal,
’ ’

whole wheat flour with a little casein, hutter and
yeast and a pinch of Na Cl. After fifty days on this
diet all were sensitized by intraperitoneal injection
of 1 c.c. of a 2% solution of cgg albumin. They
were then divide:.into two groups, Nos. 1-8 being
continued on the above diet, while 9-12 .were given
the same diet minus the sodium chloride, and had
distilled water jn -place of tapwater. -
“ence of salt in the diet made no difference in anaphy-

laxis. Tor at the end of fourteen days cach of tlie |

rats received a shock dose of 3 c.c. of a 10% solu-
tion of egg albumin intraperitoneally without any
appreciable effects. The rats weighed about ninety-
five grams at the time of the shock dose.

Having found! that such a salt -variation pro-

duced no change in anaphylactic response, we then .

proceeded to test the -effect of a diet deficient in
vitamin B, o - ,

Five normal white albino rats, Group A (rats
1-5), that were five to six wecks old, were injected
intraperitoneally with a sensitizing dosc of 1 c.c. of
a 2% soluticn of egg albumin, June 12, 1023, They
were placed on a diet which was deficient in vita
min B, as follows: Polished rice §2%, which had
been ‘soaked and washed under running water for
several hours, crisco, an artificial lard made from
vegetable oils which have been partially hydrogen
ated 15%, casein 15%, and McCollum’s salt mix:
ture 4%. Small amounts of butter were given daily
for vitamin A. This dict has been found to be free
from vitamin B. After two weeks on this dict, o
June 26, 1923, they were given by intraperitoneal
injection a shock dose of 3 c.c. of a 10% solution
of cgg albumin. Rat A 3 died during the night fol
lowing this injection. The rest were kept on this
deficient dict for two weeks more and again injected
with 3 c.c. of a 10% solution of cgg albumin, on
July 10, 1923, Within three and one-half hours rat
A2 and A 4 were dead. The two that were stil
alive were continucd on this diet for two weeks
longer, and on July 24, 1923, were again injected
with 3 c.c. of a 10% solution of cgg alpumin. Rat
A 5 died within four and one-half hours, Rat A !
dinl during the night following the injection. The
weights and sex of these rats are given in Table I

' TABLE L
, Weight Charts of Rats. In Grams,

RatA 1 Rat A Ra K h
Date ' Ri ale M R;ulc 2 f::nl'l\lt? RR% nll\c 4 er\lit n‘l\c 5
0-20<23 | 34,5 | 41.5 | 73.5 | 80.4 | 40
7-10-23 | a5 49.6 | .... | s82.| 47.4
7-24-23 | s52 | .0, 67.5

This differ-

) Thus all five rats on a djet deficient in vitamin B
(llel after one to three injections of cgg albumit
while healthy ones on a full diet did not die nor did

- they show any-symptoms of anaphylaxis.,

In this " and subsequent experiments, the first
shock dose was followed by other shock injections
of cgg white for two reasons. First, it was. thought
possible that rats, like rabbits and dogs, may b¢
l.m'rdcr to s'cnsilizc than guinea pigs, and that they
might require several injections for sensitization 10
a foreign protein, Second, it was also thought po*”

sible that the degree of sensitization of a rat migh!

depend upon' the degree of the vitamin deficiencyr
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hence 3 lon

tried ger period of exposure to the diet was
cd,

. We thus found a deficiency of B vitamin in a
ccl;ttil(:]tl]irwisc 001“1)1151(: caused rats to bccoxlnc sus-
subse, -‘o cgg all.)umm, SO t'hat lllC).f were killed b.y

luent injections of this protein. An experi-
lllcnt. tried at the same time on rats when on dict
Icficient in both A and B vitamin, showed that B

alonc. was iml)ort:lnt.
I~§)ch normal \.vhitc albino rats (G;-oul? B, ats
{Ot1on Il{.;c.ﬁvc to six weeks, were given by intraperi-
s?)’l‘l(l::lilminjcc:tion a scn.sitizing dose of 1 'c:& of 2%
placed OOf oS8 a]b“"}‘“: June 12, 1923. They were
bllltcr‘“fl th({ same dict as Grou!) A, except t-hat 1}0
both viy 4 given, so that the dict was deficient in
dcﬁcientan}ms A and B. .ﬁ.\f'tcr two weeks on this
diet the rats were injected (June 20, 1923)

Wit} . C
p '3 cc of 10% solution of cgg albumin, - They
N 10we(] 1

Wer 10 cffects following the injection.  They
¢ kept on this dict for two wecks longer. On

July 10’

1 2 vCr ¢ ¢ i inj : i Ao
of ‘10% 923, they were again injected with 3 c.c

dicq \Vit?:)'lllti011 of cgg albumin. Rats B 2 and B 5
dieq \vithl'u th.rcc and one-half h.ou.rs,. :m.(l rat {3 4
31 ang 1;11 nine hours after this injection. Rats
same (g 3 were kept for two weeks longcx: on the
»and on July 24, 1923, were again injected

lieq §victic: of 10% cgg albumin solution. Rat B 1
"l’I’cﬁrcd 1lmlthrcc :u’ul one-half hours. Rat B 3
e nose ? be very sick am! }1:1(1 a l.lcmorrh:\gc from
hese mt; but rccov'(-.rcd. The weight and sex of
.S are given in Table IT.

TABLE II.

\@t Chart of Rats. InGrams.
R R R A L

\\\—

(7}:21)8255‘ 50.6 | a1, | 725 | 28 | 43.5
72403 | g3:5 10, ;7}3 32, 15.3

o 1!118 exper
)(10“'"‘8 that
1 )SQ.S to sengg
208 ot

iment thus confirmed the foregoing,
a dict deficient in B vitamin predis-
tiznliou. The absence of A vitamin
eem to have made any difference in the
gy "‘”)umi?, ci(;nlcl]u-flc that rats can be sensitized to
Tom whig, tic ‘u.n' diet is (lcﬁ'cxcnt“ m1 v:}mnm B,
entg Sensitizay; ('oncln(]cd'tl.mt vitamin D cul‘]cr pre-
ther mmmc; a (:’n', (‘lcscnsmzcs, or l)l'Ol(EC‘lS in some
here ﬂl)p‘c ésdl‘ll.sl the effects of sensitization.
ars to be no immunity established

.
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“when there is no response to the first shock dose,

or if there is any immunity, it does not last for a
period of two weceks,

Having thus shown-that vitamin A appeared to
exert no influence on sensitization, but. that only
vitamin B was cffective, we also tried an experiment
on the effeets of a deficiency in C in rats. It is
well known that rats appear not to need vitamin C.
They thrive on a cereal diet, which produces scurvy
in guinca pigs. Whether. this shows that rats are
capable of making C vitamin themselves, or whether
they do not need it, is still uncertain. We found, as
the following experiment shows, that on a dict with
plenty of I3 vitamin, but deficient in C, rats showed
no cffects whatever from several doses of cgg white.,

Five normal white, albino rats (Group C, rats
1-5), age five to six weeks, and of the same litters
as Groups A and B, were sensitized with injection
of 1 c.c. of 2% solution of egg albumin on June 1,
1923. They were kept for two weéks on a cereal
diet, and injecte:d with 3 c.c. of a 10% solution of
cgg albumin (shock dose) on June 26, 1023. They
showed no ill effects of the injection.

The diet given during this experiment consisted
of whole wheat flour.1}4 parts, yellow corn meal
1 part, oat meal 1 part, linseed meal, bone meal, and-
McCollum’s salt mixture ¥ part.” This has plenty
of vitamin .3, but not vitamin C, and rats grow nor-
mally on it. They were continucd on the same diet
for two weeks longer and again injected with 3 c.c.
of a 10% solution of egg albumin on July 10, 1923.
No ill effects from this injection following, they
were continued on the diet for two more weeks, and
again injected with 3 c.c. of a 10% solution of egg
albumin on July 24, 1923. TFollowing this injection,
rat C 5 died during the night. -The others remainerd
well. The weight and sex of the rats are given in
Table I1I.

TABLE IIL

Weight Chart of Rats. InGrams.
' RatC1 | RatC2 | RatC3 | RatC4 | RatCH
Date Male Male Female Male Male
03-26-23 100. 58.5 43. 35, 39.
7-10-23 132, RIS 61.2 b7. 45.
7-214-23 | 1562.5 | 103. 70. 67. 68.

~ All the rats that died during these experiments
were autopsied.  No pathological conditions ™ were
found in any except in rat C 5: The upper lobe
of the right lung. of this rat was congested. It
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not present in all cases. There was irritation of
the mucous membranes in a few, as cvidenced by
sncezing, scratching, ctc., but this was not the case

in all, and these symptoms, morcover, were shown '
by some that did not dic. The one rat (D 2) whose -

death the authors were able to observe, as most dicd
at night, first lost its cquilibrium, then became de-
pressed, turned over on its back, kicked a couple of

times, gasped for breath, and then stiffencd out.
No attempt was made to measure the temperature

changes, :
CONCLUSION.

While normal rats can not be sensitized, a de-
ficiency of D vitamin in the food of young rats
makes it possible to sensitize them to foreign protein
so that they will die on a second or third dose of
the protein, Deficiency in A vitamin or C vitamin
appears to be without influence in this regard.

It was also found possible to produce protcin
(anaphylactic) death in young.rats when on a com-
plete diet, if these rats had an infectious discase of
the lungs. Such rats acquire a sensitivity to foreign
protein similar to that produced by deficiency of

Reprinted from Medical

B vitamin, and it is suggested that this discase hasg
exhausted the B vitamin reserves, This possibility
is being investigated. '

It is concluded that vitamin B cither desensitizes,

prevents sensitization, or protects against anaphy-

lactic shock.
It is a pleasure to express our indebtedness to

Professor Mathews, who suggested this investi--

gation, and to Professor Tashiro, for their advice
and aid. ’
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. Th'el Chemical Basis of Immuhity

—

IL.—The Influence of Vitamin C on Anaphylaxis

BY PAUL E. WEDGEWOOD.

From the Department of Biochemistry, University of Cincinnati, Cincinnati, Olio.

AVING found (1) that a dict deficient in vita-
"~Vhitcmin B, but f)thcrwisc cox.xlplc.tc, made young
luxis) l‘ms susceptible to protein” disease (anaphy-

¥18) so that they were killed by repeated injections

of ¢er . . .
8¢ white, we desired to test the effects of a dict A

(:331?1111:; in Yitamin C also. Tllf: white rat is not a
aniimg] dc animal for.such experiments, bf-ca.usc that
1t is q) ?CS ll?t require much v1t:utnn Cin .1ts food.
“sory footlto live and rcproducc.wlthout this acces-
rats oy <‘clcmcn.t. Our f:xpc.rlmcnts show_c.d t!mt
Mune ( 0“ cereal d:c.t (dcﬁcxcnt.m C) were quite im-
We sou Iﬁnaphylaxxs. 'Not satisfied wnl} this rcs.ult,
i Vitmﬁ‘]t to determine \vhcthc_r a dict deficient
“"ﬂphyh"-l' C or supc.rabun(.laut in C would effect
; Ccp'ti'bl-ctys in the guinea pig, an :mm'ml very sus-
S('Ol‘buticl(') anaphylaxis, and also casily becoming
pared g .m the al)sc.ncc .of C: We thcx:cfore com-

ey w,c;-‘anaphylacuc shock in .thcsc animals when
1ad i“j‘cc((-' on‘v (a) a com.pl.ctc (llcl: ; (b) when they
iz 4, ll(:ll'm‘ of orange juice stc.nllzcd and neutral-
ey Wcrm ition to a c.omp‘lctc dict; and (c) when
T ¢ on a scorbutic diet. ,

‘VCightlSr‘,vc"- known that young guinea pigs gain

ong (li’ct u;mm healthy and .acltwc, reproduce, ctc.,

Smal] amoo rolled oats, d.ry tnnqthy hay, water, and
of the ‘{0];““'? of-butter, if sufficient amounts of any
jllicc, ra\‘v'o“ 1{:g substances at'c.nd(lcd, i, e., orange
ut i Ollc.c{fl hage, tomato Jmcc,.or carrqt to'ps
in Q10 n0t these substan.ccs, \\:thh contain vita-

and gi, ;vit?‘ added, the guinea.pigs dcvclop scurvy
e age of t;:: lrl}l.'CL‘: to .four wccks.’ dcpcx}dmg upon
. 'ch“tv’-ﬁvfl;::':]::]I)lg‘ytl’lc previous ;hct; 'ct.c..

cight ‘VCCits old. “ ‘1y g.umca pigs, about 'six te

complete et § » were weighed, and placed upon a

Tuly 30, 100 or one week, f.rom July 23, 1923, until

923, and then weighed again. They had

R

.

all gained in weight and were apparently in good
health. The diet given was that noted, with the
addition of carrot tops, as a source of vitamin C, and
small amounts of butter. This week of preparation
insurcd, as nearly as possible, that the guinea pigs
were healthy, and that they had about the same
amount of vitamin C to start with.

1. Anaphylaxis in guinea pigs upon a complete
diet (controls): Group A (guinca pigs 1-5) were

then sensitized by intraperitoneal injection of 1 c.c.

of 1% solution of egg albumin on July 30, 1923,
were kept on a complete dict for two weeks, and
on August 13, 1923, were again injected intraperi-
toneally with 1 c.c. of 10% solution of egg albumin.
Within less than thirty minutes all five were dead.
They showed all the symptoms of anaphylaxis, i. c.,
scratching, sneezing, choking, spasm, and death.

2. Lffects of the injection of orange juice upon -
anaphylaxis: Group B (guinea pigs 6-10) were sen-
sitized by intraperitoneal injection of 1 c.c. of 1%
solution of cgg albumin July 30, 1923. They were
kept for two weeks on the complete dict (same as
Group A), but in addition were: given daily by
intraperitoneal injection 5 ¢.c. sterilized, neutral-
ized orange juice. On August 13, 1923, they were
injected intraperitoneally with a shock.does of 1 c.c.
of 10% solution of cgg albumin. This injection
was given nine hours after the final injection of the
orange juice; so that any immediate effect of the
orange juice injection should have worn off. For
a period of from twenty minutes to one hour and
ten minutes (see Table I) these guinea pigs showed
symptoms of anaphylaxis, i. ¢., sneezing, coughing, .
cte. But none of these guinca pigs dicd. '

The orange juice that was used for injection was
prepared in the following -manner: Each evening
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about 30 c.c. of juice from Florida oranges were
expressed and placed in the ice box to filter. The
next morning exactly 25 c.c. of the filtered juice was
measured out into a flask and quickly brought to
boiling on an eclectric hot plate. This was done to
sterilize it. It was allowed to boil for one minute.
Then to neutralize the free acid, which was too irri-
tating for intraperitoncal injection, 1o c.c. of 0.5 M
solution of Na,CO, were added to it, and it was
rapidly cooled to body temperature under running
water. Tor these oranges it was found by indicators
that this gave a Pir between 7 and 8. Although
this was nearly neutral, and was close to 37° C, the
immediate effect after intraperitoneal injection was

TABLE 1.
Scnsitiz- Time between Duration of
ation the sccond dose symptoms in pigs
Numbers Perlod* and death which did not die
of Guinca
Pigs
Days Hrs. Minutes Hrs. Minutes
Group A.
Complete Dict.)
1 14 e 28.
2 " 14 e 20.
3 14 P 21.6
4 14 28.6
R 14 21.5 vees

irritating.  This irritation lasted from one to two
minutes.

3. Lffect of scorbutic dict for sixteen days upon
anaphylaxis:  Group C (guinea pigs 11-15) werc
sensitized with 1 c.c. of 1% solution of cgg albumin
on July 30, 1923, and were placed on the scorbutic
diet After sixteen days on this diet they were given
a shock dose, 1 c.c. of 10% solution by intraperi-
toneal injection. Guinea pigs Nos. 11, 12, 14 and 15
died within less than onc-half hour. (Sce Table 1.)
Guinea pig No. 13 showed irritation symptoms, but
did not die. The period clapsing between injection '
and death of those which died was plainly shorter
than in Group A, the controls. The average in the
controls being twenty-four minutes and in those on
a scorbutic diet cighteen minutes. (Sce Table L.)

The dict given during these sixteen days con--
sisted of rolled oats, dry timothy hay, small amount
of butter and water, all they would cat,

Effect of a longer scorbutic diet (twenty-ont
days) upon anaphylaxis: Group D (guinea pigs.
16-25) were sensitized July 30, 1923, by intraperi-
toneal injection of 1 c.c. of 1% solution of egg albu-
min, and kept on the scorbutic diet for twenty-onc
days. They were then given the shock dose, 4. ¢.
I cc of 10% solution of cgg albumin intraperi-

TABLE 1II.
Weight Chart of Guinea Pigs,

. Guinca I’j S ly 30,'23| Aug. 6,'23 [Aug. 13, ,20,'23
8 14 e e e 20. ! '1]\10(: 8 Ju%'“:.'g]sza Jug);:rgs?s lgftams‘z u:fr:llxgsm Au:z‘rmgsz
0 14 e e e 37.
10 14 UREN ERODRNR ISR S - —
' 5 20 Mo | %5 | ses | o
Group C. 3 ) 385 e
(Scorbutic Diet for 16 Days.) 2 ?ﬁg ggg 3(7“8) 388 st :
5 330 | 343 | 378 | 4156 | .o
}5 ig {g 6 320 324 325 366
12 1 . T 7 300 311 318 354 | ..
™ 1 cone 5 . 8 361 272 286 320 e
15 16 veee 14' A 0 2656 272 201 316 e
v . 10 338 254 347 376 Ceves
: 12 IR S < I
Group D. 4 . o
(Scorbutic Dict for 21 Days.) {2 ggg ggg gg% ggg o
‘ 16 250 | 200 | 259 2t | ...
16 21 b 10. e e 16 278 281 300 290 238
17 21 oo 15.6 cees chee 17 - 314 . 326 360 341 302
18 - 21 veee 10. e Ceee 18 276 274 290 310 257
19 21 e ees e 10.5 19 380 395 420 448 370
20 21 ' . 14, - cee 20 305 307 316 332 276
2} 21 e ?}. e . 21 343 346 360 361 313
?? 21 cee 35.5 e seee 22 314 300 316 3190 264
23 21 veee cens . 18. 23 360 365 373 376 330
2.3 21 e 12.6 cens venn 24 309 320 - 208 - 316 2065
25 21 . cees vees 11, 25 269 280 . 245 279 244
4/

*RBy the period of sensitization is meant the period between the first

. and the second injections of foreign protein.

F
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toneally, g

guinca pigs, Nos. 17, 18, 20, 21, 22
and 24,

(}icd very promptly of anaphylactic shock.
. bu]tr(i;:i ;gumca pigs, Nos. 19, 23 and 25, did not di.c,

i _(,. llo.wevcr, show sym‘ptoms ’of nnapl}ylaxxs,
twc-c:ulr.nfatxc.m symptoms, The pcrxod.claps.mg be-
p Mjection and death of those which died was
‘10'ftcr than the controls, except in pig No. 16,
);htch died in five hours and ten minutes.  (Sce
wf‘blc ;I-) The average of the six dying promptly
s cighteen minutes.  The weight chart of the

glli"¢“ Digs is given in Table II.

' CONCI,USIONS,

sho':;l"celcfolrcgoing 1:csul'ts are quiu.: consistent and
in ang lﬂ; v .ﬂl:.lt vnt:umn. Cis an important factcfr
.actorI:]:)l‘}ms in the guinea pig; the lack of this
' mbcmma\mg. t.hc 'symptoms more .acutc: .and the
taing \:it COl.lS injection of orange juice, which con-
amin C, protected the pigs, so that none of

'MEDICAL BULLETIN
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those receiving this in addition to their dict died.
While it has not been certainly proved that C vita-
min is the protective substance in the orange juice,
since control experiments of injection of orange
juice in which vitamin C has been destroyed have
not been tried,-yet it is probable that C vitamin is the
active agent, The greater susceptibility of-guinea
pigs on a scorbutic dict indicates this. The fact
that one or two pigs survived, even though they had
been on a scorbutic diet, is probably without signifi-
cance, since always in a large group of pigs a certain
number will usually survive.

It is possible that C vitamin may be more effect-
ive in desensitizing the pigs when given parenterally
than by the mouth.
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) Ohamioal Basis of Immunity. }
,.IV. A Preliminary Report of Vitamin B Exhauation by
:.Loy_QradeMInreationa,' ‘

By Paul li. Wedgewood.

From the Department of Biochemistry, University of
_ACIncinndti, Cincinnati, Ohio. - o

The 0ld idea that bécte'ria'lmaybe harmful to their
hqstfby'éon§uming osrtain sasential aubstances, such As
inﬁerml"aecrefiona; vitamins, and so forth, has hitherto
had 11ttle or no‘oxperimeﬁtal basie. .Noferthelees this is
an attractive idea and worthy of investigation. Studies
Prompted by this idea may yot enlighten many ﬁerplexing |
Problems of etiology of diseases such as diabetee inaipidus,
Qlébefee mellifd@, m&xoédéma; progeria, infontalism, variovs
dehentiua; rheumétlc”tévar;‘eto;"‘It would not be difficult
for us to 1Magine that some égch‘prooeSs-is depleting in--
8ulin faster then 1t is produced in the case of diabeteﬁ'
fmaliitua}~ In many of these diaseeses the picture of ex-
hauation 1a’adcompénied by ohronic infections or perhaps a
history of -such infeotions, which might woll be the oause



Of this exhaustion. - - . - - . . S
39wover,’$ﬁe diaoovery‘and’atudy of the action
Of vitamins have added probability to this 1dea. A great
meny symptoma common to diaease)auoha:aﬁhénia, malaiae,
oaohexiq,fpain, neuritis, fever, anemias, decreased re- . -

« Giutaﬁoe, hamorihaga,;;o say nothiﬁg of paralyéiaf skeleton
derormationlanq‘death)have‘beeh produced by defioionoie§
°f'v1tam1ns.“_ If a low. gradse chronic fooal infeotion were

WOuL::::um*ng v1tam1na raater than suprlied by food intake, it
ﬁdreasonable-to assumo that various symptoms of avitaminosis
Woulq pe producad depending upon the degree of such de-
fictenoy. . '. L ‘ ‘

There 1s much evidance in the litsrature in tavor

Of this idea. ihat'oertain bactaria require water soluble

Vﬁtaminva‘iﬁ their nutrition is well known (5).  Thus S.

Hosoya and . Kuroya (1) atter many sxtended and oarerullﬁ

Oontrolleq experiments ware able to claasify many psthogenio =

bacteria agosording to their water aoluble vitamin B require-~
m§nte,.e;g. utreptoooco&a homolyticus'; pneumocoocscus, meningo-

Cocous, and B, diphtheria4would ﬁot,grow on vitamin-free |

Media, but would readily grow on the same media if vitamin B

vas added, _Outfqg'many other baoteria examined, oply four
kinds - g, coli}'oholera vibrio, B. pyooyaneus and B. anthracis

~Were able to flourish oong;nuouoly,‘thrh about seventy



Gﬁnarations, for a year upon vitqmin-frea media. The
more common bacheria ‘such as B. typhoidua, ‘Be paratyphoidua
- (type A), B. dysenteriae ‘and pyOgenio ntnp&?ocoocus, which
-Wera capaole of fnint growth during the firat ganerution,/
“Pon vitamin-free medlﬁ)failed to’ give continuous growth
aftsr two to threc generations. " The addition of yuaat'ex-
tracts, orvzanin, ‘and Qﬂpukie s vitemin B ~ greatly favored
their growth. The favorable influence of vitemins, espeolally
Water soluble B upon baoteria haa also reoen*ly been shown
by 1. Shiba (9), 8. H. Ayers and c. s. Mudge (3), J. Broad-
huret (u), and many others.

| It 1s also well known (6)(7)(10) that vitemin B is
°°mparat1ve1y soanty in the animeal. body except 1n the highly
Sellular organs (9)Iauoh as liver, kidney, pancreas, thymus,
| andiheartfﬁusdle (13,.ﬁ’i,Th8 réihtiQe richness of vitamin B
.1n-rreah‘ahdoofiné éihnds'(9).;eapdoia11y those most im-
Portent to dsvelopmantal procesaea, suggests to us a possible
~1mpairment of funotion of these glanda, in case these glands
jWOPO oonatantly drained of vitamin B hy aome low grade chronic
1ntiotiqn. For uayerstein (12), and alao . Gotta (14),
 haV0 shown that the sex organs suffer especially from a -

vitgmln defioienoy; Howevér, 1t 1s probable, that the
less active tissue would bhe rirst to suffer, and that im-

‘Dairment of function of the more important tissues would



result only from a Qevarefavitnminoaia. . H. Steenbock
- -4 his comorkers (1)) have called attention to the
' neceasity of preventing thQ-énimala,-(upon which vitamin
B experimonts are being tried) from eating their own ex-
oreta. There&ore eauimatea of vitamin B ‘sontent of animal.
t1aaues obtained without this pre=caution are probably. too
'hiah. In any case, the margin of - aafety between the
Vitamin B stores and inteke on.the one hand, and the re-
Quiremantsﬂqﬁlthe.othor, is proﬁably'very sméll on the
“v°rage diet. . So thst an sabnormally largé demand might
Tesult 4n hypovitzminosis. - .
- That resistance to.infeotion is gréatly'lowered
Y & dlet aeficient in vitamine is well ynown (8) (15) (17)
(lei- ~ The importance of vitemin B:to reaiatance'of pneuno-
Butcoal infection hes. regently been shown by Findlay (16).

1t has not been &0 clearly shown
sthat infection eugments avitaminoaia, and brings

quut am eurly oﬁset of its saymptoms hesneot—heerso-clonrly
°h°*ﬂft McCarrdson (8) made the following atatement when
dsouseing the relations batween vitumin deficiencles and
‘vinrectiona, which showa that he eppreciated this bi-modal
. relation. "This 1mportant factor (infcction) oparatos.
1n two ways: 1t may nrooiwitato ‘the onaet of symptoiigv

AL

;d“° to foog defloianoy, @ 1t may. impart:. new-chremieat



téatures to the food deficiency syndfome.',, He,found.
' that suboutaneous iroculation of B, suipestifer, an
organism whioh complioated'hia results, into well fed
Pigeons, rabbits and fowls produced paralysis ‘of the
;giggf ond that the olinical plcture uimulated closely that
due to alimentary polyneuritis columbarum.  When pigeons
feoa onR%@oon r}qp“were oongrogatedltogether, the organism
sPrend to every one of them causing polyneuritis and death
more rapidly than did the defioient food alone in isolated
birds, . .Control birds on the other hsnd similarly ex-
Posed’ almost oompletely sscaped its effeot. He also
Toports a similar oaae in monkeys. -

ﬁ Thua, in the lliterature there is considerable
°V1denco whioh sugrosts and supports the idea that in-
feation raises the vitamin B requirement. Now, since. the
margin of safety between intske and stores on the one hand
and requirement on_the other, is small.we should not be
'Q“rpriéed 1f we found an ezheustion of vitamin stores, by
- ohronic infestion. o P I i

e (19),beggn our atudﬁea'upon this probisn by

atudylﬁg first the relation arlﬁitaminutto a single faotor
of diaeaae. namely anaphylaxis.  The éaneral basis of

the work is that given by Profeasor A. P. Nathews (?0),
his Paper entitlod,'Tho Nature. of Disease and [ts Natural



Th°rap&"s 1iﬁ that papéi'Profonor'xaﬁhews'dovelopod
‘the'theorv that‘ﬁhe aymbtoms of inféoiious dlsease of

all ktnds wore due to a hypersonaitivity of certain tissues
of the body nd in partioular tha nervous tissues, pro-
ducad bv.uhair senaitization’ through the poxrtislly di-
8°ated bacterial proteius.»'f"wnothef tﬁis hvpotﬁeais be e
'.true o not, 1t puts ancphylaxis.es a cardinal process in -
1nfecfious diueaao, whore 1t has also beon placed by
NUmex:ous other‘writara;fandfror.thia reason we began our

Study on'the reletion of viteamins to this process.

, | In the first aarieﬁ'of experiments wd‘ohdso”

young whité rats., - It is impossible to produce J;ther active
Or pnssive anophylexis 1n*én::ﬁnit white rat when the latter
is on a dompleta.diét. ?Suchfrats'ahow'no etfeots whatever
‘,°“‘thp second'or'?hird‘parenteral’}nfecticn of a foreign -
DPOtein;  Yo (19)-have‘fouhd,'howevor that young white rats
may be sensitized and will ale upon the second or third
‘Parenteral injeotlon of a foreign protein (anaphylazia) if
. they ang kept on a diet deficient in vitamin B. Siris o
Tﬁerefore'a deficiency of vitamin B predisposes to sensi-
tlzation or inoreases the effects of sensitization in these
‘nimals."\ '

Ve might also mention here that an excesa of-

Vitamin g (21) protects guinea pigs from an anaphylactio



aeath We have been unable to explain thia effect by

the salts preaent in the orange Juioe which was uaed as

a aource of vitamin c. 3 R | - o

‘ .. In the course of theao experiments, a series of

.rata were found to be auaoeptible to aensitization 1n apite
of the faot thut they were on an adequate diet.‘ That 13, they
Were killed by subsequent protein 1njections. On examining
thﬁ!e rats, post mortem, it was found thnt 1n every 1nstance
they werse - suffering from a mild ohronic lung diaease.“_The

,faot that these rata behaved exactly like those with n'A‘ .
vitamin B defioiency suggested that the lung infection had

in Bome way cauaed n vitamin B dafioiency.‘  The body |

| thuﬂ infected might require more of this vltamin‘than

An°rmal or the vitamin atores of the body might be depleted.
This at onoe sugyested that the power of aensitization could

- be ueed us a measure of their deficianov of vitamin B. Ex=-

Periments were planned to see whethor or. not other low grade

1nf'eotions would produce a aimilar 1ncrease 1n power of

 ‘°°na1t1zat1on. f R | |

| We divided rorty rats 1nto four grcups of ten each,

‘ 'The first group were aimultaneously senaitized nnd diseased.

Thi° ‘was aocomplishad by aubcutaneoua injectioﬂ of suapensiona
ot ataphylooocous albus at the tlme of the 1njeotion of the

seuaitizing doaea of protein.' The seoond group were only

8°“31tized 1.e. 1njeoted with small do:ea of protein.‘ The



'“thirdt~group wera only diseaeedv~ And the fourth group were
10ft untreated. After two weeks on an adequate diet all
eforty oi the rats were 1njeoted with a shoek doae of protein.

| | This eeriee of experimente showed that a pyOgenio
!1eease (1ooe1 abscees produoed by eubcutaneoue injeotion ox
°taphylocooeus) greatly inereased the severity et the anaphy-
lactio shock. This disease hed also aoted like the de- '
fioienoy of vieamin B, i.e. 1t hed inoreased the sensitization,
80 that the ehook dose of protein had either oaueed death

or a very aevere anaphylaotio shook/'in the sensitized rat.
Th°¥ alao oonfirmed our previous findings. rirst that

healthv rats on a complete diet oould not be aensitized, and
8econg that the one dose oi protein wae not the cause of .
death, Thereby again showing thqt we were dealing with

‘ .anaphylaxie. o , N ‘ \}

- Furthermore these experiments showed a totally un-
-°Xpeoted result. The pyOgenic disease oaused a state of" |
hypereeneitivity to protein without previous senaitization

to thig protein so that on the firet injeotion of protein '
the rats either died or ehowed a severe anaphyleotio 1ike
*hook.  In other worda we hed here some clear eut svidence
that a focal infection brought about a non-speoirio hyper-
_“’“‘“Wity. This opena up a lerge number of possibilities
"hich we are now 1nveetignting. It 1s well known that in



humana we often find cases of muitiplé hyperaensitivities,
L.e, ons_ 1ndiv1dua1 may be- hyperaenaitiva to twenty or more
different proteinq. It 1s. hardly rea«onuble to. suppose
that this individual has been acoidently aenaitized to eaoh
_Qne of these.f;‘Furthermpneﬂit ia ulgolrell known that theag
1ndiv1duéla.often'ahowfevidenoss,Qf[fooal‘infeotioné auphv
,38‘large-tonsila,.hypertrqﬁhy of ‘mucoue membranes,-lﬁ&kocytosia
~®te,  The ;ausé,of this mn1§1p1e hyberaqnaitizatioh'may'be.
chrdnio;low g?gde:infedtion.‘.;W6~plan}to repeat this work
making careful examination of the blood ﬁor aigne of in-
fection and of hypersensitivity, 1.8, septioemia, leukooytoaia,
@08inophilia, sensitization to varlous proteins eto. “‘We‘
'-aPB as. yet at loas for .a satiafactory explanation of thia
Suriocus but extremely interesting phanomenon.

.-However we do have some rather definite resulta
Which tend to. show that bacteria may be. harmful to their
hoat py consuning some. essential substance, i.e. vitamin B,
(1) Healthy rats (rats in whioh no signs of infection could
. De found) may pe sensitized to proteins if their diet is de-
flotent in vitamin B.  Other variations such as number of
~,t1m98 of ‘injection,size of dose, ihorganio salts in diet
;eto. did not produce this change.  (2) Diaeage also has
thiﬂrpowep,of‘aoting like a vitamin B deficiency,ii.e,

%&using rats to beoomqﬂsdnsitizéd to protein.
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ot extracta 01“ normal ’ diaeased and vitamin B defiocient
tisauea upon berd beri pigeona. S |

In conclusion the author wishes to axpress his
appreciation for Profeasor A. P. Mathews gumanoe in
this work.
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.. by a low Grade. Chronic Infection.
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It 1s an old idea that bacteria may.harm the
body by consuming some necessary substance; but so fur thero
has been very 1ittle ar no ovidence of the truth of this
ldea, Iost baotoria act eithor by the produotién of toxin
or by aenaitizatidn; that they may injure bj deatruction of
80me essbntial‘oonatiﬁuent, such as one of tho intornal
séorptions,-ia,,howevar,lan attractive 1dea and one wofthy
°f investigntion. The discovery of vitamins has added some
PrObgbility to this View; for vitamina altho present in very
small amount are of Vital importance to henlth. It is certain
'that whén those substénoea are supplied in too small amounts
-Various derangementa of the body nre brought about, including
.teVQr' neuritia, anemins, asthenia, malaise, cachexia and

80 On., .Attention ocan be directed particularly to vitamin B

\



In this yegard, for 1t is portain,tﬁat.this substance 1s
atored in very small amounts in.the body and is of vital -
Amportance to the norvous system.xf‘lf a _low grade focal

e~
infeotion mipht—be oonsuming vitamin B faster than supplied

by the. food, symptomgygfgﬁzdzg‘produoad and pnrticularly
'symptoms of derangoment 01 the nervous system. . Somcthing of
this sort might be ooourinp in: dementia ‘praecox,. in which the -
Ploture of disease is thnt of an exhaustion. . Such:a patient
1mnreaaes-ua as lacking some eubatnnce or substances vitally
1mportant to the proper 1rr1tab111ty of his nervous system.

-Wo wore at loss for a 1ong‘t1moAto know just how to attack
this’pr.-oblem, until a chance pbéervation opened a possibility
Whioh‘wavinveétigated und.ﬁhidh gave the 1ntéreat1ng rosults

- Teported hers.. | '

.‘\Iﬁ the first serios ofvexperiponts the "influence
" °f a lack of vitamin B on anaphylaxis was studled. It is

well kndwn thnt rats are extraordinarily diffiocult to sensitize
t° a fdreign protein. "Y/e have naever boon able to éensitize |
a healthy rat when he was on a prbpar diet, i.6. one which
9ontained sufficient amount of vitamin B. . It was found,
h°?°ver, that young rats could be sensitized ﬁnd'kllled by
‘°“b°°Quent'protein injections, provided thoy'were fed on a

diet defioiént in vitamin B. Theae'results have aiready



(1) ‘
been Published. . In the course of this experiment

8 series of rats were discovered which were on a diet con-
taining vitamin B in what was supposed to be adequate amount
’but whioh were found to be susceptible to sensitization
and which were killed by a subsequent protein injection.

On examining these rats_post mortem it was found that in

every instance they were sufforing from a mild diseese of thse
lungs. . No normal rat could be sensitized; but diseased rats
could be. This observation appeared to us to be very’
Suggestive.  The rats with lung disease behaved exactly

ke rats with deficient B vitamin in the respect that they
b°08me suseeptible to anuphylaxis and acquired the peculilarity
Of being sensitized.

This led to the‘suggestion that the lung infection

'had ‘In some way led to a vitamin B defioclency cither because the
body thus infected required more vitamin than normal; or be- |
Oeuse the vitamin stores of the body were directly or indirectly

~depleged bylthe infectiows agent. - This at once supgested
that the power of sensitization of rets'night be used as a
’mgasur°’°f their defectiveness in vitamin B and experiments
Were planned to see nhether other low grnde infections .
woulqd Produet a similar increase in power of sensitization.

The author then attempted to test this possi-

bi -
,lity, but ng ig so often the case it was a diiiicult task

to
demonstrate what appeared to be self evident. In the

firs
t place it was neeessary to produee a discase in healthy

'rata w
n hich woulg not of itself be fatal during the experi-
Sntal Perioq,

— Secondly, the disease must cause gross

T ———— . Baiatil



Pﬂthologioai changes which are reedily observable.

‘The organis% which produced the peculiar lung disease would
Obviously be the one to use, ‘but here as yet insurmountable
difficulties have - presented ‘themselves. ‘While this organ-
‘1sm produces gross’ pathological changes in the lungs,
Sproads 1ﬁke wildfire.through a colony of animals if it
oncefgets a‘foothold;’nnd while i1t can be reedily demonstrated
iﬁ‘stained smears as,aﬁdiplococcus,‘itxdoes‘not grOW‘readily-
‘upon~the»ofdinaryiculture'media and results'at*isoletioo
~0f~pore cultures have so fqo becn hegstive."‘ For these and
other #essons other organisms were tried. The organismsj
experimented with were: Bacillus Pestis cavine, Para Typhoid
Bacillus from mice, Bacillus Bronchoseptious from guinea

Digs and staphylococcus albus from e case of ethmoiditis.,
or these the stsphylococcus albus appeared to be best suited
fOr the experinent since 1t grew readily upon agar slants,
produced an abscess from which it could easily be isolated

In pure cultures, and did not itselqkill the animal. ' This
organism also frequently produced a congestion of the 1ungs..

However, during the course of these bacterio-

1°810a1 studies, it became apparent thnt injections of ,
brOth cultures of bacteria in itself produced a stste of

/



hypersanSItivity to egg albumin. Since epgz white had
beéh used totdlnrify the broth'media;'iﬁ could not be
concluded that this etate of hyperaensitivity was due‘

to diaeaae process for 1t might well be that en amount

or protein suffioient to sensitize lnd remained in the
broth nftor oonpulntion. In order to test out the possi-
bility of a disease process producing a state of hypexr-
sensitization and to eliminate sources of error, only |
anliﬁé'auspensions of‘orgaﬂisms grown upon agar slants

were used.

X perimentql Part.

That diaaase not only nlters the courss of
'annphylaxis but also produces the condition 1s ahown by the

following axpprimcnta.'

Non-specific hvpersuacéptibllitv. Pen hpélphy ﬁhite albino
rats (Group I, Yos. 1 to 10) vere 1njected subcuﬁaqgousiy

"ith b | CeCe . of a suspension oi stanhvloooccua albua on June 17,
192h - This suspension was prepared by washinp the twelve
hour growth of staphyloooccua nlbua from nn agar slant with

10 c.c. of storile sodium chloride solution (. 9%) ‘The
oolonieé of bactcriu were broken up by ahaking the suapension

with sterile glass beads, One week later (Juner?B, 190&)

1
|

i
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these . 1njéot10ns~Were repeated. - Two weeks later ot
1.20 p. M., "July T, 1924, 1ntraper1tonea1 1njections of
% c.gc. of 1% egr albumin aolutlon were ‘made. '

"The effects of 'the shock dose of p rotein may
bést be shown by desoribing the whole plcture and’ thon
«pointing out how nearly complete this'bictuée'is'in éaéh
case, | o o |

’ BehaViour of-the4ratd}to thérinjection of

protein may1be‘d1Vided into f'our more or less distinct

~ stapges, namely, (l).latent“dr*prodnoﬁal‘.(2) iﬁritability
| (3) depression  (4) ‘convulsions.  The firsf stage lasted
from three to five miﬁutes;*=‘“The*rats bohaved- quite
normally. They- played about fﬁe-énpe,'ate thelr food, and
were quite tame. " The second.was quite a: marked change.
The rats became very 1rr1table, they bit at sach other,
‘hovered together in far corner of oage, eithcr showed fight
i moleated or as was more often the case would bent

against the aides of the oago 'in an efiort to avpid oaptura.
The Iur Was no longer smooth but stood on end. ~ This stdge
lasted rrom one-holf to ons hour and gradually changed into
the third stage. : This~stage may be oalled the dgpression
8tage, and because of its ldng dﬁration, three to’twelve'"
hours, 1s mostenaily obsarved. | In fact it is éo

l
Drominent that unless the rata are closely obserVed all



~ Other stages will be misaed. " This. etage either ”,.f
‘terminatea in a.more or less'gradual return to normal . or 1n
convulsione (fourth stage). ' The atage of convulsions pre-
-ceded denth about twenty or ﬁhirty minutes. _ _quing.phe:
_“tage any unusual noise will causo epasms.l; In faof one
_ean easily pick out ‘the - rata that have .reached. the fourth
,stage by simply etriking the cage or whiatling shrilly. ”
‘h“hoee rats. that have reaohed ‘this etage will go into ocon-
‘wvulsione.jh Spaem of the extensor mueclee usuallv re-
;dominate; these are . of ahart duration, 1.e., ten to fifteen
seconds. Aa thie atage prOgreseea there s a marked de-_ :
- crease. 1n the rute of the heart. : Shartly before denth, L
~When convuleione could no longor be 1ndueed, the rate wae
LbetNeen ten. to fifteen beeta pe r minute. - While these
stages have been deaeribcd as separate stapee,.the reaction
variea eoneiderably 1n the. different rata.y"
. . ...A11l ten of the rats ox ‘this group. ahowod the‘
Efirst three stages. . The. fourth stage could be demonetrated
only in rats Nos.. h, 5 .and 10, . _Rats. Noa. u and. 5 died ‘
eat 4.30 P.M., 1.e. three houre and ten mlnutes after the An-
eJeotion of egg albumin. ‘Rat No. 10 died at 7. L5 PoMey 1.e.

8ix hours and twnnty-five minutey after the 1njection. o

" Autopay of rats.

" Nos. I, 5 and 10. = ‘Thése rats showed a fairly

well localized abscess with'small amount of inflammation



~1n/the surrounding tissue. - 'Fluid‘pus was pressent at the
center of the abscess. ‘The axillary and superfioial in-"
‘gUinsl glands were enlarged..; The inflammatory reaction of

the surrounding tissue was muoh more marked in rat No..S

’then in the other two.v

-

" Nos. 1, 2, 3, ‘6, 7, 8, 9. r'Thesefrats were ob-

served for ‘one week and were chloroformed and autopsied.

With the exeeption oi rat No. 8 they'were ell healthv, i e.

no. gross pathologieel ohanges were found. At the site of the
.injeetion of bacteria there was usuallv found a small fibroue
'nodule, i e.‘s healed abscess. ” Rat No. 8, however, had a
diffuse congestion of the lungs. o

N The pa*holOgicel picture presented by this rat is
‘that which ie seen about three davs after exposure or innoculaQ-
_?tion. - It is therefore believed that this rat was healthy

at the time of the p'otein injeotion,lend that the protein in-
jection caused the 1atent disease to become ective. "“
In spite of the fact that previouzmk&lﬁie‘ sw«d:)&

BUggested the possibility of infeotion produoing snaphylaetia,
these results were rather unexpected.‘ It is diifioult to _
»oonoeive of the protein of bacteris being so olosely related

to that of egg albumin that one may be substttuted fun the

Other in a phenomenon 80 speoifio as anapnylsxis.' It seems,
'more reasonable to assume thst the body s meens of defense in
the seme in both eases, 1.e. sensitization 1s primarily a
meshanism of defense not only against foreign protein in-
vVasion but elso against baoteriel invasion. | If this essumption
be true then the differenoe between;>rophylaxis (immunity) and
‘ anaphylaxis is only one of degree. ‘Anesher(sellular hypersensitiv
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(2) (35

according to Metalinkow and many others oy 18 con-

aidered to be the basis not onlv oi anaphylgxis but also

Of immunity.v' Another possible explanation is that the tiqaue
.-neorosis, nroduced by the infection, seta free 1nto the blood
or lymph the bOdJ proteins or their decomposition products.

" These then act as sensitizing substances. Howovar this
explanation explains only oy assuminp something that is not
‘only hardcr to oxplain, but also somethinp that apneqrs opposed1
to facts, 1 e. sensitizinp a bcdy to 1ts own proteins or its

' protoin split producta. | Whatevnr tha c*xp:l.aru:u;:!.on of thia
curicus phenomena may be, if the fact that a focus of in- o
rection can render the body hvporsensitivo to one or morse gbﬂh&A\
proteins ia subatantiated bv xuture aork then we may consider.
.‘the etiology of allergies and multiple snnsitizattons from :

- a new view point."-,' D eﬂﬂﬁmﬁdh“g.”xbtvtuuduﬂ

| A oontrol experimsnt ‘sho#JQhat .

a single 1njectlon of one larye doae of ep@ albumin intra-
"P“ritoneal‘y wes ot thc cause of death.r R \
| ~ Ten white ulbino raus (Group II, Nos. 11 - 20)
| were 1njeeted 1ntraper1toneally at 1. 25 P.h., July 7, 1924,
with 3 c.c. of a 107 solution of egv albumin.' Previous
to thia injection they had been kept for three weeks under
conditions an nenrlv as poasible 1dentica1 to thcae of the
Precediny group. | |

) They ahowed no immediate effeots, and one week

after the injeotion appeared to be in perfeot oondition.
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'fhey wers then killed and no abnormal or pntholopical
changes could be found 1n any of them, This shoiwred that
'tbe death oi the rats in the preceding proup wag not due to
-the ainple 1nrge dose of albumins, but wns an anaphylactic
phenomenon. . _ | » ,
A aninp thus. ahcwn that an activa infectim.
'cau;ed rats to become hvnarsusceptible to epqvalbumin,-an‘
exp"riment uas tried at the anme time hich showed that:
Ordinary sonsitiz ation, 1.0. 1nject*on of small doses of 4
protein, auperimpOSed upon’ 1nfect4rn greatly increa advthié ?
susceptibility. | B )

| Ten white a’bino rats (Group XIT, Nos. 21 - 30)
were placod under conditions ot diet and su“rounainrs as
nearly as possible 1dentica1 to thcse of G"oups -I and IT.
They were injected gubcutnneously on June 17,,19hu, and |
again June 2}% 1924 w;th'l c.c. of 2% éolution of égg
alﬁumin'and algo with 1 c.c. of staphylococcun suspehsion,
.Two weeks lnter,at 1.30 P.M., July 7, 1924, thsy were in-
Jected intraperitoneally with 3 c.c. of a 10 ‘solution of
¢gg albumin, - L
‘ They sll shoaed the first three stages, and
_81x of them (Nos. ?2, 23, 2&, 25,27 and 28) shcwed the, 
fourth'stgge. All six ‘dled.  Time of injection and deatﬁ

are tabulated below.
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Injected - |
ek

“Dled’

Cat

Time between in-~

jection snd death

1. 1.30 P.u.

S0 "
130
1,30
::‘}.395

.5.30 P.M
.00 * -

8.15 "

6.00. "
A;h,zct “ f
'6.00 w o

. : 1" hrs.' ‘ 00 mino
6. " 30 "7

6 * L5 "
RO
3" o0 "
Lo 39_ "




Autopsy of rats Nos, 22, 23, 24, 25, 27 and.28.:.fThese

rats died %hortly féllqﬁing thévinjeqpioﬁ of the large

dose of?egg albumin, - An aoctive more or less localized .

' &bscesé was found in all 6r them, . Thia absocess contained
pua and was au”rounded by inflammation. :  The. 1nf1ammatory
Drooess extended into the surrounding tissue from 3 m.m. to -
about 3 o.m.ﬂr The axillarv and superrioial inguinal glands

- were markedly enlarged. . The 1unpa were congested in all

but two caaes (Nos. 23 eand 27).  The spleen uaunlly‘hnd a

g Veryidagk‘oolors.-\ln rat.NOa'25:tha-peritoneumlwaa 1nf1amed.

Autopsy of rats Nos, 21, 26, 29 and 30. One week after the

1njection thesa rata appeared to ‘be’ in perfect condition.
They wers: X111ed and no patholopical ‘changes could be found
except o small fibrous nodulie at the site of the . subcutaneoua
‘1njaétion or-bacteria.f ‘This nodule was about the size of a
grain of -whent and’ represented a healad abaoess.vg

1hus it 1s shown -that sansitization plus 1n--
feotion doubles the mortalitv.'1.e.‘marked3v‘increaqes the
auaoeptibility-of rats to egg slbumin, Furthermors 1t- |
should be - moted that sensitization also 1ncrensoa the
Susceptibility to~1hrect1<m. -~7""hia 1s shown. not only 'b'y
the groster number of rats actively. 1nfected, but also by

the preater aavoritv of the infection,



. ’Altho this expariment can not be said to prove
that the infeotion hne exhausted the vitamin B resorves
Of the body, 1t atrongly supgests thls posnibility. . qu |
?it hus becn éhown (l) that the auscoptibility 01 rats to

: an&phylaxis is alao rrextly increnaed by e defioiency of

:vitamin 13. (hed W Iy wwuu« Gt MLM ng ot .A.),, L REIW

\A’M

A aontrol expvriment was tried at the sumo t;me
405 Sc—e.

.which showed that healthy rats, under 1dentioal conditions of

' ‘diet and surroundlngs, did not beoome hypersensitive to, egg
albumin, altho they vore given two amall subcutaneous doaag

o or egg albumin._

_ . Ten white albino rats (Group IV, Nos. 51 - ho)
were lnjcoted sunoutuneoualv with 1 CeCo of a 2ﬂ'solution of
egz albumin on June 17, 9°u and apain on June 25, 192u.
Two weeks lnter nt 1 37 P.M. July 7, 192u, thev were 1njéoted
intraperitoneally uith 3 ‘.G, ox a 10,«; solution oregrg albumin. ’
» No eifacts or thia injection weze aeen except in rat No. 39,
| Rat Vo. 39 showed all the various stages of’ anaphylaxis. | It
- died at 6.40 P.M., five hours ana three minutes arftor the

injection,

Autopsy of Rat NO..59. ' Axillary, inguinnl, and othar super -
ficial lymph glands were on}y slightly enlarged.‘. However
intestinal and intra-abdominal lymphatio structufcs wore
markedly enlarged. ~ The 1ntest1nes were inflamed. The
&bdominal cavity contoined about 5 c.d. of bloody fluid.

A amall congested area was found at the apex of eaoh lung.



_ﬁg&gggz;of other rats. or Group V. Thess mts showed

no 1mmediate efrects and one woak after the 1njeotion
Bppeared to ba in perfoot condibion._‘ ihev wors killed and

'~ no patnological changes cculd be. found in any of them.‘ 4
| ‘Yhis shows then that heolthy rats under the con-
ditions of this experiment cannot be made, hyperausceptibla .
to egg‘albumin by injection of sensitizing doses of' protein ’

~uélone; f There are at least two othsr possible means of |
complatinp the production of hyparsenaiti ation.

If rats ave daprived of vitemin B (1) they then |
may be made hypersansitive to egg albumin by tvo or more
injections of small doses of protsin. But thls vitnmln B -
starvation in itself does not produoe hypersensitizatioa, |
but must bquupplimented by protein injeptions." In thls
‘Tespect it aiffers from the SBcohé mcthod. | |

’ An nctive abscess will not only conplete thia .
Drocass of seusiti”ation, ut it can by itself produce a

7’

state of hypersensitivity to egg albumin,

The diet given durinp this ezporiment cone
- 8isted of whole whaat flour 1& parts, yellow corn meal 1
_APurt, oat meal 1 part; linsead meal,rbona meal, and .
'McCollum's“salt mixture & part. This had plenty of
-~“~“Qnin B, but no vitamin C, end rats arow normally on it,

"00011um 8 salt mixture used here oconsisted of NaCl 17 3 gms..
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(?OOtnote oontinued) E : x; : ,
. mono-sodium phosphato 5&.7 pm'z. ’ calolum phosphnte 51 gma.,
?' .anhvdroua m;vsou 26 6 gms., @i—basio pot;nsaium phosphate _
95 h gms., calcium laotate 130 gms., and ferric citrate 11.8 gm




Iy

NS A e e

P e e

The 1o»wwam,w=m mmw of the rats thus used-in wru_ﬁdmomnwum owvonpamuaw are given
in Table II, T |

 Welght chart of rats in grams.

Table II.

Co group- 1.~

, vmuo.,

Rat 1
‘Male

xwmw N
Female.

~Female

Rat 3 | Rat 4| Rat 5

- Male ‘Male

~ Rat 6
.uMnamvm

| Rat 7
- Female

Rat 8

Female

Rat 9.
Maamuo

" Rat10
Femal®

| &nrzen
1 6/23/24)
1/ 1/24

mu,-o

,qm.w_

75.

.mN.W .

93.5

-18. ,

69,
qm [ 4 ., /‘
96.5

145 .w.wmkrm
| eu.s |aoh.
94.

87. 140.

| 56
1 6L
.

fmm.m_
66.5
18.

_ 7.

sk,
63.5

| ks
1 53,

57.5

SR . ‘Group II."

Male

Rat 11

et 22
.,woamwn

‘Rat 13
. Fomale

,,WQﬁ Hm
szvm

. wm« 2}y

A " Rat 15
‘Femals

4Enum.

_Rat 17
Female

. Rat 18
Male .

Rat 19
Femsle

.@wwewo
Female

6/17/
§23/24

|71/24

1 96..

124.

!

11135

‘101,
110.
| 120.

113.5

-137.

-85.5
1105.
i21.

19.7
82,5 =
109.

2.
87.
105.5

125.

62
55.5
- 70.

6.5
17+
,go

69.5

72,5

49.5
63. -

81.5 |

73.5
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Aemdwm 11 .oowwwsconv

-

) aeosw III.

Umaw

Rat 21
Male

Rat 22
Femals

' Rat 23

"Helel:

_mwwa 2L
‘Femals |

" Rat 25
Msle™

" Rat 26

. Pemale

)

‘Rat 27
,mWamHo.

* Rat 28]
Female

m\wsmr..
6/23/24|

q\qxn:

88.5
Sl

72.5.
5.

v Howumw,

102,

| 103.5°

ues

53.5
| 66
.

5.
éa.

65.2
m.mﬂ.

umNJm

66,
68.

9l

| 16.5°

f2os.

6.5

Group IV.

Date

_Rat 31
-1 Male

_Rat 32
_ Fomale

“wmﬁ 33
Male .

\.zmwo

Rat 35
Male.

Rat 36

- mmuo,

‘mmﬂ.wﬂ.
Fematle -

-

Rat 38

_ Female

16/1724

m\wwxu-

q\shum

.. .
KN BR.

106.

12,5

- 136.5

123,

91.
100.

91,

,uou«m

108. "

Howxf
127..
147.5

88.3

. 98.5 .
1135.5

82,5

{101,

9.7

96.5

69.5
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i Disouseion., . .
i Theee results ahow that anaphylaxie in the white

.rat is dependent upon disease.n_ It suggeste a poesible,_
'etIOIOgieal factor 1n multiple eensitizatione.? When these
resulte are interpreted in the 113ht of previoue work(l) o
dWhich ahowed that vitamin B etarvation predisposes to anaphylaxie,
| they strongly . suggest the poasibility of disease exhaueting<the
. Vitamin B stores of the body.  But. disease must do more’ than
_thie, for vitamin B etarvation alone does not produce hyper-~
'aeneitivity to egg albumin. . It is difficult to 1magine Just
‘how infection 4is able to bring about this etate of hyper-
suaceptibility to egg albumin. It muat at least oonsist

°f -two separate .processes.. .First disease must make the rate
aueoeptible to seneitization, ana. secondly 1t must seneitize them.
Thexfirst,pxooese we belieye 4s_breughteabeut.by an exhaustion of
vitamin B, because th#e aeeerdingite,oeraprev;eue‘werk (i)iwdll
foause rats, ﬁhieh are nofﬁaily quite resistent to anaphvlaxie,
to loee this ;natural reeiatanee.'( Altho we. have not made a
Bpecial etudy of .the manner in which vitamin B ¢¢¢Vy¢ causes
rats to be naturally resiatant to -anaphylaxis, we may ‘make an ,
aasumptionwhich 1s based on the -work of : Longcope (4). He found,
thﬂt altho, normal rats.could not be. eeneitized that ‘theip tissues
Teacted to thémgﬁg%eins as shown by. the produotion of precipitins.
The author”elsoufoundxthet‘the,aerum_of_pqr@ql‘rete.whdehvhad\";q
beenAaehe;figed.to:egg:eibuhin4w9uld reeot;w;th,eggdalbhmin‘to



- av

Droduce a preoipitate of egg albumin even 1n high dilutions,
'tnd that ‘this mixture ot‘ egg albumin and rat aarum was highly
t°Xic to normal guinea pigs.'y As vet we have not had an
°Pportunity to repeat this work 1n sufficient number of casea
'to draw any definite conclusions but since 1t 13 in agreement
With Longcope 8 observation we feel that we canyat 1east make

a temporary aasumption as to the nature of the action of
vitamin B in this natural resistance.:: Now 1f the qppearance
‘°f Precipitina can te taken to mean anyhhing 1t can surely be
,,talten t0 1nd1cate that the foreign protein has reacted with

the tissues of the animal. x Therefore we believe that vitamin
B PrOteota againat sensitization of the nerve enda perhapa_ -
bY Preventing the combination of the protein split substancea
With these oells.',” Or that 1t acts to: prevent shock by
preventing the toxio protein split products fron stimalating the ‘
nerva enda.. This explanation 13 in accord with Dr. Isaac s

v resu1t5(5) on desensitization by extracts of plants. It is
a180 in aocord with our resu1ts(®) on desensitization of guinea
Plgs by 1njeotions of orange Juice.

A plausible explanation of the second procesa here
1nVOlved is not 80 easy. For we do not know‘the chemical
Nature of these substances which sensitize the cells.  These
a°n81tiging subatances must not beothe ‘original unchanged protein

for thavinoubation period of active anephylaxis is much longer



.ithan passive: anaphylaxia. - These substanoces muat ex1st'1n

an uncomblned state 1in the scrum of an- immunized animal

" for the serum of an immunized animal s more effective in

' 98851vely senaitizing a second animal than the serum of an
.an&phylaotic animal. : Thesa‘sensitizers possess an qffinity
for the tisasue ~of both immunized and normal animQIs for Dale(7)
has shown that the isolated uterus of an immunized guinea pig
1s highly anaphylaotic. Altho we do not know whethoer these{
© Substances are forméd‘from.phe f reign protein or from tbe
bodiéa-tiasues;‘it“nevertheless seems most reasonable to

look upon these aensltizers as relat1vely s imple chemical
°°mp0unda perhaps of a toxie nature, whioh sensitizes the |
cells by altering their respiration. . Now it may be that thebe
Senaitizing groups may be ;resent in both egg albumin. and
baoteria.as.it may . be that el ther bﬂoteria or egg albumin may
be able to initiate their production in case the aensitizera
are or ‘somatic origin. That 1s these substances may be

'f°rmed by tissue necrosis or diaaolution.



L] &

< After preparing this paper for publication there appaared
? Teport of a case of sensitization to bread ESensitizntion to
Bread ~Pasteur Vallery-Radot and A. R. Barrieu. ' Bull. de la
s°°1°t0 Medicale des Hoapitaux, Paris, L48: 1364, Oct. 10, 192l
J' A, M. A. VO].. 83, No. 21, Nov. 22, 1921;, P. 1719)1 These
qm;h"x‘e report. that a boy aged 11‘ was sensitized to many fooda



(Fb°t“°fe continﬁed)* ,

"hich resulted in urtioaria. . Attempts at deseneitization
falleq but the ‘whole wheat bread of war time cnecked the
condition. g They asaumed that bran contained an urticaria -
Preventing vitamin. f* Vie believe that zhis is a clinica‘ ex«
a"11)113» similar to our _results showing the role of vitsmin B’ 1n
Prsventing desensitization. Qo e Hartwell (The Blochemical
JOurnal Vol. XVIII, Ho. 192h, p- "78L) has recently shown
that there 1s 8 quantitative relatjon between’ vitamin B and
DPOtexn 1ntake.1n the.diet'of\mOyhur rat, a hoavy protein
1ntakewié‘harhfdl'uhless‘accbmpanied‘by high vitamin B and unless

Z.this fatioAis‘opfrbct"thétVQistﬁrbancéaiqccur‘1n the ‘young

nursing rats.
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G -~ Summary. i

.An aotive pyogenio diaease (local abacess produoed by

8taphylococoua) produces 1n white rata a atate of hypero

'hensitivity to egg ‘albumin.

The 1njeotion.1nto heal thy normal*raté,'of one~lnrge,doso.

of egg ‘albumin was without effect, therefore: 1t could not

-be the cause of" the symptoms - and death that . followed

. 8imilap. injectiona 1nto dissased rats, -

3,

The severity of. tho anaphylactic symptoms are greatly in-

‘oreased, it rats are- simultaneously injacted with senaitizlng

~doscs of protoin and suapenaiona of bacteria. , Simultaneous

wmww Ha yeadlas
injoctions of egg albumin greatly : . : of

“,;rqtslto‘atqphyloopocgs,albua injeoctlons.

Healthy rats are not made hyﬁersensitlve to egg aldbumin

by injection of small doses of protein alone,

Cénclusions.

-

From thosa experimentsuwe may conolude ‘that a

disease proooaa (looal pyogenic absoess) greatly modifiea the

°“3Phy1actio response in white rata.‘ stnce disease cruses

0.

‘Tats to act they wore surfering from a deflcienoy of

Vitamin B, we believe that 1t acts bv exhausting vitamin B
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]and thereby renders the nerve: ends hvpersensitive to
'fOPeign protein split products. N ' -
‘ we may also conclude that a 1oca1 pyOgenic

.&bsceas sensitizes white rnts to egg albumin.

4 : It is with. great pleasurse that the author ex-
‘Preases his: 1ndebtedness to Dr. Iilliam B. Wherry, of the
Department of Bacteriology.of this University for his ad-
Viice and~assiétance which'made,thelbacteribldgical pdrt'of
this work possible; = to Miss Agnes H. Grént.for assistance
'1n Plannihg and_carryipg out the .dietary part of this work;
and to Prgfessor A. P. Mathews under whose direction this

work was carrisd out.
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The Chemical Busis of Immunity.
VI. The Anti-neuritic Content of Normal Diseased and
. Beri-beri Rats.~

| . |
. Paul E. Wedgewood -
(Merrell Follow in Biochenistry) _
'(From the Department of Bioehemistry, University of Cin- _
clnnnti, Cincinnati, Ohio.)

Since wo had found certain indirect experimental

evidence which had led us to make the suggeet*on that a
ohronie 1ow grade infection might - bring about the exhaustion
| of the body 8 storee of vitamin B, so that the sgffers from :
.an avitaminosie our noxt step was uO makc an ettempt to
measure the vitamin B content of ‘the bodies of (a) normal
rats, (b) diseased rats,. and (o) beri-beri rats.

| At this time, we.were quite firm in our opinion
_th&t the substances which relieved the beri~beri convulsions,
Prevented the onset of the nervous symptoms, end the vitamin
B (growth vitamin) were identical. Therefore the pigeon
Beemed to us to be the animal best suited to serve as a
teat animel in these determinations. , |

A Twenty-four pigeons were fed upon the anti—neuritic
deficient diet until they developed the typical nervoue .
aYmptome, i.e. the retraction of the head (opiethotones) or

-



convulaive seizures during wnich the pigeon would turn |
~°°m6r8aults backWards.ﬁ, TheJ wore tnen observed for a snort
,time to be sure that sjmptoms were actually presenu, and to
determine as nearly as posetble the severity of the attack.
If they Nere judged to ve suitable for the test they were
then Stven various amounbs or the different extracts which |
Were to be tested. Since these extracts wore in a £luiad
8tate 1t wae, with a litt e practise found to be a aimple
matter to 1qguce a pipette into the esophagus and give the
deeired amount. Over twenty cubio centimeters of fluid oan
‘be given in this way without ‘any danger to the pigeon or any fear
of. having the fluid loet by vomitinv.

The rata (whose bodieq were. to be examined for their
:&ntineurltic eontent) were prepared as fo]lons. Thirty-eix (36)
white albino rate, about four aeeke old, wers divided into
three goups of twelva eaoh.n Group (I) wers fed upon a complete
(thought to be a complete diet at thie tine but we have since
founa certaxn de iclenoies in the ‘atet used here) diet for |
f°urteen daye. Group (II) were fed upon the same diet for a
Similar period,.but in ddltion they were diseaeed by in-
Jeoting suboutaneously three ‘doses of 1 cc. of a staphylo-
Coccus aureua euspension at intervals of one week. This
auaPension was orepared by growing the bacuerla etaphylococcus
8ureus from: infected antrum, upon agar alants for twelve hours,

804 then washing off the growth with sterile (0.9% Nacl) salt

Il



°°1ution (10 cc. per tube). ‘The éuspensién'w&s‘fhéh'shakeh
vith stsrile gﬂass beadsin order to break up the clumps of
baoteria and make tho distribution as even as poasibla.
_Gr°uP (III) were fed upon the diet deficment in the anti- .

neuritic substance. ‘ This diet was the same as that miven

 t° the Pigeons. The diets used wers as fOIIOWs.

-f§°0d ‘  . Complete Dist .- Antineuritic De-
' : ST : ficient Diet
e o & .
Rige F¥¥¥ . - | a2 i 66
Casein R 16 T 16
Butter™ IR EE
criaco**.,‘ ) ‘7 :  7.
Salt mi#tﬁfg*%*' - s
a -Rlce Poiishingg‘ L 0
—_— N T Ce { :

%
'Only the butter fat was used It was nurifiad by melting

1t, allowing the salts, water, and. other organic matter
to settle out.{ The yellow fluid rat was. decanted, and |

Washed with distilled water.‘

** 4 . ' N
. Crisco 1s & partiallyfhydogenated vegetable Zfat.
He e o

~ McCollum's salt mixture. (see Part I, page 175)
Seww -

The rice was a highly polished grade of rice. It was
.oarerully.purified_by'waahing.for several hours under

*unning water (hot water for 2 hrs. or cold water for 10 hrs.).



Ireparation of the extrocts: .

One extract was made from each group of rata. |
The lut" were killed with ohloroform. © The shin adn the |
13”83 and small 1ntestinea were removed.  The. stomach and
the duodenum‘vere split open and carefullv washed. The
bodies (includinv stomach, duodanum, bones, etc.) were ground
to a fine pagte in a meat chopper. The wet weight of the
combined tissues of the different groups were. Group I= 515 gms. ,
Group II = 560 gms., and Group ITI = 425 gms. - This past° wes
then éxtracted with 1000 co. of rediatillad ethy] alcohol (70%
by weight) which ‘contained 10 ce. of glaoial acetic acld.
After 20 hours ‘the solids were fjltered off. They were re-
extracted for u hours with 500 cc. of redistilled’ethyl
alcohol (sp. g. 0.80 at °O C Y. " The u014ds were apain 76 -
- moved by filtration.a' The fi’tratos had 8 clear light brown
°°1°P- The flltratea wore then cvaporated under roduced-
preﬂsure, first at room tomporature and later at 60 C., to
dryness. . The residue was tolen up in 200 ce. of distilled
Water, (which contained 1 cc. of glacial acetic ucid as a
presurvatlve). . The oxtrqct was then allowed to stand in
the 10s vox overnight. It was fi‘tered the next mornlng.
The material insoluble in the. dllute acid was d¢ucarded.
The extracts were kept in tho ice box oxcept whon actua’]y
in use, . nhe ‘extraots were of such a strength fhau L ce.

°f extract No. I= approximately 10 gmsa. of rat tiasue,
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3.5 cc.'or extract:No. II; approximatoly 10 gms. of rat |
tUSsué;'and'L.7 cC. of‘extract No. III = approximately 10 gms.l
of rat tissué.':
These oxtracts were then tested on the beri-buri
'Plgeons, the curativ“ dose being used as & measure of zhe
Telative antineurltic poasr of the various extracts, These
results are tabulated and a2lso glven in detail in the folloﬁing
tables I, II, and ITi, ard protocols. f o
Uhe weights of. ther'ats durir th 4r'pfeparation.
are Siven in table IV. : The weights of the pigsons during
thig experimunt are given 1in teble V. |
‘ In order to show that the acetic acid contained in
the extract had no curative power in itself, pigeons No. Sh
and 9& vcre given acetic acid solutions of a similar stréngth.
’j Pigeon No. 89 1s rep“esentative of the behavior of
a pigeon when treated with an eztract which has = high anti-
neurttic content. | ..i ; |
Pigeon No. 98 is. included because it shows that in
order to use the. pipeons as o test anima’s they munt be
Carefully selected before the test is carried out for,if they
have benome too weak thev cannot he revived even with extracts
°f high antineurttic content. As a rule the more active and
Violent the nervous aymptoms the better suited 1s the animal
for the test. |



‘Table IV.

.
Weight Chart of Rata.
—T: Group I. (Normai Rats)
o |Pate \ Number of rabt o
ooa »_,4’ N . . . '
I 1T 2 3 4 5 6 7 & 9,10 11 12
giatel %/2)4 et . i ‘ o .
’—'\N : y 51. 36. )8 _)8-(‘ 5902 520 310360¢ 330 1&7-7 31014‘ 60‘2 |
jf;”/éh*u* 58.2 41.2 68. 68.2 7h. 58,3 32.5 72.5 35. 59.5 35.6 6L.6
:jlﬂ/éu 61, Lh. 70 73 584 6. 34 83. 34.3 64. 32, 66.
_ . o group II (Discased Rats) L
"7;5.. 13 ak 15 16 17 18 19 20 21 22 23 2l
e R W5 5.5 5.8 55.5 55.4 46.5 58, 6.2 56.6 Lo, 41.7 56,
[%2 55,2 5u.4 52,5 ¢6.n 7o._ 52.l4 60. 78.5 T1.© 43. h8. 6.
..... - 7/2‘*. 55,5 61.8 54. 76. 77.3 59.  59.2 89. 80. k1.7 50. €5.5 °
' AG:\:"i.)up III"(Beri-be:c*i ‘Ra'ts) |
| F;7-..%‘ 25 2627 28 ‘29 30 31 32 33 3k 36
| i/ah : | 5.2 5‘4-4 56 1‘5-2_1‘7 L‘»B 5 5)01.. 62.4 )l& .5-'2 '—-9“
T IO/Eh | ,hs.s‘sé.u 62. U48; 50. 148.7 51 T2, 59-7'41,3}5?? 3.3
| gﬂ/7Véh.. . Lo, 53.1,62(5’h7-':u7., 51.7.54. 75. 67. L0, 30. D
) ) % . ,‘ ) R o
v Dled witn aymptoms of beri-beri. :
H L
[  Experiment begun on this date.
Ty

EXtracta mede from the rats on this date.
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te

. 6/2‘1‘

/2y

3/a)
/2

| L/ 9/25

5/a,

| *’%u 4

B1/ay,
[ /25
yeb5 

Pesting of the extracts-on beri-beri pigeons.
,Pigeon No. 81..

; ‘  - . ‘;:;fExtract of hormal rats.
“Time. : Observation and treatment.
10:00 A°M'j_F1r3t éymptomg of beri-beri appear.
11:00 A.M. Head retracted, 6.cc. of extract No. 1 given.

4:30 P.M. Appeared normal had eaten some food, 6 oc. of extract.
No. 1 given. '

10:30 A.M. Normal, could fly well.

11:00 aw. " v

1000 Ak ot e

1:00 P.M. Return of symptoms of beri;beri. ;

1:30 P.g.i'nead retracted, 6 co. of extract No. 1 given..

h:oo P.M. Much improved, no oonvulsions, 6 oc’ of extract No. -

1 given.
7:00 P.M. Appears to be normal, ocould fly about 4 ft., st1ll )
|  @ bif week, | B
1:00 P.M. Normal, had eaten about 100 gms. of food, could -
| easily‘fly;to the end of a 20 ft. string. |
3:30 P.M. 'Normal,“ . L |
1:00 P.M. " .. o
11:00 A.M. ‘Return of convulsiona.'

11:30 A.M. Convulsions continue, 4 cc. of extract No, 1 given.'

3#00,P,M. Appears to be normsl, but somewhat weak.
7:00 P.M. Normal. - ’ |

3:00 P.M. Hormal;

9:30 P.M. Normal. - Able to fly quite well, sense of
. . . )
direction good, still a . bit weak.



htq
Jo/zs

i2/25

&9/25 |

Time '
9:30 A.M.

:00 P.M.

‘ Obsérvatidn‘and:ﬁreatment‘

No convulsions, too weak to fly,-sénae of direction

poor.

Spasms return. "Markgd»incfeased in weakness.

' of extract NO. ‘1 given.

10:00 P.M.

10:00 A.M.

12:00 noon

12:15 BN,

LL:OO PUMO

5:45 Pf.

Quite weak, but‘no?oohvulsipns,

Very woeak.

COnvulsions return.

CC.

Pigeon now . 1ooked tooweak to withstand further ex-

perimentation so 10 cc. of extract of rice polish-

'Appears normal, eating heartily.

. ings (— 50 gma. of the drv polishing_) was given.

_Appears to be normal, walks with a steady gait, too

‘ weak to fly more ‘than 5 to 6 ft.,'sense of direction

o 9:00 Pouo
9:15 A.M.

T7:00 P.M.
11:00 P.M.

¢

SOOda -
Appeara to be normal, able ‘to rly fairly well.\
" w " LN q. " ]  very
Normal.

Still normal. - 10 cc. of extract of rice polish-'.

ings = 50 gms, of dry polishings given.

| to normal diet.

Returned



Datq
. 9/25 '

Time

l0/25 |

4:00 P.M.
5:00 P.M.

12:00 noon

9:30 A M.

10:00 P.K.

LV

Testing of the extracts on beri—beri pigeons.
Pigeon No. L. -

. Extract of normal rats.

" Observations.

First aymptoms of beri-beri appear, with marked

| ' head retraction and vomiting.‘;;
4100 oM,

h:30 P.yM.
19130 P.M.

Convulsiona continue. k co. of exxraot No. 1 given.,

‘Head retracted.

No convulaiona, but too weak to fly, sense of

direction poor.

Mild spasms oocur after two attempta at flying.

. Head ratracted.» Mild spasm present

Head retracted. L co. of extract No. 1 given.

Dead.’



1L

‘?Tdsfihgjbeéxﬁfaots on‘béri“beriupigeons;‘

Pigeon No. 88.

L Extract of normal rats.

Time ' Observations and treatment.
/25 o R |

3}90 P.M. First convulsions occur.

L4:30 P.M. Convulsions very severe. U 6c. of extract No. 1 given.

10:00 P.M, Very weak, no spasms.

Vbs %azgs p.ugi Appears to‘ba,normal, flutters‘backwards if tossed into
1 ‘_ the air, tokoeak to fly. | ,'- | '

6:00 P.M. Appearé to be normal, toé weak to fly.

9100 By, M % e % % wom o

PQS 9‘15.A-ﬁe Looks rather droopy, when disturbed it shows symptoms

of beri-beri, i.e. head retraction and oonvulsiona.

lleO,A.ﬁ.z.convulsions oontinue.‘ L co. of extract No. 1l given.

T7:00 p.M., 81ta with feathers ruffled up. No spasms. Too
‘,,weak to fly. , |

10:00 P.M. Appears te be normal, too weak to fly. _

/és 10:00 A,ﬁ.l.81ts with feathers ruffled up. Spasms return after

attempt at flying. |

11:00 AM. COnvulsigns contihue.‘ L4 sc. of extract No. 1 given.

'8:00 p.M. Dead.




12/25

ﬁhte‘

5/25 .‘

. Testing of.thé extracts on beri-beri pigeons.

A Time

_7:30 P. M,
10300 P. M.

. f-l

10115 A.K.
8:00 P.M.

10:00 p.M.
10 15 P.M.

11 hS AM.
7'30 P.M."'
7125 P.M.

5:00° p.M{

8:30 AM.

11*50’A;M;

. 12.3,0_?.“.

Pigeon No. 90.

K Extraot of No“mal No. I.

'Firat symptoms or beri-beri.

convulsions continue. L oo.'of Extract N°-,1 is
given. | o A -
.Normal.

Looks normal, walka with unsteady gait.

Head retracted.

. . . 4 06. of Extract No. 1 is given.’
‘Normal. |
Looks normal, but after attempts at flying, there

is a alight retraotion of head. Walxs in a cirole

| ith unateady gait turning a1Waya to the right.
Normal. ‘

Return of oonvulsions during the night.u

Looks too weak to withstand treatment. | L cc. of’

!

Extraot No. 1 given.
Dead.



S

Testing of the Extracts on beri-beri pigeons.
‘ Pieon No. L6. |

'Treated\qvqry‘dgf
with Extract of normal réta, No. I.
" Time ;' : o h

“8:004A,3. First spasms ocour.

1;;005A.M. ‘gpasms continue. - l co. of Extract No. 1 given.

fjg:OO?P.M,’131ts withffeéthers ruffled up. No convulsions.

/a5

- s

325
4/a5
g 3/a5
6./'25
57/25

&

6!007QQM.f;L06ksbndrmél;

1 11:00 P.M. Noxmal.
| Q:OO{A.M. .g",
| S?QCEP.M, -
Ilo*oo }-ﬁ-' " Ly do. of Extract No. I given.
1]'.‘800 i’.M. ‘% " oW w .?,: " om .
1:00 é&ﬁ. .’1 . C;'u-. |
9:30 é.m. » LI " ‘*':? " :
10:30‘1;.15. o "ow o " e e
6:00 P}.M. " W " I T
7:00 P.;.‘M. " " v oW " oW oW .
5:30 .fi;\;l(. . * w W " "ow oW
10:<51 A.na. .
8:00 P.M. " “ w om ] « % oW
1:36;P.M. " |
10:005 P.M. " " w " " LI B I



o Time

5:30 p.M.
10:00 P.j.
10:30 PM.

'11:30 P.M.
‘\/25

-
i
)
\
.
,
'
1
!
|
I
i
;
i
1
i
\
/ 1
FE
Y
po
! \
i |
Tt
|
!
H
1
:
\
i
|
{
t
)
I
i
1

¥/25 '30:00 A.M.

5:00 p.M.. '

L

Normal.

" 4 cc. of Extract No. 1 given.
S .

Return’ of convulsions.

Convulsions continue very severe.

_— o \ m " 10 co. of

k%s | 8:30 A, |

.5:00 P.M.

10:00 A.M. .

‘Extrect of rice polishings given.

‘Normal.
.
on

" . Returned to good diet.



Testing of the Extracts on beri-beri pigeons.

P.MQ

- P.M.

AN,
A,
P.M,
P.M.

PIMO.

P.M,
AM.
AN,
P.M,
P.M.
P.M.

PuM.

L
\

Pigeon No. U47.-

Extract of Normel rats, No. I.

. , . N I8 '
First attack of beri-beri; head retracted and con-

!

vulsions. , o 3 ST A

Convulsions oontinde. - 8 66, of Extract No. I givan.

Much 1mproved.' No convulsions; slight retraction of the

head if disturbed.
Looks normal, but quite weak,

» » LI ] »
convulsiona, _
" ocontinue. 8 co. & Extract No. Ilgiven.
Normal. | d

Roturn of convulsions.

Convulsions continued. 8 co. of ox traot No. 1 piven.

Normal. _
Return of conVulsions;

Appsars too weak to withstand treatment, therafore

given 10 cc. of rice poliahinge extraot.

&

Dead.,



L

Testing of the eictxjaota on beri-beri pigeons.

Pigcon Wo. 85. . »

Extract of diseased rats, No. II,

L/D%‘ Time
28/2[‘ ‘11‘3.:00 AM. Fiﬁst symptoms of beri-beri occur. ‘
' _133‘0 P.M., Head retracted.' 6 oo, of éxtz;acf No. IT éi’veh.
~ L:o0 P-n. | " e " oW on " " oW ow '
: 7;00 P.M. Symptoms of i)erio_-beri relieved, could wa.lkl, but
b/ . , - - was quitevweak. Could not fly 4 £t. ‘ .
/2 1:20 P.M. Looked normsl but shiversd as if cold. Room
o ‘temp." 22° 0, Had baton only about 20 grams of
: food.  After second attempt at flifing it fell
to the floor ‘i'n.coxivulsicns. , | .
'?:00 P.M. Convul#ions still present. 12 ce. of extraoct
1/,  No. II given. | | ’ '
3:30 P.M. Had saten about 10 grams of fcod, No spasms
present, ibut it sat hovered up as 1if ocold.
/ 1/25 - It .c_r.mld, fly fa;rl(y welll.
/2/2 2=90 ?.M. Normal,
5  2:00 p.i1. .-
B rs 3:00 PN, "
jh/as 2:00 p.g. "
/ /a5 2:00 P.M, LA
6./25 3:00“?.!&. . |
/125

’ 1:00 POM_. , " .



Date

8/25
9/25
10/25

/25
' E/hs

3 /25

Time

1:00 p.N,

9:30 P.if,

9:00 A.M.

. h:BO PQM. |

10:00 .M.

12:25 p.u,

6:00 P.N,
10:00 P,
9:15 AN,

11:30 4.y

7:00 P,
- 9330 A;H.

- Normal.
” L]
" “
| ]

L[]
. .
".l
] .
[ ]
A
L]

Roturn of convulsions mnd unable to fly.

”ﬁéad retractéd;

18

f

" 3.5 cec of extract No. II given.

Head retracted, too weak to walk, convulsions.

Dead.

T e



b‘ge

hovzs

Fl/as

Time

&53%Pm,

4:00 P.M,

9330;P.M;

5:09 P.M.‘
10:00 p.u,
12:30 p,y,

5:45 p.u.
6:00 p.y.
9:00 p.u.
9:25 4.1,

| 11:30 2.y,

7:00 p.y.
10:00 .4,
10:00 4.1,

8:00 P"uc
Wihs 4.y,

5100 p,y

" Looks drocpy, but too weak to fly.

19

Testing of extra"ts on beri-beri pigeons.
‘ Pigeon Ne. 93..

Extract of dissased rats, No.WII.

First symptoms of beri-beri ‘occur.,’ Photngaphed.

3.5 co. of Extract No. IT

Convulsione continued,

given. :

Sense of

. - equilibrium very poor.
~9:30'A.M.

Looks droopy and drowsy. Too weak to fly.

Too woak to fly, equilibrium vexry ppor.

\ Flutters weaklv backvard if thrown into the air,
: Makas no attenpt to fly ahen thrown 1n;o the - air.

Walks with unstoady gait.

bevore beri-beri spacms.’*

)

Spaqms continued. II ziven,

3 5 cc. of ertrﬁct Ho.

convulsions,
" . ; L
. . [ ] . . .
n

" ; head conétahtiy retracted.

10 cec.. of rice‘polishings

; aﬁq very woak.
given, |
Normal.

Looks normal, but makes no attempt to fly when tossed

N

into the air.

. ,Deado’



Pﬁé/gs

_.Vu*/as

6/25
/a5
/1835
139/25
Y20/
J/“/as

bﬁ3/55 

B/ag

10:00 A.M.
12:35 p.M.
12;55 p.l1.
4z00 p.y,
5:h5 2.u.

9;00‘P.M."

2:15 A.M.

'with.unsteady.gait.' After an attempt at flying .

10:00 A.M.
8300 'P-M.

11:45 aM.

7:15 P.M.
5:00 P.M.

11:15 A.M.

5:30 P.1.
'11:00 p. M,

Testing of extracts on beri—beri pigeons.

Pigoon No. ua} :

v

Extrect of diseased rats, No. II.

Firét symptoms of beri-beri occur.

‘Spasms continued, head retracted.

3,5.060. of extract No. II given.

Heoad retracted.

. "™ ;. apesms. . D ‘

In sevors oonvulsions.

Looks normal. When toased into the air it rlutters C

backward to the floor and then goes into convulsions.

Looks norme l. Able to £ly fairly well.f Vialks

1t goes into convulsions.

Looks norma l.. Able to fly but a short distance.
" ™ . Too weak to £1y.

" " . Walks with unsteady gait.’ Able to
fly about 6 f£t. |

Looks normal. Walks with unsteady gait. Flies

‘about 6 £t.

Looks normal. wélks with unsteady gait{

3:00'P.M.:
11:00 'Po “o |

" .
N4
n

L ]



Lt' Time

P25 100 P.ld.
: }5/ 9130 p.u,
1935 10:30 p.y.
B/2s, 6.0
7:00 P.M.
11:00 .y,

825 500 ALK,

’ 6:00‘P.M,v
(/zr‘ 6160 P m-

21

” "

"

" Looks normal, but weak. Abls to f£ly but 10 £t.

i " ] ] L n 0
L]

Looks normal » hut too weak to 1y over 5 £t,

L "

r " L] LU J " . ]

«

Radasrn I :
0011V111§101’18 contlinue.

“No improvement.

Nesrly dead, %00 weak to get up.

3.5 cc. of extract No. II given.

‘Doad,



F5/25

8/25

/25

8/25

Sl9/25

g“/as

/2y

| 23/25'

e

'5:60
7:15
10:00

. 10:00
- T:30
5:00.

11:45
3:60
8:00

8:00

11:00
8:00
-5:30

| 10:00°

Testing of extracts ontberiéberihpigeopa.

Time

PoM.

Po IfI‘
P.M.

AL,
P.lie

A.M.
P' M}a
PO I{ia

P.M.
AM.
P.M.

Tormal,

P-M. :

P M.

P.M. 4

Pigeon No. 45

Extrect of diseased rats, No. II.

. N

First s&mptoms’of beri-beri ocour. Head retracted.

Hoad petracted, spasms. 3.5 cc. of Extract No. IT given.
Siight retraction of hsad.
No convulsions, weak,

T

.. -
" ’ except'tOQ ﬁpak to £1ly.
8its with feaﬁhers ruifled up. Valks with unsteady

galt. Too weak to £1y.

Convuisiona.

» continue. 3.3 co, of exﬁraot No. II given.

Head retracted.

Convulsions. |
o oontinue. Hearly ‘dead. 'Sinoe there was

no relief 10 c¢o. of rice polishings xtraot given,

No oonvulsions preaant, but too Weak to fly.
Nérmal. |
Normal.

- .

Quite ﬁeak, drOOpy and. drowsy.
Dead.



Testlng of extraote on oori-beri pigeona.

Pigeon No. §5,,

°.  Time - Observation and trcatment.

b - o
*ﬁ./aé' ‘6;00 P.M, Firs+ symptoms of beri-bbri occur . (opasm)

8500 P.M. Spasma oontivue.

11;00 P.M. " " . 3.5 co. of extract No. II given.

¥20 . o '
* /25 , 8:00 A,M. M1ld convulsions. , , |
5:30 P.¥, Sits with feathers fuffled. - Welks with unsteady gait.

:'Too weak. to f£1ly, no convulsions.

10100 P,M. Same as before, i.e., 5:30 P.H. 3.5 oo, Extract

No. II piven.

3] | | '
,* /%5. 11:00 p.M, Head retracted, m mild cﬁnvulsions, ganeral appsarance bad, -
uneble to £ly. Wallks with unateady galt,

3.5 cc. Extract No. II ghven.

Yza/as 00 BA. Sits with fathers ruzfled.  Makes no attempt to

‘ S fly when vOBSGd into the air. Wdlks'With unsteady
| | gait. | , | ' " |
.FE' 9§3°‘é'“‘ Cbndition the éame{A 3.5 cd; Extract ﬁo. Ilfgiven.

/55 10:30 P. M. Sits with featherq vuffled VP, Shlvara as if cold.
o Unable to fly. 3.5 ccC. Extract No. II given.‘ '

2y ‘ L
1 /és '6=OQ,P.M. Sita’with fedthers.ruffled up. Shivers as if cold.
Makes no attempt to £ly when tossed into uhgiair.
i - 3.5 co. of ‘extract No. II given. - .
25/25

7300'P.M. Sits with feathers ruifled up. Sh:vers as if cold.

Able to fly a short distqnoe. - 3.5 co. of Extract

No. II given.




2l

Date’ . pgpe -~ ... . . oObservation and treatment

6 o Lo , _ o . :
/és 5:}0 P.M. ©Normel. 3.5 cc. of Extract No. II given.

[ I

ot——

8:00 P;M.rf"f'w .\,'3.5.60. of Extract No. II givon.

Y25 ‘1130 PeM. "o .
E- 10:00 P M. ® ., 3,5cc. of Extract No. II:givén.
%25 10:00 a.m, . o - :
%02' 5:00 P.M. - . 2.5 e of Extract No.'I; glven.
25 8130 AM. " . | |
500 P.M. Y-
llzoo'P.m., " ;’3.5 cc. of Extract No. II given. .
1/25, l‘o:ob AM. - o |
5:00 P.M.-' " . 3.5 cc., of Extract No. II given.
/25 8:30 A.M.l N f’—hf"f Lo l
1:30 B.M. . - " . o "
/2/, 6:30 P;M. om o, 3,5¢6c. of E}tract No. II given.:
1 <35  4:30 p.M. ‘w. , 3.5 go., of Extract No. II given.

3 ‘ |
/25 7:00 Par. sits with feathers ruffled up. 3.5 co. of Pxtract

No. II given.

h/as 8300 P.M.“Sits with feathers ruffled up. 3.5 cc. of Extract
y S No. II glven. | | | '
Vs . :
/és. 8:30 A.M. Looks normal.

5:30 pP.M. * v . 3.5 cou of Extract No. II gven. = -
] S |
[ /25 10:00 A.M. Normal.

6:00 P.M. - " .

N/, 1 - - A S
(125 930 pam 3.5 oc. of Extract No. II given.

..

8:30 P.M. " 3.5 oo, of Extract No. IT given.




“3 late
Y o/25

/25
¥0/25
h /25

/ 3/25.

- Time

"1:30 P.M.

5:30 P.X.

' 5:30 P.M.
5:30.
.8B:00

P.M,
P.}.
" 8:00 P.M.

P.M.

10:30 P.M.
8:00 A.M.

10:00 P.M.

12:30 P.M.

8:30 P.M.

.“Observation‘and_treatment.

Sits with feathers rufflsed up.

x . Vf " ,'ﬂA". 3.5 oc, of

'Extract No. II givan.

 steady goit.

P M.

-81ts with foathars rufflsd up.

'g1ts with feathews ruffled up.

Normal. . 3.5 ce. of Extract No. IT piven.
"o, " LI " " = "o
" : " " w L " L | '.

Pigeon does not fly to roost. Walks with un-

Can £y onlv a few feet. SifsA

with feathers ruffled up. - 3 5 60, of Zxtract No, II

 given as last dooa_beoause prepnrat°on was ezhaueted.

10 cec. of Ex ract of

¢

Severs convulsions rsturn..

Rice Polishings given.
perhaps a bit milder

Spasms continuc,
No sbasms, but'still a .bit weak,.

No convulsions, but still a bit weak. 10 ¢c. of

Fxtract of Rice ?blishings glven.

-

No. convulsions,

walks with a steedy g°it. Too wegk tq_fly.

sits with feathers ruffled up. St11l quite weak,

Able to fly fairly

weli.‘ ‘10 cc. of Extract of Rice Polishinrs given.

: Returned to normal diet.



B/a5

/25

| *23/25

te

f[‘ime

10300

10:45
8:30

3:00
5:00
‘8:00
10§30

8:00
- 8:00

1:30
3:00

10:00
10:00.

'3:0b

P e
P.id,

AH,

Y. M.

P.l.

P. M.

P.M.
AM.

TP°M' ..

P.M.

P,

PQM. X
A,

P.M.

26

Testing of Extracts on beri-beri pigeons.
Pigeon No, 92. '

Fxtract of diseased rvts, No. II.

First ooourrence of beni-beri spasms.

COnvulaions continue. 7 oc. oi extract No. II glven.

Munh improved, no convulsions. - Makes no attempt to

- fly when tosaed 1nuo Lhe a;r.

Return of oonvulaions..

"7 ee. of extract No. II given.

convulslons continua W
1 ‘ LI

)
17 ’

porhaps a slight bit milder

.than oefora.

Looks much better, walks wlth a steady gait. 209 '

~weak to fly.-

Unable to fly., Walks with unstoady galt.

Return of convulsions.
10 co. of rice polishing extract

convulsions continus.
'EiVGn;
Normal.

" .

" ., returned to normal diet.

\



Table

Showing the results of treating beri-beri

11

plgeons with an acid

lcohol extract of beri-beri rats.

27

Time Time T Tme | Timo | 2tme Time Pmo 2ime | e r
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