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N or have the sources of the various substanees which take 
part in the immunizing proeess so far been identified. Ehr
lieh l1ypothetieall)' attributes this role to the tissue-eell but 

' ' e,·cn granting tbat this be so, we are only drivcn baek-unless 
wc rcmain with him within the field of eonjecturc-to the 
nccessity of i,howing whence these cells obtain their immu
nizing bodies, his so-called receptors. This he has failed to 
do, along with all other investigators in the same direetion, 
becausc, in my opinion, he and they bare overlooked the onc 
:field whieh, expcrimentally and clinieally, offers the only solid 
foundation for a profitable analysis of the question, that of 
the ductless glands. Brown-Séquard, Langlois, Abelous, Char
rin, Albanese, Zueco, and many others, we ha,·e seen, have laid 
stress on the antitoxie functions of tbe adrenals while Yassalc 

' ' Gley, Fano, and Zanda, and many other investigators and 
elinieians have urged a similar role in respeet to the thyroid 
and parathyroids. This applies equally well to the pituitary 
body, aceording to :Marie, Guerrini, Gemelli, and others. We 
thus hare a series of organs found experimentally and clinically 
to proteet in sorne way the body against intoxication. Is it 
not logical to conclude that they claim attention as the more 
likely to furnisb the factors for a solution of this all-important 
problem? 

Prompted by these indications, I advanced the view in 
the first edition of the present work (1903) that the body was 
supplied with an immunizing mechanism. I showed that the 
adrenals and the thyroid werc the sourees of two substanees 
rcgarded by pathologists as prominent agents in the immu
nizing proeess, but the souree of whieh they had not identified, 
and that the secretory functions of these organs were governed 
by a centcr located in the pituitary body. I suggested, more
over, that it was probably by exeiting this eenter that various 
familiar drugs, mereury, for i.nstanee, and eertain toxins, tuber
eulin, Coley's toxins, and the like, produeed their beneficial 
cffeets. The eight years that have elapsed sinee these views 
were advaneed have served only to strengthen them. 

The identity of this meehanism suggests itself in viéw of 
the details already submitted in the ehapters upon the ad
renals, the parathyroid apparatus, the pituitary body, and the 
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and as evidence of the setting in motion by the organism of 
one of its defensire mechanisms. And certainly in pneumonia, 
erysipelas, cerebrospinal meningitis, typhoid fever, the prog
nosis is better if the patient's temperature is moderately high 
than if it is definitely low." N ow, we have seen by the labors 
of Albanese, Abelous and Langlois, Charrin, Oppenheim, an<l 
otliers that the adrenals also enhance the defensi,·e power o( 

the bocly, thus combining the pro<luction of fever with the 
beneficia! action-which dates baék to Hippocrates and has 
been defended by many of the most illustrious investigators 
of modern times-to which Barlow refers. 

Thyroparathyroid Apparatus.-The thyroid gland and the 
parathyroid glandules, which constitute this apparatus, pro
duce secretions which, on passing out of the lymphatics (into 
which they are secreted), en ter the left subclavian vein, and 
become merged into a single substance. Passing then into t:1e 
blood of the superior vena cava, this secretion is carriecl to 
the lungs, and on reaching the air-cells is taken up by the red 
corpuscles-along with the oxygenized adrenal secretion. A 
salient feature of the immunizing process appears in this con
nection, viz., the thyroparathyroid product is also -,ccreted by 
the red corpusc'.es into the blood and tissues, and, by acting 
directly upon the phosphorus which t!1e nuclei of all tissue
cells, pathogenic organiams, etc., contain, incrcases their in
flammability, i.e., their sensitiveness to oxidation. As such, it 
acts both as opsonin and agglutinin. 

The thyroparathyroid secretion taking part in tissue o:d
dation with the adrenal product, it becomes also, logically, a 
normal participant in the production of fever. N ow, this is 
so striking a feature of thyroid functions that the thyroid 
gland has been associated with the production of fever by 
Lorand and other authoritics on thc ductless glands. Lorand' 
urges in this connection the various manifestations of the 
febrile state, elevation of the temperature and the sensation 
of heat observed in Graves's disease, due, as is well known, to 
excessive activity of the thyroid, and many other phenomena 
peculiar to the febrile state. "Both in Graves's disease and 
fever," he writes, "there is an augmentation of the processes 

• Lorand: Lancet, Nov. 9, 1907. 
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. d . onnechon "1 h . -Considere m c . · t center-t e 1111-CENTER. . f my newpom , a 
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more poisons are present in the blood which this dual center is 
antagonizing through its militant agents, the thyroparathyroid 
apparatus and the adrenals-and also indirectly, as we shall see 
later, through the phagocytes. 

To interpret this process intelligently, I will subrnit, as was 
done in the cases of the adrenals, the thyroparathyroid, and the 
pituitary, an outline of the main features of the evidence I have 
to offer, referring the reader to the second volume for a detail 
study of the whole guestion. 

Of fundamental importance in this connection, is that 
Tlie pituitary body of all animals, from mollusks to man, 

contai11s a sensory organ which structurally 1·esembles the nasal 
olfactory membrane. 

Julin
8 

urged, in 1881, that in ascidians the subneural gland 
( conjoined to the nerve ganglion which I assimilate to the 
posterior or neural lobe) was the ancestor of the pituitary body 
of vertebrates. Lloyd Andriezenº coníirmed this view after a 
comprehensive study of the organ, from amphioxus to man. 
Personal work in the same line led to a similar conclusion. K ow, 
at least as low down as mollusks there exists in the correspond
ing location a patch of epithelium, which Spengel has termed 
"the olfactory organ," and Ray Lankester1º the "ospbradium." 
Unaware of the connection between this structure in ancestral 
forros and the pituitary, Peremeschko,11 .Müller,1~ and alrn 
Cadiat

13 
described a cleft between the hro lobes of the latter 

organ, the walls of whicb they found to be lined with epithelium. 
'l'he structure of this epithelium was only made clear, l10wever, 
when the Golgi method was available. Gentes14 tl1en found that 
it was merged in the partition ( the pars intermedia) separating 
the two lobes, and tliat it contained elongated ner\'e-cells which 
sent their neuraxons into the posterior lobe, and thence to the 
base of the brain. According to Gentes, these cells recall exactly 
the sensory elements of the nasal olfactory membrane. Caselli 

8 

Julln: "Rechercbes sur l'organls des ascldes simples," Arch. de blol., 11, pp. 59, 211, 1881. 

• Lloyd Andrlezen: Brlt!sb Medica! Journal, January 13, 1894. 10 

Ray Laakester: Artlcle Mollusca, In Eacyclopmdla Brltaaalca, 9th ed., XVI, p. 636. 
11 

Peremeschko: Vlrcbow's Arcblv, :uxvlli, p. 329, 1867. 
u Milller: Jenalsche Zelt. t. Naturw., vil, p. 327, 1873. 
11 Cadlat: Anatomle générale, clted by Guépla, Tribune méd., December 10, 1891. 
14 

Gcnth: C. r, de la Soc. de blol., lv, p. 100, 1903. 
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alrn íound sensory elements in the pituitary oí higher animals, 
while Boeke15 and Gemelli1º discerned them in the pituitary of 
fishes. A personal distincfüe study of this organ f rom the true 
olfactory apparatus has shown, moreover, that tbe íormer could 
be traced down to lower forros, gradually receding in importance 
until thc patch of epithelium "rnpplied with a special nerve and 
ganglion," as Ray Lankcster describes it, in mol'.usks is reached. 

Suggestive in this connection, as a feature of the immuniz-

ing process, is that 
In ancestral animals the "test organ" serves to test the 

purity of the sea water ingested by them. 
Spcngel's olíactory organ, Ray Lankester's osphradium, has 

for its purpose, according to zoologists, to test the respiratory 
fluid. In amphioxus, the lowest of vertebrates, e.imilar protec
tion is afforded by what Willey17 demibes as a "vcstibule richly 
provided with sensitive cells," and by .Andriezen as a "nervous 
organ" which "serves to te,t the quality of the water which 

passes over the respiratory organ." 
'rhat a corrcsponding autoprotective function exists in the 

lligher animals, ineluding man, is not only sustained by consider
able evidence, but a solid foundation for the whole Btheme is 
afforded by the íact that the blood oí these higher animals 1s the 
physiological and qualitative homologue of sea water. Claude 
Bernard1s taught forty ycars ago that "the blood is an internal 
medium in which anatomical elements live as do fishes in water." 
René Quinton1º i-howed that our plasma was a fluid which chem
ically, in so far as the relative proportion of the various elcments 
was concerned, corresponded with sea water. A. B. )Iacallum

2

º 
also l1olds that both·animal an<l -vegetable protoplru:m derive their 
relations to the elements sodium, potassium, calc:ium, and magne
sium from thc compo!:'ition of sea water which obtainctl when a1l 
fonns were unicellular. The labors of Bunge,2

1 ·J acques Loeb,
22 

• 
11 Boeke: Anat. Anz., xx, p. 17, 1902. 
11 

Gemelll: Jour. de l'anat. et de la pbyslol., 42d year, No. 1, l90C. 

17 
Wllley: "A1npbioxus and tbe Ancestry or Vertebrates," p. 19, 1894. 

18 
Claude Bernard: "Lecons sur les proprlétés des tissus vivants-'' ¡,p. 55·58, 

1866. 
10 René Quinton: Parls Correspondent, Lancet, Aprll 16, 1m. 
,o Macallum: Trans. Canadlan Instltute, p. 181, 1903-4. 
"Bunge: "Pbysiologlcal and Patbologlcal Chemlstry," Engllsh translatlon by 

Starllng, pp. 101, 102, 1902. 
" Loeb: Pflücer's Arcblv, cvil, p. 252, 1905. 
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8 

ia.ci~cita~~ f¡1°¿¡¡/· ~¡ 1892. 
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l clampsia which Williamson/~ 
to tetanotoxin ; those of pu~rpera e . nous substance circulating 
Grandin,2u and others ascr1be_ to P?1sol by Herter so Krainsky,ª1 

. ked m amma s ' 
in the blood; tbose pro,o h t ic serum derived from 
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and in man Y p· Clark'sss conclusion, base 

fitt. rollary for 1erce h 
epileptics, a mg co . . that "we must see t e 
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· ti bl od the agen w 1 
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O 
bl t the destructive action of 
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· . 
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physiolog1ca '. c _1mca, d I o~'d by exciting the test organ, 
tion of a tox1c mto_ the bloo s 1 f the body to action through 
awaken the defens1ve resour~es o ratus and adrenals. Crucial 
the intermediary of the thyro1hd apptla t such is the case, i.e., tbat 

. . ·1able to E ow 1!I 
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the test organ_ when excited b~ :h~s induces destruction oí th~t 
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its impulses to tbe . adre~as;lf an The:e experiments were those 
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They indicate, when explame m e ~ of the defensive 

• 7 l siological expression 
Fever 1s t te p iy_ ahle of exciting the test organ is 

mechanisni when a toxtc cap 
present in the blood. 
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20 Grand In: Grandm ~nd Jar~ Ment. Dls., February, 1899. 
ao Hertcr: Jour. of N~11· ª~och February 24, 1898. 
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I have urged that the pituitary contained the heat center, 
and that it produced a rise of temperature through the inter
mediary of the adrenals and thyroid. The test organ is evidently 
closely connected with the heat center, for the protective process 
it awakens when certain poisons occur in the body is a rise of 
temperature. N"ow, Sawadowski noted, aíter injecting putrid 
substances into the blood, and in accordance with familiar experi
ence, that it caused fever, even after the cerebrum had been 
removed from the midbrain. lle found, moreover, that anti
pyrin controlled this fever. But his experiments revealed an 
important fact, viz., that section through the optic thalami or the 
posterior edges of the corpora striata (which, from my view
point, also severed the nerve paths from the test organ or bcat 
center to the adrenals and thyroid) prevented these effects. 
"After these sections," he writes, "neither the putrid materials 
nor the antipyrin exertcd any infl.uence upon the temperature. 
The sinking of the temperature was not arrested by the putrid 
substances." The last statement refers to the fact that notwith-

. ' 
standing the presence of putrid substances which had caused 
fever, the temperature steadily went down-after the operation 
- from 38.1 º C. in the colon to 31.4 º C. This recalls the steady 
decline that occurs after removal of the pituitary. Ott and 
Scott

3
G also found that the marked rise oí temperature that fol

lows the intravenous injection of betatetrahydronaphthylamin in 
normal rabbits did not occur after they had transected the base 
of the brain behind the tuber cinereum. 

The heat, or thermogenic, center thus infl.uenced cannot be 
located in the cerebrum, for we have seen that removal of this 
organ does not affect the temperature. Xor can it be located in 
the optic thalamus or the corpus striatum, for Ott and IIarrisªº 
provoked the typical rise of temperature by puncturing with a 
needle, through the mouth, "only the lower surface of the tuber." 
Its true location is shown by the íact that Ott iound a thermo
genic center in the anterior portion of the floor of the third 
ventricle, i.e., immediately above the pituitary. Moreover, it is 
precisely traversed by the nerves which Andriezen, Gentes, 

• Ott and Scott: Jour. of Exper. Med., November, 1907. 
• Ott and Harria: Tberap. Gaz., June 15, 1903, 
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Joris, and others traced from this organ, and which Andriezen 

f ollowed to the region of the pons. 
Under these c,-onditions, however, transection of the pons 

should also have prevented the thermogenic action of putrid 
materials in Sawadowski's experiments. Such proved to be the 
case. Oí this experiment, carried out with the aid of Pawlow, 
Sawadowski writes: "Following out Ischetschichin's method, a 
diagonal section was made through the pons Varolii. When the 
section was complete, free from hremorrhage or of any condition 
which might excite the surface of the cut tissucs, a gradual 
diminution of the temperature occurred in the rectum and be
tween the toes. In one experiment, for example, in which the 
preoperative temperature was 38º C. in the rectum, and 34.5° C. 
on the skin, nin e hours af ter the operation the first had fallen 
to 27º and the second to 25º C." This applies as well to the 
spinal cord; "when the section was made quite lügh up," he 
says, "no rise of temperature could be obtained with putrid 
materials, nor did the antipyrin lower it." 

In the portion of the cervical region, bowe'\'"er, he found that 
transection of the spinal cord did not completely prevent tbe 
influence of either the putrid materials or the antipyrin. But 
we have in this paradoxical phenomenon only confirmatory 
testimony to the presence of a nervous connection betwecn the 
pituitary and the thyroid apparatus, for in these "low sections," 
as he terms them, he severed the cord bel0w the origin of the 
nerves to the thyroid, thus leaving untouched the nerves which 
connected it with the pituitary and its test organ, though sever
ing the path to the adrenals. What effects were obtained were due 
to the thyroid apparatus, which remained under the influence of 
the test organ, and therefore of the thermogenic poison and 

antipyretic. 
r_oiese experiments speak f or themselves-especially in view 

of the fact that Sawadowski mentions among the concomitant 
effects of his sections "disorders of respiration and circulation," 
and also blueness of the blood-obvious evidences of defective 
oxygenation. Added to the foregoing evidence, they seem to me 
to warrant the following ieneral deductions :-

1. ltfan, in keeping with many animals lower in the phylo-
genetic scale, is supplied with an autoprotective mechanism. 

THE ADRENAL SYSTEM AND IM!IIUNITY. 631 

2· This mechanism includes. 1 a • . . an o f . . , ie immuntztng center 
rgan o spectal sense annexed to the h ' 

being located · a . . eat center, both centers 

g
lands . 3 t1 ind iel pituitary body; 2, the thyroparathyroid 

, , ,ie a rena s and 4 · z 
immunizing center ( o; , t _spe~ta nerves which connect the 
sets of organs. overac ive ieat center) with tl1ese two 

3. Tlze immunizing center z . z 
tective mechanism is ti d '1 w iic i governs tlze autopr<>-

, ,ie eve oped "osphrad · ,, ' 
organ" described by zoolog. t . l ium or 'test 
vertebrates. is s in mo lusks and certain ancestral 

4. ll'hile the osphradiu1n of . · ·e . 
respfratory fiuid sea u·at . ·t . ¡n imi ive a_nimals tests their 

' e,, i s pt ototype th • • 
of higher animals · z a· ' e immumztng center 
tory fiuid anda q'u~;~/1(tng1 man, tests the blood, also a respira

ª ive ,wmologue of sea u·ater 
. . 5. lVhen the functional activit1 of th . . .. 
1s increased through the . y e immunizing center 

presence in the blood of so t . . 
u·astes, fo.rins or endotoxin . al me oxic, i.e., 
certain venoms "drugs et s, m11lier and vegetable poisons, 

· ' ' c., capab e of excitin tZ · 
stimulates correspondingl tl 1 t g us center, it · . . Y ie ,iea center and th 1. 
immunmng process. us awan;ens the 

6. Fever ir;dicates that th . active TI . · ¡ e autoprotective mechanism is 
. . ie 11se o temperature is due t tz . 

twn of thyroparatlzyroid and d l o ie increased produc-
increment of m etabolic a ( ~t renaT sec~etions,. a~d the resultant 

e ,v, Y· he immumzing • 
consequence of this hypermetabolism all . _P:ocess ,s a 
plasmatic and cellular be. d , . the immuntzing agents, 

B t L , ing pro uced in greater quantities 
u azarus Barlow states we hav . . 

sustained, I may add b th t 
11

. e seen~and he IS amply 
that "in pne . ' ~ e eac mgs of chmcal experience-

umoma, erys1pelas cerebrosp· l . . . 
fever, the prognosis is bette; if th m~ rn,enmg1hs, typhoid 
moderately high füan if ·t . d fi . e patient s temperature is 
• I 1s e mtely low" TI · · 
rnterpretation of the f b .1 · 11

s IS met by the 
conclusion :- e ri e process 1 submit in the next 

. 7· Absence of fever in a to · . . 
inability of the immuniz. t xmm1a of any kind ,s due to 

f 
ing cen er to react de t1 • 

o tlze toxic, owing to deficie t . . un . r ,i~ infiuence 
quired) of this center "'r t nt1 sensitiveness ( inherited or ac-

, v O ,ie f act that th t · · · 
paralyzant or anresthetic of 't e oxte is itself a 

t s sensory elements. 


