
CHAPTER XXX. 

THE INTERNAL SECRETIONS IN THEIR RELATIONS 
TO PATHOGENESIS AND THERA-

PEUTICS (Oontinued). 

THE ADRENAL SYSTE1I IN THE DISEASES OF THE 
ALL\1ENTARY CANAL. 

The series of diseases embodied in the present chapter is 
in tended to illustrate three salient facts: ( 1) the cardinal role 
which the intestinal canal fulfills in the defence of the body at 
large against infection by increasing, when necessary, the pro­
portion of auto-antitoxin in the intestinal juice; (2) that cer­
tain toxins, endotoxins or other poisons can depress and even 
paralyze the vasomotor and sympathetic centers precisely as is 
the case with depressing drugs; and (3) the fact that thc 
deprivation of auto-antitox·in wbich maternal, or at leas! breast­
milk, entails when infanls are band-fed accounts íor the fatality 
oÍ intestinal diseases among tbem besides, as already shown in 
the preceding chapler, rendering them highly vulnerable to 
infection. 

CHOLERA ASIATICA. 

SYNOKY)!S.-Epidemic Gholera; Gholera Algida; Oholera 
Maligna. 

Definition.-Asiatic cholera, an infectious disease caused 
by Koch's comma bacillus, is due to paresis of the test-organ 
and the vasomotor and syrr.pathetic centers by the endotoxin of 
!bis pathogenic organism.* 

Symptoms.-After an incubation period varying from two 
to five days, the disease sets in by a premonitory diarrhwa often 
accompanied by slight colicky pain and borborygmus. The pa­
lien! feels well otherwise. After a period varying from a few 
hours to a few days, however, he becomes weak, experiences 
fieeting cramps in the exlremities and chills, and, perhaps, ver­
tigo or faintness. This is accompanied by a change in the char• 
acter of the stools. 

• Author'B deflniti-On. 
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This introduces tbe stage of serous diarrhwa, in which the 
stools, from faca] or bilious, become fluid and serous, devoid of 
frecal odor and laden with rice-like flakes, tbus constituting the 
"rice-water" stools. Severa] of these stools, each representing 
a large quantity of blood-serum, may be passed without pain, 
but soon abdominal cramps are experienced and vomiting seis 
in-also of "rice-water"-accornpanied by a feeling of intense 
exhaustion. Gradually as the loss of serum increases, thirst 
becomes greater, until it is intense and insatiab!e, and the urine 
becomes scanty or absent. The face is at first pale, but it soon 
assumes a leaden hue. As the flux increases, the patient grows 
steadi:y weaker, the pulse being small, weak and rapid, and in 
sorne cases irregular. 'l'he muscular cramps may also become 
severe and the extrcmities cold. This may prove to be but an 
atlack of "choleraic diarrhrea" or "cholerine," often met with 
during cbolera epidemics. If this be the case, the symptoms 
gradually improve and !he patient finally recovers. On the other 
hand, collapse may occur more or less suddenly, followed by 
death. Such a case may las! from six hours to two days. 

If the case pro\"e to be one of true cbolera, it lapses into 
the algid slage. As described by a clinician who has observed 
many such cases, "this is announced by a Iessened frequency 
and abundance of !he dejections, which sometimes cease alto­
gether. In a few hours, however, the patient's condition grows 
rapidly worse; the countenance is altered-the cheeks become 
hollow, the eyes sink decpcr in the sockets, are encircled by a 
black ring; there are pains in the head, ear-tinglings, dizziness 
and blurred vision; thc voice becomes hoarse and is soon extin­
guished. A feeling of anxiety assails the paticnt, who suffers 
from the most excruciating vomiting, hiccough and cramps in 
the calves. Cooling of thc surface increases, ali externa] parts 
being, as it wcre, frozen; b11t tbe patient feels an interna], very 
troublesome heat, explained by the fact that the temperature 
of the skin, mouth, etc., is much lowered, while that of the in­
terna! organs is raised and even febrile. At !he same time tbe 
skin takes a bluish tinge with black marble-like veins coursing 
over the hands, feet, penis, and with increasing cyanotic dar~ 
bue of the nails. The pulse becomes weaker and smaller, until 
it disappears, first from the radial arteries and then from tbe 
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crurals and even the carotids, whi'e the heart-beats gradually 
disappear, the sounds becoming weaker until finally only the 
second sound is heard. 'l'o this, great emaciation is added, !he 
body growing thin and the skin wrinkled. Breathing is fre­
quent and difficult; erery secretion is dried up, with the excep­
tion of füat of the sudoriferous glands, a cold and clammy 
sweat covering the cutaneous surface. At the end of this stage 
the patient becomes extremely apathetic and somnolent, loses 
consciousness, slowly turning his eyes toward a person speaking 
to him, and at times answcring sorne words with great fatigue, 
but imrncdiately falling again into stupor. A period of agita­
tion, during which the patient tries to rise and utter vague 
words, sometirnes precedes this stage of collapse, which generally 
-in more than three-fourths of all the cases-grows worse, and 
ends in dcath. The whole duration of the algid stage is from 
a few hours to two or three days." 

When the patient ~urvives the algid stage, the reaction 
stage begins, i.e., grneral improvement of ali the symptorns and 
after a few days com·alescencc. In sorne cases, however, severa] 
of the syrnptoms persist, the anuria, hypotbermia, dyspnrea, 
cte., and the patient rnay sufl'er a relapse which may prove fata1• 

In others, again, symptoms recalling those of typhoid fever 
occur-the so-called "cholcra-typhoid," attended by delirium, · 
a clry tongue, etc. This also may termínate fatally. Finally, 
the convalescence may be protracted and be attended by various 
complicatiuns which include many forros of cutaneous cruption, 
gastro-intestinal disorders, inflamrnatory disorders of the throat, 
lungs aud brain, cerebral softening, insanity, tetany, palsies, etc. 

Various clinical typcs occur, but they difl'er rnainly through 
tl1e intcnsity of the syrnptoms. Thus cho/era sidcrans, observed 
sornetimes in India, rnay run its course in a few hours, and in 
rare cases in a few minutes. Again, there are cases in which 
there is no diarrhrea, the so-called dry clwlera, the absence of 
flux being due rnerely to the fact that the fluids accurnulate in 
the intestine, because paralysis of the latter prevents their ex­
pulsion. 

The cJinician referred to in the text is Professor Rubino, oí 
Naples. 1 He clearly defines in his description of the algid stage several 
features which are of spccial importance when interpreted from rny 
standpoint. 

1 Rub\no: Sajous's ''Aonlyt. Cyclo, of Pract. Med.," vol. 11, p. 210, 1898. 
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Pathogenesis and Pathology.-Asiatic cholera is due to 
poisoning by an endotoxin contained in Koch's comma bacillus, 
which is liberatccl alter death and disintegration of this micro­
organism. Although infectlon occurs through the alirnentary 
canal, e,en large quantities of specific bacteria may be ingestcd 
and be found in the stools "·ithout causing thc disease, provided 
the functional efficiency of the body's auto-protective rnechanism 
be perfect.• Children are vulnerable to cholera because this 
mechanisrn is not fully devclopcd; the aged are vulnerable be­
cause it has become weakened in thern, as it <loes under the 
influcnce of anv debilitating condition, ill-health, overwork, alco­
holism, deficic,;t food, etc., ali of which also predispose to thc 

disease.* 
The gastric juice <loes not afford pro(ection against water­

borne cholcra bacilli as beliered by sorne. 'l'he main protective 
influcnce is exercised by the auto-anti(oxin of the intestinal 

juice. • 
It is now genernlly recognized that the poison i.s a~ endoto.ri,~ free~ 

only bv death and disintegration of the gerin. Pfetffer- found th1s _po!­
son inienseh- toxic. Cnntani and Gamaleia' nnd others harn made s11m· 
)ar ObservaÚons. Its identity is not established, however, but, ns sho~vn 
b,, °Xi<'ati and Rietsch.4 Ya1i Ermengem,' Koch, Pf~ifTer _and oth~r m­
,,estigntors, the injeetion of pure culture of the bac11lu~ mto the mtes· 
Une or the peritoneal cavity of animals ernkes pat_ho)og1cal changes an~ 
srmptoms similar to those obserred in cholera As1atJca: mnrkecl wenk· 
1iess feeblcness of the heart1s action, marked coldness of t~1e head and 
extr~mitics etc. ).loreorer, Koch's bacillus is nlways found m the stools 
of cases oc' Asiatic cholera, and in this disease only. Pettenkofer nnd 
Emmerich, Hasterlik' and others, howe,·er,. ~s is well known, not only 
swallowed without C\'il results large qnanttbes of cholera. cultures, but 
ns shown below, rnrious obserYers han found that normal s~ools may 
contain virulent cholera Yi.brios though the pntient show no g1gn what· 
e,·er nt the time or subsequently of cholera. That. it i~ only under ce~­
tain predisposing co1ulitions, thercfore, that the chsca;c,e can develop, !S 
ohious. As stated by Tyson.1 "general ill-health, fatigue, the nlcohohc 
habit, depression of spirits, fright or anxiety .. any one or_ ali may be 
predispo!.ing causes. Ali age~ and sexes are hable to be mfected, but 
young childre,~ scem ~10<,~ vulnera.ble/' and, I would add, agcd people, 
the poor and 111-fed hkew1se. . . . 

When thl'refore cmigrants, pilgrims, etc., comrng from reg¡ons m 
which the 

1
diqease is

1 

always cndemic1 as it is on the border8 of the 

• Author's corif'lu.sion. 
2 Pfelft'er· Zelt t. Hyg. u. Jnfects., Bd. xi, S. 393, 1891. 
a Cantani·: Clted by Gamale\a: Arch. de méd. expér. et d'anat. path, vol. 

lv, p. 173, 1892. . h 3 é ¡ T ¡ p 7' , Nlcatl and Rietsch: Arch. de pbys1ol. norm. et pal ., s re, • v, • .,, 
1885 ·11,van Ermengem: Bull. de l'Acad. roy. de méd. de Belge, 3 sérle, T. xvlll, 
p. 1221. 1884. 

, Hasterlik: Wlener )din. Wocb., Bd. vi, S. 167, 1893. 
1 Tyson: "Pracl\ce of Medicine," tblrd editlon, p. 92, 1903. 
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Ganges, into communities containing such debilitated subjects, especially 
when the local hygienic conditions are defective, they communicate it 
to them indirectly, i.e., through the intermediary of the soil, the water 
and the food which they contamina.te with their germ•laden discharges, 
their soiled linen, etc. Rubino8 writes in this connection: ' 'Cholera 
vibrios can live only for a short time in frecal matter, seldom longer 
than two or three days ;" . . . "they live, on the contrary, vcry 
long in the soil, especially when they find in it a proper nutritious 
material; it seems rather that their virulence is then heightened, the 
elaboration of their poison becoming more rapid and intense. They can 
live also on the outer surface of fruits and vegeta bles ( the duration 
being then from one to six days), and even on the cut surface of these, 
where their life .may last for a time ranging from one }10ur (on very 
acid fruits) to two weeks. Cholera vibrios can grow freely in water1 

especially whcn it is stagnant and polluted with organic matter." This 
emphasizes the fact that infection occurs in pre~sposed individuals 
mainly through the alimentary canal, when the true cholera vibrio, 
Koch's comma bacillus, is pres~nt. 

Thc first citadel of the alimentary canal, the stomach, is thought 
by sorne observers to protect the body through the bacteriolytic action 
of íts gastric juice. Schultz•Schliltzenstein9 found that water contaiu• 
ing pepsin and traces of acid killed the vibrio if .019 per cent. of hydro· 
chloric acid is present, and that in 75 per cent. of bis experimental 
cases 600 e.e. water ingested on an empty stom.ach became bacterio­
lytic, i.e., it acquired an acidity of 0.03 per cent. In the remaining 25 
per cent., however, it was only .0142 per cent.....:...a solution which does 
not kill the vibrio even in· one and one-half hours. Now Howel1 1º states 
that, as shown by von Mering, water introduced into the stomach begins 
at once to pass out into the intestine; and moreover, that when 500 
e.e. of water were given to a large dog, by the mouth, 405 e.e. had 
passed into the duodenum, and out through a fistula in the latter, within 
twenty-five minutes. It is evident, therefore, that contaminated water 
carrics the pathogenic or¡anism directly to the intestine in at least 
25 per cent: of all exposed individuals. The gastric juice does not even 
protect those in perfect health, since, as already stated, various investi­
gators have found bacilli in normal stools in individuals who never 
deYeloped the disease. The experiments of Pettenkofer and Emmerich 
on themselves demonstrate the same fact. An abundance of cholera 
vibrios having Leen found in their stools, their gastric secretions evi• 
dently did not kili the ingesterl cultures. 

Conrnrsely, it is believed tbat the alkaline juice of the intestine 
is necessary to dewlop the germ, and that it is a suitable culture fluid. 
But in the light of the evidence I ha\'e adduced to the effect that the 
intestinal juice is rich in trypsin, nncleo•proteid and adrenoxidase, this 
cannot be the case. This accounts for the fact that Klemperer11 found 
in expcriments on guinea-pigs, rabbits and dogs, that the normal in· 
testine is strongly resistant to the cholera bacillus-an action which he 
attributed to a substance he found in the epithelial cells, i.e., nucleinic 
acid and nuclein. This is obviously the nucleo-proteid, and as no one 
would deny the presence of trypsin in the intestine, nor since the Jabors 
of Pawlow, Delézenne, Camus and Gley, and others, that of entero­
kinase { trypsin plus adrenoxidase), the three constituents of the diges­
tive triad which in the blood constitute the auto·antitoxm are evi­
dently present. lt is the intestinal juice, therefore, which is the first 
serious barrier to infection. 

s Rubino: Loe. cit. 
e Schultz-Schultzensteln: Centralbl. t. Bakt., Bd. xxx, S. 785, 1901. 

10 Howell: "T. B. of Physiol.," p. 698, 1905. 
11 Klemperer: Deut. med. Woch., Bd. xx, S. 435, 1894. 
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If we now inquire into the cause of tbis, we are brought back to 
debi1ity of the adrenal system., the result of the man)'. untoward COI!· 
ditions grouped as "predisposing causes." 1'he forma~10n of adreno:X•· 
dase being deficient the. pancreas and the leucocytogemc organs are m· 
adequately nourish~d, so that trypsin and nucleo-proteid are formcd in 
insufficicnt quantities. 

Cholera is not, as generally believed, an intestinal clisease,* 
the symptoms referable to the alimentary canal being, in kecp­
ing with all the otber characteristic symptoms, the result* of a 
general intoxication by the enclotoxin of the coma bacillus. It 
is, therefore, by penetrating the intestinal walls ancl into the 
bocly fiuids tbat the comma bacillus provokes the clisease. As 
it is the function of the cligestive leucocytes to ingest foocl­
proclucts in the intestinal canal in orcler to complete the diges­
tive process and prepare the end-products for assimilalion by 
the tissue-cells,* they ingest likewise in the intestine wbat bac­
teria bappen to be present in the food. Infection occurs when 
tbis intracellular process is inadequate, i.e., wben the digestive 
leucocytes ingest living comma bacilli which they are unable to 
digest or e ven kill. • 

Tbe number of bacilli ingested by leucocytes is nota promi­
nent feature of their inability to destroy these germs, since 
enormous quantities of the latter may be swallowed by a man 
in normal health witbotit giving rise to !he discase. The ruling 
factor of infection is deficiency of the digestive triad: trypsin. 
nucleo-proteid and adrenoxidase, botb in the intestinal juice 
and in the cligestive leucocytes, and infection occurs when the 
bacilli have, as a result, remained unaffected by the bacterio­
lvtic action of tbese bodies. * It is not in the b'ood, as now be­
Üerncl, that tbe organisms proliferate ;* the digestive leuco­
cytes carry the living comma bacilli directly to the lymph-spaces, 
as if they hacl been digested and converted into tissue-cell granu­
lations. * Being unassimilable, bowever, they are swept away as 
wastes by the torpid lympb-stream, and as lympb is practically 
blood-serum, ancl an excellent medium for tbeir growth, they 
rapiclly pullulate therein.* When, with !he lymph curren!, they 
reacb the blood and ultimately the arterial system, they are 
rapidly killecl ancl clisintegrated, and tbeir endotoxin being lib­
erated, general intoxication fol!ows. • 

• Author's conclusion. 
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lt is now believed that cholera is essentiiilly an intestinal disease; 
yet, as observed by Karlinski 1~ in his own case, while studying cholera 
in _.\.rabia, the comma bacillus can be present in one's stools without 
proYoking the diseal3e. This was confinued by Sawtschenko and Snbo­
lotony,13 Abel and Claussen,1' Rumpel 11 and other observers. llasterlik11 

repeated on himself and three others Pettenkofer's experiment, ami as 
was the case with the latter, suffered no inconvenience, though the bac­
cilli were found in the stools. 'l'he doses werc gradually increased until 
une of the experimenters ingested an entire culture oí a third genera­
tion. This caused abdominal pain and diarrh..-ea after thirty-six hours, 
but nothing more. As obser\'ed by Guttmann/r Kolle1ª and others, thiq 
was true cholera, since large quantities of bncilli were found in thc 
dejections, and many such cases are observed during epideruics . 

.Again, while Pettcnkofer, Emrucrich, Hasterlik nnd his aq!1-0ciates 
obsen·ed no effects after swallowing large quantities oí comma bucillus 
cultures, Pfeitrer and PfuhP1 suffered moderately sc,·ere nttacks of 
cholera after being accidentally inoculated with cultures. D('aths han~ 
also occurred from th is cause. As "inoéulation" means the introductio11 
into the blood of a relatively very small number of bncilli. whlle enor• 
mous quantities of them were includrd in the cultures swallowed, it i'.i 
self·evident that it must be in the body fi1dds that the proliferation 
occurs. lndeed1 the bacilli were found in Pfeiffer's di~harges for thirty­
three days after the inoculation, and Thomas• has shown that ali tne 
symptoms and pathological lesions of cholcra could be produced in rnb­
bits by intra,·enous injections of pne cultures of comma bacilli obtnined 
from cholera dejections. 

Now is it in the blood, ns generally belieYed, that the prolifera­
tion of the bacteria oceurs! Bncteriologists hnve found that

1 
as stated 

by Vincenzi,2~ "the cholera vibrio develops ltLxuriantly in the blood­
serum of henlthy animals" in ritro, i.e., in serum depri,•ed of its bac· 
teriolytic activity by removal of its cells. This docs not mean that a 
similar result can occur in the blood-strcam, but that proliíeration can 
take piare in the l.1Jmph·st.ream. This becoml!s appar€1lt when the func­
tions of the di~stive leucocytes, as I ha,·e descrihed them, are taken 
into account. Interpreted from this standpoint, e,·ery leucocyte which 
happens to ingest one or more living bacilli in the intestinal canal 
becom~i, ~ source oí infecti?n, an _inocu)ating agent, on entering the 
hlood 1f d does not absorb m the mtestmal canal a qualitatirely e{fi.­
cient supply of ihe digestil;e triad, trypsi11 1 ancl its actirntors. nucleo­
proteid nnd ndrenoxidase, constituting auto-antitoxin, to kill the micro• 
organisms. 

In the light oí the evidence adduced in thr se\'enteenth chapter, 
the leucocytes do not deposit their end-products in the blood • the,• 
l~a,-e the bloo~-stream ~y migr~ting throug)1 thc walls of the ~npilla:. 
nes and depos1t them m the tissue-spnces rn contart with the t issue­
rells. L'nsuitable products, wastes, etc.-including the cholera ,;brios 
in this condition-being of conrse unabsorbed hv the Jatter tht>,• are 
swept awny by the lymph-stream. Xow h1nph beina. as 

I 

stattld bv 
8tewart, practically "blood deprived of íts Cells," i.c., e-serum, we hav'e 

lt Karllnskl: Centralbl. f. Bakt., Bd. xv, S. 751, 1$94. 
11 Sawtscbenko and Sabolotony: Centralbl. f. allg. Pathol. u. patbol. Anat., 

íld. iv, S. 625, 1893. 
U.Abe! and Claussen: Centralbl. t. Bakt., Bd. xvil, S. 77, 1895. 
15 Rumpel: Berl. klin. Woch., Bd. x:uil, S. 73, 1895. 
11 Haaterllk: Loe. cit. 
n Guttmann: Med. Press nnd Circular, Jan. 25, 1893. 
lfl Kolle: Zeit. t. Hyg, u. Infects., Bd. XVIII, s. 42, 1894. 
19 Pfelffer and Pfuhl: Clted in Med. Prrss and Cirrular Sept 5 1894 
20 Thomas: Arch. t. exp. Pathol. u. Pharm., Bd. xxxil,' s. 38,' 1893. · 
11 VLncenzl: Deut. med. Wocb., Bd. xb:, S. 4.18, 1893. 
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in the torpid current of the lymph vessels a vast field whereii:i, ~t the 
ideal Jaboratory temperature, 37º C. (98.6° }".), the choler~ v1bno can 
also develo "luxurinntly." As to the fact that the gl'rms finnll) r~ach 
ti e blood ~osc::i: found that the blood·serum of severe cases con~amed 
''~n enor~10us quantity" of a substance which, injccted into _anm~als, 
produced ali the typical signs of cholera and finally death. Tlus po1son 
was e,·idently deri,·ed from dead bacilli, for serum taken from the case~ 
which furnished the poison failed to develop cultures. 

\\'hile the functional debility of tbe adrenal system is the 
primary cause of the body's vulnerability to the disease because 
the specific organisms are thus allowed to reach the lymphallc 
vessels, proli!erate thercin and pcrmeate the blood w1th foe1r 
cndotoxin,• the latter gives rise to the symptoms of the d1seasc 
by paralyzing directly the íunctioos of the vasomotor and sym­

pathetic centers. 
By inhibiting the functions of the vasomotor center, thc 

cholera endotoxin causes, indirectly, dilation of ali vessels of 
the body and therefore accumulation oí thc blood in the grcat 
central ;essels, particularly !hose of tbe splanchnic area.• Thc 
peripheral vessels and capillaries being deprived of a corre­
sponding volume of circulating blood, the marked B}mptoms of 
ischremia of various organs appear: coldness and pallor as to 
the skin; ,ertigo and faintness as to the brain; ."eakness and 
exhaustion as to the musclcs; weakness and rap1d1ty of the car­
diac action, or anuria as to the kidneys; and dyspnO'a as to 
the lungs.• Conversely, the accumulation of blood in the deep 
trunks* gives rise to the sensation oí intense interna! heat and 
the high rectal temperature, which may reach 10-! º F. (-!Oº C.) 

or more. 
Inhibition of the functions of the general sympathetic cen­

ter bv the endotoxin coincides with the appearance of the serous 
J ' t . 1 

diarrhrea. • As this center governs the caliber of the ar eno es, 
its inhibition causes relaxation of all these terminal vessels and 
flooding of all the organs they supply. • The bulk of the bl?°d 
of the body being accurnulated in the greater central vessels, 1.e .. 

tbose of the splanchnic aren, however, as stated above, thc effects 
of the sympathetic paresis become manifest only in the . organs 
adjoining the congested re¡(ion, and the vessels of wh1ch are 
themselves engorged through this contiguity.• As the_ vessels 
of the intestines form part of the engorged splanchmc area, 

• Attthor's conrl11-Sfon. 
I:! Bosc: Annales de l'Insl Pasteur, vol. lx, p. ú07, 1895. 
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their mucous membrane becomcs markedly hyperremic and the 
arterioles of its secreting elements being widely dilated and re­
laxed, the blood-serum, which forms the liquid portion of their 
secretion, and sometimes pure blood literally pour into the in­
testinal canal, forming the serous diarrhrea. * 1Iixed with the 
discharge are rice-like masses composed of desquamated epithe­
lium, comma bacilli and leucocytes. 

Other symptoms are due to the relaxation of the arteriales, 
viz.: the cold sweats which occur before the blood lias lost much 
of its serum; the abdominal muscular cramps, owing to the 
admission of an excess of blood-plasma and adrenoxidase into 
the muscular elements; the hiccough due to a similar condition 
of the diaphragmatic muscles; and the vomiting, partly caused 
by the accumulat'on, in the stomach, of serous fluids similar to 
those eliminated by the intestines.* 

In the first volume2.1 I showed by means of a chart that the nine 
cardinal symptoms of cbolera were identical to those that follow re-­
moval of both adrenals in mammals. This coincidences, however, only 
with the corresponding, {.e., the advanced stage of the disease, when the 
functions of the adrenals are paralyzed. Indeed, the violence of the 
morbid phenomena and the rapiclity with which they ]ead to a fatal 
issue in some cases indicate, however, that other general centers are 
primarily assailed by the poison. This rapid course cannot be due to 
primai-y paresia of the adrenal center, since the disease wouhl not in 
that case cause death in a, few hours, or even a few minutes, as observed 
in sorne instances. Though Strehl and Weiss24 and others haYe found 
that compression of the adrenal veins-thereby arresting the supply of 
adrenal secretion-caused an immediate fall of the blood-pressurc, etc., 
it is nevertheless true that the circulation of the adrenals is not arrested 
even by paralysis of the adrenal center, and that the mere passage of 
blood through the adrenals is sufficient to sustain for some time, though 
inadequately, the vital process. \Ye will Ree farther on, however, that 
anest of the adrenal circulation finally <loes occur, and that this entails 
death. 

That the vasomotor center is prirnarily paralyzed is shown by the 
early pallar, which occurs coincidently with the peripheral hypothermia 
and the central hyperthermia.-the skin being cold while the rectal tem· 
perature is 104º F. (40° C.) or orer. This points to accum1+lation of 
the blood in the great central trunks, the splanchnic area, and its nor­
mal consequence, depletion of the peripheral capillaries. This interpre· 
tation meets the teachings of experimental evidence, for Pfeiffer,21i basing 
bis opinion on the effects of dead bacilli on guinea-pigs, concluded that 
tbe poisons liberated acted as paralyzants to the centers governing the 
circ~lation and the temperature. It accounts also for various para­
dox1cal phenomena that prevailing oonceptions fail to elucidate. Thus 
Stiller,16 during the Hamburg epidemic of 1892, observed the disappear-

• A.uthor's conclllSiQn, 
23 Cf. vol. i, p. 773, in the first two editions. 
u. Strehl and Weiss: Arcb. f. d. ges. Physiol., Bd. lxviii, S. 107, 1901. 
2i; Pfelffer: Zeit. f. Hyg. u. Intekts., Bd. xvi, S. 268, 1894. 
2G Stiller: Berl. klln. Wocb., Bd. xxx, S. 181, 1893. 
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anee of a splenic swelling in each of three case~ of typhoid fev~r when 
the patients were also attacked by cholera. Obv10usly, the splemc swell­
ing was due to engorgcment incident upon the fever, the deeper vessels 
being intensely contracted; as soon as the cholera poison depressed the 
vasomotor center and caused relaxation of these deeper vessels, the 
spleen was depleted; there was a simultaneous fall of the peripheral 
temperature to 95º F. (35º C.), and the organ resumed its normal 
Yolume. So plain also is the depletion of the peripheral vessels, that 
Klebs~ was led to conclude that contraction of the arteries was a 
pathogenic sign of cholera. 

Conversely, as observed by Simmonds28 in 300 autopsies at the 
Hamburg Hospital, there was hyperremia of the intestinal serous i:uern­
brane; so great is the engorgement of the intestinal structures at times, 
t]rn.t blood is mixed with the glandular exudation, as noted by Gama­
leia.:!:D Indeed, as is well known, the passages are sometimes bloo.dy. 
The large intestine is also, as stated by Rubino/w "extremely hyperrem1c." 
It is not due to a direct action of the bacilli or their toxins on the 
intestine, since the local lesions are most pronounced late in the dis• 
ease. Nor is the congestion restricted to the intestine. Rusist fo~md 
rnicroscopically marked engorgement of the vessels of the female gemtal 
organs with extravasation. The cause of this is plain when we take 
into account the result of the vasomotor paresis, i.e., accumulation ·of 
blood in the deep vessels, and particularly those of the splanchnic area. 

'l'he vasomotor paresis <loes not account, however, for the serous 
diarrhrea. We have seen that a number of familiar drugs, veratrum 
viride, chloral, the bromides, etc., also depress the functional activity 
of the vasomotor center.* In toxic doses they also cause marked periph­
eral hypothermia, a high central temperature, etc.-symptoms. similar 
to those just described. Yet none of these drugs, even in tox1c doses, 
cause the serous diarrhcea or flux; the cholera endotoxin must, there­
fore, provoke this symptom in another way. It cannot be ascribed to 
irritation of the intestinal canal by the specific microorganism; for, as 
we have seen, the normal stools of individuals in good health can con­
tain virulent cholera vibrios, though no signs of the disease appear. 
Moreover, as shown by Denys and Sluys,s:i the comma bacillus does not 
alter the intestinal mucous membrane. Cholera occurring, as pointed 
out above, only when the immunizing properties of the digestive leuco­
cvtes and blood are dcficient, and when the endotoxin of the dead germs 
iS di:ffused in the bloocl, the ttux can only be due to paresis of the center 
which governs the flow of plasma into. the intestinal secretory elemen_t.s. 
As the arterioles are the vessels wh1ch supply these structures w1th 
blood the nerve-center paralyzed is the general sympathetic center. That 
the biood-serum should, under these oonditions, fl.ow in such quantities as 
practically to deplete the whole body {as. shown by the shrunken con­
dition of the latter after death) is self-ev1dent. 

Inhibition of the general vasomotor and sympathetic cen­
ters is not, however, the irnmediate cause of death. This is due 
to the fact that the loss of serum gradually causes the blood to 
become too viscid to circulate in the capillaries, and particu­
larly, owing to their extreme minuteness, in tbose of the adrenals. 

• AutMr's conclusion. 
ffl Klebs: Cited by Stiller: !bid. 
28 Simmonds: Milnch. med. Woch., Bd. xxxlx, S. 845, 1892. 
!.'11 Gamaleia: C. r. de la Soc. de blol., 9 série, vol. lv, p. 739, 1892. 
30 Rnbino · /JOC. cit. 
n Rusi: Russ. Zeit. f. Geburtsb. u. Gyniik., Bd. vli, Htt. !, 1904. 
32 Denys and Sluys: La ce11ule, Brussels, vol. x, No. 1, 1894. 
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( See colored plate opposite page 32, Vol. I.) • Hence the in­
satiable thirst, and the shrinking of the body as the loss of 
fluid increases; and, owing to gradual cessation of adrenal 
functions, the algidity, the cyanosis, the darkness of the blood,* 
and the steady decline of all vital functions, which finally cease 
when the physical conditions of the blood are such that tbe latter 
can no longer carry on its functions. The main cause of death 
which asserts itself, therefore, is the viscidity of the plasma, 
which prevents its circulation in the capillaries, including those 
of the pituitary and adrenals. * 

That it is simply to the lack of plasma, including of course its 
salts, that these symptoms are due, is shown not only by the highly 
beneficia! influence of intravenous injections of saline solution, but also 
by the excretions and the condition of the blood. While Rubinou states 
that sodium ehloride is included in the salts found in the rice-water 
stools, Carrieu34 found the urine poor in chlorides during convalescence, 
thus Showing a loss during the disease. Gradually as the patients im­
proved the chlorides were found to increase. Moxon35 found the blood · 
in the great vessels and heart nremarkably viscid and tarry." Renvers00 

also found the tissues very dry and the blood greatly thickened. That 
such a (!ondition of the blood should paralyze function is self-eYident. 
As to the adrenals, as long as the blood can circulate freely through 
them, sorne secretion is produced-even though the adrenal center be 
paralyzed-as it does when the gland is grafted into an animal from 
which the adrenals have been removed. Gradually as the blood thickens, 
howeveri the minuteness of the intrinsic vessels of these organs causes 
the circulation through them to become increasingly difficult, until their 
secretioni the pabulum vifwi is no longer producedi when life ceases. 

Tree.tment.-The primary effect of the cholera endotoxin 
being to depress the functions of the body's protective mechan­
ism, the adrenal system, the most powerful of drugs must be 
ernployed to prevent this action, viz., mercury.* Calomel has, 
in fac_t, given excellent results. 

Surgeon-General Francis31 states, referring to calomeli recom­
mended by .Ayres, of Hull, that Dr . .Alderson in 1867 wrote to the 
Lancet, pointing out that statistics showed it to be the best, ~nd that 
hi~ own experience ( 1865) has sustained this conclusion, bis mortality 
bemg 15 to 20 per cent. lower than that of bis colleagues who depended 
upon astringents and alcohol. Calomel was also found very beneficia! 
by Lieut. Col. F. W. A. de Fabeck of the ludian Medica! Service. F. 
Peyre Porcher38 recalled, at the time of the Hamburg epidemic, the 
treatment recommended by Calhoun also many years before, which, he 
says, though heroic, "obtained far superior reSults to those reported as 

• A11thor'¡¡ conclusion. 
33 Rublno: Loe. cit. 
M Carrieu: Nouveau Montpeller méd., vol. ii, pp, 788, 825, 1893, 
35 Moxon: Fagge's "Pract. of Med .• " vol. i, p. 313, 1886. 
88 Renvers: Deut. med. "\V0Cb., 'Bd. xx, S. 52, 1~4. 
37 Francls: Med. Press and Circular, Sept. 23, 1896. 
38 F. Peyre Porcher: Med. Record, Nov. 26, 1892. 
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rar as the proportion of cured cases is concerned." The roethod was 
"calomel, 10 grains (0.6 gm.); guro camphor and tannin, each 5 grains 
(0.3 gm.) every half-hour or hour, as the urgency of the symptoms 
demanded, until the diarrbrea was checked and the secretions were re· 
stored to a healthy state.'i Pasalsky3~ found, however, that the tannin 
was useless without the calomel, and ga,,e 10-grain (0.6 gm.) doses 
hourly for a few hours. Porcher used the calomel alone and astringent 
injcctions, plus mustard, to abdomen and extremities, and he states 
that by pursuing this plan in the premonitory stage, he did not lose a 
single patient. Van Hasselt~ treated 51 cases with but fifteen deaths. 
He advised the immediate use of calomel, not forgetting to give hydro• 
chloric acid at the same time. 1'he calomel is mixed with a little water 
and gum powder, placing the mixture on the tongue, thus avoiding 
touching the teeth. The first <lose is 1 gram ( 15 gr.) repeated severa\ 
limes. Even in convalescence 0.01 gram (1/e gr.) is given hourly. Ley­
deni.l ascribed the better rcsults obtained during the last Hamburg 
epidemic in part to the use of calomel. Many other clinicians have 
spoken in the Same vein. 

Administered by the mouth, however, especially when the 
serous diarrhma has begun, the drug is greatly exposed lo being­
washed down the intestinal canal and thus fail to be absorbed. 
The effects would be rendered far more certain and prornpt* by 
giving the biniodide of mercury intravenously, the qnantity 
adrninistered being at least 1/, grain ( 0.03 gm.) frequently re­
pealed, until the stools become greenish, i.e., bile-stained. * Dis­
solved in thirty drops of warm, sterilized water, this quantity can 
be injected into the veins at the bend of the elbow witbout caus­
ing tbe least pain, while reaching the test-organ witbin a 
minute.• 

The fact that calomel administered by the mouth proves ineffective 
-for the reason suggested in the general text-has caused its use to 
be abandoned by many practitioners. Thus Surgeon-General Francisn 
states · that "many practitioners condemn it," on the plea tbat "the 
drug lies inert in the intestine.l} The mode of using mercury recom­
mended above is used in the treatment of syphilis. Of various salts of 
mercury used intravenously in this disease in the course of 408 injec­
tions, the biniodide was found, better than any, to meet the conditions 
of this procedure: perfect solubility; fa"iling to coagulate albumin; 
ready sterilizability; painlessness, and rapidity of action. 

Mercury not only counteracts the paralyzing influence of 
the cholera bacillus endotoxin on the test-organ, but it increases 
ils functional a·ctivity, thus causing an accumulation of auto­
antitoxin in the blood. * The cholera bacillus being easily de­
slroyed by the immunizing constituents of the blood, the infec-

• Author's con.clusion. 
3~ Pasalsky: St. Peters. Inaug. Dis., No. 24, p. 55, 1892-93; Provincial Med. 

Jour., Nov. 1, 1893. . 
~ Van Hasselt: Sajous's "Annual of the Untv. Med. Sel.," vol. 1, D. 26, 1894. 
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