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in the red corp118cles; it aenes to hold the alblUIIÍDollB po 
of the haemoglobin, ú., the adrenolidaae, within these 
pending ita distribution. • While the &drena! center and 
bone-marrow are being atimulated, therefore, as stated a 
the iron itaelf is absorbed by the red corp118Clea to lonn 
tin, and thia pigment, owing to i~ allinity for adreno:ri 
forma haemoglobin-or, nther, oxyhaemoglobin. • 

TIio _,b1,1e W"1 111 wWeh lroa incnueo the forma 
,_ lldobill III ebio-11 frlr blatane, le u well lminnl U le the faet 
it la i,;..;;,. imporlut ....tihmt of luematin. Aa to Ita 
eoueetioll wfth ..i-stdl• the ....ter II nfernd to the 
ehapter. We .... - tlaaH;.,,, 11 taba up maiaJy hom the • 
hJ' leuilqeJtel¡ odditba1 eridoDce to &hit effeet ..._ ,-,,t17 contri ~=• lt i1 t1iea, u ohcnni bf IIWlf mNtlpton, lnel 

watterlaf. x~.!:.i~~-.:..;:-.=..t 1111t rot 
formatloa of ~ The _..... of Qaillcb,• w. 8. 
... ,.. ........ IIMeohcnni matlleoidu the pcmiQa ~ 
1 llllloMa 1111 - of iroa ..._ atorad la lhe 1mr itaelf, the 
,..a 1:1íe m-. parilea)atl)' t11e ,.,-rcUam. 111a .. llmlilllüed m 
_. wlw ...._ na lile tat pert ef tbe lroa la tu u­
~ "1 ~• ~ to ~ ,.pilllriel ef the lltnloll, 
(t- íWW ·t,t nd eorp,i,elee .... wlt.la tbe .Jbwbwu 
b•cat lla; • aclr ni! 

'l'h& ~ of iJ'lln in ~tiD, the lmng aulldlillált 
eéllli, &Jill in thé llllel-,niteid out of whiah it is built, • 
•• WJd illlportant atioa when thiB metal Í!l edminia 
nl,jeolil in w1llch it i& aetaWly deflcient :9 being elldowell 
marked eatalytic11ropemea, iron pmbehl7 ll8?Yea as a catal 
l'he t,ed COl'p111Cle being • li'ri»g ceD, ita hiélnatiD, owiDg to 
rieh iron ellllltent, is ita nucleua. The normal elabon.tilln: 
~obin lí eilrried oo. ~ the iron-lailen ~tin 
llllelai dmved fJlfllll,neata, frait, ye_getahlea, ate., whieh 
~• ~ DIOiji~ or ~~., of 
'9tlt'111ldt ilt tlle Jlizf •ele;, tlie lile w _.., eflleil'IIIIJ 
_.¡¡¡tm (~~ ÍÍ'l tjje ~ 1b,1lllt-. ~faiilelt 
- hltl'8 .. ~ ... tliat the wueJ ~· 
Jn ~e ~. 'rit,:.cmt ílllmb'&iéliia ]liiftibll of 'tlle klam 
bin (t1í, ailriiioiiílMe), to ,thioh it i, linlíed, ~ .. 
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PHOSPHORüS. 

Physiological Action.-The role of phosphorus in the or­
ganism is of cardinal importanc·e in riew mainly of its identity 
as a componen!: (1) of the nuclein of ali cells, including thc 
leucocytes;• (:l) of lhe nucleo-proteid granulations which these 
cells secrete into the tissue cells to take part in their vital inter­
changes, an<l into the bloo<l, to sustain (with a<lrenoxidasc) its 
norn1al tcmpcraturc ;* ( :l) of the U1yro-parathyroid ferment, thy­
ro,dase ;* ( 4) of the myelin of nervcs, which, with !he adrenoxi­
dasc circulating in the axis-cylinders and their networks in tho 
myclin, generales the ncrvc-impulsc;• (5) of the cell-bo<lies of 
all neurons and thcir dcn<lrites as chromatin, sustaining thcrein 
(with their oxychromatin, adrenoxidase) their vitality an<l 
funcüonal actirity, as it does in ali other cells;* (G} oí bones, 
cluefly m the form oí calcium phosphate. 

The human organism acquires its phosphorus in organic 
combination from animal and vegetable foods, and it is in such 
a combination that phosphorus is absorbed. When, thereforc, 
Jt is administercd in an assimilable form in disordcrs due 
entircly or partly to deficiency of this ciernen! in eithcr or ali 
of the organir bodies enumeratcd above, it can, in suitable cases., 
restare íunction. 

The important functions I ascribe to phosphorus were re,·iewed in 
the fifteen~h chapter, ~o which the reader is referred. 'l'he far•reaehing 
:oJ~ of tl_us element m the or~nism which the foregoing sta.tement-, 
m~1cate, 1s well shown by expenments oí Forster~14 in do~, which Jed 
tlus_ nuthor to conclude that deprivation of phosphorus pro,·e<l fatal more 
ra~1dly than actual starvation. The animals werc fed on meat from 
wluch al'. the ph?s~l10rus in org.i~ic combination was as much as pos,;i­
ble remo\:e<l a~tificmlly. The ammals soon rcached a condition of ex­
treme exhaustion. _ Conversely, Pouchet and Che,·alier,~1 r{'ferring to 
the ~tr_ects of orgnmc compounds of phosphorus, stalP that "thev increa,ie 
nutnhon, ns shown by. increase of weight¡ ameliornte ncrvoÜs aetivitv 
and mu!«:u!nr _ton.ns; rncrease the percentage oí hre:moglobin-all phe­
nomena. wh1ch rnd1cate marked synthetic assimilation under the influenee 
of these compounds." 

Thc therapcutic.effects of phosphorus are best obtaincd by 
administcring this element in organic combination, the glycero­
phosphates for instance. When phosphorus or any of its oxi­
d1zable prcparations is used, it becomcs oxidized in the stom-

• .d. 11 thr1r'll ronrluJfiOn. 
::: Forster: Zelt. t. Blol., Bd. lx, S. 297, 1873. 

Pouchet and Chevalier: Bull. gén. de thérap., Dec. 30, 1905. 
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ach by the adrenoxidase of tbe gastric juice, or in tbe intestino 
by thal oí the intestinal juice.• lt is thcn absorbed as hypo­
phorous or phosphoric acid, an inert substance which the organ­
ism eliminales as a useless wastc along with thc phosphoric aci<l 
derired from tissue mctabolism. Hcncc the írequcncy with 
whieb pho,phorus prores of no therapcutic ralue. 

Cw,hn~-~1• states that 11 tlle Cate of phosphorus in thc bo<ly is still 
obseure," but that "it is possible th.it !)ome of it i:, oxidiz<'d to phoi.• 
phoric atid." Ran\'ier:n found thnt when phO!-iphorus was introclucNl 
umlcr the skin, t.he ouly result was arrcst of local nutrition. Being 
endowed with intense nffinity far oxygen, it ob\'iously depletel) the neigh­
boring tissues of theirs and b('comes itself oxidir.ed. ütu.:ia also found 
that phOi.phorus wa.i; oxidized by the tisi.ue~. 'fhe pre~ente of adrenoxi· 
(lase in the tissue fluids fully accounts for this, sincc it form~ part, as 
we have seen, of the gastric secretions. The oxidized portian of whnt 
phosphorus is ingested loses its toxicity, far, as stated b,y Cushny, "ns 
soon as it is oxidized, phosphorus lo~es its specific nction, ali the acids 
being companlti\'ely harmless." 'fhis has been emphasized by the re­
;.en.rches of Bókay,=1• Stassano and Billon,:!e Frenket=-1 and others. ThG 
last-nnmcd nuthor found thnt, "contrary to the itflinnations of the par­
tisans of phosphoric acid, the lattí'r is incnpable of assimila.tion by th~ 
economy, and is excreted in its totality." 

Untoward Effects and Acnte Poisoning.-Thc prcscnce of 
adrenoxidase in the blood* explains many facts which so far 

have remaincd obscure. • 
If the dose of phosphorus is sufficiently small, it may all 

be oxidized and prore harmless. \l'hen, however, the dose is 
large, the secretions are not alonc deprivcd of their oxygen,* 
but the cellular clements of the gastric mucous membranc likc­
wise. Screre gastric pain, eructations of gas emitting a strong 
odor of garlic occur, and the paticnt expericnces a scnsation 
oí hcat along the resophagus, with great thirst, hcadarhe, 
nausea, vomiting, thc vomitus being often luminous in the dark 
-ali duo to a severe gast,o-adenitis thus excitcd. Erosions 
rnay involve tbe local vascular supply and entail the prcsencc 
of blood in the vomited material. \\'hat portian of the phos­
phorus remains unoxidizcd on passing down to the intestine 
excites therein corresponding lesions, eren lhe colon being in­
volved in tbe morbid process. 'l'he violen! burning pain in thc 

• .Autllor·, roncluaion-. 
!it Cushny: LO<'. Mt., fourth edltlon, p. 601, 1906. 
m Ranvter: Cited by Manquat: Lot. cit., vol. 1, p. 969. 
:n, Cau: Tb~se de Parls. 1901. 
!ia Bókay: Zelt. r. phys\ol. Chem., Bd. 1, S. 157, 1877-78. 
!:!O Rtassano and Blllon: C. r. de la Soc. de blol., T. lv., p. 482, 1903, 
z:? 1 Frenkel: Le progrl!s méd., Mar. 3, 1906. 
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toxt·icilw:stes which the deficiency oí adrenoxidase in the blood 
en a s. 

Cor in and Ansiauxzao ase ta. d h " . . 
found only in case

8 
of Íio er m_e ~ at ~md1ty of the blood ia 

acule course." \Yhen fiitr¿¿~~us-po1sonmg wh1ch harn followed a BUO­
indepcndent therein of the syntie;tº /he ~l?Od-stream, phosphorus ia 
that iuorganic phosphoruR co ~ 0 nuc em~, for RO!unaun~-u found 
therefore, as surplus to the n::fro~"r:te~~~re :m~dly used at _all. It is, 
the blood-the nggregate thus b p . s p iosphorus that it occurs in 
the adrenoxidase, nerul meta~o~umg falbogen!c by increasing, witla 
shown by the fa.et trat there ,·, as htsn.1:d bTha~ tlus actually occurs Í8 

bl · • • 8 aw y Cushny:u" • 
a ~ mcrease m the nitrogen" durin ti i ," a very cons1der­
pahent continues to fast" TI t r l 

8 stage, e,·en altbough tbe 
this process has been emph.asized

1
~y [i~: i ~rpt~I? are d:stroye~ <htring 

the hremolysis began the 11erond dav a~~ei ~ga ion~ o( \ ogel~ m birds; 
blood-count showed that one-half . f ) the s1xth the comparath·e 
stroyed. Similar experimenta in m~m!~1 re: corpuscles had been de­
cone""" gave similar r('sults W d:i1 f 8 

( ogs) by d'Amore and Fal­
that the red corpu~cles we;e "d~" . ~e ;~s t~ Concato as having shown 
proof that they we~e undergoing n~~~~~u~tit s1~ nnd alte~ed in form"-

The fluidity of the blood . · .· e me amorphos1s. 
stage. Ce\'idalli;'3!i found th t . is e, idently a feature of the subacute 
!n dogs, phosphorus had to ~e ~:j~~tJ }º renl~r tthe blood uncongulabla 
is undoubtedly to the destruction of rom . 'e o ten days. Again, i t 
that the fluidity 

0
¡ the blood is d 'c1'º-~ºj'dase ( the fibrin ferment) 

diminution and di'«l aran<'e fue. evi ª 1! also obsen·ed a "gradual 
phenomen·a are obvio;1':;y, unde: th~i: :~~i~trng-/rrment." The lethal 
Cushny,m referring to Araki ~* k . ,!ºº8

, ue to the same cause: 
of Ox)·gen plavs a part in 'h r~mar s . . I~ the statement that lack 
impression of Ínany earlier ,r,ri~!~sJ,rus-po1sonmg, he only confirms the 

í A striking ~ymptom, oí the subacute stage is jaundice first 
o the c~n¡undme, then oí the whole body, which may a~pear fr~: th1rty:s1~ hours to severa! days aíter ingestion of the 
po1.on. Th1s IS lhe result of severa! íactors Th h h í h · · e p osp orus 
. rom t e ahmentary canal haring first to pass through the liver 
it provokes thercin a process identical to that . ti bl .d' 
hcre h h . lil ie oo ; 

' owe,,er, t e red corpuscles are not alone attacked but 
the hepatic structures per se likewise and necrot" f '. for d . . e ' IC OC! are 

b 
me m var1011s parts of the organ.• Hcnce thc fact lhat it 

ecomes enlargcd and pa· í I \t ¡¡ . . . . m u · ' rst thc acbnty of the 
hver-cells IS greatly enhanced, as shown by a marked increase 

• Author'a roncluRion. 
m Corln and Anslaux· Vi rt IJ b S. ~ 21~. 1894. · e e 8 reaschrlft f. gerlchtllche Med. u. sanitl.ts., 

Robmann: Berl. klln W h Bd 
: ~ush,ny:ALoc. NI., fo~rtb o~dÍÍlon . Pxx~, f90s789, 1898. 

oge : rcb. lntE>rn de pharm 't d · •· ,· · 
1'315 d'Amore and Falconí'· Arch d · eh <' t r3P-, T. x, fase. 111 et iv 1902 
: WC ood: Loe. r.it., tbil"teentb ·edft1~n ª~ª1'36º. Jd906e Gand, vol. 1, p. 2-41', 1894. 

evldall\ · Rifo m M d p • .,, · · ~ ACushny: . L()C. :u.~ thi~d· \,d1W~:- MD ••so· 3Jol~ Feb. 7, 1904. 
...., rakl· Z lt f b ' · • °""· 189-4. . e · . . p yslol. Cbem., Bd. xvll, S. :m, 1892·93; Bd. xlx, S. 433, 
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in the pigment excreted-"pigment," meaning here bilirubin 
and hrematoidin, both oí which, we have seen, are reduced 
adrenoxidase.* Finally, the hile thickens, owing to the pre­
sence therein of its usual constituents, and also of cellular 
detritus, broken-down corpuscles, etc.-all of which contribute 
to block the biliary passages. Jaundice appears at this time. 

By "jaundice" here is meant a condition due to the resorp­
'tion into the general circulation oí reduced adrenoxidase that 
·should have passed out with the hile.• On reaching the skin, 
this substance, by a process similar to that which prerails in 
the pathogenesis of bronzing, gives it its yellow hue-an early 
stage of melanosis.• The reduced adrenoxidase is at the time, 
and ernn beforc, found in the urine as "bilirubin" or "hrema-

toidin." 
That destruction of tbe hepatic tissues is due to the action of sorne 

autolytic ferment has been suggested by Jacoby.m He also noted the 
disappearance of fibrinogen from the hepatic blood; this substa.nce, we 
have seen, is composed of nucleo-proteid fibrinogen proper nnd adrenoxi• 
dase (fibrin ferment) . The destructive process in the lh·er is a familiar 
pathological fact. Podwyssotskt'1 found necrotic foci in this organ. 
WestMS found the hepatic cellular elements con\'erted into n. fine granular 
detritus amidst which the nuclei could hardly be detected. Cushny2" 
states that "the jaundice may also be accounted for in part by the 
destruction of the red cells of the blood and con~uent increase of pig­
ment formation in the Jiver." The intra-corpuscular constituent of 
hremoglobin ( which only lea ves them under abnormal conditions, one of 
-.·hich is when the corpuscles are broken up) is, we ha\·e seen, hrematin. 
Wood~ states that "hrematin crystals are occasionally found in the \'iS· 
cera." Demarbaix and Wilmart,2411 moreover, found hrematoidin (adren­
oxidase) in the urine. The sequence of events given abovc was traced 
in dogs with great assiduity by Stadelmann.w 

The engorgement oí the biliary passages, bcsides dell.ect­
ing into the hepatic veins what redueed adrenoxidase should 
have passed out with the hile, thus causing its return to the 
blood-stream,* simultaneously provokes engorgement oí the 
entire vascular system. The vessels, wbose walls tend already 
to dilate owing to the lowered metabolism in their muscular 
walls incident upon the hremolysis and defieiency of adrenoxi­
dase in the blood per se, are thus submitted to centrifuga! pres-

• A.ulhor's conclusion. 
"-1 Jncoby: Zelt. t phys\ol. Cbem., Bd. xxx, S. 17-4, 1900. 
,u Podwyssotzky: St. Petersburg med. Woch., Bd. xlll, S. 211, 1888. 
~~ West: Lancet, Feb. 4, 1893. 
su Cuabny: Loe. rlt., fourtb edttlon, p. 598. 1906 . 
2411 Wood: Loo. clt., thlrteenth editlon, p. 464, 1906. 
• Demarba\% and Wllmart: Presse méd., vol. ni, p. 25, 1869. 
s:r Stadelmann: Arehlv f. exp. Patb. u. Pbarm., Bd. :s:xlv, S. 270, 1888, 
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sure and still íurther dilated. • 'l'he cerebral vascular system, 
including its cellular elements, becoming hypermmic, * head­
ache, rcstless and dreamy sleep or wakefulness are complained 
of. If the cerebral congestion becomcs very great, * wild 
delirium may occur. A similar condition of the spinal sys­
tem* may evoke disorders of sensation, particularly of the tem­
perature sense, hyperalgesia, pains suggesting neuritis, mus­
cular twi.tchings, l9calized spasms or even general convulsions, 
the latter being often the precursors of death. 

In cases that recorer, the phosphorus al'llilable in lhe intes­
tine has finally been either oxidizcd, climinated or absorbctl; 
the destruction oí red corpuscles and hepatic cellular elernents 
then ccases. 'l'he hile gradually losing its riscidity, thc accum­
ulated detritus is 1·oided into the inlestine and eliminaled; anti 
the skin "pigment" being absorbed, rclalircly normal condi­
tions are restored, though the patches of destroycd tissue in 
the stomach and lirer may become lhe seat oI interstitial con­
nectire-tissue proliferation. In thc liver, this may assume thc 
type. of a true cirrhosis with atrophy of the organ. Digeslirc 
and nervous disordcrs often persist sorne time alter recorery. 

A striking fcature of the morbid process is the presence 
of fatty degeneration in ali organs, including the smallest 
arterioles oí the spinal c~rd. 'l'he so-called "Iat'" here is a mix­
ture of blood-constituents, fibrin, nucleo-protcid, etc., formcd 
when the supply of adrenoxidase is inadequatc to maintain the 
temperature and fluidity of lhe blood. * It is a post-mortem 
phenomenon corresponding in a measure with that oí myosin 
fonnation. * 

That the blood-prel'l>mre is lowered has been ob;.en·ed bv a. number 
of im·estigators. Schifl'U' yenn ago noted that the arterfeg were so 
widely dilated after death from phosphorus-poisoning, that the veins 
were comparatively empty. PnP19 ascribed this vasodilation, not to the 
weakened cardiac power, but to dilation of the vessels themselves. Cor­
nil and BrauJt:Je ascribe the lesions found in the interstitial process in 
the \'~scular walls and the orgnns in gen('ral to a sui gencri$ fatty pro• 
cesa, i.e., one preceded by no inflnmmation, and beginning six or seven 
hours after the ingestion of the poison and terminating four to seven 
days thereafter. ,~ollhracht,=1 in acoord with these observations, founcl 
the ,·ascular walls degenerated nnd assoeiated with gangrene of both 
extremitieit 

• A11thor'1 ronrl11-Bion. 
248 Schlff: /bid., Bd. 11, S. 345, 1874. 
241 Pal: Wiell. klill. Woch., Bd. IX, s. 999 1896 
• Cornil and Brault: Manquat: Lor. cit.: vol.·!, p. 972, 1903, 
m Vollbracht: Wien, klln. Woch., Bd. xlv, S. 1288, 190L 
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. h h ·soning is due as else-The Hfatty degeneraban" of p osp orus-po1. f . t ihe older 
d fi . f adrenoxida:,;e • After re errmg o 

where, ú) a e c1ency. o . . . d f ts ex lained fotty degenera• 
yiew, that le~:,¡~ned oxi~~ti~n °~ p~o~~ (.'~shn)'R remarks: HLcssened 
tion, as iucons1stent w1t n~.: n ~u; together under áO many condi­
o~idation -ª~d fattyt ~~~~e::;st almost certainly be a Cl.LlL'-111_ relation 
tiom;1 ho\\e,er, ttlh1a 1 \ ·s impoi;sible to state at pre:,¡ent its exact between them, oug 1 1 1 

nature." . •.,,, 
Chronic l'hosphorus l'oisoning. - 'l'h1s form of poi,on-

·n obscrved usually among persons employed in the manufac­
~ g, of white sulphur matches, differs from (he acule íonn 111 

t~:: the quantity inhaled a.t a giren time is inadequate to pro­
voke acule phenomena. The continued absorption from t:;e 

- ·ratorv surfaces howcrcr, finally gll"es nse to practica. y 
re::-p1 J ' 

1 
t of 

ali the symptoms already enumcrat:d, t ,e mos common -
which are weakness, abdominal pams, anorexia, a gad1cky 
brcath, gas trie disorilers, diarrh~a or obslin~te ª congest10n, a 
subicteric color oí the skin, wastmg, cte. 'I hese cases diff,cr 
from those of lhe acule type, in that they sull'er from necrosis 
of the lower jaw. 'l'his condition has bccn found to be the 
result of penetration of phosphorus-fumes_ to this bon? thro~f¡h 
the intennediarv of carious teeth. 'l'h1s process is rea . y 
explained when the fact that bony tissues are dependen!, ltke 
ali othcrs, upon adrcnoxiilase for their oxygcn, is tak?n mto 
accounl: the nutrient plasma of the bone bemg depnred of 
its oxvgen by thc phosphorus, which has a greater allimty f~r 
it tha~ the bone itsclf, the latter, no longer nour1shcd, d1es .. 

Wcgn<'r~ found that ra~bits kept in phosphorus/~:ne; ~u.rr~:~ ~: 
no way fro!n necrosis if their 1:t!/·re t~~eu~~~1~~ we~~ f~w;Yed by 
whi_ch .tl~e Jaw-bone C?~ild :,.}'8 _r~t!M obs!rved that phosphorus-workers 
penoshhs nnd necrosis. ... agi ·f eerosis eYen after years' 
supplied with per_fect teetht· were_hri~eee alr°~o:e wh·o. had bad teeth suf­
emplorment at th_1s occupa 1on1 " 
fered. from necrosis. . . 

'l'he ireatment of pho.,phon,s poisoning 1s descnbed m a 

special section at the end of this rolume. . . 
Therapeutics.-'l'he physiological func!Ion I have ascribed 

to phosphorus in the tissue-cells (including nerve-cells) and 
blood, viz., to liberate heat-energy by combining w1th oxygen 
of the adrenoxidase,* places this element mnong our ch1ef re­
sources as a therapeutic agent, since it constitutes one of the 

• AHlhor·s conclus-lon. 
99 !W Cushny: Loe. rit., third edltlon, p. 605, 18 87-, 

m Wegner' Vlrchow'B ArC'hh·, Bd. lv, S. 11, l 189~ 
.._ Magltot: c. r. de l'Acad. de m~-, Mar. 12, 0• 
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pillarn of the vital process itself.* By the use of strychnine, 
d1g1tahs, coca,_ etc., we greatly stimulate functional activity, 
bu! tbe ¡ud1c10us adjunction to them of substances which 
actually take par! in function, such as phosphorus iron 
appropriate foods, etc., we supply besides, the building m~terial.; 
It 1s as such that phosphorus is especially beneficia! in neuras­
thenia due to overwork, anxiety, mental strain and · sexual ex­
cesses. Here, it actually re places missing ma terials. • In a,ue­
mia, the addition of phosphorus to iron will render the ]alter 
effective where befare it was useless, because the improvement of 
the oxygenizing power of the blood requires a corresponding in­
crease of available nuclein. * In impaired nutrition following 
exhaustmg d1seases, such as influenza, typhoid, typhus, intermit­
t:nt fevers, etc., the same indication prevails. This applies 
hkew1se to debility following prolonged lactation overwork 
shock, sorrow, etc. In the . disorders which are th~ught to b~ 
normal _results of old age, such as loss of mcmory, mental torpor, 
insomn,_a, etc., an inadequate supply of phosphorus, iron and 
wdme, is !he pathogenic factor, and these agents will often serve 
to prolong a useful life. In the depraved condition to wbich 
morphinom~nia . and chronic alcoholism finally drive the pa­

. hent, !he ¡ud1c10us use of phosphorus after cessation of the 
habü is conquered, fiot only hastens rccovery, but tends to pre­
ven! J!s r_ecur:ence by enhancing the nutrition and conductivity 
of ali neives. Fmally, !he value of phosphorus in rickets and 
osteomalacia is generally recognized. 

• Author's conclusi01~. 

CHAPTER XX. 

THE INTERNAL SECRETIONS IN THEIR RELATION 
'rO PHARMACODYNAMlCS (Gontinued). 

TITE SY1IPATHETIC CEKTER AS THE SLEEP CENTER. 

Bradbury, in bis Croonian Lecture,1 stated eight years ago, 
that "notwithstanding the brilliant and laborious rescarches 
of pbysiologists and neurologists during recent years, tbe phe­
nornenon of sleep is still enveloped in rnystery"-a conclusion 
which is still applicable. The reason for this is plain in view 
of the fact pointed out by myself in thc first volurne, that this 
function is intirnately connected with !he circulation of oxidiz­
ing substance ( adrenoxidase) in tbe neurons and their dendrites, 
that sleep is due to a diminution of this substance in these ele­
rnents, and that !he adrenal systern is intirnately connected 
with this process. To overlook this intrinsic nervous circula­
tion and the ductlcss glands in this connection is to perpetuate 
the "rn yskry" to which Bradbury refers. And this applies not 
only to the rnechanisrn of sleep, bu! also to a widespread source 
of suffering, insornnia, and, rnoreover, to the action of hypnotics 

and anrosthetics. 
A diminution of adrenoxidase in the nervous elements 

referred to entails a corresponding reduction of rnetabolic 
activity and other phenomena connected therewitb. Howell' 
wrote recently: "'rhe central and most importan! fact of sleep 
is !be partía! or complete Joss of consciousness, and this phe­
nomenon may be referred directly to a lessened metabolic activity 
in the brain tissue, presumably in the cortex cerebri." Again, 
"the physiological oxidations are also decreased, as shown by 
the diminisbed output of carbon dioxide." A fall of b'.ood­
pressure is also present, as shown by Tarchanoff3 in dogs and 
by Brush and Fayerweather• in man. 

1 Bradbury: Lancet, June z.t, 1899. 
2 Howell: "T. B. of Physiol.," p. 238, 1905. 
a Tarchanoff: Arcb. ita!. de biol., vol. xxi, p. 318, 1894. 
'Brusb and Fayerweather; Amer. Jour. of Physiol., vol. v, p. 199, 1901. 
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