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oí adrenoxi<lase in fu bl d • tl . . 
1 

e oo , 1e resp1ral10ns are reduced the 
pu se beco~es weak, and refle~ activity is markedly dimini;hed. 
The reduct10n of the blood CJrculating in the cutaneous ca .• 

~~:es, supplcmented by the deficient oxygenizing power of ~;}e 
b t ~ not only g1ves nse to partía! anresthesia of the surface 
T~ so to . a great reduction of the peripheral temperature' 

. e awakemng after such adose is often attended with mark d 
evidence of general disturban . · e he d h d . ce' ,.e., mental torpor, coníusion. 

a ac e an somebmes nausea and vomiting. 

General vasodiJation is 11 k 
ch lora l. Demarquayt- long ago ªob:e :Jown ~eature of. the action of 
only vasodilation but also e erv t thªt 1t caused m animals, not 
led experirnentallY to co l d ngorgemen of ali vessels. Kobert" was 
walls. As Labbée and ;tch~r e. t~at _1t caused paralysis of the vascular 
grew pnle nfter its use th m, estigators, no~e<l that the rabbit's ear 
recession of the blood Ínt,/ trneral {asochlahon hnd evidently cansed 
deplete the brain and the rf real cen~ral . trunksl thus tending to 
the lowered oxygenizin pe P Jera capillaries. This accounts with 
Cushny,n tha.i "the m!tt°wer of the blood, for the fnct, mentio~ed by 
and e\'entually fail to rea~t;ªth ar1 rendered less. irri~ble by chloral, 
also explains the mental tor e a rongest elect_ncal sbmulation." It 
relatively small doses will caupor tnd /he partrn.l anresthesi Even 
by Labbée. Rajewsk m . . se re axa. ion of the arteries as observed 
doses reduced the bIJd.pr:::\re;, observed that small, as well as large, 

f I: sorne instances, a therapeutic dose causes flushing oí the 
ace, yperresthesia restlessness ·¡ t 

with hallucinafions' Tli. ff '_exci emen and even delirium 
arteriales • . is e . ect is due to the relaxation oí the 
into ti . tA greater quanhty of arterial blood being admitted 

le cu aneous and cerebral ca illa . h 
period oí morbid aclivity follows'. p nes t an usual,• a 

Arloing found not only that th 1 
t~e supply of blood in the ri h f ª!"ª 1 vessel~ were dilated but that 
ho~ doubtless prevails in ~hf ::: ~18

~~es wa~ mcre~sed. This condi­
RaJew~kr' observed reflex irritabil)t in gans, rncluding the cord, for 
the _spmal ganglia were overexcitabl[ :M frogs and t~at ~t this time 
.a nse of temperature followed b . k oreover, LeVInstem'' observed 
having noted sph 

O 
, Y m~u ed fa ll. Sorne investí tors 

1~er_sed1 concludedY~f~~f!::f'~c:e:s:~crtiªse ir ~ize of the Ji!: im: 
s1m1)ar efl'ect is produced when the . e ar ena_l pr~ssure. But a. 
passn·ely by unusual dilation of thei~enphe~al cap1llanes are dilated 
Wood:s laboratory, found it im ssible arten?les. Cerna, working in 
eurar1zed dogs, with any <lose ofpohl to nuse . the blood-pressure in 
PreisendOrferM found that th e or~. E~·en w1th the sphygmograph 

e suppos penod of preliminary rise wa~ 
: Author'a concludon. 
" Demarquay: Bull. gén de tbéra é . 

Kobert: Therap. Gaz. ·Jan r G·•b m _d. et ch1r., T. lnvli p. 307 1869 
: ~j!!!{y~:}~

1
g¡ '187, fou;ih !ditt~Ó. J1ioo. 15

, 1887. ' ' ' 
;: Levlosteln: Lancet, F!b_m21d· 1~lssen., Bd. vm. S. 261, 1870. 

PrelsendOrter: Deut. Archtv' t kÚn Med ' · ,, Bd. nv, S. 48, 1880. 
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followed by a steady decline of blood-pressure, while Andrews and 
Da.Co~ta.H ascertained that very large doses "decidedly lessen arterial 
pressure.' n 

A toxic dose tends to paralyze the adrenal center and to 
arrest therefore the !unctions of the adrenals, and the formation 
of adrenoxidase.• It tends to kili, therefore, by paralyzing the 
respiratory function.• The patient sinks into a profound sleep 
írom which it is practically impossible to awaken him, the skin, 
owing to the morbid condition of the blood, being absolutely 
insensible. The pupils are widely dilaled and the muscles are 
completely relaxed. The heart having lost the sustaining aid 
of the adrenal secretion and being nourished with blood deprived 
of its main constitucnt,• becomes steadily weaker and more 
irregular, the pulse presenting the same character. The tem· 
perature steadily declines and the respiratíons become gradually 
slower and irregular until they cease, death occurring from 
asphyxia. The heart continucs lo beat a short time, stopping 
in diaslole. Occasionally, however, respiration and cardiac ac• 

!ion ccase together. 
The diminution of adrenal secretion, i.e., adrenoxidase, being the 

cardinal factor of the morbid process, it becomes a. question whether 
chloral actually reduces its production. B. \Yard Richardson" found 
that this drug reduced the coagulability of the blood-a morbid phe­
nomen due, we have sffi!n, to diminution of ti.brin ferment. As previously 
shown, this bodv is adrenoxidase.* Now ::\Iodelu observed that chloral 
predisposed to llremorrhage-a. phenomena due to reduced coagulability 
of the blood-while, on the other hand, Duncanson" and Lnngete found 
that adrenal extract (which becomes adreno:ddase in the blood) con­
trolled the h::emorrhages of hremophilia, a condition due to deficiency of 
fibrin-ferment. 

Again, we ha\'e seen, that removal of the adrcnals or ligation of · 
their efferent vessels cauS('s a rapid reduction of the blood-pressure and 
of the temperature, ending in death, the characteristic phenomena of 
chloral poisoning. This is surely due to the fact that the blood is 
depri\'ed of the adrenal secretion, for Strehl and Weiss,H after removing 
one adrenal, found that they could control the temperature and the blood· 
pressure at will by pinching and releasing the efferent vessel!3 of the 
remaining adrenal. Xow, when chloral has brought an animal to the 
verge of death, adrenal extract immediately counterncts the lethal condi­
tion. Gottliebi.11 "chlornlized rabbits until the heart beats became irregu­
lar and excessively slow. An injection of suprarenal extract at once 
restored thc regularity and volume of the pulse. He tried the same 

'Autho1··s co11rluRiot1. 
11 DaCosta: Amer. Jour. Med. Se:\., Apr., 1870. 
12 Clted by Wood: Loe. cl.t., p. 148, thtrteenth edltlon, 1906. 
11 B. Ward Rlchardson: Loe. Mt. 
64 Model: Milnch. roed. Wochen., Bd. xlvll, S. 1739, 1900. 
ar; Duncanson: Brlt. Med. Jour., Feh. 21,. 1903. 
16 Lange: Mflnch. med. Wocb., Bd. 1, S. 62, 1903. 
l'I' Strehl and Welss: Arch. f. d. ges. Phys\ol.. Bd. lxxxvi, S. 107. 1901. 
• Gottlieb: Arcb. t. exp. Patb. u. Pbarm., Bd. :uxvill, S. 99, 1896, 
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experiment when the pulse was no longer rcgistrable by the manomeU!r; 
a similar result was obtained, and the heart almost immediately resumed 
its normal action." Here the adrennl secretion became converted iuto 
ndrenoxidase and thus supplied the blood for a short time with its 
J)(J.bulum t:ita:-in licu of the animal's own a<1renals, inhibited through 
paralysis of its centcr by the poison. 

Chronic Poisoning.-The prolonged use of chloral l1ydrate 
prol'okes phenornena due to continued depression of the adrenal 
center. lowered rnetabolisrn, and the resulting general vasodi-
lation.* · 

Respiralory disorders are frequently observed. The most 
prominent symptom is clyspnrea due to the diminution of adren­
oxidase in the blood.* This may be severe and even alarmin!( 
when the general vasodilation bccomes sufficient to slow the 
eirculation, and when the right heart, owing to the inadequate 
supply of adrcnal seeretion and adrenoxidase,* becomes íeeble. 
The dilated capillaries allowing the blood fluids to traverse their 
walls with unusual facility, redema may occur into the mucous 
membrancs, skin, or decper organs. Mental disorders are also 
witnessed in sorne cases in the form of intellectual torpor, loss of 
memory, or impulsive illusions and hallucinations due to fluctu­
ations in the caliber of the vessels and the quantity of bloocl sup­
plied to the brain. If the use of the drug be stopped sudclenly, 
the vasomotor nerves sqon resume the aseenclency over the ves­
sels, and the brain, receiving an influx of blood containing a 
greater supply of aclrenoxidase. becorncs ovcractive. Manifesta­
tions resembling delirium tremens rnay appear under such con­

.ditions. Culaneous disorders are frequently observed. These 
are rnainly dueto the accumulation of wastes in the blood owina 

> M 

to its recluced catabolic activity, and to the reduced propulsive 
vigor of the bloocl-stream which the vasodilation involve$. 
They rnay assume the form of erythema, ecchymoses, petechi:e, 
or of ephemeral red patclies, either in the skin or mucous rnern­
branes. The lesions somctimes cause considerable trouble. how-
erer. ulceration, fever and py.,,mic tox:ernia. · 

"° H. W. Mitchell:ie reported an interesting case which. as hP savs, 
1llustrates the re~emblance betw{'('n alrohol and chloral delirium.". The 

mental disorder_ beeame so marked that the paticnt had to he placed in 
an asylun~. W1thdrawal of the drug. stimulation, forced feedinp;, hydro• 
thernpeuhc mensures, with a hypnotic the first three nights, were fol-

• Aut1wr•, concludon. 
» W. H. Mltchell: f.J()C. et,, 
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' r The author refers to Elliott,• who stn._tes 
lowed by complete recoH' );- bl d"ff rencc in delirium tremens resultmg 
that "there was no apprec1a e ~' e 
from the use of alcohol or chloral. . 

The lreatment of c/,loral poisoning is described in a spec1al 

section at the end oí this volume. . . . 
Therapeuties.-Chloral is mainly used m wsomnta, espe-

. 11 •ben associated with nervous irritability. Its great CJaY" ¡ · 
l'alue in this connection is due to the. fact that by owermg 

tabolie activity it depresses the functwns of ali cellular ele-
me · l · ] have 

t . 1 a1·ng those of the uerrous system, m w HC i, we =s=u . \el 
seen adrenoxidase likewise circulates. * 'l'he shght fall of b 00 • 

pres~ure which the lowered metabo!ism in the musculans oí the 
vcssels causes when therapeutic doses are gn·en. promotes ,sch­
.rrnia of the cerebro-spinal system and facilitatcs the sop?nfic 
efTects.* lis influence Oll pain (which is dueto hypcr:emm of 
the sensory tcrminals*) is slight, howcver, because the d1la­
tion of the arteriolcs caused by the remedy a\lows an excess 
of blood to penetrate the capillarics, thus offsettmg what anal­
gesic effect the lowered metabolism iu the cellular elements 
might oihcrwise procure.* '!'he recognizc<l value of chlor_al _1~ 
chorC<L, paralysis auitans and urremic convulswns as a pal11at11 e 
is also due to its depressing influence on thc vital ancl vascula; 
mechanism,* which in these conditions are botl'. overactive. 
'l'his applics as well to pu,erperal eclampsia,_ ep,lepsy, hydro­
phobia and infanlile convulsions, in all of wh1ch chloral ,s fre-

tly l ,sed. but it should be rcmembered that 1t 1s by no 
quen , . 1 el t• 
means a curative remedy* ancl that it tends, hke _al cpressan -, 
to promote the íormation of the toxic wastcs wl11cl1 act as spas-

mogenic agents. * 

DRl:GS I\HJCJI RERE~rnu; CHLORAL IN THEIR 
PHYSIOLOGICAL ACTION. . 

Paraldehyde acts rnuch as does chloral. It primaril~ 
lowers the fnnctional activity of the adrenal c?nter,_and by thus 
indirectly reducing the proportion of adreno~1dase m the blood, 
corrcspo~clingly inhibits rnetabolisrn in ali t1ssues. As a result 
the muscular !ayer oí the vesscls is relaxcd and general vaso­
dilation. though not so rnorkcd as in the case of chloral. follo"s. 

• Author's ronrlusfon. 
eo Elllott: Lancet, Mar 24, 1873. 



1324 INTERNAL SECRETIONS IN PHARMACODYNAMICS. 

The slcep produced by therapeutic doses usually comes on within 
Jive minutes. It is not attended by anrnsthesia, but resembles 
that caused by chloral, being calm and restful, and usually lasts 
Jive or six hours. It is likewise due to diminished metabolic 
activity in the cerebral nervous elements, and its efl'ects are 
more marked in nonnal than febrile subjects. Occasionally, 
especially in the latter, it provokes unpleasant dreams and night­
mares, and flushing, owing to a slight dilation of the arteriales 
and the admission in the cerebral and peripheral capillaries 
of a slight excess of arterial blood over that eompatib'e with 
normal sleep. As a rule, the awakening is not followed by un­
toward symptoms; at times, however, depression, mental tor­
por, and lack of energy are complained of. 

A toxic dose produces general muscular relaxation and 
unconsciousness and, sometimes, cyanosis. The cardiac contrac­
tions and the pulse become gradually weaker and intermittent. 
The respirations, at first rapid, soon become shallow and irregu­
lar, and death occurs írom asphyxia. The symptoms that appear 
in paraldehyde habitués are similar to those observed in !he 
chronic fonn of chloral poisoning, and likewise include emacia­
tion, great muscular and cardiac weakness, and mental disorders. 
These are sufficiently severe in sorne cases, that it becomes neces­
sary to place the patient ~nder restraint. 

Sulpl10nal.-Besides lowering !he functional activity of !he 
ad renal center, • sulphonal tends to decompose the hrnmoglobin. 
as shown by the many cases in which hrnmatoporphyrin. i.e., 
iron-free hrnmatin, is found in the urine. Any drug capable of 
such an action cannot but undennine the health . Preference 
should be given, therefore, to chloral or paraldehyde. 

In therapeutic doses sulphonal produces apparently normal 
sleep of severa] hours' duratio·n, from which he may awaken in 
his usual condition. Not infrequently, however, he experiences 
mental torpor, sorne lassitude, and perhaps vertigo. If the use 
of the drug is prolonged, it may give rise to general weakness, 
principally of the lower extremities, and sometimes to faintness, 
nausea, vomiting and serous diarrhrea. When large doses are 
used, the foregoing symptoms may more or less suddenly be 
accompanied by more serious ones. Respiratory phenomena, 
the salient features in acule cases, then appear: the face and 
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. 'd the Ji s and nails cyanosed. the 
body become cold and lm ' pd 

I 
allow and the heart's 

d d · nwnber an s 1 , respirations re uce m . 

action íeeble and interm1ttent. ·th . sub¡· ects adJicted to the 
t . oning met w1 lll . 

In acu e pois . ¡ b administered sorne time, 
ti to whom ,t ias een , . 

drug or o 1ers ¡· about füe epigastrmm, . t . ptoms such as co ic 
prem~UI ory_ sym ; obstínate constipation, a papular erup­
vonntmg, drnrrhrea, o ear . but such is seldom the 
!ion and marked weakness, may apph. h' constitute the majority 

h · In these w 1c 
case in neurast emes. ' 11 appear suddenly and ter-
r the acute svmptoms usua y 0 cases, J 

minate _fatally. . hich is very s'imilar to sulphonal 
Trwnal.-Tnonal,. w . its h ·siological efl'ects. Its 

cheruic~lly, re~embles it t~l~ a:enal ~e~ter is more marked,_* 
depressmg achon upon . . fl' t upon the hrnmoglobm 1s 
however, while its dissociatmhg ef ec somewhat more powerful 

1 1 tive It 1s t ere ore, 
probab y ess ac · ' t symptoms of poisoning occur, 

l f and when acu e •k • t as an iypno ic, t and are not as ]¡ e y o 
f ecovery are grea er, . 

the chances o r Th a¡·ority of cases oí po1son-
ít e or two doses. e m . 

appear a er on t k the drug sorne time. 
ing occur in persons who havte .ª ;oses are often initiated by 

Th ptoms due to oxic . t 
e sym omitin and diarrhrea, owmg 0 

colic, persisten! nausea and v I dg, utpouring of blood-fluid, 
l t . of the vesse s an o b 

a sudden re axa ion 1,· . lly follow~d by o s!I-
. t nal T 1s is usua 

into the ahmen ary ca · . f th intestinal muscles-:l r ti due to pares1s o e h 
nate _con~ 1pa on. . arts of the body, particularly t e 
pares1s w1tnessed m vanous / d the pulse now beco me rery 
extremities. The l1eart's _ac 10n an e sometimes discernib!e ·a d d'lation murmurs ar 
weak and rap1 , an 

1 
. 

1 
. s-signs of impending 

h · t ¡ and aortic va ve-s1gn tl 
over t ~ m1 ra . r disturbances occur concomitan y; 
heart-failure. Respirato Y d nd the patient lapses 

. d ·¡ ay become cyanose a . 
1 the Lps an nai s m f ntly in cases in wh1c 1 

D th occurs most reque .. 
into coma. ea . . But Jarge quantibes 

h • · found m the urme. 
hrnmatoporp yrm i_s_ . ill worse as prognostic signs, 

. of urobilin and bihrubm are . st t f n of hrnmoglobin has 
since they indicate that the d1sm egra 10 

reached its most advanced stage. 

• Aitthor'a conclusion. 
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ALCOHOL. 

Physiological Action -The efI t f 1 
rnentary canal vary with the r ec s o a cohol upon the ali-
\Yhen the latter contain 1 • ptl opofirt10n contarncd in the ingesta. 

1 
es, ian ve per cent f b I t 1 

10I. the secretory act· •¡ f ti . · 
0 

a so u e a co-,v, Y O 1e sahvari• ga t · ¡ d · · 
crcased reflexly and ti d. . s r,c g an s is m-. 1e 1gestn·e pro · ·¡¡ 
and facilitated • . • , cess is e, ier stimulatcd 
proportion is 'e~:;~;ip:·e<ld_ i\ hen, on the other hand, this 
rnay be delayecl.· A be;•era: lgealwn is not facilitated ami 
lute alcohol and abo . t º~ contai~mg ten per cent. of abso­

proportion as the pc,~:~n:: : i:r:: wi!b 't
h

e digestive proccss in 
and proteolytic activity ltl gh,_ bJ. uih,bitmg the diastatic 

o 1e gastnc ¡mce. 

The experiments of Buchner •1 Ch. 
abnd others, have shown that whcn t,'¡ .. ittenden nnd )fendel,s: Storckª 
a solute alcohol in the bere 1~1e ts not moro than five per cent of 
enhanced, but that a higher rages ~~gested, the salirnry digestion· is 
procesa, especially when it el:!':r ~~n of alcohol tends to delny thc 
and Jackson" astribe the increas ¡8 ' per ce.nt. Chittenden, Mentlel 
vokedGby t~e irritation of the alc:ho~º" ~~ saliva to reftex action pro-

. astric_ digestion is corres . on ~e oral nerve endings. ' 
acb~n of small quantites of alcr:i1~f1~gly rnflu~nced. The stimulatin ºl Nothnagel and Rossbach& lhat a sin1\c;phas17:e<l by_ lhe obsermlio~ 
? . a dog, through a gnstric fistula ~ rop mJected mto the stoma('}1 
Jt;.e through the cannula. Chitte;1J~1 C:! t~ lpro\"Oke. a flow of gastríc 
~ I and others also found that n, ~n e and Jackson, Radzikow­
mcreas~ the secretion of 1stric ~l~ho~ m modera_W doses markedl 
proporbon o( hydrochloric ~cid ít1e, t!ts .Prot~lyhc activity and th~ 
creased the .acidity of the gast"ric !e ¡1e h~C'_\'!Se observed that it in­
ns shown by Froum, Moulinier and JU ?e. 18 Snmlar effects are obtained 
~'ii ~~em! :nd whcn, as observ:d by g;~~~t "''.·¡i~n ~l~hol i~ administered 
. IS on ound, morem·er that afte th ' . 1 is lllJected llhO the blood 
mcreased secretion of ga;tric - . r ~ mgestion of small do ·es th. 
none had been. ª.dministerecL JUICe continued much longer thai; ~\'he1~ 

. Th~ permcrnus influence of a lar 
mgesta is no less evident. Clnude B ~dpercentage of alcohol in the 
of alcohol coagula te the gastríc secr:?ª1 has. shown that strong doses 
forndl that they impairrd the digestio IOllf a~d it~ ferments. Gluzinskill 
re are ~d. _Two ounces of brandv tak n o a bumms, ~he digestion bein 
t~e d!gestion of starches. Taken :r" before or dt!rmg a mea!, inhibi~ 
d1gest10n. Lauren12 found thnt it r:%r meals th1~ 9uantity illhibitr. 

uces the activity ol pe ,• p:-,m on 

:! Bucbner: Deut. Archlv t kit 

1896 
- Cblttenden and Mendel. ·A "- }Jfed., Dd. xxlx, S. 537 188l . • mer. our Med Sel , . ª Storck: N. o. Med J · · ·• Jan., Feb., Mar., Apr., 

"Cblttenden Mendel· an"a"'J·• Dkec., 1901. 
911 Notb '· ac son· A "R d nagel ~nd Rossbach: "Mat. M mer. Jour. ot Phys. Mar 1898 

a zlkowsk1· A h t - · ed. et Tbera " F ' . ·· · 
:: SRlcbet: Cite·d b;c Ma~Q~afe\!bys.lol., Bd. Jxx~~. S. rfitaed~~¡"• 1889. 

piro: MUncb med , · · Nt., vol. 11 p 652 ' • 
:irnn,et:. O. r. ·de la·sO:.º~~·•bl:r- ~~rll:, S. i°SJl; 1q1it. 

15 on. Med. Press a d CI ., · v, p. 316 1903 
71 Gluzinskl: Clted by M n rcular. Sept. lG 189i · 
72 Lauren: Chem Zeit Ranquat: T,or. rit., vo'1. 11 .p 653 

· · ep., p. 313, 1893. ' · · 

1 

ALCOHOL. 
1327 

dlbumins. Thibaultn noted that when the alcoholic strength exceeded 
12.5 per cent. the proteolytic activity of the gastric juice was at once 
reduced. Chittenden and Mendd,1' who nlso obt.ained stimulating effects 
from weak solutions, found that wben the ingested mixture conlains 
from 5 to 10 per cent. of absolute alcohol, retnrda.tion of the digeslive 
process becomes noticeable

1 
and that a 15 to 18 per cent. beverage retarda 

it from 25 to 35 per cent. 

Alcohol ha\'ing a marked affinity for oxygen, the harmless­

ness or beneficia\ efiects oí weak solutions, such as becr, is due 
to the fact that a small quantity of alcohol is promptly oxiclize,l 
by lhc adrenoxidase of the oral, gastric and intestinal secre­
tions.• The glandular elements, to compensate for the defi­
ciency of adrenoxidase thus crcate<l, reflexly increase their func-

tional activity.• 
\íhen sufficient alcohol is taken to exceed the oxidizing 

powers of the sccretions of the alimentary canal, the exccss is 
absorbed into the general cirr,ulation and is oxidized therein by 
the a<lrenoxiclase of the plasrra and red corpuscles,* a very small 
quantity ( about two per eeut.) being excreted in its natural 

state. 
Liebig many year ago adrnnced the view that the greater part of 

the alcohol absorbed from the alimentarv canal becomes oxiclized in the 
body, and that but a very small quanÜty is eliminated by the hmgs 
and kidneys. His opinion was opposed on the pica. that it was prac­
tically ali eliminated unchanged, but the experimental work upon 
which this view was based was shown by Baudotr' to have been faulty, 
and the weight of evidence contributed since has fully sustained 
Liebig1s co lusion. Anstie,1' Thudicum and Dupr~

77 
in experimenta 

upan a large number of subjects found that the quantity of alcohol 
eliminnted with the urine was trifling, i.e., from 0.25 to 0.82 per cent. 
Schulinus,'13 Buchheimn and Lieben• not only confirmed this fart, but 
found that while the elimination with the excretions was inapprcciable 
during the two or three bours following its ingestion, 25 per cent. of the 
drug had disappcared from the blood and tissues. This in turn was 
sustained by a second series of investigations by Anstie,

81 
who not only 

ngain found that although the aggregate of alcohol elimi,r.atecl in the 
urine, freces, sweat and breath JÍ a dog to which large quantities had 
been administered was trifling. the body of lhe animal contained none. 
Binz and ITeubach82 and BodHinder83 and others also ascertained experi­
menta.By that alcohol was eliminated in trifling quantities. Prccision 

• A.ul1wr·s con<'l«sion. 
-rs 1'hibault: Jour. de pbarm. et de cbem., Feb. 15, 1902. 
14 Chlttenden and Mendel: Loe. c-it. 
n Baudot: L'unlon méd., vol. xb-xx, pp. 273, 357, 374, 390, 1863. 
1s Anstle: "Stlmulants and Nareotlcs," Pb\la., 1868. 
n Tbudlcum and Dupré: Tentb Rep., ot Med. offlcer of Privy Councll, Lon-

don, 1868. 
7B ScbUl\nus: Archlv. t. Hellkunde, Bd. vil, S. 97, 186G. 
n Buchhelm, Nothnagel and Rossbach: "Therap.," p. 350, 1889. 
80 

Lleben: Ann. d. Cbem. u. Pbarm., Bd. vil Supp., S. 236, 1870. 
st Anstle: Practltioner. July, 1874. 
u Binz and Heubacb, Notbnagel and Rossbach: "Tberap.," p. 350, 1889. 
• Bodliinder: Pftüger's Arch., Bd. xxxll, S. 398, 1883-
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was recently · given to this ue f 
Atwater and Benedict,u wl~chs s11~!w'Z. the ~mprehcnsi,,e researches of 
per cent. of the alcohol containcd . . thnt m the adult man only J 9 
Abelous, Bardier and Ribaut83 f m ds1t~ ounces oí whiskey is eliminnte~l 
~f (warm-bloodcd) animal was ou~v - at C\·en when three e.e. per kil~ 
t~sted was ~estroyed within eth~'\ 87 to 90 per cent. of the totitl 
ac ~hat the n to JO per cent ours. Cush.J1j,. emphasizes tlu'! 

too h1gh a Yaluation for the ai g;nrally thought to be Plimi,mted "is 
cent. of thnt ingested escapes o~d~ti!:~~eted and that only 2 to :3 pcr 

The loss of oxygen which alcohol . 
by undergoing oxidation in the nnposes u_pon the tissues 
general nutrition and th f 

1 
blood-S!ream, rnterferes with 

process. Any q t·t' efre ore, owers the activity of the vital 
uan I Y o alcohol ab b d · 

thus aets as a depressant. sor e mto the eirculation 

The utilization of the bl d' 
e~tails a C?r_responding Joss fo~tl s ?ygen for the oxidation of alcohol 
? _the activ1ty of all vitaJ r te issues, the res~It being a reduction 
}~u1~~1stt~a~d hJ: the fact thlt ~~~~1g'h Ttf:z :1u11 is ;tually the case 
d. . 11: ~esp,rntory activity is ª t 1 a.que and Wilmanns 

rnxide ehmmated is on thc , aue,men ed, the quantity of cnrboni 
Ilnmmond H Boeek and B "tole reduced, as obsen,ed by N S D . e 
The lnbo ' f auer, Rumpfh and ti • • . av1R, 
. . . r o breathing is thus au Je m_any o 1er im·estigntors. S 1mpa1red, owing to the pnucitvgn f nt~d, but mtracellular metabolism 

nndras92 observed in a. rooster .~ º .. o.x,vgcn .. Indeed, Bouchardnt and 
became cyanotic. ·This is n n mtox,cnted w1_th alcohol that the comb 
~!t De:iil:rfquay, Duméril, Perrf O r:~~y 

0
:ntr~tct

1
ed by the observntions 

. m t y the temperature or a ers a small doses either do 
t.e., about 1° F. (O 4º e).' b' s ~oted by Wood,• raise it sli htl. 
ff J>Sl¡'-SiYe peripheraÍ vasodiiati~~ asA1s t~hown below this is the' ;'esu)i 
ors inYe found larger ele . . s ese nnd many other inn• f 

:~riously ~eoxi_dÍzing the hl:d 'i~~~- doits ~apable in th_is connecti~n,g:r 
e quantitv 1s Jarge I d ' er e emperature m pro¡,o r 

nearly 10º F. (6º C ¡' Bon ~gsi Rosenfeld"' obsen-ed a e<l '¡·ton ns 
be ed · · uv1er fo d th t r uc ion of 

r uced to normal b d _u~i . a the fever of pvil'mia Id 
p.umouJyeG found that 20 g,Is. (5 rr:i1r~:r·•ring sufficiently iarge Ji;~s. 
t1'1~~ acted as an antipyretic. InJ1ibiti~:s) of _ab,;olute alcol_10I in solu• 
Parke~"f~s~id llh.v __ the experimental work o~f ti1~e m~bodlism is fur­
be d o o,Hcz, B. \V. Richardso H ge, . u er Brunton 

rg nn . others, which showed that .. n, ammond, V1erordt, Schmiede: 
a narco!,c depressing effect. even rnoderate doses of :tloohol have 

Cher twenty years ago F 1 . 

g:ja~~~~n:!u~;iff..º fo~hich :iro:l:l 
1
::·,isst~f,~:o~~1j

1
e!~t~;~i~~~fohol robs 

for oxygen is so m~rked, e~~rd ~~r~t:;/~ tl~a,oodt alco~ol, who~e·~r~~l1~~; 
u ie w1thout under · · 
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• 8~f;.~~lY3B Tb~e de Parls, 1Jo a d. Organlsmus," Wiesbaden, 1901. 

o eaumetz: C. r. de 'IAcad. de tnéd A 1 ·• pr. , 188-1. 

ALCOHOL. 1329 

ox.idntion, especially in Yiew of the loosc hold oxyhremoglobin has on 
oxvgcn. Boucbard117 refers to alcohol as "that substance which1 to so 
high a degree, slows the nutritional processes." 

Alcohol is not a food; it does not replace proteids. fats or 
rarbohydrates. 'l'he heat energy it liberales when oxidized is 
not utilized by tissue-eells, i.e., in tissue metabolism, and is 
thereíore wasted.* The tissues being dcprivcd ol the oxy­
gen thus consumed by alcohol, catabolism is correspondingly 
delayed; and this in turn, proportionally retards the assimi­
lation of materials by the tissucs. The only e[ect of alcohol 
absorbed from thc alimentary canal, thcrefore, especially in 
l'iew of lhe íact that it supplies the organism wilh no tissue­
building material, is to interfere with !he nutritional process. 
In other words, it only spares the proteids, fats and carbo­
hydrates as do asphyxiating agents, i.e., by hindering tissue 
respi ration. • 

Alcohol is believed by some investigators to replnce proteids, and 
by the majority of them to replace fats and carbohydrates. H. F. 
Jfewes• aptly remarks in this connection: "The property of sparing 
tissue is possessed by severa! narcotic substances, as morphia. It would 
be as rea.sonable to class this substance among the foods as alcohol, if 
this property were taken as the distincth·e quality of a food.u Indeed, 
the greatest authority on thermochemistry, the late Prof. Berthelot,

09 

held that alcohol is not a food. 
Atwater and Benedict, in the exhausth·e study referred to, con· 

elude that the potential energy of alcohol is converted in the organism 
into working energy as thoroughly as is that of ordinary food. This 
cannot be accepted in the sense that alcohol can replace food, since the 
energy liberalecl is merely heat energy. As emphasized by F. S. Bene· 
dict,100 alcohol does not build muscular or adipose tissue, thus failing 
in the essential role of true foods; it only furnishes a supply of heat 
while being oxidized. Indeed, were the working energy thus liberated, 
alcohol would exceed considerably in value that of ordinary aliments1 

since, as calculated by Dupré,'º' alcohol liberates during its oxidation 
nearly five times the heat units that an equal quantity of lean beef 
would produce. Kassowitz102 has also laid Etress recently on the fact 
that alcohol only acts as f', stimulus, and that the substitution of a 
giYen proportion of non-nitrogenous food by a quantity of alcohol of 
equal caloric vnlue, is associated with diminished working capacity and 
a. dissipation o' vital resourC'es. 

Ali this is further emphasized by the faC't that concurrently with 
increased heat production, alcohol cnu!ó;es decreased nitrogen excretion. 
Thus, Bevan Lewis'°' ascertained calorimetrically thnt, while, as a rule, 
the heat production was at first Jessened in rabbits by small doses, this 

• Author's conrlu,9ion.. 
t7 Boucbard: "Mal. par ralent. de la nutrltlon," aecond ed\tlon, p. 184, 1885. 
88 H. F. Hewes: Boston Me:d. and Surg. Jour., Sept. 6, 1900. 
• Bertbelot: Brlt. Med. Jour., Mar. H, 1903. 
100 F. S. Bened\ct: Boston Med. and Surg. Jour., July 10, 1902. 
101 Dupré: Practltloner, July, 1872. 
1M Kassowltz: PfHlger's Arcb. f. Pbyslol., Bd. xc, S. 4.21, 1902. 
ios Bevan Lewls: Jour. Ment. Sel., Apr., 1880. 
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was replaced by a considerable increase in heat production, espC<'ially 
after large doses. This was confirmed by E. T. Reichert and H. C. 
Wood1°' in dogs. The greater relative heat-vnlue of large doses is 
obvious in these experiments, and yet, Norris and Smith1os found that 
1.0 e.e. to the kilo of animal increased the excretion of nitrogen two 
per cent., but that 2.3 e.e. per kilo decreased it two per cent. This 
reached nearly nine per cent. when 2.7 e.e. per kilo were used. 

That the waste of heat energy simply inhibits tissue mctabolism 
is shown by the diminution of catabolic products. Hammondi<111 found 
that alcohol decrensed the excretion of urea, chlorine and phosphoric 
acid. Riess10r observed that it lessened the excretion of chlorides, phos­
phates and sulphates, and to a. marked degrce tlrnt of urea. Rosen­
feldu11 and other investigators, after producing nitrogenous equilibrium 
in man, found the nitrogen elimination distinctly decreased, i.e., lower 
than the intake. Alcohol was undoubtedly the actiYe factor in this 
morbid procesa, for while A. Ott1• observed an extremely low excretion 
oí nitrogen the first day alcohol was used, 11. Keller,1 1.0 on the other 
hand, found that as soon as the use of alcohol ceased, the excretion of 
nitrogen rose rapidly until it was one gm. abo,·e normal-this excess 
persisting three days. lndeed, Miura1u was led to conclude, by a series 
of comprehensive experiments also showing a marked decrease of nitro­
gen, that the effects of alcohol in this particular were similar to those 
of a reduced diet. 

This is equally true of carbohydrates. i\Iiura found that when 
sugnr was replaced by isodynamic quantities of alcohol, a low nitrogen 
ex:c~<'~io~ occurred in subject~ placed in a condition of nitrogenous 
eqmhbnum, but that on restormg the sugnr the nitrogenous equilibrium 
was resumed. It is evident, thereforc, that alcohol is not a substituta 
for car~hydr8:tes. This accounts for the fact recorded by explorers in 
the Arctic regions, that the use of alcohol greatly reduced thcir resist­
ance to cold. Again, Ch ittende111u found that alcohol reduced oxidation 
in the liver. This he characterizes a. pernicious iníluence of wh ich car­
bo~)'.drat~s and fat~ ar~ free. \Vhile the Iatter bodies are simply 
ox1d1zed rnt~ carbomc ac1d and water and com·erted into glycogen and 
fat, alcohol 1s not. He concludes, therefore, tho.t this establishes a dis­
tinct line of demarcation between alcohol on the one hand ancl carbo­
hydrates and fats on the other. And this applies to tlw rPst of the 
orga~ism .as wc ll._ Briefly, in the words of Woodbury and Egbert.Uª tite 
phys1ological achon of alcohol on the human bocly is destructive but 
never constmctivc. ' 

Untoward Effects.-The first stage of alcohol poisoning, 
that known as drnnkenness, may be provoked by varying doses, 
small quantities sufficing, in persons unaccustomed to its use, 
to produce phenomena which only occur after the ingestion of 
large quantities in habitual drinkers. 

When a so-callcd "stimulaling" <lose of alcohol is ingested, 

1" E. T. Relchert and H. C. Wood: Clted by Wood: Loe. cit., p. 295 thlr-
teenth edltlon, 1906. ' 

101 Norrls and Smlth: Jour. of Physlol., vol. :111, p. 220, 1891. 
1°' Hammond: Loe. cit. 
1117 Rless: Zclt. f . klln. Med., Bd. 11, S. l, 1881. 
108 Rosenfeld: Die Theraple der G<>genwart, Bd. vil, 1900. 
108 A. Ott: Arch. f. exp. Patb. u. Pharm., Bd. xlvll, S. 267. 1~2. 
~~ H. Keller: Zelt. f. pbyslol. Chemle, Bd. xlll, S. 128, 1889. 

Mlura: Zeit. f. klln. Med., Bd. XX, S. 1371, 1892. 
nt Cblttenden: Med. News, Apr. 22, 1905. 
111 Woodbury and Egbert: Jour. Amer. Med. Anoc., Mar. 31, 1900. 
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it liberales heat-energy while being oxidized by the adrenoxi­
dase in the blood, and the quantity of energy thus liberated is 
in excess of that produced normally by the interaction oí the 
adrcnoxidase and nucleo-proteid.* An artificial exacerbation 
of metabolism being thus prornked in ali tissues, the contractile 
power oí the cardiac and vascular musclcs is correspondingly 
increase<l. • As a result, the heart-beats and pulse become 
slronger and more frequent, and the blood-pressure is raised, 
the blood being projected forcibly into ali cap1llancs. The 
]atter bcing passi,·ely dilated and congested, the well-known 
flushed íace and eye, the warm skin, the strong and rapid pulse,, 
the cerebral excitement which prompts to garrulousncss, bois­
terousness, outbursls of anger, etc., and the temporary aug­
rnenlation of physical strength, are produced. 

When a depressing dose is taken, this slage is soon antagon­
ized in two ways : (1) The alcohol and adrenoxidase being 
free in the blood, wbile nucleo-proteid is secreted in the latter 
by leucocytes only as needed,* the reducing action of the alcohol 
deprives the adrenoxidase of oxygen wbich it sbould supply to 
the tissues.* :Metabolism being impaired in proportion, and the 
nerve centers, general and subsidiary (including the vasomotor 
centers), and lhe muscularis of ali vessels receiving pa_rtially 
reduced blood,* general vasodilation (including relaxabon of 
the cutaneous arterioles) follows, and the capillaries of ali 
organs, including the skin and brain, are the seat of ª. passive 
hyper::emia. Tbe pulse is still full at this stage, but eas1ly com­

pressed. 
The exa.cerbation of muscular power coincides, ns is wcl_l ½nown, 

with the period of cerebral excitement and with the charactenshc con­
gestion of the tace1 eyes, et~ . . Cus~ny1'.' writes: "The fhisl~ing of the 
skin

1 
which occurs m alcohohc mtox1ca.bon, would seem to pomt to some 

vascular action, but it is irnpossible to say at pi:csent what the natura 
of this action is. It indica.tes dilation of the skm Yessels, _but w~1ether 
this is of central or peripheral origin, _whethe_r ~ue_ to st!mula.hon o~ 
dilator centers or paresis of vasoconstnctors, 1t 1s 1mP?ss1ble to sa.y: 
As Claude Bernard pointed out that ma.rl;;ed hyperrem1a o~ the bram 
was also present, the cause of this ph:nomenon 1:1ªY be. sa1d to be as 
obscure ns that of the facial hyperrem1a; and th1s apphes as well to 
the muscular erethism. 

Castillo/1.G Binz,'l' Eagleton/u Kochmann1
1.1 and others bave wit-

• Author's conclusfon. 
m Cusbny: Loe. cit., p. 137, fourth edltlon, 1906. 
m Castillo: Pbila. Med. Times, Oct. 23, 1880. 
m Btnz: Loe. cit. 
m Eagleton: Un\v. Med. Mag., Sept.. 1890. 
ue Kocbmann: Deut. med. Woch., Bd. :xxxl, S. 942, 1905. 
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nessed the preliminary ri~e of the blood-pressure referred to. Abel,'11 

Rosenfeld, • Cahotm and othcrs did not ob,en·c it; while the third 
phasc, vasodilation, was notcd by Zimmerberg.'"' Gutnikow,'"' Piiss­
ler,"' Schule'" and Rosenfeld. The fact that ali three phases may 
occur, as ~hown above, accounts for thc contratlictory result~ rrconled 
by vnrious investigators. • 

That thc va=-onstriction i,,; due to augm<'ntation of thc mctaholic 
processes in the vascular walls by the direct action of thc alroholized 
blood is also indicated by the fact that these im·estigators, \\'ootl and 
Hoyt,"" noted that alcohol "elcrnt<-s the blood-pressure after vasomotor 
paralysis from section of the cervical cord." Their experinwnts tended 
to show, moreorer, that the cerebral excitement and increasrd actil'ity 
were due "to the enormously im•reas¡,d flow of blood rnnning riot through 
the cerebrum." Hemmett•r1

"' likewisc obserl'ed a markcd incrcasc in the 
rapidity of the blood-flow, ami a still greater one whcn more al1•ohol 
was administ<-red; in sorne of Wood and Boyt's cxperinwnts the sp1•ed 

•of the current increased 33 per cent. The red facc and the still retlder 
nose and eves of the common drunkarcl atte,;t to the fact thnt after the 
prolonged ·use of alcohol the nrterioles may remain dilated. Finkdn­
burg,:, found, by introducing a tr<x·ar between the vertebrre, that the 
cerebro-l!pinal pres&ure was considerably increased. 

As to the influence of the general rn,;oronstriction upon the capil­
laries, Kochmann"' founcl experinwntally that "in moclernte doses 
alcohol increases the vascular Ü'nsion; when the rise is at its maximum, 
the peripheral vessels are dilated." lle noted, morcover, that the latte,· 
effcct was produced "even whcn thc doses are too weak to cause an 
incrense of vascular tension." 

The influence of large doses is shown by the expertmental oh~errn­
tion of Wood and Iloyt1

"' that "sometimes no effect was produc·('<l until 
the ak-ohol had been given in sufficient amounts to reclure the pn'ssure." 
Yasodilation may also occur under the influenrc of smnll dosc~. Thus, 
Kellogg'" statt's that "the full bounding pulse usually producpd by the 
ndministrntion of an ounre or two of brandy properly diluted, gh·es the 
impression of an increased ,·igor of heart action. but it is only ne«•cs­
sary to determine thc blood-pressure by mean~ of a Rirn-Rocc-i instru­
ment, or Gaertner's tonomcter. to di,co,·cr that the bloo<l-pn·ssure is 
lowered instend of rnised. Thill lowering may amount to twenty or 
thirtv millimeter~, or e,·en more." 

• \Yhile thc varying effects produced by alcohol indica te that it has 
no direct action on the va~omotor centrr (which would alwavs be 
influenced in the same way) they ~uggest, on the othPr hand. thnt it is 
dne to nn intnwasculnr <•hemical process. Cahot1JJ2 found that alcohol 
did not influence the tem¡wrature in febrile cases, a, shown by 110.í 
mensurements tnken by him before, during ami after its administrn­
tion-an obsermtion confirmed in animals by \Yood antl Hoyt. Thi,¡ 
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