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l. 

I. IliTRODUOTION 

Because the term 11 nnalept1c·0 is not used extensively . 

by American investigators 1 t ia necessary both to define it .. , -
ond to show ca.use for· its u·se. Neither Sollman (l) nor 

Bastedo ( 2) include the term in the indices of their text-, 

books. An anoleptic is defined by Dorland (3) andb:f 
111.ebster ( 4) as a "restorative" or a 0 restora.t1ve drug. n 

It is with the idea of restoxle.tion of respiratory function_-. 
in mind that the word is chosen in preference to thf:: word _ 
"stimulant. 11 As e.n example of the use of the ·v1ord, oamphor-
is_ described ea a "circulatory analeptio0 , a description 
to v,hich European investigators would assent more :readily . 

than American. 
Not all of the experiments in this study involved 

the cisternal exhibition of drugs. HoNever, since some or 
the preliminary experiments were instrumental in she.ping · · 

the oou~se of the study and sinoe all of them yielded ob-
servations of intrinsic interest, they will be presented in,. 

the experimental results. All of our experiments are essen• 
tially studies in drug antagonism. 

Originally, a more customary approach to the problem 
of antagonism between the barbiturates and certain stimulant . 

·drugs was contemplated. The experimental procedure involved 
the modif1oation of consciousness by depressants and a 
subsequent modifioati'on by e.nte.gonistio drugs of' the 
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changes first produced. Else,1p.ere in the paper it will be 

shown repeatedly that this procedure is very valuable and 

not in the least unique. It fr3 an experimental devioe used 

by the founders of the science of pharmacology. Th·e · desir-.' 

ab111 ty of a study of .the e.nt .. agonism between barbiturates 
:· 

· and stimulant d~ugs la appar~.nt beo~use, s.t present, no 
' '. '. -_ .· f\. . . . 

- drug has been p~o,ved _"'~rulj ef'ficacious 1n reversing barb'~
•.:- \ • I \ 

iturate narcosis without prociuc~ng effects occasionally 
i 

more deleterious than the narcosis. The finding o:r '""ii-··aa.tf~-
- ! 

factory antagonist wpuld confer a boon upon those _wpohav~ 
' i 

attempted to edv.nnoe- the use or be..rbi tura.tee as an:aesthe- ; . i 

tics, and upon those who are oalled upon to treat patient~ 
j'
\

experiencing the accidental and suicidal· crises consequen1 

to the free and untrammelled sale of hypnotic drugs. 

The. ut111 ty of the Magnu,s ( 5) reflex · patterns for th~ 

study of the duration of barbiturate action and for s. com-,t 

parison or the relative narcotic pow:ers o!, var1.o~si barb1 t~ · 
I' ;. '

urates is apparently more impressive than a possible util-f _ 
; 

ity of these patterns for the study of nnalep~fs after .. \

barbiturate na.rcosis. In the hands of Eddy ( 6) the method·-: 

employing the postural reflexes hos yielded very signifi-

cant data comparing the hypnotic potency of the barb1tur-

. ates available. The very mode of injection commonly used · 

(intre.venous), however, leaves much to be desired in ex-

periments assaying the activity of antagonists against 

barbiturates. iilthough this ia. the inevitable: aonaequence 
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after intravenous, subcutaneous, oral or inhalation exhib-

1 tion of drugs, it is not the case aft.er topical medica-

tion in- the most rigorous sense of the W'ord. ·-
When drugs o.re administered non-topic~lly the mnxi'-

mum dose never rea.ohes the site desired,. and to a limited 

extent the seme is true with topical medication, ~ow;ever, 

during the first moments after topical medication ( in the 

absolute sense} it is possible to produce the full pharm-

acodyne.mio effect of all the drug administered. With any 

other type of medicntlon this is clearly impossible. 

Furthermore, w.ith topical medication it 1s possible temp-

oreT'ily to defer the effects of detoxioation and of ex-

cretion. This, too, is clearly impossible :with any other 

type of medication. 

Out of the dilemma, of detox1oat1on, dilution, dif .. 

ferential absorption, exoretion o.nd depot effect. some form 

of topical medication of.fered the only solution. The pharm• 

ncologic study of isolated nerve fibers or trunks offered 

itself aa en expedient, an expedient whose necessity was 

overruled by fortuitous observation. 

This observation vms the immediate spontaneous return 

of respiration after the intrathecnl ·injection of sodium 

thiocyanate in the aubdural space of a dog experiencing· 
tteapira.tory pnrnlysis after experimental anaesthesia by

ouhdural novooaine. Thi_s , surprising result called attention 

to the eligibility of respiration as a function for use 

in studies of antagonism. However, the lumbar tap method 
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of producing the paralysis was . far froµi attractive. The 

response to sodium thiocyanate in the experiment cited was 

achieved after preliminary ephedrine medicat;i()µ .and after 

a lapse of time prot)~bly fully adequf;l.te to permit the 

spontaneous return of r .esp1ration. However ·, the observatlon 

aroused the hope that sodium thiocyanate might be respon-

sible, and it pointed out a physiological mechanism which 

could, by e.rtif'icie.1 meRna,. be e.t lea.st partially divorced 

from the rest of' the organism. 

With respiration selected as a function to be modified 

e.nd with top1oe.l or quasi-topical medication explicitly 

chosen, the -0isterna mngna suggested itself at once as a 

possible nvenue of drug exhibition. Its choice, it must be 

admitted, was made with some misgiving because there is 

still some question concerning the oonti.nutity of the sub .. 

a.rtlchnoid with the ventricular spaces. certainly the e:xhib""'

ition of drugs in the oistern constitutes an aot which can 

be performed with more nicety than lumbar te.p can be eff'eot- · 

ed. Furtl:lermore, the diffusion or circulation of.drugs 

exhibited in the lumbar subarachnoid is not clearly under-. 

stood even by those who daily use spinal e.neathesie. upon 
man. LeR1ohe (7) recently deplored the fact that spinal 

anesthesia has interested the physiologist far less than 

it hes deserved. 

Respiration is rarely used in an explicit sense in the 

o tu.dy or drl..46 ~nt'1i.0on1am. However, 1 t orr01'&, &fter the 
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applice.ti~n of depressant drugs to its central regulators, 

graded and crucial changes about whose reality there can 

, be no mistake. Reapi:ratory pnralysis is such a change and 

its duration is a measurable quantity. In this study the 

duration of respiratory paralysis has been set up aa the 

~riterion of depressant action upon the respiration and 

reciprocally ns the criterion of analeptic potency. 

It might be argued that incision of the atlnnto~occip•, 

ital membrane would offer an eyen surer approach to the 

medulla.. Although this is true the surgical procedure is 

incompatible wit~ the availability of e.nimals for control 

purposes. Even if the animals do survive e.ft~r such proced-

ure, and there is 11 ttle reason why they should not provid,-

ed the opera.tor is skillful and providing overdose.ge is 

avoided, there remains the almost inevitable oblfteration 

of the comparatively small cistern by the processes of 

repair. Indeed,the cistern oeases to exist a.s such after 

too many punctures even with the hypodermic needle. This 

is particularly true if bloody taps be made at any time. 

The vnlid1ty of the ·assumption that the method of 

injection constitutes topical medication is likewise quest-

ionable. Whatever the merit of the objection to·the valid- . 

ity of this assumption it must be admitted the.t t.he inject .. ' 

ion of drugs into the cistern does produce a comparatively 

high momentary concentration of the drug in the subaraoh-

noid fluid. Before the dias1pnt1on of the drug from the 

eubnrnobnoid oiaternal fluid. it is apparent that there 
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will be absorption of some of thed:rug by any nervous 

tissues in contact with subare.chno1d fluid. The .. amount of 

absorption will~ in all probability, be dependent upon the -

concentration gradient between the fluid and the nervous 

tissue. 

It must also be borne in mind that cisternal exhibit-

ion of drugs, because of greater concentration, produces 

localized functional modif1cat_1.ons more profoundly than 

does the intravenous injection of drugs. 

The study or the respiratory changes produced by

oiaternal injection ho.a oonvinoed the author that this 

method. constitutes both a. means of a.ecerta.in1ng the a.nalep~ . 

tio potency or drugs and e. possible means of clarifying th~ . 

nature of. the antagonism existing between drugs. These 
studies do not presume to include the latter po.asibility~. 

The method renders it possible to discover a. species of 

antagonism different from nnd in addition to that species 

·of nntngoniam which operates by bhe.ngee in othet' function- . 

al meohan1eme besides the one deliberately modified._ For 

example, the nntagonism between sodium runytal and ephed~ 

rine is probably partially due to an improvement or cir-. 

culation. The sense of these studies ~a that it is also 

manifested at the site of the contact of ephedrine vt1 th the,. 

narcotized central respiratory structures. However, the 

tnode of e.otion of ephedrine in this latter species of e.ntag• 
oniem 1a, at present,. not nt all clear. 
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SUMMARY OF EXPERIMENTAL ME'I'HODS USED IN THESE . 

STUDIES 

. l. Prelimina.ry EXperiments 
A. Experiments using mice to test the efficacy• of 

ethylene diamine as an antagonist to_ether. 

This series is very short and quite unimportant. 

It will be described in.the re~ults. 

B. Observational experiments employing the study of 
mod1f1cat1on of reflex behaviour and of oonscious-
nAss by hyPnotics and by stimulants. 

In this group of experiments dogs were anaesthetized 

either with sodiwn 8.lllytal or with sodium amytal preceded 

by morphine sulphate. They were permitted.to regain oon-

aciouaness and to assert their epontarieous ability to 

walk e'ither after intervention with certain stimulants or 

without intervention. Ephedrine, corrunine, oe.rdiazole,picro-

itoxin, and sodium t,biooyanate were used to reverse the 

depressions invoked in the animals. 

Both consciousness and the postural reflexes a.re 

elusive phenomena. They are stumbling-blocks in the hands 

of any except.the most gifted investigators and have been 

responsible for much of the oonflioting testimony regard-

ing drug antagonism. 

Involving Observations of tbe Intact 

In this group the dogs were first anaesthetized to 
I 

fa~111tateentry into the cistern.At least three types of 
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anaesthesia were· used: ether, morphine-ether, and morphiner- · 
sodium nmyts.l. After anaesthesia tracheal tubes fitting 

as closely as was consistent with the necessity of no 

trauma to the la.rynx e.nd trachea were inserted in the 

animals, The cistern was then tapped by a. method more 

fully described in a. lnter ·sect:i.on. The desired drug was 

dissolved in the aspirated fluid and re-injected in the 

cistern. With adequate doses of depressants respiratory 

paralysis occurred. The animal was then artificially re-
spired and, if the experiment was designed for control,· 

permitted to breathe spontaneously when 1.t regained the 

no.111 ty to do so. The duration of paralysis was recorded. 

When the efficacy of a.n analeptio drug we.a to be test-

ed, fluid wns again aspirated and the e.naleptic dissolved 

therein. Then the fluid waa re-injected and the duration 

of respiratory paralysis age.in measured. In certain ex-

periments the nnaleptio and depressant were aimultaneo~sly. 

inj acted but in the greater number the · analeptic followed •.' 

the depressant. 

It was found possible to compare the duration of · 

respiratory paralysis after different anaesthesias upon 

the same animal. 

The ae.fe-guarda, ·whereby the variability or con-

ditions wna removed, nre described in the general dis-
ousa1on. 

B. eriments in which analeptics alone were in eot- · 
e n t e oistern 
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3. Acute. experiments. 
A. Blood-pressure studies during respiratory paralysis 

produced b:Y, ilepres.se.nt drugs · cisternally exhibited. 

This phase of .the study requires no description. 

Femoral art~~ial blood pressure was measured. 

B. Blood pressure studies during reapira.toryps.ralysfs 
produced by depressants injected in the lumbar sub-
ars.chnoid. 
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RELATION OF EXPERIMENTAL TECHNIQUE TO THE MECHANISM OF 

RESPIRATORY' CAUSATION 

It is assumed that tbe t.1ewa of Robert Gesell (8) 

describe best the chemical regulation of respiration. Be 

postulates the existenoe of an acid metabolism of the resp-

iratory center unique and not identical wi.th the acid met--1 -

abolism of the rest of the body. The rate of formation of 

. acid in and its rate of transport r:rom the center determine. 

the acidity of the center. Changes in the. PH.of the oenten . 

rather than of the blood constitute the prime factor in 

respiratory control. Since the supply of oxygen determines:·· 

the absolute and relative amounts of lactic acid and carpon•-.~'

dioxide formed in living tissue-, and since it contrdls the 

efficiency of transport nnd elimination of acid it const1~ 

tutes the norm'al and indirect regulator of pulmonary vent!• . 

le.tion. 

The effects of lactic acid and carbonic acid are e.ddt-, 

t.1 ve. They a.re excreted indirectly by way of blood from the , 

tissues and more directly by virtue of their for'tlle.tion in 

the respiratory center itself. 

Diminished oxidation in the respiratory oenter leads 

to an accumulation there of relatively poorly diffusible 

lactic acid and in relnt~vely poorly buffered cytoplasm 

nnd lymph no longer fully ·protected by the potential alkal--

ini ty of the blood, the dual function being disturbed by the 

diminution of the reduotion o~ hemogloo1n and ot t,he l1ber--
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n.ti.on of e.lka.11 a.a it passes through the center. 

By virtue of its own metabolism and its extt-eme 

;sensitivity to minute changes in its own hydrogen ion con• 

oentrat1on, the respiratory center is sensitive to minute . 
· : .I

cha.nges in 1 te own oxidation e.nd, therefore• to changes • in 

the tension of oxygen in the arterial blood. 

The capacity of the center to respond to changes in 

the arterial carbon dioxide tension consequent to f'luctu-

e.tiona in the general metabolism, however, mu.et also be a 

factor. 

In our experiments the a.nimal was, as ha.s been stated, i 

respired e.rt1f1cially by periodic blasts from an nrtifioiali 

respirator. It is. well known that excessive ventilation 

produces e.pnea, a condition depending according to Haldane 

.tmd Priestley ( 9) upon the depletion or arterial carbon 

dioxide. Since, .the dogs used were of variable size and 

sinoe ce.nnuls.tion with a tightly f1ttfng t~achee.l catheter 

,,ea not advisable, the question of variable ventilation at 

once o.btruded 1 tself. Furthermore• there 1 s great va.riabil- ,. 

1ty in the operation of the respirator depending upon 

Ettmoapheric co·nditions impressing themselves upon the 

length of the leather belt . driving the respirator pump. 

Proper inflation becomes, then, something more than a prob-

lem in the mechanics of the respiratory pump. 
Although we were aware at the outset of the adviaabilfl" 

ity of running carbon dioxide studies of arterial blood, 
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we were equally certain that it was impossible to control 

the inflation from the findings of such studies. It would 

have been necessary to make the measurements and then to 

adjust the apparatus in keeping with the analyses. Before 

this could have been done the animal would have been a.ble 

t,o breathe of its own nccord. 

Gesell (8) described a manganese dioxide electrode 

.with which the pH of blood is autome.ttoally registered· •. 

With this apparatus at one's disposal it wou.ld have been 

possible to control at least one variable quite aoouratel1, 

but with this device all variables would not have been, 

eliminated·. 

The metabolism of the narcotized center is also an 

unsolved problem. There are, it is true, some data desorib,;. 

ing the metAbolism of m1rcotized tissue. Warburg {10) has r

shown that narcosis inhibits fission of the sea urchin egg 

but not 1ts oxidation. This was oonfirmed :by Loeb : and 

.. Wasteneys ( 11). Winterstein ( 12) hs.s shown that 1ri the 

central nervous system depressed by alcohol there 1s 

increased oxidation. 

If the metabolism or the respiratory center ls great- \ 

ly depressed by narcosis then it is quite possible that tht · 

production of acid therein is at such a low ebb that· ·co·n.;.

oentrationa of carbon dioxide in arterial blood of even

major proportions may be unsuccessful in eliciting respir-

ation. Thia speculation assumes~ of course, that there 1a 



11 ttle diffusion of onrbon ~ioxide ip;to . the ·center~· Further; 

it assumes that the normal role of ca.rbondioxide, in the 
1-· ,__ • 

bloo4, in provoking respiration depends upon tlle fact that:· 

it,g concentration in the blood inhibits its transport out 

of the cells of the respiratory center. This possibility 

is far from unthinkable. On the other hand, if the metab-

olism of the center is increased by narcosis then the leve,l _ 

·or circulating carbon dioxide might be unbelievably low 

a.nd still respira.tlon would result from excessive concentra-

tion of metabolites in the oentex, itself. Indeed, the fact 

of narcosis me.y even produce ohe.ngea in the center favorirqf··· ·· .. .,.· .. 

a diminished oxidation, and at the same time an impermeabil• 

ity of the center to gases. Under such condit1ons. tespira~ 

tion could.not result until the narcotic conoentr-ation 1n 

the center ~ad been so reduced that pel"n:lenbilfty had again 

:returned, and that oxidation ha.d assumed its normal unnar-

cotized l~vel. These speculations. are not submitted as 

tentative interpretations of narcosis of nervou.s . t1ssue 

but rather to show how difficult it is to set up proper 

criteria to test the irritability of a center emerging from 

narcosis. 

We hnve measured the carbon dioxide level in ciroulat-. 

ing arterial blood .and sreled to believe from our ,datn 

tha.t respirv.tory response is possible under greatly differ-.. 

i~g conoentratione of carbon dioxide in arterial bl.ood. we 
do not presume to. assert but merely suggest that the a.bol.:.. 
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:ttion of spontaneous respiration by our tnethod may pe very , 

valuable in the study of the fundamental regula.tion or 
:respir8tion. 

·rn the measurements of arterial carbon dioxide blood 

was drawn from the femoral arte.ry under oil and was 
analyzed f~r carbon dioxide without permitting the access 

of air. The analyses are in no sense alkali reserve determ-, 

inntions. 

Naturally the results . of such analyses . will be var1~ 
able from animal to animal and even from day to day depend-

ing upon .the alkali reserve. The important information to 
be gained from these data is tha.t the actual carbon dioxide· 

content of.the arterial blood has been ·caused ' to ·fluotuate 
·:· \ ': ·,

by ve.l'ying the infl~ti"on. In general ,the carbon d1ox.1de· con~ 

tent is somewhat lower during· inflation after anaesthesia 

than the level dur~ng unanesthetized spontaneous br-ea.thing •• 

The carbon di~xide level tn.. e.rte:rial blood after one minute. 

nbeya.nce of ·art1f1c1a.1 reop~re.tion is as high a.s the normaL. 

level end often as highe.s the level while .the animal 
·\ 

spontaneously bres.thes under morphine-amyte.ie.naeathesia . . . 

or ether anaesthesia. The latter level is slightly higher 
than the normal arterial oarbon dioxide in the uns.nesthe-

tized dog spontaneously breathing. 

The tnbule.teq roaulta give only corrected volumes 
1,ercent and not the actunl volumes e.s read in the van Slyke 

t•, ppn.ro.tus. The results e.nd computations hn1/e been checked 
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by two persons and are tµe ,results of' oonsistent f~ndings 
in which e. · check w,i s seourecl · in, all ~xoept e. few cases • . 

sometimes animals wer~ _qbserved to. breathe s.fter 
paralysis •in response to ley~ls even sub-norme.l for the 

animal. such de.ta give .a sense .. of :seou:r-1 ty in the validity 

of the ohoio'.e ·. of the . one. m1ntite periods ·a.s a.deq'uate for . 
eii-oi ting sponta.ne:ous resp1r.Ei,tion, in the a.:rtifioially 

r~·sp1red dog. In some oasef.l . the .a;1lmals were patently over 
inflated for various . reas6fie .• The data, in such , oases· in-

d/ipat.e the accuracy of the : obaervera' ·judgment of over- • · 

1nr1ati9n • 
.: j 
': when combined with -the. other criteria ment1oned . ln the . {i ;
,I . '

ig~;nera.'1 discussion these findings lead one to the ine~cap ... I . I 

I ; ". . .
( dble conclusion that the . r:esul ts of these experiments os.n 

1
in no / sense be dependent· ~~,on relative degrees of aoe.pn1a 

I I ' ' ' 
/,, · i I . I ·• . : 'cpnaefluent to variable inflation • . The fact·_ that in only 

; I .
qne fhstanoe wa.·s it impossibl.e to eeoure breathing after 

~~eyance of artificial r~spiration ~trengthens one's ',con-
.' . 

i•~ction. Thia ce.ae invoJJved an an1me.l whioh never was able / ,. · ; '

/

Ultimately to brenthe undf;r· any oond1t1olla •. 

It must also be remembered that in normally respiring 
I } 

. ',,
'\

fln{~e.ls the respiratory, ; ~e11ter· . is fUnct1 oning and that 
! 

vol~eya of impulses are _Q1ig1na.ting ·in the oente~. The 
ti,

tt1eta\olism of nervous tissue is not high but its oxygen 
?leeda\ are great. -.Tu~t what ·. happens in a ne.rootized oenter I . 

\w::t th ~espect to the metabolism consequent to the, product-



ion of these volleys is entirely unknown •. 
confronted with the necessity of ohoioe of some defin~. 

1te standard to test the return 0£ spontaneous breathing 
and cognizant of the perils ot asphyxia to centers, we 
were forced to adopt a procedure which would minimize vsrie,-
tiona in the autome.tio capacity of the breabhing mechanism 
iconsequent to overventila.tion and at the srune time to min•

1m1ze the dangers of asphyxie.l damage to animals whose sur-\. 
vival was earnestly desired. our choice was not the con- · 
centra.tion of carbon dioxide in the blood nor was it the 
concentration of oxygen in the blood. Indeed, we were forced 
to forego measuring oxygen content because 1 t demanded add-·. 
:ttional arterial }::.ii1:-jtu1•e in the animals. our choice was ·

the interruption of artificial respiration for periods of 
one minute with the animal so ventilated that an additional· 
abeyance of artificial respiration would lead to a quick-
~ning of the pulse and the e.pp.eara.noe of cyanosis in the 
n1uoo.us surfaces in the periphery of the tongue. Often we 
lengthened the. period of abeye.noe of artificial respiration, . . 
emd were able to elicit re,spiration. In this connection we 
t1ave found that under all conditions of venti la t1on the 
respiration elicited by withholding artificial fl.id from the 
8-nimal for periods as long as one and one half minutes 
produced, if it did so produce, respiration entirely inade- :, 
q:uate for life. By using this_ expedient we have experienced 
the unnecessary loss of animals. When the respiration re-
turned. 9-fter one minute• a abeye.noe the animal wns generally 



able to respire adequately. 
Abeyance of artificial respiration for one minute is, ;_ 

we found, sufficient to restore spontaneous breathing in 
animals frankly overinfle.ted. However, it is not difficult 
to give an inflation which approximates normal. Thia is 
a.one by observing the thoracic thrust of the animal when 
normally breathing and approximating it with the respirator, 
to.king into nccount, of course, difference in frequency be..-· 
tween the machine and the normal respiratory response. It 
must also be borne in mind . that with a loosely fitting 

·,.

tracheal catheter the inflation of the lungs depends partly 
upon· their inherent elasticity. Under such conditions therf& 
1s ample avenue for escape of atr around the catheter, a 
fa.ct which-makes for inflation similar to the normal. 

In the presence of an unquestioned acapnia pr~duoed 
by overinflation,, artificial respiration has been denied 
animals as long as two minutes. Under such conditions there 
was ;nve.ria.bly a rapid decline in pulse frequency ·after 
a preliminary e.aphyxial increase. After the decrease the 

femornl pulse became quickly impalpable and cardio-ciroula-,. 

tory collapse. w1.th intense oyanosis supervened. Reo,overy 
from such colla.pse wa.s easily produced by reinstitutlon of 

artif~cial respiration if action was taken promptly. 'l'h" 

sense of such observations ie that the arbitrary cboioe of 
one minute for respiratory abeyance is really a satisfactory 
choice. 
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In our experiments the ability to carry on adequate 

breathing rather than the appearance of a .first abortive 

thoracic or diaphragmatic movement ha.a been selected as e. 

crucial chronological observation. In the case of core.mine 

disconcertingly abrupt die.phragmatic movements were often 

observed; in the intact animal spontaneously breathing 

. oorwnine was observed to produce hi a coughs. Manifestly, 

such m1slee.ding .. movements do not constitute t ·rue respiration. 

In the tabulated date. the results obtained e.re based 

upon denial of respiration for one minute periods'. Althoug}l 

early in the_ respiratory depression neither one minute nor 
longer sufficed to elicit respiration, very late in the 

respiratory depression the additional time often did suf-

ficP- to produce respiration of inadequate character. 

Rarely respiration provoked by one minute's' denial 

was inadequate but if it cha.need so to be then the animal 

was again respired until e.. subsequent one minute denial of 

artificial respiration produced. adequate breathing. In con-

nection with the phenomenon of inadequate respiration the 

protocol of a striking expe:riment pe~uliarly related to 

this .phenomenon is adduced • 

.Expe.r1ment . 148--Dog # 56 ~Tuly 29, 1933 
'1 .

Thia animal was anaesthetized w1 th subou·taneous 

morphine sulphate 4 mg.per kg. and intravenous sodium 

amytal 30 mg.per kg. Into its cistern 25 mg. ephedrine 

sulphate and 84. mg.. sodium amytal were introduced 
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simultaneously and well mixed with the subara.ohnoid fluid 

by washing in and out. That the cistern tap wa.s good was 

evidenced by the ability to inject and w1thdrnw, flu1d ,e.t 

will. The ·animal continued to breathe for six minutes. 

In spite of an apparently ·adequate respiration the an-

. imal ceased to breathe abruptly. With the oesse.tion of 

~espiratfon ca.me complete cardio-vascular collapse with 

· impalpable femoral or precordial pulse and with to~"al ab-

olition of reflexes. No oardiao movements could b~ ~felt 

through the needle-syringe assembly. Artificial r ·esp- · 

!ration was immediately instituted and adrenal~n, 1 o.o. 

· -of . 1/1000, _introduced . into the. heart. After .a short per-

iod of preoordial massage the heart started to bee.t and 

within one minute the circulation had begun to improve. 

Wit};lin four minutes the hind-limb extensor jerk could be 

elicited. In about six minutes the protruding eyes had 
I 

1e,ceded end the reflex.es had improved. The e~ima.l made 
I

~n eventl~se recovery. 
l 
f , 

'i ::one more, fa.ct regarding this ~:xperiment me.ri ts es-

1fj,ecia:l.. considere.tlon. The animal was, after its cerdio-
/ : . : '

·1t~epiratory collapse, patently over-inflated for · obvious 
j I '.' 

1ren~ons. In spite of the over-inflation the animal 
' I I I_ 'brea.thed thir.teen minutes after the collapse in the fe.ce ; I 

, • I 
I ~r a~eysnce of. artificial respiration of only forty 

' \
~~confe• It is. suggested that in this case there was 
: i \ 

t/Pespi:n~tory e.nalepsis in its most intimate sense because 

: t'.~1a e~pe~iment demonatr&tes t,he return of irr1tab111ty to · 
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s. mechanism depressed to a. point approximating the l~thal 

limit and etimulated by one of its proper stimulants 

:{ carbon dioxide) in a concentration deliberately made min-

imal by over-inflation. 

Artificial respiration was per1odioe.lly den1e4. J~very 

five minutes. such procedure introduces the possibility of' 

errors of as much a.a tive minutes in the· recorded durations 

of respiratory paralyses. However, the deep prelimina.ry 

anaesthesia euffices so to lengthen the duration of resp-

iratory paralysis as to minimize this error. It ls believecl 

that too frequent denial of artificial respiration to test 

the raeturn of spontaneous ability to breathe implies the 

danger of asphyxial damage to the centers. In our con-

cern for ultimate recovery this danger hes been scrupu-

lously avoided. 

It must also be remembered that the administration 

of ephedrine conduces to variability of carbon dioxide 

in the blood as a consequenc~ of improved circulation~ 

Although suoh improvement makes for an increased elim-

ination of carbon dioxide it can hardly make for an 1m-. ' ...

·provement in the oxygen supply because the meohanisrn 

governing oxygen supply works at high efficiency. The 

responses to ephedrine administration just_ mentioned 

would oerte.:lnly conduce to an 1norea.ae in the duratio.n or 
respiratory paralysis es a result of what the author- likes 

to oa.11 '' oiroulB.tory acRJ)nin." Both Schmidt ( 13) and 
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:and wright ( 14) have observed this aoa.pnio ·e.pnea after the 

impact of the effects of powerful pressers upon the 
cardio-respiratory mechanism. The latter observer attributes 
the phenomenon to reflexes mediated by the carotid sinus 
and the nerve of Hering. However, an improved circulation 

,s,,rves to dissipate the concentration of the narcot~io in 

the oentral structures and in so doing tends to. produce · a 

more speedy recovery from respiratory paralysis.. The 

former credits oxygen surfeit with the . improvement · in 
·1rritability of the central structures. We believe that 

in our experiments the analeptio produces an additional 

effect: that it increases t.he ·sensitivity of the central 

structures to stimuli or that it supple.nts or nullifies 

the nflrcotic in some undetermined fashion. In studies of 

analepsis using consciousness as a criterion it 4s ea~y to 
talk loosely about the effects of an improved circulation. 
t1v'1th our experimenta.l procedure a mechanism waa u.s.ed in 
Which an improvement of oiraulation might, quite oonceivebly, 
produce changes conducing to an actual increase in the dur-. 
etion of the depressant effects. our studies impressively 

'deny the production of any auoh increases in the duration 

of depressant effects. 

~r the effect of elimination of carbon dioxide excess~ 
\
k· ively ~r of the carotid sinus reflexes should chance to 

cancel the effects of elimination of the ne;rcotic. from 
the centtnl structures then the observed effects must 
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be attributed to intrinsic stimulant properties of the 

ane.lept1o opera.ting at the very site of depression. we 

do not presume to assert the truth of thls possibility; 

we merely offer it as a possible·explanatlon of' our re-

sults. 
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lII. THE CHOICE OF THE CISTERNA MAGNA AS THE AVENUE OF 

DRUG EXHIBITION Ill THE STUDY OF 'l'HE PHARMACODYNAMIC 
REACTIONS OF DRUG$ AND FOH 'rHE STUDY OF EXPERIMENTAL 
SPINAL ANAESTHESIA 

1. Anatomical Relations 

The cisterns. cerebello-medullarie, one of the reser-

voirs of the subars.chnoid system is also called the 11great 

cistern" and the 11 c1st.erna magna. n The p1al-araobno1deal 

!'elations are not identical at all levels of the neuraxis. 

At the bulbar level the arachnoid is less closely applied 

to the cord. The separation from the neuraxis is most ex-

tensive dorsally where the arachnoid passes from the cord 

to the surface of the antero-dorsal aspect of the oerebell-

t1m. This separation of the meninges is the cause of the 

existence of the cistern as a reservoir. 

The limiting structures of the oisterna me.gna are: 

jn the superior sense, the inferior vermis and the mes1nl 

sspeot of the oerebellar hemispheres; in the dorsal sense, 

the diverging arachnoid; in the lateral sense,the arachnoid; 

and in the ventral sense,the inferior medullary velum and 
the tela choriodea inferior. 

Although the continuity of the subaraohnoid with the 

ventricular spaces is still in dispute it ia not expedient to 

enter into the controversy at length. The dispute hinges up-• 

on the patency of the foraminae of Luachka and Magendie. The, 

situation was summarized by Weed {15) who insisted upon the 

existence of a mechanism for mediating osmotic exchange 
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from the ventricular fluid to the -subarachno1d fluid. Re 

described ependymal structures in the roof of the fourth 

ventricle which, by virtue of their d1.ff'erent1ated cha.re.ct ... 

er, might serve as the medium of such osmotic exchange. 

Weed (16) also asserted that the existence of the tuschka 

fore.mins.e are not controverted. In this connection, 

·Fraz.ier and Peet ( 1'7) remarked the almost instantaneous 

appearance in the subarachnoid space of phtha.leins injected 

into the lateral ventricles. 

Whatever the fa.eta a.bout the patency of these for•e.m-

inae, it is demonstrably clear that the injection . of drugs 

into the ciaterna magna produces phyaiologics.l changes in 
the structures lying in the floor of the fourth ventricle. 

:It has been found so in the case of the_ paralyzing local · 

anaesthetic, novooe.ine,nnd the barbiturate, sodium amytal. 

'Other observers cited elsewhere in this thesis have found 

:1 t to be true with stovnine end other loo&l anaesthetics. 

That an intact cistern is necessary for the diffusion . 

of drugs to the medullary centers was clearly demonstrated 

by Cot.ui ,. and standard { 18). They found the.t methylene blue 

oisternally injected did penetrate to the fourth ventricle 

whereas the ·same dye applied to the surgically exposed 

roof or the fourth ventricle failed to produce a stain 

in. the ventricle. They .f\aeert that hydrostatic pressure in 

the cistern is necessary for such penetration. FUrther-

more, the same workers found that novocaine applied 
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to the :roof or the fourth ventricle failed to eliai t .. respir• 

e.tory paralysis whereas the same drug injected into the 

cistern produced prompt paralysis. 

If the foramina.e are existent as openings and are . not 

artifacts then the penetration of th~ drugs into the fourth 

ventricle when cisternally administered 1s easily explicab·le. 

Riquie.r and Ferraro( 19) have .described a pressure differ-

ential between the cistern and lateral ventricles of 21m.m. 

of water. The pressure, as far a.s the cistern is conoerned 

is unquestionably linked with _the fact of dural elasticity, 

e. phenomenon which has had excellent mathematical treatment 

in the hands of Flexner, Clark and weed ( 20) .t" The wf thdraw-

e.l of cisterno.l fluid to the amount of 3 c.o. must produce_ 

e. fall of c1aternal pressure to a level lower ·than that of 

. the ventricles. such a fall would el1c1 t the flow of v:en-, 

tr1cmler fluid into the cistern. After the t'einjection of 

the fluid into the cistern the pressure therein would again 

increase and if there had been drainage of -the ventrioul&.r· 

fluid into the cistern such a pressure would become presum• 

ably greater than that of the ventricular fluid. consequent- · 

ly aubaraohnoid fluid would flow into the ventricles. That 

the existence of an appreciably decreased· pressure in the 

cistern by the w1 thdrawal of fluid is not idle speculation :: 

is shown by the aspiration of air through the detached 

needle into the cistern after the withdrawal of the cistern-

al fluid. If the needle be corked after withdrawal then the 

only other possibility of pressure equalization lies 1n the 



superior pressur·e of . the ventricular fluid. 
In our experiments the viability of certain reflexes 

constituted the test of diff'usion·or the _drugs introduced 
into the cistern. It is_ common practice to use methylene 
blue as a test of diffusion but this ' is impossible in 
experiments which demand the surviva_l of the animals. Un-

. fortunately an interpretation of distribution based upon 
reflex behavior is open to criticism beos.use or the exist-., 
enae of" arachnoid channels around es.oh artery and capillary . 
intimately communicating with the perlneural and perivas-
oula.r spaces of. the nervous substance itself. This fact 
is attested by those competent observers Cushing (21) and 
weed (16). 

The diffusion into systemic channels· of the drugs s.d-· 
. ministered cisternally is another moot question. Possibly 
the Paoohionian granules as well as the other channels 
just described are responsible for the movement of d.issolv• 
ed substances out of the cistern~ Dandy and Blackfs.ri (22) , 
described the excretion of dyes into the bladder 6-10 
minutes after their cerebral subaraohnoid administration. 
Pacohionian granules are not present in the spinal levels 
nor nre they present in dogs. In spite of this faot~ 
F.razier and Peet (17) described the excretio'n into · the 
bladder of drugs administered in the spinal subaraohnoid 
in s.n equally short period of time. They found excretion b1 
the venous rather than by th~ lymphatic avenues. In early 
life ·the ·arachnoid villi are present but not the Ptaochionian 
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gr.anulea. Wefld ( 16) insisted ths.t the arachnoid villi con~ 

stitute a filtering apparatus allowing passage into the 
.venous sinuses.- He also postulated the aot1 vi ty of the 

perineural ,ind perivnscular lymphatics in the diffusion of 

drugs. If the per1 vascular lymphatics. alone are concerned 
in the absorption of' fluid and consequently of drugs there .. 
in dissolved then it; is very difficult to ex.plain the rapid -

appearance of dr,ugs in the bladder after exhfbition in the 
suba.ra.chnoid because such drugs must t'irst traverse the 

cervi_oal lymphatic system before reaching the circulation • . 
2. ~choice~ doses f..c?.!. oisternal injection 

The use of doses based upon the body weight of the 

animal is probably not es logical as the Suggestion of 

Ootui {23). He determined the cisterna.l dose of novooaine 

e.dequate to arrest respiration in terms of the length of 

spine from atlBa to base of' the tail. He found 1.3 to 

1.5 mg. per cm. of length of the spine adeque.;te. Because 
'his observations were only reoently published we were 

unable to avail. ourselves of this ohoioe of dosage e.nd 

were forced to resort to a choice or dosage based upon 

body weight. 

In animals which survive the experimental procedure 

the choice of dosage is not so important because they 

;aer.ve aa controls. In these experiments various, doses
f

sufficient to produce respiratory pe.ralysia were used • 
. iHowever, since it was necessary to produce paralysis with ,\ 

0 ~~\ injeotion in the oases or novocaine and ot sOdium 
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amytal, doses of 6.2 - 6.3 mg. per kg. body weight were used 

as the ultim~ta empirical choice. 

3. Relation of cisterna.l puncture .!2. spinal Emaesthesia.. 

Although these experiments were not pla.nned ~xpliaitlf , 

to contribute to the study of spinal ,a.ne.esthesia., many of 

the observations have e.n intimate relation to that import-

o.nd pre-surgical procedure. A few workers have used the 

cistern e.s a. medium of study of spinal anaesthesia~ This 

use is becoming progressively more important in the light 

of the type of regional anaesthesia which has been described 

· by J.onneaco (24) as " General Regional P.ne.esthesiEl'~" 

Bowers and his associates (25) who administered sto-

vaine 1ntrathecally in the lumbar subaraahnoid and·· in the 

cistern observed a difference in the respiratory failure 

consequent to the different procedures. The paralysis from 

ciaternal stovaine they .found to be centttal; that from . 

spinal stovaine they found to be partly 1nter~oatal. They 

believe deaths from spinal anaesthesia fall into three 

classes: cardiac, oardio-respiratory and respiratory. They 

do not consider the pooling of the splanchnio ,blood as 

primarily important in spinal crises. 

North and Ferguson (26) also minimized the importance 

of the pooling of splQnohnio blood in spinal anaesthetic 

accidents. They insist that the failure of respiration is 

produced by the abolition or thoracic movements. They 

reject the importance of the systemic absorption of the 



drug used (novooaine). 

The cause of collapse -of -blood pressure in spinal 
anaesthesia is well summarized by Seevers and waters (27) 
as follows: noellular oxygen want per se is one of the 
prinoipa.l factors in the oiroulatory ,depression accompany-
ing spinal anaesthesia." To combat the oiroule.tory depress• ., 

ion they suggested-the use of the Drinker respirator and 
of ephedrine prophylaotically, not remedially. One or their 
assertions is quite interesting: n The fall of blood pressure.-,, , 
in spinal anaesthesia tends to be synohronous with and 

proportional to the amount of 1nteroostal muscle paralysis. 0

On .. the other hand, Koster end Kasman {28} asserted tha~ 
the fall of blood pressure in spinal anaesthesia 1s depend-- -

'ent upon effective block of splanohnio vaso-oonstriotor 
fibers. Their work was oonoerned with spinal anaesthesia 
but it is presented here because in it they minimize the 
danger of respiratory depression. Their feeling of aeourit:,_: 
against respiratory depression was gained by the topical 
administration of neooaine to the exposed medullas of frogs 
nnd oats. We do not ehare their feeling of security. 

If this po.per presumed to study the cause of death or. 
depression in spinal anaesthesia we should discuss at great1"1: ., ,; ., 
er length the experimental data of spinal anaesthesia. 

4. 2£ ~cistern~ administration .2£ drugs. 
The use of the cistern for the administration of drugs 

is comparatively uncommon, partly because of the comparative 
youth of the cistern tnp. Tlle first ooo1p1tal puncture was 



desor .. ibed in 1905 by Westenhofer (29) who admitted his 

trepidation in approaching the task. 
As early as 1913 Camus (30) was toying w:l.tb. :the , idea or 

the cisternal exhibition of drugs. It is true that the cis~ 

tern offered to earlier workers an excellent opportunity f<nr 

the administration of antlsyphilitic drugs. Furthermore, ita . 

suitability for the administration of sers. to combat mening-·. 

itia was quickly apparent • 

. In 1925 Je.nossy (31) reported the introduction of 

lobelia into the cistern. Later, .Tonnesco and J1ano (32) 

reported the production o.f' respiratory para'.lysie by the 

ciaternal introduction of novocaine. It is difficult to 

state from their data unsuppo11ted by graphic records wheth•· 

er the ·depression resulting in par•alysis, was central or 
peripheral. 

Very convincing evidence of the ability of cisterno.lly. 

injected stovaine to produoe reapira_tory paralysis wa.$ sub--

·m.1 tted by Bloch, Camus, e.nd Hertz ( 33). They deinoristrated 

the use of artificial respiration in saving t,heir s.nima.ls. 

'Furthermore, they found caffeine benefioie.l in mitigating 

the cisternally produced depressions. Later, Camus (34) 

showed with graphs the -same phenomena with novoaaine • 

. Recently Vehrs ( 35) described the production of respir.; 

story paralysis by the ciaternal injectiori of novooaine. Be 
fllso described the measurement of the concen.tration of 
novocnine in the subarachnoid fluid at periodic 1·ntervels 

after its exhibition. Vehrs d.id not interest himself 1n the 
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concentration of the drug 1n the nervous t,issue itself-. 

such a consideration is a more elusive question than is 

the problem of concentration in the subaracti..noid fluid. 

In the light of the Meyer-Overton theory of narcosis the 

differential fixation of the cisterne.lly a.dmfnistered . 

drug is infinitely more important than the concentration 

in the aubo.rachnoid fluid. 

In· .all probability Vehrs(35) over-emphasized· the 

greater resistance to depression of the motor nervous 

elements in comparison with the resistance of the ·seneory 

elements. lie believes that tots.l regional ane.esthesia 

involves no more vs.so-motor depression than does lumbar 

block. His e,cplanation of des.th in the thorough-going 

anaesthesia just alluded to is dual: death results from 

brs.1.n-stem anaemia. without respira.tory block or with 

respiratory block due to paralysis of respiratory nerves 

or centers; or death results from cardiac anaemia. 

The centrnl theme of Vehrs' postulates for the 

safe priictice of profound epine.l e.naesthesl a is tha.t the 

vital motor elements of the organism are protect~d from 
the oonaequences of drugs administered in the suba.r!\chnoid 

by chem1onl, anntom1aal, n.nd physiological safety devices 

depending upon the large cfsternal volume. Vehrs considers 

the motor elements lower in -the neuraxis much more vul-
nerable to the effects of depresannts administered · in 

the subarachnoid spaces. 



$2 
some of the impressiveness of Vehrs' papers is, 

in our opinion, sacrificed by ' his _lnsistence that grave 

·bulbnr anaemia can exist without ·reapiratory ·para.lys1s 

and thnt only paras~pat,hetic elements of the autonomic 

system are depressed by ciaternal medication whereas 

only sympathetic elements are .depressed by lumbar medica-

tion. 

The lethal dose of novooaine c:tsternally exhibited 

has been found by cotui, (36) to be influenced by previous 

medicat:1.on. Morphine and sod1_um runytal seem in his ex-

periments to sensitize the respiratory center or centers 

. to depression. Our studies confirm · this obaervat.1on. , He 

has found scopolamine incapo.ble of potentiating novoos.ine 

dep1"esaion. 

The availability of the canine cistern for repeated 

taps has found little if' any spnce in the ltternture} · 

The two factors militating against repeated puncture are 

danger of infection a.nd ana.tomica.l cha.nges consequent to 

trs.ume.. With the dog the danger of infection is remote. 

In our experiments we have never observed the signs of 

meningi t,is. Frazi.er a.nd Peet ( 17) using the drastic pro-
,.,

oedure of implnnting ·aleurone granules. in the :Sylvian 

aqueduct also reported the resistance of the dog to 
meningi tia. We have at times e.spire.ted sticky fluid 

from the cistern but not from dogs manifestingmenlngitic 
or mantnginmio signs • . our results are not supported 
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by bacteriological studies because · the : behaviourof ·the 

survivil1g animals was so manifestly non-meningitic. · It 

must be remembered that no attempt · was tnade to produce 

sterile taps • 

. Plaut (37) described the difficulty of repefited 

punctures . in rabbits even with sterile technique. With 

dogs we have experienced the srune-difficulty but apparent.- · 
ly in lesser degree. The canine cistern is ee.aily ncoees-· 

1.ble . but is not large and it does . become obliterated 

e.ft,er bungling punctures. •Autopsy findings conduoe · ·to the . 

belief that obliteration is the result of .exuberant in-

flammatory changes in the arachnoid or from hemniorhtlge 

in the tels.. Sometimes true adhesion of pie.. . to the areichno-.,: 

dural complex wns observed. In such cases blunt dissection .. 

was necessary to seps.rate . tlie meninges from the 

nervous tissue. 

5. The Technique of Cist.ern Puncture in Deg 

Greatest, success in tapping the en.nine cistern was 

attained in our experiments with the animal in the prone 

poai tion. · v\lhile in this poai tion the head was sharply 

brought at right angles to the spinal axis by flexing 

the neck s.s far as was consistent with the .maintenance 

of free access .of air through 1·, the tracheal tube which 

had been previously insertedo · 
Ordinary hypodermic needles (gauge #20 or #22) were 

found most servioenble. Blunt bevelled needles were not 
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found e.t all superior ·to the. ordinary needle ln expediting 

experimental procedure and they ereprobAbly inferior be-

cause they invite trauma. 

The needle was introduced while affixed to· the syr-

inge. Even with the affixed needle the feeling of punctur-

ing parchment was observed e.e the dura was transfixed. 

since the cistern is surprisingly superf1c1s.1 it waa never 

neoeasary to pen.etra.te very deep. we ha.ve never found it 

necessary to puncture deeper than 2 am. 

The landmark to guide penetration into the cistern 

is the cepha.lic prominence of the spinous -proaess of the 

axis. 'I'he process is easily demonstrated in e.11 except 

very fleshy dogs. rr· the finger of the operator be moved 

forward from this lnndmark it will experience the firm 

resistance of the bony dorsal arch of the atlas on which 

the. process rides. Suddenly the finger meets less firm 

resistance ss .it comes in contact with the caudal portion 

of the at-lanto-occ1p1tal membrane. This plao~ is the propelt' 

one for entrance ~nto the cistern. 

The needle was carefully inserted at right angles 

to the spinal axis and in the mid-line while negative 

pressure was applied to the plunger. Almost invariably 

fluid wa.s withdrawn to the amount of 4 or 5 c. c. It was 

just as easily re-injected. We consider the etatement 

of Bower nnd !:his associates (25) that under ethe~ the 

.fluid spurts fol"th to be an over-statement for emphasis. 

The pttlse rhythm ce.n be ·readily deteoted in tbe 
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IV. DRUG ANTAGONISM AND SYNERGISM IN THE BARBITURA'l'E 

GROUP 

l. Discussion£[_ Literature~ the Barbiturates 

It is assumed that what is true for other·barbitur- - · 

ates is a.lso true for sodium amytal , the bs.rbi turate 

used in these studies, in greater or lesser degree. 

This assumption is pe:rtinent to observations on antago-

nism and likewise to observations on site of localization, 

tolerance, a.nd. oumulati ve action. The latter observa- -

tions are decidely germane to the problem of antagonism 

because the choice of proper antagonists contemplates 

all these phenomena. 

Apparently the incidence of aooidental and suicidal 

oriaea from barbiturate ad.ministration involves verrmal 

and luminal more seriously than it does sodium amytal. 

The comparative youth of sodium amytal is probably respon--

sible. for this fact. Howev_er, sodium amytal epi tomi;es the 

pha.rmaoodyno.mioa of the barbiturates and studies directed 

at antagonism to its action confer any practica.1 ut.ility 

which they may possess upon the whole problem of barbitur-

ate action, whether the action be designed or studiously 

avoided. 

Bastedo (38) summarizing without citation, states 

that from large doses of the barbiturates the respiratory 

and cardiac vague centers are depressed. The respiratory 
phase ot the action is made apparent by the_ ease with 
which animals oan be killed from respiratory failure by 
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too rapid administration of intravenous sodium runyta.l. 

Be.stedo's statements do not apply to the suba.ra.chnoid 

administration of the barbiturates but rather to other 

modes of .adminfstrs.t_ion. There is little if a,ny record 

of the effects of barbiturates administrated in the 

sube.rachnoid in :the 11 tere.ture to date. 

To combat severe barbiturate depression Bastedo 

recommends among other treatments the use or strychnine 

-sulphate--3 mg. and caffeine sodium benzonte--0.5 g.; 

and ephedrine sulphate 50 mg. Later we shall endeavor 

to show that the recommendation of ephedrine ia probably 

more vs.lid than the.t of _the other drugs. certainly the 

actions of strychnine and caffeine are exerted in 

locales remote from those most profoundly affected by the 

barbiturates. Furthermore, there has been adduced by

Schoen ( 39) , in studies of the labyrinthine reflexes, 
evidence that caffeine may actually further d,press 

oentere already experiencing barbiturate depression. 

With our knowledge of the proper tactics for antagon-

izing the barbiturates in its present fragmentary state 

1~ is essential that we attempt to know at least the 

site of ~heir action. Keeser (40) reported the constant 

finding of barbiturates in the dienoephalon. He-found 

only .small amounts of luminal; dial, and verorial and 

slightly larger . amounts or somnifen, nootal snd per-

noct.on in t.he cord. He also demonstrated the 1s·tter drug 
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,in the medulla. Quite si'gn1fioantly; -. he found \hat 
. somnifen, noctnl and pernocton depress blood pressure 
rather than respiration. However, he found that in com-
bination with · morphine n.nd scopolamine they do depress 
the resp1_ra:tory centers. His studies lead to the interest-
ing speculation that synergism and potentiation may possibly 

_be dependent upon a directive action upon the drug synergized 
or potentiated with respect to its site of looe.lization. The .

Keeser (40) experiments are based upon the interesting . 
technique of vols.tilizing the drugs f.rom nervous ·tissue 

a.nd identifying them by cryata.lline form. In addition 
this investigator has prepared iron derivatives of' the .bar-

>
,,

bituratea which he identifies by treatment with ferrocys.nide. 
The results obtai.ned in both experimental procedures are 
concordant. 

At present to combat barbiturate depression 'it is 
necessary to employ the method of direct physiological stitn• 
ulation. FU.rthermore, it is neceasit.ry to choose :for the 
purpose drugs which exert their stimulating influence ·on 
structures which are most probably depressed' by the· barbit.-\ 
ura,te in question. In spite of the e·videnoe presented in 
the ;: foregoing para.graph the site of localization of the 
barbiturates is far from oategorioal solution. 

An antagonism dependent upon the _production of oru-
aie.l chemical changes in the depressant . would seem to be 
more service~blE) thim an antagonism dependent upon the stim• 
ulation of depressed protoplasmio st.ruotures. Another 



mode of antagonism would possibly find its expression by

the production of physioo-chemioal changes in protoplasm 

whiah would preclude the phenomenon of depre~aion. · 

That the site of action of the barbiturates can be 

established beyond peradventure of a doubt grows out of 

the fact that these drugs are administered in doses which 

are easily amenable to chemical 1dent1f1oat1on. Although . 

the possibilities with the stimulant drugs e.re far less 

impressive from the s~andpoint of ohe~ioal 1dent1f1cat1on, .. 

their peculiar physiological properties serve v_ery nicely : 

to identify th~ site of their localization. ·-~iot?otoxin 

excellently exemplifies the unsuitability or stimulant 

drugs for chemiae.l 1dent1~1oe.t1on. It is active in infin-

itesimal doses and is ohem1oally a neutral principl:e. 
. ' 

Attempts to produce colored barbiturates or deriva- . 

tives which oe.n be transformed into dyes in nervous tissue•·. 

are under way. Rising, Shroyer, and Stieglit~·: ( 41) recently 

synthesized barbiturate der1vat1--,es possessing no bypnoticr 

· properti;es. Leulier and Poetic ( 42) synthesized non-hypnotic 

nitro and amino derivatives of luminal and rutonal, deriva-_. 

tlvea which they had hoped to convert into dyes in the ner ... . . 

vous tissue of narcotized animals. 

Since the introduction of sodium e.mytal as an intra.ven-

.oua. ane.eathetio by Page (43) much concern has been felt 

because of the prolonged after-a~eep produced. Attempts 
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have been made to oi1rcumvent· this d1ffioulty by the syn-

thesis of barbiturates whose duration ·of action is brief.· 

Both detoxioation and e:,ccretion seem to constitute the · 

_key to the problem but the fact of simile.rity _of fundamen-

tal nation has remained an obstacle to success. 

Johnson and others (44) reported in 1930 that dextros~ , 

shortens the recovery time in ba.rbitura.t.~ . .. naro.o.sia at, letast 

one-half. Their. observation ie in agreement wtththat of 
Gower and Tntum . (45) who found that tolerance to the action 

of barbiturates is proportional to the rate of. excretion. · · 

Apparently the tolerance is related, as Marx (46) repot,ted , , 

to the fact that barbiturates inhibit diuresis-.· · Eddy ( 4'7) ; 

found that the cumulative effects of the barb:f..turates are 
aaaooiated with a lag in excretion. Gower and Van· de Erne 

( 48) found that it is important in b~rbital po1a·oning that 

the diuresis invoked be limited by thoughtful concern for 
the possibility of over-taxing cardiac and renal function. , 

'They used intr~.venous glucose and insisted that the pre-

liminary uae of -plcrotoxin does not preclude the necessity ;_ 

·of a · subsequent, diuresis. 

In Munch I s · monograph, ti Bios.ssays u ·c 49) f'i:fteen med-

ulla.ry stimulants are listed. such stimulants while they ._ 

are not asserted to be stimulant for areas presumably de- ·· 

pressed by the, ,bnrbi tura.tes are stimulant for. areas not . 

f9.r removed from the barbiturate-fixing areas • . Only one 
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of these stimulants is at nll , common s.nd not one .·is 

official. The fnirly common member of this group,_ picro-

toxin, wns successfully used by Koppen (50.) to reverse the 

action of chloral in .rabbits- This same stimulant was 

successfully employed by Fitch, Maloney and Ts.tum (51) to 
gain survival 1n barbiturate poisoning in rabbits. They 

found ephedrine, coramine, strychnine, bruoine, cocaine . 

physostigmine, ~calcium gluoonate and lneulln ineffeoti ve. 

Caffeine Vias not. used 1n our studies because its · 

action is almost certtainly cortical, a ft10t . which _was· re-

marked most tellingly in this connaction· by Isenberger(52)~ 

;However, Bloch, Camus, and Hertz ( 53) seem to have .. mi tiga~'ed 

the severity of medullary depressions produced by oisternal 

atovaine by the cisternal administration of caffeine. This 
observation 1a not adduced because stova1ne can be satis-

fs.ctorily plsoed in the category with barbi.turates, a ·. 

ma.n1fest impossibility, but rather beoause the rnode of 

o.dm1n1atrat1on definitely loonlizea its actions.ta site 
delib-erately aimed at by our oisternal administration of 

., sodium smytal. ·camphor . was not used in this study because 

its action is .always uncertain nnd because its solubility 

is prs.cticnlly nil. Further referenoeto the behavior .of 

barbi turtites in the face of hypothetical s.nts.goniets will 

be mnde later when the specific etimulants are discussed. 

:2. Ephedrine !.!! Antagonist !!:! Action o·r DeEresaants 



The ability of ephedrine to reverse depressed states 

ma.y be dependent upon circulatory changes, upon stimulation 

in an intrinsio sense of depressed physiological mechanisms, 

or upon the production of physiao-ohemioal changes in 

depressed structures, which changes a.re in some obscure 

sense incompatible vii th the phenomenon of depression. It 

might even be possible that chemical change between the 

aqueous solutions of barbiturates and the aqueous sol-

utions of ephedrine is responsible :for the effect •. sodium 

a.myta.l is in aqueous solution quite alkaline because the 

compound is produced by the reaction of a. strong ba.se and 

a weak acid. Ephedr•ine sulphate, is on the contrary, pro-

duced by the· reaction of e. strong acid 1-"1i th the weak base 

. ephedrine. Its aqueous solutions are acidic. Measurement 

of the of the hydl"'ogen ion concentration of mixtures .of 

the aqueous.solutions of the two drugs indicate an. in-

crease 1n the a.c1d1ty of the barbiturate, a fact Which is 

known to conduce to an inoree.se in the toxicity of the 

depressant for respiration~ 

.Airila ( 54) and Mori te. { 55) reported the easy awnken-

:ing of chloralized rabbits by ephedrine. Doyle a.nd Daniels 

(56) reported the antagonism of ephedrine to the·ba.rbit-

urates and to morphine. The consensus of pha.rmnoologiosl 

opinion seems.to be that the c:lroulatory improvement ·1a 

primarily responsible for the nbbreviat1on of narcosis 

by ephedrine. However, it is difficult to sea how the 



improvement of an already adequate oiroulation, euoh e.s 

obtains . in narcosis when respiration is adequate, can 

account for the rapid action of ephedrine manifested 

after its ciaternnl exhibition. lm improvement in cir-
culation conduces to the more rapid elimination of the 

depressant by increa.sed excretion o.nd detoxioe.tion but 

it can hardly conduce to immediate crucial modification 

of the irritability of an already adequately irritable 

center. In fact, as bus been pointed out, the most 

immediate effect of an improvement in circulation might 

possibly be reflex inhibition of respiration mediated 

by the channels subaerved by the carotid sinus. It is 

almost a truism that the detoxication and excretion of · 

depressants is as dependent upon the equilibrium between 

fixed depress,ant in nervous tissue and dissolved depress-

ant in circulating blood as it is upon the minute-volume 

of oir.aulating blood. If e. drug be stable and if it be 

.avidly fixed by protoplasm 1 ta elimination wi'll be slow 

:regardless of th.e condition of the circulation. 

In contradistinction to those changes which must of 

necessity be slow, the rapid return of the oonJunctival re-1 
flex abolished by oisternal sodium e.mytal after cisternal 

ephedrine repeatedly asserted itself in these studies. 

Often its return was noted within five minutes. It is 

difficult to explain how the impact of an improved cirou-

lation upon the depressed canters and nerves mediating 
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this reflex can be responsible for the stimulation of 

these structures. It there were the possibility of as-

phyxia, and there never wae., the matter could be readily 

interpreted in tenns of the more rapid access of oxygen 

.. to the centers. Howev_er, the oxygen transport meohemism 

functions at splendid efficiency under the hegemony or 
normal tension in alveolar air and of the acid-base rela-

tions of hemoglobin combined with the definitely limited 

stoiohiometrical possibilities of hemoglobin as a reduc-

ing agent. · 

Ookerblad and Dillon (57) advocated the use of ephed- · 
rine prophyla.otice.lly in spinal anaesthesia. something of 
the same sort is advocated by most anaesthetists. In 'the 

_ light of our experiments the suggestion of o·okerblad· and 

Dillon is enthusiastically endorsed. Jonnesco. (84) advo-

cated the use of . strychnine for the same purpose but·- ·on 

much lees convincing pharmaoodynamio grounds. _Probably the _ 

former were more interested in avoiding the hypothetical 

ao~aequenoes of the pooling of' sple.nohnic blood than they 

were in any true respiratory analeps1a by ephedr.ine. Since '-

the publica.tion or their paper very convincing evidence 

minimizing the dangers of vasoconstrictorparalysie in 

epinal anaesthesia has been presented by Ferguson and 

N.orth(26) and by Seevers and Waters(27). · The very pertinent. 
remark that· the so-called "bloodless Oaese.ree.n sections" 

coupled with ao11o1tude for the danger from spls.nchn1c 
paralysis constitutes paradoxical thinking is vouchsafed 



'by the latter investigators. -In addition .to ·-their very 

convincing explanation of the untoward events of 3p1nal 

-anaesthesia in terms of respiratory embarr»s.ssment Seevers 

and Waters showed experimentally that ephedrine prophy-

lactice.lly and not remedially is good therapy • . 

The writer of this paper 'believes that ephedrine 
should be credited with 1ntrinsio analeptio p~operties. 

Chen(58) asserts that it is stimulant to .the oard1o-vs.scul~ 

er meohnnism both in a centre,l and a peripheral sense. 

:He also asserts that it is the best respiratory ane.leptio 

at present available oomb1n1ng, he says, the properties 

:of caffeine and of epinephrin. In these etudies a deliber-

ate attempt has been made to d1aente.ngle the central analep-

·tic effects of ephedrine from the . more apparent peripheral 

effects and it is believed that in some amall measure the 

e.ttempt has been euoceaeful. 

The observation that ephedrine increases blood sugar, 

l.aotio acid and oxygen consumption was presented by Calton 

(59) in 1932. Since lactic aoid constitutes, according to 

the Gesell interpretation, one of the proper stimulan:ts 
f6r respiration it is not at a.11 unlikely that ephedrine 

•ervee to stimulate a depressed center by the production, 

1n excess, of this oate.bolite in the narcotized protoplasm 

of the center. . 

The ability of ephedrine to interrupt avertin narcosis 

hna been attested by Raginsky and Bourne (60). They 
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achieved their results with dogs and with man. On the 

othe,r hand Mori t .sch ( 61) reported the synergism betv,een 

ephetonin and ohloretone. Ephetonin is a synthetic in• 

aot1ve (optically) isomer of ephedrine which agrees but 

in lesser degree pharmacodynamice.lly with ephedrine. 

Incid.entally, Collina(62) advooe.ted the use of ephedrine 

for the treatment ·of narcolepsy in man. 

Although the observations of Maloney, Fitch and 

Tatum (51) present a very discouraging picture of the 

analeptio potency of ephedrine in barbiturate poisoning, 

our experiments have found it so effective that it has 

been chosen as a criterion of analeptio potency with .which 

to compare ·the potency of other drugs. 

That 1 t is improper to treat the matter of s.ns.lepsis 

as a. categorical matter is at tested by the observations 

or Te.rtler ( 63) .who . .found that the response of ra.bbi ts to 

the synthetic e.naleptics, coramine and oardia.zole after 

their narcosis by medinal depended upon the dose of the 

analeptia. This worker found actual synergism between 

depressant and annleptic when the dos·e of the latter'. was 

large. 



V. PRELIMINARY EXPERIMENTS 
1.- Ethylene Dia.mine as an Antagonist to Depressed 

.;;;;....,.....,__ ---- - - ----- -
ste.tes 

The choice of ethylene diamine to reverse the depres$• 

ed white mouse after ether inhalation is entirely without 

precedent. However, under the stimulus of the Bs.ncroft 

hypothesis that peptization of the colloids of the bt-ain 

tends to reverse anaesthesia the drug was so tested. 

M.erck 1 s Index (64) points out the value of ethylene d1mn1ne 

in producing emulsi.fication of proteinaceoua systems. The : 

compound i.s _known to .cause solution of fibrin and albumin.,, 

Ethanolami.ne and triathanole.mine possess similar properties. 

The pharmacology o.f ethylene diamine.was studied by 

Ba,rbour and Hjort ( 65) who found it a true depressor base 

agreeing pharmacodynamically with the other depressor 

amines. Since its action 1e not asserted in pithed s.ni~als . 

it is probabl~ central. 

After preliminary subcutaneous medication of white 

mice with ethylene die.mine in doses of 10 mg. in 10% 

aqueous solution the animals were anaesthetized with ether 
I 

or \tith chlo.rof,orm. After the onset of anaesthesia 'the 

e.nimnls were r.emoved from the jar in which they were· 

subjected to the vapors of the anaesthetics and permitted 

to recover. The resul ta were entirely equivocal and·· could 

in no sense be. construed to show any e.nta.goniem to ether 

or chloroform. by the a.mine. 
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In the strengths used ethylene d1amine produoed in 

the surviving mice severe neorosis at the site of inject-

ion. There is a belief ou1,,rent among the ·1nduatrial users 

of ethylene diamlne that its contact in the smallest 

amounts produces a. severe eczematoid rash. Hahn and 

~~aeger( 66) reported that euphyllin, which la teohni oally 

theophyllin-ethylene d·iamine, produced oert&iri inflamm-

atory changes. We did not subject the drug to experiment-
al test in connection with its irz;itant properties for 

human tissue. That ethylene diamine is immediately irri-

tating was evidenced by the qu1clt motor and respiratory 
response of mice to its subcutaneous injection. The ob-

servation was controlled by merely pricking the animals 
_with blank hypodermioa. Marked blanching of the feet was 

oooasionally observed 1nthe course of experiments involv- · 
ing e.bout twenty-five mice. 

2. Antagonism ?.r.. Synthetic Other Annleptics 

·to Spdium Amyt.a.l in Depressed Ste.tea of Consciousness - - . . - -------
Group A. This comprises a series of.experiments upon 

the same .. animal, a dog, # 10, a white male terrier of 

10.5 kg. body weight. The animal was a .very tractable one 

in which true anaesthesia. could be easily invoked by sod-

twn amytal intravenously without preliminary mo1..phine • . 

The sense or this short group of experiments is thst 

coramine in doses of 50-60 mg. per kg. can momentarily 

break through the anaesthesia produced by sodium nmytal. 
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stran~ely enough, this power to· cut through sodium smytal 

anaesthesia. with core.mine apparently became less in the 

course of the experiments .• 

With doses ns high a.s.120 mg. per kg • . of coramine 
spasttc diaph:ragme.tic seizures e.nd sneezing occurred. We 

have observed this phenomenon with oardiazole also. Even 

with doses in this rsnge core.mine did not el1a1t convul-
sions in the presence of sodium amytal. This· finding . is 

. as true for intramuscular injection as it is for subcu-

. taneous. 

The data are sufficiently extensive to warrant .the 
assertion that in the e.mytalized dog core.mine .incree .. ses the 

. pulse frequency often as much .e.s 42 beats per minute. The 

-blood pressure. judged by the crude criterion of femoral 

palpation was a.pparently 11 ttle changed._ 

In doses from 40-120 mg. per kg. of ooramine the reap .. 
: !rat.ion of the amytalized dog was modified in a variable 
sense. Both increases nnd decreases 1·n frequency were ob-

served, Depth was e.ppe.rently increased but only minute-
volume studies produce data justifying _categorical state-
ment. 

Group B. In this group are contained several exper-

iments seeking the crucial expression of analeptic ,Prop- -

erties by the agents used. As a.ne.leptics,sodium sulpho-
oyanide, oe.rdiazole. and magnesium thiosulphate were em-
pirically selected. In comparison none of these is very 
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effective, with co:ramine ae a stands.rd. 

Doses of sodium thiocyanate (sodium sulphocyenide) 

up to 350 mg. per kg. were tolerated by the 9:nime.ls (dogs} 

after sodium amytal anaesthesia. sometimes the depression 

was apparently deepened by the thiooyanate and :followed 

by severe post-exp·erimental diarrhea.. As an analeptio 

for barbiturate deprees~on this drug is p~obably useless 

according to our results. The pulse frequency 1a probably 

decreased up to 20 beats per minute, after the drug. 

The one experiment using piorotoxin we.s projected 
to gain a rough comparison of its well aµthenticated pot-

ency with that of cora.mine and oardiazole. In this case . 

p1orotoxin, a powerful medullary stimulant, broke through 

.the narcosis of. sod1 um omyte.1 but . in $0 doing produced 

severe medulla.ry convulsions .. Although the seizures .oould 

be controlled by. additional sodium mnytal intra~per1toneal ... · 

ly, the animal succumbed. The explanation lies probsb~y in 

the fact that after the p1crotox1n ·effects have worn .off 
' . 

there remains still an enormous quantity of barbiturErte to 

.!be disposed of. No do:ubt there ,is also a species of de-

p11ess1on predice.ted upon the overstimulatl'on. such 
·profound depressions have in our experience led· invariably 

to respiratory embarrassment culminating in death. 
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Condens,ed Protocols of Preliminary. Experiments Involv-

ing Dog If 10 Male wh:tte 10 .5 kg. 

Experiment 15 June 18 1932 

Preliminary anaesthesia. 11:04 1~.M. morphine 4 mg. 

per kg. sodium amytal, 30 mg. per kg. {vein) 

Metrazole 150 mg. 

Sneezes violently 

conscious 

Experiment 16 June 22 1932 

12:04 P.M. 

1!04 P .M •.

6 :00 p .• M.

( aubout.)

Sodium amytal 30 mg. per kg. 9:42 A.M. ( vein) 

Coramine 

Core.mine 

Na.SON 

Oonsoious 

Walks 

250 mg. 

250 mg. 

1000 mg. 

Became leth1:1rgic 

Depression very deep 

Wakeful 

Experiment 1? · June 24 1932 
Sodium amytal 30 mg. 

Cornmine 500 mg. 

Co:r-a.mine 500 mg. 

Walked 

per 

per 

per 

Lapeed into deep lethargy 

kg. 

kg. 

kg. 

9:52. A.M. (muscle) 

9: 55 A.M. (muscle}

10:11 A.M. (vein) 

10:44 A.M.

11:15 A.M.

11:47 A.M. 
1:00 P.M.: 

6130 P.M.

11: 05 A-M. (vein) 

11: 18 A.M. { mueo_le) 

11:42 A.M.(musole) 

l:Q5 P.M. 

3:00 P.M. 

Not wakened by rough treatment 



Experiment 19 July 2 1952 

-t:~ .... 
i.l{J

sodium mnyte.1 30 mg. per kg. ( vein) ll: 13 A.M.

coramine 

Cora.mine 

coramine 

Still asleep 

600 mg. per kg~ (vein) 11:43 A-M~ 

500 mg .. per kg. (vein) 12:00 A.Ah 

250 mg. per kg. ( vein) 12: 50 P itM.

Experiment 20 July 7 1932 CONTROL 

Sodium e.mytal,30 mg./kg. { vein) 

stands on feet 

Experiment 23 July 14 1932 

5:13 p.Jh 

10:25 A.M. 

1:30 P.M. 

Sodium a.mytal 

Core.mine 

coramine 

30 mg. per kg.(vein) 10:55 A.M. 

500 mg. (muscle) 

500 mg. (muscle) 

Violent sneezing 

spastic diaphragm 

Very drowsy 

Miscellaneous Preliminary EXperiments 

11:44 A.M. 

11:48 A.M. 
11: 60 A.If. 

11:51 A•M• 

5:45 P.M. 

.. ExpAriment # 5 Dog II .1 Fettle.le mongrel 10 kg. 
March 25 1932 

Morphine 4 mg. per kg. (subout.) 4:00 p·.M. 

Sodium a.mytal 15 mg. per kg.(vein} 

Sodium mnytal 6 mg. per kg.(vein) 

Narcotized 

Ne.SON 3500 mg.(vein) 

Forelimb rigidity 

4:06 P.M. 

4:45 P .. M. 

5: 00 P .M.

5:42 P.M. 

5!52 P.M. 

Oe.nnot arouae 6:lO P.a. 
Ms.rob 26-- The animal is still unaonsc1oua. There 
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is great irritability almost reaching the convulsive 

.level. 10:00 A.M. 

severe diarrhea. bloody stools. 

Can ete.nd ; coarse tremors 

Distressing bloody diarrhea 

Recovery in three days

3: 00 P.M·.

10:00 P.M. 

10:00 P~oh 

Experiment # 6 . April 1 1932 Dog # 2 Female 16 kg. 

sodium amytal 30 mg. per kg. (vein) 10:28 A..M.

Sodium runytal 6 mg. per kg. (vein} ll:09 A.M.

Sodium amytal 4 mg. per kg. (vein) 11:-30_ A.M. 

Sodium a.mytal 6 mg. per kg. (vein) llt40 A.•M• 

Can be aroused 4:20 P.M. 

Up and around 8:30 P.M • 

. Expe~iment # April 2 1932 Dog# 2 Female 16 •kg. 

He.SON -,-,, 67 mg. per kg.{vein) 4:15 P.M.· 

Sodium amytal 46 mg. per kg.(vein) 5:20 P.M.,

NaSCN 30 mg. per kg.(vein) 5:50 P-M~ 

NaSCN 3 mg. per kg.(vein) 6:50 p.1. 

Return of righting reflex 8:00 P.M. 

The degree of ana.eethesie. less than in the control 

Experiment II § April 8 I932 Dog #4 Female 11 .o _kg. 
Sodium e.mytal 

NaSCN 

NaSCN 

Cannot be aroused 

30

90 

90 

mg. per 

mg. per 

mg. per 

kg.(vein) 3:42 p.M. 
kg. ( vein) 3:44 P.M.-

kg.(vein) 4:00 P.M •·

4:30 p.M. 
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NaSCN 45 mg. per kg.(veinh:53 p.M~ 

WaSON 45 mg. per kg!vein)5:15 p.M.

Still cannot be aroused 10:00 P.M. 

Experiment# ll

Morphine 

April 30 !032 Dog ~6 Male 8 kg~ 

( subout.)

Sodium amytal {vein) 

Sodium amytal ( vein) 

Sodium amytal {vein) 

Magnesium thiosulphate 

Magnesium thiosulphate 

(vein} 

4 mg. per kg. 

30 mg. per kg. 

6_mg. per kg. 

5 mg. per kg. 

6 mg. 

12 mg. 

30 mg. 

per kg. 
( vei.n) 

p_er kg. 
( vein) 

per kg. 

11:00 A.M. 

11:10 A.ht.

11:25 A.M. 

11:50 A.M. 

1 :3? P .:r.,-. 
2:00 P.M. 

2:17 P.M. 

Can be aroused 2:30 P.M. 

Experiment# 13 June 14 1932 Dog #8 
Morphine ( subcut. ) 

Sodium amytnl (vein) 

Piorotoxin (vein) 

4

30 

5

mg. 

mg. 

mg. 

Attempts to raise head; strong 
forelimb rigidity; whines 

per kg. 

per kg. 

per kg. 

. NaSOH {vein) 30 ~g. per kg. 

Fully awa.ke; development of' spastic 
seizure 

Convulsion 

Sodi.um amytal(musole) 15 mg. per kg. 
also ether; convulsion oontrolled 

Sodium amytal (muscle) 3 mg. per kg. 

Convulsion 

,sodium amyta~muscle) 3 mg. per kg. 
' ~oath of animal during ni~1t , 

Female 7 kg. 

10:30 A.M. 

10:45 A.M. 

11:25 A.M •

11146 A.M. 

11:50 A.M. 

12:00 M. 

12:10 P.M. 

12:15 P.M. 

12:45 P.M. 

1:20 P.M. 

1:30 P.M. 



. Experiment #14 June 17 1932 Dog # 9 Male 7 kg·. 

Morphine 2 mg·. per kg.( subout ho: 15 A. M. 

Sodium a.mytal 30 mg·. per kg. {vein)io:35 A',M. 

Cardia.zole ? mg. per kg. (vein) 11:24 A.M. 

NaSCN 14 mg·. per kg·. (vein) 12:15 1r.1,r. 

Animal is restless 12:20 P.M~ 

Animal rights self 12: 25 p .M ·~ 
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VI. EXPERIMENTS TO TEST AN AN'l'AOONISM OF EPHEDRINE 'J.lO 

SODIUM AMYT.AL AF'I1ER THE CISTERNAL EXHIBITION OF
THE LATTER 

1. Rationale 

Because the experimental procedure in this group of 

.experiments constitutes the pattern for.all experiments of 

similar kind in these studies it is at the risk of' dup-

lioation,minutely described. Since cistern puncture ·in the· 

unaesthetized animal is nearly 1mpossible,prel1minary an ... 

a.esthesia was in all cases invoked. With ether, results· 

were produced in the presence of a minimum of anaesthetic 

· depression., 

2. Results obtained with morphine-sodium e.mytal an-

aesthesia. 

Preliminary anaesthesia we.s produced by the sub- . 1

cutaneous injection of morphine sulphate, 4 mg. per kg. 

end sodium amyta.l intravenously, 30 mg. per kg. The lattetll 

was administered only after the development of morphine 

aotion es evidenced by nausea and vomiting, responses 

wbioh develop within from 8 to 13 minutes after the a.d ... 

min.iatre.tion of morphine. Sodium· amytnl wa.s always given 

, in 5% aqueous solution and very slowly. Morphine was 

administered as the sulphate in aqueous solution containing 

4 mg. per c.c. Two lots of sodium emytal were used. In the 

experiments before «Tune l '7 • 1933, the drug was supplied in 

glass ampoules containing l gram or powdered sodium amytal~ 

After that date the bulk drug was used. There ie no 
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reason to believe thnt the physiological changes P!'Pr , 

duced by the two samples were different. In all case,~, fl 

very profound s.naesthesia was produoed,often with a.b~lr , , 

ition of the conjunctival reflex .. Recovery from this 

type of ana.esthesia never transpired without interference 

sooner than in five hours. Eight to ten hours seemed,· to 

constitute the mode. 

After anaesthesia rubber tubes of caliber slightly· 

smaller than the tracheal diameter were inserted.· The .type 
of inflation aeoured with these tubes must certainly :more 

closely approximate normal breathing than that aeour;ed 

with tightly fit.ti11g tubes. With looaely fitting tubes. , 

· there is less da.nger of the brutal over-riding of the .. 

elastic structures of the lungs by inrushing air the.~ •- ·, '. .. 

there is with tightly fitting tubes. At all times there 

wns a s~nse of aati-sfa.otion with the adeque.oy · ~t venti la-

tion, an adequacy certs.inly not inferior to that achieved , 

with s. small Drinker type respirator built · exp1"essly for . . : 

this study and discarded because it interfered with ob--

servations • 

. In one group of experiments in this series, after: .. 
anaesthesia, sodium runytnl was introduced into the· 'otatern 

after 1 ts solution in aspirated subarachnoid flu.id. For.; 

dissolving the drug 3 c.o. aliquots of fluid were used. 

To secure propar mixing fluid was injected nnd wi thdre.wn 

and re-injected so that at least five complete interchanges 
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of the contents of the syringe and of the cistern were made. 

If the drug pro,duoed reap1-ratory pere.lyais the anime1 ·we.s 

permitted to regain spontaneous breathing. To test the re- , 

turn of spontaneous breathing, artificial respiration was 

denied the animal evevy five minutes or thereabouts for in• 

terve.ls of one minute starting with the· end of' the five 

.,. minute period. The results obtained serve a..s controls. In .-

spite of the hazards of repeated puncture and ot repeated · 

medication of the same animal it was possible to secure , 

control de.ta in the absolute sense by the use of' the same 

animal both _for control and for medication with e.nte.gon1st-

io drugs. All the restrictions presoribed in the desorip- : ·.,_ 

tion of the mode or eliciting spontaneous respiration were 

scrupulously observed. 

Analysis of all experiments using oisterne.l sodfum 

runytal shows that doses ranging from. 2.6 to a.a mg. per kgi• 

are adequate to produce respiratory , pa.ralysea:. A dose of 

. 6.3 mg. per kg. came to be the mode because it 1a adequate: 

to produce respiratory pe.ralysia _and because in the pres~ 

enoe of morphine-sodium amyte.l anaesthe·s1a it 1s generally 

consistent with recovery in all except the most inclement 

weather. Even. in rigorously oold weather it was possible 

, to avert · di easter by causing the animals to recover fr.om· 
ne.rootio depression in a warming box. 

' ',
Young animals were used in all cases except when 

otherwise indicated. Moist ·a1r was supplied the dogs· in 



only a few experiments and it is possible thot the ' lac~ 

of moisture in the air from the respirator me..y have, :oon~,--

tributed to some of the futa.lities. A. more plausible ex~ 

planation is that death was .almost invaria.bly due to,., ;t~:1,~ ,.-

innbility of the animal to throw off the hypnotic depreaa-

1on. It must be clearly underst,ood that the clsternal- in-

jection of depressants _ pro~uces physi010·g1cal che.ng~s which 

onn be produced by intravenous exhibition only in much 

larger doses. The fundamental act in our experimental pro--

oedure involves. the production of changes which transcend 
those produced in experiments dealing deliberately·with 

the phenomena of intoxication. We do not presume to inter-, 

pret the percentage of recoveries although we have reaorde,d 

them·. We are c_ontent to study one factor of the complex. meit 

in intoxication with depressants, respiratory paralysis .• . 
- ' . . 

The depressions follo\Ving the ciste·rnal exhibitit'.n .. of 

sodium a.mytal were produced with do 'ses ·1n 'the: aggregate of' 

anaesthetic sodium amytal and oisterne.1 · sodium amyta.Lwhich 

do not even distantly approach the lethal dose of' t:h~: cirug; 

· when intravenously inj eoted. In the la.tte'r case over, 50, mg:. 

per kg. approaches the hazardous limit whereas in our. ex-

periments the summated .doaea of oiaterne.l and anaesthetic 

(intravenous) depressant were clustered about 36 to 57 

mg. per kg. In spite of this disparity and assuming that 

depression was always the cause of dea.thwe adduce the 
fact of three deaths in ten experiments. These transpired 



withi.n two da.ys and there was one death>within', six daya :• -

Autopsy findings disclosed graded pulmonary oha,nges 
. ,

ranging from oedema to frankly purulent pneumonia. The . 

. usual dilated right hes.rt was a constant finding. The~_e., -

. was lit.tle evidence grossly of damage to the central .. , .. 

: structures in the zone or cistern puncture except o,ne, . 

· hemorrhage at the base of the cerebellum. This latte~, ;._ 

finding followed· tap by a method which vra.s later super-- . 
" . '

s·eded by the safer and rnore feasible method described 

· earlier •.in this• thesis. Those exuberant fibrotia ch,anges 

which sometimes obliterated the cistern after multi·ple 

tap are not . interpreted as consequential trauma. to the-

zonal areas. 

An occasio"na.l opisthotonos wa·s found in the surviv-ing 

animals. This observation does not apply merely to the 
. . 

material described in this section but · to all ·or the. -19,c,..>,

periments. Likewise the material of the preceding pare.-
. - . . . 

graph also so applies. With two exceptions this sigfl:; . . , 

rapi.dly cleared. up. There \Vas also the ·occa.sione.l a.ppe!':r~ 

a.nee of ataxic phenomena. w1 th some e.tonia and a.a:thenia. 

approx1mnt.ing in a rough sense the classic nLucis.na. . ;tr~ad.nl 

,Strangely the gross cause of ·these .. signs eluded obf(~t'va-

tion at autopsy.. 

~~he dose of oisterna.l ephedrine sulphate vnried from 

1.1 to 3.1 mg. per kg. Since e. safe maximum .dose was 

necessary the arbitrary dose of 2.3 mg., per kg.' ·cam~ to 
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be the mode. With all doses in these linilta the, blOod 

pressure was greatly increased, sometimes to s.n alarming 

degree. 
In this series there are eleven experiments '1n whio)l. 

cieternal eohedrin,e sulnhnte was used to combat tho depress-. - ' 

_ion .of c1sternal sodium amytal and three deaths. Thea.a 

date. should not be construed as indioat1ve of the ability 
of the medioation to avert casualties because they include 
x,esulta obtained v,ith different doses of sodium smytel 

and of ephe.dr1ne sulphate. The proper doae o;f' oisternal 

ephedrine had not been satisf'notorily established before 
·the inception of' these studies. Consequently our exper-
iments e:erved the dual purpose or supplying data. on the ·

proper dose of the drugs used aa well as on ante.gonism. 
Inn group of experiments employing intravenous 

ephedrine to combat. the depression of oiaternal.sodium 
llmytal there are two fatalities in twelve ca.sea. The 
d.oee of oistermll sodium emytal ranged from 2. 6 to '7 .2 mg. 

per kg. and that of ephedrine sulphate from 1 .3 to 3 mg., 

per kg. 

The circulatory response of the dogs to bisternal 
sodium ·nmytal in doses adequate to paralyze respiration 
was a decrease in pulse frequency. To the effects of the ; 
depressant the vasomotor system seemed particularly resist-
ant,. Elsewhere in this paper it has been stated that after 

int.re.venous sodium e.mytal there is vngus stimulation. 
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This can hnr~,ly have been the case with such massive 

doses a.a were used in these experiments. ·In .certain ex-

periments a~ter respiratory para.lysis by cisterna.l sodium 

,:emyte.l, drugs capable of stimulating the central vagus 

1Produced the characteristic oardiac inhibitory . effects f 

pf au.ch stimulation. A bet.tier expla.ns..tion ct the .decrease

)in pulse .frequency is, we believe, depl"esaion of the 
oardio-accelerator mechanism. The infrequent increases in 

pulse re.ta after oistettnal sodium smytel were associated 
t·ti th small doses and ca.n be attributed to :stimulation_:. :of. 

the oardio-accelerator mechanism. This result is not , Ett.., ., -,.,..

all surprising i.n the light of the fact that depressants .. 

often manifest stimulant a.otion l;)efore the depressantphaae. 

After the injeotion of ephedrine sulphate into _the _cis""" 
tern no matter what dose is employed there· is an increase 

in pulse frequency. s.nd in blood pressure. This ·effect>· is. 
' 'c,hserved in spite of the presence of sodium e.myta.l. !['his , . 

is further evidence of the resistance of the. aYjnpathette 

cardia.c centers to depression. our results ·1n this rage-rd 
¢8.'Ll:se us to wonder if the crises in spinal ane.estheaHi ever 

involve the vasomotor center until a depressed respiration 
'bns produced that change which the center is least cap"'.'" , 

eble of withstanding, asphyxia. The aooelera.tion of pulse 

is much more persistent after cisternal ephedrfne than it 
is after intravenous ephedrine because it escapes th~ effect 
of reflex vngus ~timulation. 
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An analysis of the data on the return of respira:t1on 
) 

after its paralysis by cisternal sodium amytal and after the 

subsequent medication with cisternal or intra.venous ephed-

rine sulphate indicates that this latter drug.ts capable of 

greatly abbreviating such paralyses. Ci sternal ephedrine. · 

. ·was found to be. much more effective than intravenous ·ephed ... 

r1ne. 

In a group of experiments, numbers 53 ,88 ,152, and: 134,: 

s·.3 mg. per kg. of cisternal sodium runytal 'produ:ced res-

. ,piratory paralyses lasting reapecti vely 74 ,46, 6? ., and.: 45. 

:minutes. In four experiments, numhers ·121, 130,134, and 137 

the same dose of pa.ralyzant produced pa.ralyses lasting. 22, 
.' ' ' 210,45, and , 42 minutes respectively after doses by vein of 

,ephedrine sulphate of 2.9,1.8,1.7 and 1.6 mg. p'er kg.'. re-

apeotivel_y. The time · of tlle injection of the antagonist 

after the institution of respiratory paralysis was va1:fable 

'because it was not always easy to effect t.he introduction, 

:of the second dl"ug into the cistern. Measuring time afte:r 

·the injection of the arialeptio the· paralyses lasted l·,-195, 

:3, a.nd 5 minutes respectively. The duration of 210 minutes 

;after induction of paralysis nnd 195 minutes after inter-
ventHm is not charaoteriatio. In more than 20 experiments 

Using intervention with oisternal o:r int'ravenous ephedrine 

there was no instance of a paralysis lasting more than 45 

minutes. 

In the group of ex_perimants employing oisternal 
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sodium smytal in doses clustered about 6.0 mg. ·per kg. 

nocompanied or followed by cisternal ephedrine in doses 

of 2.7, 1.9, 2.2, 2.2,; and 1.8 mg. per kg. respectively, 

respi~atory paralyses lasting in the total 25,11,~, and 

. , O minutes_ were obtained. zero duration occurred when the 

dru~s were. mixed before administration •. The dura .. ti.on after· 

the administration of the ana.leptio wa.s in the individual 

. ca.sea as follows: 17,4,0,8.,and O minutes. The. experiments 

producing thes'3 results were 49,56,138~144 and 145. In 

experim~nt 148 despite the simultaneousndministration of 

1 .. 8 mg.: per kg. of eph.edrine_ sulphate ·wi'th the so.ditun · 

amytal, paralysis lasted 13 minutes, a duration which we in• 

terpret as quite long under the conditions. 

There are several othe.r experiment_s which do not lend· 

. themselves well to expository treatment because of va.ria-

b..111 ty of doses. They are represented 1n Fig. 2 along 

with t~e graphic represente.tion·or all experiments of this 

type. The singular fact brought out by t_he gre.ph is the 

failure to produce clean-cut abbreviation of pa.ralysis 

manifested by ephedrine intravenously. 

If the effectiveness of ephedrine 1n reversing de-

pressed states is dependent upon improvement of circulatio$ 

and upon that a.lone then it becomes impossible to assign 

e. mechnniam of action to the drug when pnrnlysia is not 

produced by aod:J.um amytal administered simultaneously ,,1th 

ephedrine. Later 1n this thesis blood preasur_e tracingf.\ 
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will be shown which conduce to the belief th8.t circulatory 
failure is implicated in a most negligible degree in_ de-
pressions produced by the oisternal injection of drugs. 
Furthermore, the tracings seem to point out very impress-
ively the minor importance of the sympathomimetic factor 

.·_ in ephedrine action when that drug is caused to abbreviate 

the respiratory par~lyses pro¢iuoed by the injection oistern-
ally of depressants •. · 

A mens:urement of the pH of nn nqueous solution or 
sodium amytai containing 63 mg. of the drug tn 6 c.c~ of 
water gave a ve.lu.e of 8.7. six c.o. was used as the vol-
ume for measurement because 1 t was our practice to .,..with-

drnw 3 c.c. of c1sterna1 fluid nnd a residual volume or 
oisternal fluid of 3 o.c. was assumed. 63mg~ was chosen 
because it represents a standard dose of 6.3 mg. per kg. 

for an e.vere.ge stze dog ( lOkg.). The pH was measured by 

comparison of the color developed in the solution of the 
drug by the addition of' the indicator thymol blue with 
Clark and Luba color standards. Whe~ ephedrine sulphate, 
2~ mg., was added to the solution the pH changed _to8.6 • . 
'These pH readings were checked with othe'.t'a obtained with 

·the quinhydrone electrode. The agreemen.t waa good but the 

quinhydrone readings were discarded because they are sub~ 
Jeot to error introduced by oxidation-reduction effects~ 
Dea pi te the fact that the e.lk,ilini ty of the sodium amytal 
:solution was reduced it was e.lwe.ys possible in the animal 



:experiments to obte.in · clear solutions of sodium mnytal., · .b.e-

fore inJection. Zerfa.s, MoOallum,and others (67) showed 

'that e. shift in the hydrogen ion concentration of solutions 

of sodium amyta.1. unleashes toxic potentialities which : ,find 

their expression in respiratory depression. For this event-

uality they e.dvo~a.ted the use of caffeine. Emd .ephedrine. 

Assuming the accuracy of these observatio'ns our .results 

which seem . to· disclose an antagonism between ephedrine and 

aodium a.mytal gain in impressiveness because they Were,. ob-

tained under con¢t1tions wherein the hydrogen 5on concentra-

tion of the solutions of sodium a.m.yta.l .wer.e definit.ely 

xlendered more acidic, really less a1ka1:tne, by the H.ddi.tion 

of ephedrine. Our colorimetric studieshnve disclosed the 

fact of the shift toward the acid range. 

The pH of solutions of novocaine should, theoretically, 

be in .the ac :td range. They wF.-,re fotmd to be a.cid when. 

p:repared in concentrations identical -with those. of sodium 

e.tnytal in the colorimetric study just d·escribed., 63 .-. mg. -in 

6 c.c. of distilled i water. The pRof stich as<llutio~ was 

f _cund. to be 6.2. The addition or' ephedr1lne~ sulphate. to the 

solution of novoceine should ·ei th.er increase the acl_d-ity or 

should . leave it unchanged. When 25 mg • . of ephedri.ne sulphate: 

wss added to the. novoca.ine solution the pH was found to be 

uncl;u1nged. The indicator ·used ·in this phase of the oolorimet-
\

rtc:work was chlorphenol red. :
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If the 1njeotion of drugs into the cistern oa.n be 

construed as constituting topical exhibition then it;be-

oomes imperative to define the looalize.tion of the drugs 

after injection. It is believed tha.t the observation of 

the reflex behaviour or the animal permits the assignment 

of limits to the diffusion cauds.d of drugs cist'.erna.lly 

1njeoted. 

The forelimb extensor jerk elicited by tapping the 

superficial tendons has bean observed to be absent after 

some otsterna.l inJeotion of .depressants and present after 

others. Since the reflex is not easy to elicit, the ob-

servation ha.a not been limited to jerks obtained by tap-

'ping the ·collateral ulnar ligament close to the promin-

ence of the oleoranon but has been extended to.include 

any jerk produced by tapping one of' the severe.1 sensory 

11gamental areas of .the forelimb. The nerves mediating 

reflexes of the forelimb e.re t.he ulnar, re.dial, .a.nd the 

median, e.11 of which are pnrt of' ·the b.raohinl plexus, a 

structure derived from nerves none of Which emerge from 

the cord lower than the fil"st thoracic derma.tome. Uniform 

nnd constant abolition of the reflexes mentioned would not 

definitely prescribe a lower limit to the penetration of 

oisternally injected drugs but the inoonstatit abolition of 

the reflexes points out, at least inferentially, to a 

penetration which seems to find 1 ta lo\ver limit in the 

region of the first thoraoio dermatome. Sisson (68) asserts 



(59 
that the innervation , of the dog's forelimb- is arie.lagous. ·:to 

the innervation of the a.rm in · ma.n. 

When one considers the fa.at that the interooate..l .' 

innervation begins nlao at the level of the flrst thp_raoio, 

dermatome, the. interpretation in the foregoing paragraph 
, takes on additional meaning for this ·study. The evidence 

already adduced would be tote.lly incompetent to. define. 

the nature of the respiratory paralyses whtch we have 
studied but the additional graphic evidence obtained- in · 
our work very defin:i.tely indlcates that the centra.lfsotor· 

in these paralyses is fundamental. Thia ste.teme'nt in .no-... 

way minimizes the role played by paralysis of the emerg-
ing intercostnl rootlets. 

The use of methyaene blue ha.s not been invoked . to . 
. fix the arens of penetration of drugs in our experiments, • 

. Ultimate recovery has been the goal 1n our work and:,the 

utility of. methylene blue .depends upon sacri.ficing phe 
anima.l. Ferguson and North ( 26) questioned the util.ity of 

methylene blue.,in fixing the limits of penetration -of- the -

local anaesthetics after their lumbar sube.re.chno1d ad-·-

ministre.tion. Cert$1.nly the diffusion of molecular novo-
oaine differs from that of oolloidal methylene blue. , 

The penetration oephnlad, of aisternally adminiatered 

depressants, except as far as the resp1ratory center ls con-
cerned is not so susceptible of e.nalysis as -1 ts,: pen·etra-

tion caudad. The oisternally administered drug can be . 
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transported toward the cortex,in the immediate sens~,b~ 

:two channels; the subarachnoid spaces and the intra- , 

:tVentrioular spaces. In the former the drug is destined .. "to 

:encounter nerve roots \Vhile in the latter 1 t is destined .. . . 

to meet. nerve centers. In the. experiments employing ~the:r 

anaesthesia results have been obtained under oonditidns"'.·-· ·· 
approximating the absence of anaesthesia. · . In ; . such . . ex~ 

periments immediate narcosis was produced, a,>ria.rocisis :· 
which could not have been dependent upon ·:residual ether 

because the ciaternal injection was effected while the . 

animal struggled out of the ether depression. Since, 

tl.t is quite unlikely that the drug could have penetrated 
na .f'a.r as the oorticn.l areas the evidence ls pre.sump.~ive 
that the depressant encountered, in the sub-cortical 
~ones, centers . or larger structures conoerned.'.in the 
~aintenance of consoiousnese. At the level o~ th& 
1tqueducto-ventricular juncture Pick ( 69) hns descr1b.ed 

centers responsible for the phenomena of' sleep and cons.- . 
, ; .·.,

eiouaneas. I't so happens that these areas have been•.

thought to be implicated 1n the lethargic states consequent 
to epidemic enoephal1 tis because in this disease degen-- : 
erative changes have often been there described • . No.t . f .or..-
getful that aooess to diencephalie structures nm.y be 

afforded by aha.nnele other than those ju.st described we 
submit that our results indicate, at least by inference, 
penetration of ciaternally injected depre~s£int&. at least 



a.a :rar as the diencepha.lon and probably through ventrio-, 

ulsr channels. 

Menifestl-y the phrenio nerves which comprise fibers 

originating at the second, third, and fourth cervical levels 

are paralyzed by the injection or depressants into the. ois+. 

tern in adequate: doses. The site of penetration in cistern 

tap is just oephalad to the atlas at a diste.nce of only e. l'-

few centimeters from the nucleus subserving in the dog.this 

element ( the phrenio apparatus ) of the respirator_y mech-

anism. 

T.iln.ey and Riley ( 70) desori be the conjunotiVal .t'e-. 

flex as involving .the tr1geminal nerve, the substnntia. 

gelatinosa of the pons, the nucleus of the facial nerve, 

the facial nerve and ultimately the proper effector, \the 

orbioule.r,1s palpebra.rum. The conju.nctival reflex is always 

abolished. by the injection or depressants in the cistern 

· in doses adequate to pa.1~alyze respiration. The reflex re-

turns generally a few minutes before the animal as.n spon-

:te.3:eously breathe and occasionally with sponta.neous breath~ 

ing or a. few minutes later. The profound depression of· any 

of the centers or nerves described aooounts easily for the 

abolition of the reflex. However, in the light of our :ob-

servations it would be improper definitely to ~tate bf 
which depression it is e.ffeoted. 

The p.upillnry reflex. (direct light reflex) involves 

retinal cells, the. optio nerve, the superior oolliculus, the 

ooulomotor nucleus, and the motor e:f'.feotol"s of the iris. 



The pupille.ry reflex is invnriably a.bolished by cisterne.l 

depressants, novooaine and sodium amytsl, in doses which 

paralyze respiration. The pupillary reflex returns much 

later than the eonjunotivs.l reflex, requtring generally 

a oouple of hours. 

The blink reflex (emergency light reflex) ha.a .in 

these experiments invariably returned bef'ore the direct 

light reflex. Its recovery parallels that of the oonjunc-

tival reflex. After intervention with cisternal ephedrine 

following ciaternal depressHnts both the oonjunctival re-

flex and the emergency light reflex have been observed to 

return within one-half minute. Tilney and Riley (70} de-

scribe the emergency light reflex as mediated by the-ret1ne., 

the superior oollioulus, the facial nuoleus, and the f'aoial 

nerve. The reappearance of the pupillary reflex after 

the return of the emergency light reflex may be interpret-

ed as predicated upon the symps.thamimetio effects of ephed• 

rine upon the r~dial fibers of the eye. 

· It must be rei te:ra.ted the.t the return of the conjunc-

tival and emergency light reflexes in one-hnlf minute afte"t 

the oi.eternal ephedrine in the presence of grave depress-

ion constitutes a phenomenon which the intrinsic ana.lepsis 

of ephedrine alone can explain. 'I1he slightest possibility 
' of anoxaem1o damage to the centers mediating theaereflexe$ 

has been studiously avoided. Whereas the routine demon-

stration of the abbreviation of barbiturate narcosis by

intravenous ephedrine onn be explained in terms of cir-
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Time .or a.dmin- Time of e.dmin- Time of 
istration and iatration and initial 
dose of morph. dose of sodium injection 
4 mg. /kg. -----~am_y~t~e.~l~-~-=:-::::------..:-----:--~~-----4: QO P.M. 4:08 P.M. 30 mg./kg. 4:21 p.u. 

4: 3.0 P •. M. 4 : 19 P • M. 30 mg • /kg. 5: 00 P • M.
4 : 20 P •Ah 4 : 30 ? • M• 30 mg • /kg • 4 : 40 P•M.
8:30 A.M. 8:40 A.M. 26 mg./kg. 9:25 A.M. 
9:57 A •. JQ. 10:09 A.M. 30 _mg./kg. 11:50 A.M.
4:30 P.M. 4:45 P.M. 25 mg./kg. 5:17 P.M. 
8:42 A.M. 8:50 A.M. 25 mg./kg. 9:34 A.M.
2:ll P.M. 2:20 P.M. 30 mg./kg. 2:38 P.M. 
3:04 P.M. 3:13 P.M. 30 mg./kg. 3:45 P.M •
4:35 P •. M. 4:55 P.M. 25 mg./,kg. 5:37 P.M. 
g: 4.0 A .,M. 10: 00 A. M. 30 mg .1/.kg • 10 : 45 A. M.
4:2.0 · P.M. 4:30 P.M. 25 mg./kg. 6:21 P.M.
2:1.6. p.Jd. 2:29 P.M. 30 mg./kg. 3:03 P.M •
3 : 50 P .M •. 4 : 00 P• M• 25 mg • /kg • 4 : 15 P•M.
9:0.5 A •.M. 9:16 A.M. 30 mg./kg. 10:3? A.M.

12: 2.0 P .M • 12: 26 P. M. 30 mg. /kg. 12: 46 P. M.
3:0.4 P.M.. . 3:13 P.:M. 30 mg./kg. 3:45 P.M •

10:0.6 A.M. 10:22 A.M. 30 mg./kg. 10:55 A.M •
12:0.5 P.M. 12:20 P.M. 35 mg./kg. l.:32 P.M.
4:4.0 P • .M. 4:40 P.M. 30 mg./kg. 6:20 P.M.

10:30 /i..M. 10:40 A.M. 25 mg./kg. 11:10 A.M. 
4:40 P.M. 4:55 P.M. 25 mg./kg. 5:25 P.M. 
4:0,5 P .M. 4!17 P.M. 30 mg./kg. 4:42 P.M. 
3: 40 P •.M• 3 : 50 P •M• 30 mg. /kg. 5: 52 P • M•
5 : 0.4 P •M• 5 : l? P •M• 30 mg •/kg • 6: 00 P • M•

10:30 A. M. 10:42 A.M. 30 mg./kg. 11:32 A.M. 
9:DO A.M. 9:15 A.M. 30 mg./kg. 9:26 A.M. 
9:50 A.M. 10:04 A.M. 50 mg./kg. 11:01 A.M. 
9:20 A.M. 9:35 A.M. 30 mg./kg. 9:52 A.M. 

Thie legend has been supplied to describe the type 

. ()f anaesthesia used in the experiments tabulated on the 

·opposite page. Since the limitations of spe.oe in the table 

made it impossible to include information fixing the initial 

ticts -of the experiments in the forenoon or afternoon, that 

-information is recorded in the last column. 
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MoR.PHINE S001uM AMYTAL ANAESTHESIA C1s·TE·R/\IAL Soo1uM Atv1YTAL

. CONTROLS INTRAVENOU.S . EPHEDRINE SULPHATE C1srERNAL EPHEDRINE ,SuL.PHATF.

EXPERIMENT 53 54 64 66 79 81 88 !32 /34 69 73 76 83 84 12/ /30 134139 49 56 67 70 75 78 80 138 /44 /45 /48 
DATE 1of1/3z vtfz.jsz 1fsjs~ 1ft9/3Z 11zjrrj.,z 1:/sl3z f/53 fis3 tf2f.!13 ~P-faz frr.:12 ~~/s::,11y-j12 13/'-o/z 7.uj.,3 (,,fiJJ ,;w;;; 1/s/s:1 '°f'A2.1Jo/r3Z f;j3217ZB/31.!1f1~ 12J713v71-213Z 7/j/33 71ajJ37/I;o/33 7129/13 '

Doa NuMBER . 30 3/ 18 9 35 39 4/ct 51 52 55 57 59 40 41 4 7 50 52 53 lZ8 l30 35 ,~6 58 37 33' 52 54 55 51) ·
WEIGHT AND SEX l55Fi(15f!Z5M !0.4f//M 9M2ZM30M 8.7M/09f!/4MIZ3M75F65F 104F64f./35FV!M /IF !/4M/23f/4.6M/3/JM
Mc/KG PARALYZANT 64 8.8 80 71 ll Z6 62 63 63 1Z ~5 2.6 3Z 5 6.3 6 6.3 6 6.7 6.5 12 7.8 3.7 46 4.6 6.4 63 63 6 3 
Ma/Kc ANTAGONIST /.9 23 13 1.8 Z Z.9 J.8 1.7 16 '2..7 /.9 Z4 3./ /.9 2.3 2.3 2.2 z 2 1.8
1iME INJECTION PAR. 4.'ZI 5'[)0 4'4() 9'2.5 /1.:50 5.'17 9:34 2:39 3.'45 5'3710.}/6 5'2J 3.'()3 4.'15 /0.'37 JZ:46 3.'46 /0,'5j /:32 S:00 l/~/0 .5:.l54:4Z 5.'SZ 6:00 //.'JZ Z:55 J/'30 9:62

'

1iME ltJJECTION ANT. 547/0:555'34 3.'IZ 4:2,5" 10.'58 1.·004.·z7 ll,'3Z /.40.5.·0711:1z .s:z9+.'466.'00 6'2~ 1/3Z2.'5S //.'30 9:5z
,• 

T1ME RETURN R[SP. 5'35 l'/0 9:40 /0:/5 Z.'40$.'40 /0:Z2 3.'45 4.'30 6.'35 J/.'4-7 5'403.344.'40 /0.'59 4:15 4:?LJ //:37 /.'57 S'I/ J/:Z6 .'4S 4.'57 6.'/3 t,:10 /1.'.JZ 3:03 //.'30 /0.'05

DuRAr10N REsP PARALYs1s 74 130 300 50 1ro 23 48 67 45 58 6z 19 3/ 25 z2 z10 45 4z 2.::,- 11 10 zo 15 z1 10 o 8 a 13

DURATION AFTER ANT. 48 52 6 22 15 I 195 3 S 17 4 /4 /6 II 8 /6 0 8 0 /3 
PUPJ5LApR/RfE;~?~SE A A A A A A A A A A A A A A A A A A A A A A A A' N.A. A A 

CoN'4!10Nc,§;[~Ex A A A A A A A. A A A A A A -: A A ·A A A A A A A A A NA. A A 
.

FORELIM~§EF~~~E.SPONSE NA. A A NA NA A A NA A A NA A A NA A A A A A A A NA. A "
,.·

NORMAL PULSE /60 /00 /40 l7Z /36 /5Z /5Z 180 188 /40 /60 /ZO 156 /60 /32 /56 /32 /76 /60 /40 96 · 148/16 144 /44 139
PULSE AFTER PAR. /20 84 136 /44 IZ4 /Z8 IZ4 /40 /40 /12 VZO 136 /28 /40 JOO 188 /00 /40 . · /60 /80 //0 200 /32 ZIZ

PULSE AFTER ANT. : 68 240 ZIO zoo zoo /64 /60 !8 lZO0 zoo zzo Z50 52 188 //0 zoo I 3Z ZIZ 
.•

TiMERETURN CoNJ.REFLEX50Zl5.455.·1510.cJ3JZ.'24-S.'4o 3:Z5 430 o-56111/6 5:373,16 4.35 4'?JJ 11'31- iJ.'081/.'13 5'354.'48 6'03 0:11 NA NA 10:45 10.'10

TIMERETURNPUPILLARtREFLEX 4.'35 3.'26 4.'35 15:0I 6.'/6 NA NA

fiMERErnRNFoREUMBREFLEX tJ.A 5'ZJ N.A l/A .. N.A.. 6.'DI Jt.36 N.A.. '3:254-~z7 NA /!.'¥5 S:o3 6.'CIJ 6:35 NA NA JJ.'ZI I0.'11 
r R C MucHAFr1:1<.GR£AT IN /N /N /N JI\/: ;,..,. /N /N /,v J.ArE C,'ZO IN IN 
IIME ETUR~ ONSCIOUSNESS LArE-R 8:30 'LAPSE MuHT N;a111 /\/10HT N16Hr N1c;i!r N1u11r /vtG11T Mo11r t1/t6HTA-;[o£f,; J, N1ullT NtuHT
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oula.tory improvement,the intense e.ne.lepsis of the depress-

ed reflex mechanisms just desoribed demands the explamt-, 

tion of intrinsic central stimulation, by ephedrine. 

3. Results obtained~ sodium amyte.l and ephedrine 

sulphate ?isternally inJeoted in the presence.2£ 

ether~ morphine-ether anaesthesia.. 

This series of experiments 1nd1oa.tes the difficulty 

with whi oh cisternal sodium. amytal produces respiratory, 

paralysis when a. pre-existing anaesthetic depression pro-

duced by that drug and morphine is wanting. 

Only two control experiments, numbers 118 s.nd 119, aro 

presented where the dose of oisternal sodium wnytal falls 

in the 6 .3 mg. per kg. .range. Respiratory para.lyaes last-

ing 17 and 20 minutes respectively were obtained. With 

morphine-sodium amytal anaesthesia no_paralyses shorter 

than 45 minutes were obtained. 

When in the p:resenoe of ether, ephedrine sulpha.te was 

introduced into the oistern in doses of 0.95, l.?, and 0.95 

mg. per kg. respeotively after paralyses produoed by s,odium 

amytal in doses of 5 mg. per kg. in each case { experiments' 

, 99,100, and 103 ) total durations of 20, 19, and 20· minutes · 

respectively were produced. Recovery after the injection· 

or the analeptic was obtained in 4,9, and 4 m1nut&s.resp·eot-

ively. Unfortunately no experiments are presented in the 

morphine-sodium a.myta.l series using oisternal sodium am-

ytal 1n the 5 mg. per kg. range. However, with smaller 
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doses of sodium nmyta.l, 4.6 mg. per kg., and ephedrine 

sulphate in le.rger doses 2 •. 3 mg.per kg. oisternally, 

(experiments '78 and 80) total durations of, 21 and 40 ' min-

utes r~speot.1 vely were produced:,the recovery after :the 

injection of the analeptic requiring 8 and 16 minutes 

.. respectively. 

In this, the ether series, only one experiment ,is pre-

sented using oisternal sodium amytal in the 6.3 mg. per kg. 

range. In this experiment, number 123, respiratory paral-

ysis failed to supervene when ephedrine sulphate 2.9 mg. 

, per kg. was given simultaneously with the cisternal pare.1-

yzant. In experiment 95 using 5.1 mg. per kg. of sodium 

e.mytal simultaneously with 0.85 mg. per kg. of ephedrine 

sulphate, both cisternnlly, respiration waa paralyzed 7 

. minutes. In .experiment 96 employing 5.5 mg. · per kg. sodium: 

e.mytal and 1.7 mg. per kg. ephedrine sulphate oister~ally 

,no paralysis result~d. 

In comparison with the results just described the ~. 

results obtained in the series using morphine-so~ium . . : 

amytal anaesthesia include those obtained in experiments 

·138,144,145, and 148 in which doses of sodium e.mytal .of 

6. 4, 6 .3, 6 .3, and 6 .3 mg. per kg. respectively wer•e admin-

istered simul ta.neously with ephedrine sulphate in doses· 

or 2.2,2,2,and 1.8 mg. per kg. respectively by the cistern• 
al route. Respiratory . paralyses .of O ,8 ,O, and 8 minutes 

respectively were obtained. These durations are striking-



ly short in view of the profundity of the preliminary an-
I 

aesthesia which in its own right oonduaed in control ex-

, perimen.ts to · respiratory paralyses lasting at least -45 _min•,:

utes. The results indicate the analeptie potency of' _ephed-

rine in the most difficult oircumsta.noes. 

When morphine 4 mg. per. kg. preceded• the ether a.s-

in experiments 89,153, and 155,cisternal sodium amytal in 

doses of 5.6,6.3, and. 6.4 mg. per . kg. respectively pro-

voked respiratory paralyses of 60,26, and 57 minutes re ... 
spectively. These durations compare in length with those 

obtained with morphine-sodium smytal anaesthesia and lead 

.one to suspect that morphine plays an. important role in 

the sensitization of the respiratory aenteP t9 depression 

·by ci sternnlly admini stared par.alyzants. }Jxperiments 

118 a.nd 119 in which ether alone preceded the oisternel 

, sodium e.mytal in the same dosage range ,y1eld_ed respiratory 

paralyses of 17 and 20 minutes respectively, a fact wbJoh 

strengthens the suspicion !just alluded to. · 

In the morphine-ether anaesthesia series are fou:r :ex-

·periments, numbers 92,150,151, and 157, in whioh 5.e,6.5. 

6.3, nnd 6.3 mg. per kg. of_ sodium amytal respeotlvely 

-ere introduced cisternally simultaneously with ephedrine 
sulphate in doses of 2.7,2.3,2.4,and .2.3 mg. per kg. 

:respectively. The durations of pa.rnlysis \Vere respectively 

0,25,33. nnd O minutes. Only two comparable experiments, 

numbers 123 and 96 ,are available where ether alone . was 
k • • 

used. In e~pnriment 123 the duration of paralysis was O 
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:minutes with 6.3 mg. pol"' kg. of _sodium amytal simultaneous-t 

-ly injected with ephedrine 2.9 mg. per kg. In the ·other, 

:number 95, 5.1 mg. per kg. of sodium amytal cisterne,lly 

injected simultaneously with ephedrine sulphate ·o .• 85 mg. : 

:per kg. led to a paralysis of O minutes. These· data a.re : 

probably not. too equivocnl to point to the role or morphin~ 

:as synergizing · e.nd possibly potentiating the respirator.y, 

depressant properties of · sodium amytal- cisternally injeot-
·ed. 

Intravenous ephedrine was not used in this series be-

cause even in the controls, exoept iri the additional ·pres- . ; 

:ence of morphine, the duration of respiratory paralysis ·· 

,after cisternal sodium amytal was too short. This fact 
. :aiso gave rise to ·the neoessi ty of administering the an- , 

eleptic simultaneously with the depressant. 

The pulse after cisternal sodium amytal in the p;res-•

enoe of ether is not so pronounoedly .decree.sed 1nfrequen-

. oy as 1t 1 s in the presence of morphine.-sodium runyts,l.,~,; ;,~;,., "

.Thia fact also obtains in the case of the exper1mente:, in~, . . 

·volving morphine-ether ·ana.e·sthesie.. Occasionally the_ pu.:tse 

frequency is increased. The .blood pressure as judged
1
l:>y

:femoral palpation is not much changed. · Both observations . 

· are in harrrv:my with the re·sul t~ obtained · in the : a.oute. ex-

periments where tr~cings were made. The .decrease is 

possibly due to depresslon of the oardio-acoelerator · 

center whereas the i~oreEise is possibly due to prefe.ren-



tial depression of. the vagus center. 

In a.11 the experiments, .vdtb the exception of number 

91, in this series the conjunctival reflex was abolished. 

t.i'he return wns in all ca.sea within 12 to 15 minutes ex- . 

oept where preliminary morphine ·was used. Furthermore,,the 

pupillary re.flex was just as constantly abolished e.rid·sl-

most as speedily restored. 

Unless morphine was present in addition to ether the. 

forelimb extensor reflex persisted after oisternal sodium 

amyte.l·. This result differs sharply from those obtained 

in t~e presence of morphine-sodium smytal. 

The ciaterna.l injection of sodium runytal in the;pres-

enoe of ether gave rise to anaesthesia lasting no longer 

than 30 minutes until the return or the t\bility to walk. 

After the injection of oisterna.l ephedrine the animal re• 

covered even more speed.ily. It was routine practise to 

discontinue ether after the injection of tte aisterns.l de-

pressant. 

The fatalities in the ether and morphine-ether aeries 

-were as follows: 

Ether a.ne.esthesia--aontrols-- 1 in six experiments 

Ether e.na.esthesia--aequential ephedr1ne--
2 in.three experiments 

Ether anaesthesia--ephedrine simultaneously --
. O in four experiments 

Morphine-ether a.naesthesia--controls--
l in three experiments 

Morphine-ether a.n~eaU1eaia--aphedrine ai.m"1ltaneou.aly-
l in four experiments 



Legend to accompany condensed protocols on opposite page 

Exp. 

90 
91 
93
94 
118. 
119 
99 
100 
103 
94a
95 
96 
:97 

89 

153 

165 

92 

,150 

151 

157 

Time of admin-
istration and 
dose of atropine 

: 6 A .M •.
3:46 P.M. 

11:38 A.M. 
1:54 P.M. 
4:30 P.M. 
8:43 .A.M.~

10:00 A.M. 
8:16 A.M. 

10: 80 A .M •·
9:08 A.M. 
2:23 P.M. 
5:32 P.M. 
8:32 A.M •.

l mg. 
l mg.
l mg.
l mg. 
1 mg. 
l mg. 
1 mg. 
l mg. 
l mg. 
l mg. 
l mg. 
1 mg.
l mg. 

2:36 P.M. l mg. 
{2:35 P.M. morph 

4 mg./lcg.)
2:07 .P .M •. .l mg.
(2:06 P.M. morph. 

4 mg./kg.} 
no atropine 
(9:4.0 A.M. morph.

4 mg./kg.) 
3:06 F.M •.. l mg. 
{3:12 P.M. morph. 

4 mg./kg.)
10:20 ~.M. l mg. 

(10:08 A.M. morph. 
2 mg./kg.)

no atropine 
(2t40 P.M. morph. 
2 mg./kg.) .

2 : 26 P •M• . 1 mg.
(2:20 P.M. morph. 
2 mg./kg.) 

Time of 
starting 
ether an-
aesthesia 

: 5 A.M. 
.4:50 P .M.

11:50 A.M. 
2:10 P.M. 
4:50 P.M. 
8:50 n.M. 

11:25 A.M. 
8:40 A.M. 

10:40 A.M. 
9:17 A.M.. 
3:00 P.M. 
5t38 P.M. 
8:40 A.M. 

2:45 P.M. 

8:20 P.M. 

3:50 P.M. 

10:22 A.M. 

3:00 P.M. 

2:25 P.M. 

Time of 
initial 
injection 
{cisternal 

:45 A.M. 
6:10 P.M. 

12:22 P.M. 
2:48 P.M. 
5:07 P.M. 
9:02 A.M. 

11:52 A.M. 
9:52 A.M. 

11:52 A.M. 
9:40 A.M. 
3:35 P.M. 
6:20 P.M. 
9:02 A.M. 

3:10 P.M. 

2:39 P.M. 

10:35 A.M. 

4:12 p.11. 

10:40 A.M. 

3:26

2:53 P.M. 



. _; ... · ,

ETHER ANAfSTHE'SjA .t1sn:ftNAL5bnrur1AMYTAL
CONTROLS C1sr.IPH.SuL. M1xEotPH.3

ExPERIMENT 90 9/ 93 94 118 119

DATE ,jl9/33 11'9/11 jz;j33 vj;',8/33 3/z/33 5/3/33 
' .,

Doc NUMBER 43 38 43 42 47 48 
WEIGHT AND 5Ex !32FV35F /3Zf 9F 87M /6IYJ

.·

Mc/Kc PARALYZANT 38 38 45 56 6.3 6.2 
Mc/Kc ANTAGON 1ST

liME INJECTION PAR. 9-4515'10 /2:ZZ2.'48l5.'07 9'02 
. 

TIME INJECTION ANT. 

T1ME RETURN RESP. 10:00 szo i/2.40 3'()/ 5'24 9'Z2

DURATION RESPPARALYSIS /5 /0 /8 /3 17 20 
DURATION AFTER ANT.

FOREL~B !tt~EX RESPONSE IYA A NA A A 
NORMAL PULSE . litJO 2L)O /60 /60 216 2°8 

PULSE' AFTER PAR. 192 260 /60 176 160 ZOB
PULSE AFTER ANT.

liME RETURN (ONJ. RfFLD /0.'tJ~ IJ. :Jo 3:/3 5'.'22 9:14

TIME RE TURN PUPI LL~~-RE FLEX . 3.'(}Si6.:Z7 J{) '3o

TIME RETURN FoRELIMBREFL£ X v2.:v ti A 5:?-3 9:;-0 -..

TtME RE:TUR)\J CONSCIOUSNESSl/0.1/5 5.'50 /.'00 4-.'0tJ 5:'21 /tJ.'00

NATURE RESTORED RESP. R J:f R i!f "% ~z 
DuRATION PRoRATEo zs 1s zs 1+ 17 20 
FATE OF ANIMAL

NOTATION WALK WA~ !WALK
/0: 30 6:00 /.'3{)

< 

•·

.

; 

99 /00 103
3/4/33 3/f/33 j;8jJJ 

.·

rr nr . nr
42 
9F ~0/ 201

.. 5 5 5
.95 If 95
//:52 9:5.Z l/.'5Z 

. 

1/2.'08VthJZ IZ.'/J8

VZ.1/Z I tJ.1/IJ /Z.1/Z 

ZtJ !8 zo 
4 8 4

A
A: 
A 

.·

/76 
228 

A-ABQLISHED , NA- Nor ABoL-ISH£o > R. ~REG-u'-'.A~ 

.. 

'

·.·

'·

. 

.. 

94 95 .96 97 /25 
J./4/33 2/4/n W9/33 .zj;B/33 .;-jzp3 

•• • -

43 44 42, 43 .47
VJZf /!9F 9F /3.Z 8'/M 
3.8 51 55 38 63 
Y.6 .85 /.7 // Z.9 

.

9.'4J 3'35 6.20 9'02 9.'36
. .

<J.40 3·35 6.'ZLJ 9.'0Z 9,:1? 
9.~ 3.·42 o:zo 9£JZ 9.'35

..
-:;o .- 7 o o o ---

. ·. • 

A NA.· •

/7() /60 /40 /96 22/J. ..

lZ40 180 208 !96 210

f4-0 I 80 ~08 260 740 
9#0 470 6:30 W-6 · 

9'10
-- ~:4G~l?6 NA 

52 ZO ZO 40 GooDR R R R 
• j

I

WAJ..J< .·· WAu< WAU<
.· /1),'0IJ ·_.·.· 9:1.5 /0.'20 

.· ·, . ·.

' ' .

.

MORPHINE ETHER ANAESTHESIA.
· CONTROLS C1sr.[PH. SuL.

. ·.

k59 153 155

4-2 59 58 

l5.o 6.3 6 3

l.3:10 lZ:39 L2.~3 

60 26 l57

A A A 
NA NA 
lZIO /60 /60

~oo~ V60 

a.·sz 

I 6 ~ooo 16oo0 

WALK
9:00 

92 J:50 /5/ /57

4Z l58 55 59

9F V5.~ 14.&M IJ.2F 

l?.6 63 63 6.3
~.76 Z.3 lZ.4 IZ .3 

14, 1/2 IIIJ:40 l3.Z6 :30

~.'IZ VI. t75 3:59 .'3t 

0 25 33 0
~-

0 Z5 33 0

A A A A 
A A A A

A A NA A
/M lZOO

1176 200 
.·

lZBO ,<.00 /76 ~o 
l5.·oo /1).,Sj l3.!45 3.'-10

11•.2.s 4.'l..O 

5:11 /1,30

l5.~ 1.6.~o
30 ZB ~NT I< R

RE P.E DEAD Rr:
WALK WALK
-1-.'0D 7,'00
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VII. PIIARMAOODYNAMIO REilC'i:IONS OF 'l'HE LOCiiL ANAESl11HE'l"IOS 

IN THE SENSE OF ANTAOOIUSM AHD SYNERGISM

1. Literature _..,. .... ~,,,~ 

The role of novoce.ine e.nd of other local anaesthetics 

in the crises of spinal anaes.theaie. have already been 

mentioned. Despite the disoonoerting incidence of these 

mishaps, the mechanisms involved in the crises remain the 

subject of much controveI•sy. This account will concern 

itself with the antagonistic and synergistic phenomena 

relating to these drugs rather than with their involvement 

1n spinal accidents. 

Novocaine (procaine. hydrochloride) is nn of1'1o1al 

drug of the para aminobenzoic acid group; chemically 1t· 

is para-amino-benzoyl diethylam1noethe.nol. It dlf i'ers chiefly . 

from cocaine in properties, in its resistance to. boiling, 

its inability to penetrate mucous surfaces, its failure to 

produce habituation, and its problematical lower toxioity.,·. 

Eggles.ton and Hatcher (71) believe the.t novoce.ine is 

detoxioa.ted by the liver .With more promptness than cocaine.: 

It is well known that it does not lead to cumulative aot-

ion and that it is possible to introduce prodigious doses

1n anime.ls if they al"e administered slowly. The investi-

ge.tors just cited emphasized that its slighter toxicity 

in comparison with cocaine is only a relative matter de-

pendent upon the mode of exhibition. Both drugs are gen-

eral protoplasmic poisons by virtue of notions which no 



one hns a.a yet had the temerity to desorlbe. 

Isenberger (52) observed that, in spite of preliminaey 

barbiturate medication, novooaine _intravenously ndministei,-

ed to dogs in repeated doses of 200 mg. in 20% solution,· 

produces a. chs.racteriat1c drop in blood pressure. Fur,ther-

more he found .that, after preli.mine.ry sodium e.myta.l~ .•·novo-

·oaine slowly administered in 1% solution or i .n doses just 

ment.ioned failed to produce convulsions., Equally important 

are his observations that the fall or blood pressure aft.en 

novocrnine olosely paralleled and coincided with respiratony 

depression. If the depression progressed to complete .para~ 
~·- ,,··,,

lysis he found that the only necessary adjunct to 'c:Lrcul- · 

e.tory oompetency was adequate a.rtifiota.l respira.ti,on. He 

pointed out the earlier abolition of thoracic breatp.1ng, 

followed by diaphragmatic arrest follow_ing the lumbar.. sub-; 
; 

arachnoid inj eotion of novoce.:Lne. Likewise, he found .. so- . 

dium emytal effective in controlling the convulsive 1se,iz.~ 

, urea of novoca.ine after they . had developed. His vi,ev.rs :'. ~e-
. .

garding the untoward results w1 th novocaine in spinal, -an-

aesthesia coincide with those of Seevers and Waters (27J. 

They insist upon the respiratory character of the spinar 

anaesthetic crises, and in so doing are almost certainly. 

correct. 

Earlier, Hofvendahl .(72) remo.rked the utility of the 

barbi turn.tea in combating local anaesthetic poisoning. She-

aucceosfully used verono.l sodium in cccain poisoning .. 'lthe 



·a· ·_ t;t __ . v

utility of phenobarbital in this same regard was also . 

atteete.d by Guttman ( 73) •

T,e.tum and others ( '74) believe tha.t the ai te of the 

action of novooaine as 8. convulsant is cerebral• ReriCi8",a- ., ,, 

they used narcotics such as the barbiturates and pa.rnlde-

hyde to combat novoca.ine convulsions. On the oontrar,y. 

:Mori ta ( 75) found that the tole:ranoe of rabbi ts to 09oaine 

intoxication was not importantly improved by the extirp- . . , 

at ion of the hemispheres. Knoefel ,nerwiek, _and Loevenhart 
,. 

-· ( 76) found emytal prot·eoti ve sga.i nst locaf e.nae·sthetio:s -

·wherea.a magnesium is synergistic with these drugs 1n --their 

,depressant phases. Whate.ver the mechanism of the aotJon ; 

:it is a,lmoat a truism to state that sodlum amytal ia'J the. 

best drug to control the convulsions from drugs so dl.;"",

verse in character as cocaine, picrotoxin, and s'.tryohnine. 

A curious antagonism between cocaine· and bulbocapnine 

was reported by Buchmann and Richter (77) who reversed- b·ulbo-

capnine catatonia in monkeys with cocaine. Their results, 

present an interesting possibility for the treatment/ 'C?f 

narco~epsy. 

Neither the hypothetical antagonism between ephed.rine 

and novooa.ine or between sulphocyanide and novocaine: has , 

·interested workers to the point of serious' attention••:. J __ _ 

In fa.ct tl1.e trend of the studies or the antagonism in · the 

first pair has been directed at the effects upon blood 

pi•essure. Hamet ('78) described an antng~nism between 

ephedrine end novooaine with reapeot to ·the action of 



the former upon blood pressure. 

·rn this study experimental evidenoe he.s gradually 

accumulated which seems to discloae,at least in isolated. 

cases ,an interesting synergism between ephedrine and .. novo ... · 

caine against the barbiturates with respect to the effects· 

of the latter on consoiousness,1n addition to a frank 

outspoken antagon.ism bet\veen them in the ease of the .reap-, 

ira.tory paralyses produced by novocaine c1sterna.lly .inje.ct;.... 

ed. 

2. Pharmacodynamio behaviour of novooaine and of' -------- ----- - ----- - -
ephedrine introduoed into the filraat. cistern 

of dog~ E,q;?erimental results 

The experimental procedure is identical with that. 

used in the series where sodium amytal was injeotedtn 

the cistern. Only plain ether and morphine-sodium emytal. 

ane.eatheaia were used. The autopsy findings described 

in the sodium amytal series hold true in this series.· 

There is no reasonable ohemioal excuse for the interaction. 

of novoca.ine and ephedrine even when injected simultaneous .. 

ly dissolved in the same aliquot of cisternal fluid 

Group A. Results with morphine-sodium amytal anaesthe-

sia. 

In this group morphine, 4 mg. per kg., wa.s injected 

subcutaneously followed by sodium amyta.l ;50 mg. per kg., 

intravenously after the development of mol"phine action. 

The fatalities e.re listed in the following table: 



Controls- survived 5 

Intravenous 
ephedrine-survived 2 

Dead 1 

dead l 

Cisternal ephedrine sequentially 

survived 6 dead l . 

Oist.erna.l ephedrine simultaneously 

survived 4 dead 0 

The recoveries in the control group -seem more :certain 
thnn in the series using cisternal sodium amytal. The .ser~ 

ies la far too short to produce satisfying conclus:tons, but 

one would like to believe that the results grow out of: S. ·

slowly developing antagonism bet\veen novocaine and ·· sodium 

amytal which finds 1 ts expression in the mitigati.on of':.· :the· 
. I 

post experimental depression. The ttntagonism is well: known 

. , but 1 ts application to the problem of drugs> ·introduced, in- . 

to the "subarachnoid by Cotui (36) and ourselves is -new •. An · 

. uncritioal 1nterp~etation of the antagonism has cauaed 

many anaesthetists to a.void _preliminnry barbiturate med:L,.. 

cation before 1umbar unaesthesia beoause they feared that 

the barbiturate would annul the action of the reg1onaL :an-

aesthetic. Their. concern would better have been direct,ed at, 

the possibility of a strong depressive synergism w1.:th,,.the

relatively mnssive doses of the looal enaesthetlo confined· 

w1 thin the narrow limiting confines of the neuraxfa·. The 

ante.gonism is probably limited to thestlmul~nt aspects of 

the (c loce.l anaesthetic aotion and not to its depressllnt 
I
i

asp~,ats. 



The duration of respiratory. pnralysea in exper:Lments 

41, 106 10'7 using doses of 6 .3, 6 .. 3 and 6.3 mg. pet!, ... kg. -

of oiaternal novoos.ine after morphine-sodium emytaL .an- . ,., 

aestheaia was found .to be pO, 55, and 74 minutes respect-

, · ·ively. In experiments 37 and 122 after 5.5 e.nd 5.3 mg. per 

kg. of oisternnl novocaine durations or 28 and 50 minutes 

• respectively were obtained. 

In experiments 111, 112 and 120 u.si_ng intra.verioua-

ephedrine sulphate in doses of 2.9, 3.15,and 2.9 mg,; .,.per

· kg. respeoti vely after paralyses from cl sternal n()vooaine 

in doses of 6.3, 6.3, and 5.8 mg. per kg. respectiv~ly, 

respiratory paralysis lasted 120, 50, and 76 . minutes - :re-,

spectively. The durations after the injeotlor:i of the an-

- a.leptio were 114, 24, e.nd 69 minutes respectively. If any-

thing )these durations are more prolonged thnn those of ,the, 

controls. 

When ephedrine sulphate was a.dm1niste~ed ci~ter-nally 

its analeptio potency was unmasked. In experiments ·45 1 

48, 108, and 109 cisternal doses of 6.2, 6.3,- 5~3·1 and 6.2 

mg. per kg. respectively ,antagonized by cisterne.l doses . 

· of ephedrine or 3.1, 6.25, 3.1, and 3.1 mg. per kg. respeot-

1 vely ,Yielded paralyses of 14, 16, 18, and 18 minutes . . 

respectively. Even in experiment 44 in which 9.4 mg. per 

kg. or oisternal novooaine was antagonized by 3.5 mg. per 

kg. of oisterns.l ephedrine sulphate paralysis ltasted only 

11 minutes. 



Ji) 

20

IO 

0 Mu/Kc; 
NOVOCAINE 5.3 5,5 63 6.3 6.3 /7 
EPHEDRINE SULPHATE

£yPEP.IMENT /22 37 4/ /06 /07 32
CONTROLS

5.8 6.3 6.3 
2.9 Z9 3.15

/20 Ill IIZ
/NTRAVE/'1/0US 

EPHEDRINE SULPHATE

EFFECT OF EPHEDRINE SULPHATE UPON

TH£ DURATION OF RESPIRATORY PARALYSES
PRODUCED BY NOVOCAINE IN THE
PRESENCE OF SODIUM-AM VTA L 
ANAESTHESIA.

lorAL 0RDINATE-hTAL DuRATION oFR4RALYS£S

BLACK ORDINATE- fJuRAT/ON AFTER INJECTJON 
OF EPHEDRINE SULPHATE

I 
2.8 l.8 55 6.2 6.2 6.25 6.3 6.3 6.3 9.4-12.5 
2.8 2.8 5.5 3J 3./ 6.25 3./ Z9 3.15 3.5 2./ 

/65 /6435 45 /0948 /08 //3 /14 4447 
C1STERNAL

EPHEDRINE SuLPHATE
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In three experiments, numbers 113, 114, .and 1"72, cis-

terna.l dos ea of 6 .3, 6. 3, nnd 6. 3 mg. ·per kg. _were antag-

onized by the simultaneous oisterno.l injeotion of 2.8 mg. 

of ephedrine sulphate in each case • . The durations of pal"a.l.• 

ysia were respectively O, 16, and 4 minutes. Anslepsis by 

ephedrine is strikingly demonstr-ated in this series. 

Four experiments, numb~ra 164, 165, 166, and 169 

portray the anta.gonis:m or ephedrine sulphate in doses of 

2.8 mg. per kg. to novoon1ne in doses of 2~s mg. per kg., 

both cisternally. These experiments yielded· respiratory 

paralyses ·lasting 20-, 10, 6, and 4 minutes after the simul• · 

taneous administration of the drugs. The results of the , ex- . 

periments are not shown grnphioe.lly. The choice _of dosage 

of novooaine depended upon the exigencies of .experlmental 

prooedure quite ro·reign to the purposes of the other ex-

periments in thie group. These experiments were designed 

to test a hypothetical synergismbetween ephedrine e.nd 

novocaine. They will later be analyzed. 

'l~he oonJunoti val reflex is abolished by novocaine 

in a range of doses from 2.8 mg. ·per kg. to 17 mg. per kg.· 

Likewise, the pupillary reflex is abolished by the same doaea 

of. the same drug. The same is true for the forelimb.exten- · 

sor refle~. The return of all these .reflexes was apparently 

hastened by ephedrine either oisternally o~intravenously. 
The pulse rate after cisternal novocnine is decreased. 



Legend to aooompany condensed protocols on opposite page 

ixp. Time,. of admin-
istration and 
dose of morph. 
in- mg./kg. 

32 
3'7
41 
106 
10'7 

· 122 
111 
.112 
120 
35 
44 
45 
;4'7
;49
108 
i109
:113 
:114 
164 
. 165 
·1'72 
:159 
173 

9:45 A.M. ,. 4 
.11:ao A.M. 2 
11:15 A.M • .. 4
4: 00 P.•M• .. 4
8:45 A.•M. 4.
8::55 A.M • . 4
8:36 A.M. 4 
4:20 P.•M• ., 4. .
9t54 A.M. , 4

12: 23 P .• M. 2.
3 : 17 P.•M. , 4
4:30 P.•M• . 4

10:15 A.M. ,. 4 
4:10 P.M. 4 
4:29 P.M • . 4
8:39 A.• M. .. 4
9: 06 A.M . .. 4
3:44 P.•M• . 4.

11 : 42 A. M. .. 4.
9: 18 A.M. .. 4.
4:14 P.•M• ... 4.

10:54 A.,.M. , 4.
11:01 A.M • . 4 

Time of admin-
istration and 
dose of sodium 
amytal 1n mg./kg. 

11:00 A.M. 30 
· 11:25 A.M. 30 

11:25 A.M. 32 
4: 16 P .M. 30 
9:00 A;M. 30 
9:05 A.M. 30
8:45 A.M. 30 
4:30 P.M. 30 

10: 0'7 A. M. 30 
12:26 P.M. 30 
3:30 P.M. . 30
4:39 P.M. 30 

10:2'7 A.M. 35
4:20 P.M. 30 
4:40 P.M. 30 
8 : 4'7 A • M. 30
9 : 18 A•M• . 30
3:66 P.M. 30 

11:54 A.M. 30 
9:42 A.M. 30 
4:23 P.M. 30 

11 : 08 A.M• 30
11:13 A.M. 30 

Time 
initial 
1nJeot1on 

10:19 A.:M. 
12:32 P.M. 
2:50 P.M. 
5:00 P.M. 
9:20 A.M. 
9:27 A.M. 
8:55 A.M. 
4_:45 P.M.

10:14 A.M. 
1:10 P.M. 
4:35 p.lt(.
4:45 P.M. 

10:40 A.M. 
4:42 P.M. 
6:05 P.M. 
9:00 A.M. 
9:37 A.M. 
4:20 P.M. 

12:12 P.M. 
10:02 A.M • 
4:44 p.r~1. 

11:33 A.M. 
12 : 10 P • 1,I • 



c: !STERNAL NOVOCAINE:. 

'
£PH. ,tvovM1xED ··..sEo... EXTRA

EXPERIMENT 3Z -37 41 /06 107 IZZ Ill 1/Z /20 135 44 45 47 48 JOB 109 !I3 /14 /64 /65 173 /69 '7,,I~ /66
j 

DATE 7/z,8/JZ 8/9/JZ 8/30/11, 4/1/33 W-/8/33 ,j$jJJ 4jt:>j3J ~1/1f33 3/13/33 BA3/3Z 9Ffa 9Je/3z 9/upz 9jz7Ji 4/'3)33 4/14}33 4Pf33 1-f:s/o sf1l-u y2.f3 9/vjJ; 9/9/33 ~Ef35 9~.JJ.33 
I I I 

t

DoG NUMBER ZI 24 28 47 48 45 47 48 46 3.4 29 28 /8 24 47 48 47 48 64 63 G4- 6Z GZ 64·
WE1GHTAN°5Ex IZM 9f BF '87F /6M !9F '87f 16M 87f 9F 

l 
8.SfV BF IZM /6f 87Jv/ /6M 87M 16M //bf 146M ll.6F 9/M 9/M tt.bF

MG!KG.PARALYZANT 17 55 63 6.3 6.3 53 63 63 58 $5 94 6.Z 125 625 6.3 6Z 6.3 6.3 28 2.8 6,3 Z.8 Z.8
lv/o./ffo. ANTACiON1sr 2.9 3./!i Z.9 55 35 3./ ZI 6.Z5 3./ 3./ 2.9 3.15 2.8 2.8 2.8 2.8 Z.8 2.8 
TiME INJECTION PAR. 10:19 JZ.'32, Z!JO 5.'00 9::1,0 9;z7 8'5S 1445 /0.'/4 1l10 445 445 /().4{) 4'42 505 9:00 9,-:37 kt.20 !Z'/2 /tJ:oz /ZIC J/.'33 4.44 
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. There is probably little ,effect from o.ister.nal novo<J,aine . 

. upon the vasomotor center in the dos.es routi_nely used: in· 

. our experiments for the abolition of breathing. However, 
. when the asphyxia accompanying respiratory peralysi~ .. :rim,~'.' 

.. pinges upon the v~somotor center there i's a sharp decrease 
in irritability made manifest by a fall in blood-·,pressure • 

. Hill and MacDonald ( 79) prefer e.n ,expianation involv1-ng,,- ;the 

depression of an adrenaline secreting ~echanism but ,the· 

·e.sphyxial explanation seems straightforwa:r.d. 

Group B. Result.a obtained in the presence of ether .• , 

The durations of the controls in ·whiohnovocaine . wes 

. inj acted during light ether anaesthesia were little · ·shortei-

the.n the durations. of the paralyses when ·ephedrin~ vias , in-· 
' '

jeated after or with the depressant. The ether controls · 
were much shorter tho.n the controls s·ecur.ecl with moI'phlne 
sodium amytal anaesthesia. To support thes,.e conclusions 

'-the following experiments are adduced. 

In experiments 116 and 117 durations of O and27 min-

:utes respeoti vely were obtained in the paralyses · eve11tuat-
ing from oisternal novoca1ne in doses in the 6.3'. mg~'· :per,. 
kg. range. ~. ':-~.. } .' 

Cisternal novoonine was found to decrease the tsia:t ·< ,, , 
' • , .. ; pu~se oauaed by the ether anaesthesia.. Ii' 'ephedrine was 

edminiat·ered ,then the pulse rate remained uniformly high. 

The conjunotival: reflex and the pupillary reflex were 
t~oneto.ntly abolished by ciaternal novooaine. The forelimb 



' . 

extensor reflex is apparently not so constantly e.boli~µed. · 

The return of the conjunctival generally required from 40 

to 50 minutes whereas the pupille.ry reflex lagged fe.rbe ... 

hipd this time in restoration. The· forelimb refl.e:x returned 

very speedily. 

Conaciouaneas returned promptly after oisterne.l novo- · 

oa.ine. The dura.tion of true narcosis after doses in the 

5 to 6.2 mg. per kg. range lasted about 20 minutes. This-

fact may be related to the complete recovery of all animals 

in this group. 

Our observations with dog·s do not agree with those, of' 

. soupaul t ( 80) with respect to the e.bolltiori of· ·_consc·tousness 

in man after cisterns.l novooaine. He report't3d the· persist-

enoe of oon_sciousness during respiratory p'aralys1s in man. 

after doses or .100 mg. novocaine and doses of 60 mg • . ·or 
ohloralo.se oisternally. One is astonished by the temerity 

of a worker who introduced depressants into the human cis-

tern before the ncquisi tion of experimental data ·ori animals. 
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VIII. PHARMAC0DYNAMI0 REACTIONS OF CISTERNAL PI0R0T.OXIN 

1. Literature 

sufficient , mention has been made of the pertinent: '<.' 

published observations of the pharmacodynamio properties 

of picrotoxin. 

2. Experimental Results obtained, with Picrotoxin in ------ ---- ----- __ ,,., ----~ 
reversing dep!'essed states produced by cis,te~na.l 

Sodium Amytal 

The recovery of experimental animals after piorotoxin 

is extremely problema.tioal. This series of experiments 

suffers from this difficulty in that it has been impossibl~ 

to obtain drastic control experiments. , 

Six experiments are presented representing doses of 

picrotoxin from 0.023 to l_.? mg. per kg. There were three 

deaths and three survivals. The dose of 1.7 mg. per kg. 
is manifestly too large but it was given :before any exper-

imental criterion of the proper dose of cisternal. picro-

toxin was availe.ble. The experiment employing oisternal 

picrotoxin in dose o_f O .032 mg. per kg. after: sodium nmyte..1 

in dose of 5.3 mg. per kg.,cisternally,re·sulted · in death 

from pulmonary involvement whereas an experiment employing 

0.033 mg. per kg. of picrotoxin and 6.2 mg. per kg. or 
sodium amyte.l, both oisternally, led to recovery. : 

The animal which received 1.7 mg. per kg. of oiatern-

al piorotoxin exhibited after the return of spontaneous 
breathing a moat violent type of breathing. The action of 

the p1orotox1n was slow to assert 1tself in the faoe ;of the 



SO .\ .' , ,'I.VTES

70 

60 

50 

,.. 
40 

$!!
ti 
C, 

30 

20 

/0

0 Mo/Ko. 
Soo1uMAMYTAL2.6 6.2 6.3 6.3 6.4 7.l 7.2 ao 8.8 
ANTAGONIST DRuc; 

ExPERIMENr8l 88132 13453 66 79 64 54 
CoNTR.OLS

EFFECTS oF AcR0Tox1N(5ERtEsl)• J

CORAM/NE {5ER/ES 2) AND 
.) 1/4

CARD/AZOLE(SERIE.53} 05TERNALLY •

INJECTED UPON THE D'vRAT/ON OF 

RESPIRATORY PARALYSES FkoDUCED

BY CISTERNAL 00D!UM-AMYTAL
IN THE PRESENCE OF MORPHINE

50DIUM-AMYTAL ANAESTHESIA.

KJTAL 0RDINATE-ToTAL DURATION OF fARALY5ES 
BLACK ORDINATE- 01.JRATION AFTER INJECTION

OF ANTAGONIST DRUG.

5.3 6.0 6.2 6.2 6.311.3 
.032 .027.0JJ.055.0ZJ I.Z

/JJ /213 /29 149 /26 58 
P!CROTOXIN

6.26.3 6.3 
2828/8.3 

147/3/ /46 
CORAM/NE

a, .. 
1491 

99 

l.3 6.0 6.0 6.2 62 6.3 6.4 
.9 Z.3 8./ 2.8 212.022

72 125/36 124143 14214/
CARDIAZOLE



95 

large dose of sodium runytal (12 mg. per kg.) but the le.g 

we.a more orobebly associated with the poor diffusion of 

the p1orotox1n than with impotency of analepsis. The 

restored breathing consisted ot alternate periods of ap-

nea. and of hyperpnea. la.sting about 15 seconds. During. ap-

nee. the animal was drowsy and during hyperpnea, very alert:. 

There was evidence of strong olonus of the limbs with 

twitching of the fsciel muscles. In addition, there was 
twitching of' the neck muscles and occasional strong claw. 

extension. We assume that the mode of dissolving the 

picrotoxin in 101~ aqueous alcohol played no pa1•t in the 

train of events. 

The mode of death seems olear in its rel'ntion to the 

casualties earlier experienced. The jerky hyperpnea of mos.t 

alarming proportions could not possibly have failed to pro-

duce some trauma to the delicate pulmonary apparatus. tater, 

after the picrotoxin effect had waned, the animal was con-

fronted with the necessity of disposing of 12 mg. per kg. 

of ciaternal sodium amytal after the preliminary morphine-

sodium amytal anaesthesia. 'J~he dose of p1orotox1n was· cer~ 

tsinly momentarily capable or annulling the effect of the 

sodium amytal but its action was over too soon to rorestell 

the profound depression from the summated doses of the barb-

iturate. The momentary character of the efficacy of the pi~~o-
toxin is evidenced by the absence of convulsions. 



The death or dog# 57 in experiment 149 which received 

6.3 mg. of cisternal sodium amytal per kg. and 0.023 mg. 

of oisternal picrot.oxin in the presence of morphine-sodium 

nmytal ,e.nnesthesia. falls into a diffe'rent ·ca:tegory. ·Al- · 

though the pic:rotoxin was adequate to restore respiration 

it was not able to restore a, t:11uly competent . respiration. 
r

As long as five hours a.fte:r the _ return of spontane·o.us 

breathing, efioited by. the denial of artificial respiration, 

respiratory excursions were but feeble ·imd non-assertive. 

Despite the injection of ephedrine the animal died e.n acute 

respiratory death. 

No anime.L receiving more tbe.n 0;033 mg. per kg • . of 

cisternal p1orotoxin recovered. The results a.re not{ in-

cluded to lead to conclusions as to the potency of picro-

toxin in barbiturate ·1ntoxication but rather as a ·record 

for dosage of cisternal .picrotoxin, beoa.use is ·rs~ s.s we 

know there has as yet no dose of ciaternal ·p1crotoxin been· 

described in the literatur~. 

One animal exhibited after o1ste:rnal picrotoxin vio-

lent 1ntest1ne.l activity not accompanied by evaoua.tion. • 

In two other oases profuse salivation occurred.' The doses 

were in the 0.033 mg. per kg. range. The . inconstancy of 

appearance of this action is probably due to central de-

pression of the aalivatory mechanism in the cases where it 

failed .to appear. Crunp, ( 81) has been able to demonstrate 

that oardia.zole ce.n stimulate t,he aalivatory centers if 



the depth of anaesthesia is not great~ 

In all cases piorotoxin oisternally slowed the heart. 

The injection of 1 mg. of ~tropine intravenously effected 

e. reversa.1 of_ .this action which was probably due to oentral 

vagua ati.mulation. The slowing in all cases r1as a.dditiona.l 

to the ·slowing produced by oisternnl sodium amytal. · · 

Ciaterna.l picrotoxin in all the doses used· restored 

·almost immediately the conjunotival and pup111Eiry ·re:f'lexes 

abolished by cisterna.l sodium amytal. Herein picrotoxin 

differs from ephedrine because with the ·1atter the return 

of the pupillary reflex is, long deferred. This 'observation 

is in harmony with the observations of Chen (·82J who •des-

cribed the strong and la.sting ephedrine mydriaais which 

in our experiments deferred so long the return ·of' the 

pupillary reflex. 

Ciaterna.l. picrotoxin restored respiration abolished 

by oisternal sodium amytal about as effectively as did 

ephedrine and in dose a about ·· l/80 as large. The preathing 

restored by picrotoxin was not as well co-ordinated aa was 

that restored by ephedrine. Furthermore,with pfcrotoxin -

the: convulsive limits were more closely approached than 

'with ephedrine, a drug which in our experiments did 'not 
I

aho~ the slightest indication o:f' ' convulsive aatioit~· .. In 
I 

J.1.ddii tion the analepais of p1oroto:xin wes accompanied by 
! 

ca~diao depression while t~at of ephedrine takes place 
L1 , 

1ni:the presence of a profound ciroula.tory improvement. 



IX. PHARMACODYNAMIC REACTIONS OF OISTERNAL OORliMlNE 

1. Discussion of Published Observations of the ----- - ----- -------- - -
Actions£!'_ Cora.mine 

Ooramine was desoribed by Killian (83) as pyridine 

oarboxylic acid diethylamide. Bence it is a dialkylated 

amide of n1oot1n1c a.aid, quite soluble in water an¢l almost 

certainly a true chemical compound and not a mixture. It 

is advertised as a respiratory and cardio-vascular ana.lep-

t1c wh1.oh according to Oremels ( 84) produces elevation of 

the blood pressure providing there is competency of the 

vasomotor center. 

That coramine is able to break ·through ·the narcosis 

or e.vertin 1a attested by many exper1tnent_e.lista and olin-

_i ci ans. Killian (85) has adduced sufficient olin1osl 

evidence to make this conolusion inescapable. Moreover, 

Killian envisaged ooramine as oategorioally nna1ept1o to 

,depressions whateyer their causes. This oontention is 

strengthened by the observations of Braams(85) who report- · 

:ad experiments finding coramine superior to cardie.zole in 

stimulating depressed respiration. 

Tnrtler's experiments (62) also_ indicated the superi-

ority of core.mine over oarcliazole in analeptic value be-

cnuae the action of the former is asserted before the con-

vulsive limits are reached wherena potent doses of the lat-

ter appro.aoh that limit. This worker found that ooramine ant-

agonizes small and synergizes large doses of medinal. We 



suspect similar reaotion ·or ooramine with sodium runytal. 

That oora.mine mitigates the depression of cortical 

depressants such as pe.raldehyde and avertin,wheree.s it 

aynergizea those of the brain stem na.rootios such as pe.r-
. .

bi ture.tes and · chloral, we.a obs·erved by Mori tsoh . ( 61) who 

also found that ephetonin (synthetic optically inactive 

ephedrine) synergizea bra.in-stem narcotics e.nd· is actually 

a depressant in its own right fo:r deoerebrated rabbits. 

Both ephetonin and core.mine he found stimulant to the 

vasomotor center. Heppner ( 86) reported the ·ability of cor~ 

amine to break through pernooton-ether anaesthesia of re.b-

bJts and zunz (8'7) asserted that it stimulates the respir-

atory centers ofan1me.ls with denervated carotid sinuses. 

In his studies of the labyrinthine and other postural re-

flexes of rabbits Kohlhoff(88) described the antagonism 

0£ ooramine to respiratory depressants as limited to action 

against chloral and paraldehyde. 

The manufacturers of cora.mine, Ciba. and oo., have re-

cently marketed a double salt of ooram1ne oa.lled caloio-

ooramine in which two molecules ·of coramine a.re united 

with one of calcium sulphooyanide. suoh a compoundmight 

:integra.te the hypothetical e.naleptic properties or the 

sulphocyanide ion with the authentioa.ted properties of 

ooramine. Ohlmann (89) found this ne\V drug to -be a respir-
atory,oe.rdiao, vnaomotor, e.nd secretory stimulant with anti.-

inflammatory properties. 

Niedflnnoser (90) used core.mine prophylact1oally to 



rm;
facilitate the adjustment of the ~~spiration .during the 

\,;

narootization o·f maniacal patients'f' 
1

ne, emph,a.sized :the in-
t\ '. ·.· •. , .. ·· <· :

ab111 ty of the . drug to reverse thef t_rcosia in a.n~r ::t:rue 
sense and claimed its efficacy wa.~}, ~:x;istent both wi,th per-

nocton and with somnifen. He foun4 superior to lobeline 
/ I ;\ to whioh it is related chemiea.lly 1a{ncl recommended the use 

of doses of 250 mg. 

Maloney and Te.tum (91) pbserved the superiority of cor.-

amine over ca.rdiazole in reversing· the depression of cer-

tain narcotics and the total inadequacy of both in barbi-

turnte depressions. In view of the <fa.ct that the barbitur-

ates are solids of small chemical lability and greatly re-

sistant to detoxication as a consequence of their stabil-

ity,there is small wonder that analeptios can at best 

break through their actions in only the moat fleeting senst. 

In oompe.rieon ,drugs like para.ldehyde possess e. most _effect• 

ive renotion to detoxioation and are vole.tile liquids. 

2. Experimental Results with core.mine 

Oo·:ramine wa.s injected simultaneously with sodium-amy-

tal in the cisterns of dogs anaesthetized with morphine 

2 mg. per kg. and sodium amytal 30 mg. per kg. The dose of 

sodium nmytal,oisternally,with which coramine was caused 

to contend was uniformly 6.-3 mg. per kg. The dose o'f oor-

amine ranged from 18.2 to 28 mg. per kg. 

There oan be no possible chemical reason for the re-
action of ooramine with sodium amytal at the temperature ot 
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the body. Although the small quantity of lactic aoid oonta1n-

ed in the ooramine solution in the ampoules must affect tha 

pH of the sodium amyte.l solutions the change is too sma.11 to 

produce significant changes in solubility of the barbitur-

ate. It was necessary to reject one c. c. of oiaternal fluicl. 

and to supplant it with 1 o.a. of the oornmine solution be ... 

cause our supply of core.mine was in ampoule form. 

our feeling that the danger of convulsions from core.-
mine 1a remote we.a confirmed 1n this group. Since mixed 

drugs were administered we are unable to state definitely 

how coramine affects the circulation but we submit the 

provisional assertion tha.t cisternally it slows the heart 

less readily than does ce.rdiazole•. 

Assuming that ' the doses of oiaterna.l sodium amytal 

were adequate to abolish the oonjunotival reflex ( certain .... 

ly not a gratuitous assumption) coramine has about the 

same potency in restoring it e.s he.a cardiazo1e. 

'l'he unaui tabili ty of coramine for abbreviating the 

respiratory paralysis produced by cisterna.l sodium amytal 

is attested by the graphic comparison of the protocols in 

Figure 5 • Apparently ooramine a.ctually serves to pro-

long the duration of -such paralysis. Its potency in~e-

estnbl1sh1ng abolished reflexes 1s of a similar inferior 

order. 

our expor1ments with coramine nre limited in 

·because of the unpromising nature of 1.ts e.otion 

number

and be-



102 
· .. ·. :cause we , are :reserving .this drug for a futur.e. s·t ,u.dy in e. 

:more fundamental sense. The aisterna.l .aven:u.e of exhibition 

will be used. 
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:x.. PHAmrncODYNAMIC REACTIONS OF CI ST.ERNAL CARDii~·ZOLE 

1. Published Observations on the Pha!"nla.oodynamic ______ ..:;.....__ 
Reactions of Cardiazole 

The analeptio phases of the actions of aardiazole will 
be discussed in this section because despite its oompara."".' 
tive youth there, has sprung up since the publict1tion of the, 

;first paper describing its action by Schmidt, Hildebrandt 
ie.nd others ( 92) in 1926 ,a truly voluminous 11 terature. 

Gardiazole, which is marketed in the United States as 
:nM~trnzole" a.nd which 1a produced by the ohemioa.1 reaction 
of hydrazoio said with oyolohexanone is probnbly a true 
ohemioal compound . corresponding to the teohnica.l name, 
!J)entamethylene tetrazole. It is resistant to boiling and 
:is quite soluble in water, a fact which, in one sense, makes 
l'.f.t definitely superior to camphor. 

The consensus of German opinion is that it 1a amedul-
.. !le.ry stimulant. Tha original workers ( 92) asserted that 1 t 

:is quickly absorbed and not 01..unulative in aotion; that its 

.absorption is so great that suboute.neous doses sre about as 
eff1aao1oua s.s intro.venous; and that its efficacy after both 
modes of exhibition is of the same order a.nd in the same 
.rloaage potency. · They reported stimulation of the hearts of 

:frogs, rats,e.nd rabbits .both in normal a.nd depressed sta.tes· 

and the intermediation of cortical action in the case of 

:tts antagonism to morphine depreasi.on. 

on the contrary Strose (93) found that cardiazole action 



is not e:x.erted so markedly on the normal heart but rather 

upon the hes.rt depressed by chloroform.. Its stimulant 

action, he believed,was, exerted through an increase of 

blood pressure not manifested after d.eoapitation of the 

experimental animal, the frog, and also by a ls.sting vagus 

action. The cardiac acoelerator mechanism was unaffected. 

Asher (94) reported that in ra.bbita oardiazole is a oar-

dio-resp1ratory e.no.leptic but he e.lso reported the product• 

ion of convulsions by doses of oe.rdiazole much smaller than 

those of co:ramine effective in the same stimulant sense. 

Ce.mp (81) described the pe.rasympe.thetlc action of 

~ardiazole, a phenomenon which we too have remarked. That 

it stimulates the depressed respiration, he denied. Its 

central a.otion on the salivatory apparatus was not obtain-

ed in our experiments but Oamp ha.a already given sufficien~ 

reason for the failure of the s.otion in terms of central 

depression due to anaesthesia. 

Barker nnd Levine (95) reported . the inefficacy of 

onrdinzole to stimulate the oardio-respiratory systems of 

cats depressed by hemorrhage, quinidine.a.nd mineral 

That ce.rdis.zole is effective in reversing a.vertin 

nvrcosis is clear,but Janossy (31) pointe~ out ·,that 'its 

effectiveness in stimulating respiration depressed by the 

same drrug 1s problematical. The sense of our experiments 
is that its use to combat respiratory failure from depress~ , · 

nnts is probably quite unwise. 
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Ruef {96), after long alinioel investigation, reported 

the improvement of blood pressure even in moribund oases 

with the development of a. digitalis pulse after long ad-

ministration. Bucling (97) w.ould definitely place oardia-

zole in the p1arotoxin rather than in the camphor group. 

In his experiments he _was able to.mitigate both with ca.rd-

iazole and piorotoxin the depression produced by caffein, 
I 

a depression which 'rnrtler ( 63} had earlier described as 

produced in rats. 

'l~he usefulness of oardiazole in improving the circu-

lation yrna reported by Orem els ( 84) , who found its greatest 

utility in depressions a.ssoo1ated\v1th depressed vnsomoto~ 

. tone. Burg1 and Gordonof'1~ ( 98} found digitalis e.ddi ti ve to, 

oardiazole, providing the digitalis preparations Were free 

from dig1tox1n, a condition not easily achieved in view of 

the oapr1c1ous pharmaceutical chemistry of digitalis. 

Maloney and 'l:atum ( 99) found cardi azole distinctly 

inferior to core.mine :t.n antagonizing bar•b1turate depress-

. ion. David and VRreed ( 100) reported that aa11diazole pro-

duoes a transient stimulation of 1~he depressed heart ar1d

respiration after barb1turnte medication, but they pointed 

out that the effective dose is near the convulsive dose ancl 

that the ef'feot upon animals is not dependable, partioularl.y 

in o.ertain species. They could obte.1n predictable results with 

oats, in whi.oh animals Vlatt ( 101) found tha.t the effect ot oar-
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die.zole elicited vomiting in doses near the convulsent dos$ 

and that the action in therapeutic doees oons1sted of 

stimulation of the respiration and of e.otuaL. depression of 

·the isolated heart. Age.inst chloroform depression • they 

found oardiazole useless in eliciting oardiao improvement. 

2. Experimental Results with Gisterne.l Cardiazole 

Since the ?'esults with ·oa.rdiazole have been -very dis-

couraging of any promise for e.naleptio action in the resp-

iratory depressions produced by oisternal sodium amj'tal, 

only six experiments a.re presented. The .results a.re 'shown 
. . graphically in Figure 5 • 

Only morphine-sodium amytal anaesthesia ·was used. The 

oisternnl medication oonsisted of' sodium amytal in doses of! 

2.3 to 6.5 mg. per kg. mixed with oa.rdiazole in doses of 

0.9 to 2.2 mg. per kg. There is s~s.11 possibility of chem-

ical reaction between the oardiazole and the sodium ·amyte.l.: 

The doses of oardiazole were observed to produce 

striking functional modification and were for this reason 

considered adequate to produce any a.naleptio action :the 

. drug may possess. so potent were they in impairing the 

oircula.tion that aphedri.ne therapy was necessary 1n ·moat 

of the cases observed. Despite their untoward action on 

the circulation there were no fatalities· in the card1azole 

series. 

The most outstanding feature of cardiazole action 

after oiaterne.l exhibition wae the profound slowing of' the 
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pulse e.nd the speedy re-establishment of, the. corneal re-

flex. The slowing effect oorresponds nicely. with the pub-

lished observations or Camp (81),who found. oardiazole 

strongly stimulant to pa.reeympa.thetic structures. our re-

s~lts further .agree with Camp's in the fe.ilure ·of" the ati~-

ulation of the sa11vatory apparatus during deep anaesthesia. 

The pa.re.aympa.thetic a.ation of card1e.zole was further evi-

. dent in our experiments by the easy nnd speed'y constriotio:n, 

of the pupil dilated by oisternnl sodium amyt.al. 

An analysis of the data on respiration indicates that 

cisternal cardia.zole probably prolongs re.th.er than abbrev-

iates the respiratory paralysis produced by oist·ernal . sod-

ium amyte.l. 

The powerful action or p1orotox1n in producing strong 

intestinal movements waa found lacking incsrd1szole when 

injeat.ed oisternally. Me.king due allowance for the · ·slow 

diffusion of picrotoxin and the fast diffusion of oardia-

zole,we are led to oonolucle that the two drugs have much 

in .common but that cnrd1nzole 1s much inferior in activity. 

This 1s likewise .true with respect to the duration or nsr- · 

cos1s,a phenomenon which we believe was actually prolonged 

by oiaternnl onrdiazole. 



.XI. PHARMACODYNAMIC REACTIONS OF SODIUM THIOCYANATE · 

1. Published Observations of the Actions of sodium ----- ------- - - ---- -
Thiocyanate 

The only possible sanction f9r an attemp~ todemon-

atrnte an antagonism to barbiturates by sodium thioaye.n_a.te 

ia the work of Wilder D. Barnn'oft and his a._s,~ocie.tes {102b'.° 

·Their experimental work is based upon the assumption tha.t 

reversible deviation from a. normally dispersed oondition 

of the colloids of nervous protoplasm const.itUtes the sole 

effective mechanism of stimulation and depression of ner-

vous structures. 

The working hypothesis is obviously a repetition of 

the theory of Claude Bernard ( 103) and other investigators •. 

Bancroft and Richter {104) adduced experimental evidence 

-gained with yeast plants wherein the organisms· were na.rco-

tiz~d with amyl alcohol and later freed from narcosis by ·

washing and oentrifugalization. The plants wer,e oe.paole, 

after being freed from the narootic, of causlng alooholio 

fermentation and. of growth. When narootized,Brown1an move-

tnent was at low ebb in the organisms, but after washing 1 t 

:returned with its original intensity. These experiments 

nanoroft and Richter called e. great triumph for the theory 

of Bernard. 

Henderson and Lucas ( 105) objected vigorously to the 
l'ynonomous usage of the terms ttanaestheeian and "narcosis" 

by the Bancroft group. They considered his generalization 
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too sweeping particularly in view of the faot that few 

e.nimals were used and· that time for recovery, from earlier 

medication was not always permitted beforethe performance 

.of experiments. The reported improvement in breathing they 

believed could ··be explained by sensory stimulation. 

The most explicit necessity of the Bancroft theory 

is the insistence upon the role played by the proteins 

and especially by the albuminous proteins of the proto-

plasmic colloids of the nervous tissue. The lipoids are 

caused to assume a much less important role than they, play 

in the Meyer~overton theory. The latter theory has been 

ohe.racterized by Bancroft as a theory of transport'" and 

absorption rather than as e. theory of narcotic notfon. The 

11po1ds are reserved 1n the· Bancroft theory .to explain 

;phenomena not. expl1oe.ble in terms of the protein oolloidal 

·a.ggregat.ea. In vi~w of the fact ths.t for a.lkaline albumin 

the pept1zat1on by ions 1a achieved in the following order 

CNS > I:>- Br ;;,, N03 7, Cl 7' 02Ha02 of decreasing potency, sod-

:J.um aulphooyanide (thiooynne.te) with its relQtively harm-

less sodium ion becomes the therapeutic agent par excellence 

for dispersing reversibly agglomerated.nervous colloids. In 

f1cldi tion the dispersing power must be considered in relation 

to the 1on1o environment in which the narcotic coagulation 

bas taken place. 

The sodium ion although 1.t is inferior to oa.eaium, ru- . 

b1d1um nnd potassium e.a peptizing agent is used because 
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the other ions are cardiac poisons.Multivalent cations 

are also more serviceable as peptizing agents but they 

are also protei~ precipitants. 

Since there ia no reason to suspect that ingestion of 

thiooyanates might lead to cyenida intoxication .the most 

damaging bar to thiocyanate therapy is removed.. Bodansky 

(106) assigned to thiocyanate the mechanism: of detoxioe.tion 

or cyanide. 

Bancroft (102) described the awakening of; a rabbit 

from sor:Uum nmytal sleep by the injection of l c.o. of 10% 

· sodium thiocyanate solution.· He believed that tt would be 

proved superior to ephedrine sncl caffeine and ~lso that it 

would be entirely free from harmful side-aot.1,ons~ Its chiet 

therapeutic use has been 1n the reduction of: ~yperter1sion 

o.nd it h'-ls been known to produce maniacal epia~des. 

Bancroft considers doses of 450 mg. per. kg. harmless 

for rn.hbits. One wonders what effects such doses might 

have upon prote1nnceou.s systems 0th.er than .the nervous 
structures. No dottbt the a.lbu.min content of such ex.tra-

nervous structures is often higher th.an the . content of 

nervous protople.sm.· We ha.ve found that the exh1b1 tion of 
thiocyanate leads to sever6 gnstro-inteatinal upsets and 

possibly to trophic ohonges in the maxillne. 

The colloidal theory of anaesthesia. of ·this modern 

school hfls been br-oa.dened to include drug addiction, ana-

phyloxis, shook, and the psychoses and tt hna enlisted tl:l.E!
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co-operation c;>f psyehia:trists .• Under the cond:t.tions 
.,

specified by the theory ,Lnng and Po:t~rson (107) have at-

tempted to classify psychoses in terms of dispersmon and 

agglomeration.-. Thus catatonia beoa.me,in their thinking,a. 
dispersed phenomenon while epil~psy became a ·congulated 
phenomenon. Bancroft calls ephedrine e. dispersing agent 

· for albuminous systems in the a~kaline range and as such 

it should be the treatment for epilepsy. 

The drug bulbocapnine produces typical· oa,tatonia in 

experimental animals.· In terms of the Ba.norof't theory 1 t 

must be a dispersing agent. Bancroft induced bulbocapnine 
( 108) into animals experiencing mnytal narcosis, e. t'Ypica.1 
agglomeration narcosis, without. effect. 

The use of thiocyanate in psychosis led, Ba·ncrof't to 

recommend the th1ooyane.te marketed by spectfio manufaot-

urer. The recommendation elicited e. not unmerited rebuke 

in the Journal of the American Medical Assooie.tion ( 109). 

In spite of the unquestionably over-sanguine ··state-

ments of the Bancroft group 1 t must in .all fairnes 's ' ·be re-

·membered that these , workers were responsible .for the ·re-

Juvene.t1on of muoh pharmacologio th1n_king with 'respec't to 

the causation of ne.roosis • 

. 2. Experimental Resul ta with Ciaternal Sodium Atnyta.l 

!!!2. Ciaternnl Sodium Thiocyanate 
This series of experiments does not include controls 

obtained on the same animal but a proper comp~rlso~ we.a 
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furn1.shad by the multiplicity of controls secured in other 

groups .of experiments. The fragmente.ry ohe.raoter of this 

aeries grew out of. our unwillingness to invoke in. exper-

imental t.mimal.s the post-experimental lethargy and dia.r ... 

rhea which we have observed in some of our enimsls tt.fte:r-

massive thiocyanate therapy:, particularly when tbe drug 

produced auoh discouraging results as an ane.lept,fc in be.r-

biturate depression. 

It 1a believed the.t the f1veexperimenta pr-asented 

indicate the inability of thiocyanate to. tibbreviste re-

spiratory paralyses after ciaternal sot11um amytal. In 

each case about 6 mg. per kg. of sodium amyta1: were in-
jected cisternally which 1n each case produced respiratory 
paralysis. 

In Experiment 156 after the production of respil~e.tory · 

pa1•alysis by 6 mg. pe:r kg. of sodium amyte.l oisternally, 

40 mg. per kg. of sodium thiocyanate was injected in the 

aa.phenoua vein. This animal never recovered the spont.a.neous 

Elb111ty to breathe in spite of ephedrine medication. 

In experiment 158 after the production of' respiratory 

paralysis by 6.0 mg. per kg. or oisternal .a.odium amytal 

followed by 6.3 mg. per kg. of' thiocyana.te,apontaD:eoua 

respira.tion returned 80 minutes after 1 ts onset and 73 min-

utes aftor the injection of the thiocyanate. 

In experiments 160,161, e.nd 162,ernploying 6.3 mg. pe~ 

kg. or ci atermil sodium amytal followed by 12. 6, 12. 6, and 
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25.2 mg. per kg. respectively of sodium thiocya.nate,total 

durations of respiratory paralysis of 43 .,35, . and 90 minutea 

respectively were observed. The duration after. the proposed 

analeptio medication were 29, 31, and 83 minutes respect-

ively. 

One property of sodium thiocyanate which seems to give 

some promise is its ability to reinstitute theconjun~tiva:t 

reflex very speedily. About 15 minutes after, .the abolition 

of the reflex by sodium emytal 1t· was again functional when. 

ciaternal sodium thiooytmate was injected. · 

How much or, the e·rreot of sodium thiocyanate is 'de-

:pendent upon the alkalinity of its aqueous ·solutions 'we 

have not investigated. Sodium citrate produces. strong stim-

ulation of respiration as is .attested by Tatum (llQ}. Its 

~queous solutions are quite alkal~ne. Th~re ha~ be$n re-

cently in this locality a belief that the int:ravenous 1n-

Jeot1on of strong a.aids also produces strong stimula.'tion of 

of the respiratory center asphyxiated by CO or by natural 

gas. In a couple of experiments which are mentioned only 

incidentally we were unable to detect any shortening or 
• l,arbiturnte narcosis by the injection of l to 2 c.o. of 

JO% HOl intl"e.venously nnd quickly. 

iL.fter cisternal sodium thiocyanate administ.ered to 

dogs experiencing respiratory paralysis after the cLitern-
sl injection of sodium amyte.l there is little oh8.nge in 
pulse rat,e or in blood pressure e.a detected · by palpation. 



3. Experimental Results Oisterna.l sodium Thio-

cyanate Oisternal Novocaine , 

This series is the ea;rliest in the study -and contains 

the results of experiments 1~ whioh both d_o:aage and func-

tional modification were unknown quantities · •. some of the 

experiments were obtained with· broken doses of. the drugs. 

Apparently the, injection of broken doses . of novocaine 

oisterne.lly leads to the possibility of administering· 

quantities of drugs in the aggregate without .respiratory 

pnrnlyais which if added at once would produce proftiund 

paralysis. A possible explanation of this faot lies .in the 

ssaumpt1on that the speed and intensity of fixation of- the 

drug by the nervous tissue lies in the concentrnt1on gra-

dient obtaining between the oisterns.l fluid and the _nervous: 

tissue to which it has frnoeas. The nicety of experimenta-

tion has been appreoinbly lost by the necessity in the ear-; 

lier experiments of giving broken doses. To mark the time 

and the durntion of respiratory paralysis :1n}experinients 

:employing broken doses of novooaine the doses are summated 

and recorded as of the time of last injection. 

A comparison of duration of paralysis in the ,control 

experiments and in the experiments using cisternal thio-

oyane.te nfter the onset of paralysis suggests an antagonism 

t,etween the two drugs. The longest duration was 112 minutes 

obtained with 33 mg. per kg. or body weight of novoce.1ne 
antagonized by 50 mg. per kg. of sodium thlocya.nate. fhe 
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novooaine was injected oisterne.lly and the- t.hiocyane.te. -

partially cieternally and partially; intra.venously. As a. 

result of this pre.otioe which was also :follow.ed in other 

experiments in this ee:ries it haa been impossible to _rool!e 

a graphic ane.lysis of the protocols 1n this ·serie,s. In the 

tnbular analysis the . author has attempted t ,o estimate p~oper 

expression of the da~a. Hence the tabuiB.tions forthis 

group contain arb1trar:y not necessarily true recorded 

time . episodes for the injection of the antagonist, sodium 

thiocyanate. An accurate summary of the actual time and 

me.nner or exhibition of the drug is contained in the fol-
lowing table. 

- · ·- • . . ,, .

Exp. 29 Initial inj. NaSON 5: 50 P .M. cistern 8 ~-3 mg ./kg.
second.. " 11 6:05 P .M. vein .' 17 .o 11 n 

Exp. 31 Only one avenue--oistern 

Exp. 32 Initial inj. Na.SON 12:10 
second " ft 12:20 
third " Tl 1 :08 

Exp. 33 Only one avenue--aistern 

Exp. 34 Only one avenue--oistern 

P.M. cistern 
P.M. II 

p.ft1. vein 

Exp. 38 Initial inj. NaSCN 12:32 P.M. cistern 
second " " 12:37 P.M. " 
third " " 1:08 P•M• " 

Exp. 39 Initial inj. NaSCN 3:33 P.M. 
seoond " " 3:40 P.M. 

It 
tf 

16 ,mg./kg. 
8 . n n . 

333 n n 

6 mg./kg. 
6 u . . n 

12 n n

6 u 
' 6 tl_ 

n 

"
Exp. 39 a Only one avenue ·or exhibition--cistern 



An analysis of the da.tn in the experiments suitable 

for our purpose numbers 31,33,34, and 39-a ,, in which 

· cisternal doses of novooaine of 13.3,16.6,8.8, and ~3.6 mg • 
. . ,:~ 

· per kg. were antagonized by cisternal doses bf sodium 

thiocyanate of 13.3, 29, 17.6, and 35.1 mg~ . per kg. respect-

'. ively gives total durations of 15 ,112·,63, .. arid 23 minutes 

· respectively. The durations after the _ injection or -the 

thiocyanate were respeoti vely 5, 20, 56, ·and 20 minutes. 

These durations are aomewha.t shorter than those ob'tained 

· in control experiments in othe?' aeries employirig,it ;is tru$, 

different doses but smaller doses. · These experiments in-

dicate if' not an antagonism between thiocyanate and .novo-

oa.ine, at least, certainly, no synergism . s.a,. was ob.tained 

with cardiazole. 

Unfortunately, the recovery from p aralysls presumably 

brought about by thiocyanate is offset .by the po:it-exper--

imental lethargy and ge.stro-intestine.l irritations which 

the. drug produces. In addition, thiocyanate was observed to, 

· produce · spastic seizures of a. clon1o type •. ,In, experiment 42: 

. 1 t was found thnt the clon1o se1 zures were not produ.ced by 

inovooaine but rather by ·thiooya.na.te. The ·dog . in this exper-, 

.iment received only thiocyanate in the cistern in dose of 

.24 mg. per kg. , 

Thnt sodium thiooy~nate is reactive chemically with 

novooe.1ne ( procaine hydrochloride) in aqueous solution is 

,.quite apparent •. When oisternal fluiq C.Qnt~1n1ng dissolved 



Legend to aooompany condensed protocols on opposite page 
; Exp. Time. of admin- Time of ad.min- Time of 

1strat1on and istl"ation and 1-nitial 
dose .of morph. dose of sodium injection 
in m • ,k • run al in m • k • (ciaternal 

131 9:34 A.M •. .4 :40 A .M. 9:b A.M.
146 10:12 ..A .M., !¾ 10:30 A.M, • 30 10:44 A.M. 147 9:24 A.M •. 4 9:40, A.M 30 10:06 A.M. 
68 4:10 .P .M •·· 4 4:40 P.M. 30 5:00 P.M. · 126 9:51 .A.M •~ 4 10:10 A.M. 30 10:39 A.M. :128 4:02 ,P.:M •. .4 4:12 P.M. 30 4:23 P.M. 
\129 9:44 A.J.« •. 4 9:52 A.M. 30 10:14 A.M. 133 11:20 .A.M., .4 11:23 A.M • 30 11:51 A.M. J.49 10:43 ..A.M •. 4 ·11:01 A.M • 30 11:51 A.M. 

' t/2 9:16 A.M •. .4 9:39 A.M. 25 10:26 A.M. 124 2:5'7 ..P .M •-· 4· 3:12 P.M • 30 3:21 P.M. 125 10:25 A.M •.; 4 10!38 A.M. 30 10:52 A.M.136 9:15 A.M •. .4 9:26 A.M. 30 9:40 A.M. 141 9: 55 ,A.M •- 4 10:15 A .M • 30 10:48 . A.M.142 9:00 A.M •. .4 9:15 A.M. 30 9:26 A.M. l43 9:50 .A.M •. .4 10:04 A.M • 30 11:01 A.M. 
t9 4:10 P.M •. 4 4:20 P.M. 36 5:40 P.M. a1 9:25 A.M •. 4 9:35 A.M. 30 12:25 P.M. 

· 38 9:45 ,A.M •. 4 9:55 A.M. 30 12:00 M. 
53 9:3'7 ..A.M.,, 4 10:00 A.M • 30 10:10 A.M. 
34 12:00 M•. 4 12:15 P.M. 30 4:54 P.M. 58 11:35 ..A.M.,. ..4 11:40 A.M • 30 12:09 P.M. i9 3:00 P.M •. 4 3:15 P.M. 100 3:25 P.M. 

(barbital) 
39a 10;05 .A .M •~ 4 10:10 A.M • 30 ll:22 A.M. 
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novoce.ine wa.a mixed with sodium thiocyanate there wne ob-

served the precipitation of what was presumably the free 

procaine base. It was ahve.ys posai ble to dissolve the pre-

o1 p1 tated base,which formed at the zone of contact of thiO• 

cyanate crystals with the cisternal fluid containing dis-

solved novoonine,in excess of oiaternal fluid. 



XII:,. COMPARATIVE EXPERIMENTAL RESULTS 

1. Oompnrison PI_· the Effioacz . .2! Novooe.ine ·and Sodium 

Amytal !!!_~Production£! Respiratorz Pe.ralyais in 

.the Presence of Morphine-Sodium Amytal Anaesthesia 

In four control experiments, numbers 53,,88 ,132, and 

134 involving oisternal doses of sodium runytal of 6.4, 

6.2,6.3,and 6.3 mg. per kg. respeot1vely,reap1ratory para-· 

lyses of ?4.48,6'7, and 45 minutes respectively resulted. 

The average duration of paralysis 1s 58 minutes. In three 

control experiments, numbers 41,106, and 107,employing ois-+ 

ternal novooaine in doses of 6 .3 mg. per kg._, respiratory 

. pare.lyses of 50,55, and 74 minutes respectively resulted. 

The average duration is 59.6 minutes. Even in spite of the 

well authentio~ted antagonism existing betw~en novooa1ne 

and sodium amyts.l there is little difference in time of dur-

ation between the two categories described. 

Five experiments, numbers 49~13.8,_144,145, a.nd 148,em-

:ploying o1sternal sodium smyta.l in doses of 6. 7, 6 .4, 6 .3 

:6.3 and 6,2 mg. per kg. tollowed or accompanied by cistern-. 

al ephedrine sulphate in doses of 2.'7, 2.2, 2.0, 2.0, and 

l.8 mg. per kg. reapectively,yielded respiratory paralyses 

of .. 24, O, 8, O, and 13 minutes -respect! vely._ The durations 

$.ft'er the injection of the ephedrine were 16, o, 8, ·o, and 
I

l.f3 minutes respectively. The average duration l total) was 
i 'iii ~inutea. The. average du~ation after ephedrine was 7.4 

~fnutes. Six experiments, numbe:re·45, 48, 108, 109, 113, 
: ; 



and 114, employing doses of oisternal novocaine of 6.2, 

6.2, 6.3, 6.2, 6.3~ and 6.3 mg. per kg. respectively fol-
lowed by oiaternal doses of ephedrine sulphate or 3.1, 6.25, 

,. 

3.1, 3.1, 2.Q, and 5.1 mg. per kg. yielded respiratory pnru-
lysee lasting in- the total 14, 15, 18, 18, O, . and 16 min-
utes reapeotively. The average duration is: 13.7 minutes. 
The average duration after ephedrine is 10.3 minutes. If 
there are e.~y significant oonoiusione manifested by these 
data, they are that novooaine. is .about as ef'.f'ice.o1ous as 

sodium amytnl in producing respiratory psraly_sis and that 
ephedrine a.nte.gonizes o1sternal novooaine about e:s effect-
ively as it does cisternal sodium a.mytal. 

With maximum ~ose.ge the efficacy of novoce.ine to pro-
duce respiratory paralysis is apparently smelle·r than that 

of sodium runytal, providing that three exper-iments can val-
idate the assumption. Control experiment" number ~2, in-
volving 1'7 mg. per kg. of oiaternal novooaine caused a re-
spiratory paralysis of 74 minutes whereaQ e. sodium amytal 

experiment employing 8.8 mg. per kg. (number 54) caused e. 
:paralysis of 130 minutes. A similar control experiment, ' . 

;number 64, employing 8. 1 mg. per kg. of cisternal sodium 
·amyte.l yielded a paralysis of 300 minutes. The animal re-

;oeiving 8.8 mg. per kg. recovered while the one reoe1"v1ng 

8 mg. per kg. succumbed. 

With intravenous ephedrine sulphate as the analeptio 
the antagonism to oisterne.l novciosine is apparently great-
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er than the antagonism to oisternal sodium a.mytnl. In ex-

periments 121, 130, 134, and 139 paralyses of 22,210, 46, 

and 42 minutes reape~tively ware produced by doses of 6.3, 

6.0, 6.3, e.nd 6.0 mg. per kg. respectively after medication 
with ephedrine sulphate in doses of 2.9, 1.8, l.7, and 1.6 

mg. per kg. respectively. These figures represent tote.l 

durations. The durations after the injeotlon of the ana-

leptio were respectively 1, 195, 5, and 5 minutes. \'le a.tte 

not forgetting that the injections of the analeptic were 

made quite late in the experim.ento. In the novooaine 

seriea a.ro two experiments, numbers 111 and. 112, employing 

cisternal doses of novooaine or 6.3 mg. per kg. followed 

by doses of ephedrine -ot 2.9 and 3.15 mg. per kg. which 

yielded total paralyses of 120 and 30 minutes. The inter-

vals after the ephedrine were 114 and 30 minutes. These 
experiments are d:U'ficult of analysis but indicate an in-

ferior type of ante..gonism of' ephedrine intravenously. The 
potency against novooaine is apparently greater than that 

against sodium amytal. 

The proration of the experimental results to some · 
definite standard. is, of course, a highly apeouls.ti ve pro-

oed.ut'e. In our tabulated protocols, 're.ble 2, a column of 

prorated values is included in v1hioh the durat,ions; of 

respiratory pnralys1s are prorated to a hypothe.tiae.l dur--
ation which v1ould have been attained with 6.3 mg. per kg. 

if euch a linear relation obtains. 



When 8 control experiments employing .cistern.al sodium 
.amyta.l are prorated to 6.3 mg. per kg. ·of the c.ru.g, assum-

ing the linear relation of duration of paralysis to dosage,, 

an average duration ,of 61 minutes ·is obtained. Simll'arly, 
proration of the durations in -the novooaine experiments to 
6.3 mg. pe.r kg. or drug yields e.11: average d~ration or 51 

minutes. The res!J.lts are not ·at great var.iance with the 

results already analyzed. 

2 •. Reaul ts in the Presen·oe of Ether Anaestheate. . 

The proration or six control experiments with ether 

as the anaesthetio and with sodium amytal in the .Prorated 
dose or 6.3 mg. per kg •. (oisternally) yields an average 
•duration of respiratory paralysis of 20.3 minutes. Four 
novooeine expe~itnents with the same ~ne.e~thet~c. and similar: .. 

. ly prorated yield. an average duration of 15. 7 minutes • 

. 3. Conolus1on Derived from this section 

The sense ·or these prorated results is. that th~. pare.--

:lyais from novoca1ne is less profound · than that from. sod-

;ium• amytal under ether and sodium amytsl anaesthesia'. It 

tnust not be forgotten that variability in animnls .together 

with variability in experimental conditions m~y have been 
r-esponsible for the results obtain~d in the highly spec-· 
ulat.1ve type of analysis just employed. , If' the proration 

does possess merit it indicates that the ohoiae of dosage 
l>ased upon body weight may not be inferior to the choice . 
J"eoommended by Cotui, 23) • · 
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XIII.EXPEH.IMENTAL RESUL'l18 OBTAINED ON . TRE SA!i1E ANIMAL 

In this series are colleoted the date. obtained on 
the same animals. such de.ta. constitute oontrol results 

in the most absolute sense. Unfortunately, , j.,t was not al- . 
ways possible to achieve recovery art·er _the., ,production of 
the depressions necessary to the experimental procedure. 

. Figure 6 givea _, graphio representation to the protocols. 

The legend for this filgure is so extensive that it can 
not be reproduced contiguously to the :figur,e.. The tabul-

ated protocols which follow (; will se·rve e.s legend tor the 
figure. 

h Dog -~ ~- fema.le Total 
duration 

Exp. 89 morphine-ether anaesthesia · 
5.5 mg. per kg. sodium amyta.l 
in cistern 60 min 

Exp. 92 morphine-ether anaesthesia 
5.5 mg. per kg. sodium amy-
tal mixed with 2.25 mg. per 
kg. ephedrine eul. cistern 

EXP:• 96 ether anaesthesia- 5.5 mg. 
per kg. sodium amytal mix-
ed with l.? ~g. per kg. e-
phedrine--oistern 

EXP, . 99 ether anaesthea.1a-5.5 mg. 
· · per kg. sodiwn runytal fol-

lowed by 5.6 mg. per kg. 
. . ephedr1ne--o1stern 

O min. 

O min. 

20 min. 

After 
analeptio 

0 min •. 

o min. 

,These experiments indicate the ·ability- of ephedrine 

•~ld abbreviate the respiratory paralysis . caused by cistern-, i 

I. •·:nl sodium amytnl. The prolonged duration of the control 
1 . 
ex~er1ment hints at the ability of morphine to potent1ate 

I \ 

th~ dap:reaaion of the, oieternal sodium amytal. 
\
\
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2. Dog #..J:li, 19 k13. female 

Exp. 133

Exp. 122 

morphine 4 mg. per kg. 
sodium a.mytal 30 mg. per 
kg., anaesthesia. 5.3 mg.
per kg. sodium amyte.l fol-
lowed by piorotoxin 0.081 
mg. per kg.--cistern 

same e.naes.·a.s·above-5.3 mg. 
per kg. novooaine--oontrol 

Exp. 102 ether-atropine 1mg. anaes-
thesia- 5.3 mg. per kg. novo-
oaine mixed with 1.31 mg. per 

Total After 
duration a.na.lept• 

io 

29 min. 2'7 min. 

60 min. 

kg. ephedr1ne--oistern 26 min. 26 min. 

Exp.· lOl atropine I mg.-etlier anaes-
thesia--5.3 mg. per kg. novo-
oa1ne--c1stern--control 42 min. 

These experiments indicate the sens1~1.za..tion or the 

centers to depression from novooe.ine by thep:reliminary 

use or morphine and sodium nmytal for anaesthesia. Also 

they indicate the potency of ephedrine in combating the 

depressant effects of novooaine. Piorotoxin was given too 

late to lead to conolus1ona • 

. Dog # 46 8 .? kf:i. female 

[F.,xp. 120 morphine 4 mg./kg. e.nd sod-
ium runytal 30 mg./kg. anaes-
thesin--5.7 mg.Jkg. novocaine 
followed by 2.8 mg./kg. ephed-
rine in vein 

Exp. ll3a same anaes. as above-
4 mg. per kg. morphine 
sulphate in cistern 

);:xp. l04 atropine I mg. ether anaes-
thesia--5.7 mg. per kg. 
oisternal novooa1ne 

75 min. 69 min. 

o.m1n. 

14 min. 
These experiments indicate the role morphine plays 1n 

sensitizing the centers to depression. Note the great!"!



er duration of paralysis after morphine-sodium smytal e.n-

eeathesie. even with intervention with ephedrine than the 

duration in the presence of ether with no intervention. 
Total After 

!:. D013 #..£!._ 8.7 kS• male dura- . a.na-
tion leptio 

Exp. 123. ether a.naesthesie.-6.3 mg./kg, 
sodium amyte.l mixed with 2.9 
mg.·per kg. ephedrine-cistern O tnin. O min. 

Exp. 121 morphi-ne 4m~./kg. sodium am-
ytal 30 mg./kg. anaes.-6.3 
mg./kg. sodium smytal mixed 
with 2.9 mg./kg. ephed.-oistern 22 min. 2 min. 

Exp. ll8 ether "anaesthesia--6.3 mg./kg. 
sodium amytal cistern control 

Exp. 116 

EXp. 115 

Exp. 113 

F~p. lll

atropine 1 mg. ether anaea. 
6.3 mg./kg. novocaine cistern 
control 

anaee. same as EXp. 121--
2.9 mg./kg. ephedrine cistern 

annes.· same as Exp. 121,6.3 mg.
per kg. novocaine mixed with 2.9 
mg. per kg. ephedrine cistern 

annes. eame as exp. 121--
6.3 mg./kg. novooaine cistern 
followed by 2.9 mg./kg. ephed-
rine in vein 

:Exp. 109 a.naes. ea.me as EXp. 121--
6.3 mg. per kg. novooaine fol-
lowed by 2.9 mg. per kg. ephed-

1'7 min. 

O min. 

........... _

o' min. O min. 

120 min. 114 min. 

rine in cistern 18 min. 7 min. 

;Exp. 106 ans.es. same as FJtp. 121,6.3 mg.
per kg. novooaine in cistern 
control 55 min. 

These exper1inents indicate the greater potency of 

~odium nmytal in producing respiratory depression than that: 

or novooaine. The s.nalept1c properties of ephedrine age.inst· 

t1esp1J.latory de1,,reaaion produced by e1 ther 1a nleo clear. 
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Furthennore, the greater potency of ephedrine when it is 
mixed with the depressant than when it follows the depress-

; 

a_nt seems ·clear. No experiment designed as.Jt control for 
c1sterna.l sodium emytal is presented but one -experiment in 
which the e.nalept1c was given . late serves a.a a control. 
This experiment shows the greater ease or producing depress-. ,/ 

ions with oisternal sodium amyte.1 when e.pre-existlng sys-
temic morphine e.myta.l depression exists than .,that , when 
only an .ether depression exists. we should say that euoh 
a result is predictable in terms or our ee..rl1er analyses. 

The sensitization of the center to sodiwn am.ytal 
depression by preliminary morphine-sodium runytal has it's 

. , 

counterpart in the depression of the center produced by

novoca1ne o1sternally. The oomparat:1ve results embodied 
in the foregoing tabu,lat1ons strongly indfriate this fact. 

Finally,the inferior potency of intrave?lous ephedrine 
when compared with oisterns.1 ·1s clearly ·shown by our well 

···controlled data of the foregoing group. 

Exp. 119 

\FJCp. IP1 

16 kg. male -
atropine 1 mg. ether e.naes. 
6.25 mg./kg. sodi-µm amytal _ · 

Total 
duration 

cistern control 20 min. 
atropine i mg. ether anaes. 
6.25 mg~/kg. novooaine 
ciatern--oontrol 27 min. 

morphine 4 mg./kg .• sodium 
amytal 30 mg./kg. anaes. - · · 
6.25 mg./kg. novocnine mix-
ed with 3.12 mg./kg. ephed-
rine aul. cinternal. l6 min. 

After 
e.naleptio · 

-......... 

16 min. 



l.28 

5. concluded 

Exp. 112 

,}i_;,tp • 109 

Exp. 107 

same anaea. as exp. 114 
6.25 mg./kg. novocaine 
oisternal followed by
3.12 mg./kg. ephedl"ine 
in vein 

same anaes. as exp. 114 
6.25 mg./kg. otsternal 
·novocaine followed by 
3.12 mg. oisternal 
ephedrine aul. per kg. 

same ana.~s. as exp. 114 
6.25 mg./kg. novocnine 
control oisternal 

Total 
Dura-
tion 

30 min. 

18 min. 

6? min. 

After 
Analep-
tio 

24 min. 

ll min. 

. ...... -..... 
These results egein indicate t ·he pa.rt played by pre-

liminary morphine-sodium ·amytal depression. in e:stablishing 
respiratory paralysis after cisternal novoca.ine. Nowhere 
else in our results is the superiorlty of ciaterna.1 ephed-
rine over intravenous ephedrine so clearly shown. 
6. Dog# 49 8.9 kg. female 
~xp-:-T31 -morphine aul. 4 mg./kg. 

sodium e.mytal 30 mg./kg. 
. nnnea.--6.3 mg./kg. 

ciaternal sodium amytal 
followed by 28 mg./kg. 
cisternal ooramine 

. Exp. 129 

Exp. 124 

50 min. 

same ·a.nnes·. as F.JCP. 131 
6.3 mg./kg. oisternal sod-
ium amytal followed by 0.033 
mg./kg.oiaternal pioroto:xin 21 min. 
same nnses. as Exp. 131 
6.3 mg./kg. oisternel sodium 
omytal followed by 2.8 mg./kg 
oiaternal oardiazole 139 min. 

25 min. 

18 min. 

132 min. 
These expeT'iments show the superior potency of 

p1orotox1n to that of either core.mine or ca.rd1azole in 
t:r.b~revia.ting the respiratory ·paralyses of oistoi-·nnl sodium 



amyte.l. The potency of both corrunine s.nd oardiazole is 

pre.ctionlly nil. Perhaps they actually synergize the 

effects of the oiaternally exhibited depressant. 

Exp. 132 

Exp. 126 

male Total 
duration 

morphine 4 mg./kg. ,' 
sodium amyta.l 30 mg./kg. 
e.naea. oisterna.l control 

12.8 kg. -
6.2 m. k. sodium am t:al 

. same . e.naea. a.a Exp. 32 
6.25 mg./kg. sodium e.my-
tal followed by 0.023 mg. 
per kg. cistern pioro-
toxin 

6? min. 

21 min. 

After 
analeptic 

11 min. 

These experiments indicate very strongly the a.nal-

eptic potency or p1crotox1n a.gs.inst the respiratory de-

pression of oisternal sodium amytal. 

EXp. 141 

Exp. 138 

Exp. , 134 

ma.le -
morphine 4 mg./kg. sod-
ium amytal 30 mg./kg. an-
aes. 6.4 mg./kg. sodium 
nmytal mixed with 2.2 mg. 
per kg.oardie.zole cistern 67 min. 

same anaea. as foregoing 
6.4 mg./kg. sodium amyte.l 
mixed with 2.2 mg./kg. 
ephedrine sul. cistern O min. 

aeme annes. as foregoing 
6.4 mg./kg. sodium amytal 
in cistern followed by 2.2 
mg./kg. ephed. aul. in vein 45 min. 

67 min. 

, O min. 

3 min. 

The la.st experiment wna designed as a control but 
\

'th~ condition of the animal necessitated the late admin-
1isifration of ephedrine by vein. It can serve as a control. 
!l

t.ri,;~ee reeul ta bring out the auperiori ty of ephedrine over 
I I

09/?1:diazole ea on anslept1o for reapire.tory ' clepreaa1ona 



produced by depressant drugs. Quite possibly oardia.zole 

intensifies the depression. 

12.3 kg. male -
Exp. 156 morphine 4 mg./kg. sodium 

amytal 30 mg./kg. anaea. 
6 mg./kg. sodium anryta.l 
oisternnl followed by 40 
mg./kg. NaSCN in vein 

Exp. 139 

Exp. 136 

same anaes as Exp. l66 
6 mg./kg. sodium amytal 
in cistern followed by -
1.6 mg./kg. ephed.sul. vein 

same anaes. as F.Xp. 156 
6 mg./kg. sodium amytal 
in cistern followed by
8.1 mg./kg. card1azole in 
cistern 

Total After 
duration analeptio 

never could breathe 

42 min. 5 min. 

70 min. 58 min. 
The . sense of these results is that osrdiazole does 

not materially shorten the respiratory paralys1·s produced 

by oisternal sodium amytal. Even intravenous ephedrine. 

which we have shown to be poorly eff1oao1oue,1s superior 

to oi_sterna.1 cardiazole. There also exists the suspicion 

that cnrdiazole actually deepens the depression. 

19_. Dog #-E.i 12 .3 kg. female 

Exp. 144 morphine 4 mg./kg. sodium 
amyte.l 30 mg./kg. ans.ea. 
6.3 mg./kg. sodium amytal 
mixed with 2.0 mg./kg •• 
ephedrine in cistern 

Exp. 142 some anaes. as foregoing 
6.3 mg.per kg. sodium 
amytel mixed with 2 mg. 
per kg. card1azole-c1atern 

13 min. 13 tnin~ 

?9 min. 55 min. 
These results are indicative of the superiority of 

ephedrine over cardiazole as a respiratory analept1o. 



The suspicion still exists that oa.rdia.zole .aotually deepens 
the respiratory depression from sodium amytal • 

'.Exp. 151 

male -
morphine 2 mg./kg., ether 
ane.es.--6.3 mg./kg. sod-.

Total 
duration . 

1um amytal mixed with 2.0 
mg./kg. ephedrine in cistern 33 min 

. . , P1.fter 
e.naleptio 

33 min. ------~----i~----~----~------------· :EXp. 145 morphine 4 mg. kg. sod um 

Exp. l43 

amytal 30 mg. kg. anaes.-
6.3 mg./kg. sodium amytal 
mixed with 2.0 mg./kg. of 
ephed. eul. in cistern 

same e.naes. ns Exp • . l45 
6.3 mg./kg. sodium amytal 
mixed with 2.0 mg./kg. oard-
ia.zole cistern 

0 min • . · O min •. 

99 min. 92 min. · 

Thia aeries yields a longer duration after morphine 

ether anaesthesia tha.n after morphine-sodium amytsl an-

,aesthesia. in the presence of similar med1oe.t1on •. This con-
; ,.

stitutea a dilemma which_ we ah.all not attempt to. explain 

because there is no explanation e.t hand. The result with 

cardiazole is in harmony with our earlier findings.that 
, '

·oardiazole does not assist in the abbreviation of respir-

atory depressions resulting from oisternal sodium amyte.l. 

:Exp. 148 

Exp. 146 

ma.le* -
morphine 4 mg./kg. sodium 
emytal 30 mg./kg. anaes. 
6.3 mg./kg. oisternal sod-
ium amytnl mixed with 1.9 
mg./kg. ephedrine sul. 

same anaea. ns . .foregoing 
6.3 mg./kg. sodium amytal 
mixed with 19 mg./kg. oora-
m1ne cisternally 

13 min, 13 min. 

131 min. 131 min. 

Tho duration of rospiva.tory par&lys1s after 0011&;mine 
~;. ExpAr1ment #l 152 was rejected 
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is ten times as long a.a the duration after ephedr.ine ,11th· 

the dosage or ephed~ine one tenth as large as the dose 

of coramine. Results · like these cause us to suspect that 

core.mine also seems to · deepen the depression of the resp-

iration caused by ciaternel barbiturate. 

ma.le Total After 9 kg. 

Exp. 149 morphine 4 mg./k. g. sodium .. 
amytal 30 mg./kg. anaes. , 
6.2 mg./kg. sodium a.mytal . 
mixed with 0.056 mg./kg. 
p1orotoxin in c1sterD: 

duration ane.1eptic 

Exp~ 14'7 same a.na.es. e.s foregoing 
. 6.2 mg./kg. · sodium amytal 
mixed with 2?mg./kg. oora--
mine in cistern 

I

16 min. 16 min. 

114 min. ·114 min. 

Picrotox1n is manifestly a. better analeptic .than 

coramine which seems in this dosage and in the . light of 

earlier results actually to potentiate the depress~on of 

c1 sternal sodium nmytal. 

male 

Exp. 155 morphine 2 mg./kg. ether 
anaes.-6.3 mg./kg. sodium 
e.mytal in cistern-control 

EXp. 150 same ans.ea .. e.e Foregoing 
6.3 mg./kg. sodium e.mytal 
mi:xed with 2.3 mg./kg. ephed-
rine sulphate cisternal 

57 min. 

25 min. 25 min. 

Ephedrine 1s shown by .these results to be antagonist- • 

io to the oisternel sodium amytal used to produce respire.~ 

tory pnrolyeis in the face of morphine-ether anaesthesia. 



XIV. ACUTE EXPE;n!MEN'l1S
1. Experiment # 10 April 2~ 1932 Do~ ll..JL .12 • 5 kg• 

male -

This experiment depicts the failure of respiration 

after aubarachnoid novooe.ine at the lumbar level and its . 
spontaneous return s.fter a preliminary inadequate .. attempt 
to breathe. Only that .portion of the tracing (. Figurer;? ) 

showing the last two events is :reproduced beonuae_ the 
tracing ie too lengthy for complete reproduot~on. , 

Anaesthesia wa.s invoked by subcutaneous morphine 
sulphate, 4 mg./l<g., .and intravenous sodium amyte.l, 30 mg. 
per kg. The conjunct1valreflex persisted after ane.esthes-
ie. • 

.. Novocaine in 5 %solution was introduced· into <the 
lumbar aubsrachnoid in e. ·dose of 3.6 c.c. at 2:41 P.M. and 
a dose of 2.4 o.c. at ..3:38 S,.M. Respiratory paralysis un-
like the che.rnoteristio paralysis after lumb8r novoos.ine 
which first involves · the intercostels and then the. phren-
1os set 1n at ~:53 P.M • .Accompanying it the 1nit1a-l carot-
id blood pressure of 108 m.~. of mercury fell to a level 
11 ttle a.bo,.,re the zero ·mark without e.ny preliminary, e.sphyxi.e.l 

-~ise. Artificial respiration restored the blood preas~re 
to '70 m.m. or mercury • 

. . subnrnchnoid NaSCN in 1 c.o. doses of 6% solution was 

j.njeoted into the aubarachnoid lumbar space at 4;23 J>.M., 
4:: .24 P.M.·, 4:26 P.M., 4:30 P.M., and 4:36 P.M. The in-
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jeotiona were followed by alight increases in blood press~ 

ure preceded by small prelimina.ry deore_asea. Pulse ~re-
quency wns not materially modified. Intra.venous NaSCN, 
10 c.c. of • 5% solution, was injected at 4:48 p.M. and l gm •.

of.the same drug in 5 o.c. or saline at 4;59, P.ALa 

The lumbar aubarachno1d method of exhibition involVi??,g 

e.s it does the necessity of diffusion to the central struct-
ures before .the manifestation of the desired respiratory 
parnlytic nction,1.s manifestly unsuited to test· in e.. qua.nt-
1 tat1 ve sense either .the e.bili ty to produce such p ere.lysis · 
or the .ability to mitigate its severityo Cisternalexh1-
b1t1on produces immediate clear-cut quantitatively meas-
urable results. · 

,_ .In the tracing (Figure ? ) are shown three s1gn1f1-

ce.nt events. These events occurred very late in the , exper-
iment after the animal had been experiencing respiratory 
parnlyaia for at least two hours. At 6:45 P.M.{#32) arti-
ficial reapirition was denied the ~nimnl to teat ~ts abil~ 
,1 ty to breathe. There was a small fall in blood-pr.assure 
'Which after a sho1--t plateau became very profound 1n spite 

of the return of a species of inadequate breathing. At 

5:4'7 (#33) e.rtificinl respiration was supplied after which 

the blood pressure arose to a height fully 30 m.mlt in ex-

cess of the lfwelled pressure prior to the denial of arti_- ,. 

.ficial reap111at1on. At 5: 50 P .M. the denial of artificial 
:respiration provoked the return of spontaneous breathing 
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At 6:30 P~M• tremors involving the forelimbs. and the 
neck were observed. They were ea.aily a.bol1shed, with ether 

in small quantity. 

Tha.t the sub-dural space was entered and that the drug 
penetrated into the aubara.chnoidwas evidenced by, the early 
loss of tone of the anal sphincter after the :, injection of 
novoonine. 

The animal was deliberately saorifioed at 7:00 P.M~ 
after the msintene.nce for one hour of s.dequete respiration. 
g_. Experiment 27 July 23 1932 DO££ # 16 male ilO k&• 

P1•eliminary anaesthesia was induced by subcutaneous 
morphine sulphate, 4 mg./kg. at 2:00 P.M. and -intravenous 
sodium amytal, 30 mg./kg. at 2:20 P.M. ~•he spinal needle 

-was introduced into the lumba.r sub arachnoid at 3: 60 P .M. 

The tracing is reproduced to show the gradual fall of 
blood pressure which accompanies the abolition of 1ntercoat-
al and, later, diaphragms.ti o breathing. ( Figure 8 >··} . The trao .. · 
1ng has been assembled in sections to give a serial picture 
.of events. 

At 4:28 P.M. (# 4) the deoreeae in respiratory frequen.-
I 

oy was compensated by nn increase in amplitude probably 
,euff.ioient to maintain the funotionnl competency of the 

ve,aomotor system. After the onset of profound novocaine 

action the respiratory .frequency again increased and the 
amplitude gradually decreased until extinction. 
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As might be expected there was no asphyxial ri e in 

bloo pressure ~hen di phragmatic breathing ceased be-

e use he va omotor ap aratus had lready become grad-

ually de res ed by th no aemia. con equent to the d -

or a d e iratory minute-volume. The existence of 

th nox emie. as evid nt .f'rom insoeation of th cyanotio 

tongue pe ph ry. The leg nd accompanying figure 8 up-

11 s tl nece ary to the inter retation of th1 

p 1m nt. 
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pressure, inferior to be sure to normal,· but not at all 

inadequnte for life. 

At 5: 40 p.M" nnd a.t 5: 50 P .M. 600 mg. of Ne.SON reapect-
1 vely dissolved in about 7 c.c. of saline at ee.ch injection 
were introduced into the lumbar eubara.chnoid. At 6:23 P.M. 
1000 mg. of the same drug dissolved in 7 c~c. of saline 
solution were introduced into the suba.rachnoid . ., , At 6:2? 

P.M. spontaneous dis.phre.gmatio breathing returned but art-
ificial respiration was necessary to sustain life. 

The animal died at 6:37 from combined circulatory end 
respiratory collapse which artifioie.l respiration was un-
,a.ble to circumvent. 

That the ·subnraohnoid wa.s entered was evidenced by the 
hind-limb jerk when the needle visa introduced and by the 
ab111 t,y to -remove spinal fluid. However, tb.ia experiment, 
experiment# 10 and. others not reported in this thesis con ... 
vinoed ue of the capriciousness of lumbar puncture tn the 
dog unless preceded by laminectomy. FUrthermore_,: the total 
inadequacy of methods using' divided doses of drugs for the 
production of measurable results wsa apparent • . 

female . 3. ~:iment fill Feb. 1933 Dog # 

Anaesthesia was induced at 7:40 P.M. by -ether 1nhal- -
stion preceded by morphine sulphate subcutaneously, 4 mg. 
per '_kg. and atropine sulphate, l mg. subcutaneously. The 
tracing ia unfortunately unsuitable for reproduction. 



sodium emytnl was introduced into the cistern in the 

follow:ing broken doses: 9:45 P.M., . 1'7.5 mg.; 9:47 P.M., 

l?.5. mg.; and 10:00 P-M~. 35 mg. The first injection w~s 

followed by a alight rise in femoral blood pressure and 

.a great deoree.se in respiratory amplitude. Respiration 

. nearly ceased. However, within one minute respiration 1m-

·proved. Following the first slight rise there was, as reapi"P• 

ation failed, e. ls.:rge asphyxie.l rise in blood pressure. 

At 10:00 P.M. 35 mg. of sodium ~yte.l were injected 

· into the cistern and respiration still persisted. At this 

time the e.nime.l had re.oeived 60 mg. of sodium amytal, or ' 

:7 mg. per kg. , a summated dose which in one 1nJeot1on. cis-

·ternally be.a always produced respiratory paralysis. After 
the. inj.eotion at 10:00 P.M. the expiratory phase was greQt ... 

. ly enhe.nced and w1 th the enhancement came a decrease of 

blood pressure from 150 m.m. to 90 m.m. of mercury. When · 
:the blood pressure had fallen to a oompeneated level the 
;inspiratory phaae of respiration returned after its temp-

orary deplet1. on. 

The oisternal injection of 25 mg. or sodium amytal 

at 10:15 P.M. was followed by respiratory paPalysis in 

e.bout one minute w1 th an attendant further deor·ee.ae in 

blood pressure. In spite of a manifestly heavy ether1z-

ation,blood pressure was slightly restored by a~tificial 

respiration. 
The pulse frequency increased after the first injection . 
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:from 126 to 1'76 as a consequence, possibly, of ,central 

·va.gus depression or cardio-a.ooelerator stimulati.on .• 

The improvement of respiration after the first in-
jection of sodium amytal was probably due to the routine 
:discontinuance or ether a.fter the injection.· The ,return or 

heavy etherize.tion later in the experiment was. followed by

a pronounced decreas,e in blood pressure. 

This experiment indicates the inndequ&oy or broken 
doses of depressants to produce pronounced effectawhen 
ciaternslly injected,even when the summ8.ted doses reach 
.adequate levels for single inj actions. 

This animal waa purposely aaorificed at 10:30 P.M. 
:It had previously experienced cistern taps but traumatic 

damage to the central structures we.a not disclosed by 
autopsy. 

4. Experiment 99 Me.roh 4 1933 Dot3 # 42 female~- · 
Preliminary anaesthesia was induced by ethe.r inhala-

tion e.t 10:18 A.M. after l mg. atropine sulphate auboute.n-
.eously at 10: 10 A.M. After the • introduction into the cistern 
or sodium e.mytal 1ether was discontinued. Early in the ex-
periment the ether depression was carried to great depth. 

The ste.bilized femoral blood pressure was 134- m.m. of 
n1ercury and the pulse freqt+enoy 168 per minute. In the 

early moments of etberization it was 210 per minute • . 

At 11:50 A.M. 50 mg. of sodium amytal were introduced 
j nto the cistern. In ep1 te of the satisfactory injection_, 



p ralys1s of respiration failed to set in immediately. With 

the hope of preventing pattalysis ephedrine sulphate, 50 mg. 

w injected into the cistern t ll:64 A.M. The tracing 

_igure 9 betok ns the approach of the paralysis before 

it was possibl to 1ntroduo the ephedrine. 'ro explain 

the aot that p r alya1 did occur after the injection ot 
e he rine on might invoke the explanations suggested by

right (13) nnd Schmidt (14} who interpreted the respire.-

tory d pressant eff ct of ephedrine in terms of circula-

tory ole.nges. The form r ascribed the effects to the wash-

ing out of carbon dioxide from the oentrirl areas; the latter 

a oribed the eff ct to reflexes mediated by the carotid 

sinus. e have discussed these phenomena lsewhere at 

gr tr l ngth. It 1 lo quite po sible that the an-

l tic ff ct of eohedrine ere not easily expressed in 

th re nc of d ep hr. We have already demon$trated 

th t d p t her inhibits the ch raoter1st1o pressor effect 
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of changes in vasomotor tone after the injeotio:n but be-

fore the injection of the ephedrine the respiratory che.ngea 
produced·. by cisterne.1 sodium e.mytaT were accompanied by

little if any impairment of vasomotor tone, a f'act . olearly 
demonstrated by the prompt asphyxial rise 1n blood press-
ure when respiration began to fe.11. 

It has already been pointed out that the· denial of 
artificial respiration for a period·of one minute. probably 
suffices to elicit spontaneous breathing provided -the 
paralyzed structures have eme~ged adequately from depress~ 
ion. In this experiment the denial of artifioie.1,·resp-
iration for periods of one minute alvvays produced a fall 
in blood pressure ss a. consequence, probably, of. c,entral 
anoxe.ernie.. The asphyxinl effects upon ·centers appen.r to 

fall, ·then, into two categories; those effects which a.re 

of short duration and which lead to aaphyxial •riae .in blood 
pressure and those effects which a.re of longer duration 
and which lead only to a fall of blood pressure. '11he ease 
with which ertifioial respiration restores blood., pressure 
after the termination of' the periods of abeyance of art1-
fio1al respiration argues, we believe, very strongly for 

the existenoe of very little impairment of vasomotor funo ... 

tion by the oiaternal injection of sodium amyte.l• in reaaonn• 
ble doe ea. · 

Pulse frequency waa increased about 9 per minute by

the oiaternal 1njeotion of sodium amyts.l, a phenomenon which 



in this case can bo explained by the difficulty of diffus-

ion of the drug in the e.lrendy traumatized cistern. tfl~ re-

fer to the changes caused by excessive fibrotic responses 

by the limiting walls of the cistern rather .than. to con-

sequential damage to the nervous struoturea. The animal had 

already experienced multiple taps. 

The duration of respiratory paralysis until 12:40 P.M. 

is longer than the characteristio duration. Possibly the 

duration would have been shorter but experimental.- d.iffi-

oultiea precluded the employment of the abeyance period 

in time to ascertain if the duration were a short one. 

'!'he animal was purposely killed with ether .st. the .· 

termination of the experiment and revealed no trauma. to 

the nervous structures at autopsy. 

5. Experiment 1Q.Q. Mnrch i DOE£ !2,. Female 20 .1 k3. 
Ether anaesthesia was induced by inhalation e.t 8:40 · 

A .M. after preliminary at:ropine sulphate., l mg. suboutan-

eously o.t 8:16 A.M. During etherization . th.e blood pressure 

wee 192 m.m. of mercury and the pulse frequency 200 per 

minute. 

After the injection of 100 nig. of sodium amyte.l into 

the cistern at 9:52 A.M. respiration faded out ~n .three 

minutes. The oonsequenoea of depression were manifested 

in gradually decreasing amplitude rather than in ohnnge in 

frequency. Both thoracic and diaphragmatic breathing 
stopped simultaneously. Oonoomite.nt with the abolition of 
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respiration was a prompt rise in blood .pressure which' per-

sisted until respiration was definitely abolished, afte:r 

which the blood pressure sharply decreased. At .9:56 A.M. 

a.rtifioia.l respiration was brought into. play but the blood 
pressure did not reach its former height. If this were 
the only record available one might be le.d t;o suspect that 

vasomotor depression alone v1~s responsible foi... .the lowered 

.blood pressure. However, since ether was suspended when 
sodium amytsl was . injected into the cistern the. fall in 
blood pressure may hn.ve possibly been caused by the with~ 

drewel of ether. After the cisternal injection of'. the·· 
sodium smytal the pulse frequency dropped to 185 per mtn. 

. . - . ' ' '

an:,. effect more probably caused by the w1 thdrawal of ether 
than to the effect of the barbiturate or most probably to 
the combined set of conditions. 

After the injection of ephedrine sulphate, 36 mg., 
cisternally the blood pressure climbed to the 200 m.m. 
level and the pulse frequency to more than 200 per minute. 

·IJ.'heee responses conduce strongly to the b .elief that both 

the vnaomotor a.nd the onrdio-aocelerator mechanisms were 

not significantly depressed or if' they were thr(t they were 

·easily amenable to annlepsis. 

The ·deprivation or artificial respiration at 10:07 A-M~ 

for a period of 40 seconds led to the return or spontaneous 
breathing after e total elapsed time or 15 minutes and 5 

minutes after the exhibition of ephedrine. ·The durations 
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crises arising in spinal anaesthesia. 

6. Experiment 103 Mer. 18 1933 Dog 46a Female 20.l kfS• - , --------- ------- .......... ......... ............... ............. ............. 
Ether anaesthesia was induced by inhslation, e.fter tha 

subcutaneous injection or 1 mg. atropine sulphate e.t. 10:20 
A.M. The animal was anaesthetized to the condition o.f 
sluggish conjunotival reflexes by 10: 45 A.J'1. iJlopd press-

ure under ether we.s stabilized nt 130 m.m. of mercury • 
. The injection of 100 mg. of sodium amytal into the 

cistern nt 11:52 produced respiratory paralysis in 55 sec..-
onds. Paralysis was preceded by diminution or bo.th amp-

litude and frequency e.nd the abolition of breathing- ."was 
unaccompanied by an asphyxial rise in blood, pressllre,. 

After the clsternal injection ether was discontinued 
but the cisternal _barbiturate produced an adequate nar-
cosis. Even after the disoontinu.ance of ·ether the: blood 
pressure failed to return to its initial· level in spit;,e 

of ndequate artificial respiration. The pulse frequency ' 
decreased from 200 to 190 per minute. Apparently<e.' mild 
degree of vasomotor depression prevailed ns well· a.'s an 

impairment of asrd1o-aooelerator irritability. 

The oiaternal injection of 20 mg. of ephedrine sul-

. phnte o.t 12:08 P.M. wne followed by e.n increase of blood 
pressure to 220 m.m. of mercury within four minutes. The 

;prompt appearance of ephedrine action conduces strongly to 
the belief thnt nt l~ast a. pa.rt of the effects of ephedrine 
ftre neurotropioally rather than mµ._aoulotropioally produaed. 
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The elevated blood pressure was well maintained until 

12:44 P.M. e.t which time the experiment .was terminated af-

ter the repair of the remoral breach. 'l'he animal was· .re-

turned to its cage for further use but,unfortunately,suo-
cumbed during the night. At autopsy there was cli-aolosed a 
wide-spread purulent br,:mcho-pneu.monia with hemothore.x. 

z. .. Experiment -~ Dog ,i2, me.le 20.l kg· Mar. ~,1933 

Ether anaesthesia was induced at 10:00 A.M. after ·pre ... 
liminary atropine sulph8.ta l mg. subcutaneously at 9:55 
A .M. Blood pressure was 150 m .m. of mercury and pulse fre- --

qnenoy was 210 per minute after ate.b111zat1on of the an-
·aestheaia. The reapirat1~n was 60 per minute and regular, 

rhythmical, and fairly deep. 

Ephedrtne sulphate wa.a introduced into the cistern in 

doses of 15 mg. in 2 o.o. of ciaternal fluid nt each dose 

p_t 10:68 A.M., 11:12 -A.M, 11:22 A.M., and 11:27 A.M. Dur-
·1ng. the period of ephedrine exhibition there we.a no press-

or effect, a fact which grows out of the deepness of the 

ether! ze.tion. 

At 11:30 A.M. the discontinuance of ether was follow-
ed by a substantial increase in.blood pressure, an effect 
which we do not support with a. reproduction of the tracing 
beontjse of limitation of apace. 

¼rter the removel of deep ether when an adequate 
;

blood; pressure had been secured, novooe.ine, 100 mg. , was
I 

injeqted into the cistern. The vehicle of exhibition was 
j \

/. 
I
I

! '·
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2 o.o. of snir t d cisterna.l fluid. Fifty seconds after 

t e inj . c ion of novoo ine at 12: 04~ P. • ther was oom-
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of the artifioie.l respiration. Because this effort to 
breathe was also an abortive one, the animal was e.g.ain 

respired artifioinlly until 12:32 p.M. when adequate 

spontaneous breathing appeared, despite artificial ven-

tilation. The short duration of respiratory paralysis, 

11 minutes, suggests that ephedrine behaves prophylaot·-

1 cally against novoonine depressions produced. oisternally. 

After repe.1r of the femoral breach the animal we.a , 

return.ad to its cage. Return to consoiousness was ex-

ceedingly rapi~ and recovery 11,aa complete. The animal 
regained the ability to walk at 1:30 p.M. 

8 •. Experiment M!Jl. g.Q. 1933 Dog il male 8.7 kS• 

Preliminary anaesthesia was produced by morphine 
sulphate, 4 mg. pet' kg. euboute.neously, at 9:06 A.M. 

followed by sodium amytal, 30 mg. per kg.,intrav~nously, 

at 9:16 A.M. Following anaesthesia, blood pressure was · 

stabilized at 120 m.m. of mercury with a. pulse frequency 

of 182 per minute. 

At 10:3'7 A.M. sodium ·amytal, 55 mg., was injected 

into the cistern in a 2 o.o. aliquot of o1eternnl fluid. 

Within 50 seconds breathing wa.s abolished. Coincident 
with the paralysis blood pressure fell 30 m.m. o~ mercury 

and pulse frequency fell from 182 to 132 per minute. There 

we.a no preliminary asphyx1e.l rise. Apparently the summated 
doses of eystemio and oieternal sodium amytal consituted 
a depressant threat to the irritability or the vasomotor 
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centers . 

During the eriods wh n artificial respiration as 

d- 1 d , th blo d pres ure fell to even lower levels but 

h re-institution of rt1fic1al assistance sufficed to 
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duce very -pointedly .to the view thnt either the. tone 

of the vasomotor apparatus is .little impairedin a fun-

damental sense or that the ana.leptio properti.es'.. '.ofi ephed-

rine with r.espeot to this appa.ratua are as great, as or 

greater than those with respect to the respiratio,n~ 

9. _Experiment ~, sept •. 1933, Dog §!· female 11.6 !<S•
Anaesthesia was induced by suboutaneoua morphine sul-

phate, 4 mg. per .kg., at 11:01 A.M._followed by. .sod;i-um

amytal, 30 mg. per kg. intravenously, at ll: 13 A.M. · Blood 

pressure was stabilized at 106 m.m. of mercury, ,with pulse 

frequency of -134 per minute. ·The heart-beat vrs.s regular 

and forceful. 

At 12:10 P.M. novooaine, 6.3mg. per kg., . dissolved 
in 3 o~o. of cisternal fluid, was injected into the ·cis-
tern. Respiration was abolished within one and _;one half 

minutes after the injection. Immediately after the inject-
ion the blood pressure arose to 134 m.m. or mercury. After-

the rise, the blood pressure began to fall at 12:11 p.f,t. 

and in l minute reached the- 60 m.m. level fromwhioh it 
was quickly restored to 135 m.m. of mercury by the aid of 
nrt1fio1al respiration. The pulse frequency increased to 
160 per minute but it attained a count of 200 per minute 
during the short aaphyxial rise. The increase in. pulse 

frequency is not ohar.noteristio for this type of exhibition 

or novooa.1ne. 
The adequacy or the circulatory system was not main-
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in blood pressure when · e.rtificie.1 re:at->il'a:tion. wa_s denied 

after the complete development of the effect of oisterna.l 
novooaine. 

At 12:50 the experiment _was terminated arid the femor-

al brenoh repaired. Consciousness returned .at 2:00 p.r.1. 

The animal made an eventlesa recovery. 
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XV. A POSSIBLE SYNERGISM BETWEEN EPHEDRilm AND NOVOCAINE 

The study of respiratory pe.ralysis . produced by c1s• 
terne.l novocaine and the s.bbrev1e.t1on of that paralysis 
led, 1n incidental fashion, to the conviction that there 
is, in addition to the antagonism between ephedrine arid 
novooa.ine, a. synergism between these drugs which finds ex- , 
pression in the reversal of sodium amyta.l anaesthesia even 
when the e.nneathesie. · 1s fortified by preliminary morphir1.e 
action. The conviction would be stronger if the qualita-

. tive observations supporting it were buttressed by con-
vincing quantitative evidence. The qualitative· evidence . 
consists of the exoeptiona.lly good payohio orientation 
and integration of dogs awakened from morphine-sodium am-
ytal anaesthesia by. the oisterne.1 injection of ephedrine 
and novo.cs.ine combined. The purposive behaviour of these 

doge we.a in every case much superior to that of doge awaken•."·· ·~·-

ed by oisternal ephedrine alone after the same ane.eethesie. • . 
The quantitative measurements of the phenomena pro-

duced results which were not only equivocal but evendam-
e.g1ng to the opinion provoked by the qualitative observa-
tions. In the table which follows ahortly,the· essential 
c1e.ta from eleven experiments are adduced. In these ex-
periments the dose of novocaine ·was in each case 2.8 mg. 

per kg. In the experiments leading to the impressive qual-
itative observations the dose was generally at least twice 
this dose. These latter experiments were not projected ~· ··. 



to etudy the return of oonaciousnees but rather for the 

specific purpose of measuring ane.lepsis of respiration. 

The data derived from this group of experiments are not 

considered meritorious of critical a.nal"ysis in a quant- -

1tative sense. 

Duration of Anaesthesia after the C1sterne.1 Injection of 
EphedrineSU.1ohate and Novooaine"'"Com'6ined .. 

Exp. Time from on .. Tim.e from in- Dose Dose
Number set of en.sea- jection of an- 'MOVO- Ephedrine 

thesia to oon- aleptic to oon- oaine in mg./kg-. 
sciouanesa soiousness m~·Lk~~ 

Dog 62 
167 229 minutes ............. oontrol control 
169 70 tr 70 minutes 2.a 2.8 
lr/1 . 94 H r17 n -- 2.8 
1.?2 58 11 3'7 11 6.3 2.8 
Dog 63 
168 420 11 control control 
163 28 fl 9 tl 2.8 
165 53 43 n 2.8 2.8 
Dog 64
1'70 145 n control control 
166 25 n 5 n =2.a
164 136 t1 118 n 2.8 2.8 

'l'he sense of these data is that ephedrine alone is 

responsible fo1~ the speed of recovery f'rom the barb1 turate·. 

nnrooeis. 

The study of possible synergism betwe~n novocaine 

and ephedrine is being reserved until we shall have gain-

ed auffio1ent skill in the interpretation of the data de-

rived from the observation of changes produced in the 

labyrinthine reflexes to Justify their employment. we are 
convinced that the observation of these reflexes furnishes 

the moat impressive approach to on nnnlyeis of the prob-

/ 
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lem of the reversal of nne.esthesia,. 

It is not improbable that some local anaesthetic 

· po~sesaing marked cortical aotion is more suitable for 

·combination with ephedrine to produce the reversal of 

barbiturate anaesthesia. Perhaps some quinoline deriva-

tive such as nuperoaine will be found to ·have · the praoper 

delirifacient properties combined with a resistance to 

detoxice.tion. cocaine would offer the proper degree of 

cortical stimulation but it is probably as easily detox-

icated as novocaine. 
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XVI. SUMMARY AND. ACKNOWLEDGMENT 

'llhe expedient of describing this study in sepa.rate 

chapters has obviated the necessity of a lengthy summary. 

However, it would seem desirable to reiterate in condensed 

form the purposes of this study and to describe compaotly 

the measure of euooess in their achievement. 

The most fundamental proposition tested in this study 

is the question of the antagonism between ephedrine e.nd 

sodium amytal. The existence of this antagonism he.a been 

assumed by certain investigators without the preliminary 

acquisition of impressive de.ta and has been obscured by

others who studied the activity of ephedrine as an antidote 

to barbiturate poisoning. Tha.t the antagonism exists par-

ticularly in the oase ot respiratory depression produced b·y

sodium amyte.l, has been demonstrated in this study:. 

'l,he equally important antagonism between ephedrine and. 

novocaine has likewise been demonstrated by our experiments. 

·rte existence has not been seriously questioned but its 

physiological interpretation has , we believe, been mis-

directed. Respiratory nnalepsis by ephedrine·, in oases of 

grave depression produced by the ciaternal injection or 
novoce.ine, seems to deserve strong emphasis. 

Concomitant ,v1 th the study of drug antagonism there he.a 

been sought an estimate of the utility of c1sternal exhibit• 

ion of drugs for the express purpose of pharmaoodynam1o ex-

perimentation. The conviotion that this utility exists has 
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:S tead1 ly grown. · 

Although this study hRs dealt more fully with the 
iane.leptio properties of ephedrine, 1 t hns also attempted, ill
in briefer sense, to demonstrate any analeptic properties of

coramine • . oardiazole, piarotoxin, and sodium . thi_ooye.nate. 

Only p1orotoxin seems to possess e.ny usefulness when cis-
:ternally inj eoted. 

The use of dogs rather ths.n rabbits, although the form~ 

·er are quite expensive, has seemed to lead nearer to the 

pharmaoodynarnic construction of meaning which must be sought 
tn evaluating the .-reaat1ona or drugs destined for human ad-
ministration. 

Throughout the inves.tigation the t11"1ter has worked 
under the most favorable cond1 tions of guidSnoe and co-op- · ,,,,,.:.,,,,,, 

.ern.tion. To Dr. R. M. Is_enberger and to Dr. o. o. '.Stoland 
the v1riter expresses hia gratitude for un.fe.iling kindness 

· nnd uns tlnt.ed patience. 'Po Mr. M. O. O e.rroll, of the Depart---... 

ment of Phannaoology, the writer owes a vast debt or grati•,· 

tude, both for hearty oo-opers.tion and .for the added benefit 
C>f Mr. Oarroll •s broad experience in animal experimentation. 
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XVII. CONCLUSIONS 
1. The oisternal exhibition of drugs constitutes an 

excellent mQthod for the study of phe.rmacodyns.mios. 
2. Ephedrine sulphate, especially v.rhen clstet'nnlly 

injected, exe1,.ts an antagonism to the depressant aations 

of sodium s.myte.l and of novoca1ne, when the latter are 
o1sternally administered. 

3. The respirnto ry nnaleptic properties of ephedrine 

sulphate are · .superior .to those of p1crotox1n in that they 

are manifested without the accompanying danger of convul-

sions. 

4. The respiratory depressant propert1e·s of' cistern-
ally injActed sodium smytal and novooaine .are enhanced by 

preliminary ~orphine or sodium amytal medication .or by a. 

combination of both. 

5. Depressions adequately profound to terminate breath-
ing do not nullify completely the ·intrinnic irritability o.r · 

the vasomotor apparatus even when the depressants, sodium. -

amyta,l and novooa.ine I come. into olose contact with l ta cen-- · 
tra.l regulators after oisternal injection. 

6. Neither core.mine nor oardiazole, in the doses used, · 
when cisternally injected, a.r.e capable of abbreviating 

respiratory paralyses produced by the cisternal injection 

·Of. sodium amytal. Indeed, they may actually prolong the 

, duration of such paralyses. 

?. Sodium thiocyanate has not proved either safe or 
effeotive as an antagonlst to sodium an1ytQl. -. 
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a. The central neurotroplo phase of ephedrine's 

pressor action haa bfJen demonstrated. 

·9,. Adequate artificial respiration e.loneseems 

essential to the maintenance of life during respiratory 

paralyses produced by the cisterne.l injeotion of' sod.ium 

amyte.l or of novooaine. 

10. A dose of 6~3 mg. per kg. o.f sodium amytal or of 

novooaine is aafely adeqtiat~ to arrest respiration in 

dogs when the drugs are cisternally injected. A dose of 

ephedrine sulphate>of.2.8 mg. per kg. is effective as an 

antagonistic stimulant and.is not at all hazardous. 

11. The repeated periodic oisterna.1·:tnjeotion of drugs 

in dogs 1a a feasible· procedure aooompanied by alight 

danger.ofmeningea1·1nfeotion. 

12. The oisterne.l. injection of ephedrine in the event 

of grave barbiturate poisoning merits thoughtful consider-

ation because ths.t.mode of. exhibition offers quick e.ooese 

to vital centers even· af.ter both oiroulation and respira-

tion hnve become prof.oundly depressed. 
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