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1.
I. INTRODUCTION |

Because the term "analeptic" is not used extensively
by American investigators it is necessary both to define it;g
and to show cause for its use. Neither Sollmen (1) nor
Bastedo (2) include the term in the indices of their text-
books. Ln ansleptic is defined by Dorland (3) and by
Webster (4) as a "“restorative" or a "restorative drug."
It is with the idea of restoration of respiratory'functiona'¥
in mind that the word is cﬁosen in preference to the wcrd‘ 
"stimalent." As an example of the use of the word, camphop ...
is descoribed as & "circulatory analeptic", = descriptién
to which European investigators would assent more readilyij
than Americean. :

Not all of the experimenta in thils study involved
the cisternal exhibition of drugs. However, sinoe some of
the preliminary experiments were instrumentsl in ahaping
the course of the study and since all of them ylelded ob-
servations of intrinsic interest, they will be pressented in
the experimental results. All of our experiments are essen-
tlally studies in drug antagonism.

Ofiginally, a more customary approach to the pfoblem
of antagonism between the barbiturates and certain étimulant‘
drugs wes contemplated. The experimental procedure involved
the modification of consclousness by depressants and a

subsequent modification by antagonistic drugs of the
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changes first produced. Elsewhere in the paper it will be
shown repeatedly that fhis pfocednre is very valuable‘and‘
not in the least unique. It fg en experlmental davice)uaed
by the founders of the sclence of pharmacology. The‘desir-;
- abllity of a study of the antagonism between barbituratee .
 and stlimulant drugs is apparent because, at prasent, no ‘
- drug has been proved truly efficacious in reveraing barb»?
| - iturate narcosis without prod&cing effects occaaionally :
‘mcre deleterious than the narcosis. The finding of a aatia-
factory antagonist would confer a boon upoen those who have
attempted to advance the use of barbiturates as anaesthe-%
tics, and upon those who are called upon to treat patients
experiencing the accidental and sulcidal’ crises consequenq
to the free snd untrammelled ssale of hypnotic drugs. ' ,i
The utility of the Magnus (5) reflex paﬁterns for‘tha
study of the duration of barbiturate action and for = com%
pariaoﬁ of the relative narcotic powers of varioﬁs barbit%'
urates is apparently more impressive than a possible utilé4
ity of these patterns for the study of analépsis'after %
barbiturate narcosis. In the hands of Eddy (6) the method?
employing the postural reflexes has vielded very signifi-
cant data comparing the hypnotic poteﬁcy of the_barbitur-‘
.ates avallable. The véry mode of injection cémmonly uéed
{intravenous), however, leaves much to be deaired in ex-~

periments assaying the activity of antagonists against

barbiturates. ilthough this is the inevitable consequence
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after intravenous, subcutaneous, oral qr inhalation exhib-

1tion of drugs, it is not the case after topical medica-

tion in the most rigorous sense of the word.

When drugs are administere& nonutoﬁically the maxi-
ﬁum dose never reaches ﬁha site desired,‘aﬂd to a 1imited
extent the same 1s true‘with topicél medication, However,
féuring the first moments after topical medicetion ( in the
ebsolute sense) it is pbssible to prdduce the full pharm-
acodynemic effect of all the drug administered. With any
other typs of medication thié is clearlyvimpossible.
Farthermore, with topical medication it is possible temp-
orarily td defer the effects of detoxicétion‘an& of ex-
cretion. This, too, is clearly impossible with any other
type of medication.

out of the dilemma of detoxication, dilution, dif-
ferential absorption, excretion and deyot effect some form
of topical medication offered the only solution. The pharm= -
acologic study of isolated nerve fibers or trunks of fered
itself as aﬁ expedient, an expedient whose necessity was
overruled by fortultous observation. |

This observation was the immedlate spontanecus return
of respiration after the intrathecal injection of sodium
thiocyanate in the subdural space of a dog experiencing

respirstory paralysis after experimental anaesthesis by

subdural novocaine. This surprising result called attention'
to the eligibllity of respiration as a function for use |

in studies of antagoniaﬁ;‘ﬁowever, the lumber tap method
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of producing the paralysié was. far froﬁ attractive. The
responsé to sodium thiocyanate in the éxperiment cited was
achieved after‘praliminafy ephedrine medicaﬁion,and after
a lapse of time progbbly‘fully adequgté to permit the
spontaneous return of respiration.kHowever;‘the observation
aroused ﬁhc hope that sodium thiocyanate might be réspoﬂ?'
sible, and it pointed out a phyaiological mechanism which

‘could by ertificial mesans, be at least partially divorce&
from the rest of the organism. :

With respiration selested s & function £o be modifmd f
and with tOpioal or quasi-topical medication explicitly
chosen, the cisterna magna suggested itself at once es &
possible avenue of drug exhibition. Its choice, it must be
admitted, was made with some misgiving because there is
st1ill some question concerning the continutity of‘the sub#
arachnoid with the ventricular spaces. Certainly the éxhibé
ition of drugs in the oistern constitutes an aoct which can
be performed with more nicety than lumbar tap can be effeat~‘
ed. Furthermore, the diffusion or circﬁlatidn of‘drugs
exhibited in the lumbar subarachnoid is not clearly under-
stood even by those who daily use spinal anesthesia upon
man. LeRiche (7) recently deplored the fact that spinal
anesthesla has 1nterested the physiologist far less than
it hes deserved. _ '

Respiration is rarely used in an explicit sense in the

study of drug antagonlom. lowever, it offers, a&fter ihe
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application of depressant drugs to its central}regulators,
-graded end crucial changes about whose reality there can
. be no mistake. Resplratory paralysis is such a change and
its duration is a measurable guantity. In this s£udj‘the
durstion of respiratory paralysis has been set up as the
criterion of depressant action\upon the~respiration‘and
reciprocally as the criterion of analeptic poﬁency.v 

It might be argued that incision of the‘atlantoéodcip~;.
ital membraneZWOuid offer an even surer épproach‘tO‘the
medulla. Although this is true the surgical proceduré 18
incompatible with the avalilability qf Animals for cohtrol
purposes. Even 1f the animals do surviva'after‘Such ﬁroced-;
ure, and there is little reason why they should not provide.
ed the operator is skillful and providing ovérd&éage‘is
avoided, there remains the almost inéviﬁablé obliteration
of the comparatively small cistern by the proceases.qf |
repalr. Indeed,the cistern ceases to exlst as such after
too many punctures even with the hypodermic needle. This
1s particularly true if bloody taps be ﬁade at any time.

The validity 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 thet the inject-"
lon of druga into the cistern'doés produce a éomparatively
high momentary concentration of the drugiin phé subarach-
noid fluid. Before the dissipation of the drug from the
subarachnoid cisternal fluid, it 1s epparent that there
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will be abgorption of some of the drug by any nervous
tissues in contact with subarachnoid fluid. The amount of |
absorption will, in all probability, be dependent upon the
concentration gradient between the fluid snd the nervous
tissue. | 4

It must also be borne in mind that oisternél exhiblt-
ion of drugs, because of greater concentration, praducés
localized functional modifications more profoundly than
does the intravenous injection of &rugs.’ 7

The study of the respiratory chenges produoed by
cisternal injection has convinced the euthor that this
method constitutes both a means of sacertaining the énalepez
tic potency of drugs and a possible mesns of clarifying the !
nature of the antagonism existing between drugs. These ,
studies do not presume to include the latter poasibiliiy,~
The method renders 1t possible to dlscover a syecies of
antagonism different from and in asddition ﬁo that species
of antagonism which operates by changes in other function—';.
el mechanisms besides the one deliberately modified, For
exemple, the antagonism betwsen sodium amytsl end ephed-
rine is probably partially due to an improvement of cif~,
culation. The sense of these studies i1s thet it 1s also
manifested at the site of the contact of ephedrine with the
narcotized central respiratory structures. Howéver, the

mode of action of ephedrine in this latter species of antage

onism 1s, at present, not at all clear.
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SUMMARY OF EXPERIMENTAL METHODS USED IN THESE
STUDIES
i Preliminary mxperiments

~ A. Experiments using mice to test the efficacy of
ethylene dismine as en antagonist to ether.

This series is veryvshort and quite unimportant.
It will be described in the results.
B. Observational experiments employing the study of .

modirication of reflex behaviour and of conscious-
ness by hypnotics and by stimulants.

In this group of experiments dogs were ansesthetized
elther with sodium amytal or with sodium amytal‘pﬁeceded
by morphine sulphate. They were permitted to regéin con-
sclousness and to assert their spontaneous ebility to
walk elither after intervention with certasin stimulants or
without intervention. Eﬁhedrine,‘coramine, cardiazols,picro=
toxin, and sodium thiocyanate were uséd to reverse the
depressions invoked in the animals.

Both consciousness and the postural reflexes are
elusive phenomena. They are stumbling—blocks‘in the hands
of eny except the most gifted investigators and‘have been
responsible for much of the conflicting testimony fagard-
ing drug antagonism.

2. Major Experiments Involving Observations of the Intact
ﬁnigﬁé.production of respiratory perslysis by the cis-
ternal injection of drugs. The mitigation of the par-

alysis by the cisternal and intravenous ingection of
anaieptics (antagonlsts).

- In this group the dogs were first anaesthetized to
fﬁ&ilitateentry into the cistern.At least three types of
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anaeéthesia were used: ether, morphine-ether, andimdrphina—-
. sodium amytal. After anaeathesia’tracheal tubes fitting
as closely as was consistent with the necessity of no
trauma to the larynx and trachea were inserted in the
animals. The cistern was then tappéd by a method hore ,
fully described in & later section. The desired drug was
dissolved in the aspirated fluid and re-injectéd in the
cistern., With adequate doses of depressants respivatoﬁy
paralysis occurred. The animal wes then artificially4re-
spired and, if the experiment was designed for control,

permitted to breathe spontaneously when it regainsd the

sbility to do so. The duration of paralysis was recorded..gp_

When the efficacy of an analeptic drug was to be testi~
ed, fluid was again aspirated end the analeptic dissolved
therein. Then the fluld was re-injected and the duration
of respiratory paralysis sgaein measured. In certain ex-
periments the analepﬁio and depressant were simultaneously
injected but in the greater number the'analeptic follcwedz
the depressant.

It was found possible to compare the duration of
reapiratory paralysis after different anaeathesias upon
the same animal. |

The safe-guards, whereby the varisbility of con-

ditions was remoVed, are described in the general dis-

~ cussion,

B. Experiments in whéch analeptics alone were inject-,
ed in the olstern . ‘




3. Acute experiments.

A.

B.

Blood pressure studies during respiratory paralvsia
produced by depressant drugs cisternslly exhibited.

This phase of the atudy ra§uires novdéscripﬁicn.
Femoral arterial blood pressure was me&éured.:

Blood pressure‘studies during raspiratory.paralysis

produced by depressants 1njected in the lumbar sub-
arachnoid. .




é%LATION OF EXPERIMENTAL TECHNIQUE TO THE MECHANISM OF
\ ' RESPIRATORY CAUSATION :

It 1s essumed that the ¥iews of Robert Gesell (8)
deaéribe best the chemical regulatibn of respiratioh. He
postulstes the exlstence of an acid metabolism of the resps.
iratory center unique and not identical with the acid met-
abolism of the rest of the body. The rste of formaﬁion of

~acid in and 1ts rate of transport from the center determine
the acidity of the center. Changes in the pH of the centér~ﬂ
rather then 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 carhon -
dioxide formed in living tissue, and since it controls the =
efficiency of transport end slimination of acid it conat1~ ~
tutes the normal and indirect regulator of pulmonary venti-.
lation,

The effects of lactic acid and carbonic acid are addi%
tive. They are excreted indirectly by way of blood from thé-
tissues and more directly by virtue of their formetion in
the respiratory center itself. |

Diminished oxidation in the respifatory center leads
to an accumulation there of relatively poorly diffusible
lactic acild and in relatively poorly buffered cytoplasm
and lymph no longer fully protected by the potential alka1~
inity of the blood, the dual function’being disturbéd by the

diminution of the redauction of hemoglovin and of the liber~ 
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ation of alkalilas it passes through the center.

By virtue of its own metabolism and its extreme
sensitivity to minute changes in its own hydrogen ion con-
centration, the respiratory center is sensitive to minute
changes in 1ts own oxgéétion and, therefore, to changes. in
the tension of oxygen in the srterial blood.

'The capacity of the cantef to respond to changes in
the srterisl carbon dioxide tension consequent to fluctu-
ations in the general metabolism, however, mﬁéﬁ alao be a
factor. |

In our experiments the animal was,‘as has beeﬁ‘stated,
respired artificially by periodic blasts from an értificial?
respirator. It is well known that excessive ventilation -
produces apnes, & condition depen&ing accordingkta Haldane :
end Priestley (9) upon the depletion of arterisl darbon‘
dioxide. Since the dogs used were of variable size and - - -
}since caennulation with a tightly fitting t?acheal éatheter v
was not advisaeble, the question of vériébie‘vsntilétibn at ;
once obtruded itself. Furthermore, there 1a‘great Qariabil?
ity in the operation of the res?irahor depenﬂing,upoﬁ .
getmospheric conditlions impressing themselﬁes upon the
length of the leather belt driving the respirator pump.
Proper inflation becomes, then, something more thaﬁ\a prob-
lem in the mechanics of the respiratory pump.;

Although we were aware at the outset of the advissbil~

1ty of running carbon dloxide studies of arterlal blood,
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we were equally certain that it was imposaible to control
the inflation from the findings‘of such studies. It would
heve been necessary to make the measurements and then to
adjust the apparatus in keeping with the anaiyaes. Before
this could have been done the animal would have been able
to breathe of its own accord.

Gesell (8) described u manganese dioxide elactrode
“with which the pH of blood is’aﬁtomatically registered;
with this appaeratus at one's dispossal it would~hava been
possible to control at least one variable quite accuraﬁely;
but with this device all verisbles would not have been
eliminated. |

The metabollism of the narcotized center is slsoc an
unsolved problem. There are, it is true, some data describ}
ing the metsbolism of narcotized tissue. Warburg (10) has;;
shown that nércosis inhibits fission of the sea urchin egg
but not its oxidation. This was confirmad;by'Lcebrand
.Wasteneys (11). Winterstein (12) has shown thasat 1& the -
central nervous system depressed by alcohol‘ﬁhare;is
Increased oxidation.

If the metabolism of the respiratory centef'is gréat—@
ly depressed by nafooais then it is quite pOSBiblé thaﬁ'tha
production of ecid therein is at such a low ebb thatfconé
centrations of darbon dioxide in arterial blood ef even
major proportions may be unsuccessful in eliciting respir-’

ation. This speculation assumes, of course, that there is
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‘1ittle diffusion of carbon dioxide,into the*canteﬁ,:ﬁurtheq}

it assumes'that‘the'normal réle of carbgn diox1de, in the
SiOOd,:in provdking respif&tion depénds upon the fact ﬁhat,
,1t3 concentrstion in the blood inﬁibits iis'transport'out ;,
of the cells of the respiratory cehter. Tﬁis possibility
}is far fﬁom unthinkable. On the other hand, if ihﬁ ﬁeﬁab-l
olism of the center is increased by nércosis thanythe,levelh
- of cifculating carbon dioxide might be dnbelieﬁabiyylow
and still respiraﬁion would’réSult from éXcessive concentréu
tion of metabolites in the center itself. Indeed, the facﬁ”~~
‘of nafgosis may even produce changes in the oentef Tfevoring™ "
a.diminishad oxidaﬁion, and at the ssme time an 1mperméabil~
‘1ty of the cenfer to gaaas.4Under such conditibns_respirédP‘«.
tion could‘not.result until the narcotic concehtration,in e
the center had been so.reduced that permeability had again -
réﬁurned, and that 6xidation nad assumed 1té nermél uhnar-'_ -
- cotized level. These speculations. are not:submitted és
tentative interﬁretations of narcosis of nervous;tiséue
but rather to show how difficult it is’to set up“propef :
6riteria to test the irritability of a center emerging frbﬁ,
narcosis.

We hnve measured the carbon dioxide level in circulat-
ing arterial blood end are led to believe from our data
that respiratéry response is possible under greatlywaiffeﬁ;
1pg concentrations of carbon dloxide in arterial biood; Vie

do not presume to assert but merely suggest that the'abol;
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1tion of spontaneous respiretion by our method may be very;
valuable in the study of the fundamental regulation of
réspiration._,_' | 4

In the measurements of arterial carbon dioxide}blood
wes drawn from the femoral artery under oil and was
analyzed for carbon dioxide without permitting the access
of ailr. The anélyses are in no sense alkali’reserve determ-
inations. | | | |

Natufally the results of such anélyses will be vari-
able from animal to animal and even from day to day depend-
ing upon the slkali reserve. The important informstion to ;‘
ke gainéd from these dute is thet the actual carbon dioxida],
content of the arterial blood has been caused to fluctuate .
hy verying tha!inflation. In general ,the carbon dioxide ccnnﬁ-
‘tent 1is somewhat}lower during inflstion after anaesthesis
than the level dur;ng unanesthetized spontanéous,breathing. ,
The carbon dioxide level in arterisl blood sfter one minute.
nbeyance of artificisl respiration is as hkgh as thé normal.
level and often as high as the level While‘thg énimal
spontaneously bresthes uﬁder.morphine-amytai anaeathesia
or ether anaesthesia. The latter level is slightly higher
than the normal arteriél carbon,diaxide in the unaneathe-
tized dog.aponteneously breathing.

- The tabulated results give only corrected volumes

percent and not the actual volumes as read in the van slyka

tpparatus. The results and computations have been checked
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by ﬁwo,persons and are thB fesu1ts'of consistent findings
in which a'eheck:was aecured:inkallJGXGept a few cases..

. Sometimes animals wgfa.Qbéerved to breathe after
paralysis in response to‘leyela,evén aubgnormal for the
animal. Such data giva a aense‘of aecurity iﬁ the validity
of the ohoice off the one minute pericda ‘as adequate for
eliciting spontaneous respiraticn in tha artificially
respired dog. In some caseg‘the animals were patently over
inflated for various reaséﬁa; Tﬁe data 1h such cases in-
{dicate the accuracy cf the obaervera’ ‘Judgment of over-
;inflatien. A i 4 }

!{ E When combined with the other criteria mentioned in the
g&Peral ﬂiscusaion these findings lead one to the inescap~- -
)dgle oonclusion that the results of theae-experimente can
in no’aense be depandent upon relative degrees of acapnia :
conaehuenﬁ to variabla 1nflation. The fect that in only

one inqtance wasg it 1mp05s1b1e to sacure braathing af'ter

5bavance of artificial respiration strengthens one's con-

viction. This case 1nv01vad an animal which never was able ..

/

ultimataly to breathe under any ccnditiona.

It must also be remembared that in normallv respiring
animala the respiratory center is functioning and thsat
volevs of impulses are originating in the center‘ The
meta%olism of nervous tiaéue is not high but 1ts oxygen

needsaare_gr@at.-aust what happens in a nercotized center

with ﬁespcct to the metaboliam consequent to the,praductr
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lon of these volleys is entirely unknown. ‘ o
Confronted with the necessity of choice of some defin-

1te standard to test the return of sponténeous breathing
and cognizant of the perils of assphyxia to centers, we
were forced to adopt & procedure which would minimize varie~
tions in the automatic capacity of the breathing mechanism -
consequent to overventilation and at the same time to min~
imize the dangers of agphyxia} damage to animals whose sur-.
vival was earnestly desired. Qur choice was not the.conu R
centration of carbon dioxide in the blood nor was it the
concentration of oxygen in the blood. Indeed, we were force&
to forego measuring oxygen content becauée it demanded add-..
itional arterial punsture in the animals. Qur choice wés’
the intefruption of artificial respiratioh for periods of
bne minute with the animal so ventilated that an additionai&
ebeyance of artificial respiration wouid lead to & guick-
ening of the pulse and the sppesarance of cyanosis in the

rucaus surfaces in the periphery of the tongue. Often we
lengthened the period of abeyénoe of artificial,respiration,
¢énd were able to elicit respiration. In this connection wa‘,
have found that under all conditions of ventilation the
respiration elicited by withholding artificial aié from the .
¢nimal for pericds as long as one and one half minutes :
produced, if it did so produce, respiration entirely inade-
cuate for 1ife. By using this expedient we have experienced

the unnecessary loss of enimals. When the respiration re-

turned efter one minute's abeyance the animal was génarally'
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sble to respire adequately. |

Abeyance of artificial respiration for one minute is,
we found, sufficient to restore abontaneous breathing in
animals ffankly overinflated. However, it is not difficult
to give an inflation which approximates normal. This is
'done by obgerving thé thoracic thrust of the animal when
normally breathing and approximabing it with the reasplrator,
taking into account, of course, difference in fréquenéy be-
‘tween the machine and the normsl respiratory response. It |
must also be borne in mind that w;th\a loosely fitting
traéh@@l catheter the inflstion of the lungs depends partly
upon their inherent elasticity. Under such conditions therm,v
is ample avenue for escape of air around the catheter, a
fact which makes for 1nf1ation similer to the normal.

In the presence of an unquestioned acapnia produced
by overinflation, artificial reapiration haa been denied
animals as long as two minutes. Under such conditions thera:
was invariably a8 rapid decline in pula? frequency after
8 preliminary asphyxial increase. After the decrease the
‘femoral pulse baéame quickly impalpablq and cardio-circulaa,:
tory collapse with ihtense ¢yanosis supervened. Recovery |
from such collspse was easily produced,by reinstitution of
artificial respiration if action was taken'promptly. The
sense of such observations 1s that the arbitrary choice 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 appesrance of a first abortive
thoracic or diaphragmatic movement haa been selected as &
crucial chronological observation. In the case of coramine

disooncertingly sbrupt diaphragmatic movements were often
‘obsorvvd' in the intact animal spontaneously breathing

. coramine was observed to produce hiccoughs. Manifestly,

such mislaading movements do not constitute true raspiration.

In the tabulated data the results obtained are based‘:
upon deniasl of respiration for one minute pericds..Aithough,
early in tha;reSpiratory depression neither one minﬁﬁe nor
longer sufficed to elicit respiration, very late in the |
respiratbry.depression‘the additional time often did‘suf-
fice to produce respiration of inadequate ch&racter.

Rarely reapiration provoked by one minuta s denisal
was inadequate but i1f it chanced so to be then the animal
was agaln respired until a subsequent oné minﬁte den1a1 of -
arﬁificial raspiratioh produced adequata'breathing; In con;
nection with the phénomanon of inasdequate respiration the
protocol of a striking experiment pscul&arly related to
this phenomenon is adduced. | ‘

Experiment 148--Dog # SéyJuly 29, 1933

This animal was snaesthetized with éﬁbeutaneous;
morphines sulphate 4 mg.per kg. and intravenous aodiuﬁ
amytal 30 mg.per kg. Into its cistern 25 mg. ephedrine

sulphate and 84 mg. sodium amytal were introduced
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simulteneously and well mixed with the subarachnpié fluid ..
by washing in and out. That the cistern tep was good was
evidanced by the ability to 1nj¢ct and withéraw:fluid‘at
will. The enimal continued to breathe for six minutes.

In spite of en apparently'adaquaté'respiration the an-
imal ceased to breathgvabruptly; With tha‘ceaaationAof
respiration came complgta cardio»&éscular collapsa with~
impalpable femoral or precordial @ulsa aﬁd'with tcfal Ab-
olition of reflexes. No cardisc movements could be felt
through the neadle~8yringe assembly. Artificial resp--
iration was immadiatelv instituted and adrenalin, l c.c..
ofvl/looo,‘1ntroduced_1nto the heart. After a short per-
iod‘of‘brecordial massage the heart‘siarted‘tn best and
;wighin one mihute the circulation had Eegun to 1m§reve.
Witbin’four minutes the hind-limb extensor jerk céuid be
elicited. In about six minutes the protruding eyes had
ﬁécodad and the reflexes had improved. The animal m&da
\@n eéentlcss recovery. |
ﬁ  ‘{fOne more, fact regarding this experiment merits es- .
9pacidl consideration. The animal was, after its cardio-
reapiratorv collapse, patently over-inflasted for obvious
freasons. In spite of the over-inflation the animsal
breathad thirteen minutes after the collapse in the fece
of abeyanca of artificiel respiration of only fcrty
becon@a. It is auggcsfed that in this case there was
/vespiﬂatory enalepsis in its most intimate sense becausa

:1hia a&parimamt demonstrstes the return of irritability to
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a mechanism depressed to a point approximating the lethal
1limit and stimulated by one of its proper stimulante
(carbon dioxide)bin 8 concentration deliberateiy made min-
imal by over-inflsastion.
: SRt S8 S S

Artificial respiration was periodicelly denied every
five minutes. Such procedure introduces the possibility of
errors of as much as five minutes in the recorded durations
ofirespiratory paralyéas. Howevar; the deep praliminary‘
eneesthesia suffices so to lengthen the duration of resp-
iratory parslysis as to minimlize this error. It is believed
that too fraquent denial of artificiasl respiration to test
the return of spontaneous ability to breathe implies the
danger of asphyxiasl damage to the centers. Tn our con-
cern for ultimate recovery this danger hes been sérupﬁ-
lously avoided.

It must also be remembsred that the administration
of'ephedrine conduces to variability of carbon dioxidé
in the blood as s consequence of improved cibculatibn.
Although such 1mproveﬁant ﬁakes for an increased elim-
ination of carbon dioxide it can hardly make for an im-
provement in the oxygen supply because the mechaniam
governing oxygen supply %orks at high efficiency. The

responses to ephedrine sdministration just mentioned

would certainly conduce to an incresse in the duratioﬁ of
respiratory paralysis 88 a result of what the author likea

to call "eirculstory acapnia.” Roth Schmidt (13) end



and Wright (14) have observed this acapnle apﬁea‘after the
impact of the effects of powerful pressors 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 lmproved circulation
serves to dlssipeste the concentration of the narcotic in
the central structuras and in so doing tends to producé'a
more speady recovery from respiratory paralysis§ The
former credits oxygen surfeit with the improvement in
irritability of the central structures. We believe that
in our experiments the analeptic produces an addi&ional
eoffect: that 1t increases the sensitivity of the centfal
structures to stimuli or that it supplents or'ﬁullifiés‘
the nercotic in some undetermined fashion. In studies of
analepsis using consciousness as a critérioﬁ itiia eaéy to
talk loosely about the effects of an improved circulﬁﬁion,
With our experimental procedure a mechenism was used in
which en improvement of circulation might, quite concéivably,.
produce changes conducing to an actual increase in the dur-.
ttion of the depressant effecta. Our studies 1mpreSsively
deny the production of any such increases in the duration -
of depressant effects.

if the effoctvof elimination of carbon dioxidé excess~
ively gr of the carotid sinus reflexes should chance to
cancel\the effects of elimination of the narcoticffrcm

the central structures then the observed effects must
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be attributed to intrinsic stimulant propéétigs of the
analeptic operating at the very site of deprebsibn;'We
do not presume to assert the truth of this possibility;

we merely offer iﬁ as a pbasible'éxplanation of our re-

sults.
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ITI. THE CHOICE OF THE CISTERNA MAGNA AS THE AVENUE OF
DRUG EXHIBITION IN THE STUDY OF THE PHARMACODYNAMIC
REACTIONS OF DRUGS AND FOR THE STUDY OF EXPERIMENTAL
SPINAL ANAESTHESIA

l. Anatomical Relations

The clisterna cerebelio-me&ullaria, one of the reser-
voirs of the subarachnoid system is aiso called the "great
cistern" and the "cisterna magna." The pial-arachnoideal
relations are not identicasl at all levels of the neuraxia.
1.t 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'thé surface of the ahtero~dorsal aspect of the cerebell-.
um. This separation of the meninges is the cause of the |
exlstence of the cistern as a reservoir.,

The 1limiting structures of the cisterna megna are:
in the superior sense, the inferior vermis and the mesial
gsapect of the cerebellar hemiapheres; in the dorsal'senae, :
the diverging arachnoid; in the lateral'sensa,ﬁhe arachnoidgnA
end in the ventral sense the inferior medullary velum eand
the tela chorlodea inferior. |

Although the continuity of the subarachnoid with the

ventricular spaces 1s still in dispute it is not expedient to

enter into the controvefay at length. The dispute hinges up-
on the patency of the foraminae of Luschka and Magendle. The
situation was summarized by Weed (15) who insisted upon the

axistence of a mechanism for mediating osmotie exchaﬁge
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from the ventricular fluid to the subarachnoid fluid. He

described ependymal structures in the roof of the fourth
ventricle which, by virtue of their diffarentiated charact-+
er, might serve as the medium of such osmotic sxchange.
Weed (16) also asserted that the existence of the Luschka
foraminse are not controverted. In this connection,

Frazier and Peet (17) remarked the almost instantaneoﬁs
appearance in the subarachnoid space of phthaleins injected
into the lateral ventricles.

Whatever the facts sbout the patency of these foram-
1naé, it is demonstrably clear that the injection,of drugs.
into the cisterna magnas produces physiological changés in
the structures iying in the floor of the fourth ventricle.
Tt has been found so in the case of theAparalyéing local
anaesthetic, novocaine,and the barbiturste, sodium amytal.
Other observers cited élsewhere in this thesis have found
it to be true with stovalne snd other local anaesthetics.

Thet an intact cistern is necessary for ﬁhevdiffusionﬂ
of drugs to the medullary centers was clearly demonstrated
by Cotul and Standard (18). They fpund that methylene blue
clsternally injected did‘penetrate to the fourth ventricle
whereas the same dye applied to the surgically exposed |
roof of the fourth ventricle failed to produce =a stain '
in the ventricle. They assert that hydrcstatio pressure in
the cistern i1s necessary for such penetration. FPFurther-

wore, the same workers found that novocaine sapplied
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to the roof of the fourth ventricle failed to ellcit respir-
atorﬁ parslysis whereas the same drug‘injeqted into the’
cistern produced prompt paralysis.

If the foramlnae are exlstent as openings and are not
artifacts then the penetration of the drugs into the fourth
Ventricle when cisternally administered is easily explicabié.~J
Riquier'and Ferraro(lQ) have descrlibed a pressure differ-
vential between the cistern and lateral ventricles of zim.ma
of water. The pressure, as far as the cistern is concerned,. .
1s unquestionably linked with the fact of dursl elasticity;
‘a phenomenon which has had excellent mathematical treatment
in the hands of Flexner, Clark and Weed (20) . The %ithdrav?-;,", ~
8l of cisternal fluid to the smount of 3‘§.cs*must produce .
s fall of cisternal preasure to a level lower then ﬁhat‘of«
.the vehtriciea. Such a fall would elicit ﬁhe flow of ven-. .
tricular flﬁid into the clistern. After the reinjsction of
the fluld into the cistern the pressure therein would again
increase and if there had been drainage of the ventrigularf 
fluld into the cistern such a pressure would beGOme'pfésum*
ably grester than that of the ventricular fluld. Consequent~
ly subarachnoid fluid would flow into the ventricleé. Thet
the existence of an appreciebly decreased pressure in the”
cistern by ﬁhe withdrawal of fluid 1s not idle speculatione'
is shown by the aspiration of air through the detached
needle into the clstern after the withdrawal of the cistern-
al fluid. If the needle be corked after withdrawal then the
only other possibllity of pressure equalization llies in the
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superior pressure of the ventricular fluid.

In our experimenhs the #iability of’certain;feflexss
constituted the test of diffusion of the drugs introduced
into the cistarn.‘Iﬁ is common practice to‘use'methylane
blue as a test of diffusion but this is impossible in
experiments which demand'the aur@ival of fhe enimaels. Un-
fortunately an interpretation of distribution based upon
reflex behavior is open to criticism becauﬂe 6f the exist»t'
ence of arachnoid channels around each artery and capillary
1ntimately communicating with the perineural and perivas~- :
cular spaces of the nervous aubatance itself. This fact
,is attested by thosse competent observers Qushing (21) and
Weed (16)
| The diffusion into systemic chennels of tha drugs'ad-,
~ministered cisternally is another moot question. P0331b1y
 the Pacchionisn granules as well as the other channels
just described are responsible for-the movement of dissolve
- ed substances out of the cistern. Dandy and Blackfan (22)
described the excretion of dyes into the bladder 6-10
minutes after thelr cerebral subarachnoid administration.
Pacchionian granules are not present in the'épinal levels
nor are they present in dogs. In spite of this faot;‘ '
Frazier and Peet (17) described the axcretion into the
bladder of druga administered in the spinal subarachnoid

in an equally short period of time. They found excretion by
the venous rather than by the lymphatic avenues. In early |

11reftha'arachhoid villl ara‘praaant but not the Psochionian
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granules, Weed (16) inéiated that the arachnoid villi con-
stitute a filtering apparatus allowing passage into the
venous sinuses. He also postulatéd the activity of the
perineursl and perivascular lymphstics in the diffusion of .
drugs. If the perivascular lymphatics aloné are concerned
in the sbsorption of fluild and consequently of’drugs there-
in dissolved then it is very difficult to explain the rapid.
abpearance of drugs in the bladder after exhibition in the .
subarschnold because such drugs must first treverse the

cervical lymphatic system before reaching the circulation;

2. The cholce of doses for cisternal injection

The use of doses based upon the body weight of the
animal 1s probebly not as logicsal as the suggestion of
Cotui (23). He detefmined the cisternal dose of novocaine
sdequate to arrest respirgtion in terms of the length of
spine from atles to base of the tail. He foﬁnd 1.3 to
1.5 mg. per ecm. of length of the spine adequate. Becsuse
'his observationa were only recently published we were
unable to avall ourselves of this choice of désage and
were forced to resort to & choice of ddsage based upon
body weight. j

In enimals which survive the experimental procedure'
the cholce of dosage 1s not so important becsuse they |

serve as controls. In these experiments various doses
sufficient to produce respiratory paralysis were used,

l
Hd@ever, since it was necessary to produce paralysis with

oq@\indactionin the csses of novocaine and of sodium
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amytal, doses of 6.2 - 6.3 mg. per kg. body weight were used

as the ultimste empirlcal choice.

3. Relation of cisternal punétureyﬁg spinal snaesthesia.

Although these experiments were not planned explicitly
to contribute to the study of spinal,&n&esﬁhesia, many of’
ﬁhe observations have an intimate relation to thst import- .
and pre-surgiceal procedure. 4 few workers have used the
cistern as a medium of study of spinsl anaesﬁhesiaQ This
use is becoming progressively more important in thé light
of the type of regional snsesthesia which has been,descriﬁad
- by Jonnesco (24) as " @General Regilonal Anaesthesia;" |

Bowers énd his sssociates (25) who administeréd sto-
vaine intrathecally in the lumbar subarachnoid and in the
cistern observed a difference in the respiratory failuré
consequent to the different procedures. The paralysis from
cisternal stovaine they found to be central; thet from.
épinal stovaine they foﬁnd to be partly interqoatal.~They
believe deaths from spinel anaesthesia fall into three
classes: cardiac, cardlo-respiratory and respirahdry. They -
do not consider the pooling of the aplanchnic blodd as
primerily important in spinal crises.

North and Ferguson (26) also minimized the importandé»,
of the pooling of splanchnic blood in spinal snsesthetic
aceldents. They insist that the failure of reapifation is
produced by the abolition of thoracic movements. Théy

reject the importance of the systemic ebsorption of the
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‘drug used (novocaine).

The cesuse of collspse of blood pressure in spinal
anaesthesia is well summarized by Seevers and Waters (27)
as follows: "Cellular oxygen want per se 15 one of the
principal factors in the circulatory depression accompany-
ing spinal enaesthesia.” To combat the circulatory dépress{v.
ion they suggesteé-the use of the Drinker reapiratoréand‘
of ephedrine prophylacticaily, not remediall&. One of their
assertlons is quite interesting:" The fall of blood pressure-.
in spinal anaesthesia tends to be synchronous with and
proportional to the amount of intercostal muscle paralysis.™

On the other hand, Koster and Kasmen (28) asserted that .
“the fall of blood pressure in spinal anaesthesia is dépend» /
ent upon effective block of splaﬁchnic vaso~constfictor.
fibers. Their work was concerned with spinal ansesthesia
but it is presented here because in it they minimize the
danger of respiratory depression. Their féeling of security
againsﬁ respiratory depression was gained by the topical
radministration of neocaine to the exposed medullas of froge
and oats. We do not share their feeling of'security.  |

If this paper presumed to study the cause of death or.: ..
déﬁression in spinal asnaesthesia we should discuss af greatr;m

er length the experimental date of spinal ansesthesia.

4. The use of the cistern in edministration of drugs.'*‘“

The use of the cistern for the administration of drugsa
is comparatively uncommon, partly because of the comparative

youth of the clstern tap. The first occipital puncture was
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described in 1905 by Westenhofer (29) who admitted his
trepidation in spproaching the task. o )

As early as 1913 Camus (30) was toying with the 1dea of
the cisternal exhibition of drugs. It is true that the cis-
tern offered to earlier workers en éxcellent'opportunity for
ﬁhe administration of antisyphilitic drugs. Furthermore, 1ts.
- suitability for the administration of sera to combat mening-
itis was quickly apparent.

In 1925 Janossy {31) reported the intfoduction of
lobelis into the cistern. Later, Jonnesco and Jiano (32)
reported the production of respiratory paraiysis by'the
cisternal introduction of‘ﬁovocaine. It is difficult to
state from their data unsupported‘by graphic records wheths
er the depression resulting in paralysis was'central or
péripheral. | ::k | |

Very convinding evidencakOf the ability of cisteﬁnally
injected stovaine to produce respiratory paralysis was éub«
mitted by Bloch, Camus, snd Hertz (33). They demonstrated
the use of artificial respiration:1n,saving'their aniﬁals.‘
Furthermore, they found caffeine beneficial‘inymitigating
thg cisternally produced depressions. Later, Camus (34)
showed with graphs the seme phenomena with novocaine.

. Recently Vehrs (35) deécribed the production of respir-
story paralysis by the cisternalvinjection of ndvoc&ine. He
plso described the measurement of the concentration of
novocaine in the subarachnoid fluid at perlodic intervsls

after ita exhibition. vehrs did not interest himself in the
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concentration of the drug in the nervous tissue ipself,
‘Such a conaideration’ié & more eluaiva question than is
the problem of concentration in the subarachnoid fluid.
In the light of the Meyer-~-Qverton theory of narcosis the
differentisl fixation of the cisternally sdministered
drug 1s Infinltely more important than the concentration
in the subarschnoid fluid. |
| In all probability Vehrs(&ﬁ)'over~emphas;zed the
grester resistance to depression of the motor nervous
eleménts in comparison wlth the resistance of the sensory 1%“
elements. He believes that total regional anaesthesia
involves no more vaso-motoy depression then does lumbar
block. His explanation of death in ﬁhe thcfoughégcing‘
anassthesla just alluded to is dusl: death results from
bfain—étem anaemia without respirstory block 6r with
respiratory block due to paralysis of respiratdry,narvea
or centers; or death results from cardiasc snaemia.

The central theme of Vehrs' postuiates for the g
safe practice of profohnd spinalfanaesﬁhesia is that the
vital motor elements of the organism’are protected from
the consequences of drugs administered in the subarschnoid .
by'chemical, anatomieai,and physiologioél séfeiy devices
depending upon the large cisternsl volume. Vehfs cdﬁéiéers~
the motor elements lower in the neuraxis much more wvul-
nerable to the effects of depressants administered in

the subarachnoid spaces.
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. Some of the impressiveness of vehrs' papers is,
in our opinion, sacrificed by his insistence that grave
‘bulbar snaemia caﬁ exist without'respirathy paralysis
and that only parasympathetic elements‘of the autonomic
syatem are depfessed by cisternal medication whefeas
oﬁly aympathetic elements are depressed by lumbar medica~-

tion.

The lethal dose of novocaine cisternally exhibited

has been found by Cotui (36) to be influenced by previous

medidation. Morphine and sodium‘amytalyseem in his ex-~
perimenta to sensitize the respiratory center or centers
. to depression. Our studies confirm this obaervation. He
has found scopolamine Incapable of potentiating novoéaine ;
depression. | |

The aveilsbility of the canine cistern for répeated
taps has found little if any space in the literature. -
The two factors militating against‘repeated pgncture~are
danger of infection énd énatbmical chaﬁges}conaequénﬁ to
trauma. With the dog the danger of infection is remote.
In our experiments we have never observed the signs bf
meningitis. Frazier and Eeet (17) using the drestic pro-
cedure of inmplanting aleurone granules‘in tha~Sy1vian
aqueduct also reported the resistance of the dog to
meninglitis. We have at times sspirated sticky fluia“'

from the cistern but not from dogs manifesting menihgitic

or meninglasmic signa. Our results are not supported
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by bacteriological studies becsuse the behaviour of the
surviving animals was so ‘manifestly non-meningitic. It
must be remembered that no sttempt was made to produce
sterile taps.

‘Plaut (37) described the difficulty of repested
punctures in rabbits even with sterile technique, With
dogs we have experienced the same'&ifficu;ty but appsrent-.
ly in lesser degree. The canine cistern is essily acceasQ -
ible but is not large and it does becéme~obliterated'
rfter bungling.puncturés.iﬁutopsy findings canﬁuce;"to thélf~-
belief that obliteration is the result of exubeﬁanﬁkin;‘
flammatory changes in the arachnoid or from hammcfhage

in the tels. Sometimes true adheéion of pla %o thé‘arachno~

dural complex was observed. In such cases blunt dissection5~n

 was necessary to separate the meninges from ~the

nervous tissue.

5. The Technique of Gisfern Puncture in the Da

Greateat success in tepping the canine ciSterﬁ wes
atteined in our experiments with the animal in the prone
bosiﬁion.' While in this poaition the head wes sharply
brought st right angles to the apinal exis by flexing
the neck as far as was consistent with the maintenance
of free access of air through% the tracheal tubs which
had been previously 1nserted,¥ |

Ordinary hypodermic needlss (gauge #20 or #22} were

found most serviceable. Blunt bevelled needles were not
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found at all superior to the ordinary needle in expediting
'ﬁaxperimental procedure and they are'nrobébly,inférior be-
cause they invite 7 traumsa. |

The needle'wasylntroduced while affixed to the ayp-
inge. Eveﬁ with the affixed needle the feeling of punctur-
ing parchment was observed as the dura was transfixed.
Since the cistern 1s surprisingly superficial 1t was neverai
necessary to penetrate very deep} we have neveﬁ faund;it‘
necessary to puncture deeper than 2 om. _

The landmark to gulde penetration into the distarn
1s the cephalic prominence of the spinoué’process of the
axis. The process is easily demonstrated in all except
very fleshy dogs. If the finger of the operator be ﬁoved
forward from this landmark it will experience‘the firm
resistance of the bony déraal arch of the atlas on which
the process rides. Suddenly the finger meets less firm
resistance ss .1t comes in contact with the caudal Qoftion
of the atlanto-occipital membrane. Thié plaoe is ﬁhe proper
one for entrance into the cistern. k\ |

The needle was éarefully 1nserted,at right angles
to the spinal axis and in thé mid-line while hegative
pfassure was applied tq'the rlunger. Almost 1hvaria51y
fluid was withdrawn to the amount of 4 or 5 c.c. It was
Just as easily re-injected. We consider the statement
of Bower and his associates (25) that under ether the
fluid spurts forth to be an over-statement for emphasis.

The pulse rhythm cen be readily detected in the
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welling fluid. It is, we believe, a certain criterion of
entrance into the cistern.

The accompanying photographs, Pig.l{( & dorssl view)
and Pig. le (lateral view) show the reletions of the
structures proximal to the cistern. Particular attention
is called to the caudal extension of the oceipital condyle.
This structure extends so far back that with the neck un-
flexed cistern tap is almost impossible. Under the most
favorable conditions e rhomboidal aree about 1 em. by 1 cm.
is exposed. In this area, the needle will encounter only
the atlanto-occipitael membrene and no osseous structures.
This arees constitutes, in the dog, practically all of the

membrane which is not very closely applied to the occipital

condyle.

Fig.1 Pig.la
Legend for both photographs: A. Site of puncture of
atlanto-occipital membreane; B. Atles; C. Axis; D. Oceciput;
E. Oceipital condyle
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IV, DRUG ANTAGONISM AND SYNERGISM 1IN THE BALRBITURATE
‘ GROUP

1. Discussion of Literature on the Barbiturates

It is assumed that what is frue for other barbitur-- -
ates 48 slso true for sodium smytal , the bsrbiturate
used in these studies, in greater or lesser degree.
This assumption is pertinent to observations on antago-
nism and likewlise to observations on site of localization,
tolefance, and cumulative action. The lastter observa-
tions are decldely germane to the problem of antagoﬁism
because the choice of proper antagonists contemplates
- all these phenomens. |

Apparently the incidence of soccidental and suicidal
erises from barbiturate administration involves veranal
and luminal more seriously than it does sodium amytal.
The comparative youth of sodium amytal is probably respon-
sible for this fact. However, sodium amytal epitomizes the
pharmacodynamica of the barbiturstes and studies directéd e
at antagonism to its sction confer any practicsl utility
which they may possess upon thé 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 S

and cardiac vagus centers are depressed. The respiratory
phase of the action is made spparent by the ease with
which enimals cen be killed from respiratory failure by
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too rapid sdministration of intravenous sodium amytal.

Bastedo's statements do not apply to the éubarachnoid
administration of'the.barbiturétes but rather to other
modes of«aﬁmiﬁistration. There is little 1f any record
of the effects of barbiturates administrated in the
‘subarachnoia in the literature to déte. |

To combat severe barbiturate depression BaStédp
récommends among other treatments the use of atrychnine
:sulphaté-~3 mg. and caffeine sbdium banzoate—}O.ﬁ g
:and‘ephedrine‘sﬁlphate 50 mg. Later we shall endeavor
to show that the recommendation of ephedrine is probably
more valid than that of the other drugs. ceftainly'the
actions of strychnine and caffeine are exerted in
' locales remote from those most profoundly affected by the
barbiturates. FPurthermore, there has been adduced by
Schoen (39), in studies of the labyrinthine refiéxeé,
evidence that caffeine may actually further dgpresé
centera already experiencing barbiturate dépresaion.

With our knowledge of the proper tactics fdr ahtagon—,~
izing the barbiturates in its present fragmentary state
1p is essential that we sattempt to know at least thé
slte of thelr mction. Xeeser (40) reported the constant
finding of barbiturastes in the diencephalon. He -found
only small amounts of luminal; disl, sand veronal‘andv
alightlyflarger amounts of somnifen, noctel and per-‘

nocton in the cord. He also demonstrated the latter drug
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in the medulla. Quite significently, he f@’ﬁxﬁd that
. somnifen, noctel and pernocton depress blood préésufe
rather than respiration. However, he found that in cém»
bination with'morphine‘and scﬁpolamine they do depresa |
the respiratory centers. His studies lead to the interest-
.ing speculation that synargism snd potentiation may possibly
.be dependent upon‘a directive action upon the drug synergized
or potentlated with respect to its site of localization. The
Keeser (40) experiments are based upon thavinteresting.
technique of volatilizing fhe drugs from nervous’fisaue
and identifying them b& crystalline form. In addition
this investigator has prepared iron derivatives of the bar-
biturates which he identifies by treatment with ferroéyaniﬁe.f
- The results obtained in both experimental procedures are
concordant.

At present to combat barbituraﬁe depression it'ia 
necessary to empioy the method of direct physiological stim-
“ulation. Purthermore, it is neéessary to chdose for the
purpose drugs which exert their stimulating influence on
structures which are most probably depressed by the barbit-
urate in question. In spite of the evidence preaentadtlin
the :foregoing paragraph the site of 1oealization of the
barbiturates is far from categoricsl solution.

An antagonism dependent upon the production of cru—’
cial chemical changes in the depressunt would seem to be
more serviceable than an antagonism dependent upon the stime

ulation of depressed protoplasmic atrubburaa.lgnather



mode of antagonism would possibly fihd'its expfeséibn by
the production of physico-chemical changes in prptoplasm
which would preclude the phenomenon of depression.

That the sité of action éf the barbiturates can:be
esteblished beyond perad&enture of a’ﬁoubt grows out Qf
the fact that these‘drugs are administered in doéesvwhich
are easlly smenable to chemical identificatidn. Althnugh»
the poasibilities.with‘the stimulent drugs'ars'farvléss
impressive from the standpoint of chemicai 1dent1f1c§tion,.
their peculiar physiological propertias serve very niéély .
to 1dentify the site of their 1ooalizat1cn. Picrotoxin
excellently exemplifies the unauitability of stimulant
drugs for chemical identificaticn. It is active in infin-
itesimal doses and is ohamioally 8 neutral prinaiple.

Attempts‘to,produce colored barbiturates or deriva- .
tives which can be transforméd into dyes in nerﬁoﬁa’tissue ,v. 
are under way. Rising, shroyer. and'stieglitzu(41) réoentlyw»
synthesized barbiturate derivatives posseseing no hypnotic
properties. Leulier and Poatio’(42) aynthesiéed'nonéhipnotio‘,
nitro and amino derivatives of luminal and rutonsl, dériva~, ~V
tives which they had hoped to convert into dyesvin the ner- . . ..
vous tissue of narcotized snimals. | |

Since the introduction of sodium amytal as ad intraven-
.oua,anaesthetig by Page (43) much concern has been felt

because of the prolonged after-sleep produced. Attempts
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heve been made to oircumvent’this'diffichlty by the syn-
thesis of barbiturates vhose duration of action is brief.
Both detoxication and excretion aéem to constitute the
‘key ﬁo the problem but the fact 0f simi1arity~of fundamen~
tal action has remeined an obstacle to success.

Johnson snd others (44) reported in 1930 thatiéextroeéu
shortens the recovery time in barbiturste narcasis at 1east"
one-half. Their observation is in agreement with that of
_Gower and Tatum.(45) who found that tolerance to the actioa
of barbiturates is proportional to the rate of~eXCre%ion.
Apparently the tolerance is related, as Marx (46) reported,
to the fact that barbiturates inhibit diuresis. pddy (47)v-‘
‘found that the cumulative effects of the barbiturates are
- associated with a lag in excretion. Gower snd Van de Erne
(48) found that it is important in barbital poisoning that.
the diuresis invoked be 1imited by thoughtful concern for
the possibility of over-taxing cardisec and renal function.
They used intravenous gluodse and insisted that the pre-
liminary use of picrotoxih does not preclude the necessity].
of a subsequent diuresis. .

In Munch's monograph, " BiOaaanys " (49) fifﬁeen med-
ullary stimulants are listed. Such stimulsnts while they
ere not asserted to be stimulsnt for aress presumably de-
pressed by the barbiturates sre stimulent for are&s‘not

far removed from the barbiturate-fixing sreas. Only one
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of these stimulants is at allfiémmon'and not one lis v
~official. The fairly common member of this group, picro-
toxin, was successfully used by Koppen {(850) to reverse the
action of chloral in rabbits. Th@é same stlmulant was 4
successfully employed by Fitch, Maloney and Tatum (51) to
galn survival in barbiturate poisoning in rabbits. They.
found éphedrine, coramine; atrychnine,:brucine; cocalne
physostigmine, calcium giuconata and insulin ingffecﬁive.
Caffeine waa not used in our studies because its

action 1s almost certainly cortical, = fact,@hich»waSvre- <‘
marked most tellingly in this ccnnagtion’by Iseﬁbergar(SZ);
However, Blocﬁ, Camus,and Hertz (53) seem to havs;miﬁigﬁted
‘the severity of medullary depressions produced by ciéternél
- stovaine by the cisternal administration of caffeiﬁa. Th;é -
observation is not adduced because stovaine can be séﬁis-‘
factorily plsced in the category with barbiturates,'é :
manifest impossibility, but rather because the mode dfj‘
administration definitely localizes its action st azéite
‘deliberately simed at by our oisternal,administraﬁiqﬁ,of
, sodium emytal. Camphor was not used in this study because '
its action is always uncertain and becausa its solubilitvy .
is precticslly nil. Further reference to the behavior of
barbiturates in the face of hypotheticsal antagoniata will
be made later when the specific étimulants are diacuésed.

2. Ephedrine as an Antagonist to the aAction gg_nepresaants |
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The ability of ephedrine to reverse daﬁraased atates
may be dependent upon circulétory chenges, upon atimulation 
in an 1ntrinaid sense of depressed physlologlcal mechanisms,
or upon the production of physicc-chemical‘ahanges in
depressed structures, whichvchangea are in some obscure -
sense incompatible with the phenomenon of dépression. It
might even be possible that chemicsl change between the
aqueous solutions of barbituraﬁes and the aqueoué sol;,.
utions of ephedrine is responsible for the effect. Sodium
amytal 1s in aﬁueous solutionvquite alkaline because the |
compound 1s produced by the feaction of a strong bése and
a weak acid..Ephedrine sulphate, is on the contrary, pro-
duced by the reaction of a strong acid\with the4weak‘base

- ephedrine. Its agueous solutioﬁs are acidle. Mgaaﬁrement
of the of the hydrogen ion concentration of mixtures of
the aqueous.solutions of the two drugs indicate an~in~
crease in the acidity of the barﬁiturate, a factswhich is
known to conduce to an increase in the toxicity df the
denreassant for respiration. : ‘ |

Airila (54) and Morita (55) reported the eésy awaken;
ing of chloralized rabbita by ephedrine.‘béyle and Danlels
(56) reported the antagoniam of ephedrine tb the barbit-
urates and to morphine. The consensus of pharmacologicél
opinion seems to be that the circulatory impravement '1§
primarily responsible for the abbreviation of narcdéis

. by ephedrine. However, 1t is difficult to see how_fthe
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improvement of an already adequate circulation, such as
obtains in narcosis when respiration ié adequate, can
account for the rapid action of ephedrine manifested
after its cisternasl exhibltion. 4An improvement in cir-
culation conduces to the more rspid elimination of thq
depressant by increased excretion and detoxication but
1t can hardly conduce to immediate crucisl modification
of the irritaebility of an already adequately irritable
center. In fact, as has been pointed out, the moat‘
immediate effect of an improvement in oirculation might
possibly be réflex inhibltion of respiration mediated
by the channels subserved by the carotid sinus. It is
almost a truism that the detoxication and excretion of
depressants 1s as dependent upon the equillibrium between
.‘fixed depressant in nervous tissue and dissolved depress-
ant in circulating blood as it is upon the minute-volume
of circulating blood. If a drug be stable and if it be
avidly fixed by protoplasm its elimination will be slow
regardless of the condition of the circulation.

In contradistinction to those changes which must of
neceasity be slow, the rapld return of the conjunctival re-
flex abolished by cisternal sodium emytal after cisternal
ephedrine repeatedly ssserted itself in these studies. J
Often its return was noted within five minutes. It is
difficult to explain how the impact of an improved~circu-’

lation upon the depressed centers snd nerves mediating
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this reflex can be responsible for the stimulation of
| these structures. If there were the possiblility of as-
phyxia, and there never waas, the matter could be readily
interpreted in terms of the more rapid access of oxygen
.to the centers. However, the oxygen transport machénism
functions at splendid efficiency under the hegemony of
normal tension in alveolar air and of the acid-base rela-
tions of hemoglobin combined with the definitely limited
stoichiometrical possibllities of hemoglobin as & reduc-
ing sgent. | | !
Ockerblad and Dillon (57) advocated the use of ephed~-
rine prophyléctically in spinal anaestheslsa. Bomethiﬁg of -
the same sort is advocated by most anaesthetists. In the
. light of our experiments.the suggestion of Ockerbiad end
Dillon is enthusiastically endorsed. Jonnesco (24) advo-
cated the use of strychnine for the same purpose but on
muoh_leea convincing pharmacodynamiec grouhds.:Prababiy the
former were more interested in avoiding the hypothetical
consequences of the pboling of splenchnic blood than they
were in any true respiratory anslepsis by ephedrine, Since .
the publication of their psaper very convincing evidence
minimizing the dangers.bf vagoconstrictor paraiysis in
apinal snaesthesia has been presented by Ferguson and
North(26) and by Seevers and Waters(27). The Véry pertinénﬁﬂ
remark that the so-called "bloodless Caesarean sections"

coupled with solicitude for the denger from splanchnic
paralysis constitutes paradoxicsl thinking is vouchsafed
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by the latter investigators. In addition to thelr very
convineing explanation of the untoward events of spinsl
1anaesthésia in terms of respiratory embarrassment Seevers
end Waters showed experimentally that ephedrine prophy-
'1actica11y snd not remedially is good therapy.

The'writer of this paper belleves thet ephedrine
should be oredited with intrinsic analeptlc properties.
‘Chen(ﬁa) asserts that it is stimulant to the cardio-vascul-
ar mechanism both in a centrel and a peripheral aénsa.

He aleo.asserts that it 1s the best respiratory ansleptic

at present available combining, he says, the properties ‘
of caffeine énd of epinephrin. In these studies a deliber- .
ate attempt has been made to disentangle the central snalep=-
“tic effects of ephedrihe from the more spparent pe}ipheral
effects and 1t is believed that in some small messure the
attempt has been successful.

The observetion that ephedrine inoreases blood sugar,
lactic acid and oxygen consumption was presentediby dalton
(59) in 1932. Since lactic acid constitutes, accordiﬁg to
the Gesell interpretatioh, one of the proper stimalants
for respirastion it is not at all unlikely that ephedrine
serves to stimulate a dépressed center by the production,
in exceas, of this catabolite in the narcotized prdtoplasm
cf the center. .

The ability of "ephedrine to interruptvavertinvnarcosis~
has been attested by Raginsky and Bourne (60). They
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achieved their results with dogs and with men. On the

other hand Moritsch (61) reported the synergism between
ephetonin and chloretone. Ephetonin is a syhthetic in-
active (optically) isomer of ephedrine which agreea but
in lesser degree pharmacodynamically with ephedrine.
Incidentally, Coliins(sz) advocated the use of ephedrine
‘for the trestment of narcolepsy in masn. -

Although the observations of Maloney, Fitch and
Tatum (51) present a very discouraging picture of the
analeptic potency of ephedrine in barbiturate poisoning,
our experiments have found it so effective that it'has
been chdsen as a criterion of analeptic‘potenoy with;which,v
to compare the potency of other drugs. | |

Thet it 1s improper to treat the matter of aﬁalepsis -
as a categorical matter is aitested by the obsérvationa
of Tartler (63) who found that the response of rasbbits to -
the synthetic analeptics, coremine end cardiazole after
their narcosis by medinal depended upon the dose of the
analeptic. This worker found‘actual aynergism between

depressant end enaleptic when the dose of the latter was

>1£rge.
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V. PRELIMINARY EXPERIMENTS

1. Ethylene Dismine as an Antagonist to Depressed
States ‘

The cholce of ethylene diamine to reverse the depress-
ed white mouse after ether inhalation is entirely without
precedent. However, under the stimulus of the Rancroft |
hypothesis that peptization of the collolds of the brain
tends to reverse mnaesthesia the drug was so tested.
Merck's Index (64) pointé out the value of ethylene diamiﬁa
in producing emulsification of proteinaceous gystems.'Thez .
compound is known to ceuse solution of fibriﬁ'and elbumin.
Ethanolamine and triethanolemine possess Simiiar bropeffiés.

The pharmacology of ethylene diémiﬁe.was~studied by
"~ Barbour and Hjort (65) who found it & true depressor baéa
agreeing pharmacodynamically with thé other depressdr
‘aminas. Since its action 1s not asserted iﬁ pithed animals
it is probably central.

After preliminary subcutaneous medicstion of’white
mice with ethylene diamine in doses of 10 mg. in 10%
agueous solution the animals were anmsesthetized with ether .
? 6? with chloroform. After the onset of ansesthesisa fhe
animals were ramhved from the jar in which théy were
subjected to the vapors of the ansesthetics and pefﬁitted
to recover. The results were entirely equivocel andkcould
in no sense be construed to show any antagoniam to ether

or chloroform by the amine.
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In the strengths usé& éﬁhylena diamine proﬁuced in
the surviving mice severe necrosis at the site of inject-
lon. There is & belief current among the industrisl users
ofvethylene diamine thaet its contact in the smallest
smounts produces a severe eczematolid rash. Hahn and
Taeger({66) reported that euphyllin, which is technicaliy »
‘theophyllin-ethylene diamine, produced certsin inflenm-
iatory éhanges. We did not éubjegt the drug to experiment-
al test in connection with its irritent properties for
humen tissue. That ethylene diamine is immediately irri;
tating was evidenced by the quick motor and respiratofy
response of mice to its subcutaneous injection.JThe ob-
servation was controlled by merely pricking the'animala
‘with blank hypodermics. Marked blanching offthe feet was
occasionally observed In the course of experiments involv~- 
ing about twenty-five mice.

2. The Antagonism'gg Synthetic and Other Ansleptics

to Sodium Asmytal in Depressed States of Gonaciousneas

Group A. This comprises a series of experiments upon
the same animal,’a dog, # 10, & white male terrier of
‘v10.5 kg. body welght. The animal was a veby tractable one
in which true aﬁaéstheSia could be easily invoked by sod-
fum amytal 1ntravenously without preliminary morphine.v |

The sense of this short group of experiments is thst
coramine in doses of 650-60 mg. per kg. can momentarily

break through the anaesthesia produced by sodium asmytal.
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Strangely enough, this power to cut through sodium smytal

aneesthesis with coramine apparently became 1ess in the
course of the experiments.

With doses as high as 120 mg. per kg. of coramine

spastic diaphragmatlic seizures and sneezing dcsurreé. We
have observed thls phenomenon with cerdiazole also. Even
with doses in this range coresmine did not ellcit convul-
sions in the presence of sodium amytal. This finding,ia
‘as true for intramuscular injection as it is for s@beu~
taneous. | o
The data are sﬁfficiently extensive to warrantfthe
.aésertion that in the amytelized dog coramine increesses th&»b
‘pulse frequency often es much as 42 beats per minute. The |
-blood pressure judged,by'the crude criterien.cf femoral
palpation was apperently little changed.
| In doses from 40-120 mg. per kg. of coramine the resp~ .
‘iration of the amytalized dog was modified in a variable
- 8enae, Both increnses and decreaséarin frequéncy were obe- . .
served, Depth was apparently increased butvonly minﬁte-
volume studies produce dats justiinng,categariéal state~
‘ ﬁent. |
~ Group B. In this group are contained severasl exper-
iments seeking the crucial expression of analepiiq‘prop-'
erties by the agehta used. Aa analeptics,sodium aulﬁho-
cveanide, cardiazole, and mﬁgneaium thiosulphate were ém~

pirioally'selacted. In comparison none of these is very
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effective, with coramine aa a standard.

Doses of sodium thiocyanafe (sodium sulnhoevanida)
up to 350 mg. per kg. were tolerated by the animals (dogs)
after sodium amytal anaesthesia. Sometimes the depression
was apparently deepenad by the thioeyanate and followed
by severs pbet-experimental aiarrhea,,As an analeptic
for barbiturate depression this drug is probably useless.
according to our results. The pulse frequency is prqﬁably o
decreased up to 20 beats per minute, after the dfugi

The one experiment using picrothin was projected :
to gain & rougﬁ compariaon of 1ts well auxhenticated pot-
ency with that of corsmine and cerdiszole. In this cese.
picrotoxin, é powerful,médullary stimulant, broke through
the narcosis of sodium amytal but in so doing produced
severe medullary convulslons. Although tha'séizures could
be cbntrolled by additional sodium amytsl intraApefitonealfa
1y, the animal succumbed. The explanation lies p“romﬁly in
the fact that after the picrotoxin‘éffeeta ha§e wornldff‘ |
there remaiﬁs still an anormoué.Quantity'of barbiturste to
be disposed of. No doubt there is also a speciea(qfrde-,
pfession predicated upon the overstimulatidn;‘kSuch _
'profound depressions have in our experience led invariably

to respiratory embarrassment culminating in desath.
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Condensed Protocols of Preliminary Experiments Involv-

ing Dog # 10 Male white 10.5 kg.

Experiment 15 June 18 1932

Preliminary'anaesthesia 11:04 A.E.,morphine 4 mg.

rer kg. Sodium emytal, 30 mg. per kg. (vein)

Metrazole 150 mg. 12:04 P.M. (subcut.)
Sneezes violently 1:04 PoM.

’Conscious . 6:00 P.M.

. Experiment 16 June 22 1932

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

Coramine 250 mg. 9:52 A.M. (muscle)
Coramine 250 mg. 0:55 AM. i(n;uscle)
NaSON 1000 mg. 10:11 A.M. (vein)
Conscious 10:44 A.M.

Walks - | 11:15 AM.

Became lethargic | 11:47 A;M.
Depression very déep 1500 P.M.“:
wekeful 5130 P.M.

. Experiment 17 June 24 1932

Sodium amytal 30 mg. per kg.

Coramine - 500 mg. per kg.
Coremine 500 mg. per kg.’
Walked

Lapsed into deep lethargy

Not wakened by rough treatment

11:05 A.M. (vein)
11:18 A.k.(musqlé){ |
11:42 A.M.(muscle) '
1:05 P.M. R
3:00 P.m.

6:00 P.M.
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Experiment 19 July 2 1932

11:13 A.M.

Sodium amytdl 30 mg. per kg. (vein)

Coramine - 500 mg. per kg.(vein) 11:43 A.Ms

Coramine 500 mg. per kg. (vein) 12:00 AM.

Coramine 250 mg. per kg. (vein) 12:50 PiM.

8t1ll esleep - 5:13 P.M.
. Expeviment 20 dJuly 7 1032 CONTROL

sodium emytal,30 mg./kg. (vein) 10:25 AM.

Stands on feét 1:30 ?QMb
. Experiment 23 July 14 1932

Sodium smytal 30 mg. per kg.vein) 10:55 aA.m.

Coramine 500 mg. (muscle)
Coramine 500 mg. (musclé)
Violent sneezing

Spastic diaphragnm

Very drowsy

w'.»l- 16 L 3SR SE SESE TR SE bR SR ST PR SR SESE A S i S AE S SRR LI L SF AR S5
Misoellaneous Preliminary Experiments

.Experiment # 6 Dog # 1 Female mongrel
March 25 1932
Morphine 4 mg. per kg. (subcut.)
Sodium amytal 15 mg. per kg.(vein)
Sodium amytal 5 mg. per kg.(vein)
Narcotized
NaSCN - 3500 mg.(vein)
Forelimb rigidity

gennot arouse

11:44 A.M.

11:48 A:M.
11350 AM.

11:51 A.Ms
5:%5 PuM.

$e PR R b

10 kg.

; 4:00 P.M.

4:06 P .M.
4:45 PsMs
5:00 P.M.
5:42 P.M.
5:52 P.M.

65:10 FPoma

March 26~-~- The animal 1s sati1ll unconacious. There

St ST E S
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is great irritability almost reaching the convulsive

,level.b 10:

OQ AoMo\

Severe diarrhea bloody stools.

Can stand ; coarse tremors

Distressing bloody diarrhesa

Recovery in three days

5200 P'QM‘Q
10:00 P.M.
10:00 PWM'-

Gxporiment # 6  April 1 1032 TDog # © Female 16 Kg.
| Sodium amytal 30 mg. per kg‘(véin)lﬂézs A.ML
Sodium amytal 6 mg. per kg. (vein) 11:00 A-MQ
Sodium amytal 4 mg. per kg. (vein) 11:30 A.M.
Sodium amytal | 6 mg. per kg.(Véin)lliéo A.M.
Can be aroused | _4:26 ?.ﬁ;
Up and around 8:36 P;M‘

Experiment # 7 April 2 1932 Dog # £ Female 16 Kg.
| NaSCN | 67 mg. per kg.(vein) 4:15 P.M.
Sodium amytal 46 mg. per kg.veln) 5:20 P.M.
NaSCN 30 mg. per kg.(veiﬁ) 5:50 P.M.
NaSCN 3 mg. per kg.(veln) 6:50 p.W.
Réturn of righting reflex 8:00 P.M.

The degree of‘anaeatheéia less than in the cohtrol
Experiment # 9 Apr11 8 1932 Dbg #2 Femalé ‘

Sodium
NaSCHN
NaSCN

Cannot

emytal 30 mg. per kg.(veln) 3:42 p.u,

90 mg. per kg.(vein) 3.:44

90 mg. per kg.(vein) 4:00

be aroused

4:30

Pdh‘{o'
) Pom-‘ ‘

P OM »
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NaSCN 45 mg. per kg.veinp:53 P.Bs
NaSCN ‘ 45 mg. per kgl{vein)5:15 P.M.
Still cennot be aroused ‘ - 10:00 P.M.

Experiment # 11  April 30 1932 DOg #6 Wele B Kkg.

Morphine (subcut.) 4 mg. per kg. 11:00 A.M:
godium amytal (vein) 30 mg. per kg. 11:10 A.M.
Sodium amytal (vein) ‘ 5 mg. per kg. Vliizﬁ AWM,
Scdium amytel (vein) 5 mg. per kg.  11:50 A.M.
Magnesium thiosulphate = 6 mg. per kg ~ 1:37 P.M.
. (veig% : ,
Magnesium thiosulphate 12 mg. per k%. - 2:00 P.M.
\ (vein)
- NaSCN (vein) 30 mg. per kg. 2:17 P.M,
Can be aroused | ‘ 2:30 P.M.

nxperiment # 13 . dJune 14 1932 Dog #8 Fremale 7 kg;

Morphine  (subcut.) 4 mg. per kg. 10:30 AJMe
Sodium amytal (vein) 30 mg. paf kg. 10:45 AMs
Pierotoxin (vein) 5 mg. per kg, ©11:25 AWM
Attempts to raise head; strong , ‘
forelimb rigidity: whines 11:46 A.M.

- NaSGH ~ (vein) 30 mg. per kg.  11:50 A.M.
Fully awske; development of spastic 12:00 w.

, - seizure |
Convulsion | | | 12:10 P.M.

- sodium amytal(muscle) 15 mg. per kg.  12:15 ?tm.t’
‘ also ether; convulsion oontrolled

Sodlum amytal (muscle) 3 mg. per kg. 12:45 P.M.
éConvulsion ‘ : 1:20 P.M.
ﬂSodium asmytal{muscle) = 3 mg. per kg. 1:30 P.M.
Xpeath(af animal during night
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 Experiment #14 June 17 1932 Dog # 9 Male 7 kg.

Morphine 2 mg. per kg Wb?“t‘)lo:iﬁ AWM.
Sodium amytal 30 mg. per kg. {veinj 10:35 At."ﬁ&'.,
Cardiazole 7 mg. per kg. (Veln) 11:24 a.m.
NQSCN : 14 mg. per kg. (Veln) 12.1s5 p.wm.
Animal is restless 12:20 P.N.

Animal figh"hs self - | ~ 12:25 P.M.
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© yI. EXPERIMENTS TO TEST AN ANTAGONISM OF EPHEDRINE TO
SODIUM AMYTAL AFTER THE CISTERNAL EXHIBITION OF
THE LATTER
1. Rationale'4 ’

Because the experimental procedure in this group of
~eiperimenta oonstitutea the pattern faﬁ ali experimenta of
- similar kind in these studlies it is at the risk of dup-
lication,minutely described. Since cistern puncture in the
unsesthetized animal is nearly impossible,preliminary an-
sesthesia was in all cases invoked. With ether, results -
were produced in the presence of & minimum of anaesthetic

" depression.

2. Results obtained with morphine-sodium amytal an-

aesthesia

Preliminary anaesthesia was produced by the aub-k,#
cutaneous injection of morphine sulphate, 4 mg. per Kg.
and sodium amytsl intravenously, 30 mg. per’kg. The lattenr
~was administered only after the development of morphine
sotion as evidenced by nsusea sand vémiting,;rgsponses._.
which develop within from 8 to 13 minutes after the ad-
ministration of morphine. Sodium amytal wes always gi#en,,‘
,inyé% aqueous solution and very slowly. Morphine was . . .. .
administered as the sulphate in aqueous solution cont&ining
4 mg. per c.c. Two lots of sodium amytal were used. In the
experiments before June 17, 1933, the drug was supplied in

gless smpoules containing 1 gram of powdered sedium'amytalu

After that date the bulk drug was used. There is no
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reason to believe that the physiological changes pférj
duced by the two semples were different. In all case&;g_ 
- very profound snaesthesis was produced,often with abol- .

ition of the conjunctival reflex. Recovery from this
’type of anasestheslia never transpired without interference
sooner then in five hours. Eight to ten hou?s seemed to - .
constitute the mode.

After anaesthesis rubber tubes of caliber;slighily'

smaller than the tracheal diameter were inserted. The type
of inflation secured with these tubes must certsinly more
closely approximate normal breathing than'thét secured
with tightly fitting tubes. With loosely fitting tubeg]
“there is less danger of the brutal over-riding of the,&»
elastic structures of the lungs by inrushing air than .
“there is with tightly fitting tubes. At ail times théré

- was a sense of satisfaction with the adequacy of venﬁila»‘
tion, sn adequacy certalnly not inferior ﬁo thaﬁ achfavedf
~with a small Drinker type respirator built\expressly‘forwg
this study and discarded because it interfered with ob- . .
- servations. | :

" In one group of experiments in this series, aftérjfﬂ
enaesthesia, sodium amytal wes introduced into the cistern
after its aglgtion in éapirated subarachnoid fluid. an,,
‘dissolving the drug 3 c.c. aliquots of fluld were used.

To secure proper mixing fluid was injected and withdfawnv

and re-injected so that at least five complete interchanges
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of the contents of the syringe end of the cistern weré mad@.
If the drug proﬁuded respiratory pgralyeis thevénimal was .
permitted to regaln spontansous breathing. To test the re- .
turn of spontaneous breathing,‘artificial respirétion was .
denied the animal every’five minutes or theresbouts for ine
tervals of one minute'starting with the end of the five
. minute period. The results obtained serve as controls. In
spite of the hazards of repeated pﬁncture:and;of reééated
medication of the seme animal it was poséible to seéure* y
control dasts in the sbsolute sense by thé ﬁae of the same
animal both for control end for msdiéation with antagcnisﬁ-
ie drugs. All the restrictions prescribed in the deéorip-;w,_
tion of the mode of ellciting spontaneous respiration were
serupulously observed. |
Analysis of all experiments using cisternal sodium
amytal shows that doses ranging from 2.6 to 8.8 mg. per kg.
are adequate to produce respiratory paralyses. A dose of _
6.3 mg. per kg. came to be the mcda'because it is sdequate
to produce feapiratory paralysis_and becauss in the pres=
ence of morphine-sodium‘amytal ansesthesia it is geﬁerally“.m
~consistent with recovery in sll except thé most inciement
weather., Even in rigorously cold weather it was possible
‘to avert disaster by causing the animels td reoo?ér from
narcotic depression in a warming box.
.. Young enimals were used in allvcaaes except when

otherwise indicated. Moist alr was supplied the dogs in
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only a few experiments and it islpoasible that the 1éck¢»‘
of molsture in the air from the respirator may have‘pOnfM ‘
tributed to some of the fatalities. A more plausible ex-
plenation is that death wes slmost invariably due ﬁoTthcu

insbility of the animal to throw off the hypnotic depress-
- ion. It muat be clearly understood that the cisternal in-
Jection of depressants produces phﬁaiélogical changes-ﬁhiah
can bé produoed by intravenous exhibition only in‘much
larger doses. The fundsmental sct in 0ur>experimenta1 pPYro-
cedure involves the production of changeé‘Which trahscend |
1 thoéé produced in experiments dealing deliberately with |
the phenomena of intoxication. We do not presume tofinter~
l ofet the percentage of reooveries although we have recordad
" them. We are content to study one factor of the complex met
in intoxication with depressants, reapiratory paralysis.

The depressions following the eisternal exhibition~of

- sodium amytal were produced with doseaviﬁ fhefaéérééatéfof
- anaesthetic sodium amytal and cisternal'sbdium‘amyt31 whieh
do not even distantly approach the lethael dose of the drug
when intravenously injeeted. In therlatter'case over 50 mg.
. per kg. approaches the hazardous limit whefeaé‘in 6ur,ék-
- periments the summated-doaes of cistarhal and‘anaestbetic
(intravenous) depresssnt were clustered about 36 t6137  
mg. per kg. In spite of this disparity end assuming thét

depression was elways the cause of death we adduce the

fact of three deaths in ten ekperiments. These transpired
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within two days end there was one death within six dgys,,

Autopsy findings disploséd graded pulmonary changes
- ranging from oedema to frankly purulent pnéumonia; The
~usual dilated right heart was a constant finding. Thereg
‘was little evidence grossly of damage to the central .
' structures in the zone of cistern punctufe ékcept ohé<m
"hemorrhage at the base of the cerebellum. This 1a£§en§w;
finding followed tap by a method which was later sﬁper;ﬁ.
: seded by the safer and more feesible method described
‘earlier in this thesis. Those exuberant fibrotic oﬁénges |
which sometimes 6b11terated the cistern after multiﬁler~
' tap are notlinterpreted as’consequéntial traumaytokéha~hw
zonal areas. | |

An occasional opisthotonos wés founﬂ in the surviving
enimals. This observation does ﬁbt’apply merély’to ﬁhe -
material described in this section but to all'cf'tﬁé-exé
periments. Likewise the material of,the'precediﬁg para-
graph also so applies. Withvtwo exceptions«this sigﬁvhaliy
rapidly cleared up. There was also'tha occasional gﬁpear;
ance of ataxic phenomena with some atonia‘an&'aéthenia, o
approximating in a rough sense the claséic “Luciani $riad.“
Strangely the gross ceuse of these signs eluded observa-
tion st autopay. | o
| The dose of cisternal ephedrine'sulphate‘variad‘from
1.1 to 3.1 mg.,per kg. Since a safe maximum dose was

necessary the arbltrary dose of 2.3 mg. per kg;‘cameyto
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be the mode. With all doses in these 1imits the blood
pressure was greatly increased, sometimes to an alarming

degree,

In this series‘théré sre eleven experiments in which

clsternal ephedrine sulphate wes used to combat the depress- .

ion of clsternal sodium amytal and three deaths. Theae,’
d‘data should not be construed as indicative of thé ability
of the medication to avert casualties because they include
results obtained with different doses of sbdium smytal
 and of ephedrine sulphate. The proper dose of cisternal
ephedrine had not been satisfactorily established before
the inception of these studies. Consequently our“exper-'
iments served the dual purpose of aupplying data on the
proper dose of the drugs used as well as on antagénism.;
In 2 group of experiments employing intravenous
sphedrine to combat the depression of cisternsl sodihm :
smytal there are two fatallties in twelve cases. The
dose of olsternsl sodium amytal ranged fronm 2.6 to 7.2 mg.
per kg. and thet of ephedrine sulphate from 1.3 to 3 mg;
per kg. | |
“The circulatory response of the dogs‘to cisternal
sodium amytal in doses adequate to paralyze respiration
wes a decfease in pulse frequency. To the effects of the
depreseant the vasomotor system seemed particularly resist—
ant.. Elsewhere in this paper it has been stated that after

Intravenous sodlum emytal there is vagus stimulation.
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This can hardly have been the case with such méss1ve,[uw-
doses as ware used in these experiments. In certain ex-
periménta after respiratory paralysis b§ cisternal sodiﬁm
 amytal, drugs capable of stimulating the centrsl vagus .
produced the characteristic cardisc inhibltory effects ..
of such stimulation. A better explanation c? the &ecrease_.
- in pulse frequency is, we believe, depression éfvthefiQ@”:.
cardio-acceleratof mechanism. The infrequent incresses in- 
~pulse rate after cisternal sodium amytal were aésociaﬁed»,.
with small doses end can be attributed ﬁo Stimulatioﬁﬁof-
the cardio-accelerstor meebaniam.,This result is not;gt_wm
gll surprising in the light of the fact’tﬁat depfeaséﬁﬁsu
often manifest stimulant action before the depréssant phaaea

After the injection of ephedrine sulphéte,into'the_ciar’
tern no matter what dose is employed there is an increase
~in pulse freguency and in blood pressure. This effec£ i&~
observed in spite of the presence of sodium emytal. This_p_;
1s further evidence of the resistance of the sympéthéticf‘ 
~ eardlac centers to depression. Our results in this regard
¢ause us to wonder if the orises in spinal an&esthesiﬁ ever
involve the vasomotor center until a depressed reépifétion
has produced that change.which the center is least cap-~ .
#ble of wlthstanding, asphyxia. The acceleration of pﬁlée
1s much more persistent after cisterﬁal ephedrine then 1t
is after intravenous ephedrine becsuse it escaﬁes the'éffecﬁ

of reflex vagus stimulation.
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An anaiysis of the data on‘thefreturn\qf fespiration

after its paralysis by cisternal sodium amytal and after the
subsequent medication with clsternal or intravenous ephed- -

rine sulphate indioétes that this latter drugvis,capabie off

greatly abbbeviating such paralyses. Gisterhal ephedrinﬁq

- was found to bethuch more effective than intravenous ephed-

rine. | i ,‘

In 8 group of experiments, numbers 53,88,132, and 134,
G;S'mg. per kg. of cisternal sodium amytal“yrcducéd fes- _-
-piraiory paralyses lasting respectively 74,45,67, and 45
- minutes. In four experiments,'numbefs 121,130,134, and 137

the seme dose of paralyzant prodﬁced paralyses lasiiﬁgvzz,
- 210 45,’énd»42 minutes respéctively after doses by~Vein of
~ephedrine sulphate of £.9,1.8,1.7 and 1.6 mg. per kg. re-
spectively. The time of the injection of the antagoniat -
after the institution of respiratory paralysis was variabla
because it was not always easy to effect the introduction
of the second drug into the cistern. Measuring time after
the injection of the analeptic the paralyses lasted l 195,
5, and 5 minutes respectively. The duration of 210 minutea
after i1nduction of paralysis and 195 minutes after inter-
ventidn is not éharacteristio. In more then 20 experiments
using intervention with cisternal or intravenous aphedrine
there was no instance of a paralvsis lasting more than 45
minutes. |

In the group of experiments employing cisternal"
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 sodium amytal in doseé clustered about 6.0 mg;'pév kg .
‘laccompanied or followed by c;steﬁnal'ephedrina.in doses
of 2.7, 1.9, 2.2, 2.2, snd 1.8 mg. per kg. réspeétively,
respiratory paralyses lasting in the totai 25,1l,d;ya‘and
,O minutes_were obtaiﬁed. Zero duration occurred when ﬁhé
arugs were mixed before administration. The duration,after;uj
the administration Ef the anaieptié was in the indi#idual ¥'
. cases as follows: 17,4;0,8,and 0 minutes. The expérimenta ;;.

“producing these results were 49,56,138,144 and 145. In
experimeht 148 despite‘the simultaneous-administr&tion of
1.8 mg. per kg. of ephedrine sulphate'With.tha sodium
smytal, paralysis lasted 13 minutes,(a duration which we 1&»‘.
“terpret as quite long under theyconditioné. . |

There are several other experiments which do not lend
~themselves well to expository trestment because of veria-
“bility of doses. They are represented in Fig.ii along
‘with the graphic representation of all experiments of thisf,‘
type. The singular fact brought'out by the graph is ﬁhél
failure to pfoduce clean-cut abbrevietion of p&ralysiS’ﬂv
ménifested by ephedrine intfavenbusly;‘

If the effectiveness of ephedrine 'in‘reversing da;
‘pregsed states is‘dependent upon improvement of circulatieﬁ_,»
~and upon that slone then it becomes impossiblé to assign -
a mechanism of action to the drug when paralysis is not
produced by sodium amytal administered simultaneously with

ephedrine., Later in this thesis blood pressure tracinga
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will be shown which conduce to the belief that circulatory
fallure is 1mplicated in s most‘hegllgible degree in‘de;
‘pressions produced by the cisternal injection of drugs.
Furtherﬁore, the tfacinga seem t0 point out very impress-
ively the minor importance of the sympathomimetic factor |
in ephedrine action when that drug is caused to abbreviate
the respiratory paralyses’proﬁuced by thg 1njéction ciatarnn_
ally of depressants. |

A measurement of the pH of an adueous solution of

sodium amytel containing 63 mg. of the drug in"a c.c. of
water gave a value of 8.7. 8ix ¢.c. was used as the vol~i
ume for measurament because it was our practice to. with~
drnw 3 c.c. of cisternsl fluid and a residual volume of
cisternal fluid of 3 c.c. was assumed. 63 mg. was chosen
because if repreaents a standard dose of 6.5tmg, per kgi, 
for an average size dog ( 10 kg.). 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 Lubs color standards. When ephedrine sulphat@,'
25 mg., was added to the solution the pR changed to 8.6,
These pH readings were checked with others bbtained with
the quinhydrone electrode. The agreemeht was good but the
quinhydrone readings were dlscarded because they are sub-
Ject to error introduced by oxidation-reduction,effecte.1
Despite the fact that the alkelinity of the sodium amytai

solution was reduced it was always possible in the ahimal
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experiments to obtain dlear solutions of sodium amytal;be—
fore injection, ZGrfas;'McCallum,qnd'others (67) showed
that & shift in th@ hydrogen ion cogeéntrétion of solutions
of sodium emytal unleashes toxic potentislitles whiphﬁfind
their e#pression in respiratory depression. For this event-
nality they advogatéd the use of caffeline and ephedrine. .
Assuming the accuracy of these observations ouﬁvr68g1ts~‘
vhich seem to disclose an antagonism betwsenyephedriné and
sodium amytal gein in impressiveness because they were ob-
tained under conditions ﬁhefein the hydrogen jon cdﬁcentra»
tion of the solutions of sodium smytal were definit§ly
rendered more acidic, really less alkaline, by the éddition
af ephedrine. Ouf colorimetric studies have discléééthhe
fact of the shift toward the acld range.

The pH of solutions of novoecsine should;~theoretically;
be in the acid range. Thé& were found to be scid when
. prepared in concentrations identica1 with'those.bf éo&ium,
amytal in the cdlorimetric study just described, 63  mg.-in
6 c.c. of distilled.water. The pH of such & sdiutian was
fﬁﬁnd‘to be 6.2. The addition Qf'ephedrine‘sﬁlphate to the
salution of novocaine should -elther incresse thé acldity or
should leave it unchanged. When 25 mg.. of ephédrine sulphate
wes added to the4novocain§~solution the pH was found to be

unchanged. The indicator used in this phase of the colorimet-

ricfwork was chlorphenol red.
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If the injection of drugs into the cistern can be
construed as cohstituting'topiéal exhibition then it be-
comes 1mperat1ve’t6’define the localization of the drugs
after injection. It is believed‘that'the observation of
the reflex behaviour of the animal permits the assignment
of limits to the diffusion caudad of drugs. cisternally
‘injacted.

' The forelimb extensor Jerk elicited by tapping the
superficial tendons has been observed to be absent after
some cisternal injection of depressants and present'after"
others. 8ince the reflex is not easy to elieclt, the ob-
servation has not been limited to jerks obtained by ﬁép;
ping the collaterel ulnar ligement close to the promin-‘
ence of the olecranon but has been extended to include
seny jerk produced by tapping one of the aéveralféahsory
iigamental areas of the forelimb. The nerves médiating
reflexes of the forelimb are the'uinar, radia;, énd the
medlian, all of which sre part of'the/brachialyplexus, 8
structure derived from néfves’none of which emerge from
the cord lower than the first thoracic dermatome. Uniform
end constant sbolition of the reflexes meﬁtionad would not
definitely prescribe a lower limit to thecpenetration of
cisternally injected drugs but the inconstant abolition of‘
the reflexes points out, at least'inferéntially, to a :
penetration which seems to find its lower limit in the

region of the first thdraéic dermatome.‘81sson'(68)kassérts
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that the innervation of the dog's forelimb is analagous .to
the innervation of the erm in man.

VWhen one considers the fact that the intercostal .
" innervation begins also at the level of the first thqraéia
dermastome, theiinterpretatioﬁ in the foregoing paragraphv
. takes on additional meesning for this'stﬁdyQ The evidenoe,
already asdduced would be totally incompetentvto daf#new«
. the nature of the réspir&tory parslyses which we have -
- studled but the additional graphie évidancérbbiaihédwin~-,
our work very definitely indicates that the centralkfactor
in these perelyses is fundementsl. This statement in no
- way minimizes‘tﬁe role played by.paralyais‘of‘the éﬁerg-
ing intercostal rootlets. |

The use of methylene blue has not been invokad to.
. Pix the areas of penetration of drugs in our expﬁrimenta.‘
- Ultimate recovery has been the goal in our work and the
utility of methylene blue depends upon sacrificing the
animal. Ferguson and North (26) guestioned the'utility~of
methylene blue in fixing the limits of penetr&tion of the
local anaesthetics after their lumbar subarachnoid ad-~.
ministration. Certainly the diffusion of moleculsr novo-
caine differs from that of colloidal methylene blue. .

The penetration cephalad, of cistérnaliy administered
depressants, except as fgr'as the,respiratory cénter is céﬁu
cerned is not so susceptible of enalysis és itsﬁpenétra-

tion caudad. The cisternally sdministered drug can be
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transported toward the cortex;in the immediate;gense;by
’ftwo channels; the subarachnold spaces and the intra-‘_vu,;
ventricular spaces. In the former the drug is destinedwto 
encounter nerve roots while in the latter it is destined ..
to meet. nerve centers. In the experiments employing atner
anaesthesia results have been obtained under conditidns,f
 approximating the sbsence of anaesthesia.',In ;Lsugh_axf
periments immediate narcosis was produced, a.narcbéisv“_
which could not have been dependent upon“fésidual ether
because the cisternal injection was effedted whilarthe,~,‘
animal struggled out of the ather,depreésion. v Sincavf-
it 1s quite unlikely that the drug could have penétﬁaiéd.A
ns far as the cortical areas the evidence is presumptive
that the depressant encountered, in the sub-cortical .
gones, centers . or larger structures concerned in the
raintenance of consciousness. At the level of the Q,?;¢ 
squeducto-ventricular Juncture Pick (69) has deseribed
centers responsible for the phenomena of sleep énd‘ccns~ :
clousness. Tt so happens that these areas have béénj~,
thgught to be implicated in the lethargic states cohéequent
to epldemic encephalitis because in this diseaSe'degén?
erative changes have often been there described. Not for-
getful that access to dlencephalic structures msy be
afforded by channeia other than those just described we
submit that our results indicate, at least by inference,

penetration of cisternally injected depressants at least
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as far as the diencephalon and probébly through ventric-. .
~ular channels. k

Menifestly the‘phrenic nerves which comprise fibers
originating at the second, third, and fourth cervical 1@&3}3
are paralyzed by the injection of depressents iﬁto the‘ais%
tern in adequate doses. The site of penetration in cisteré
- tap is just cephalad to the stlas at & distance of only‘a%
- few centimeters from the nucleus subserving in the ddg,thiﬁ

1element ( the phrenic epparatus ) of the respirataﬁy ﬁach-i

 anism. | : |
Tilney snd Riley (70) describe the conjunctivalrré~
- flex as involving the trigeminal nerve, the substentia = ..
‘gelatinosa of the pons, the nucleus of the facial nerVe,
the facial nerve and ultimsately the proper effectOr,”the
orbicularis palpebrarum. The cénjunctiVal reflex is elways.
‘sbolished by the injection of depressants iﬁ,tha hiaiern
in doses adequate to paralyze respiratioh.‘?he reflex re-
turns generally é few minutes before the animsl can spon-
‘taneously breathe and occasionally with spontaneous breath-
ing or a few minutes later. The profound depressioh ef-anyi
1of the centers or nerves described accounts easily~for the
‘abolition of the reflex. However, in the light of our obe
servations 1t would be improper definitely to state by
kwhich depression it is effected.

The pupilléry reflex (direct light reflex) involves
retinal cells, the optic nerve, the superior colliculus; the

oculomotor nucleus, and the motor effectors of the iris,
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The pupillary reflex is invariably abolished by cisternal
depresaants, novocaine and sodium amytal, in doses which
paralyze respiration. The pupillary reflex returns much
later than the conjuncti#al reflex, requliring geﬁarally
a couple of hours. » '

The blink reflex (emergency light reflex ) has - in
these experiments invariably faturned before the direct
light reflex. Its fecovery parallels that of the conjunc-
tival reflex. Aftef>intervention with cistérnal ephedrine
following cisternal depressznts both the conjunctivel re-
flex snd the emergency light reflex have been obaerved to
return within one-half minute. Tilney and Riley (70) de~
scribe the emergency light reflex as’mediated by the retinsa,
the superior colliculus, the faclal nucleus, and the facial
nerve. The reappearance of the pupillary reflex after
the return of the emergency 1ight_reflex mey be interprete
ed as predicated upOn the sympathomimetlc effects of ephed-
rine upon the radisl fibers of the eye.

It must be reiterated that the return of the conjunc-
tival and emergency light reflexes in one—half minute after
the cisternal ephedrine in the presence of grave depress—
ion constitutes s phenomenon which the intrinsic aﬁalepsis
of ephedrine alone can explain. The slightest possibility
of snoxaemic damage to the centers mediating these reflexes
has been studiously avoided. Wheress the routine demon-
stration of the abbreviation of barbiturate narcosis by

intravenous ephedrine cen be exnlained in terms of cir-



;Legend.to accompany condensed protocols on opposlte page

Exp. Time of sdmin- Time of admin- Time of
- istration and istration and - initiel
dose of morph. dose of sodium injection
M 4 mg./kg. amytal
B3 4:00 P.M. 4:08 P.M. 80 mg./Kg. 4:21 P.H.
- B4 4:30 P.M. 4:19 P.¥. 30 mg./kg. 5:00 P.M.
64 4:20 P.M. 4:30 P.i. 30 mg./kg. 4:40 P.M.
686 B8:30 A.M,. 8:40 A.M. 25 mg./kg. 9:25 A.M.
e 9:57 L.M. - 10:09 A.M. 30 mg./kg. 11:50 A.M.
81 4:30 P.M. 4:45 P.M. 25 mg./kg. 5:17 P.M.
B8 8:42 A.M. 8:50 A.K. 25 mg./kg. 9:34 A.M.
132 2:11 P.HM. . 2:20 P.M. 30 mg./kg. 2:38 P.M.
134 3:04 PuM. 3:13 PuM. 30 mg./kg. 3:45 P.M.
. 69  4:35 P.M. 4:55 P.M. 25 mg./kg. 5:37 P.M.
w3 9:40 A.M. 10:00 A.M. 30 mg./kg. 10:45 A.M.
M8 . 4:20 P.H. 4:30 P.M. 256 mg./kg. 5:21 P.M.
83 2:15 P.M. 2:29 P.M. 30 mg./kg. 3:03 P.M.
‘84 3:50 P.M.. ~ 4:00 P.M. 28 mg./kg. 4:156 P.M.
121 9:05 A.M. 9:16 A.M. 30 mg./kg. 10:37 L.M.
130 12:20 P.M. - 12:26 P.M. 30 mg./kg. 12:45 P.M.
134 - 3:04 P.M. 3:13 P.M. 30 mg./kg. 3:45 P.M.
139 10:06 A.M. 0 10:22 A.M. 30 mg./kg. 10:55 A.M.
49 12:05 P.M. 12:20 P.M. 35 mg./kg. 1:32 P.M.
ﬁ6 4:40 PoMo 4:40 P.W. 30 mg./kg. 65:20 Pile
67 10:30 A.M. 10:40 A.M. 25 mg./kg. 11:10 A.NM.
70 4:40 P.M. 4:55 P.M. 25 mg./kg. B5:25 P.M.
w5 4:05 P.H. . 4:17 P.M. 30 ng./kg. 4:42 P.M.
78  3:40 P.M. 3:50 P.M. 30 mg./kg. 5:52 P.M.
£0 - 5:04 P.M, 5:17 P.¥. 30 mg./kg. 6:00 P.M,
138 10:30 A.NM. 10:42 A.tM. 30 mg./kg. 11:32 A.M.
lag 9:00 A.M. 9:15 AM. 30 mg./kg. 9:26 AN,
145 . 9:50 A.M. 10:04 A.M. 30 mg./kg. 11:01 A.M.

148 9:20 A.M. 9:356 A.M. 30 mg./kg. 9:52 A.M.

: This legend hsas been supplied to describe the type

of ansesthaesis used in the experiments tabulsted on the
fappCsité page. Since the limitations of space in the table
madé 1t 1mpéssible to include information fixing the initial
”aotgvof the experiments in the forenoon or afternoon, thet

:infbfmation is recorded in the last column.
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culatory improvement,the intense analepsis of the depress-
ed reflek mechanisms just described demands‘the explana-.
tion of intrinsic central stiﬁulation, by'ebhedrine.

3. Results obtained with sodium emytel and ephedrine

sulphate cisternally injected in the presence of

ether and morphine-ether snaesthesia.

This series of experiments indicates the difficulty
with which cisternal sodium amytsal produces‘respiratory,‘
paralysis when a pre- existing anaesthetic depression pro-
duced by that drug and morphine is wanting. '

Only two control experiments, numbers 118 end 119, are
Apresented where the dose of cisternal sodium amytal falls
in.the 6.3 mge. per‘kg..range. Respiratory paraiyaeé laste
ing 17 and 20 minutes‘respectively were obtained. 'w1th‘r
morphine—sodium amytal‘ahaesthaaia\no.par&leeé shdfter
than 45 minutes were obtained. - |

When 1n the presence of ether, ephedrine sulphate was
introduced into the cistern 1n doses of 0,95, 1. 7, and O. 95
mg. per kg. respectively after paralyses produced by sodium
amytal in doses of 5 mg. per kg. in éach case {experiments
99,100, and 103 ) total dufgtions of 20, 18, and 20 minutes
respectively were produced. Recovery after thé 1njection :
of the analeptic was obtained in 4,9, and 4 minutéé“réspeéﬁ-
ively. Unfortunately no experiments are‘presentad in the
morphine-sodium émytal series using cisternal sodium am-

ytal in the 5 mg. per kg. range. However, with smaller
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doses of sodium dmvtal 4.6 mg. per kg.,‘and ’ephedrine
aulphate in larger doses 2.3 mg par kg. éisternally
(experiments VB and 80) total duratimns of 21 and 40’ min-r
utes respeqtively were produceﬂ,the.recovery}after the .
injectibﬁ of the ahale?tic‘requiring 8 and 16 minutes . . ..
,respectivaly.v ,‘ ’ : | :

In this, the ether series, only one experiment is pre- .
sented using ocisternal sodium amytal in the 6.5 mg. §er kg.v
range. In thia experiment, number 123, respiratory para1~
ysis failed to ~supervene when ephedrine sulphate 2. 9 mg.
“per kg. was given aimultaneously with the cisternal paral-
yzant. In experiment 95 using 6.1 mg. per kg. of sodium
amytal aimultanaouslv with 0.85 mg. per kg. of ephedrine
sulphata both cisternally, respiration was oaralyzad 7
minutes. In experiment 96 employing 5.5 mg. per kg. sodium
amytal and l 7 mg. per Kg. ephedrina sulphate oisternally
no paralysis resulted.

In comparison with the results jusi dasériﬁed the;-l
reéults obﬁained in the series using morphine-sodium-:‘-
amytal anaesthesia inclﬁde thosé cbtaihed in experiments
'138 144 »145, and 148 in which doses of sodium amytal of
 6.4,6.3,6.3, and 6. .3 mg. per kg. respectively were admin— o
iastered simultaneously with ephedrine aulphate,in doses
of 2.2,2,2,and 1.8 mg. per kg. respectively by the éistern~
al route. Resplratory paralyses of 0,8,0, and 8 minutes

respectively were obtained. These durations are striking-
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ly short in view of the profundity of the preliminary an-
aesthesia which in itsiowﬁ rigﬁt cond&ééd in control'ex-k
,perimeﬁts ﬁo‘respiratory péralyées lasiing at 1east§45 min~,
utes. The results indicate the analeptic potency of ephed-;
rine 1n the most difficult circumstances.'

When morphine 4 mg. per. kg preceded the ether as -
in experiments 89,153, and 155,cisternal sodlum amytal in
doses of 5.6, 6. 3, and 6.4 mg . per kg, respectively pro»
voked respiratory paralyses of 60,26, and 857 minutes re-
spectively. These durations compare in length with those
obtained with morphine»sodigm amytal anaesthesia and lead
.one to\suspact that morphine plays an important réie in
the sénsitization of the respif&toryacenter io’danreséion
by cisternally administered nﬂralyzants. ﬂxperiments -
118 and 119 in which ethar alone preceded the cisternal ‘
sodium emytal in the same dosage range,yielded respiratory‘
paralyses of 17 and 20 minutes respeoti{rely, a fact which
strengthens the suspicion gust alluded to.

In the morphine-ethaf ahaeathésia series are four ex-
periments, numbers 92,150 151, and 157' in whidh 5.6,6.5,
: 6.5, and 6.3 mg. per kg. of sodium amytal reepectively
were 1ntroduced cisternally simultaneously with ephedrine
sulphate in doses of 2. 7 2.3, 2.4 ,and . 2. 3 mg . per kg.
respectively. The durstions of parnlysis werefrespectiVely
0,25,33,and O miﬁutes; Only t§o compérable éxperiments,
numbers 123 and 95 ,are avellable where ether alone wes

used., In experiment 123 the duration of parelysis was O
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‘mimtes with 6.3 mg. por kg. of SOdium amytal simultaneous-

1y injected with ephedrina 2 ) mg. per kg. In the obher,
number 95, 5.1 mg. per kg. of sodium smytal cisternally
injected simultaneously with ephedrine sulphate 0.85 mg. -
per kg. led to a paralysis of O minutes. These data are
probebly not too eguivoeal to point to the role of mqrphinq
a8 synerglizing and possibly potentiating the respiratory. .
depressant prbparties of sodium amytal éigternally injéﬁt-; 
od. | | ”v“
Iﬁtravenous ephedr1ne was not useé in this sériééfbé—'
éause even in thé controls, except in the‘additionai'pre§~x
ence of morphine, the duration cf respiratory paralysis‘
after cisternal sodium amytal was too short This fact
_also gave rise to the necessity of administering the aneA),
gleptic simultaneously with the dapressant. |
Tha pulsa after cisternal sodium amytal in the pres~

ence of ether is not so pronounoedly decreased in frequene,.
ey as 1t is in the presence of morphine-sodium amytalfmww74
" This fact alsd obtains in the caa@ of the GXperiments in-
volving morphine-ether anaesthesia. Occasiohally’the §gIse,‘
frequency is increased. The blood pressure as judgeﬁ,by -
femorel palpation is not much changed. Both obsarvationaj 
‘are in harmony with the results obtained in the acute ex-
periments where tracings were made. The deorease‘is  :\

possibly due to depression of the cardio;acdeler&tor5‘

center whereas the increase is possibly due to preferen-
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- tial depression of the vagus center.f

In all the experimants, with the exception of number
91, in this series the conjunctival reflex was abolished.
The return was in all cases within 12 to 15 minutes ex-.
cept where prelimlinary morphine'was‘ﬁsed. Furthermore,xthe
pupillary reflex was just as constantly abolished ahdaalé
most as speedily restored. | |

" Unless mofphine was present in addition to~ethér the.
forelimb extensor reflex persisted after cisternal aodium
amytal. This result differs sharply from those obtalned
in the presence of morphine~sodium amybal. _

The c¢cisternal injection of sodium amytal in- the pres-
ence of ether gave rise to anaesthesia lasbing no longer
than 30 minutes until the return of the nbility to walk .
After the injection of cisternal eﬁhedrine the‘animai rée
covered even more speedily. It waS'routine ﬁraetisai“ﬁo
discontinue ether after the injection of the~cistérnal de-
pressant. ’ | k .

The fatalities in the ether and horphiné—ether series
. were as follows: | | ’
Ether snaesthesia~-controls-- 1 ‘in sik‘experiéénﬁs

Ether anaesthesia--sequential ephedrine--~
2 iIn three experimants

Ether anaesthesia--ephedrine simultaneously -
. 0 in four experiments

Morphine-ether anaesthesia--controls--
1l in three experiments

Korphine-ether ana eatleaia--sphedrine simultaneously-
1l in four experiments
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5Legend to sccompany condensed protocols on opposite page

. Exp. Time of admin- Time of Time of
i - 1istration and ' starting initial
‘dose of atropine ether an- injection
i eesthesla (cisternsal)
- 90 9:06 A.M. 1 mg. 9:15 A.M. 9145 AM.
91 ' 3:46 .,P.M’ l mg‘ 4 50 P.Ei 5:10 P.I’i.
‘ 93 11338 A.M. l mg e 11 50 A.M. 12:22 P.MQ
94 1:54 P.M. 1l ME o - 2:10 P.M. 2:48 P.M.
118 4:30 P.M. 1 MEe 4:50 P.M. 5:07 P.M.
119 8:43 A.M. 1 mg. 8:50 A.M. 9:02 A.M.
99 10:00 Ale 1 ME o 13.:25 AJM. 11252 AJM.
100 8:16 A.M. 1 mg. 8:40 AM. 9352 A.Me.
S 3.03 10320 Al 1 Mg « 10:40A.M0 11:52 AMe
- '84a 9:08 AM. 1l mge. B:17 A.M. 9:40 A.M.
. 95 2:23 P.M. 1 mg. 3:00 P.M. 3:35 P.M.
. 96 5:32 P.M. 1 Mg e 5:38 P.M. 6:20 P.M.
o 8:32 AM. 1 mg. 8:40 A.M. 9:02 A.M.
.. 8% 2:356 P.M. 1 mge 2:45 P.M. 3:10 P.M.
. (£2:35 P.M. morph
R 4 mg./kg.)
163 2:07 P.M. 1 mg. 2:20 P.M. 2:39 P.M.
: (2:06 P.M. morph.
S 4 mg./kg.) |
- 168 no atropine 9:80 A.M. 10:35 A.M.
(9:40 A.M. morph.
. 4 mg./kg.)
- 92 3:06 P.M.. 1 Mg e« 3¢50 P.M. 4:12 P.M.
; (3:12 P.M. morph.
KR 4 mg./kg.)
1850 10:20 A.M. 1 mg. 10:22 A.M. 10:40 A.M.
L (10:08 A.M. morph,
- 181 no atropine 3:00 P.M. 3:26 P.M.
(2:40 P.M. morph. :
‘ 2 mg./kg.)
: 157 2’26 PaM.A 1 mg- 2:25 P.M. 2:53 P.M.

(2:20 P.M. morph.
2 mg./kg. )
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8 S
VIiI. PHARMAGO&YNAMIC HEACTIONS OF THE LOCAL AHAESTHETICS
IN THE SENSE OF ANTAGOEISM AHD SYKEHGISM

1. Literature '

The role of novocaine and of other localyanaesthetics ;
1ﬁ the crises of spinal ensesthesia have already been
mentioned. Desvite the aisconcerting incidence of these
mishaps, the mechanisms involved in the orisea‘remain the
subject of much cohtroversy. This account will coneefn.
itself with the antegonistic and synergistic phenomena
relating to these drugs rather than with their involvemenﬁ
in spinal accidents. | |

Novocalne (proceine hydrochloridé) 1s an official
drug of the para amino benzoic acid group; chemicallybit'

is para-amino-benzoyl diethylaminoethanol, I£ differsjchiafly:

from cocalne in properties, in its resistance to boiliﬁg, U iy

its inability to penetrate mucous surfaces, its failuré to.

~ produce habituation, and its problematicel lower toxicity.{.
Eggleston and Hatcher (71) believe thét;novocaineyis~.

detoxicated by the liver with more promptness thén cocaine,

It 1s well known that it does not lead to cumulative act-

ion and that 1t 1s possible to introduce prodigious doses

in animels if they are administered slowly; The inﬁestiw'

gators just cited emphasized that its slighter toxicity‘

in comparison with cocéine 16 only & relative matter de-

pendent upon the mode of exhibition. Both drugs are geﬁa

eral protoplasmic polsons by virtue of actions which no
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i one hses s yet had the temerity to desoribe. ‘
Isenberger (52) observed that, 1n spite of preliminary
barblturate medication, novocaine intravenously administeﬁ-
ed to dogs in repested doses of 200‘ mg. in 20% solutibnﬁ |
produces a characteristic drop in blood pressura. Further-
- more he found that, efter preliminary sodium amytal, novo-
caine slowly administered in 1% solution or in doseg just
mentioned failed to preduce convulsionsﬁ*ﬁqually i@ﬁortanﬁ
_ are his observations that the fall of blood pressurgfaftef',
novocaine closely paralleled and coincided With res§iratony
- depression. If the depression progfessed to complete para-
lysis he found that the only‘necesséry adjunct;to cifcul~'
atory competency‘was adequate artificisl resﬁiratioﬁ. ﬁé 
pointed out the earlier abolition of thoracic‘breathing~ 
followed by diaphragmatic arrest following the lumbér sub-
arachnoid 1njéction»of novocaine. Likewise, he faﬁndmsa-h
dium smytal effective in cqntrolling the~convﬁisivé;seié-
_ures of novocaine after they had developed. His viaﬁénre—
garding the untoward results with novocaine ih:apihél ah~ |
aesthesla coincide with those of Seevers and Wéberé’(??).‘
They insist upon the respiratory oharacter'of thé'épihai.
anaesthetioc CPiseé; and in so doing are almost ceftainij
correct. . ’}f- ; | 3 )
Earlier, prvéndahl,(?E) remarked the}utilityfdf the
barbiturates in combating loecal énaesthetic'pcisdniﬁg. She

successfully used veronel sodium in cocain poisbning. The
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utility of phenobarbitel in this same regafd was also .
attested by Guttman (73) .

Tatum and others (74) believe that the site of the
action of novocaine as a convulsant is oerebral. aengewwm
they used narcotics such as the barbituratae end paralde-
_hyde té combét ﬁovocaine convulsions. On the-contfary,;N¢_
Morita (75) found that the tolerance of rabbits to cécaine
- intoxicatlon was not importantly improved~by the extirpe;”
ation of the heﬁispheres. Knoefel,ﬂerwick, and‘Loevénhart
~(765 found amytalyprobective against local anaéétheticaw
. whereas magnesium 1is synergistio with these drugs iﬁ*their
depressant phases. Whatever the meehaaism of the,acﬁigp},»
it 1s almost & trulsm to étate that stium‘amytal is the.
best drug to control the convulsions from drugs so di;
~ verse in character as coaaine; picrotoxin, and s%rychnine.

A curious antagonism between cocaine and bulbocapnine
was reported by Buchmann and Richter (77) who reversed bulbo-
capnine catatoniea 1n monkeys with cocsaine, Thair results
present an interesting possibility for the treatment of
marcoiepsy. | | “’: 

Neither the hypothetical antagonism between ephedrine
and novocaine or between sulphocyanide and novocaine has
interested workers to the point of serious attention«w
In fact the trend of the étudies of‘the antagonism in the
first pair has been diréctedkat the éffects upon blood
pressure. Hemet (78) described an antagonism between

ephedrine end novooaina with respect to the aetion of
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the former upon blood pressure. « SRR et
"In this atudy experimental evidence has’graduallyt‘
accumulated which seems to diéelosé,at*least'in isolated
cases an interesting synergism betWSen ephedrine &ndfnovopf
~caine egainst the barbiturates with‘réspect to the effedﬁsy
of the latter on consciousness,in addition to a frank
 outspoken antagonism between them in the case of the respé
irstory paralyses produced by novocaine cisternally 1nject-
- ed.

2. Pharmacodynamic behaviour of novocaine and 2£ 

ephedrine when introduced into the great cistern

of the dog. Experimental results

The experimental procedure is identical withvthét”
used in the series where sodium emytal was injected in
the cistern., Only plain ether and morphine~aodidm'amytai
gneesthesin were used. The sutopsy findings described . .-
in the sodium amytal series hold true in this seriea§f~-:~ 
There is no reasonable chemical excuse for the interaction .
of novocaine and ephedrine even when injected simultaneous-
ly dissolved in the same aliquot of eisternal fluid.is~ -

Group A. Results‘with morphine»sodium athéi aﬁéesthea

sia. | .

In this group morphine, 4 mg. per kg;;was injected -
subcutaneously followed by sodium emytal 30 mg. per kg.”,'
intravenously after the development of morphine abﬁibn.l

The fatalities are listed in the following table:
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' Controls- survived 5 pead 1
Intravenous , | o
ephedrine-survived 2 dead 1 .

Cisternal ephedrine sequentially

survived 6 dead 1

' Cisternal ephedrine simultaneously

survived 4  deed Q0

The recoveriss in the control group seem more certain
than in the seriles using cistern&l soaium amytal. The ser-
ies is far too short to produce satisfying conolusions but
- one would like to believe that the results grow out of &
slowly developing antagonism between nbvoéaine and*sadiu&
amytal which finds 1ts expression in the mit#gation«of“ﬁhe
post experimen£a1 depression. The antagonism 1s‘w811 known
~but its application to the problem of drugs 1ntroduéedAin-‘
to the subarachncid'by Cotui (36) and ourselves ia'new. An
-uneriticsl interpretation of the antagonism has caused
many anaesthetists to avoid preliminary barbiturate medi-
cgtion before lumbar anaesthesia beoauserthey feared that
the barbiturate would annul the action of thevregibﬁalﬂan-
sesthetloc. Their concern would better have been directed at‘
jthe nossibilitv of 8 strong depressive synergism with the
relafﬂvelv massive doses of the 100&1 anaesthetic confined
within the narrow limiting confines of the neuraxis. Tha
antagonism is probably limited to the stimulent aspects of,

the'local anaesthetic action and not to its depressant

asppots.
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The duration of respifatory.paralyaes in experiments
41, 106, 107 using doses of 6.3, 6.3 and 6.3 mg. per. kg. .
of cisternal novocsine after morphine»sodium emytel. an- ..
aesthesla was found to be 50, 55, and 74 min&tes respect-

" ively. In experiments 37 and 122 afier 5.5 snd 5.3 mg. per
kg. of cisternal‘novocaine durations of’28 end 50 minutes
- reapectively were’obtained.

In experiments 111, 112 and 120 using intraveﬁdua ‘-
ephedrine sizlphar,e in doses of 2.9, 3.15,and 2.9 mg.;}: per
kg, reepedtively after paralyses from cisternsl hovobaiﬁe
in doses of 6.3, 6.3, and 5.8 mg. per kg. respectivély,
respiratory paralysis lasted 120, 30, and 76vminute§~re-
spectively. The durations after the injection of the an—;
“aleptic were 114, 24, and 69 minutes respectiveiy. If any-
thing these durations are more ﬁrolongedvthan\thOse_of.the
controls.

When aphedriﬁe sulphate waa‘gdministered cisternaslly
1ts analeptic potency was unmasked. In experimehts 45,
48, 108, and 109 cisternal doses of 6;2 6.3 »6;3, énﬁ 6.2
mg. per kg. respectively ,antagonized by cisternsl doses .

- of ephedrine of 3. 1 6.256, 3.1, and 3.1 mg per kg. respect-
ively ylelded paralyses of 14, 16, 18, and 18 minutes S
respectively. Even in experiment 44 in which 9.4 mg. per
kg. of clsternal novocaine was antagonized by 3.5 mg.‘per
kg. of cisternal ephedrine sulphate paralysis lmsted only

11 minutes.
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In three expefiments,ﬁnumbérs 113, 114, and 172, cls-
ternal doses of 6.3, 6.3, and 6.3 mg. per kg. were antag-
onized by the simultaneous clsternal injection of 258 mg.
of ephedrine sulphate in each case. The duratlons of paral-
ysls were respectively 0, 16, and 4 minutes, Analépgis by :
'éphedrine is strikingly demonstrated in this seriles.

Four experiments, numbers 164, leb 166, and 169
portray the antagonism of ephedrine sulphata in doses of
2.8 mg. per kg. to novocaine in doses of 2.8 mg. per kg.,
hoth cisternally. These experiments yielded»reepiratory
?aral#ses*lasting 20, 10, 6, and 4 minutes after the simul--
taneoﬁs administration of the drugs. The results of the ex~
periments are not shown graphicelly. The ehoibe3of dosagé
of novocalne depended upon the exigencies of éxperimental
procedure quite fo%éign to the purposes of the other ex~
periments in this group. Thase exparimants were designed
to test a hypothetical synsrgism between ephedrine and

~novoca1ne. They will later be analyzed.

The conjunctival raflex is abolished by novocaine
in a range of doses from 2.8 mg.:per kg. to 17 mg. per kg. - -
Likewiae, the pupillary reflex 1s sbolished by the seme doses‘
of. the same drug. The same is true for the forelimb extén—‘  |
sor reflex. The return of all these reflexea:waa_apparently
hastened by ephedrine either cisternally or intravenousiy.

The pulse rate after cisternal novocaine is decreased.



‘Legend to accompany condensed protocols on opposite page

11:15

Exp. Time of admin- Time of admin- Time

‘ istration and “istration and initial

dose of morph. - dose of sodium injection
in mg./ke. - amytal in mg./kg.

3'2 9145 AM. 4 11:00 A.M. 30 10:19 A.M.
- 37 11:20 A.M. 2 11:25 A.M. 30 12:32 P.M.
41 11:15 AM. 4 11:25 A.M. 32 2:50 P.M.
- 106 4:00 P.H. 4 4:16 P.M. 30 5:00 P.M.
107 8:45 A.M. 4 g:00 A.M. 30 9:20 A.M.
122 B:55 A.M. . 4 9:05 A.M. 30 9:27 A.M.
“111 8:36 A.M. 4 8:45 A.M. 30 8:55 A.K.
120 9:54 A.M. 4 10:07 A.M. 30 10:14 A.M.
356 12:23 P.M. 2 12:26 P.M. 30 1:10 P.he.
44 3:17 P.M. .4 3:30 P.M. &0 4:356 P.M.
45 4:30 P.ie 4 4:39 P.M. 30 4:45 P.M.
47 10:15 A.M. .4 10:27 AM. 35 10:40 AM.
48 4:10 P.M. 4 4:20 P.M. 30 4:42 P.M.
108 4:29 P.M. 4 - 4:40 P.M. 30 65:06 P.M.
‘109 B8:39 A.M. . 4 8:47 A.M. 30 9:00 A.M.
114 9144 P.M. . 4 3:86 FuM. 30 4:20 P.M.
164 11:42 AM. . 4 11:54 a.M. 30 12:12 P.NM.
172 4314 ?.0}5- P 4 4:25 POM- 30 424’4 Pof?gt
169 10:54 AM., 4 11:08 AM. 30 11:33 AJMe
173 11:01 AWM. 4 A.M. 30 12:10 pr.M.
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. There is probably little,effect~from‘ciaternal npvécgine.

- upon the vasomotor oénter in the doses routineiy ﬁééd in

. our experiments‘for the sbolition of breathing. However,

: 3when the asphyxis accompanying respiratory paraiysiaMimz,

: ﬁingea upon the vasomotor center there is a sharp decrease
in 1rritabil§ty made manifest by a fall in bload«prQESure.

- Hi1ll end MacDonald (79) prefer an e#pl&nétion in#olvinthh@
depression of an adrenaline secreting mechanism but . the
‘asphyxial explanation seems straightforwara. ;

Group B. Results obtained in the presence of ether.

The durations of the controls in which novooaine.was
~injected during light ether anaesthesis were little Ehorteﬁ
than the durations of the paralyses when' ephedrine was in-
jected after or with the depressant. The ether eontrols
were much shorter than the controls secured with morphine
sodium amytal anaesthoaia. To support these concluaions
~the following QYpariments are sdduced.

In experiments 116 and 117 durations of O and 27 min-
-utea respectively were obtained in the paralyseS\evéntuat;
ing from clsternal novocaine in doses in the_s,simg;aperm
kg. range. | :

Cisternal novocaine was‘found to dscrease'thé fasto:x
pulse caused by the ether ansesthesia. If’ephedrine wgs
administered,then the pulse rate remained uniformly ﬁigh.

The cohjunotival,reflex'and the puplillary reflex were

constantly sbolished by cisternal novocaine. The forelimb
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extensor reflex 1sMapparently not so constanbiy abolished.
The return of the conjundtival generally réqﬁired from 40 
- to 50 minuted whereas the pdpilléry‘refléx lagged far be-~
nind this time in restoration. The forelimb reflex returnéa
very speédily.

consciousness returned promptly after cisternal novo—‘
caine. The duration 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 racovery of all animala
- in this group. ; |
Our observations with dogs do not agree with those of
_SOupault (80) with respect to the abolition of consciouaneas
in man after cisternal_nevooaine. He repcrtéd the persist~
ence of congciousnbsa during feé?iraﬁory péralyais in @anr
after doses of 100 mg. novocaine and doses of 50 mg}:of
chlorslose cisternally. One is sasstonished by the temerity
of a worker who introduced deprassants into the human cis-

tern before the acquisition of experimental datavon animals;



- Legend to accombany condensed protocols on opposite page

 ? Exp.

101
.16

110

phine, 2 mg./kg.

Time of admin- Time of be- Time of
iastration of ginning initial
end dose of ether an- injection
stropine sul. gesthesia (cisternal)
. 9:00 A.M. 1 mg. 9:10 AM. 9:30 A.M.
104 4319 PGMO 1 mg- 4:20 PnM- : 4‘:51 POL{‘
0:36 A.M. 1 mg. 9:44 A M. O:652 AN
117 10330 AM. 1 mg. 10:40 A.M. 10:53 A.M.
102 4:08 P.Me. 1 mg. 4:20 PMe 4:354 P.M.
3:16 PoM. 1 M e 3:21 P.M. 3:35 PoMe.
154 "2:10 PL,M. 1 mg. 2:25 P.M. 2:44 P.M.
2:09 P.M. mor-
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- VIII. PHARMACODYNAMIC REACTIONS OF CISTERNAL PICROTOXIN

l. Literature

Sufficient\méntion has'been mede of the pertinent. .
pubiished observations of the pharmabodynamic‘properties
of pierotoxin. - | | -

2. Experimental Results obtained with Picrotoxih in

reversing depressed states producéd'gz cigtarnai

Sodium Amytal

The recovery of'experimental animals after piératoxin
is extremely problematical. This series of experimehts
suffers from this difficulty in that it has been impossiblae
to obtain drastic control experiments.,

Six experiments are presented representing doses of
picrotoxin from 0.023 to 1.7 mg.'per kg. Théfe ﬁere three
deaths and three survivals. The dose of 1.7 mg. per kg.
is menifestly too large but it wes given before any exper;
imentel criterion of the proper dose of cisternal picro»
toxin was avallable. The experiment émploying‘ciéﬁevnal ’
picrotoxin in dose of 0.032 mg. per kg. after éodiumwamytal'
in dose of 5.3 mg. per kg.,gisternally,résulted' in death
from pulmonary involvement ;ﬁéreas ah’experiment émploying
0.033 mg. per kg. of picrotoxin and 6.2 mg. per kg. of

sodium amytal, both c¢isternally, led to recovery.

The animal which received 1.7 mg. per kg. of cistern-
al picrotoxin exhibited after the return of spontansous
breathing a most violent type of breathing. The actlion of

the plorotoxin was slow to assert itself in the face of the
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large dose of sodium emytal (12 mg. per kg.) but the lag
waa more probebly assoclieted with the poor diffusion of
the picrotoxin then with impotency of snalepsis, éhe
restored breathing conslisted of glternate periods of ap-
nea and of hyperpnea lasting about 15 seconds. During ap-
nea the animal was drowsy and during hyperpnes, very alert,
There was evidence of strong clonus of’the_limba with
twitching of the faclel muscles. In addition, there.waé
twitching of the neck muscles énd occasional strong clew
extension. We sssume thet the mode of dilssolving tﬁe
_plerotoxin in 10% agueous alecohol played no part in the
train of events. |

The mode of death seems clear in its relation to the
casunlties esarlier experienced. The jerky hyperpnea of moat
alarming proportions could not possibly have}failed to pro-
duce some trauma to the delicate pulmonary aspparstus. Later,
after the picrdtoxin effect had waned, the snimal was con~
fronted with the necessity of dispbsing of la.mg. per kg.
of clasternal sodium esmytal after the preliminery morphine-~
sodium amytel enaesthesla. The dose of plorotoxin was cer-
tainly momentarily oapable'of annulling the effect of the -
sodium amytal but 1ts action was over too socon to forastall(
the profound depreésion from the summated doses éf the barb-
iturate. The momentary character of the efficacy of the piosro-

toxin 1s evidenced by the absence of convulsions.
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The death of dog # 57 in experimént 149 which received
6.3 mg. of cisternal sodium amytal per kg. and 0.023 mg.
of cisternal piérotdkin in the presence of morphine-sodium
amytal ansesthesia falls into a different c&tegéﬁy. Al-
though the plcrotoxin was adequate to restore respiration
it was not able to restore a;truly competenﬁrrespirat£0n.
As long as five hours after £he‘returﬁ‘of sponéané¢as
breathing, elicited by the denial of artificial rédpiration,,
respiratory excursions were but feeble and non-sssertive.
Despite the injection of ephedrine the animal diédlaﬁ acute
respiratory death. | “ , ) |

No animai\receiving more than 0.033 mg. per kg. of
cisternal picrotoxin recovered. The‘reSulta are not in-
tluded to lead to conclusions s to the poﬁency 6f picro-
toxin in barbiturate intoxication but rather as a fécord
for dosage of cisternal picrotoxin, because as far as we
.know’there has as yet no dose of cisternal picrdtoiih been
described in theyliterature. S |

One animal exhibited after cisternal picroﬁoxin vio-
lent intestinal activity not sccompanied by evécuatioh.
In two other dases profuae salivation occurréd.'Thé doses
weré in the 0.033 mg. per kg. range. ThelinconStancy of
appearance of this action is probably due to céntbal de-
pression of'theyaalivatory mechanism in the cases where it
falled to appear. Cemp (81) has been.abla to demonstrate

that cardiazole can stimulate the salivatory centers‘if
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the depth of ahéesthesia is not great.

In all cases picrotoxin cisternally slowed the heart.
The injection of 1 mg. of atropineyintravehously effedtéd‘
a reverssl of this action which was probably due to central
vagus stimulation. The slowing in 21l cases was additional
to the slowing produced by eisternal eodiﬁm amytalvy”

Cisternal picrotoxin in all the doses used restored
almost immediately the conjunstival and pupillary reflexes
abolished by cisternal sodium amytsl. ﬁerein picrotoxin
differs from ephedrine becsuse with the latter the return
of the pupillary reflex isflong deferfad.‘%his obsefvation
is in harmony with the observations of Chen (82) wh¢~dea-
ceribed the strong‘and lasting ephedrine mydﬁiaéis &hiCh
in our experiments deferred 8o long the return‘of the
puplllary reflex. »

Cisternal picrotoxin restored respiration sbolished
by cisternal sodium smytal about as effeetively as did
ephedrine and in doses sbout 1/80 as lsrge. The breathing
restored by picrotoxin was not és well QO—orﬁinéted as was
that restored by ephedrine. Purthermore,with picrotoxin.
the convulsive 1imits were more closely approached than
*witp ephedrine, a drug which in our experimentafdid not
faho% the slightest indication of convulsive action;f In
addition the analepsis of plcrotoxin was accompanied by
caqdiao depression while that of ephedrine takes place

in the presence of a profound circulatory improvemant.
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IX. PHARMACODYNAMIC REACTIONS OF CISTERNAL CORAMINE

1. Discussion g£ Published Qbservations gg the

ALctions of Coramine

Qoramine was described by Killlien (83) as pyridine
carboxyllc acid diethylemide. Hence it is a dialkylated
smide of nicotinic acid, quite’aoluble in water end almost
certainly a true chemical compound and‘not a mixture, It
is advertised as a resplratory and cardio-vascular anaslep- ’
tie which according fo Gremels (84) preducea elsevation of
the blood pressure providing there is competency of the
vasomotor cehter.

That coramine is able to break ﬁhrdugh the narcosis
of avertin is sttested by meny experimentglisﬁs end clin-
icians. Killian (83) has edduced sufficlent cliniesl |
evidence to make this conéluéion inescapable. Mofeover,
Killian envisaged coramine as categorlcally analeptic to
depressions whatever their causes.,This‘oontention is
strengthened by the observations of Braams(85) who report-
ed experiments finding coramine superior to cardiazole in
atimulating depressed respiration.

Tartler's experiments (62) also indicated the superi-
ority of coramine over cardiazole in analeptic‘value“beu
cause the action of the former is asserted before tﬁe con-
vulsive limits are resched whereas potent doses of the lat-
ter approach that limit. This worker found that coramine ant-

ngonizes small and synergizes large doses of medinal. We
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suspect similar reaction of coramine with‘éadium’amytal.

That coramihe mitigates the depression’of éOrtiéﬁl
depresasnts such as paraldehvde and avertin,wheraaa it
synergizes those of the brain stem narcotics such as: bar—
blturates and chloral was observed by Moritsch (61) who
also found that ephetonin {synthetia optically inactive
ephedrine) synergizes brasin-stem nardoﬁics‘ahd'is ﬁdtually
& depressant in its own right for dedarebrated;rabbiﬁa.'
Both ephetonin and coramine he found stimulant to thé
vasomotor center. Heppner (86) reporteaithe‘ability of cor-
amine to breask through pernooﬁon~ether aﬁaesthasia'of rab-
bits and Zunz (87) asserted that it stimnl'eités the respir-
atory centers of animals with denervateé carotid sinusea.
In his studies of the labyrinthine and othar pastural re-
flexes of rabbits Kohlhoff(88) described tha antagonism
of coramine to respiratory depreésanﬁé as limited to action
against chloral and paraldehyde. |

The manufacturers of coramine, Ciba and Oo., have re~"
cently marketed a double salt of ooramine called calcio»
coramine in which two molecules of ooramina are united
with one of calcium sulphocyaniae. Sudh a/cémpound might
integrate the hypothetical analeptic propertiea of the
sulphocyanide ion with the authenticatad properties of
coramine. Uhlmann (89) found this new drug to be a respir-
atory,cardiac, vasomotor, and secretory stimulant with anti;
inflammatory propertles. .

Niedsrmoser (90) used corsmine prophylactically to
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facilitete the adjustment of the respiration during the
. narcotization of maniacal patientsr He amphasized the in~
ability of the drug to reverse theimarcosis in any true
sense and claimed its efficacy was}existent both with per-
nocton and with somnifen. He foun% it superior to lcbeline
to which it 1s related chemically qnd recommanded the use
of doses of 250 mg.

Maloney and Tatum (91) obseiveé-the‘superiority of cor«
’amine over cardiazole in reversing the dépression of cer-
tain narcotics and the total inadequacy of both’in barbi-
turate depraésiona. In view of the:fact that the bérbitur-
ates are solids of small chemical lability and gresatly re-
sistant to detoxication as a consequence of their stébil-
ity,thefe is small wonder that analéptics can‘at best
bresk throughltheir actions in only the most fleeting senss.
In ocomparison drugs like paraldéhyde posgess & most effect+
ive reaction to detoxioétion and are volatile»11Quids.

2. Experimental Results with Goramine

Coramine was injected slmultaneously with sodlum-amy-
tal in the cisterns of dogs anaesthetized with morphina ;
2 mg. per kg. and sodium amytal 30 mg. per kg. The dose of
sodium amytal,oiatefnally,with which coramine was caused
to contend was uniformly 6.3 mg. per kg.'The dose of cor-
amine ranged from 18.2 to 28 mg. per kg. |

There can be no possible chemical reason for the re-

" mection of coramine with sodium amytal at the temperature of
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~ the body. Although the small quaentity of lectic acid cbntain-
ed in the ocoramine solution in the smpoules must affect the

' pH of the sodium amytal solutions the change is too small to
produce significant changes in solubiiity of the bsrbitur-
ate. It was necessary to reject one c.c. of cisternal fluid
and to supplant it with 1 ¢.c¢c. of the corsmine solution be-
cause our sﬁpply of coramine was in ampoule form.~,

Our feeling that the danger of convulaions from cora-
mine is remote was confirmed in this group. Since mixed .
drugs were administered we are unable to state definitely
how coramine affecﬁs the circulation but we submit  the
provisional assertion thsat cisternally it slows the hesart
less readlly than does cardiaszole. |

Assuming that the doses of cisternal sodium emytal
were adequate to abolish the conjunctival reflex ( certain-
ly not a gratuitous assumption ) corsmine has asbout the w
same potency in restoring it as has cardiazole.

The unsultabllity of coramine for abbreﬁiating ~the
resplratory paralysis produced by cisternal sodium amytal
is attested by the graphic comparison of the protoodls in
Flgure 5 . Apparently coramine actually serves to,épro-
long the duration of such paralysis. Its potency in‘re-
establishing sbolished reflexes is of é similar ;nferior
order. |

Our éxpnriments with coramine sre limited in number

beceuse of the unpromising natura‘of its action and be-
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.. --ceuse we are r:e:aerving this drug for a fn"mivr:e‘ atudy in a
g more fundsmentel sense. The cisternal avenue of :exhiibition

~ will be used.
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- X. PHARMACODYNAMIC REACTIONS OF CISTERNAL CARDIAZOLE

1. published Observetions on the Pharmacodynamic

Reactions of Cardiszole

The analeptic phases of the actions of cardiazole will
be discussed in this section becsause despite lts compara-
tive youth there has sprung up since the publication of the
first/paper de§Cribing its ection by Schmidt, Hildebrandt
and others (92) in 1926,8 truly ﬁoluminous,literature.

Cardiazole, which is marketed in the United Stetes gé
"Metrazole" and which is produced by the chemlecal feaction
of hydrazoid acld with cyclohexanone is probsbly a true
chemical compound. corresponding to the technidal name,
pentamethylene tetrazole. It 1s resistant to boiling and
is quite soluble in water, a fact which, in one sensé, makes
it definitely superiorkto camphor.

The consensus of German opinion is that it is a medul-
dary stimulant. The original workers,(az)kasserted that it
1s quickly absorbed and not cumulative in actiOn; thet its
absorption is so great that subcutaneoué doses sre sbout as
efficacious as intravenous; and that its efficscy after both
modes of exhibition is of the same order and in the same
dosage potency. They reported stimulation of the hearts of
frogs, rats,and rabbits both in normsl and'depreséed‘statés
and the intermediation of corticaljaction in the case of
its antagonism to morphine depression. |

On the contrary Stross (93) found that cardiazole sction
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1s not exerted so markedly on the normsal heart but rather
upon the heart depressed by chloroform. Its stimulant
action, he belie?ed,was, exerted through azn increase of
blood pressure not manifested after decapitation of the
experimental animal, the frog, and also by a lasting vagus
action. The cardiac accelerator mechanism was unaffected.
Asher (94) reported that in rabbits oafdi&zole is 8 car-
dio~-respiratory ensleptic but he also reported the product~
ion of convulslions by doses of cardiazole much*smallér thaﬂ
those of coramine effective in the seme stimulant sense.

Cemp (81) described the parasympathetic action of
cardiaszole, a phenomenon which we too have~remarked.~mhat
1t stimulates the depressed respiration, he denied. its
central action on the salivatory apparatus was not obtein-
ed in our experiments but‘namp has &lreaéy giveh'sufficiehﬁ
resson for the failure of the sction in térms 6f.aentral
depression due to anaesthesia. o

Barker and Levine (95) reported the inefficacy of
cardiazole to stimulate the‘cardio-respiratdry systems of
cats depressed by hemorrhage, quinidine,and mineral acid.

That cardiszole 1s effective in reversing avertin
narcosis 1s clear,but Janossy (31l) pointed out ;that its}
effectiveness in stimulating respiretion depressed by the
same drug ls problematical. The’sanée of our éxperiménts‘
is that its use to combat respiratory failure from’depreas»\

ants 1s probably quite unwise.
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Ruef (96), after long clinieal investigation, reported

the improvement of blood pressure even in mcribuﬁd cases
with the development of a digitalis pulsevaftef long ad-
ministration. Buding (97) would definitaly‘pléce cardia-
zole in the pierotoxin rether than in the camphor group.
In his experiments,ne‘Waé eble ta,mitigahe‘both with card-
iazole and picrétaxin the depression Produéed by caffein,
a depression which Partler (Gs)hhad earliér deacribed s |
produced in rats. |

The usefulness of cardiazole in improving the eireu-
lation.waé reported by Oremels (84), who found its grestest
utility in depreséions sssociated with depreésed vasomotor .
. tone. Burgl and Gofdonoff (98) found digitalis additi§e to
cardiazole, providing the digltalis preparations were free
‘from digitoxin, a conditlion not easily schieved in view of
the capriclous pharma¢eutical chemistry of digitslis. |

Maloney end Tatum (99) found cardiazole distincily
inferior to coramine in aniagonizing barﬁiturate depreés-
~ion. Dhavid and Vereed {(100) reported thaﬁ cardiazole pro-
duces a transient stimulation of the depressed heart and o
resplration after barbiturste medication, but they poiﬁtedq
out that the effective dose 1s near the'convulsive dose and  ,ﬂ
that the effect upon animels is not depehdéblé,‘particulérly
in certain species.'They could obtain predictable résults with

ocats, in which animals Watt (101) found that the effect of car-
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diazole elicited vomiting in doses near the convulsant dose
and that the action in therapeutic doses consisted of
stimulation of the respiration and of mctuasl depression of
the isolated heart. Against chloroform depression they

found cerdiazole useless in eliciting cardiac improvement.

2. Expsrimental Results with Gisternél Cardiazole

Sincs the reéults with'oardiazole:have‘been very dis-
couraging of any promise for anaieptic aetion in thé reap-
iratory depressions produced by cisternal 50d1um amytal ,
only six experiments are presented. The‘resulia are shown
. graphically in Figure 5 . ‘ |

Only morphine-sodium amytsal énaesthesiafwas used, The
éisternal medlcation consisted of sodium amyﬁal in doses of!
2.3 to 6.5 mg. per kg. mixed with cardiazole’in.dasés of
0.9 to 2.2 mg. per kg. There is small pessibility of chem-
icsl reaction between the cardiazole and the aodium’émytalﬂ

The doses of éardiazole were observed to produce
striking functional modificatioh end were for this‘reason
considered adequate t0 produce any analeptic action the
‘drug mey possess. 50 potent were they in‘impairing"the
circulation that ephedrine tharapy was‘necessafy in;moat
of the cases observed. Despite their untoward action on
‘the circulation there were no fatalitieS‘in the cérdiazole
series. “ |

The most outstaending feature of cardiazole acﬁion

after clsternal exhibition wss the profound slowing of the
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pulse and the speedy re-eatabliahment’of“the;corneal re-
flex. The slowing effect corresﬁonﬂs nicely with the pub-
lished observetions of Camp (81),Whorfound cardiagole
strongly stimulant to parasympathetic structures. Our re-
sults further agree with Camp's in the feilure of the atims
ulation of the salivatory apparatus during deep ansesthesia.
The parasympethetic asction of cardiazole‘wasifurther evi-
dent in our experimentg by the easy and apeedy constriction.
of the pupil dilated by cisternal sodium amytal. |

An anelysis of the data on respiration indlcates that
cisternal cardlazole probsbly prolongs rather,thén ébbrev-
iates the respiratory peralysis produced by cisternal sod-
ium amytel. ,‘ | |

The powerful action of pierotoxin in,producingvstrong
intestinal movements was found lacking in cardiazole when
injected cisternally. Making due allowance for the slow
diffusion of piérotoxin end the fast‘diffuaion of cardia=~
zole,we are led to conclude that the two drugs have much
in common but that cardiazole is much inferior in activity,
This 1s likewise true with respect to the duration of nar-
cosls,a phenomenon which we believe was actually prblonged

by cisternal cardiaszole.
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XI. PHLRMACODYNsMIC REACTIONS OF SODIUM THIOCYANATE

1. Published Observationa'gg the Actions of Sodium

?hiocyanaté

The only possible sanction for an attemptkto‘damon~
strate an sntagonism to barbiturates by sodium,thiocyanate
1s the work of Wilder D. Bancroft and hisvasgogiateé {102) .
‘Their experiﬁental work is based upon the~assumpﬁion that
reversible devietion from & normelly dispersed condition
of the colloids 6f nervous protoplasm constitutes the sole
effective mechanism of stimulation and depression of ner-
vous étructures. | ; -

The working hypothesis is obviously a répétition' of
the theory of Claude Bernard (103) and other investiéators.
Bancroft and Richter (104) adduced experimentélkévidence
gained with yeast plants wherein the organis&s were narco-
tized with amyl alcohol and later freed from nardosié by
washing and cenfrifugalization. The plants wéré dapaﬁle,
after being freed from the narcotic, of causing alboholic
fermentation and of growth. When narcotized,Brownian‘mcﬁe-
ment was at low ebb in the organisms,but after washing it
returned with its originasl intensity. Theae'experimenta
Bancroft and Richter called a great triumph for the ﬁhaory
of Bernard.

Henderson and Lucaa (105) objec&ed vigorously to the
synonomous usage of the terms "anaesthésié" and "narcosis"

by the Bancroft group. They considered his generalization
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too sweeping particularly in view of the”faqp that few

enimals were used and that time for_recovery f;om'earlier
medication was not alwayé permitted before the performance
,of experiments. The reported 1mprcvement in breathing they
believed could be explsined by sensory stimulation.

The most explicit necessity of the Bancrdft theory
. 1s the inslstence upon the role played by the proteins
~ and especlally by the albuminous proteinsﬁcfjthe pfota—
plesmic colloids of the nervous tissue. The_liﬁoids are.
caused to assumé a much less important role then they,élay
in the Meyer-~Qverton theory. The latter theqry hasi been
cheracterized by Bancroft as a theory of tranapdrti and
sbsorption rather than as & theory of'narcdtio‘action. The
lipoids are reserved in the Bancroft theory to‘explain |
phenomena not explicable in terms of thelprotein cdlloidal
aggregates. In view of the fact thet for élkaline albumin
the peptization‘by ions is achieved in the following order
CNS > I>Br > NOz 7 Cl > CgHzOp of deéreasing”potency, sod-
fum sulphocysnide (thiocyanate) with its relatively harm-
less sodium ion becomes the therapeﬁtic agent par~éxcellence
for dispersing reversibly agglomeratedvnefvoua colloids. In
addition the dispersing power must be considersd in relation
to the ionic environment in which the narcotic coagulation
has taken place.

The sodium ion although it is inferior to caesium, ru-

bidium and potassium as peptizing agent is used because
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the other ions are caf&iao'poisons. ﬁultivaleﬁt cations
are also more serviceable as peptizing agenta but they
are also protein pracipitants. |

Since there ia no reason to suspaat th5t ingestion of
thiooyénatga might lead to cyenide intbxicatién the most
damaging baf to thiocyanate thérapy is removed,:Bodaﬁaky
(106) assigned to thiocyanate the mechaﬁism,of detoxination
‘of eyenide. | | | |

| Bancroft (102) described the awakenihgbéfja rabbiﬁ‘{I

from soﬁium amytal sleep by the injection of 1 c.c. of 10%
‘sodium thiocyanste solution. He believed that 1t would be
proved superior to ephedrine and.caffeine and.élao tﬁat it
would be entirely ffee from harmful-side-acﬁiohéavlﬁs‘chief
therapeutic use has been in the reduction of hvpeftension'
and it hns been known to produce maniacal episodas. B

Bancroft considers doses of 450 mg. per kg. harmlass
- for rnbbits. One wonders what effeots anch doses might
have upon proteinaceous éystems other than'tha‘nerVOﬁs‘
structures. No doubt the albumin content of such extra-
nervous structures is often highéb than the,conﬁent of
nervous protoplasm. We have found that thévexhibitiOn of
thiocyanate leads to severe gastroéintestinél upsets and
possibly to trophic changes ih the maxillée. | .

The colloidnl theory of ensesthesia of this mbdérn
school has beén broddened to include drug addictian,‘ana~

oliylexise, shock, and the psychoses and it hss enlisted the
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co-opseration qf psychiatrists. Under the conditions
apecified by tﬁe theory,Lang and Paterson (107) have at-
tempted to cléséify psychoses in terms of dispersion and
,)agglomeration;fThusvcatatonia became ,in their thinking,a
dispersed phenomenon while epilepsy becama‘a‘doagulated
phenomenon., Bancrcft éalls ephedrine s dispérsing agent
for albuminous systems in the a;kaliné range’and as such
it should be the treatment for epilepay.i  |

The drug bulbocapnine produces typiéal catatonia in
experimental animals. In terms of the aancrofﬁftheory it
must’be a.diaperaing agent. Bancroft induced bulbocapnine
{ 108) into animals experiencing smytal narcosis, é‘fypical
agglomEration‘narcosis, without effect. | | |

The use of thiocysnate in psychosis 1ed:8anerof£ to
recommend the thiocyanate marketed by a specific ménﬁfact-
urer. The recommendation elicited a not unmeritéd"feﬁuke
in the Journal‘éf the Americsn Medleal Association (109).

In splte of the'unquestionabiy ovar-sanguine bﬁsten
ments of the Bancroft group it must in all fairnesé“ﬁe re-
membered that these workers were reaponéibleAfor thé”re»
Juvenation of much pharmacologic thinking with respect to

the causation of narcosis.

2. Experimental Results with Gisternal Sodium Amytal

and Cisternal Sodium Thiocyanate

This series of experiments does not iﬁclude controls

obtained on the aame animal but a proper comparison wss
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furnished by the multiplicity of controls secured in other
groups of experiments. The fragmentery character of this
“series grew out of our un%iilingness té invoke in exper-
imental enimals the post-experimentsl lethargy snd diare
rhea which we have observed in some of our enimels after
massive thidcyanatevtherapy, pérticularly~wbenrthe drug
produced such discouraging reéults as an analeptic in bar-
biturate depression.‘

It is believed that the five. experimenta presented
indicate the insbility of thiocyanate to abbreviate re-
spiratory paralyses after cisternal sodium emytal. In
each case sbout 6 mg. pér kg. of sodium emytsl were in-
Jected cisternally which in each cése produced‘rQSpifatory
paralysis. k

In Experiment 156 sfter the production of respiratory
paralysis by 6 mgQ per kg. of sodium smytal cisternally,

40 mg. per kg.7of sodium thiocyanate was injected in the
saphenous vein. This animsl never recovered ﬁhe spontaneous
abllity to breathe iﬁ spite of ephedrine medioatian.

In experiment 158 after the production of respiratory
paralysis by 6.0’mg. per kg. of cisternal sodium eamytal
followed by 6.3 mg. per kg. of thiocyanate,éponta@eoue
respiration returned 80 minutes aftér 1ts‘onset énd 73 mine
utes after the injection of the thiocyanate.

In experiments 160,161, and 162 ,employing 6.3 mg. per
kg. of cisternal sodium amytal followed by 12.6,12.8, and
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25.2 mg. per kg. respeétively of sadiﬁm thlbcyanaﬁe,total
duretions of respiratory paralysis of 43,35, and 90 minutes
respectively weie observed. The duratioh aftér.the proposed
analéptiolmedication were 29, 31, and 83 minutes respect-
1vely. | _ ‘ |

One property of sodium thiocyanate which aeems to give
some promise is 1its ability to reinatitute the.éonjunctival
reflex very speedilv. About 15 minutes afﬁéruthe‘abolition
of the reflex by sodium emytal it wss again functional when
clisternal sodium thiooyanate was injected. ,

How much of the effect of sodium thiocyanate is de-
pendent upon the alkalinity of its aqueous solutions we
have not 1nvestigated. Sodium citrate produceé.atrOhg stim-
ulation of respiration as is attested by Tatum (110). Its
aequeous solutions are quite}alkaline. There has been re-
cently in this locality a belief that the intravenous in-
Jection of strﬁﬁg acids also produces atrdng:étimulaﬁion of
of the respliratory center asphyxiated by CO or by natural
gas. In a couple of expseriments which are mentioned only
incldentally we were unable to detect any shofteniﬁg' of
‘barblturate narcosis by the injection of 1 to 2 c.c., of
109 HOliintravenously and quickly.

iAfter cisternal sodium thiocyanate administered to
dogs experiencing respiratory paralysis sfter the cistern-

6l injection of sodium amytal there is little change in

pulse rate or in blood pressure as detected by palpation.
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3. Experimental Results with Cisternal Sodium Thio-

cyanste snd @lsternsl Novoesine . . .

This series is the earliest in the study and contains’
the results of exéériments in which both dosage and funcw~
tional modification were unknown quentities. Some of the
experiments were obtained with broken doses of the drugs.

- Apparently the injection of broken dosésldf novocaine |
cisterﬁally leads to the possibility of administering-
qdantities of drugs in the aggregate without respiratory
paralysis which if added at once would produce profound
peralysis. A possible explanation of this fact 1lies in the
sssumption that the speed and'intensitj of fixation'of~the
drug by the nervous tissue lies 1h the concentration gra-
dient obtaining between the cisternal fluid and the nervous
tissue to which it has sccess. The nicety of sXperiﬁentaw
tlon has been appreciasbly lost by the neceaaity'in‘ﬁha ear-
lier experiments of giving broken doses. To hark the time
and the duration of respiratory paralysis in,experiﬁenta
employing broken doses of novocaine the doses are summsted
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-
cyanate after the onset of parslysis suggests an’antagonism
between the two drugs. The longest duration was 112 minutes
cbtained with 33 mg. per kg. of body welght of novocaine
entagoniged by 50 mg. per kg. of sodium thiocyan&te. The
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novocaine was 1njadted cisternally and the thiocyanate
partislly ciaﬁernally and partially 1ntra§enousiya AB B

result of thié practice’whiéh was also followed in other

experiments in this series it has been impossible to make

- & graphlo anelysis of the protocols in this series. In the

tabular analysis the author has attempted to estimate proper

expression of the data. Hence the tabulationé for this

group contain arbitrary and not necessariiy,true recorded

timevepiaodea for the injection of the ahtagoniat,,sodium N

'thiocyanate. An sccurate summary of the actusl time and

manner of exhibition of the drug is contained in the fol-

lowing table. |

Exp. 29 Initial inj. NaSCN 5:50 P.M. cistern 8.3 mg /kg.,
second " " 6:08 P.M. vein 117.0 "

Exp. 31 Only one avenue--ciatern
Exp. 52 Initlal inj. NasCN 12:10 P.M. cistern 16 mg./kg.
. second " 12 20 P.M. 8 "
third 7 " 1:08p.u. vein 333 " "
Exp. 33 Only one avenue--cistern L
Exp. 34 Only‘one avenue--clstern

Exp. 38 Initial inj. NaSCN 12:32 P.M. olstern 6 mg./kg.
‘ | S | S ]

sacond " " 12:37 P.M. " 6
thira " "  1:08 P.M. " 12 % ®
 Exp. 39 Initlal inj. NeSCN 3:33 P.M. " - g m
‘ second " | 3:40 P.M. " _ 6" "

Exp. 39 & Only one avenue of exhibitilion--cistern
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An analvsia of the data in the exnerimenta suitable
for our purpose numbars 51,33 54, and 39- a:-in, whiph
cisternal doses of novocaine of 13.5,16.6,8.8, gnd“zé.ﬁ ng.
Jpér kg. were antagonized by cisterna1 doses of,scdiﬁm '
4§thiccyanate of 13.3, 29, 17.6, and 35.1 mg;-perfkg;~respect~
ively gives totél duratione of 15 112‘63,nand-é3‘miﬁutes :
'reapactively. The durations after the injection of the
‘thiocyanate were respectively 5, 20, 55, and 20 minutes.
These durations are somewhst shorter than‘thosa obtained
'in control experiments in othér series employihg,it is true,
different doses but smaller doses. These experiments in-
dicate 1if not an antagonism between thiboyanéta and;novo-
caine, at least, certainly, no‘synergism,asgﬁas obtained
with cardiszole. | | |
' Unfortunately, the redovery from paralysis presumably
brohght about by thiocyanate is offset by thg poat-exper-
imental lethargy and gastro~intestinal irritations which
the drug produces. In addition, thiocyanate was observed to
produce spastic selzures of a clonic type. Xn experiment 42
.1t was found that the clonic seizurea were not produeed by
novocaine but ra?her by thioeyanata. The dog in th&s exper~A
iment recelved only thiocyannte in the ciatern in dose of
24 mg. per kg., |
That sodlum thiocysnate 1s reactive chemically with
novocaine (procalne hydrochloride) in sgueous solutioh is

quite apparent. When cisternal fluid containing dissolved



Legend to accompany condensed protocols on opposite page

- BExp. Time of sdnin- Time of admin- Time of
istration and istration and initial
dose of morph. dose of sodium injection

: in mg./kg. _amytal in mg./kg. (eisternal)
T31 O:34 A.M. & 9140 A.M. 30 9155 AeMe
146 10:12 ,A-Mo, 4 10:30 AQMC 30 10:44 A-Mo
147 9:84 A.M. 4 9:40 A.M 30 10:06 A.M.
58 4:10 P.M. 4 : 4:40 P.M. 30 5:00 P.M.

! 126 9:51 A-Mm 4 10310 AHe 30 10:59 AM.

128 4:02 Pch 4 . 41 2 ?tMo 30 4:23 P.Me

129 P:44 A M. 4 - D:62 A.M. 30 10:14 A..M.

149 10:43 A.M. 4 11:01 A.M. 30 11:61 A.M.

.72 0:16 A.M. 4 P9:39 AM. 25 10:26 Ak,
124 2:&’7 ?-Mu 4. 3:12 PcMo ) 30 3:21 Potﬁ’f-

125 10:25 AM. 4 10:38 A.M. 30 10:562 A.M.

136 9:15 A.M, 4 0:26 A.M. 30 9:40 A.M.

142 9:00 ALK, 4 9:15 A.M. 30 P9:26 A.M.

EQ 4:10 PCMO»‘ 4 4:20 P.M. 35 65:40 Pells

&l 9:25 A.M. 4 9:35 A.M. 30 12:25 P.M.

82 g:45 AM. 4 9:65 A.M. 30 12:00 M.
33 9:37 A.M.. 4 10:00 A.M. 30 10:10 A.M.

B4 12:00 . u. 4 12:156 P.M. 30 4:64 P.M.
38 11335 AoMu 4 : 11:40 AC;« . 30 12:09 PaM-

59 5:00 P'Mn 4 3:15 Pt?!in 100 3:25 PoMe

(barbital)
4 10:10 A.MC ' 30 11322 A-Mo

$9a 10:06 A.M.
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novocaine was mixed with sodium thiocyanate there was ob~-
served the'precinitation of what was presumably the free
. procalne base. It was always poséible to dissolve the pre-
cipitated base,which formed at the zone of contact of thio=
cyanate crystals with the clsternsl fluild containing dis-

solved novoCaine;in excess of claternal fluid.
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XII.. COMPARATIVE EXPERIMENTAL RESULTS

1. Comparison of the Efficacy giyﬁovocaine'and Sodium

Amytal ig the Productioﬁ;gg Respiratory Paralysis in

the.Presencé of Morphine—sodiﬁmlﬂmytal Lnsesthesina

In four control experiments, nnmbers 55,88,132, and
134 involving cisternalrdosea‘of aodiﬁmjgmytal of 6.4,
6.2,6.3,and 6.3 mg. per kg. &éepéctiveiy;respiratory’pafg_‘
lyses of 74,48,67, and 45 minutes reapectiﬁaly'resulted.
The average duration of paralysié is 58}minuteé. Inithrée
control experimehts,.numberav&l,los, and’107?employing’ciaﬂ
ternal novocaine in doses of 6.3 mg. per kg.,feéhiratory
-parelyses of 50 ,55, and 74 minutea respectively raaulted.
:The average duration is 59.6 minutes. Even in apite of the
well authenticated antagonism existing between novocaine
and sodlum amytal there is little difference in time of dur~-
ation between the two categories described. v - ‘

Five experiments, numbers 49 138,144,145, and léa,em-
ploying cisternal sodium smytal in doses of 6. 7, 6.4, 6.3
6. 5 and 6.2 mg. per kg. followed or accompanied by aistern-
al ephedrine sulphate in doses of 2.7, 2. 2 2.0, 2.0, and
1.8 mg. per kg. respectively,ylelded respiratory parelyses
‘of 24 0, 8, 0, and 13 minutes.respadtively; The durations
after the injection of the ephedrine were 16, 0, 8, 0, and
16 minutes respeotively. The average duration (total) wes
ﬁ minutea. The average duration after ephedrine was 7.4

m$nutaa. Six experiments, numbers 45, 48, 108, 109, 113,
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end 114 , employing doses of clisternal novocaine of 6.2,

6.2, 6.3, 6.2, 6.3, and 6.3 mg. per kg. respectively fol-
lowed by pisfernal doses of ephedrine sulphate of 3.1, 6.25,>
3.1, 3.1, 2.9, énd 3.1 mg. per kg. ylelded respiratory para-
lyses lasting in the total 14, 16, 18, 18, 0, and 16 min-
~utes respectively. The average duratioﬁ is 13.7 minutes.
The average duration after ephedrine 13110.S‘m1hutes. 1f
there are any significant conclusions manifested by these
data, they are that novocaine is about as efficacioﬁé as
sodium amytal in pfoducing respiratoby parélysis and that
ephedrine antagonizes ciaterhal novocaine asbout as éffect-
. ively ss it does cisternal sodium amytal, | |

With maximum dosage the efficacy of novocaine to pro-
duce respiratorﬁ peralysis is apparently smaller than that‘
of sodium amytal, providing thet three experiments can val-
lidate the assumption. Control experiment, number 52, in-
volving 17 mg. per kg.’of cisternal novocaine,cauaéd & re-
spiratory paralysis of 74 minutes'whéreas a‘sodium amytal
experiment employing 8.8 mg. per kg. (number 54) caused &
paralysis of 130 minutef. A'similar.control e#pariment,
number 64, employing 8. mg. per kg. of cisternal sodium
amytal yielded & paralysis of 300 minutes. The enimal re-
ceiving 8.8 mg. per kg. recovéred while the one raceiﬁing :
B mg. per kg. succumbed. |

with intravenoué ephedrine sulphate as the anaieptio,

the antagonism to cisternal novocsine is apparently great-
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er than the antagonism to aiéternal sodium'amytal. In ex-
periments 121, 130, 134, and 139 paralyses of 22, 210, 45,
and 42 minutes respectively were produced by doses of 6.3,
6.0, 6.3, and 6.0 mg. per kg. respectively after medication
with ephedrine sulphate in doses of 2.9, 1.8, 1.7, and 1.6
mg. per kg. respectively. These figures represent totel
durations. The durations after the injection of the ané»
laeptic were respectively 1, 185, 3, and & min&tas; We are
not forgetting that the injections of the analeptic were
méde qulite late in the experiments.lin the novocaine
series are two experiments, numbers 111 and 112, employing
cisternal doses of novocaine of 6.3 mg. per kg. followed
by doses of ephedrine of 2.9 end 3.15 mg. per kg;-whioh
yielded totsl paralyses of 120 and 30 minutes. The inter-
vals after the aephedrine were 1ll4 and 30 minutes..Thesé
experiments are difficult of analysis but indicate an in-
ferior type of antagonism of ephedrine intravenously. The -
potenqy against novoceine is apparently greater than that
againgt sodium amytai.

The proration of the sxperimental results to some
definite standard is, of course, & highly speculative pro-
cedure. In our iabnlated protocols, Table 2, a column of
prorated valuea is included in which the dufationéféf
respiratory paralysis are prorated to a hypahhefical'dﬁr-.
ation which would have been attained with 6.3 mg. per kg.

if such a linear relastion obtains.



When 8 control experiments employing cisternal sodium
emytal are prcratéd to 6.3 mg. per kg. of the;drug, assum~
1ng the linear relstion of duration of paralyéis to dossage,
an avefage duration of 61 minutes is obtasined. Similsarly,
‘proration of the duraﬁioné in the novocalne experiments to
6.3 mg. per kg.‘of drug yields an average‘dufation of 51
minutes. The resultes are not at great vari&nce‘with the
results already analyzed.

2. Results in the Presence of Ether Ansesthesis

The proration of six control experiments with ether
as the anaesthetic and with sodium amytal in the prorated
dose of 6.3 mg. per kg. (cisternally) yiélds an average
duration of respirstory paralysis of 20.3 minntes.}Fbﬁr
novocaine expefiments with the same anaesthetic and similare
1y prorated yileld an average duration of 15.7 minutes.

. 3« Conclusion Derived from this Section

The sense of these prorated results is that thékpara~
lysis from novocaine is less profound*than that ffom~aod~
' 4um amytsl under ether and sodium amytsal anaBSthesié. It
must not be forgotten that variability in,aniﬁals tbgether‘
with variability in experimental conditioﬁs_may have been
responsible for the results obtained in the highly apec-
ulative type of analysis Just employed. If the proration
does possess merit 1t indicates that the choice of dosage

based upon body weight may not be inferior to the choice
recommended by Cotul{23).



125 g

XITII.EXPERIMENTAL RESULTSVOBTAiNED ON»TEE SAME AHIMAL-v

In this series are collected the data obtainsd on
the same animals. Such data conatitute control results
in the most absclute sense, Unfortunately, it was not al-
ways possible to achieve recovery after the production of
" the depressions necessary to the experimental procedure.
‘Figure 6 gives graphic representation to the protccols.
‘The legend for this figure is so extensive that;it_ can
not be reproduced contiguously to the figure. The fabu1~
ated protocols which follow: will serve as legend for the
figure. |

k;;' pog # 42 9 kg. female  fTotal “After
duration ansaleptic

Exp. 89 morphine-ether ansesthesia
: 5.5 mg. per kg. sodium amytal c .
in cistern ’ ‘ 60 min -

Exp. 92 morphine-etner enaesthesisa
5.5 mg. per kg. sodium amy-~
tal mixed with 2.25 mg. per , L
kg. ephedrine sul. cistern 0 min. . 0 min.

Exp. 96 ether anaesthesia- 5.5 mg.

L per kg. sodium asmytal mix-
ed with 1.7 mg. per kg. e~ ; S B
phedrine~~cistern _ 0 min. 0 min.

Exp, 99 ether ansesthesia~5.5 mg.
o per kg. sodium amytal fol-
lowed by 5.5 mg. per kg. . '
- . ephedrine~~-cistern 20 min. 16 min.

These experiments indicate the abllity of ephedrine

ﬁa abbreviate the respirstory paralysis caﬁsed by cisterh-
El sodium amytal. The prolonged duration of the control
experiment hints at the ability of morphine to potentiate

thé depression of the oisternal sodium amytal.

1
4
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2. Dog # 45 19 kg. female - Total after

: duration analept-~
Exp. 133 morphine 4 mg. per kg. . ie

sodium amytal 30 mg. per

kg. ansesthesia. 5.3 mg.

per kg. sodium amytal fol-

lowed by plerotoxin 0.031 :

mg. per kg.--cistern 29 min. 27 nin.

Exp. 122 seme anaes. as sbove~b.35 mg.
per kg. novocslne-~gontrol = 50 min. -

EXp. 102 ether-atropine Img. anaes—
thesia- 5.3 mg. per kg. novo=-
caine mixed with 1.31 mg. per
kg. ephedrine-~cistern 26 min. 26 min.

Exp. 101 atropine 1 mg.-ether anaes-
thesia~~5.3 mg. per kg. novo- .
caine--cistern~--control 42 min. -
These experiments indicate the sensitization of the
¢anters to depression from novocaine by phevbreliminary
use of morphine and sodium smytal for anaeathesia. Also
they indicate the potency of ephedrine in ebmbating the
depressant effects of novocaine. Plcrotoxin was given too

late to lead to conclusiona.

3. Dog # 46 8.7 kg. female

Exp. 120 morphine 4 mg./kg. and sod-
ium amytal 30 mg./kg. anaes-
thesia--5.7 mg./kg. novocaine
followed by 2.8 mg./kg. ephed- L
rine in vein 75 min. 69 min.

Exp. 113a same anaes. as above-
4 mg. per kg. morphine ~
sulphate in ecistern ' -+ 0 min.,  --

¥xp. 104 atropine 1 mg. ether anees-
thesia~--5.7 mg. per kg.
cisternal novocaine 14 min.

- -

These experiments indicate the role morpﬁine plays in
gensitizing the centers to depression., Note the great-
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~or duration of paralysis after morphine~sodium emytel an-

sesthesias even with intervention with ephedrine than the

duration in the presence of ether with no intervention.

Total

4. Dog # 47 8.7 kg. mele dura-

Exp.

123

tion
ether anaesthesia-6.3 mg./ kg,
sodium amytel mixed with 2.9
mg. per kg. ephedrine-cistern 0 nin.

After
ana-
leptic

O min.

Exp.

izl

morphine 4mg./kg. sodium am-

ytal 30 mg./kg. anaes.~-6.5

mg./kg. sodium emytal mixed

with 2.9 mg./kg. ephed.-cistern 22 min.

2 min.

Exp.

118

ether ansestnesif--6.8 Mg./Kg.
sodium amytal cistern control 17 min,

116

atropine 1 mg. ether anaes.
6.3 mg./kg. novocaine cistern
control ... 0 min.

Exp.

115

anaes., same as Exp. 121l«-

2.9 mg./kg. ephedrine cistern ———

EXp.

115

anaes, same 88 LXP. 121,06.0 M.
per kg. novocalne mixed with 2.9 _
mg. per kg. ephedrine cistern - 0 min.

TXp.

111

anaes. ssme as exp. Ll2l--

6.3 mg./%g. novocaine cistern

followed by 2.9 mg./kg. ephed-

rine in vein 120 min.

Exp.

109

enaes, same A8 EXpP. L2l--

6.3 mg. per kg. novocaine fol-

lowed by 2.9 mg. per kg. ephed~ ,
rine in cistern 18 min.

7 min.

EXD .

106

anaes., same as §Xp. 121,0.0 mg.
per kg. novoceine in cistern
control - 65 min.

- o -

These experiments indicate the greater potency of

sodium amytal in producing respiratory depression than that

of novocaine. The analeptic properties of ephedrine sgainst

respiratory depression produoed by either is also clear,



1a7
Furthermore, the'greatér potency of ephedrinélwhen it is
mixed with the depresssnt then when it follows the depress-
ént seems'oiear. No exﬁeriment dasignad'&s>a;¢ontrol' for
cisternal sodium amytel 1s presented bﬁtiona axper1mant‘in
whidh‘the analeptic was given'late'sarvéS'as a control.
This(exberiment shcws the greater eass of prdducing depfesﬁu
- lons with cisternal sodium amytel when a‘pre-existing 8y8~
temic mofphine emytal depression exists thﬁﬁ;thﬁt when
only an»éther depression exists. We shbuld-aay thatisuch
a result 1ls predictable in terms of our earlier anaiy;es.
The sensitization of the center to sodium amytél
depression by preliminary morphine»sodium amytal haa its -
counterpart in the depression of the eenter produceﬂ by
novocaine clsternally. The comparative results embodied
in the foregoing tabulations strongly indibate,thiswfact.‘
/ Finally,the inferior potency of 1ntfavenous ephedrine
when compared with cisternal‘is clearly ahoﬁn by our well
“controlled data of the foregoing group. - |

5. Dog # 48 16 kg. male " Totsl - After
duration - analeptic

Exp. 119 atropine 1l mg. ether anaes.
6.256 mg./kg. sodium emytal = ;
~eistern control 20 min. —————

Exp. 117 ~atropine 1 mg. ether anaes.
“ 6.25 mg./kg. novocaine g o '
cistern--control 27 min, | cexw-

Exﬁ;;114 morphine 4 mg./kg. sodium o o B
! emytal 30 mg./kg. anaes.- o
- 6.25 mg./kg. novocaine mix-
ed with 3.12 mg./kg. ephed-
rine sul. cisternsl 16 min. 16 min.



5. concluded

Exp. 112

128

Total
Dura-
tion
same anees. 88 exp. 114

6.25 mg./kg. novocaine

cisternal followed by

3.12 mg./kg. ephedrine

in vein 30 min.

After
Analep-
tic

24 min.

Exp. 109

same anaes. a8 exp. ll4

6.25 mg./kg. cisternal

novocaine followed by
3.12 mg. cisternal

ephedrine sul. per kg. 18 min.

11 min.

Exp. 107

same anaes. a8 e€xp. l1ll4
6.25 mg./kg. novocaine

control cisternal 67 min.

e

These results egein indicate the part pleyed by pre-

liminary morphine—éodium‘amytal depression in esteblishing

respiratory parslysis after cisternal novocaine. Nowhere

else in our results is the superiority of cisternai ephed~ -

rine over intravenous ephedrine so clearly shown.

8.9 kg, female

6. Dog # 49
Txp. %31 T morphine sul, 4 mg./kg.

sodium emytel 30 mg./kg.
anaes.--6.3 mg./kg.
cisternal sodium emytal
followed by 28 mg./kg.

cisternal coramine 50 min.

. 25 min.

. Exp. 129

ssme sanaes. 88 EXD. 131

6.3 mg./kg. cisternal sod-
ium amytal followed by 0.033

‘mg./kg.cisternal picrotoxin 21 min.

18 min.

Exp. 124

same Banses. 88 EXP. 1oL ,
6.3 mg./kg. cisternal sodium
amytal followed by 2.8 mg./kg
cisternal cardiazole 139 min.

132 min.

These experimenis show the superior potency of

plcrotoxin to that of either coramine or cardiazole in

tbbreviating the reapiratory'paralysaa of clsternal abdium
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amytel. The potency of both cofamine end cardiszole. 15
prectically nil. Perhaps £hey sctually synergize‘Athe
effects of the cisternally exhibited depressant. .

7. Dog # 51 12.8 kg. male - Total After
duration = =analeptic

Exp. 132 morphine 4 mg./kg. .
' sodium amytal 30 mg./kg. :

snaes. olsternal control 67 min. -
6.2 mg./ke. sodium_samybal

Exp. 126 & ssme anases. 88 EXp. 132
6.25 mg./kg. sodium amy-
tal followed by 0.023 mg.
per kg. cistern plero- e
toxin 21 min. 11 min.

These éxperimenta indicate very strongly the anal-
eptic potency of picrotoxin against the respirstory de-
presesion of cisternel sodium emytsal.

8. Dog #562 1l.4 kg. male

Exp. 141 morphine 4 mg./kg. sod-
ium emytel 30 mg./kg. an-
nes. 6.4 mg./kg. sodium
smytal mixed with 2.2 mg. '
per kg.cardiazole cistern 67 min. - 67 min.

EXp. 138 same @naes. as {0Oregoing
6.4 mg./kg. sodium amytal
mixed with 2.2 mg./kg.
ephedrine sul. cistern 0 min. + 0 min.

Exp. 134 same anaes. as foregolng

6.4 mg./kg. sodium amytal

in cistern followed by 2.2 '

| mg./kg. evhed. sul., in vein 45 min. 3 min.
E The lest experiment was designed as a control but
| , ' :
the condition of the animel necessiteted the late admin-

1e&ration of ephedrine by vein. It can serve as s control.
Wh@se results bring out the superiority of ephedrine over

c@ﬁ@iazole as san analeptic for raapiratory‘depréssiona
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produced by depressant drugs. Quite pcssibly'cardiazole
intensifies the depression.

8. Dog # 63 12.3 kg. male Total sfter
duration eanaleptie

Exp. 156 morphine 4 mg./kg. sodium
emytal 30 mg./kg. anaes.
6 mg./kg. sodium amytel
cisternal followed by 40 .
mg./kg. HaSCN in vein never could breasths

ExXp. 139 seme anaes B8 LXP. 156
6 mg./kg. sodlum amytal
in cistern followed by . :
1.6 mg./kg. ephed.sul. vein 42 min. 5 min.

ExXp. 136 same anaes. B8 BXp. 156

6 mg./kg. sodium amytal

in cistern followed by

8.1 mg./kg. cardiazole in .

cistern ‘ , WO'min. 68 min.

The sense of these results is that cardiszols does

not materially shorten the respiratory peralysis produced
by cisternal sodium emytal. Even intravenous ephedrine,
which we have shown to be poorly efficacious,is superior
to cisternal cardiazole. There also exlsts the suspicion

that csrdiazole actually deepené the depression.

10. Dog # 64 12.3 kg. female

Exp. 144 morphine 4 mg./kg. sodium
eamytal 30 mg./kg. annes.
6.3 mg./kg. sodium amytal
mixed with 2.0 mg./kg., '
ephedrine in cistern 13 min. 13 min.

Exp. 142 same anaes. as foregoing
6.5 mg.per kg. sodium
emytal mixed with 2 mg.

per kg. cardiaszole-cistern 79 min. 55 min.
These results are indicative of the superiority of

ephedrine over cardiazole as a respiratory snaleptioc.
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The suspicion still exists that cardiazole actually deepens
the respiratory depression from sodium smytal.

Total . After
1l. Dog # 66 14.6 kg. male duration = snsleptic

Exp. 151 morphine 2 mg./kg. ether
anees.~--6.3 mg./kg. sod-
ium amytal mixed with 2.0 :
mg./kg. ephedrine in cistern 33 min 33 min.

Exp. 145 morphine 4 mg./kg. sodium
‘ emytal 30 mg./kg. aneses.-
6.3 mg./kg. sodium amytal
mixed with 2.0 mg./kg. of .
ephed, sul. in cistern 0 min. C min,

EXp. 143 same anees. 68 EXp. 140

6.3 mg./kg. sodium amytal

mixed with 2.0 mg./kg. card- :

iszole cistern 99 min. 92 min.

This series yields a longer duration after morphine

ether anaesthesla than after morphine-sodium smytal ah~
aesthesla in the presence of similar medicetion. This con-
stitutes a dilemma which we shall not attempt to‘explain
because there is no explenation et hand. The resuit with
cardiazole is in harmony with our eerlier findings that
cardiazole does not assist in the abbreviastion of respir-

atory depressions resulting from cisternal sodium amytal.

12. Dog # 66 13.6 kg.‘ male

Exp. 148 morphine 4 mg./kg. sodium
emytal 30 mg./kg. anaes.
6.3 mg./kg. cisternal sod-
fum amytal mixed with 1.9 , ‘
mg./kg. ephedrine sul. 13 min, 13 min.

Exp. 146 some anses. as foregoing
, 6.3 mg./kg. sodium amytal
mixed with 19 mg./kg. cora-

mine cisternally 131 min. 131 min.

The duretion of respiretory perelysis after covswmine
4+ Experlment # 152 was rejected
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is ten times as long as the dufaﬁibn after ephedrine with
the dosage of ephedrine one tenth as lsrge as the dose
of coramine. Results 1like these cause us to suspeét‘that
coramine also seems to deepen,the depression bf ﬁhe ;esp-

iration ceused by cisternal barbiturste.

13. Dog # B7 9 kg. rale Total After
: ” ‘ _ duretion  analeptic
Exp. 149 morphine 4 mg./kg. sodlum s

emytal 30 mg./kg. anaes.

6.2 mg./kg. sodium amytel

mixed with 0.056 mg./kg. ;
~plerotoxin in cistern ‘ 16 min. 16 min.

Bxp. 147 S8me Gnacs. &s TOTGEOInNg

6.2 mg./kg. sodium amytael

mixed with 27 mg./kg. cora- e

mine in cistern 114 min. 114 min.

Picrotoxin is manifestly a better snaleptic than

coramine which seems in this dosage end in the‘iighb of
earlier results actually to potentiate the depression of
cisternal sodium amytal. |

14. Dog #_58 15,5 kg. mele

Exp. 165 morphine 2 mg./kg. ether
) anaes t"6 03 mg o/kgo SOdiU.m “
~amytal in cistern-control 57 min,  ewew

Exp. 150 same anses. as foregoing
o 6.3 mg./kg. sodium amytal
mixed with 2.3 mg./kg. ephed-
rine sulphate cisternal 25 min. 25 min.
Ephedrine 1s shown by these results to be,antagcniat-w‘
16 to the cisternal sodium amytal used to produce respira-

tory paralyeis in the face of morphine-ether enasesthesisa.
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XIV. ACUTE EXPHERIMENTS
1. Experiment # 10 April 23 1932 Dog # 5] 12 b kg.

male

This experiment depicts the failure of respirgtion
after subarachnold novoceine at the 1uﬁbar_levei'and its.
spontaneous return after a preliminary insdequate asttempt
to bresthe. Only that portion bf the trecing ( Figura 7 )
showing the lsst two events is reproduced because the
tracihg is too.lengthy for'complefa repreduntion.~«

Anaesthesia was invoked by sﬁbcutaneous morphiné
sulphate, 4 mg./kg., end intrevenous sodium amytgi,'SO mg .
per kg. The‘conjﬁnciival-reflex persisted after anaesthes-
ia. | ; | |

‘,Novooaine in 5 % solution was introduced~ipto~the
lumber subarachnold in a dose of 3.6 c.c. at 2:4} P.M. and
a dose of 2.4 c.c. et 3:38 E.M. Respiratory paralysiavun~
like the characteristic paralysis after lumbsar novocaine
which first involves the intercostals and then the phren~
ics set in at 3:53 P.M. A000mnany1ng 1t the initial carot-
id blood pressure of 108 m.m. of mercury fell to a level
1ittle above the zero mark without ahy preliminary asphyxial
‘rise. Artificial respiration restored the blood pressure
to 70 m.m. of mercury. | |

. Subarachnoid NaSCN in 1 c.c. doses of 6% solution weas
;1njectedvinto the subarachnoid lumbar spade et 4:28 P.ﬁ.;

4:24 P.M., 4:26 P.M., 4:30 P.M., and 4:36 P.M. The in-
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jectlions were followed by slight increases in blood press-
ure preceded by small preliminary decreases., Pulse fre~‘ |
quency wes not materially modified. Intravenous HaSCN;
10 c.c. of 5% solution, was injected at 4:48 P.M. snd 1 gm.
of the same drug in 5 c.c. of saline at 4:59 P.M. |
The lumbar subarachnold method of exhibition involving

as 1t does the necessity of diffusion to thevcéntral structs
ures hefore the manifestation of the desired,réspiratory
paralytic action,ls menifestly unsuited to'teﬁt-in a quante
1tative}sense elther the ebility to produce‘sﬁch paralysis
or the ability to mitigate lts severity. Cisternsl éxhi~
bition produces immediate clear-cut quantitatively meas~
ﬁrable results. |

~In the tracing (Pigure 7 ) are shown thrée~signifi-
cent events. These events occurred #ery late in the,exper-
iment after the snimal had been experiencing respiratory
paralysis for at least two hours. At 5:45 P.m.(#&é) arti-
ficlal respirdtion was denied the animel to teétvita abil-
Aty to breathe. There was a small fall in blood pressure
which after a short plateaun becéme very profound in apité
of the return of s specles of inadequate breething. At
5:47 (#33) artificial respiration was supplied after‘which
the blood pressure arose to a height fully'sokm.m° in ex-
cess of the ievelled pressure prior to the denial of arti-

ficlal respiration. At 5:50 P.M. the denial of artificial

respiration provdked the return of spontaneous breasthing



fully sdequate for life (# 34).
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Pigure v 32. denisl of srtificisl respirsation 5:45 P.M.,
33. reinstitution of artificial respiration 5:46 P.M., 34.
denial of artificial respiration 5:50 P.M.

That the vesomotor tone was decreased by the lumbear
injection of novocaine is apparent but 1t is equelly
apparent that there was & residue of functionsl adequecy
in the vesomotor apparatus. However, it must be remembered
that the blood pressure had previously experienced & grad-
ual decline which eppeared in those portions of the tracing
wvhich we were forced to delete. We believe that such a grade
ual decline always conduces to anoxaemic changes in the cen-
tral structures in a cyclic sense because it is the conseé-
guence of gradual respiratory inedequacy, an inadequacy
which seemed in this experiment to elude our observation.
Fuch of the vasomotor impairment was probebly the effect
of intercostal insufficiency.

Whether the medullery factor in the respiratory par-
flysis obtained or whether NaSON produced an analeptic
effect on respiretion depressed by novocaine cannot be

enswered by this type of experiment.
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At 6:30 P,M,vtremora involvihg the‘fbrelimbg‘and the
neck were obeerved. They were easily aboliéheé.ﬁithféther
in small Quantity. ’ | | ’   ‘ o |

That the sub—dural space Was 6ntered and.that:the drug
penetrated into the subarachnoid was evidencedfby-the eariy
loss of tone of the anal sphincter aftef the,injectioh of
novoceaine, | . }( |

The animal was deliberately s'acrificea Bt 7:00 P.M.
after the meintenance for one hour of adequate faspifation.

| 2. Experiment 27 July 23 1953 Dog # 16 male 10 kg.

Prelimlnary anaesthesia wes induced by subcuhaneous
morphine sulnhate, 4 mg./kg. at 2:00 P.M. and intravenous“
‘sodium amytal 30 mg./kg. st 2: 20 P M. The sninal needle
was introduced into the lumbar subarachnoid at 3:50 P.M.

The tracing is reproduced to show the,gradualifall of
blood pressure which accompanies the abolition of intercost-
al and,later,dlaphragmatic breathing. (FigureB»J.The trace
ing has been assembled in sections to glve a serial piocturs
of events. '

At 4:28 P.M. (# 4) the decrease in respiratory frequenu
¢y was compensated by an increase in amplitude probably
sufficient to maintain the functional competency of the
vasomotor system. After the onset of érofound novocaine

action the respiratory frequency agesin incressed and the

smplitude graduelly decressed until extinction.
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As might be expected there was no asphyxial rise in
blood pressure when diesphragmatic breathing ceased be-
cause the vasomotor apparatus had elready become grad-
ually depressed by the snoxaemia conseguent to the de-
creased respiratory minute-volume. The existence of
the eanoxaemia was evident from inspection of the cysnotic

tongue periphery. The legend accompanying figure 8 sup-

plies the events necessary to the interpretation of this

'm‘ miummmm

experiment.

Adededdd ol el
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Figure 8 (1) 4:10 P.M. 2 c.c. 5% novocaine in subsrach.
(2) 4:14 P.M. 1 cic. 5% novocaine in suberach. (3) 4:25
P.M. 2 c.c. 5% novoceine in subersch. (4) 4:28 P.M. re-
moval of support from under belly (5) 4:36 P.M. 1 c.c. of
5% novocaine in subarach. (6) 4:38 P.M. replaced support
under belly.

T TVETIe

(7) 4:40 P.M. intercostal paralysis (8) 4:51 P.k. 1 ¢.0.

6% novocaine in subersch. (9) 4:56 P.M. 2 c.c. 5% novocaine
in suberachnoid (10) 5:07 P.M. 2 c.c. of novocaine-5% in
subarachnoid (11) 6:17 P.M. 2 c.c. 5% novocaine in subarach.
(13) 5:32 total abolition of respirstion

Shortly after # 13 artificiael respiration was sup-

plied and there was an immediate restoration of blood
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pressure, inferior tc be sure to normal, but not at eall
inadequate.for life. : | ,

At 5:40 P.M. ond at 5:50 P.i. 500 mg. of NeSCN respect-
ively dlassolved in sbout 7 c.b. of ssline at each injection
were introduced into the lumbar subarachnoid. At 6:23 P.M.
1000 mg. of the same drug dlssolved in 7 c.c. of saline
solution were introduced into the subarachncidf,&t 6:27
P.M. sponﬁaneous disphragmatic breathihg returhed bﬁt art-
ificiel resplration wes necessary to sustain‘life,

The animal died at 6:37 from combined circulatory end
respiratory collapse which artificisl Pespirationfﬂés un-
able to circumvent. | i

That the subarachnoid was entered was evidenced by ‘the
hind~1imb Jerk when the needle was introduced~and by the
ebllity to remove splnal fluid. However, this experiment,
eyperiment # 10 and others not reported in this thesls cone .
vinced us of the capriciousness of lumber puncture 1n the
fdog unless preceded by lamihectomy. Furthermore, thé total
inadequacy of methods using divided doses of drugs for the

production of measureble results wase apparent.‘

5. Experiment 98 Feb. 25 1953 Dog # 33 feméle

Anaesthesia was induced at 7:40 P.M. by ether inhal-
ation preceded by morphine sulphate subcutaneously,ké mg.
perﬂkg. and atropine sulphate, 1 mg. subcutaneouslyg The

trading is unfortunately unsuitable for reproduotion.
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Sodium emytel was introduced into the cistern in the
following broken doses: 9:45 E.ﬁ.,,lv.ﬁ mg.; 9:47 P.M.,
17.5 mg.; and 10:00 P.M,, 35 mg. The first injection was
followed by a slight rise in femoral blood pressure end
a great decrease in respirstory amplitude. Respiration
‘nearly ceased. However, within one minute respiiation im-
proved. Following the first slight rise there was, as respir-
ation falled, a large éaphyxial rise in blbod prgssura.

At 10:00 P.M. 35 mg. of sodium amytal were injeated
into the cistern and respiration still;peféiated,-ﬁt this
time the animel had received 60 mg. ofvsodium‘amytal,‘or\

7 mg. per kg., 8 summated dose which in one injection .cis-
‘ternally has‘always produced respiratory paralysisQ'After
the injectlon et 10:00 P.M. the expiratory phase was great-
1y ehhanced and with the enhancement ceme a decreasa of
blood pressure from 150 m.m. to 90 m.m. of méroury; When
the blood pressure had fallen to a compensated level the
inspiratory phase éf respiration returned after its temp~
orary depletion. | |

The cisternal injection of 25 mg. of aodium‘amytal
at 10:15 P.M. was followed by respiratory paralysis in
about one minute with an attendant further decresse in
blood pressure. In spite of a manifestly heavy‘etheriz-
ntion,blood pressure was slightly reatored_bj artificiai

- respiration.
The pulse frequency increased after the first injection
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from 126 to 176 as a consequence, possibly, of central
vagus depression or oardio—aécelerator stimalatlon.
| The improvément ofvreépiraﬁion after the first in-
jection of sodiumkamytal'was probably due to the routine
discontinuance of ether after the injectibn.'The1réturn of
‘fheavy etherizétion later in tﬁe experimeni was.fcilowed'by
a pronounced decrease in blood pressure. |

This experiment indicamtes thg inadequsacy éf;brokén
doses’of depressants to produce pronounced effects when
cisternslly 1njected even when the summated doses reaoh
adequate levels for single injections.

This animal waes purposely sacrificed at 10:30 P.M.
It had previously experienced cistern taps but traumatic
demage to the central structures was not discloéed by
sputopsy.

4. Experiment 99 March 4 1933 Dog # 42 female 9 kg.

Preliminary anasesthesisa was induced by ether»ihhalaé _
tion at 10:18 A.M. after 1 mg. atropine sulphate éﬁbcutan-
eously at 10:10 A.M. After the introduction into the cistern
of sodium amytal,ether was discontinued. Farly in the ex-
periment the ether depresslon was carried to great depth.

The stabilized femoral blood presaure was 154 m.m. of
mercury and the pulse frequency 168 per minute. In.the
early moments of etherization it was 210 per minute.

At 11:50 A.M. 50 mg. of‘sqdium amytal were introduced
into the cistern; In apite of the satisfactory injection,
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paralysis of respiration failed to set in immediately. With
the hope of preventing paralysis ephedrine sulphate, 50 mg.
was injected into the cistern at 11:54 A.M. The tracing
figure 9 betokens the approach of the parelysis before

it was possible to introduce the ephedrine. To explain

the fact that parslysis did occur after the injection of
ephedrine one might invoke the explanations suggested by
Wright (13) and Schmidt (14) who interpreted the respira-
tory depressant effects of ephedrine in terms of circula-
tory chenges. The former ascribed the effects to the wash-
ing out of carbon dioxide from the centrsl aress; the latter
ascribed the affecta‘to reflexes mediated by the carotid
sinus., We have discussed these phenomena elsewhere at
greater length. It 1s also quite possible that the an-
aleptic effects of ephedrine are not easily expressed in
the presence of deep ether. We have already demonstrated
thet deep ether inhibits the charsescteristic pressor effects

of epvhedrine.

Pigure 9 (1) 11:50 A.M. 50 mg. sodium amytel in clstern,
(2) 11:54 A.M. 50 mg. ephedrine sulphate in cistern, (3)
11:59 A.M. adjustment of artificial respiration (4) 12:00
P.M. artificial respiration

The injection of ephedrine precluded the observation
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of chenges in vasomotor tone after the injeetioh‘bﬁt be-
fore the injection of the ephedrihe the‘respiratdry changaa
ﬁroduced'by cistérﬁal'sodidm amytal wafe aocompénied_ by
little if any impeirment of vasomotor tone, a fact clearly
demonstrated by the prompt ssphyxial rise in blood pfess-
ure when respiraﬁion begen to fail. ST

It has slready been pointed out thet the denial of
artificial respiration for a period of one minute probebly
suffices to elicit spontaneous breathing provided the
parelyzed struotﬁres have emerged adequately,from depress~
ion., In this experiment the denial of artifioial;resﬁu
‘iration for periocds of one minute always produced & fall
in blood pressure ss a consequence, probebly, bf‘cenfral
anoxaemia. The asphyxial effects upon centers appear to
fall, then, into two categories; those effects which abe
of short duration and which lead to aephyxiallfiae‘in blood
pressure snd those effects which are of loﬁger duration
and which lead only to a fall of blood prassufa;:whafeaSe
with which artificial respiration‘reatorea‘bloodkpresaure
after the termination of the periods of abéyanceVof‘artia
ficial respiration argues; we believe, very §trong1y for
the exlstence of very little impalrment of vasomotorlfunca
tion by the qiabernal injectlion of sodium amytal in reasona=-
ble doses. |

Pulse frequency was increased about © per minﬁté»by

the cisternal injection of sodium emytal, & phenomenon which
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in this case can be explained by the difficulty of diffus-
ion of the drug in the elready traumatized cistern. We re-
far to the changes causéd by excessije fibrotic responses
by the limiting walls of the cistern rather than to con-
sequential damage to the nervous structurea.’The‘animal had
already experienced multiple taps;
| The durastion of respiratory paralysis until 12:40 P.M.
is longer than the charsascteristic dursation. Possibly~ the
duration would have been shorter but experiméntalvdiffi-
cultles precluded the employment of the abeysance period
in time to ascertain if the duration were a short one.

The aniﬁal was purposely killed with etheruatrthe
termination of the experiment and revealed'no.trauma to
the nervous structures et autopsy.

6. Experiment 100 March 4 1933 Dog 45 Female 20.1 kg,

Ether anaesthesia was induced by inhalstion at 8:40
AM. after preliminary atropine sulphate, 1 mg. suboutan- .
eocusly at 8:16 A.M. During etherization the blood pressure
wes 192 m.m. of mercury and the pulse frequenc&yzod per
minute.

After the injection of 100 mg. of sadium amytel into
the cistern at 9:62 A.M. respiration faded out in.three
minutes. The conseéuenceaAdf depreasibn were manifested
in gredually decreasing amplitude rather than in change in

frequency. Both thoracic and diaphragmatic breathing
stopped simultaneously. Concomitant with the abolition of
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respliration wes a prompt rise in blodd'pragsqre which‘per-
sisted untll respiration was definitely ébqlishea; gfter ’
which the blood pressure gharply deoreasea. A4t 9:5b6 4. &.
artificial respiration was brought into play but the blacd
pressure did not reach its former height If this were
the only record availsble one might be led to suspect:that
vasomotor depression alone was responsible‘forwthe lowered
,biood pressure. However, since ether was suspendad 'when .
sodium amytal was injected into the cistern the fail in
blood pressure may hsve possibly been caused’by thefwith#vr
drewel of ether. ifter the cisternal injection ofvthet
sodium amytal thé pulse frequency dropped to'laﬁypervmin.
en’ effect more probably éaused by the withdrawél'bf aﬁher
than to the effect of the barbiturate or most probably to
“the combined set of conditions. ,

After the injection of ephedrine sulphate, 35 mg., .
cisternally the blood pressure climbed to the 200 m.m.
- level and the pulse frequangy to more than 200 per ﬁinute,
These responses conduce atﬁongly to the belief‘that’both
the Vnaomotdr and the cardio-accelerator mechanisms were
not significantly depressed or if they were that‘thay wers
easily amenable to analepsis. | | |

The ‘deprivation of artificlal respiration et 10:07 A.ﬁ.
for a périod of 40 seconds led to the return of spontaneous
breathing after e total elapsed time of 15 minutes snd 5

minutes after the exhibition of ephedrine. The durations
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are in good accord with the results of other experiments.

Q
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Pigure 10 (6) 10:03 A.M. ephedrine sulphate, 35 mg., in
cistern (7) 10:05 A.M. artificisl respiration off (8)
10:06 A.M. artificial respiration on (9) artificisl res~
piretion off-breathed before lapse of 1 minute.

Since it wes desired to save the animal the experi-
ment was terminated at 10:20 A.M. &and the femoral breach
repaired. The animal made an eventless recovery and weas
used for subseguent experiments.

The results of this experiment point to the grester
resistance to depression of the vasomotor center than
that of either the respiratory or cardio-sccelerator cen-
tera. All these centers react easily to ephedrine but the
vasomotor centers most easily. That artificisl respirat-
ion 1s capable of supporting the blood pressure during
respiratory paralysis caused by cisternal sodium amytal
would seem clear. This observetion 1s in harmony with
those of Isenbherger (52) and of Seevers and Waters (27)

who found oxygen-want the most devastating factor in the
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crises arising in spinal ensesthesia.

6. Experiment 103 Mer. 18 1933 Dog 4ba Female 20.1 kg.

Ether asnaestheslia was induced by inhalationﬂafter_the
subcutaneous 1njection of 1 mg. atropine sulphate st 10:20
A.M. The enimel was mnsesthetized to the condition of_
sluggish conjunctival reflexes by 10: 45 A.¥. Blood press»
ure under ether was stabilized at 130 m.m. of mercury.

.The injectlon of 100 mg. of sodium amytal 1n£o the
cistern at 11:52 produced respiratory paraiyaisiin B5 sec-
onds. Peralysis was preceded by diminution of,both amp-
litude end frequency and the sbolition of breathing was
uhaccompanied by an asphyxiel rise in bloodfpresSﬁra.

After the clsternal injection ether wss diSCbﬁginued
but the cisternal barbiturate produced an adequate fnar~
cosis. Even after the discontinuance of ether the3blgod
pressure failed to return to its initial level in spite
of adequate artificiél respiration. The pulse frequehcy
‘decreased from 200 to 180 per minute. Apparently e mild
degree of vasomotor depreeéion prevailed as wéll'as'an '
impairment of cardio-accelerator irritability. ; |

The cisternal injection of 20 mg. of ephedrine‘ sul-
~phate at 12:08 P.M. was followed by an increase of blood
pressure to 220 m.m, of mercury within four minutes. The
prompt appearance of ephedrine action conduces strongly to
the belief that nt least a part of the effects of ephedrine

fre neurotronically rather than musoulotrdpioally'pfoduced,,



The vasomotor response to ephedrine suggests strongly

the existence of much residual centrel irritebility.
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Figure 11 (4) 11:52 A.M. 1056 mg. sodium emytal in cist-
ern (5) 11:863 A.M. ertificisl respiration on (6) 11:59
20 mg. cisternal ephedrine sulphste
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These results seem to be in harmony with our belief that
neither the vasomotor nor the cardio-accelerator mechan-
lsm are as profoundly modified by cisternsl depressants
a8 1s the respiratory center.

Spontaneous breathing returned at 12:12 P.M. while
the animal was being respired. This result strengthens
our conviction that the denial of artificilal respiration
for one minute intervals is sufficiently long to test the
return of irritability to the respiratory center or cen-
ters.

As in the case of other experiments employing the
clsternal exhibition of depressants the onset of respir-
atory parelysis wes rapld and its degree profound. The
results point sharply to the central nature of the para-

lysis. Either the respiratory center or the phrenic nu-

clei or both are probebly involved in the depression.
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The elevated blood pressure was well maintéiﬁed until
12:44 P.M. et which time the experiment was terminated af-
ter the repeir of the femoral breasch. The animal was re-
turned to its cage for further use but,unfortunately,suc-
cumbed during the night. At autopsy there wes disclosed &
wide-spread purulent broncho-pneumonia with hemcthorax.

7. Experiment 105 Dog 45 male 20.1 kg. Mar. 25,1933

Ether anaesthesia was induced at 10:00 4.M. after pre-
liminary atropihe sulphate 1 mg. subcuteneously at 9:55
A.M. Blood pressure was 150 m.m. of mercury and pulse ffe;'
quency was 210 per minuﬁa after stabilization of the an-
aesthesia. The respiration was 60 per minute and regular,
rhythmical, and fairly deep. | ‘v

Fphedrine sulphate was introduced into the diatern in
doses of 15 mg. in 2 c.c. of cisternal fluid at each dose
at 10:568 A.M., 11:12 A.M, 11:22 A.M., end 11:27 A.M. Dup-
ing the period of ephedrine exhiblition there wes no press-
or effect, a fact which grows out of the daépness of the
etherization. | | ‘

At 11:30 A.M. the discontinuasnce of ether was‘féllow-
ed by a subeténtial incresse in blood pressure, an‘effect
vhioch we do not support with a reproduction of the treacing
beoa@se of limitation of space.

hfter the removal of deep ether when an adequate
bloo% pressure had been secured, novoocaine, 100 mg., wes

injegted into the cistern. The vehicle of exhibition was

I



2 c.c. of espirated cisternal fluid. Pifty seconds after
the injection of novoceine et 12:04¢% P.M. there was com-
plete cessation of respiretion. Its abolition was pre-
ceded by a gradual decrease in amplitude of the respir-
atory excursions with no change in frequency. Concomitent
with and after the depression of respiration there was
& sharp incresse in blood pressure accompanied by a drop
in pulse freguency, a fact conducing strongly to the be-~
lief that the vasomotor apparstus is capable of withstand-
ing the effects of depressants injected cisternally.
Artificial respiration instituted et 12:06 P.M. pro-
duced a level of blood pressure even higher than that

attained during light ether.
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Figure 12 (7) 12:04¢ P.M. 100 mg. novocaine cisternslly

(8) 12:06 P.M. srtificial respirsetion (11) 12:16¢ P.¥. de-
nial of artificial respiration (12) artificisl respiration
restored (13) 12:31% P.M. stopped drum; spontaneous breath-
ing returned at 12:32 P.M, in the face of artificisl res-
piration (14) 12:32 P.M. spontaneous breathing

Feeble diaphragmetic movements appeared at 12:16 P.M.
but they were not adequate for the preservation of life.
Artificlal respiration wes again invoked end discontinued

at 12:19 P.M. because the animal breathed in the presence
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of the artifioial respiration.‘aecause this effoft £0
breathe was also an sbortive one, the animel was again‘
reapifed artificially until 12:32 P.M. when adequate
spontaneous breathing appeared, despite artificial ven-
tilation. The short duration of raapiratory~paralyaia,
11 minutes, suggests that ephedrine behaves prophylact-
~ically against novocaine depressions produced ciﬁternally.i,

After repeir of the femoral bresch éﬁé enimal was |
returned to its csge. Return to consciousness was eX-
ceedingly rapid and recovery was compléte. Thazénimal
regained the ability to walk at 1:30 P.M.

8. Experiment 121, May 20 1933 Dog 47 msle 8.7 kg.

Preliminary anaestheslia was produced by morphine
sulphate, 4 mg. per kg. subcutaneously, at 9:05 A,M. o
followed by sodium amytal, 30 mg. per’kg.,intravanouslﬁ,
at 9:16 A.M. Pollowing snaesthesia, blood pressure was 
stabilized at 120 m.m. of mercury with & pulse frequency
of 182 per minute. ‘

At 10:37 A.M. sodium amytal, 55 mg., was inﬁectéd
{nto the cistern in a 2 c.o. aliquot of cisternal fluid.
Within 50 seconds breathing was sbollished. Coincident
wlth the peralysis blood pressure fell 30 m.m; of maroﬁfy
and pulse frequency fell from 182 to 132 per minute. Thére
was no preliminary asphyxiasl rise. Apparently the summated
doses of systemio and cisternal sodium amytal consitutéd

a depressant threat to the irritability of the vasomotor



centers.

During the periods when artificial respiration was
denied,the blood pressure fell to even lower levels but
the re-institution of artificial assistance sufficed to

restore it to its former comparatively low level.

ART. [TESPIRATION

Pigure 13(1) 10:37 A.M, 55 mg. sodium amytal in cistern
{(2) 10:38 A.M. artificial respiration on (8) 10:58 A.M.
ephedrine sulphate,28 mg., in cistern (98) 10:59 A.M.
artificial respiration off.

The injection of 25 mg. of ephedrine sulphate into
the cistern at 10:58 A.M., was followed by an enormous in-
crease in blood pressure and by the return of the spon-
taneous ability to breathe, in 2 minutes. Coincident with
these physiologlcal changes was an increase in pulse fre-
quency from about 128 per minute to 180 per minute.

The total duration of respiretory paralysis was in
this experiment only 23 minutes and its durstion after
ephedrine only 2 minutes. ‘hese figures harmonize with
those earlier obtained for novocaine followed by ephedrine.

This animal made an eventless recovery after the re-
pair to the femoral breach.

An analysis of the results of this experiment con-
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duce very nolntedly to the view that eithar thé,tdne
of the vasomotor apparatus is little impaired in a fun-
damental sense or that the analeptic‘propertiaawof ephed-~
rine with respect to this apparatua'are as great as or
greater than those with respect to the respiration.

9. Experiment 173, gept. 23 1933, Dog 64 female 11.6 kg.

Anaestheaia was induced by subcutaneous morphine sul-
phate, 4 mg. per kg., at 11:01 A.M. followed by sodium
amytal, 30 mg. per kg. intravenously, atyll:lS‘A.M.*Blobd
pressure was stabilized at 106 m.m. of‘mefcufyrwithjpulaa.
frequency of 134 per hiﬁute.'The heasrt-~beat wés régular
snd forceful. | | o

At 12:10 P.M. novoocaine, 6.3 mg. per.kg.,'dissolved
in 3 c.c. of cisternal fluid, wes 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. of mercﬁry. After
the rise,the blood pressure began to fall et 12:11 P.&a'
vand in 1 minute reached the 60 m.m. level frém»which it
was quickly restored to 135 m.m. of mercuryiby thé'aid of
artificisl respiration. Thé pulse frequency increesed to
160 per minute but it attained a count of 200 per minute
during the short asphyxial rise. The increase in pulse
ffequency is not ohaﬁacteristic for thia type of exhibiﬁion
of novocaine;

The adequacy of the ciroculatory system was not msin-



tained because at 12:30 P.M. the blood pressure had fallen
to 62 m.m. of mercury at which low level it remsined until
the injection of ephedrine, 2.8 mg. per kg., into the cis-
tern. The response to ephedrine was slowly manifested but
it waes asserted by & level of blood pressure of 128 m.m. of

mercury at 12:45 P.M.

N

Pigure 14 (4) 12:10 P.M. cisternal novocaine, 73 mg. (4a)
artificial respiration on 12:12 P.M. (5) 12:36 P.M.,
ephedrine sulphate cisternslly, 33 mg. (6) 12:44 P.M. art-
ificliel respiration off(7) 12:45¢ P.M. artificiel respir-
ation on (8) artificial respiration off; return of adequate
spontaneous respiration.

The denial of artificlel respiration at 12:44 failed
to elicit spontaneous breathing and provoked & sharp fall
in blood pressure. A subsequent denial at 12:48 elicited
adequate spontaneous breathing in 30 seconds.

The total duration of respiratory peralysis wes 38
minutes and its duration after ephedrine was 12 minutes.
These durations are long compared with other similer exper=
iments.

This experiment,like other similar experiments, indic-
ates the far-reaching effects of asphyxia on centers whose
irritabllity hes been impaired by depressants. That this

is true 1s evidenced by the ebsence of any asphyxisl rise



"in blood pressura when artificial respiration was denied
‘Vafter tha complete development of the effect of eiatern&l
novocaine. | o R

At 12 50 the experiment was terminated and the femor-

" al bresch repalired. Conaciouaness returned at 2 :00 P M.

B The animal made an eventless recovery.
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XV. A POSSIBLE SYNERGISM BETWEEN EPEEDHIEE éND,NOVGCAINE
The study of respirsatory paralysis produoed by cis~
‘ternal novocaine snd the abbreviation of that par&lysis
led, in incidental fashion, to the conviction that there
is, in addition to the antagonism between ephedrine ‘and
novocalne, a synergism between these drugs which finds OX- .
pression in the reversal of sodium amytel esnsesthesia even
when the snmesthesis is fortified by preliminary morphine -
action. The conviction would be stronger if the qualita—
~tive observations supporting it were buttressed by con-
vincing quantitative evidence. The quelitstive evidence
~conslats of the exceptionally good psyohio'oriéntatian
and integration of dogs awakéned from morphine-sodium am-
ytal snaesthesia by the clsternsl injection of éphedrinev
and novocalne combined. The purposive béﬁaviour of thesé
dogs was in every case much auperior to thaet of dogs awakens. ..
ed by cisternal ephedrihe alone after the same anaeathesia;_
The guantitative memsurements of the phenomensa pio-‘
duced results which were not only equivocal but even dam-
aging to the opinion provoked by the qualitative obsérva-
tiona; In the table which follows shortly,the essential
data from eleven experiments are sdduced. In these ex-~
periments the dose of novoceine was in each case 2.8 mg.
~ per kg. In the experiments leading to the impressive qual-

1tative observations the dose was generally at least twice

this dose. These latter experiments were not projected .-
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to study the return of consciousness but rether for the

specific purpose of measuring enelepsis of respirstion,

The data derived from this group of experiments are not

considered meritorious of coritical analysis»in a~quéht~~

itatlive sense.

Duration of Anaesthesia after the Cisternal Injection of
Ephedrine o %ulnhate and Novocaine Combined.

Dose

narcosis.

Exp. Time from on- Time from in- Dose
Number set of snses- Jjection of an- Novo- Ephedrine
thesia to con- aleptic to con- caine in mg./kg.
‘ * sciousness sclousness mg./kg. B
Dog 62 3
167 229 minutea ———— gontrol control
169 70 70 minutea £.8 2.8
171 94 ¥ i n - 2.8
172 58 " 37 Y 6.3 2.8
Dog 63 o '
168 420 " - control control
163 26 " 9 " — 2.8
165 53 43 " 2.8 2.8 :
Dog 64 , ' -
170 145 % ———— control control
166 25 " 5 n - 2.8
164 136 " 118 " 2.8 2.8
The sense of these data is that ephedrine alone is
responsible for the speed of recovery from the barbiturate

The study of possible synergism betWeen novocsine

and ephedrine is being reserved until we shall have.gain-

ed sufficlent skill in the interpretation of the‘data de-

rived from the observation of changes produced in the

labyrinthine reflexes to Jjustify their employment.‘Wa afe

convinced that the observation of these reflexes furnisheé

the most impressive anproach to an snalysis of the prob-
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lem of the feversél of aneesthesia.

It is not improbabie that.sémeliodal anaesthaiic
- possessing marked cortical action is more suitable for
‘combination with ephedrine to produce the reversal of
barbiturate anaesthesia. Perhaps aéme quiholine deriva~
tive such as nupercaine will be found to have the proper
delirifacient properties combiped with a resisﬁanee to
dgtoxication. Cocaine would offer the proper degres of
cortical stimulation but it is prbbably as easily detox-

icated as novocaine.
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XVI. SUMMARY AND ACKNOWLEDGMENT

The expedient;éf describing this study in separsate
chapters has obviatéd the necessity of a lengthy summary.
However, it would seem desirable to reiterate in condensed
form the purposes of this study and to describe compectly
the measure of success in thelr achievement.

The most fundamentel proposlition tested inkthis study
 15 the guestion of the aentagonism between ephedrihe snd
sodium amytal. The existence of this antagonismfhasabeen‘
agsumed by certain 1nvestigatobs wlthout the preliminery
ecquisition of impressive date and haes been obscured byi
others who studied the activity of ephedriné as an entidote
to barbiturate poisoning. That the antagonisﬁ exists , par-
ticularly in the case of respiratory depression prcduéed by
sodium amytal, has been demonstrated in this study.

The equally important antagonism between ephedrine and
novocaine has likewise been demonstrated by our experimehts;
‘Its existence has not been seriously questioned but its ‘
physlologicel interpretation has , we believe, been mis-
directed. Respiratory snalepsis by ephedrine, in cases of
grave depression produced by the cisternal injection of
novocaine, seems to deserve strong emphasis.

Concomitant with the study of drug antagonism there hes
been sought an estimate of the‘utility of ciatern&l ekhibit»
ion of drugs for the e#preas purpose of pharmacddynamic ex-

perimentation. The conviction that this utility exists has
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steadily grown.

Although this study hes deslt more fully with the
ansleptic properties of ephedrine, it has also attempted,in
a briefer sense, to dembnstfate'any'analeptic properties of‘
‘COFamine, oardiézole, pilcrotoxin, gnd sodium thiocysnate,
Only plerotoxin ééems to possess any usefulnaés’whan cls~
ternally injected. |

The use of dogs rather than rabbits, although the form-
ar are quite‘éxpenaive, has seemed to lead nearer to the '
phermacodynamic construction of meaning which must be'sought .
in evaluating the Yeactions of drugs destined for humen éde'
ministration. |

Throughout the investigation the writer h#s worked
under the most faﬁcrable conditions of guidance and §o~op-.;wQ_
eration. To Dr. R. M. Isenberger and to Dr. 0. 0.:Stoland
the writer expresses his gratitude fof ﬁnfailing/kindﬁess‘ ,
“snd unétinted patience. To Mr.‘M.yc.:Gérroll,'of'the neparﬁ;ww
“ment of Pharmacoiogy, the writer owes & vast aébt of'gratiw 
. tude, both for hesrty co-operstion snd for tﬁe a@ded.benefit

of Mr. Carroll 's broad experience in animal experimentation.
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XVII. CONCLUSIONS B

1. The elsternal exhibition of druga constitutes an
excellent method for the study of pharmacodynamics.

2.‘Ephedr1na sulphsée, éapeciaily when cisternally
‘injected; exerts an antagoniém to the depressant actions
of sodium amytal and of novocaine,,when the iattér are
cisternally administered. | |

3. The rasniratory analeptic prOperties of ephadrine .
sulphate are sunerior to those of plerotoxin in that they
are manifested without the aocompanying dangar of convul-
sions. -

4. The reapiratory dapressant‘properties of cistern-
ally injected sodium amytal and novocaine are enhanced by
preliminary morphine or sodlum amytal medication or by a
- eombination of both. |

5. Depresaions adequately profound to terminate breath-
1ng do not nullify completely thé‘intrinsic irritability of 
the vesomotor epparatus even when the depressants, sodium 
amytal and novocaina, come into close contact with its cen~
tral regulators after cisternal injection.

6. Neither coramine nor cardiazole, in'the doses used; 
when cisternally injected, are capﬁble of abbreviating
~ respiratory paralyses produced by the cisternal injection
of sodium amytal.‘Indeed, they may actually prolong the
\ﬁduration of auch paralyses.

7. Sodium thlocyanste hasvnot proved eithev safe or

effective as &n antagonlst to sodium amybtal.
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8., The central neurétropie phase of ephedrine's
pressor action has been déméﬁstrated;

‘9. Adequété artificial respiration alone seems
essential to the maihtenance of life during respiratory
- parslyses produced by the cisternaljinjeciion‘ofksodium
: amytal or of novocaine. L ‘
10. A dose of 6.3 mg. per kg. of sodium amytal or of
- novoecsine is safelywadequata to arrest respiraetion in
dogs when the'dvﬁgs aré ciéﬁernally Injected. A dose‘of
”ephedrine‘Sulphéﬁegdfvz.s mg. per kg. 1s effective 88 an
antagonistic stimulant and is not at’all-hazardoué. |

11. The repeatsd perio&ic‘ciéterﬁal’indedtion of drugs
ﬁin doga 18 a feasible procedure acccmpan*ed by slight
danger of meningeal infection,

12, ‘The cisternel injection of ephedrine in the event
of grava barbiturate poisoning merita thoughtful consider~
" ation because that mode of exhibition offers guick access
vto vital centers even'after both circulation and respira-

“tion ha%e become profoundly depressed.
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