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2y ""__-'the commercial availability in recent years of pﬁriﬁed and
' y standardized preparatlons of curare, there has been an in-

J‘J
cologle* agent The recent acceptance of intocostrin by the Counecil
Phaimacy. and Chemistry (1) for inclusion in New and Nonoffieial
‘Remedies has stimulated further elinical and experimental mvestlgatmn
' of .curare. Scores of published reports are now available concerning
. the use of curare for the modification.of therapeutic metrazol or electro-
shock: convnlsions, in the freatment of tetanus, in a variety of spastie,
.;dystonic'and choreiform states, as a diagnostic aid in myasthenia
gravis; in the facilifation of bronchoscopic and esophagoscopic pro-
res; and as an adjuvant in surgical anesthesia. “"With regard fo its
us_e‘m anesﬂlesm, eurare is nsually employed in combination with in-
glationi and intravenous agents, but it has occasionally been used in
'onaunctlonmth preanesthetmmedlcatmn only (2,3). Inafew mstanceS,

allyiivinfants and children (2). Of immediate Concern to the patient
andithe anesthetist is the question whether curare has any central
depressant or ‘analgesic properties. Hver since Brodie stated in 1812
fwoorara acts on the brain’’ and Claude Bernard (4) in 1865
pubhshed ]ns classmal proof of the peripheral Iocus of action of curare

atmn. Although most anesthesiologists are of the opinion f;hat
Hrare-is.not an analgesic or anesthetie, some believe the drug to
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possess central depressant properties in addition to its peripheral para-
lyzing action on skeletal muscle.

Experimental work on animals with regard to the action of curare'
on the eentral nervous system has been more extensive than definitive.-

‘The older literature contains sporadic references to the central effects:
of curare but the value of these reports is limited by lack of reﬁned':
methods of investigation. Indeed, a number of the earlier studiés te-
vealed an execitatory or convulsant effect of curare on the.cerebio
spinal axis (5a-g). Inasmuch as crude preparations were employed, I
is impossible to know whether the stimulatory action was due to the,
same principle causing neuromuscular paralysis.

‘With regard to more modern experimentation, no unamrmty of .
opinion exists as to the central properties of curare. Feitelberg and - -
Pick (6) reported that crude curare extracts abolished the corfical -
potentials in frogs independently of paralysis of myoneural junctions.

" Pick and Unna (7) repeated these experiments with purified substances
(d-tubocurarine chloride, dihydro-8-erythroidine hydrochloride) and
found inhibition and supplession of the electrical activity of the frog
brain, but their evidence is not convineing. Pick and Feitelberg (8) -
also found that curare as well as dihydro-g-erythroidine decreased the
heat production in certain parts of the brain of cats, independently of
any peripheral action. Fegler (9), employing crude eurare prepara-
tions in anesthetized dogs, concluded thatf curare first stimulated and =
then depressed respiration by an influence on the respiratory cemter *:
independent of its perlpheral effect. Girden (10), employing con-. .3
ditioned response technics in dogs with bilateral extirpation of the -~
cortical anditory areas, believed his results to indicate that eurare *
caused complete unconseciousness or amnesia, but the evidence leaves:
much to be desired. This investigator (11), however, later reported
that in dogs receiving erythrmdme the central nervous system was:
capable of mediating learning whether muscular paralysis was pa.rhal
or complete. McIntyre and his associates (12) claimed that a variety
of electro-encephalographie signs of cenfral depression was produced ..~
in the dog by doses of d-tubocurarine insufficient to abolish respiratory -
movements, and eoncluded that the alkaloid possessed central depres- , .
sant effects useful in anesthesia. It is not clear whether the barbitu- =~
rates, conjointly administered, may have been responsible in part for
the results obtained or Whether some degree of hypoxia may have
occurred. - '

In contrast to the experimental data suggesting that curare-like
agents depress central mechanisms, some reports indicate that these
drugs are either without central effect or may actually cause excita-
fion. Girden (13) found that dihydro-8-erythroidine hydrobromide
caused no disturbance of normal electro-encephalographie activity in
dogs and monkeys, provided proper artificial respiration was given.
This finding is supported by the observations of Toman and Smith
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(14) who could detect no electro-encephalographic changes in dogs
given full paralyzing doses of d-tubocurarine chloride and adequate
artificial respiration. Beeles (15), extending his definitive studies of
- the depressing effect of curare on skeletal musele end-plates (16) and
autonomic ganglion cells (17a, b), could demonstrate no depressant
action of curare on synaptiec fransmission in the spinal cord. Indeed,
a slight facilitating" effect was observed. Ruler and Wahland (18),
employing both curare extract and ceurarine in cats, found central
- vasomotor and respiratory stimulation to occor from infracisternal
injeetion, and a strychnine-like effect on spinal reflexes and even con-
vulsions from lumbar subarachnoid administration. _
" Animal experimentation can provide at best only a partial and in-
direct answer as to whether curare exerts a central depressant or
analgesic-action in man. Unfortunately, very little direct evidence on
. human beings has accumulated to elucidate this problem. -‘‘Drowsi-
~ néss?’ has been sub;jectlvely reported after administration of erythroi-
',chne but this symptom is variable (19). Harvey and Masland (20}
] ted 1o marked central effect in man from nonparalytic doses of
G irare extract, but erythroidine frequently produced mental changes
(d'rowsmess, confusmn, disorientation). Intocostrin did not alter the
therapeuhc or electro-encephalographic effects of metrazol-induced con-
vulsions -in mental patients (21), and most observers report that
prophylactic administration of curare does not necessitate an increase
in the dose, of metrazol needed for therapeutic convulsions (22a, b).
Pain is a complex psychosomatic experience and a subjective report
as to its occurrence is needed. The subjective reports with regard to
*  pain by patienis receiving curare for surgical procedures without sup-
;i plemental general or Jocal anesthesia are not entirely reliable for the
_ reasons that preanesthetic agents causing analgesia and amnesia are
s usually employed, that the pain modality is variable from patient to
¥ patient, that an important factor of hypnosis may operate in the in-
* dividudl incapable of movement, and that emotional stress per se may
\;produce analgesia, perhaps by liberation of epinephrine (23).
" It, thereforg, was thought desirable to obtain the subjective report
of a tramed observer under the influence of curare alone and not
.undergoing a surgical procedure. One of us (S. M. S.) volunteered
to act as the subject of the following experiment.

ExpErmenTAL PROCEDURE

«The subject was a healthy male adult, 34 years of aO'e, weighing
Kg To facilitate administration of d—tubocuralme and subse-
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encephalogram (standard leads) and the electrocardiogram (lead 2)
were obtained throughout the control period, experimental procedures,
and postexperimental period. Pulse rate, blood pressure, respiratory
rate’ and character, neurologic signs, psychologic indexes, and sen-
sorium were followed and recorded almost continuously. When verbal
contact with the subject was lost, communication was continued as long
as possible by means of prearranged signals involving voluntary con-
traction of such muscles as were not yet completely paralyzed. When
paralysis was complete the subject was instructed to make mental
notes of all experiences, and these were dictated fo a stenographer
immediately upon recovery of intelligible speech. The only objective
index of cerebral funetion which could be followed during complete
skeletal muscle paralysis was the character of the electro-encephalo-
gram and its response to pattern vision.

Oxygen was administered early, and shortly thereafter, When the

first evidence of respiratory embarrassment was noted, artificial res- -

piration with oxygen was instituted by means of a rebreathing bag, face
mask, and carbon dioxide absorbing unit. Adequate pulmonary ex-
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change was maintained ‘at all {imes. Tracheal intubation was per- . -

formed for a six-minute period at the height of paralysis in order.to
obtain evidence on visceral pain. Nasal and oropharyngeal suection
was performed as needed. Neostigmine methylsulfate was injected to
facilitate emergence from curare-induced paralysis.

ResurLts

An abbreviated chronological outline of the major events in the
experiment is as follows:

January 10, 1946
2:.00 pn. Eleetro-encephalographic and electrocardiographic continuous re--
: cording started. Control observations madé on blood préssure, pulse :
rate and respiratory rate, neurologic signs, ete. B.P,, 130/7 0::pul
rate, 92; respiratory rate, 16. ‘
2:10 Intravenous saline infusion started. : :
2:11 D-tubocurarine chloride injected intravenously at aslow.: co::stant
rate so that 200 units were administered over a fiffeen-mintte.pe-
riod. Feels ‘“a little bit dizzy and quite a ‘glow.’’” ‘A Iittle hard
to foeus on anything.’” Weakness in jaw muscles noted. ‘‘Hard
to talk.” Diffieulty in swallowing and keeping eyes open. “No
nupleasant sensations, legs feel weak,”’
2:18 Upon subject’s request, oxygen administration with face mask
started. ‘‘Can bardly bring teeth together.”” Complains of resid-

ual odor from rebreathing bag. Alpha rhythm in electro-encephalo-.

gram prominent and inhibited by pattern vision. Total. of 100
units d-tubocurarine ehloride given. B.P., 130/70; pulse rate, 112;
respiratory rate, 16. .

2:20 Speech no longer possible. Can hear distinetly. Still able to nod
head and to move hands slightly, but can scarcely move fingers.
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2:22

2:24

2:26

- 2:82
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Respiration more diaphragmatie; manual compression of rebreath-
ing bag begun.

Subject reports by movement of head that the experience is not
uvnpleasant, that he does not want an airway and that he is mentally
clear. Total of 150 units d-tuboeurarine chloride given, B.P.,
130/80; pulse rate, 108,

Head movement impossible. Unable to open eyes. Can wrinkle
forehead slightly and indicates in this manmner, in response to in-
quiry, that he can see clearly when his eyelids are manually elevated.
Ability to comprehend and answer questions accurately is indicated
by -correctness of replies when the inguiries are restated in the
negative or double negative. Indicates he desires the experiment to
continue. Upon request, moves feet and hands slightly, Total of

" 200 units given. Some spasmodic diaphragmatic movements out of

rhythm with artificial respiration. Slight snoring sound on ex-
halation.

Can distinguish heat from eold, sharp from dull, and can feel pain

_pinpriek.

No further spontaneous respivatory movements. Ability to wrinkle
forehead almost gone, but indicates he can hear, see, and feel touch
and pain as well as ever. Pupils medium size and equal, and pupil-
lary responses to light and aceommodation unaffected. Airway in-
serted, and subject indicates he feels it. Jaws very relaxed. Color
wood. RElectro-encephalogram unaltered, and alpha rhythm still in-
hibited by pattern vision when eyelid is passively elevated. Inter-
mittent pharyngeal aspiration started because of accumulating se-
cretions. B.P., 180/70; pulse rate, 100. Subject .indicates ke
desires the next 100 uniis rapidly, as planned.

Can no longer move feet or hands upon request, and indicates by
slight remaining movement of left eyebrow that he is trying to do so.
Also signals that he feels all richt and that artificial respiration is
satisfactory to him. Additional 100 units given rapidly; total 300
units.

Subject indicates he wants another 100 units and that the experience
is not unpleasant. Answers to questions are consistent. Signals
that diplopia is marked when eyelids are passively elevated and that
objects are seen clearly when placed in line of gaze.

~ Subject signals in answer to inquiries that sensorimmn is normal, air-

way is not troublesome, and painful stimuli are felt. Additional
100 units d-tubocurarine -chloride given rapidly; total 400 units.

"B.P., 140/80; pulse rate, 112. Electro-encephalogram and electro-

cardiogram normal.

Ability to signal by slight movement inner aspect left eyebrow
almost gone. Indicates he desires the final 100 units, that he is
perfectly conscious and that his sensorium is unimpaired.
Additional 100 units d-tubocurarine chicride given rapidly; total,
500 units.

Subject now unable to signal response to inguiries, due to complete
skeletal muscular paralysis. Endotracheal catheter ingerted with
ease due fo very relaxed pharynx and vocal cords, and artificial
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respiration continued through it. B.P., 130/84; pulse rate, 120.
Eyelids manually opened. Alpha rhythm of electro-encephelogram -
inhibited by pattern vision (object held in line of gaze). Subject
stated upon recovery that he was ‘“clear as a bell’’ all this period.
Neostigmine methylsulfate, 0.5 mg., iniravenously. Endotracheal
catheter removed, face mask reapplied. BP 130/100; pulse rate,
100.

Neostigmine methylsulfate, 0.5 mg., intravenously. B.P., 138/84 :
pulse rate, 96.
Subject can now coniract museles of medial aspect left eyebrow.
Communieation thus being reestablished, he signals that he can hear
and see normally, and that painful stlmuh are felt.

Subject indicates he wants more neostigmine. Conmderable nasal )
and oropharyngeal secretion, and aspiration performed frequently.. -:
Liaerimation also prominent, and sweating inereased. s
Neostigmine methylsulfate, 0.5 mg., intravenously. First evidence

of returning respiratory movement. Subjeet able to raxse eyebrows
feebly. B.P., 140/90; pulse rate, 80.

Weal: respn'atory movements, rate, 30. Unable to move hands or
feet upon request,. and signals he is attempting to do so. Color
vision tested and found to be unimpaired.

Indicates in response to inquiry that he wants more neostigmine and
that atropine is not needed. ,
Respiratory effort becoming more prominent. Hxtremities still com-
pletely paralyzed. Musele of eyelids and forehead much more active. .
Can open eyes with difficulty. Neostigmine methylsulfate, 0.5 mg.,
intravenously. B.P., 140/80; pulse rate, 72.

Ability to wrinkle forehead has returned. Lips can be moved
slightly. No intestinal symptoms from neostigmine, Aspiration now -
applied almost continuously. (The subject’s desire for almost con- ...
tinuous aspivation was most intense, ag reported later. He was]
asked questions periodically eoncerning his comfort and fortunatély’
was asked at this time whether there was something he desn:ed whmh
had not yet been done, A most vigorous Wrmkhng of the :Eorehea
indicated an affirmative answer. Only by a series of many questmns o
was it diselosed that aceumulating secretions were most annoying -
and, that more frequent aspiration was desired.)

Sweating prominent. Aspiration needed almost eonstantly. . Spon---
taneous respiratory movements stronger. Cannot move eyes or open.
mouth. Diplopia present. B.P., 120/80; pulse rate, 8G.

Subject indieates that he is uncomfortable when artifieial respiration
is even briefly discontinned. More neostigmine not wanted at pres-
ent. Can move his feet slightly, but not hands. Can move torgue
but cannot speak.

Subjeet indicates he still desires artificial respiration and oxygen
Unintelligible vocalization. Can move his shoulder girdle and ex-
tremities but cannot raise hands or flex fingers. Spontaneous res-
piration improving.

Signals his desire for more neostigmine.

Neostigmine methylsulfate, 0.5 mg., intravenously.

3 DT (e Y
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3:25 Spontaneous respirations improved (200-300 cc. each). Diaphrag-
matic exeursions fair but some residual intercostal paralysis. Speech
is weak and slurred, but now intellizible. Wants aspiration fre-
quently -but does not desire any atropine. B.P., 130/80; pulse
rate, 80.

3:30 *  (an move arms and legs, but cannot make a fist or elevate head from
the bed. Speech is clearer. *‘‘1 probably could get by without
artificial respiration but still want it."’

335 Can now open eyes more easily, but prefers to keep them shut. Can

¥ ’ . cough weakly but unable to swallow. Respiratory assistance still

. ) desired. Movements of hands and feet more adequate. ‘‘Will be

. : glad when I can swallow.”’ Prefers aspiration catheter to be passed

! through nose rather than mouth because of gagging semsation.

-Still unable to elevate arms or legs from the hed. No complaints,

B.P., 120/70; pulse rate, 88.

Artificial respiration stopped. Subject can now swallow with diffi.

culty., Aspiration applied intermittently. Speech still slurred.
B.P., 110/84; pulse rate, 80. ,

Musecle power returning slowly. No more diplopia. Aspiration

still employed. After conferencé with the subject, neostigmine

methylsulfate, 0.5 mg., given Intravenously, slowly, B.P., 110/80;

- pulse rate, 70.

SR EE e o

o 420 -Progressive Improvement. Can elevate head from pillow.

%7 435" - Neostigmine methylsulfate, 0.5 mg., intravenously, slowly. Aspira-

¥ " - tion-discontinued, Talking freely. Deseribing the experience.

H 4:50 ‘With assistance, subject is able to sit up on edge of bed. Complains

o . of dizziness. Complete subjective report dietated.

i 5:10 Complains of weakness, slight soreness of throat (from tracheal
- - intobation). .
5:25. - [Heels -both drowsy (for first time) and ‘‘uneasy.’’ Slight nausea.
s Prefers 1o lie down.

'5:35 - Nausea bas subsided. Able to stand unassisted. Legs feel heavy

and weak. Shuffling gait. B.P. (sitting), 105/80; pulse rate, 80,
Progressive improvement., (Skeletal muscle weakness persisted
’thoughout the evening.)

Susrecrive Rerort

(Certain aspeets of the patient’s subjective experiences are included
in’ the: preceding protoecl.) The subject remained acutely conscious
. throughout the experiment and memory was wunimpaired. At no
time was there any evidence of lapse of conseiousness or clouding of
the 'sensorium. This statement is based particularly on the fact that
“at intervals of a minute or less, during the period when communication
~ with the subject was 1mpossﬂ)1e various statements were made, ques-
tmns asked, stimuli presented, objects placed in the line of gaze and
-so forth, on which the subject was requested to report when speech

, returned In each instance, the report was accurate in all details and
3 properly -oriented as to temporal sequence. Indeed, several occur-
“rences which were forgotten or unrecorded by the experlmenters were




¥

8
i
=
1,
MY
L
5.
)
v
)

""a

Fn

‘than was anhclpated Although the passage and presence of the endo.

8 S. M. Smirm, H. 0. Browx, J. BE. P. Toman, axp L. 8. Goopmaxn *

recalled by the subject. Visual acuify and color sense were not af--
fected. Vision was handicapped only by diplopia and the inability to -+
focus on anything that was not directly in line of gaze. The eyes, .~
remained passively shuf most of the time. Hearing and smell were- - :
unimpaired. Indeed, it seemed fo the subject that hearmcr was more .
acute than normal and remarks whispered af a dlstance of 20 fewt ..
were heard distinetly. Taste sensafion was not examined. v

Pain, touch, and other modalities of cutaneous sensation remained
normal throuuhout Tracheal intubation caused much less discomfort =

tracheal catheter was unpleasa.nt the sensation was not intolerable and <.
was not perceived as real pain. This suggests that the pain usua]ly' a
attending such a procedure, when the pharynx and larynx are mnof - :
sufficiently anesthetized locally, is largely secondary fo reflex musecle . - -
spasm. When such reflex spasm is prevented by curare, only mueosal "
sensation contributes to the uncomfortable experience and this is not
intense. A desire to cough was felf only during the maneuvers of in-
tubation and extubation, and not while the tube was in place. Infla---
tion of the cuff caused no sensation. The tube was felt in the trachea °
more at the lower end than at the level of the vocal cords.

The subject reported that sensations of ‘‘shortness of breath’’ and
“‘choking’’ existed at certain times during the period of paralysis.
The ‘‘shortness of breath’’ is of interest because it ocemrred in the
presence of adequate pulmonary. ventilation and oxygenation. (1.
felt that I would give anything o be able to take one deep breath. The - .
period of a few seconds taken for the tracheal intubation seemed wm- G
usually long, and I was awfully glad when artificial respiration. was .
resumed.’’) Theé dyspnea appeared to be related somewhat to”the:
rate and character of the artificial respiration, and dlsappeared- vh
smooth rhythmical pressure on the rebreathing bag (inspiration): -alte
nating with slow even release (expiration) was employed at a ‘rate of
24 per minnte. The usual rate (18 to 20 per minute) was wnsatis-
factory to the patient, as was also sudden release (expiration) -of *-
pressure on the bag. "Why the sensation of shortness of breath should .- -
be relieved by increasing the usual rate of artificial respiration is un- +
known. Smith (2) has observed the same phenomenon in patients
with partlal respiratory paralysis resulting from high spinal anes-
thesia. It is fentatively suggested that a feeling of inadequacy of
respiratory movement may occur, despite normal oxygenation and ex-
tensive passive thoracic exeursions, if curare paralysis prevents the
normal pattern and sequence of kmesthetlc impulses which ordmanly'
arise from an actively confracting respiratory musculature.

The ‘‘choking’’ sensation was reported as being due to secretions
accumulating in the throat, and only repeated aspiration served to de-
crease it but not to abolish it entirely. Apparently the inability to
swallow secretions accumulating in the pharynx may give rise to a
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sensation of choking independent of any interference with a patent
airway.
. Meaws oF CoMMUNICATION

The method adopted for communicating with the curarized subject
after speech was absent or no longer intelligible was to have the patient
respond in the affirmative to a particular inquiry by moving whatever
musecle group was still capable of being contracted. Shortly after

. - respiratory paralysis oceurred, the only muscles capable of being volun-
" tarily contracted were those of the forehead. Ability to contraet the
.medial aspect of the left eyebrow (procerus muscle?) was the last to
disappear; and the first to reappear upon recovery. In order o test
" the relibbility of the subjeet’s answers and to ascertain whether autom-
afism was operating, the questions presented were first phrased in
.the posmve and then in the negative. No diserepancies or errors were
diselosed in any of the subject’s responses. Once muscle paralysis
LR coinplete communication with the subject was no longer possible.
was not anticipated that curare would leave consciousness and sen-
orium entirely nnaffected. Had this been known, means of communi-
dating with the patient during complete muscular paralysis would have
been arranged, as follows: (1) the inhibition of alpha rhythm of the
electro-encephalog'ram by pattern vision, the patient focusing or not
-~ focusing on an object in the line of gaze, depending on the answer in-
¥~ tended; (2) the comstriction of the pupil by focusing on an object in
& the hne of vision; (3) the appearance of a burst of actlon potentials,
-~ recorded through needle electrodes aseptically implanted in the easily
accessible end-plate region of the abduector pollieis, oceurring when
an attempt at voluntary abduction of the thumb is made by the subject
in order to indicate an affirmative answer to an inquiry.

L

y ELECTBO-ENOEPHALOGBAM

The control electro-encephalogram was within normal limits in all
'respects The left fronto-occipital lead which was recorded almost
ontinuounsly throughout the experiment was of dominant alpha type.
locking by pattern vision was practically complete. No significant
alteratlon in amplitude, frequency, or percentage time alpha oceurred
'1'1_‘ at the height of skeletal musele paralysis; blocking of the alpha
hythm by pa.ttern vision was normal as long as the stlmulus object was
aintained in the line of gaze (fig. 1). Neostlgmme admmlstered to
itate recovery was: W1thout effect on the electro-encephalogram,

BLECTROUARDIOGRAM

The. control electrocardiogram was within normal limits. No sig-
mﬁcant changes other than those secondary to changes in heart rate
lccurred (ﬁg 1) until the administration of neostigmine which pro-
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duced a slight prolongation of PR interval from the control value of
0.16 seconds to a maximum of 0.19 seconds.

CARDIOVASOULAR SYSTEM

D-tubocurarine echloride exerted no untoward effect on the cardio-
vascular system. Blood pressure and pulse rate fluctuations were in-
consequential. Despite the complete and generalized muscular flac-
cidity, venous return and cardiac output were apparently adequate (the

subjeet remained supine throughout the experiment). Skin color was -

A - B
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Fig. 1. Top tracing in each record is the eleetro-cncephalogram {fromto-occipital lead);-

lower tracing, the electrocardiogram (lead II). A, eyes closed; B, one eyelid held open.

Horizontal line, 1 second. Vertical lines, 150 mierovolts (electro-encephalogram) and 1.5 7

millivolts (electrocardiogram). 1. Control record, 2:02 p.m., during saline infusion. 2. Reeord. @

at height ofi curare paralysis, 2:45 pam. 8. Reeord during recovery following neestigmine, .

3:05 p.m.

good at all times. Unexpectedly, repeated intravenous doses of neo-‘- o

stigmine had little effect on the cardiovascular indexes observed, and
atropine was not required. ‘ ‘

RespmraTion

Adequate pulmonary ventilation and oxygenation were maintained

at all times so that hypoxia would not be a complicating factor. Oxy- -
gen was administered early. Artificial respiration with oxygen was

instituted at the first sign of respiratory insufficiency and continued

until late in the emergence period, when the subject volunteered that

mechanical assistance be ferminated. During the period of complete
respiratory paralysis, different types and rates of artificial respiration
were tried. A rapid rate (24 per minute) with slow smooth expiration

seemed to give the patient the most satisfaction. Inasmuch as full -
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communieation with the subject was not possible, this fact was not made
known until the experiment was over. Consequently, despite adequate
* oxygenation and pulmonary exchange, the subject unhappily experi-
enced some ‘‘shortness of breath’’ an undue amount of the time. The
significance of the observation has been commented upon above.
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D-Tosocurarmye Dosage

-~ A total dose of 500 units of d-tubocurarine chloride was given intra-
venously over a period of thirty-three minutes. The last 300 units
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?3' were given within a period of twelve minutes in three 100-units doses,
£, each of which was injected rapidly. Complete respiratory paralysis

AR
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occurred when approximately 200 units (2.5 units per Kg.) had been
administered. Thus, an amount of d-tubocurarine chloride was given
which was two and one-half times that required for complete paralysis
of respiration and adequate for complete skeletal muscular paralysis.
Despite this large dosage, no discernible change was observed in the
electro-encephalogram, electrocardiogram, psyche, mentality, memory,
or sensory modalities. No objective or subjective evidence of central
_depression or stimulation by curare could be detected.

NEeostieane Dosaes

- A fotal of 3.5 mg. of neostigmine methylsulfate was injected intra-
" venously in divided doses (seven 0.5 mg. doses) over a period of 102
minutes. Emergence from curariform paralysis was considerably ac-
celerated by neostigmine through its well-kmown anticholinesterase
action and perhaps also by a direet effect on skeletal muscle (24). The
order of recovery of function of muscle groups was the reverse of the
order of paralysis. No skeletal musecle fasciculations were seen. The
- _electro-encephalogram was not altered by neostigmine. Despite the
. rathér large dose of neostigmine employed, no significant eardiovascu-
~lar or“visceral effects occurred and atropine was not required. The
Subject reported that he experienced no desire to urinate or defecate
- and no sensations of increased intestinal activity. The only recorded
‘muscarinic responses to prostigmine were secretory and pupillary.
Lacrimal, salivary, nasopharyngeal, and sweat gland secretions were
eénhanced and the pupils were eonstricted.

CoMMENT

--From the evidence presented, it would appear that curare does not
ossess central stimulant, depressanf or analgesic properties. In a
normal subject not undergoing operation, & dose of d-tubocurarine
chloride at least two and one-half times that required to camse com-
pléte respiratory paralysis failed to alter the electro-encephalogram, or
to impair consciousness, memory, or sensorium. Significant effects on
ystems other than skeletal muscle were also absent. .

- Neostigmine given in fairly large dosage greatly facilifated re-
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covery from the curare-induced paralysis. Although 3.5 mg. of neo-
stigmine methylsulfate was given mtravenously mthm a period of less
than two hours, no significant muscarinic action on the gastrointestinal
traet, urinary ‘bladder or cardiovascular system was observed, and
atropine was not required. Curare is usually considered to have 1o
direct blocking action on smooth muscle cells. Perhaps this point is
worthy of reexamination. Gross and Cullen (25) found that thera-
peutic amounts of curare in dogs caused relaxation of the:smooth
muscle of the small intestine; Pichard and Luco (26) reported that
erythrma extraets caused depressmn of autonomic cholinergie effector
cells in cats, and Mautner and Luisada (27) presented evidence that
curare may cause an inhibition of the peripheral effects of the vagus.
nerve. Whether in the subject reported here the large dose of d-tubo-
curarine may have modified the response of smooth musele to neostig-
mine either directly or by a depressant action on parasympathetic
ganglia cannot be stated with certainty. (Curare is known fo depress
antonomic ganglia.) The stimulant effect of neostigmine on the con-
strictor of the pupil and on secretory glands was abundantly evident.
Neostigmine had no discernible central effect on the nervous system, -
and the electro-encephalogram was not altered.

D-tubocurarine chloride was the curare preparation employed. It
is not appropriate here to discuss the chemistry of the curare alkaloids
but it should be mentioned that there is the possibility that different
curare preparations may have slightly different pharmacologic cffects.
‘Whether this would apply to the central nervous system is not known; - i
but, until further information is available and from the point of view -
of practical application of the observations recorded in the above. ex-
periment, it may be assumed that the other curare alkaloids used chm- :
cally do not cause central depressmn or analgesia.

It is suggested that if curare is to be used properly as an adJuvant x
in anesthesm, its inability to depress the central nervous system be
kept clearly in mind. Curare does not caunse analgesia or obiund
consciousness. Its sole action of value in anesthesia is to produece
skeletal muscular relaxation by a peripheral paralytic effect on end- -
plates of skeletal muscle cells. The suggestion is therefore advanced
that curare not be used alone in surgiecal procedures but that it he em- -
ployed only as an adjuvant with agents capable of relieving pain and -
of obtunding consciousness. This suggestion holds not only for adults
but also for young children in whom a painful experience, even though
not reporfable to the physician, may constitute a serious psychic
trauma. IFailure fo appreciate the limitations of curare may brmw
this very valuable agent mto undeserved disrepute,

e e S

SUMAMARY

A dose of d-tubocurarine chloride two and one-half times ‘that neces-
sary for complete respiratory paralysis and adequate for complete

- 0N SN TR, IR
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skeletal muscular paralysis was given intravenously over a period of
thirty-three minuntes fo a healthy trained adult observer not undergoing
operation. Inasmuch as no changes occurred in the electro-encephalo-
gram, consciousness and sensormm, or in any aspect of higher central
nervous system funection, it is concluded that d-tubocurarine chloride

:  has no significant central stimulant, depressant or analgesic action.
‘Attention is called to the importance of this observation for the proper
“use of curare as an adjuvant in anesthesia.
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NATIONAL RESEARCH FELLOWSHIPS
For TramNiNg IN THE I'MELD OF ANESTHESIOLOGY

Fellowships for training in the field of anesthesiology, ad-
ministered by the Medical ¥eliowship Board of the National. Re-
search Council, acting for the American Society of Anesthesi-
ologists, Ine., are open to citizens of the United States or Canada
who possess an M.D. degree and who, as 2 rule, are not more than
thirty years of age.

These fellowships are open only to graduates in medicine Who
have completed one or more years of hospxtal experience as intern °
or resident, and awards will be made for work on problems related-
to anesthesia which fall largely within the following broad fields:
physiology, pharmacology, biochemistry, physics and anatoriy:”
Preference will be given to those who intend to make their careers
in anesthesia. Tellowships will not be granted for training in .
clinical anesthesia.

The annual stlpends are determined by mdw:dual clrcumstanees
and by cost of living in the location of study. The usual amount _
is from $2,000 to $3,000 per annum. The fellowships are granted .
for one year, but they may be renewed. Fellows are chosen at =«
annual meetings of the Medical Fellowship Board in February and -
applications, to receive consideration at these meetings, must be
filed on or before Janumary 1. Appomtments may begin on any
date determined by the Board.

Further particulars concerning these fellowships may be ob-
tained on request.

Address communications to the
Secretary of the Medical Fellowship Board
Naronan Researce CounNcmn
2101 Constitution Avenue
Washington 25, D. C.




