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INTRODUCTION 

Epilepsy (from the Greek £trt'AE)t ~ meaning "I seize" or 

"seizuren) is defined by Lennox and Cobb (1928) as a "syndrome 

characterized by the sudden appearance of paroxysms, of which 

convulsive movements or loss of consciousness or both, are a 

principal e lament". This definition, although not including 

the purely sensory paroxysms which Hughlings Jackson emphasized 

as epilepsy, is accepted in this research, and a study is made 

of the epileptic syndrome as it occurs clinically in man and 

as it is produced experimentally in animals. 

The work herein reported represents part of an experi­

mental study of epilepsy which is being carried on in the 

Department of Neurosurgery. It is in part a continuation of 

the work of Evans (1930) on post-traumatic epilepsy and is in 

addition a study of the effect of resection of the cervical 

sympathetic ganglia and nerves and of section of the greater 

superficial petrosal nerve on epilepsy produced in monkeys and 

cats. The thesis underlying the work was briefly as follows: 

1. Nervous control of the vascular supply to the brain 

must be regarded as an experimentally proven fact. (Lennox and 

Cobb (1928); Penfield (1931).) 

2. The vasomotor mechanism of the epileptic convulsion 

as suggested by Brow.n-Sequard (1858), discussed by Hughlings 

Jackson (1863), and later elaborated by A. E. Russel (1909) 

and others becomes a definite possibility. 

3. Influences which would produce unnatural stimulation 
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of the vasomotor nerves to the brain (contracting cerebral 

cicatrix pulling on vessels or nerves in the scar, lesions of 

the cervical sympathetics, endotoxins, exotoxins, etc.) could, 

theoretically, causa a vasomotor change which would in turn 

cause or enhance an epileptic seizure. 

Following this reasoning the experimental approach 

readily suggested itself, for, if the source of the vasomotor 

nerve supply to the cerebral blood vessels were found and 

removed, improvement or cure of an existing epi~epsy might be 

expected. 

Forbes and Wolff (1928) showed definitely that stimula­

tion of the cervical sympathetic nerve caused constriction of 

the pial arteries and that stimulation of the vagus in the 

neck caused dilatation of these vessels to a measurable degree. 

The cervical sympathetics are, therefore, one of the sources 

of vaso-constrictor fibers to the cerebral arteries, and on the 

basis of this information the following plan of experimental 

study was outlined. 

Using cats (fele.s domesticus) and monkeys (macacus rhesus) 

for the experimental animals: 

1. Determine the minimal dose of a convulsant drug (lo% 

oil of wormwood in gum acacia emuls-ion by stomach tube for the 

cats, and 20% camphor (OloH160) in olive oil intramuscularly 

for the monkeys) which will produce convulsions in each normal 

animal. 

2. Operate upon the animal aseptically doing a craniotomy. 
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Then (a) determine the amount of electrical stimulation 

(galvanic and faradic) necessary to produce Jacksonian 

seizures, and (b) produce a brain wound in the fore-paw and 

face area of the motor cortex. 

3. Allowing the animal a minimum recovery time of 5 

weeks again establish the minimal convulsant dose of the drug, 

this to be called the first post-operative dose. 

4. Again operate upon the animal, this time doing a com­

plete cervical sympathectomy, taking out the superior cervical, 

the middle cervical (when present), and stellate ganglia, the 

chains, the vertebral branches, the branches to the carotids 

with any attached accessory ganglia, and the adventitial fibers 

of the carotid and vertebral arteries. 

5. Allowing 10 days as a minimum recovery time establish 

the minimal convulsant dose of the drug, this to be called the 

second post-operative dose. 

It was believed that this procedure should give physio­

logical evidence of the effect, or lack of effect, which 

removal of sympathetio impulses to the oerebral arteries has 

on experimental epilepsy. 

6. Using the surviving animals it was planned to cut such 

of the cranial nerves as the anatomical and histological 

studies being carried out in the Department of Neurosurgery 

by other workers might suggest as possible sources of origin 

for the cerebro-vascular nerve fibers. 

?. A~lowing a minimum recovery time of 10 days, again 
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establish the minimal convulsant dose of the drug, this to 

be known as the third post-operative dose. 

a. FinallY it was hoped to repeat the craniotomy in 

the animals of the brain wound series and again determine the 

amount of electrical stimulation necessary to produce a 

Jacksonian seizure, and thus use the electrical dosage as a 

check on the drug dosage. 

In a second group of animals it was planned to omit the 

stage of craniotomy and to carry out procedures 1, 4, 5, 6 

and 7 as outlined for group one. 

It was hoped that this attack upon the problem of 

epilepsy would accomplish the following ends: 

1. Supply experimental evidence concerning the value of 

sympathectomy in the treatment of epilepsy. 

2. Furnish physiological evidence concerning the effect 

upon experimental epilepsy of cerebrovascular fibers 

coming from the cranial nerves. 

3. Add information concerning electrical stimulation of 

the cortex and its use in the study of epilepsy. 

4. Furnish additional data concerning the effect of 

brain wounds upon experimental epilepsy. 

The experimentation as planned has been carried out in 

several animals and the procedures, results, conclusions, and 

protocols of the experiments are recorded in the chapters 

which follow. Observations on a number of additional animals 

are not complete as planned, and several animals have died 
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before complete observation could be made on them; but where 

conclusions are possible from the observations already made 

regarding either drug dosage, brain wound or sympathectomy, 

the protocols of these animals are included. 

Chorobski (1931), in the Department of Neurosurgery, has 

found gross and histological evidence of nerve fibers from 

the greater superficial petrosal nerve to the internal carotid 

artery. On the basis of these findings we have cut this nerve 

in one of our animals and the resu1ts are included in t·he 

protocol. 

The anatomical and histologi_cal studies concerning the 

sources of nerve fibers to the cerebral vessels will be 

recorded in another report from the Department of Neurosurgery. 

CLINICAL EPILEPSY AND VASOMOTOR PHENOMENA 

The relationship between epilepsy and vasomotor phenomena 

has long been recognized. In the first volume of the Journal 
, / 

de la Physiologie published in 1858, there is a resume of 

Claude Bernard's original work on the sympathetic nervous 

system published that year (Comptes rendues des seances et 
~ / 

memoires de la sooiete de biologie, Paris, 1858, vol.iv, de la 
I 2e serie) and in the same Journal Brown-Sequard (l858),p.203, 

states his belief that the exciting cause of the epileptic 

seizure may be an anaemia of the cerebral hemispheres due to 

vaso-constriction. He wrote as follows expressing his views: 
~ , 

"J'ai essaye d'etablir avant Kussmaul et Tanner ces 

deux propositions fondamentales: 
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1) que dans la vertige epileptique avec ou sans 

convulsions les vaisseaux des lobes cer~braux se contractent 

et chassent le sang de cet organa, et y determinant en 

consequence l',tat ou il se trou·;ve dans une syncope • 
.. 

2) que- le crane ne permettant pas a la pression 

atmosph~rique d'agir sensiblement sur l'enc~phale, il 
I / suffisait que lea lobes cerebraux requssent moins de sang 

pour que la. base de 1' enc~phale en requt ·.davantage ce qui, 

par suite de plusieurs raisons que j'ai mentiann~es dans mon 
, ~ ' livre sur l'epilepsie, contribue a la production des con-

vulsions. n 

Hughlings Jackson (1863) said the fundus oculi was pale 

before a fit but during the seizure the veins became large 

and dark. However, he introduced his remarks by the statement: 

"I have never had the opportunity of examining tho/.retina 

during a fit of epilepsy under favourable conditions. n He 

suggested that the sympathetic supply to the retinal artery 

and the cerebral vessels might be different from that to the 

meningeal vessels, the face, and the iris. 

Ec~ia in 1870, quoted by Levy and Patrick (1928), 

writing of epilepsy said: "Paroxysm may occur without muscular 

spasm; it does not, however, without a disturbance of the 

vasomotor elements in its inception; and hence paleness of 

the face or loss of consciousness or vertigo not infrequently 

are the whole symptoms of the epileptic attaet in the early 

stage of the disease." 
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E~ria (1870) quoted by Lennox and Cobb, described 

the optic disc just before a convulsion as pale with indis­

tinct arteries. 

Gowers (1881) discussed the theory of vasomotor spasm 

as a cause of convulsions bud did not lend his support in 

favour of the idea. 

Horsley (188&) in vigorous fashion discredited the 

theory of cerebral anaemia as a cause of convulsions because, 

as he says, in his observations of the vascular supply of 

the nerve centres during fits started with absinthe, these 

nerve centres "so far from being anaemic, they are actually 

hyperaemic". 

This description is typical of the cortex seen at the 

operating table in the middle of a convulsion, but this stage 

of hyperaemia as well as the immediate onset of the fit is 

usually preceded by a brief wave of cortical pallor while the 

pulsation of the cortical arteries has greatly diminished or 

ceased. 

Pollock and Treadway ( 1913J indicated circulatory and 

respiratory changes which may occur in relation to epileptic 

convulsion. They reported the case of a patient with petit 

mal on whom they took blood pressure tracings and showed a 

rise in blood pressure from 26 to 60 seconds before convulsion, 

then preceding the convulsion by 9 to 12 seconds a fall in 

blood pressure which remained relatively low during the attack. 

The aura followed the blood pressure change and a period of 

apnoea in inspiration preceded the attack by 4 to 9 seconds. 
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Guillaume (-1922) reported two cases of epilepsy, one 

following war injury and one with cerebral abscess, both of 

whom showed a marked rise in blood pressure, and pallor of 

the skin during the attack, followed by flushing and sweating 

after the attack. The cortex exposed at operation in each 

case during~ attack showed a diminution in·the calibre of 

the arterioles. During the tonie phase there was cyanosis and 

great engorgement of the veins, and then when the attack had 

ceased, one observed vaso-dilation of the arterioles and 

capillaries characterized by very noticeable augmentation of 

the calibre of the arteries and the rosy colour of the tissues 

which had replaced the cyanosis. Guillaume concluded that 

these observations seemed to indicat-e that the vasomotor 

phenomena in epilepsy are generalized (and not entirely limited 

to the brain) and that the vasomotor phenomena coincide with 

or precede the motor phenomena of the underlying muscles. 

Kennedy (1923) described the pallor of the brain before a 

convulsion and suggested a. vascular basis for the "spread" of 

a. fooal a.ttaok. He said: "such spread is too slow to be 

explicable by the passage of a. nerve impulse and might well be 

dependent upon a quickly widening area of cerebral anaemia." 

Riesman and Fitzhugh (1927) after presenting 12 cases of 

late epilepsy and suggesting a classification, state that they 

believe that moments of deranged cerebral circulation are 

responsible in part at least for the convulsions of epilepsia 

tardia. 
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Lennox and Cobb (1928) quote Horrax as telling of pallor 

of the brain followed by congestion and bulging, and Forster 

(1926) described a sequence of events repeatedly seen by him 

at the operating table: first the brain becomes pale and 

sinks away from the Skull, then it is suffused with blood and 

bulges greatly as the convulsion starts. 

Olkon (1927) reported the case of a boy of 13 who 

developed throbbing of the head and generalized convulsions. 

Polygraphic tracings with a manometric oscillometer gave 

unique tracings showing vascular intermittent tetanic spasms. 

Atropin gr.l/300 given twice daily made the patient attack­

free. Olkon (1931) also reported the most interesting 

occurrence of epilepsy of angiospastic variety in monozygotic 

twins. The two boys developed true epilepsy with attacks 

which ~peared simultaneously or within twenty-four hours of 

each other. Laboratory studies were negative but examination 

of the capillaries of the nail beds showed striking similarity 

of pathology and the capillaries became spastic during an 

attack and some ruptured. Under antispasmodic treatment of 

5 minims of tincture of Belladonna 4 times daily and 10 grains 

calcium lactate daily, the twins became attack-free and have 

continued so for three years. 

These clinical observations furnish confirmation that 

one factor associated with the initiation of convulsions is 

cerebral vasomotor change. Further consideration of the 

literature reveals additional evidence concerning the subject. 
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Physiological Evidence 

In 1830 Bracket, after cutting the cervical sympathetic 

chain and extirpation of the superior cervical sympathetic 

ganglion, noted a dilatation of the pial vessels on the same 

side (in a dog). Callanfels (1855) found in 2 of 12 rabbits 

that stimulation of the cervical sympathetic caused homo­

lateral constriction of the pial arteries followed by dila­

tatiqn; and Ackerman (1858), using a skull window, found that 

section of the cervical sympathetic nerve caused dilatation 

of the vessels on the same side and that stimulation caused 

constriction. Donders (1869) through a closed window in the 

skull observed on stimulation of the cervical sympathetic 

nerve in the neck a constriction of the pial arteries fol­

lowed by dilatation. Nothnagel (1867) noted dilatation of 

the pial arteries on the side of the transacted sympathetic 

nerve of the neck. Faradic stimulation of the cut nerves 

caused constriction of the pial arteries, as did stimulation 

of sensory nerves as well. The findings of these workers 

and the views of Brown-Sequard favouring arterial spasm as 

the initiating factor in convulsions furnished an important 

basis for the early section and avulsion of the cervical 

sympathetics in the treatment of epilepsy. 

Alexander in 1883 performed the first cervical sympathec­

tomy for this purpose. Winters (1902) and, as I shall show 

later, many other operators, followed his exam~le by perform­

ing this operation in the last three decades of the 19th 

century. 
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There was, however, another side to the question of 

vasomotor control of cerebral vessels and many outstanding 

workers believed no such control existed. Sohtiltz (1866) in 

experiments on rabbits observed neither contraction nor dila­

tation of the pial vessels following cutting and stimulation 

of the cervical sympathetic and the effect on the vessels of 

the ear was only barely demonstrable. From these observa­

tions Sch1Utz concluded that the motor nerve-s to the pial 

vessels of the rabbit only pass through the cervical 

sympa the tics in an abnormal manner. Rtagal and Joly ( 18'11) in 

a large series of animals could note only the slightest 

change in the degree of filling of the cerebral vessels after 

cutting the cerebral sympathetic chain. HUrthle (1889) con­

firming the result of Riegal and Joly, found no marked change 

in the vessels of the ear or in the pupil on stimulation of 

the central end of the cut cervical sympathetic, and agreed 

with the conc-lusion of Schiil tz. However, in his research with 

measuring the pressure in the central and peripheral ends of 

the carotid, HUrthle stated that the "results speak 

unequivocably that the cervical sympathetics carry vasomotor 

fibers for the cerebral vessels of the same side, this being 

true for the rabbit, cat and dog." 

Roy and Sherrington (1890) after a series of experiments 

on dogs concluded that the changes in cerebral blood pressure 

and blood flow followed and were dependent upon changes in 

systemic blood pressure. Secondly, they concluded that there 
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was no evidence that vasomotor nerves to the brain were to 

be found outside the cerebro-spinal cavity and that there 

was no reason to believe that vasomotor nerves were to be 

found in the nerves to the neck. 

Leonard Hill (1896) in his monograph on the cerebral 

circulation reviewed the Munroe-Kellie doctrine of 

invariability of the tn~racranial blood quantity and agreed 

with it. He sketched the work which had been done on cere­

bral circulation and quoted experiments which he and Bayliss 

had carried out. He them summarized his conclusions on the 

cerebral circulation as follows: 

"1. No evidence has been found of the existence of 

cerebral vasomotor nerves, either by means of stimulation of 

the vasomotor centre, or central end of the spinal cord after 

division of the cord in the upper dorsal region, or by 

stimulation of the etellate ganglia, and, that is to say, the 

whole sY-mpathetic supply to the carotid and vertebral 

arteries. 

2. Evidence is not forthcoming of the existence of 

any local vasomotor mechanism. 

3. In every experimental condition the cerebral 

circulation passively follows the changes in the general 

arterial and venous pressures. The intracranial or cerebral 

venous pressure varies directly and absolutelywith general 

venous pressure, but only proportionately with general 

arterial pressure. 
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4. The intracranial pressure is in all physio­

logical conditions the same as the cerebral venous pressure. 

5. The volume of the blood in the brain is in all 

physiological conditions but slightly variable. 

6. There is no compensator.Y mechanism by which the 

intracranial pressure is kept constant. The intracranial 

pressure or cerebral tension, which in all physiological 

conditions is circulatory in origin, may vary with the circu­

latory pressure from zero to 50 millimetres mercury. The 

functions of the brain matter continue in this varying con­

dition of pressure. 

7. In all physiological conditions a rise of 

arterial pressure accelerates the flow of blood through the 

brain and a fall slackens it. The cerebral circulation is 

controlled by the vasomotor centre acting on the splanchnic 

area. 

a. There is no evidence of the causation of 

c.erebral anaemia by spasm of the cerebral arterioles. 

9. Arterial hyperaemia of the brain produces no 

experimental results of importance. Cerebral venous con­

gestion, on the other hand, is of great pathological signifi­

cance." 

Hill's conclusions, alth_ough some of them have since 

been proven incorrect, had a definitely unfavourable influence 

upon the use of cervical sympathectomy in the treatment of 

epilepsy, and certainly, if the conclusions were true, 

cervical sympathectomy had no physiological basis. The total 
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extent to which Hill's monograph effected the use of 

sympathectomy we can only conjecture, but as Mosser (1926) 

points out, there was a distinct decline of interest in 

sympathectomy from 1905 to 1915. 

Now the pend~um of cerebrovascular physiology has 

again swung to the side favouring sympathetic control of 

cerebral vessels and interesting new work has recently been 

reported on the subject. Muller and Siabeok (1907) carried 

out experiments which indicated that there was a distinct and 

fairly rapid increase in the volume of the brain after section 

of the cervical sympathetic, the systemic blood pressure 

remaining at a constant level. In 1908 Webber experimenting 

with cats found a decrease in brain volume in 75% of his 

animals following stimulation of the cervical sympathetic. 

He criticized Hill's method because it did not take into 

account changes in pressure due to increase in the amount of 

cerebrospinal fluid, a factor which might well mask the effects 

of vascular change as determined by Hill. This work of Webber 

seems to have had little consideration until its merits were 

emphasized by Lennox and Oobb (1928). 

The conflict of opinion concerning the presence or 

absence of nervous control of cerebral vessels existed up to 

the time of the publication of a series of papers from the 

Neuropathological Laboratory of Harvard University. (Forbas 

(1928); Forbes and Wolff (1928); Talbott, Wolff and Cobb (1929); 

and Cobb (1929)). 

Forbes (1928) by means of an ingenious apparatus which 
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he devised was able to study, measure, and photograph the 

vessels of the pia in cats. Spinal fluid pressure and 

systemic blood pressure were recorded at the same time as 

vessel measurements ware taken. By means of Forbes' S.PPlra.tus, 

he and Wolff (1928) made an extensive study of the effect of 

stimulation of the c.ervica.l sympathetics and the vagus, and 

the effect of adrenalin locally and in the blood stream. 

The results of their experiments are most striking: 

1. "Sympathetic stimulation was followed by con­

striction of arteries in the pia in each of the 23 animals 

examined. In 75 trials in which there was no fall in blood 

pressure, constriction of at least sufficient extent to be 

accurately measured (9 microns or more) was noted in 87%, and 

constriction of 13.5 micro~s or more in 60%"• 

2. "Vagus stimulation was followed by dilatation of 

pial arteries, of the same size as those just mentioned in 12 

of the 13 animals examined. A sudden and often striking fall 

in general aystemia arterial pressure occurred in almost 

every case. Of the 36 trials 9?% showed dilatation of 9 

microns or slightly more, and 87% showed dilatation of much 

more than that amount." 

3. "Change in diameter of the pial arteries was 

not noted after stimulation of the vagus or the cervical 

sympathetic nerve on the opposite side of the head from that 

of the observed vessel. It was interesting, however, that 

stimulation of the nerve either on the right or on the left 
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was followed by an equal fall in intraorani al pressure. 11 

4. nLoeal irrigation with epinephrine (1:10,000 

in 7 cases; 1:250,000 in 2 cases; and 1:500,000 in 3 cases) 

beneath the cranial window- i.e., directly over the surface 

of the pia, was not attended by an appreciable change in 

systemic blood pressure but was followed by constriction of 

the pial artery (bathed by the epinephrine solution) in 

each of the 11 trials. Once at least constriction of a pial 

vein also resulted. Intravenous injection of epinephrine, 

on the other hand, often caused a great rise in systemic 

arterial pressure, and, coincidently, a dilatation of the 

pial arteries. When the blood pressure began to fall, though 

it was still far above the initial level, a true constriction 

of the pial artery (the diameter now being less than the 

initial) was noted in 5 of 5 trials. Injections of epineph­

rine into the carotid artery always caused a constriction 

of the pial artery, in spite of the coincident rise in the 

blood pressure." 

(Note: Forbes' and Wolff's paper appends a 

complete resume and bibliography of the literature on cerebral 

vasomotor phenomena.) 

Talbott, Wolff and Cobb (1929) found that cutting the 

cervical sympathetic nerve causes an increase in the capillary 

bed of the homolateral cerebral hemosphere as measured by 

microscopic counting of the capillaries in sections of the 

brain tissue following injection of the vessels of the head 

with 2% aqueous solution of Berlin blue. 
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These workers in Cobb's laborator.1 have furnished con­

clusive evidence of the relationship between the cervical 

sympathetics and the intracranial vessels. 

Anatomical Evidence 

Turning again to Hill's (1896) monograph we find (page 

45) the following statement: "In a recent and exhaustive 

research, Gulland has failed to demonstrate by every known 

histological means the existence of any vasomotor nerves in 

the pial vessels." 

Lennox and Cobb (1928, page 53} write concerning this 

quotation: 11The last statement quoted from Hill, to the effect 

that no nerve fibers have been found going to cerebral vessels 

has been proved erroneous. In fact, Gulland, who did the 

histological studies for Hill in 1895 and found no nerves, 

published a paper in 1897 retracting his statement and sh~ving 

that nerves are present. In a letter to Dr. J. w. Courtney 

in 1899, Gulland says: "I a.m afraid there is no doubt about 

the ne.rves on the intracranial blood vessels. Their actual 

distribution and arrangement are very much the s8me as those 

on other vessels, except that they are perhaps a little more 

scanty. I'm rather sorry I've found them, for the discovery 

rather takes the legs from Hill's and Bayliss' work, but you 

may take it from me that they are there"." However, as Lennox 

and Cobb point out, histological methods do IDt differentiate 

between motor and sensory nerve fibers. 
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Huber (1899) described nerves of two kinds on pial 

blood vessels: a) medullated fibers which terminated in 

non-medullated branches and which he considered sensory and 

b) non-medullated nerves which he considered vasomotor. 

St~hr (1922) published illustrations of nerves and nerve 

endings on the fine pial vessels. In 1928 he published 

beautiful illustrations of rich plexuses of nerves on 

arteries, veins~and capillaries in the pia and in the chori­

oid plexuses of the ventricles, and he also described nerve 

endings. In 1931 he called attention to the fact that many 

of these nerve endings on the chorioid plexus are sensor,y 

and he suggested that they may serve as the afferent portion 

of a circulation regulatory mechanism. 

Kolliker (1893) mentioned nerve fibers entering the 

brain upon blood vessels of a diameter of 90 micra and less 

and Hunter (1900) stained a delicate plexus which seemed to 

be nervous in nature upon vessels of the cerebellum and 

brain stem of young rabbits, but he could not follow such a 

plexus into the white matter of the cerebrum. Clarke (1928) 

demonstrated perivascular nerves 1n the medulla and spinal 

cord of cats and dogs but failed to stain them elsewhere in 

the central nervous system. 

Penfield (193l),with a modified silver impregnation 

method worked out in his laboratory, demonstrated that nerve 

fibers can be found and appear essentially the same in the 

vessels of the various areas of the cerebrum, cerebellum, 

medulla oblongata, and spinal cord. He showed that the 
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11nerve fibers are continuous with those of the pial vessels 

and they often pass irregularly around an artery or arteriole, 

giving off numerous collaterals and forming a loose net. 

They may course like a long thread upon the artery, gradually 

passing about it but without branching. These fibers may lie 

upon or in the adventitia, but on the smaller arteries they 

run between the adventitia and media." 

Penfield stated: nstudy of the intracerebral vascular 

nerves following sympathectomy in a number of animals 

indicates that their parentage is not altogether in the 

sympathetic ganglia. The same conclusion was reached tenta­

tively in regard to the pial vascular nerves by Huber (1899) 

after extended experimental work." He then concluded: "The 

intracerebral and intramedullary arteries (and to some extent 

the veins) are innervated in a manner similar to that of the 

blood vessels of the pia mater, and the two nerve plexuses are 

continuous. From a purely morphological point of view, intra­

cerebral vasomotor reflexes are possible." 

This review of clinical, physiological and anatomical 

evidence indicates clearly that an epileptic seizure resUlting 

from cerebral vasomotor change is a reasonable possibility. 

It also is reasonable to believe that the rerooval of sympathetic 

constrictor influence from the cerebral vessels should prevent 

their constriction and thereby avoid convulsions due to this 

cause. The following review of the literature of cervical 

sympathectomy in the treatment of epilepsy illustrates the 

application of this reasoning. 
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William Alexander in 1883 performed the first cervical 

sympathectomy for the treatment of epilepsy. Having reached 

the conclusion that an important factor in initiating an 

epileptic seizure is abnormality of the blood supply to the 

brain he had (1881) tried ligation of the vertebral artery on 

one side in three cases of epilepsy. The success which 

attended ligation of this vessel in the early cases encouraged 

further use of the procedure, and in 1882 he enthusiastically 

reported the cure of a number of patients with epilepsy by 

ligation of one or both vertebral arteries. In the last para­

graph of his report (1882) Alexander calls attention to the 

fact that in his patients whenever he ligated the vertebral 

artery there was contraction of the pupil on the side of liga­

tion. He wrote concerning this observation: 

"The inferior cervical ganglion rests upon the 

carotid and sends branches along these vessels. These branches 

are included in the ligature and somehow affect the pupil. Or 

is the pupil affected by a change in the circulation at the 

base of the brain? n 

Alexander exchanged vertebral ligation for sympathectomy 

after concluding that his beneficial results were due to the 

sympathetic paralysis following ligation. It was not until 

1889 that he published his book, "The Treatment af Epilepsy", 

concerning the results which he had obtained by sympathectomy. 

Following Alexander's leadership, operations of various 

kinds were performed upon the sympathetics of the neck. In 
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1889 Baracz reported one case in which following the liga­

ture of the vertebral arteries he had resected the superior 

and inferior vertebral ganglia. In 1892 Jaksch reported two 

cases in which in addition to ligation of the vertebral 

arteries the inferior cervical ganglion was removed. Kttmmel 

(1892) reported a unilateral resection of the superior 

ganglion and Bogdanik (1893) reported a case in which 

bilateral resection of the middle cervical ganglion had been 

carried out. P6an (1897) and Jaboulay (1893) each reported 

a case in which the cervical sympathetic nerve had been merely 

sectioned. 

These occasional cases had very little influence on the 

general treatment of epilepsy by the medical profession, but 

at the meeting of the Surgical Congress in Paris in December 

of 1896, Thomas Jonnesco reported the results he had obtained 

by use of his methods of sympathectomy. Jonnesco (1897) 

favoured bilateral removal of Sll three cervical sympathetic 

ganglia and the complete chains. He (Jonnesco - 1999) 

e~pressed the theoretical basis for his operation in the 

following manner. 

"Bei der Epilepsie wollen wir eine tiefgehende 

Anderung der Hirncirkulation herbeiftihren, indem wir die cere­

brale Anlmie in eine permanente Kongestion umwandeln,- eine 

Kongestion, die die sohlechte Ern!hrung der ~ervenzellen 

verAndert oder diesalben von den toxischen Erodukten befreit. 

In anderen .tl'Allen, bei der Visceren zum Hirn la.ufenden 



- 26 -

Reizungen Andern." 

He then further e~lained his operation for the removal 

of all three ganglia as follows: 

"Denn die Resection des oberen Ganglion hebt die 

Vasomotoren des Carotis-Gebiets auf, die des unteren Ganglion 

dieselben Nervan des vertebralen Gebiets, man muss also beide 

entfernen, um eine m6glichat vollkommeme ZerstBrung der 

Vasomotoren beider vasaul!ren Gebiete zu Stande zubringen. 

Auoh muse man, um die Unterdrfickung der Leitungswege der 

visceralen Reizungen zum Hirn zu erhalten, sowohl die prae­

vertebr8len wie auch die intervertebralen Nerven den ganzen 

Halsympathicus, entfernen." 

This very reasonable presentation may well be called the 

first step in the understanding of sympathectomy as a treatment 

for epilepsy. 

In 190E Winter collected the cases of sympathectomy which 

had appeared in the literature ~ to that time. ne found 213 

cases of sympathectomy from which he eliminated 91 cases 

because post-operative observation was too short or too incom-

plate. The remaining 122 cases (reported by 22 operators) 

are ineluded in his summary. I have included Winter's 

collected cases treading the original case reports where 

possible) and have reviewed the additional oases of sympathectomy 

which I have found in the literature.* 

* The following references have not been available up to the 
time of this thesis and are therefore not included. 
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Winter's Table 
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Minin 1 l 1 
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Donath 3 3 3 

Schapiro 1 l 1 

Ricar.d l l l 

Patamskx-Sciamarora 7 l 6 7 
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Braun 9 3 4 2 9 

Marian 8 2 6 8 

Winter 9 l 1 ...5 7 2 

TOTAL 213 8 17 23 67 7 122 91 

:PERCENTAGE 6.6 13.9 19.9 5~.9 5.7 
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Winter states that he has placed in the 110uredR column 

only those cases which have remained attack-free for three 

years or more. Of these Alexander had 4 and Jonnesco 4, 

making a total of 8, or 6%. Alexander and Jonnesco each had 

one case attack-free for four years. In the column "Pre­

liminarily Cured11 are the cases that had remained attack-free 

up to the t~e of the publication of the report and had been 

observed for a period of eight months to two years. Of these 

Alexander had 2 (observed one and two years respectively); 

Jaksoh, 2 (observed eight months and one year); Jaboulay, 1 

(observed eight months); Jonnesco, 8 (observed one to two 

years); Chipault, 3 (the observation time not specified); and 

Winter, 1 aase (observed one year). This makes a total of 17 

cases, 13.9%, some of which might have a remission but others, 

no doubt, which would remain attack-free and be included in 

the "Cured" column of later reports. 

In the column "Improved" are included the cases in which 

the attacks, although still present, are much less frequent 

and less severe. Of these oases Alexander had 3 (one of these 

attack-free for two years); Ktimmel, 1 (attack-free for one 

year); Bogdanik, 1; Braun, 3; and Winter, 1. In several of 

these oases, as in those of Bogdanik and in one of Braun's, 

the mental condition had been improved. The total number of 

cases improved is 23, or 18%. 

The deaths which were recorded in the literature at the 

time of Winter's report were as follows: Alexander. and Braun 
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each reported 1 case of respiratory death following broncho­

pneumonia four and two days after operation. One of Jaboulay's 

patients died the following day in status epilepticus. One 

case of Donath's died eleven days after operation, and 3 cases 

of Jonnesco 's and 1 case of Braun's died several days after 

operation. One of Winter's own oases died at home four months 

after operation. These were not all included as operative 

deaths in Winter's report. 

Summarizing the types of operation which had been used 

up to the time of this report (1902) we find the following: 

Resection of the superior cervical ganglia: 

Alexander, K~el, Donath, Chipault. 

Resection of the middle cervical ganglion: 

Bogdanik, Shapiro. 

Resection of the inferior ganglion: 

Jaksch. 

Resection of the superior and middle cervical ganglia: 

Braun. 

Resection of the middle and inferior cervical ganglia: 

Baracz. (Later uaed complete bilateral resection). 

Transection of the cervical chains only: 

Jaboulay and Pean. 

Bilateral resection of all 3 cervical sympathetic ganglia 

and chains: 

Jonnesco and Winter. 

It is evident from this range of surgical procedures that 

statistics from the general heading of sympathectomy are of 
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little value, but comparison of results obtained in each pro­

cedure may furnish useful information. 

Spratling and Fark (1905) record 5 cases of bilateral 

cervical sympathectomy reported by Hopkins (1904} and then 

report three of their own cases with records of the histological 

studies made on the chains and ganglia. The findings of note 

were: 

1. Pigmentation of a greater or less number of 

nerve cells of the cervical ganglia in all three cases. 

2. Presence in every one of the three cases of at 

least one nerve cell with double nucleus in some one of the 

extirpated ganglia. In one case about half a dozen such cells 

were found. 

(Brueckn~(l898) pointed out the fact that cells 

with double nucleus are rather rare in the sympathetic nervous 

system normally.) 

3. Degenerative changes in the medullated nerve 

fibers in the sympathetic cord and ganglia of the excised 

portion. 

4. In one case a focus of inflammation- i.e., of 

perivascular round cell infiltration. 

These authors made a commendable attempt at analysis of 

vasomotor epilepsy from the standpoint of abnormality in the 

sympathetic system. 

In 1906 Jonnasco reportei 12 of 117 cases of idiopathic 

epilepsy absolutely cured (Mosaer 1926). (This shows an 

addition of 19 cases to those of Jonnesco's in Winteris series.) 
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Jaboulay (1906) reported a case of combined epilepsy and 

trigeminal neuralgia. ~he patient, a woman of 54 who had 

been having epileptic attacks two or three times a week, was 

subjected to a unilateral cervical sympathectomy. She had 

only one fit during the two months after operation and from 

the day of operation the pain was aQsent from her face. (The 

observation time is too short for conclusions). 

Witzel (1924) reported a case of migraine and epilepsy 

greatly improved by resection of one carotid body and the 

homolateral superior cervical ganglion. As migraine and 

epilepsy are seldom associated in the same person or family, 

and as the epilepsy was of Jacksonian nature, the probability 

of a brain tumour being present seems likely. 

Tinel (1925 ) reported the case of a patient who had 

epileptic attacks from the age of 20 to 38 with gradually 

increasing severity. Bilateral carotid peri-arterial 

sympathectomy (the right side 21 days after the left side) was 

performed and six months later the patient was distinctly 

improved although not attack-free. Babitsky (1925) recommended 

the use of sympathectomy (ha used superior and middle cervical 

ganglioneotomy) plus subtemporal decompression. ~e reported 

several cases thus operated upon, but all of such short 

duration that conclusions were not justified. 

~icard, Hagnenar and 11chtwitz (1925) report a case of 

bilateral carotid and vertebral peri-arterial sympathectomy 

with no improvement in the epilepsy. Tinel (1925) presented 
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7 cases of carotid peri-arterial sympathectomy with one 

death, one case definitely improved and the others seemingly 

improved. He notes that the perioarotid sympathectomy, if 

it does not cure the attacks, at least abates them. 

Mosser (1926) writes as follows in his review of sym­

pathectomy: 

"In theory Jonnesco and Jaboulay agree that inter­

ruption of the continuity of the sympathetic system in the 

cervical region paralyzes vasoconstrictor influence, thus 

leading to a congestion of the motor cortex of the brain 

through passive dilatation of the cerebral vessels. This 

deduction was due, no doubt, to the very evident connection 

found between the sympathetic ganglia and internal carotid 

artery. They seem to disregard, however, that all investiga­

tions, anatomic and physiologio, tend to prove that the 

cerebral vessels, whether the brain is normal or abnormal, are 

entirely free of vasomotor influences. Their results, there­

fore, would seem to be unsound in principle, unsubstantiated 

by experimentation and dubious in actuality. Jonnesco himself 

appears to have recognized the fallacy of his theory as he 

discarded the procedure soon after his report to the German 

Surgical Congress. 11 He further states that "from 1905 to 1915 

there was a distinct de.cline of interest in sympathectomy, 

but in 1916 interest was again rev~ved when Jonnesco first 

tried the operation as a treatment for angina pectoris." 

Mosser's survey clearly indicates that the writings of 

Hill (1896) and others played a definite part in overthrowing 
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cervical sympathectomy as a treatment for epilepsy early in 

the 20th century. 

In the light of the recent work proving the re1at1aa­

ah1p between the cervical sympathetics and vasomotor control 

of cerebral vessels (Forbes and Wolff (1928); Penfie1d (1931)), 

I want here to consider the writings of .E. Vidal which seem 

to have been largely overlooked or disregarded. VidSl (1899b) 

after discussing the theories of cause and treatment of 

epilepsy and reporting some original work (to be considered 

later) wrote as follows: (Translation) 

"Regardless how far flown the theories, we have 

acquired two points: 

1. Sympathectomy is in general inefficient in purely 

reflex epilepsy. 

2. It produces in cases of toxic epilepsy where the 

intoxication is not too profound a favourable action, if one 

of the two following aondi tions is present: 

a) Mechanical irritation of the sympathetic by 

a tumour of the nerve trunk or vicinity. 

b) The ability of the poison to cause vasocon­

striction. n 

He then emphasized the necessity of careful diagnosis and 

choice of patients suitable for sympathectomy and said: (trans­

lation) 

"Clinically, epileptics are capable of being classed 

in three groups: 

1. Cases in which amyl nitrite administered in the 
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period premonitory to the crisis does not exert the least 

effect on the attack. 

2. Oases in which under the same conditions the 

attack is arrested. 

3. Cases in which the inhalation of amyl nitrite 

is capable of producing outwardly all the premonitory signa 

of an attack. 

In the first group it is probable that the circu­

latory phenomena do not play any part. One would not know 

what result would follow resection of the sympathetic if one 

were to practice it. The second group in which the attack 

is happily influenced by vasodilation we have theoretically 

3udged favourable for sympathectomy. The results of the last 

group constitute a definite contraindication to sympathectomy." 

'he author of these constructive suggestions put them 

into practice and in 1903 published this report of 14 oases 

which he had chosen and operated using Jonnesco's bilateral 

complete sympathectomy. 

MortalitY•••••••••••••••••••••••••••• 0 

Absolute ,cure after 2 years or more •• 5 (35%) 

Considerable improvement ••••••••••••• 4 

Slight improvement................... 2 

Entirely unsuccessful •••••••••••••••• l 

Patients los-~ sight of............... 2 

The results of these selected cases is remarkable when 

compared with a series of unseleoted oases published by 
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Jaboulay (1902) using the same operative procedure, whose 

results were as follows: 

Dead •••••••••••••••••••••••••••••• 0 

Made worse........................ 2 

Unchanged ••••••••••••••••••••••••• 16 

Improved •••••••••••••••••••••••••• 3 

Cured. • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 { 9%) 
Vidal's suggestion of selection of oases may be con­

sidered the second advance in the understanding of cervical 

sympathectomy in the treatment of epilepsy. 

Wagner (1925) reported two cases in which superior 

cervical sympathectomy was performed without much improvement. 

He reports the study of the ganglion microscopically as 

revealing abnormal pigmentation of the ganglion cells. 

Hirsoh, Weiss, Izgur and Lauerman (1927) obtained 

improvement in four of nine patients by carotid peri-arterial 

sympathectomy, bu~ their observation period was not long 

enough to allow conclusions. Dogs which they operated upon 

showed no dilatation of the homolateral cerebral vessels. 

Lennox and Cobb (1928) report ultimate improvement following 

sympathectomy in one of their cases which showed a Horner 1 s 

eyndrome before operation. 

Brfinning, quoted by Forster (1923), suggested the com­

bined operation of cervical sympathectomy and carotid peri­

$rterial sympathectomy for epilepsy. Laignel, Lavawtine, 

Girode and R. Largeau (1929) reported 3 cases of epilepsy 
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treated by carotid peri-arterial sympathectomy. These cases 

were improved at first but at the end of six months were in 

the same condition as before operation. Geyelin and Penfield 

(1929) report a case in which the right superior cervical 

ganglion was dissected free from the carotid and surrounding 

structures but was left intact, the right stellate was freed 

from its fibers to carotid and vertebral arteries but was 

left intact. The ac.eessory sympathetic ganglion, which was 

reported "in our experience, has always been found fastened 

like a saddle about the vertebral artery", was removed 

together with the vertebral nerve. A right peri-arterial 

sympathectomy was performed and in addition a right vertebral 

pe~arterial sympathectomy was carried out. The patient was 

definitely improved by the operation. The attacks became left­

sided. He had preViously had an amputation of the right 

occipital lobe. A second patient operated upon in a similar 

manner on the left side showed but little change. Both 

patients had cerebral calcification epilepsy. 

In this report we have another important addition to the 

list of sympathectomy operations, n~ely vertebral peri­

arterial sympathectomy with avulsion of the vertebral nerve 

and accessory sympathetic ganglion. 

McClintio (1930) reported 18 cases of epilepsy which he 

had treated by bilateral superior cervical ganglionectomy 

and bilateral injection of 95% alcohol beneath the peri­

arterial nerve-bearing sheath of the con~on, internal and 
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external carotid arteries and into the carotid bodies. Many 

af these were recently operated eases and were not reported 

in detail, but 4 cases, one of convulsions following birth 

injury. were reported as greatly improved or cured. He 

stated: "To date we have no case of epilepsy from whom we 

have heard who has been operated upon as long as two months 

ago who had any seizures to this date. 11 

The author recommended that any case which might not 

respond to this treatment should be subjected to the additional 

operation of alcoholic injection under the peri-arterial nerve­

bearing sheath of the vertebral arteries and section of the 

vertebral nerve. lie further stated: "We have been very careful 

in selecting our oases of epilepsy in order to avoid hysterical 

cases and those with a psychosis." 

McClintic's report did not include all of the details 

concerning the cases, but his suggestion of peri-arterial 

alcohol is interesting and constructive. 

~everal writers have called attention to untoward 

extraneous effects which have occurred following cervical 

sympathectomy. Ktimmal (1892) noted a constriction of the 

pupil and nasal hypersecretion on the side corresponding to 

the avulsed ganglion. Winter (1922) observed the following 

changes after operation: 

1. A strong flush of the operated side of the neck 

and face. 

2. A rise in temperature of the operated side of 
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the face and head. 

3. A congestion of the conjunctiva on the operated 

side. 

4. Decrease in the side of the pupil on the 

operated side and a ptosis on the operated side. 

Laignel, Lavastine, Girode, and H. Largeau (1929) in 3 

cases found a rise in temperature of the neck and head, and 

flushing of the face following carotid peri-arterial 

sympathectomy. There was. however, a gradual subsidence of 

these signs and complete return of the convulsions at the end 

of six months. 

Vidal (1903) noted a marked change in the heart beat, 

cardiac irregularity and depression of respiration in two 

cases when the superior cervical ganglion was forcibly resected. 

By injection of a drop of 1% solution of cocaine into the 

ganglion before the resection was carried out he no longer had 

the cardiac and respiratory changes following the resection. 

Analysis of the foregoing clinical material permits the 

following deduction: 

The percentage of epileptic patients cured by sympathectomy 

is directly proportional to the completeness of operation plus 

the care used in selection of suitable eases. Thus, in Winter's 

(1902) series of mixed cases there were 8 of 122 patients, or 

6.6% cured. In Jaboulay's (1902) series, using complete bi­

lateral cervical sympathectomy, there were 2 of 22 patients, or 

9fo, cured; and in Jonnesco's (1906) series there were 12 of 
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117 patients, or 10%, cured. In Vidal's (1903} series, he 

having used the action of amyl nitrite as a criterion for 

selection of eases and bilateral complete cervical sympathec­

tomy, there were 5 of 14 patients, or 35%, cured. 

By way of criticism it might be said that in VidSl's 

results a minimum of two years was considered a cure, whereas 

Winter required a minimum of three years for cure. On the 

other hand, analysis of Winter's figures shows that adding 

the cases "Preliminarily cured" (observation eight months to 

two years, which included 8 of Jonnesco's) would then bring 

the cures to but 20.5%, and if Jonnesoo's 8 cases of complete 

sympathectomy were subtracted from those preliminarily cured 

and only the cases of incomplete symp_athectomy included, the 

total percentage of "Cured" and "Preliminarily Cured" 

patients would be but 13.8. 

It is difficult to reach conclusions concerning the 

cases which have been reported more recently because of 

various types of incomplete sympathectomies and short periods 

of observation. McClintic's peri-arterial alcoholic injection 

combined with superior cervical sympathectomy has snown good 

results for a short period of observation. It would seem 

then, that epileptic patients carefully selected and subjected 

to complete cervical sympathectomy (bilateral removal of 

cervical sympathetic ganglia and chains, the vertebral nerves 

.and the adventitia of the carotid and vertebral arteries) 

should be improved or cured. 
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Experimental Sympathectomy 

Jonnesco's report at the Congress of Surgery in Paris, 

1896, aroused not only the interest of clinicians but also of 

research workers. 
~ 

Guinea pigs having "Brown-Sequard epilepsy" were sub-

jected to sympathectomy to test experimentally the therapeutic 

effect of the procedure. Laborde (1889), quoted by Jaboul~ 

and Lannois, found that in the guinea-pig rendered 

experimentally epileptic by hemisection of the medulla, pro­

ducing an epileptogenic zone in the cervical region, section 

of the sympathetics did not remove the epileptogenic zone 

but attenuated it considerably. If the resection of the two 

cervical sympathetice were made in a preventative manner before 

the production of epilepsy, it did not exert the least 

influence. Dejerine (1889), quoted by Rodolfo, using experi­

mental epilepsy, concluded that operative procedures only 

aggravated the condition. In the light of the work of Brown 

(1909-1910) and Alford (1911) who showed that Brown-Sequard 

epilepsy is but an exaggerated scratch reflex and not a true 

epilepsy, one can readily understand the failure of 

sympathectomy to effect a cure. 

Vidal (1899a and b) carried out experiments which were 

unique and ingenious. He, also, using guinea pigs, produced 

convulsions by giving them: 1) a decoction of tobaoco, and 

2) potassium ohloride. He then experimented with the animals 

and reported the following findings: (Translation) 
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1. "An intoxication insufficient to pro.duce an 

attack, with the aid of electrical stimulation of the cervical 

sympathetic, results in a convulsion (in a guinea-pig)." 

2. "An intoxication insufficient to produce an 

attack in the normal guinea-pig becomes sufficient after the 

ligation of one of the nutrient arteries of the brain." 

3. "A guinea-pig was subjected to whirling in a 

horizontal plane, the head being fixed at the axis of the 

circle, thus producing a cerebral anaemia by centrifugal force. 

An epileptogenic drug formerly insufficient to produce an 

attack now results in a convulsion." 

He continued: 

"The conclusion to be drawn from these experiments 

is that the toxin used in these experiments (decoction of 

tobacco and potassium chloride) require the help of a decrease 

in the cerebral circulation to produce "the attack. It seems 

that this theory is applicable to clinical use in man. There 

are cases in which there exist the conditions which have been 

ueed in the experiments, namely tumours, etc., causing 

permanent mechanical irritation of the cervical aympathetics 

and at the same time there being an autogenous toxin in the 

body. There are, then, two convulsant actions of the cortex: 

1) Direct, specific stimulation to the cells of the cortex by 

the poison; and 2) Indirect stimulation of the motor cells by 

vaso-constriction." 

"If the toxin is light and the primary factor is 

the vaso-constriction, one should be able to remove one of 
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the causes and thus cause a disappearance of the attacks. 

The followtng experiments were carried out: 

1. In the guinea-pig whose cerebral circulation 

had been diminished by partial ligation of the arteries sup­

plying the brain, total resection of the cervical sympathetic 

caused the dose of a convulsant drug which had been markedly 

diminished to return to normal. 

2. In a guinea-pig w.Lth moderate cerebral con­

gestion produced by centrifuging the animal with the head at 

the periphery of the centrifuge. a dose of convulsant drug 

much larger than normal is required to produce a convulsion. 

If certain convulsant poisons are combined with a 

vaso-dilating drug not having convulsant properties (amyl 

nitrite) a larger dose than normal of the convulsant drug is 

required to provoke an epileptic seizure. 

Complete cervical sympathectomy increases the 

resistance of normal healthy guinea-pigs to certain convulsant 

poisons." 

~he report of Vidal's work was not found until this 

present research was well under way, but the agreement in 

results from sympathectomy is worthy of note. 

Ravdtn (1931) 1n a personal communication stated that in 

experimenting with dogs he had produced convulsions with 

hypodermic injections of insulin after first producing 

hydration with 500 cubic centimetres of water by stomach tube. 

After removal of the stellate ganglia he was unable to produce 
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the convulsions in the same manner. He could offer no expla­

nation of the phenomenon. 

It seems evident that further application of experimental 

methods in determining the relationship of the vaoomotor 

system to epilepsy is warranted. 

EXPERIMENTAL ME!rHODS 

This research was undertaken to determine what effect the 

removal of vasomotor influences from the cerebral vessels of 

epileptic animals would have on the convulsions. The first 

need, therefore, was a number of animals which were spon­

taneously or artificially epileptic. 

Sauerbruch (1913), quoted by Evans (1930), found that 

spontaneous convulsions followed some time post-operatively 

in a few of his monkeys; Pavlov (1927) reported a number of 

spontaneous convulsions in dogs after cerebral operations, and 

Bagley (1928) reported severe convulsions in several puppies 

after injection of blood into the cisterna magna and lateral 

ventricles. On the other hand, Dandy and Elman (1925), Kuncie 

and Schneidie (1928), Evans (1930) and others had not obtained 

spontaneous convulsions in any of their animals. It was, 

therefore, deemed advisable to use a. convulsant drug in' all 

the animals and base conclusions upon changes in the minimal 

convulsant dose, but in addition to perfor~ the operation of 

craniotomy on a number of the animals, stimulate the cortex 

(to localize motor areas and to measure the minimal electrical 
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stimulus which would produce convulsions) and then produce 

a brain wound in the hand and face areas, in the hope of pro-

ducing spontaneous convuJ.sions. 

Cats srud monkeys were selected as experimental animals 

because of t~eir availability, their place well up in the 

phylogenetic scale, and the satisfactory anatomical situation 

of their cervical sympathetics. 

A large list of pharmacologia eonvulsants was available 

from which to choose a drug: 

Absinthe (Marce, 1864; Magnan, 1876; Horsley, 1892; 
Pike and Elsberg, 1925). 

Acid Fuchsin (Syz, 1927). 

Amyl Nitrite. 

Camphor (Evans, 1930). 

Cocaine (Sauerbruch, 1913). 

Homocamfin (Lennox, Nelson and Beetha.m, 1929). 

Insulin (Abel, 1929; Ravdin, 1931). 

Oil of Wormwood tFlorey, 1925; Dandy and Elman, 
1925; Muncie and Schneidie, 1928). 

Picrotoxin. (Grtinwald) 

Thujone (Oobb, 1929~ Uyematsu and Cobb, 1922; 
Florey, 1926). 

Evans (1930) 1n his experimental work had found camphor 

( 01oH16o) to be the drug which gave the ·moat uniform results 

in monkeys, and thujone in the form of oil of wormwooA (l~fo 

emulsion in gum acacia, by stomach tube) to be the most satis­

factory in cats. As camphor and oil of wormwood act on the 

nerve cells, and the effect of the former in particular is 
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chiefly cortical tFlorey, 1925, and Cushney, 1924) these 

drugs were chosen for this research. 

The Care of the Animals 

The cats were kept in large, airy, individual cages in 

a room where there was good ventilation and morning sun­

light; and in the autumn and winter sufficient steam heat 

was supplied to keep the room comfortable. On one or two 

very cold days only was the room too cool for comfort. 

During the swmmer months the windows and door, being screened, 

were opened wide snd on two of the hot days an electric fan 

was supplied to give the animals as much comfort as possible. 

Each day the cages were cleaned, and the cats fed on a good 

grade of raw beef and milk. A few of the cats had slight 

colds during the spring months but were, on the whole, healthy 

and maintained or gained weight. 

The monkeys were all kept in one large cage in the 

animal house, but had continuous access to the wire sun-cage 

on the roof. On cold days in the winter they stayed~ in the 

steam-heated cage below, but when the weather was less 

severe they chose to sit in the sun on the roof even with 

snow all about them. !n the summer they spent the entire 

day on the roof. 

The monkeys• food consisted of fruits in season (apples, 

bananas, peaches), vegetables and greens (carrots. lettuce, 

cabbage), bread, a mash of corn meal, eggs, milk, and ground 

lean meat (recipe of Dr. Herbert Fox). In the latter part 
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of the swmmer of 1931 during an epidemic of enteritis, a 

mash of milk and wheat germ was added to the diet in an 

effort to carect possible vitamin deficiency. 

Tuberculosis and enteritis constantly threatened the 

monkeys and despite early isolation of sick and suspected 

animals, there were numerous deaths which meant the loss of 

both the animals and the incompleted experiments. 

Method of Dosing 

The cats were not fed for 24 hours before each dosing. 

Each cat was carefully weighed and the dose of oil of worm­

wood (lo% in gum acacia emulsion) calculated on the basis of 

the weight in kilograms, after which a #14 French soft 

rubber catheter lubricated with olive oil was passed into the 

eat's stomach and the drug, measured in a graduated syringe, 

was given by gavage. The animal was returned to its 

individual cage and carefully watched for four hours. When 

the cat convulsed it was removed from the cage and placed on 

the floor so that all its actions could be more easily noted. 

The monkeys were fed the day before the dosing and no 

precaution was taken against their eating the residual food 

on the morning of dosing as the drug was given intra­

muscularly. The animals were caught, placed in individual 

bags and weighed. The dose of camphor t2o% in olive oil, 

sterilized and kept in air-tight bottles) waw calculated on 

the basis of the weight in kilograms. Each monkey was taken 

from the bag, his thigh shaved, and the skin prepared with 
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tincture of iodine and alcohol. The dose of camphor in oil, 

measured in a sterile syringe, was then injected intra­

muscularly and the animal transferred to a wire cubicle where 

he was watched for four hours. 

Operative Procedures 

!he technique tn the animal operating rooms was essen­

tially the same as that used in the Neurosurgical Clinic. The 

sterile supplies were in charge of a graduate nurse who a1 so 

assisted at the operations. Great care was taken in pre­

paration of the field of operation and constant vigil helped 

prevent slips in technique. ~his care was rewarded, for only 

two serious wound infections occurred, one in cat No.4305, 

undoubtedly the result of intentional opening of the frontal 

sinus at operation, and the other in monkey No.l24, who died 

five days after craniotomy and showed moderate wound infection 

plus tuberculosis. This monkey's wound infection must be con­

sidered as due to a slip in technique. 

Anaesthesia 

A few of the first operations were performed under 

amytal anaesthesia, a dose of 0.5 cubic centimetre per kilo­

gram for the monkeys and 0.6 cubic centimetre per kilogram for 

the cats, given intraperitoneally. Later, on the recommenda­

tion of Ful ton et al. ( 1930) "Dial" ·ciba ( diallylbarbi ta.ric 

acid) was tried and used in the majority of the operations in 

the dose of 0.5 cubic centimetres per kilogram for the oats 
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and 0.4 cubic centimetre per kilogram for the monkeys 

given intraperitoneally. The drug and dosage proved very 

satisfactory for the craniotomies, where cortical stimula­

tion was successfully carried out, and for sympathectomies. 

In a few animals a slight addition to the dose of Dial or a 

supplementary whiff of ether was used, but these instances 

were few. 

The administration of the anaesthetic was aseptically 

carried out, the animalB abdomen being shaved and the skin 

prepared with tincture of iodine and alcohol. ~he needle was 

inserted just below the umbilicus and directed laterally, 

thus avoiding the liver, stomach and bladder. 

One animal (monkey No.132) had a partial intestinal 

obstruction from omental bands five days after operation which 

may have been due to the injection. No other untoward effects 

were noted. 

The monkeys recovered from the anaesthetic in 18 to 28 

hours, but the cats requtred 36 hours or more. The animals 

were kept warm with hot water bottles and electric heater 

during this period, and the cats were fed milk by stomach 

tube the day after operation. 

Surgical Care 

In preparation for each operation (after the animal was 

asleep) the skin of the operative site was shaved and the 

animal placed in the necessary position.. It was then covered 
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with a blanket and a warm sand bag placed at either flank. 

When stimulation of the cortex was to be carried out the limbs 

of the contralateral side either were not restrained or were 

held with rubber bands to allow free movement. The operator 

having scrubbed and donned sterile gloves, the skin of the 

operative field was prepared by washing with tincture of green 

soap, 96% alcohol, ether, and mercurochrome-acetone solution. 

Sterile towels were then sutured in place, leaving only the 

site of the incisionuncovered. The entire operating table 

was draped with sterile sheets. 

In the monkeys' operations the additional preparation of 

placing the needles of a hypodermoclysis unit under the skin 

of the monkeys• thighs, after proper sterilization, was 

carried out. This enabled the operator to give normal saline 

at once if undue bleeding was encountered and undoubtedly 

saved the lives of some animals. Caffein-sodium-benzoate, 

grains 2, was kept in readiness and given to both cats and 

monkeys hypodermically if the pulse or respiration lagged. 

Sterile gauze dressings were kept in place on the cats 

with liquid adhesive (Johnson and Johnson) and on the monkeys 

with collodion. 

Craniotomy 

In both monkeys and cats the skin incision was made from 

a point just above the lateral angle of the supra-orbital 

ridge arching up to the midline of the head and thence back 

to a point just behind the ear. The incision was made clear 
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to the bone and the skin.and sub.cutaneous tissue laid back 

exposing the skull and fan-shaped temporal muscle. 

In the cats an incision was made in the temporal muscle 

one-quarter centimetre from the attachment to the skull, thus 

leaving an edge of fascia for suturing. The temporal muscle 

was separated from the bone by a periosteal elevator and 

was then held away from the skull by a suture and rubber band 

attached to the sterile drapes of the table. A small 

trephine opening was made in the skull and enlarged with 

rongeurs. When the exposure was sufficient for stimulation, 

the dura, which is extremely delicate in the cats, was 

opened with a dural hook and small scis~ors. 

In the monkeys a rectangular bone flap to which was 

attached the temporal muscle was outlined, five small trephine 

holes were made and three sides of the flap cut with a Gigli 

saw. The flap was then broken on the temporal muscle and the 

dura opened with dural hook and scissors. 

Ae soon as the cortex was exposed the operator sketched 

with sterile pencil and paper the outline of the operative 

field, showing the cortical landmarks and vessels as well as 

possible. The cortex was then stimulated with gradually 

increasing amounts of both galvanic and faradic currents. 

~he charts showing the point of stimulation and the result 

for each animal are included in the chapter of Experimental 

Results. 

In the early experiments unipolar stimulation was used, 

the indifferent electrode being bandaged to a shaved area on 
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the animal's leg. In the majority of the operations a bi­

polar electrode was used. 

After stimulation of the cortex a small but deep brain 

wound was made in the eortioal area most nearly representing 

the forepaw and face. In the early operations the wound was 

made by cutting the cortex to bits with small scissors. This 
l 

frequently produced tremendous bleeding and after finding 

cerebral softening in the frontal and parietal lobes of a 

monkey (118) following this procedure, it was decided that it 

caused too much vessel destruction. Thereafter cortical 

wounds were made by thrusting a small hemostat deep into the 

cortex and opening it, repeating the procedure several times. 

In all cases after "the wound was made a piece of temporal 

muscle was cut free and thrust deep into the cerebral tissue. 

This muscle aided hemostasis and, it was hoped, would 

encourage scar formation. 

No attempt was made to close the eat's dura. The tempor.al 

muscle was sutured in place, being in contact with the cortex, 

and the fascia and skin closed in layers with interrupted silk 

sutures. 

The monkey•s dura was sutured in place with the exception 

of a portion over the cortical wound which was left exposed. 

The bone flap was held in place by two double silk sutures 

through small drill holes in the bona. ~he incisions in the 

temporal muscle, the fascia and subcutaneous tissue were 

closed in layers with interrupted silk sutures, and the skin 
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was closed with a continuous subcuticular suture of split 

silk. 

Sympathectomy 

The incision for this operation in both cats and 

monkeys extended from the angle of the jaw along the anterior 

border of the sterno-cleido-mastoid muscle to a point just 

lateral to the midline at the sternum. After going through 

the skin, the fascial plane to the nerves and vessels was 

located by blunt dissection with Mayo scissors, and the 

sterno-cleido-mastoid muscle was retracted laterally. The 

great vessels of the neck and the vagus and sympathetic 

nerves in their sheath were easily exposei and the sheath of 

the nerves was carefully picked up and opened with small 

scissors. A mosquito hemostat was then slipped into the 

sheath to hold it open and the sympathetic chain was grasped 

with forceps, care being taken not to pinch the v~s. The 

sympathetic chain was then carefully dissected free from the 

vagus and followed cephalad until the superior cervical 

ganglion was located. ~his was usually about the level of 

the bifureation of the common carotid ar~ery in cats and 

somewhat nearer the skull in monkeys. The ganglion was freed 

from surrounding faecial attachments by blunt dissection 

with a mosquito hemostat, and the nerve fibers from the 

ganglion to the vagus nerve and carotid artery were cut. 

1'he ganglion was then grasped by a hemostat and removed by 

avulsion, taking as much of the post-ganglionic chain as 

would come away with it. 
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Working caudad, the sympathetic chain was then dis­

sected free from the vagus, great care being taken that the 

vagus was never grasped in an instrument or pulled upon 

severely. ln some of the animals it was necessary at this 

stage to divide the sterno-cleido-mastoid muscle in order to 

obtain sufficient exposure. In other animals this procedure 

was unnecessary. The tubercle of Chasseignac was then pal­

pated, and in the earlier operations the region dorso-medial 

and caudad to the tubercle was explored in search of the 

vertebral artery and nerve. In the later operations, however, 

the sympathetic chain was followed down to the stellate 

ganglion (which is extremely low down in the cat) and then 

after freeing the ganglion and cutting the branches to the 

carotid and the thoracic chain, the vertebral nerve was fol­

lowed to the foramen and removed by avulsion. In none of the 

animals was an accessory ganglion seen on the vertebral nerve. 

Following the removal of the nerves and ganglia, the 

fine adventitial network was stripped from the carotid and 

vertebral arteries with forceps and scissors. In the last 

two operations a more extensive deep decortication of these 

arteries was carried out to make sure of removing all vaso­

motor fibere. In two monkeys (No.l63, No.127) it was 

necessary to ligate one vertebral artery. The muscles and 

superficial parts of the wound were closed in layers with 

interrupted silk sutures. 

The posterior approach to the stellate ganglion by 

removal of the head of the first rib was tried on one cat 
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(No.4207), but the difficulty of exposure of the ganglion 

and the inaccessibility of the verteb~al artery and nerve by 

this approach made the anterior approach the necessary one. 

~ilateral superior cervical ganglionectomy was tried in 

one operation (cat No.4339) but the cat died. 

Because of the possible trauma te the vagus in removing 

the sympathetic chain it seemed advisable to operate on only 

one side at a time with an interval of at least 10 daws 

between operations. This plan was therefore carried out in 

all of the monkeys. 

Before this research, all the monkeys which had been 

subjected to complete cervical sympathectomy by members of 

the Department of ~eurosurgery had died in 1 to 5 d~s after 

operation with signs of either pulmonary oedema, pneumonia 

or circulator.y instability. Following the removal of the 

cervical sympathetics from the right side of monkey ~o.llO, 

the left side having been previously operated upon, he began 

to drool saliva from his mouth, breathe with difficulty and 

act much as some of the other monkeys had done. Because of 

the notieeable irre.spiratory retractions of the intercostal 

spaces on the right side, an X-ray was made of the chest and 

it showed a collapse of the upper lobe of the right lung. 

Reasoning that in the operation the vagus might well have been 

traumatized just enough to cause excessive peripheral stimula­

lation, I gave the monkey what I judged was about 1/150 grains 

of atropin. (The atropin at the animal house was in bulk). 

The monkey lived (the first complete cervical sympathectomy) 
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and a second X-ray taken three days after the first shows the 

chest clear. 

Following this experience all the monkeys were given 

atropin, grains 1/150, after the final stage of sympathectomy. 

Four have survived and one (No.l32) died, but autopsy showed 

that he had pulmonary tuberculosis and partial intestinal 

obstruction. 

Section of Greater Superficial Petrosal Nerve 

This operation was performed on only one monkey (No.llO). 

Incision was made as far a craniotomy, the scar of the former 

craniotomy being reopened and the bone flap turned down. The 

skin was separated from the outer surface of the temporal 

muscle and from the zygoma. The periosteum of the zygoma was 

incised and intraperioeteal removal of that bone was carried 

out, but care was taken that the spongy portion close to the 

ear was not entered. With the zygomatic arch out of the way, 

the temporal muscle to which was attached the bone flap was 

stripped from the skull well down toward the base, and the 

subtemporal decompression remaining from the former craniotomy 

was enlarged to expose the base of the s~ull. The dura was 

not opened and was seen to be entirely intact despite the 

defect which had been left at the former operation. 

When sufficient opening had been made in the skull the 

dura was slowly and carefully elevated from the petrous 

portion of the temporal bone and the temporal lobe elevated 

to expose the base of the skull. About a centimetre medial 
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from the lateral edge of the skull was a small elevation of 

bone which caused a little difficulty in the freeing of the 

dura. Directly dorso-medial to this bony prominence was the 

sulcus of the greater superficial petrosal nerve extending 

from the hiatus of the facial canal to the foramen laoerum. 

This nerve was freed from its fascial attachment to the bone 

and was cut elose to the facial canal. The slight bleeding 

from a small vessel accompanying the nerve was easily 

controlled by irrigatione with warm saline, the temporal 

lobe and dura settled back to the base of the skull, the bone 

flap was replaced and the wound closed as in the craniotomies. 

EXPERIMENTAL RESULTS 

As a help in their analysis the dosings of the animals 

have been divided into five groups - group 1 being the pre~ 

operative doses of normal animals, both cats and monkeys; 

group 2 the first post-operative doses or the doses following 

craniotomy and brain wound; group 3 the doses after complete 

cervical sympathectomy; and group 4 the doses after section 

of the greater superficial petrosal nerve; in group 6 are 

placed those animals whose doses have not been completely 

established, or have been so irregular that they could not be 

placed in the other groups. These animals are included 

because each illustrates some particular problem that has 

arisen during the research. The animals in each group are 

recorded by their numbers which refer to the protocols. 
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Minimal Pre-operative Convulsant Dose 

Group 1. 

Dose Wormwood Monkey Dose Camphor 
Cat Ho. per kilogram No. per kilo~ram 

420Y 0.9 c. e. 110 0.7 c.c. 

4300 1.1 e.o. 118 0.76 c. c. 

4301 1.2 c.o. 121 1.15 c.c. 

4302 1.0 c.o. 122 0.7 c.c. 

4304 1.0 c. c. 123 0.7 c. a. 

4305 1.15 c. c. 124 0.65 c. c. 

4332 1.75 c.c. 127 o.a c. c. 

4333 o.a c.c. 128 0.7 c. c. 

4346 1.0 c.c. 132 o.a c.o. 

4355 1.75 c.o. 

4365 1.6 c.e. 

4371 2.0 c.c. 

4378 1.2 o.c. 

The average minimal pre-operative convulsant dose of 

oil of wormwood in 13 cats was 1.18 cubic centimetres per 

kilogram, the largest dose being 2.0 cubic centimetres and 

the smallest 0.8 cubic centimetre per kilogram. 

The average minimal pre-operative convulsant dose of 

camphor in oil in 9 monkeys was 0.77 cubic centimetre per 

kilogram, the largest dose being 1.15 cubic centimetres and 

the smallest 0.65 cubic centimetre per kilogram. 
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b1irs t .Post-operative Minimal . Convulsant Dose 

(After Brain Wound) 

Cat. No. 

4207 

4302 

~4304 

4333 

4346 

4301 

Monkey 
No. 

110 

122 

128 

Group 2. 

Dose Wormwood per kilogram 

After Brain Wound Hefore Brain Wound 

0.6 e.c. 0.9 c. c. 

1.1 e.c. 1.0 c. c. 

1.0 c. c. 1.0 c. e. 

0.6 c. c. o.a c. c. 

1.15 c.c. 1.0 c.c. 

~Jot established 1.2 e. c. 
definitely but 
well above 1.2c.c. 

Dose Camphor per kilogram 

After Hrain Wound Hefore Brain Wound 

0.6 o.c. 0.7 c.c. 

0.55 c.c. 0.7 c.c. 

0.65 o.c. 0.'1 c.o. 

Analysis of these doses shows the following results: 

Two oats and all the monkeys had their minimal convul­

sant dose of the drugs lowered by the production of a brain 

wound. 

Three cats showed an elevation of minimal convulsant 

dose after brain wound. 

One cat remained exactly the same as before operation. 

The average minimal post-operative convulsant dose of 

wormwood in 6 cats was 0.89 cubio centimetre per kilogram. 
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The pre-operative dose in these same oats was 0.898 cubic 

centimetre per kilogram, a negligible elevation of 0.008 eubic 

centimetre per kilogram. 

The average minimal post-operative convulsant dose of 

camphor in 3 monkeys was 0.6 cubic centimetre per kilogram, and 

the average minimal pre-operative dose in these same monkeys 

was 0.7 cubic centimetre par kilogram, a reduction of 0.1 cubic 

centimetre by brain wound. 

Second Post-oEerative Minimal Convulsant Dose 
(After Complete SymPathectomy) 

Group 3. 

Cat 
Dose Wol'lll\\0 od ;Eer kilogram 

After Complete After Unilateral After Brain Original 
No. Sympathectomy Sympathectomy Wound Dose 

4207 0.9 c. c. 0.6 c.c. 0.9 c.c. 
(sup. cervical 

only) 

4304 more than 1.0 c. c. 1.0 c.c. 
1.0 c.o. 

Dose CamEhor Eer kilogram 
Malkey After Complete After Unilateral After Brain Original 

No. S:ympathectonw Sympathectomy Wound Dose 

110 0.7 c. c. 0.7 c. c. 0.6 c.o. 0.7 c.c. 

121 1.25 c. c. 1.25 c. c. 1.15 c. c. 

123 0.75 c. c. 0.7 c.o. 0.65 c. c. 

12'/ 0.75 o.c. o.a c.o. 
(Had one fit at 
this dose but dose 
not yet establi81Ed) 

128 more than more than 0.65 c.c., 0.7 c.o. 0.7 c.o. 0.7 c. c. 

132 o.a c.c. o.a c. c. 
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Analysis of these tables of Group 3 shows the following 

facts: 

All the animals which were subjected to a complete 

cervical sympathectomy required a larger dose of convulsant 

drug to produce a fit after the sympathectomy than before it. 

Of the animals subjected to only unilateral cervioal 

sympathectomy, two cats showed an elevation of the minimal 

convulsant dose of the drug after the operation, one monkey's 

dose was unchanged and one monkey had one convulsion on a 

slightly smaller dose,but his minimal convulsant dose is not 

yet established. 

A striking coincidence which may be significant occurred 

in the cases of cat No.4207 and monkey No.llO. These 

animals, following a brain wound, had a definite reduction in 

the minimal convulsant dose of the respective drugs. Follow­

ing left superior cervical ganglionectomy in the cat and 

complete cervical sympathectomy in the monkey the convulsant 

dose of the drug returned to exactly the original pre-operative 

dose (group 1). The sympathectomies were on the same side as 

the brain wounds. S·ympathectomy of the right side of monkey 

No.llO did not further elevate his dose. 

Following complete cervieal sympathectomy the minimal 

convulsant dose of camphor in monkey No.l28 has been elevated 

even above the original pre-operative dose. 

These results plus the result of McClintic's (1930) 

'prize case" - a little girl whose epilepsy was cured and post-
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traumatic quadrap~egia greatly improved by cervical sympathec­

tomy and carotid peri-arterial alcoholic injection, should 

encourage further study of cervieal sympathectomy in clinical 

and experimental post-traumatic epilepsy. 

The average minimal convulsant dose of the completely 

sympathectomized animals of Group 3 before sympathectomy 

(not including monkey No.l28 whose post-operative dose is not 

yet definite), was 0.83 cubic centimetre per kilogram. The 

average minimal convulsant dose of the same animals after 

complete cervieal sympathectomy was 0.9 cubic centimetre per 

kilogram, an increase of 0.06 cubic centimetre per kilogram. 

The average minimal convulsant dose of the two monkeys 

with brain wounds was 0.625 cubic centimetre per kilogram 

before sympathectomy and after complete cervical s.ympatheotomy 

monkey No.llO required 0.7 oubic centimetre per kilogram and 

monkey No.l28 re~ired more than 0.7 cubic centimetre per 

kilogram to produce a convulsion. 

The average minimal pre-operative convulsant dose of the 

animals without brain wounds was 0.9 cubic centimetre per 

kilogram, and after complete cervical sympathectomy the 

average minimal convulsant dose of\the same animals was 1.0 

cubic centimetre per kilogram, an increase of 0.1 cubic 

centimetre per kilogram. 
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Third J:iost-operative Minimal Convulsant Dose 

Group 4. 

Only one monkey can be included in this group at this 

time, for thus far section of the greater superficial petrosal 

nerve has been performed on only the one animal of the series. 

Monkey No.llO had a minimal pre-operative convulsant 

dose of camphor of 0.7 cubic centimetre per kilogram. .nlol­

lowing brain wound this dose was reduced to 0.6 cubic centi­

metre per kilogram and after sympathectomy it returned to 

o. 7 cubic centimetre per kilogram. J!iollowing section of the 

greater superficial petrosal nerve the monkey, in the four 

dosings since this operation, first failed to convulse on a 

dose of 0.65 cubic centimetre per kilogram; then he had a 

seizure on 0.7 cubic centimetre per kilogram, had no seizure 

on 0.66 cubic centimetre per kilogram, and then also failed 

to convulse on 0.7 cubic centimetre per kilogram but had a 

fit on 0.75 cubic centimetre per kilogram. ~he dosing has 

not progressed beyond that point. lt would seem that this 

operation had little or no effect on the dose in this one 
. 

monkey but more complete observation in a larger number of 

animals is necessary bGfore conclusions can be drawn. 

Miscellaneous 

Group 5. 

!n this group are included four monkeys and three cats. 

These are monkeys Nos. 110, 115, 116 and 120; and oats Nos. 

4303, 4345, and 4356. Each of the animals will be co·nsidered 
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individually because of the problem which it illustrates. 

Monkey No.l09 was one of the hardiest animals. His 

dosing was commenced on January 7th, 1931, but a survey of 

his protocol will show that it was ,impossible to establish 

definitely his pre-operative dose of camphor. He was 

finally operated upon and a brain wound produced in the hope 

of stabilizing the convulsant dose, but up to the time of 

this thesis he has had no fits since operation although the 

dose of the drug has been considerably increased. The chart 

of the cortical stimulation at operation of this animal shows 

one of the most satisfactory results of the series. 

Monkey No.ll5 was given the initial dose of 0.7 cubic 

centimetre of camphor per kilogram body weight. This was the 

dose at which all the monkeys, previously dosed, had been 

started. ~ha protocol shows his severe reaction to the con­

vulsant and despite special care he died following status 

epileptimus. At autopsy the lungs and spleen were found to be 

masses of caseous tuberculosis and there were tubercles in the 

other organs. As Evans (1930) noted in one of his monkeys, 

the severe tuberculosis infection proved an accessory con­

vulsant. 

Monkey No.l20, with an initial dose of 0.65 cubic centi­

metre, less than that of No.ll5, had several seve~e convulsions 

and later became ill and died in three weeks. The autopsy 

showed a few tuberculous nodules in the left lung and an 

extensive enteritis. It seems likely that the dose of camphor 

or the resulting convulsions enhanced the illness. Animals 
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with any recognized illness were not dosed. 

Monkey No.ll6 merely illustrates the loss of time 

devoted to experimentation through death of the animal. This 

loss was even greater when the experiment was nearly com­

pleted before death, as in some of the operated animals. 

Cat~No.4394 has faDed to convulse in spite of rather 

large doses of drugs and a brain wound lthe operation was 

performed for demonstration purposes). This is the only com­

·pletely resistant animal encountered in the series. 

Cats No. 4345 and No.4356 illustrate an unexplained 

development of resistance to the convulsant. As one or two 

of the other cats simultaneously failed to convulse on a 

dose which had previously caused a convulsion, a new mixture 

of wormwood was obtained. However, the resistance of these 

two animals continued despite the freshly prepared drug. No 

change in feedings or surroundings could be found coincident 

with the development of resistance. 

The protocol of oat No.4345 illustrates a problem which 

arose in dosing the cats, and which at first proved most 

disturbing. This cat and a few of the othere, following 

return to the cage after dosing, began suddenly to retch and 

regurgitate most of the dose of wormwood. This of course 

destroyed the results of the day's dosing as one could not 

be sure how mueh drug was retained. It was finally decided 

that the cats had learned to regurgitate voluntarily. They 

were then closelywatched and the moment vomiting was 
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suggested a firm hand was closed upon the trachea and 

oesophagus for a few seconds. The epidemic of voluntar,y 

vomiting ceased following this somewhat barbaric but 

effective procedure. 

Cortical Stimulation 

As mentioned in the Operative Procedures the cerebral 

cortex, when exposed during each craniotomy, was sketched 

on a. sterile- sheet of paper, the point of electrical stimula­

tion noted and the result recorded. Following the operation 

the sketch was carefull·y transposed to more permanent paper 

and the results of stimulation typed on the new record. In 

the protocols are photostatic reproductions of these records 

which not only illustrate the effect of stimulation at the 

various points on the individual cortex, but also serve as 

permanent records of the amount of current used (as near as 

it could be measured), so that comparison may later be made 

with the results of a second stimulation. 

A unipolar electrode, as previously described, was used 

in the cases of cats Nos. 4207, 4301, 4302 and 4304. Both 

unipolar and bipolar electrodes were used at the operation of 

cat No.4306, and all other cortical st~lations were carried 

out with a bipolar electrode. A post-stimulation convulsion 

of Jacksonian nature was obtained in the cases of Cats Noa. 

4301 and 4333 and monkey No.llO. These convulsions were 

consistently of clonic type and involved ohiefly the muscles 
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controlled by the cortical area which had been stimulated. 

In oat No.4346, on stimulation of area (1) (with faradic 

current) there was a definite retraction of the nictitating 

membranes of both eyes. This phenomenon had not been 

observed in the previous oat operations and could not be 

duplicated in the one cat operated on later. 

Review of the cortical stimulation of monkey No.l09 

shows definite localization of the area in his case for turn­

ing of head and eyes to the contra-lateral side. As noted 

on the record of stimulation, the result in this one case 

suggests that the centre for head and eye turning in the 

monkey may be further fotward than that for head turning 

alone. 
( 

From the results of stimulation in these experiments 

it would seem that before accurate conclusions can be drawn 

concerning animal stimulation, it will be necessary to 

develop a procedure using local anaesthesia as is done in the 

Neurosurgical Clinic when cortical stimulation is carried out. 

Deaths in Animals 

Monkeys: 

No. 115: Died in afternoon following dosing and status epi­

lepticus. Generalized tuberculosis - lungs, sp~1een 

and mesenteric lymph nodes. 

No. 116: Died of entercolitis. 

No. 118: Died after craniotomy brain wound. Extensive parie­

tal and frontal softening. probably due to ischemia. 
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Monkeys: (Continued) 

No. 120: Died of entercolitia and slight tuberculous infection 

of left lung. 

No. 124: Died 5 days after craniotomy. Had superficial infec­

tion of wound. Bilateral pulmonary tuberculosis. 

Fatty degeneration of liver and pinworm infestation 

of colon. 

No. 132: Died 3 d~s after second stage of cervical sympathec­

tomy. The monkey was in poor condition before this 

operation but was making no progress and the risk 

was taken. Autopsy showed bilateral pulmonary tuber­

culosis and partial intestinal obstruction. 

No. 122: Died three months after brain wound of entercolitis. 

No. 133: Died 4 days after unilateral cervical sympathectomy 

of fu1monating entercolitis and hepatitis. 

No. 163: This animal died immediately after operation from 

haemorrhage into the mediastinum which occurred when 

the vertebral artery was torn in removing the 

stellate ganglion. 

Cats: 

No.4300: Died of ruptured stomach and enormous hair-ball con­

taining ascaris lumbracoides. 

No.4305: Was killed because of extensive infection which 

developed secondary to the intentional opening of 

the frontal sinus at operation. 

No.4332: Died 3 days after unilateral cervical sympathectomy 

and no cause could be found for her death. Autopsy 
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Cats: 

No.4332: (Continued) 

revealed a clean wound and no other abnormalities. 

No.4207: Died 4 days after bilateral stellate ganglionectomy 

by posterior approach, of mediastinal haemorrhage. 
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OUTLINE· Of OAT'S BRAIN (From Munaie and Sahneider}. 

Frontal pole ----- -----O~aipitel pole. 

Areas: l to 9 oonstitllte principal motor area.. 
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Cat No. 4207. 

Gro~p 1. Pre-operative dosing with wormwood (10% emulsion); 
· stomach tube. 

Date. Weight. Dose per kg. Total. Result. 

1/12/31. 5.5 kg. 1.1 cc. 6.00 cc •.. Sei.zure (2); seizure(2) 
1/17/31. 5.5 kg. 1.0 cc. 5.5 cc. Seizure (3). 
1/17/31. 5.50 kg. 1.0 cc. 5.5 cc. Seizure (2). 
1/28/31. 5. 45 kg. • 9 cc. 4.9 cc • Seizure (3). 
2/7/31. 5. 35 kg. .8 cc. 4.3 cc. Quiet. 

Minimal pre-operative convulsant dose 0.9 cc. per kilogram body 
weight. 

Operation, February 12th 1931. Left fronto-parietal craniotomy; 
stimulation of motor cortex; production of cortical wound of the 
motor area. (See chart for stimulation). 

Group 2. Post-operative dosing with wormwood after brain wound. 

4/7/31. 4.6 kg. .7 cc. 3.2 cc. Seizure (2); turning 
counter-clockwise. 

4/22/31. 4.67 kg. .65 cc. 3.0 cc. Seizure (2); rolling 
counter-clockwise; 
(looking at head). 

4/25/31. 4.67 kg. .60 cc. 2.8 cc. Quiet. 
4/27/31. 4.55 kg. .60 cc. 2.7 cc. Quiet. 

1st minimal post-operative convulsant dose wormwood (after left 
brain wound)0.6 cc. per kilogram body weight~ 

Operation, May 3rd 1931. Left superior cervical sympathetic 
ganglionectomy. 

5/19/31. 4.35 kg. .6 cc. 2.6 cc. Quiet. 
6/6/31. 4.2 kg. .65 cc. 2.7 cc. Quiet. 
6/13/31. 4.3 kg. • 7 cc. 3.0 cc. Quiet. 
6/17/31. 4.2 kg. • 75 cc. 3.1·5 cc. Quiet. 
6/20/31. 4.2 kg. .8 cc. 3.36 cc. Quiet. 
6/24/31. 4.3 kg. .85 ·~C. 3.6 cc. Seizure (3). 
7/--,;.1/31. 4.55 kg. .8 cc. 3.6 cc. Quiet~ 
7/23/31. 4.47 kg. .85 cc. 3.8 cc. Quiet. 
7/25/31. 4.45 kg. .9 cc. 4.0 cc. Seizure (2). 
7/29/31. 4. 35 kg. .85 cc. 3.7 cc. Quiet. 
8/1/31. 4.25 kg. .9 cc. 3.8 cc. Very angry and excited. 

Post-operative dose 0.9 cc per kilogram. 

8/7/31. 
8/11/31. 

Bilateral stellate ganglionectomy. 
Died. Hemorrhage into mediastinum; extrapleural hemor­
rhgge. 
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Cat No. 4207 continued. 

SummaryMinimal pre-operative convulsant dose wormwood 0.9 cc. per 
kilogram. 

Minimal post-operative convulsant dose wormwood (after brain 
wound, left) 0.6 cc. per kilogram. 

Dose lowered 0.3 cc. per kilogram. 
Minimal post-operative convulsant dose wormwood (after left 

superior cervical sympathectomy 0.9 cc. per kilognn. 
Dose raised 0.3 cc. per kilogram. 

Autopsy Notes: _ Examination of the abdomen revealed no pathologica 
findings. 
Thorax: There was moderate bloody fluid in each pleural cavity sug­
gesting slight post-operative effusion rather than perforation of 
the pleura. The mediastinum was infiltrated with blood and this, 
we believe, was the cause of the animal's ·death. 
Central Nervous ~yst§m: At the site of the brain wound a new dura 
had formed over the cortex under the temporal muscle. This dura 
was thicker than that over the right cortex. There was a crater­
like pocket in the brain which was densely adherent to the new­
formed dura, which was in turn adherent to the temporal muscle. 
The traction of the scar was sufficient to pull the temporal mus­
cle well within the edges of the bone defect. The adhesions be­
tween the cortex, pia-arachnoid Pnd the temporal muscle were quite 
firm and there were in addition smaller adhesions between the arach­
noid and dura well under the bone edge and away from the temporal 
muscle. This seems to suggest that there was some bleeding about 
the wound after the closure for these adhesions are of the type 
described by Bagley in his puppies, with blood injected into the 
cisterna magna. 
The spinal cord was normal. 
(Photographs of the brain and adh~rent dura and muscle are included) 
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Dr!lwin of the l eft cortex Cat o . 4207 made !l t operation . 

"timul'l tion with gal·r n ic· and then Fer :die current . Unipolar . 

1. 5 to 2 milli~peres of ~ lvan i a current ere used in the "t imu-
l e t ion 

frontal lobe 

indicated below . 

skin 

temp . fascia 
skull 

tempor 1 muscle . 

6 ,11,18 c~useC. contr cti •n _ t~·itchin~< ocf the mueclee of the 

right : .ce with t ·i tchinp: of the ri nt eyelid. There "S also 

f the rivht hind leg . 

7, 8,19 more pronouncea contr ction of the rip:ht f..,re 'lC. hind 

pa s i n fl exion . Re:n inc.er of the field prod oea no contr ctior: 

i th this strength of co.trrent. 

D"sin" 2 .5 milli<!.mperee of alv nic CJ. rert c. per er lizeC. e. tenei n 

of the muscles of the neo arc. b ck c ell • tn fore a~ hin 

legs OL b th eidee ree 1 t fro'!! stl~ .1 tion of ny arefi on the 

c rtex . t'le.:' w e. howe r ir d i ti n to the bove n itching of 

the >1us.::l3.:: of bott ia.e <;. e f oe hen rens 5 6 ere E>timu-

elr. rql.ic curr the lowest .unount nbt in ble on t. e 

m~:!hin• in •n ! 1:1 r J t •• llo inr ">ntr :tlors tm the 

of thA re • ~nflic'ltea.; 

..::ti .ul tion : t l 'J . 4 07 oontinoedl 

6,::..· contr ction cf the f'loe rtnd eyelids more m rked or the rl rt 

tn n on the left • 

5 clonic : 'ntr ctionF of '; e :nuflule< of the neck, b ck •na. f.:>re 

ne. rind lei!B t e fore le • more ~· rke~ th n the hind lepe . 

the rf.'ll•.inder of the cortex when sti"lul'lt 1d ith "!r dlr:n 

.,~oc..lo d a ~enerallzea. clonic con;uls1Jn of the entire eet of 

. ~heee r'lpid c:lonio twi tchings trur.< mJ.eclee. '!DO. the four limbs 
'lB lonp as the ooQt'lct w •s :nsin­in the p'lr .e mentioned continued 

t ~'l 
et een t'le el'lo1;rode a~d th cortex . 

TherE~ 
'~ in no Jaee a. continuatiOn of the o nvulsi ve 

ft r the eleatro'de hed been removed frOIIl oontact ~i th 
-no 'I ,.men"; 

c r<;e:x. 
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CAT NO,. 4207. 

Lateral view of brain showing crater of 
brain wound with adherent temporal 
muscle. 
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CAT NO. 4207. 

Dorsal view of brain showing adherent meninges 
and temporal muscle. 
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Cat No. 4Q.OO. 

Group 1. Pre-operative dosing with wormwood (10% emulsion). 

Date. Weight. Dose. per kg. Total. Result. 

1/6/31. 2.5 kg. 1.1 cc. 2.8 cc. Hypersa1ivation. 
1/12/31. 2.4 kg. 1.2 cc. 2.9 cc. Seizure (2) tonic. 
1/17/31. 2.45 kg. 1.1 cc. 2.7 cc. Series of jerks. 

Seizure (2). 
1/28/31. 2.95 kg. 1.0 cc. 2.95 cc. Quiet. 

Minimal pre-operative convulsant dose 1.1 cc. per kilogram body weight 

Operation No. 1. February 3rd 1931. Right fronto-parietal craniotomy; 
stimulation of the motor cortex; production of cortical wound of the 
motor area. (See chart for stimulation). 

February 4th 1931. The cat was found dead in the cage the morning af­
ter operation. Late on the night of operation the animal's condition 
was good, and we look to the autopsy for explanation of cause of death 

Autopsy Findings: At the site of the brain wound there a small blood 
clot which was insufficient to cause death. No other pathology was 
found in the central nervous system. 

Heart and lungs were normal. The abdomen was swollen, and on 
opening it a small amount of fluid and considerable gas was found. 
There was a rupture of the greater curvature of the stomach from which 
protruded a portion of an enormous hair ball. In the hair ball and 
in the peritoneal cavity about the hole in the stomach, were numerous 
small round worms of the type of ascaris lumbracoides. 

Death due to ruptured stomach and peritonitis. 

Summar~: Minimal pre-operative convulsant dose, wormwood, l.lcc. per 
kilogram. 

Operative death - indirectly. 
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Cat_No. 4301. 

Group 1. 

Date. 

1/6/31. 
1/13/31. 
1/17/31. 
1/28/31. 

Pre-operative dosing with wormwood (10% emulsj_on); stomach 
tube. 

Weight. Dose n.~.r_ke-. Total. Result. 

3.3 kg. 1.1 cc. 3.6 cc. Hypersa1ivation. 
3.35 kg. 1.2 cc. 3.9 cc. Seizure (2), vomited. 
3.45 kg. 1.1 cc. 3.8 cc. Slightly excited. 
4.00 kg. 1.15 cc. 4.6 cc. Quiet. 

Minimal ore-operative convulsant dose 1.2 cc. per kilogram body weigh~ 

Operation, January 29th 1931. Left tempera-parietal c:Caniotomy; 
stimulation of motor cortex; production of cortical wound of the 
motor area. (See chart for stimulation). 

Group 2. Post-operative dose wormwood after brain wound. 

4/7/31. 4.25 kg. • 9 cc. 3.8 cc. Vomited • 
4/22/31. 4.25 kg. • 9 cc. 3.8 cc. Quiet • 
4/25/31. 4.10 kg. .95 cc. 3.9 cc. Quiet. 
4/27/31. 4.05 kg. 1.00 cc. 4.05 cc. Vomited. 
5/7/31. 3.85 kg. 1.0 cc. 3.85 cc. Vomited. 
5/9/31. 3.87 kg. 1.0 cc. 3.9 cc. Quiet. 
5/15/31._ 3.85 kg. 1.1 cc. 4.2 cc. Vomited. 
5/19/31. 3.83 kg. 1.1 cc. 4.2 cc. Vomited; given 1 cc. 

in addition. 
6/6/31. 3.55 kg. 1.2 cc. 4.4 cc. Quiet. 
6/8/31. 3.68 kg. 1.2 cc. 4.29 cc. Vomited. 
6/13/31. 3.45 kg. 1.2 cc. 4.1 cc. Vomited; given 2.5 cc 
6/17/31. 3.47 kg. 1.25 cc. 4.3 cc. Vomited. 
6/20/31. 3.45 kg. 1.3 cc. 4.5 cc. Vomited; given 2 cc. 
6/24/31. 3.42 kg. 1.4 cc. 4.8 cc. Quiet. 
7/11/31. 3.6 kg. 1.45 cc. 5.2 cc. Quiet. 
7/23/31. 3.57 kg. 1.5 cc. 5.3 cc. Quiet. 
7/25/31. 3.47 kg. 1.65 cc. 5.7 cc. Quiet. 
7/29/31. 3.47 kg. 1.8 cc. 6.2 cc. Quiet. 
8/1/31. 3.45 kg. 2.0 cc. 6.9 cc. Vomited; given 2.5 cc 
8/8/31. 3.47 kg. 2.1 cc. 7.3 cc. Seizure (2). 

Summary: Minimal pre-operative convulsant dose wormwood 1.2 cc. per 
kilogram. 

Minimal post-operative convulsant dose not determined but 
is well above the pre-operative dose. 
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Ca t No. 4301 
Drawi ng at operqt i on . ~re a on left cortex. Stimula tion. 

Pr oduct i on of bra i n sca r. 

/ 

---- - ___ skin edge 
___ te~p. fascia 

1rea of stimulation ___ _ " cut. 
--- skull 

1• 0.6 milliqmp. galv r.ic. - pener liued ~erk. 

2_ :.4 ~' 1
' 

1 1 backward jerk vi nend.. 

3
_ o. 4 1 1 1 1 

' 
1 

- exteneion jerk cL neck r.nG. trunk. 
q..0.4 1 1 1 1 jerk:Dlng of r..eck nd trunk. 
s.U• 8 I I ffi'lrked jerking Of the ffiU80lelf Of the 

neck anu trunk. By prolonf~tion of the ftimulus there develpped. 
a clonic jerking of these muecles but not of the extremities. 
~ollowinp the prolonged sti Julqtion in area 5 there continued 
to be ~po trneo~r jerks of the trunk musc+es especi-lly those 
of the r..'3ck. ...'he e jerks contint1e8. from time to time until the c 
c:orure of the incision w~s nenrly complete. 

CAT UO. 4301. 
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Cat No. 4302. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Dat._~!.. Weig_ht. Dose per kg. Total. Result. 

1/6/31. 2.65 kg. 1.1 cc. 2.9 cc. Several jerks; seizure(2). 
(2). 1/12/31. 2.7 kg. 1.05cc. 2.8 cc. Seizure 

1/17/31. 2.7 kg. 1.00 cc. 2.7 cc. Seizure (2). 
1/28/31. 2.75 kg. .9 cc. 2.5 cc. Quiet. 

Minimal pre-operative convulsant dose wormwood 1.0 cc. per kilogram 
body weight. 

Operation, February 6th 1931. Right fronto-parietal craniotomy; 
stimulation of the motor cortex; production of cortical wound of 
the motor area. (See chart for stimulation). 

Group 2. Post-operative dose wormwood after brain wound. 

4/7/31. 2.55 kg. .8 cc. 2.0 cc. Several jerks;seizure 
generalized; no focal 
signs. 

(3) 

4/22/31. 2.65 kg. • 75 cc. 2.0 cc. Seizure (2); not locali-
zed. 

4/25/31. 2.57 kg. • 70 cc. 1.8 cc. Quiet • 
4/27/31.,. 2.55 kg. • 70 cc. 1.8 cc. Quiet • 
5/19/31. 2.47 kg. • 75 cc. 1.85 cc. Quiet • 
6/6/31. 2.57 kg. .75 cc. 1.9 cc. Quiet. 
6/8/31. 2.52 kg. • 8 cc. 2.0 cc • Quiet. 
6/13/31. 2.57 kg. .85 cc. 2.2 cc. Quiet. 
6/17/31. 2.84 kg. • 9 cc. 2.55 cc. Quiet • 
6/20/31. 2.72 kg. 1.0 cc. 2.7 cc. Quiet. 
6/24/31. 2.62 kg. 1.1 cc. 2.9 cc. Seizure (2). 
7/11/31. 2.77 kg. 1.0 cc. 2.8 cc. Quiet. 
7/23/31. 2.72 kg. 1.1 cc. 3.0 cc. Seizure (2). 

Minimal post-operative convulsant dose wormwood (after brain wound) 

7/24/31. 
8/30/31. 

1.1 cc. per kilogram. 
Exposure of vagus and sympathetics; no removal. 
2.8 kg. 1.1 cc. 3.08 cc. Sever8l ~erks; no seiZUI'E1 

Summary: Minimal pre-operative convulsant dose wormwood 1.0 cc. per 
kilogram. 

Minimal post-operative convulsant dose wormwood (after brain 
wound) 1.1 cc per kilogram. 

Dose raised 0.1 cc. per kilogram. 
Dosing after exposure of vagus and sympathetic not complete. 
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D iagra~ of ~tim~lat ion dr awn a t the time of ope ·at i on . 

n i ght temrero -p~ri eta l t , ~ cor ex . Jot ro .~~- · 

- - - - skin ea.Pe 
OC(!ipit<>l l obe - - - - fuscia - _ _ skull 

__ temporal mu~c le . 

?he motor cortex of the ri~ht side wat fir:t stimulated 'ith 
g~ l l Lie c~rrert of 1 milliampere strenrth in .11 ~re~s. no mus ­
c ~l · r move~ent resllted . ?he current ~s then r ised to 3 ~illi ­
amperes when contractionE of th~ ~ascles were pr0d~ced .~ follows ; 
l. gener~ l stiffe~inp. illd extersion of ~11 of the ~u~cles of the 

b'lck. 
2 . sl i ght jerkinp b .cb • ru. of th 'fle< a. no. contr ction of the 

tenpor 1 mu~cles . 

~ . 4 , 5 , 6 , combineu. exten,ion f th b ck no. jerkin of the he·d 
dors"!lly. 

7 , 8 , 9 , ext~nsim .rd ,.,duction o"' the riF>ht leg: • • 1th current 
increased t:> 4 mill!.a~peret t ,e le.~.t 10~ eYt"lnd.eC:. •it,l tr1e 
ri~·ht . 

1 0 , 1~·,1 2 , i tr. 
0 

,'l ffi~ lli 
0 

p;~e ourr "'t tr.e le ft lep axtena.ed. I 0. 

<J.oducted r.1le ,h . . rF1- le" re~qined uret . Incre ~e of the 
currert to 1 milli ·~·er~. c usea. ..;light exte,..sio,.. f ':.h. riPht 
le,;: !' 'el::. . 

Far'ldism 
l'sinp t e s < ~1<> t por ibl} ,o mt f o.urent obt< iY, ble on the 
m chine Ufed ( ~bou.t J/4 on the S3 le l tt ~ followinP rP::nlt ·v ·re 
obt .ineu.. in th a.e :ipi. t -.u_ r r~ •• 
1,:::. etiffepinf' re. P.XtP.n. i•y o. t e .uccleE: '"'-ll ·long: the b ck . 

~he rtiffeninr r cloric inn tnre thu~ m kinv it co~p r >b l e to 
~ tre~or t ur~::. E i~ th Eti~~l ted re • 

~,<-,5,6, "!lonic t"i.tchin ~f tr,e mJ.scle~ O< t'1e back •.ne:. tr,e ri~<ht 
1 •• ~res 7,&8 pr dJ.ce ·ppr .1 tely th~ s<J.me tJp~ of mo,ement 
it the~ re re c bat n occ ion 1 tvitch s notea. in the leftre r 
le • c ell. re r 
~.10,11,12 clonic mov-e ••,nt ef the le::tjle"',ohiefly exten ion, mu 

sllp~t clonic or t itchinf move~ent r_ t~e uscles alon~ the 
:ett ~i~e f thl bouy. he u,f ce Yu :orv D not rotioed to 

0 If}, 

'it~, tr l 'Hi: .:.tL'l o. '"lOre c•urent ,.,y r.J.>,ing the .' rna.ic 
ind.i.:: ~. r lp to 1.5 t .e re ctions ,bove ere •lll incre"Sed 
lr. ,J •r 1 +,na.e. In r13 (' 1 to 5 incluc ive both le~<' •0 •re no tea. to 
,.,e in clonic extension qnd abducti n. 

In th~ ara · 6 to 1~ ~h u~e of t~iF stim1lua prod~ced q clonic 
I ralixe~ e7tension ?f the bouy 'ith exten~ion ~f the re oc le ~ 

r~ xton~ior of tha ~e don the b.>d;. 
Altbo1 h prqctic lly • Rerer~li u. c nvalsion coald be produced 

q lo~p • th. o0nt et of t~e electroue ons m~ont ined vith th~ 
c~rt od iL tLa ~re1 (6 t0 1~) there wq~ onlJ , moment ry contiru'ti r 

t~~ '"1 .e~nt tfter Lh• electroa.e ,as removed from contqct w th the 
c r""' • 

• 
--~~--- - ------~-

CAT NQ,. 4302. 



Cat No. 

Group 1. 

Date. 

1/6/31. 
1/12/31. 
1/17/31. 
1/28/31. 
2/7/31. 
2/16/31. 
2/28/31. 
3/5/31. 
3/12/31. 
3/16/31. 
3/19/31. 
4/ 4;!31. 
4/7/31. 
4/16/31. 
4/22/31. 

4/22/31. 
4/25/31. 
4/27/31. 
5/7/31. 

5/7/31. 
5/9/31. 
5/9/31. 

5/22/31. 

Group 2. 

7/S3/31. 
7/25/31. 
7/29/31. 
8/l/31. 
8/8/31. 
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4303. 

Pre-operative dosing with wormwood (10% emulsion). 

Weight. Dose :Qer l.cg. Total. Result. 

4.00 kg. 1.1 cc. 4.4 c~. Quiet. 
3.95 kg. 1.15 cc. 4.5 cc. Vomited. 
4.05 kg. 1.15 cc. 4.7 cc • Vomited. 
4.45 kg. • 90 cc.(error)4.0 cc. Quiet. 
4.62 kg. 1.15 cc. 5.3 cc. Quiet. 
4.5 kg. 1.2 cc. 5.4 cc. Excited. 
4.35 kg. 1.25 cc. 5.4 cc. Excited slightly. 
4.45 kg. 1.3 cc. 5.8 cc. Quiet. 
4.47 kg. 1.4 cc. 6.3 cc. Vomited. 
4.47 kg. 1.45 cc. 6.5 cc. Vomited. 
4.45 kg. 1.45 cc. 6.4 cc. Quiet. 
5.00 kg. 1.5 cc. 7.5 cc. Quiet. 
4.92 kg. 1.6 cc. 7.9 cc. Quiet. 
4.95 kg. 1.7 cc. 8.4 cc. Quiet. 
5.1 kg. Changed to camphor (20%) 

in oil, intramuscula.r1y. 
5.1 kg. .7 cc. 3.57 cc. Quiet. 
5.15 kg. • 8 cc. 4.1 cc. Quiet • 
4.95 kg. • 9 cc. 4.25 cc • Quiet. 

Wormwood because of sore 
legs. 

5.1 kg. 2.00 cc. 10.2 cc. Vomited. 
Camphor again'·used{intra-

5.05 kg. 1.1 cc. 5.6 cc. musculetrly). Over-reacts 
to sound. 

Right fronto-parietal craniotomy. 

Post-operative dose wormwood after brain wound. 

5.05 kg. 
4.95 kg. 
4.7 kg. 
4.58 kg. 
4.54 kg. 

1.2 cc. 
1.4 cc. 
1.8 cc. 
2.0 cc. 
2.2 cc. 

6.0 cc. 
6.9 cc. 
8.4 cc. 
9.1 cc. 

10.0 cc. 

Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet, vomited snail 
amount. 

Summary: This animal was resistant to both wormwood and camphor. 
It was operated upon in the hope of causing a lower threshold but 
it has failed to convulse on large doses of wormwood. 
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St i mul a tion f th o e cortex of CatNo. 4303 at operati on . 

Gal vanic curr t f d en was not us ed i n this case ~e c ause t he ope r~ tion 
wa~ f or emonstrat ion purpos es and t he f~ radi c current has given more 
un o r m and s a tisfa ctory result s. 
F~ri~di sm wa s begun a t the set No. 4 as t hat has gi ven most of the 
m~n mum res ults of active cont r action . 
Resul ta of Stimul a ti on 

I 
I 

Faradic at 4. Are q 1. Flaxion of t he left fore paw, & hind leg. 
Faradic at 3. Area 1. No contraction after prolonged cont 9ct. 
Faradic a t 4. Are ~ 2. Flexior of the front paw.(left) 

" at.4. Area 5. Flexion of the front paw and contraction of the 
muscles of the neck with pulling of the ear over to left. 
Faradic at 4 Area 4. Flexion of the front paw, left. 
Faradic at 4 Area 3. Flick of left front paw. 
Faradic at 8 Areas2,3,4,5, convulsive je~king of t he left fore and 
hind leg with slight contra ction of the neck muscles and fliok 
of the left ea r. No true convulsion was obtaimed which would 
persist more than 5 seconds qfter bre· king of the contact. 

C~T NO~ . 4303. 
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Cat No. 4304. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Date. Weight. Dose per _kg. Total. Result. 

1/6/31. 2.5 kg. 1.1 cc. 2.8 cc. Seizure (2). 
1/12/31. 2.6 kg. 1.05 cc. 2.7 cc-. Seizure (3);incontire:c 
1/17/31. 2.65 kg. 1.0 cc. 2.65 cc. Seizure (2). 
1/28/31. 2.15 kg. .9 cc. 2.8 cc. Quiet. 
2/7/31. 3.2 kg. • 95 cc. 3.0 cc. Quiet • 

Minimal pre-operative convulsant dose wormwood 1.0 cc. per kilogram 
body weight. 

Operation, February lOth 1931. Left fronto-parietal craniotomy; 
stimulation of the motor cortex; production of cortical wound of 
the motor area. (See chart for stimulation). 

Group 2. Post-operative dose wormwood after brain wound. 

4/7/31. 
4/22/31. 
5/14/31. 
7/11/31. 
7/23/Zl. 
7/29/31. 
8/1/31. 
8/8/31. 

3.75 kg. 

2.9 kg. 
3.22 kg. 
2.95 kg. 
2.8 kg. 
2.82 kg. 

• 8 cc. 

.a cc. 
• 9 cc. 

1.1 cc. 
1.2 cc. 
1.0 cc. 

3.0 cc • 

2.3 cc. 
2.9 cc. 
3.2 cc. 
3.3 cc. 
2.8 cc. 

Quiet. 
Pregnant; not dosed. 
Gave birth to 4 kittem 
Quiet. 
Quiet • 
Seizure (2). 
Seizure (3);seizure(2) 
Seiaure (3) left sided 

Minimal 1st post-operative convulsant dose wormwood 1.00 cc. per 
kilogram. 

8/21/31. 

Summary: 

Right sympathectomy, superior and stellate ganglia. 

Minimal pre-operative convulsant dose wormwood 1.0 cc. 
per kilogram. 

Minimal 1st post-operative dose wormwood (after brain 
wound) 1.0 cc. per kilogram. 

Dose unchanged by brain wound. 

Minimal post-operative dose wormwood after complete right 
cervical sympathectomy not determined, but the animal 
failed to convulse on the previous dose. 
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Left motor cortex Cat 11o . 43)4 drawn at oper~tion . St imQl a tion with 1 a vanic and then "ar die current . 

When the cortex w -as expos ea. ga lvRn ic stimQl tion with a needle point 
electrode was CRrried t - ou at the various points indicated on the 
dra ing by nQmbers . 

sing 0.06 milliamperes of galv .nic current the following result s 
we re obtained in the areas indicated ; 

skin 

fascia 

l nrge vein -

1 lobe 

. 8 ~illi ~per ~ of 
g 1 -:cnio current . ~he r•sul tin~ .ontr c 1 " ir tbe ·r.,rious 
re l; - e :-e af' ind ic tee.. below . 

1,3, m~rked twitchin of the ri sia. c.~ t'll f c , sli1>ht 
jer;dnp: of the rip:ht f(re ra. hina. paws. 
2,4,5,6, tr.itchin~ of the fore ra. l'inc.. le r n a. sli nt jerkinf 
of the extensor muscle o. the b ·t. 
7,8,9,10, 11, & 1 ~ p:ener•li ed Jerk or the entire b ck with jerk 

af the four legs, the jerks on the rieht side beil'ft somew'!r t 
more pronounced t "tO tl ose on the left. 
sing the smallest c rrent of l!'<ir<dio t:rPe obtqino.ble on the 

m"lchine in th.:~ 1 bor•tory( Jlonopol mqa.e b, r<;e-. herring or peration 
of I1ew York) sti !Ul1tion in 'lDY nre on the oortio r.l surfsoe 
caueed markeO. contrJJctiona _olf clonic tr,rpe in all four legs and 
slight twitching of the f'lce nd. eyelids on both sides but most 

markec. on the ri!Ult. 
IJespite this m• rk .. a. a.emonstrstion of the excitP.bility of the 

exposed cc.rtex to galvanic and. ~·aradic cmrrent I was =ebl t.o 
produce n convulsion of epileptic nnture whioh would r 
ufter the contnot betwe·en the cortex nd th 

broken. 

CAT ~ 0. 4304. 
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Cat No.4305. 

Group No. 1. Pre-operative .dosing with wormwood (10% emulsion); 
stomach tube. 

Date. Weight. Dose ner· kg. Total. Resuit. 

1/6/31. 2.5 kg. 1.1 cc. 2.8 cc. Quiet. 
1/12/31. 2.3 kg. 1.2 cc. 2.8 cc. Seizure (3), seizure 

Seizure (2), seizure 
1/28/31. 1.1 cc. 2.7 cc. Excited; no seizure. 

(2) 
(2) 

2/fJ/31. c 
2.43 kg. 
2.67 kg. 1.15 cc. 3.0 cc. Seizure (2), bilateral, 

Minimal pre-operative convulsant dose wormwood 1.15 cc. per kilogram 
body weight. 

Operation, February 19th 1931. Left fronto-parietal craniotomy; 
stimulation of the motor corte::; production of cortical wound in 
the motor area. (See chart for stimulation). 

February 24th 1931. A moderate pus collection in the anterior end 
of the operative wound was drained. Mercurochrome irrigation showed 
communication between wound and the nose through the frontal sinus 
which had purposely been opened at operation in order to expose more 
of the frontal lobe for stimulation. 

March 2nd 1931. Despite free drainage, careful_ irrigation and fre­
quent dressings, the infection spread widely. The animal was chloro­
formed and the brain and cord used for routine histological studies 
in the laboratory. 

Autopsy Findings: Extensive infection of the brain at the site of the 
cortical wound, with spread of the infection throughout the subarach­
noid space. Necrosis of bone in region of frontal sinus. (Gross 
findings). 

Summary: Minimal pre-operative convulsant dose wormwood 1.15 cc. per 
kilogram. 

Operative death. 
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Drawing of the motor cortex of the left side made at operation 
S~imulation of the ~ortex with bipola~ electrode with the 

maxi~Wn strength of both galvanic and far adio currents produced no 
contra ction of any muscle. 

sktin flap -- - -­

skull 

oentr9. l sulcus 

( 

Stimulatior. of the cortex vi~h unipol~r current both G~lv nic 
and Farquic produced either no contraction at any point or 
"hen the current' 1.1as increased c l:i.vhtly there resulted a 
?energ,lized jerk of all of the trunk muscles from ~1 1 points 
on the corte!i: •·;hen Etimul ted. 

4305 . 
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Cat No. 4332. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube .. 

Date. Weight. Dose per kg. Total~· Result. 

2/7/31. 3.55 kg. 1.0 cc. 3.55 cc. Quiet. 
2/16/31. 3.0 kg. 1.1 cc. 3.3 cc. Excited; salivating. 
2/28/31. 3.05 kg. 1.2 cc. 3.7 cc. Excited; increased 

respiration. 
3/5/31. 3.0 kg. 1.3 cc. 3.7 cc. Seizure (2); weakness of 

left hind leg after sei-
zure. 

3/12/31. 2.87 kg. 1.25 cc. 3.6 cc. Excited. 
·3/16/31. 2.75 kg. 1.3 cc. 3.6 cc. Quiet. 
4/7/31. 3.15 kg. 1.3 cc. 4.0 cc. Quiet. 
4/16/31. 3.10 kg. 1.3 cc. 4.0 cc. Seizure (2). 
4/22/31. 3.07 kg. 1.25 cc. 3.8 cc. Vomited. 
4/25/31. 3.0 kg. 1.25 cc. 3.75 cc. Quiet. 
4/27/31. 3.0 kg. 1.3 cc. 3.9 cc. Hypersalivating. 
5/7/31. 3.15 kg. 1.3 cc. 4.1 cc. Vomited. 
5/9/31. 3.12 kg. 1.3 cc. 4.0 cc. Quiet. 
5/15/31. 3.0 kg. 1.35 cc. 4.0 cc. Quiet. 
5/19/31. 3.0 kg. 1.4 cc. 4.2 cc. Quiet. 
6/6/310! 3.1 kg. 1.45 cc. 4.5 cc. Quiet. 
6/8/31. t' 3.0 kg. 1.5 cc. 4.5 cc. Quiet. 
6/13/31. 3.02 kg. 1.6 cc. 4.8 cc. Vomited; given 2.5 cc. 
6/17/31. 3.04 kg. 1.65 cc. 4.0 cc. Quiet. 
6/20/31. 3.0 kg. 1. 7 cc. 5.1 cc. Excited. 
6/24/31. 3.0 kg. 1.75 cc. 5.25 cc. Seizure (2). 
7/11/31. 3.05 kg. 1.75 cc. 5.0 cc. Quiet. 
7/23/31. 2.95 k~ .. 1.75 cc. 5.1 cc. Seiaure. 
7/25/31. 2.8 kg. 1.7 cc. 4.76 cc. Quiet. 

Minimal pre-operative convulsant dose wormwood 1.75 cc. per kilogram. 

7/31/31. 
8/2/31. 

Summary: 

Bilateral superior cervical sympathetic ganglionectomy. 
Died. Autopsy revealed no cause for death. Operative 
site in e~ce11ent condition. 

Minimel pre-operative convulsant dose wormwood 1.75 cc. per 
kilogram. 

Operative death. 
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Cat No. 4333. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Date. Weight. Dose per kg. Total. Result. 

2/7/31. 3.47 kg. .9 cc. 3.1 cc. Seizure (2),generalized. 
2/16/31. 3.35 kg. .75 cc. 2.5 cc. Seizure (2),spastic gait 
2/28/31. 3.42 kg. .65 cc. 2.2 cc. Quiet. 
3/3/31. 3.45 kg. • 7 cc. 2.4 cc. Quiet • 
3/12/31. 3.55 kg. .75 cc. 2.7 cc. Quiet. 
3/16/31. 3.4 kg. .8 cc. 2.7 cc. Seizure (2), rolling 

clockwise, seizure (2). 
3/19/31. 3.4 kg. • 75 cc. 2.5 cc. Quiet. 

Minimal pre-operative convulsant dose wormwood 0.8 cc. per kilogram 
body weight. 

Operation, March 21st 1931. Left fronto-parietal craniotomy; stimu­
lation of motor cortex; production of cortical wound of themotor area. 

Group 2. Post-operative dose wormwood after brain wound. 

5/9/31. 3.95 kg. .5 cc. 2.0 cc. Quiet. 
5/15/31. 3.8 kg. .55 cc. 2.1 cc. Quiet. 
5/19/31. 3.7 kg. • 6 cc. 2.2 cc • Seizure (2). 
6/6/31. 3.15 kg. .6 cc. 1.9 cc. Quiet. 
6/8/31. 3.1 kg. .6 cc. 1.86 cc. Quiet. 
6/13/31. 2.95 kg. .65 cc. 1.9 cc. Seizure (2). 
6/17/31. 2.82 kg. .6 cc. 1. 7 cc. Quiet. 
6/20/31. 2.7 kg. .65 cc. 1.75 cc. Quiet. 
6/2A/31. 2.6 kg. .65 cc. 1.7 cc. Quiet. 
7/11/31. 2.65 kg. • 7 cc. 1.8 cc. Seizure (2). 
7/23/31. 2.4:2 kg. .65 cc. 1.6 cc. Seizure (2) . 
7/25/31. 2.37 kg. .6 cc. 1.4 cc. Quiet. 
7/29/31. 2.35 kg. .65 cc. 1.5 cc. Seizure (2). 

Minimal post-operative convulsant dose wormwood 0.6 cc. per kilogram. 

Summar~: Minimal ·pre-operative convulsant dose wormwood 0.5 cc. per 
kilogram. 

Minimal post-operative convulsant dose wormwoo~ (after brain 
wound) 0.6 cc. per kilogram. 

Dose lowered 0.2 cc. per kilogram. 
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Stimulation of left motor cortex of cat No . 43~ 3 at opera t ion . 

Galvani c Stimulation: Region 1 . pull do\m rt 9 ear. 2 mil liamp . 
Reg~on ~ - 2 milliamp . adduc tion of right fore leg and pulling ' 
d own of right ear . Following t h e s timulation there:!" VIas slight 
twit ching of ri ght ear and eye a s we ll as right for e and hind le~s. 
Region 3 . Slight twitch of rt , hind leg , 
Rc~<ion 3. 3milliamp . contr a ction of rt , side of h e body with 
addu c tion of both l egs and flick of right ear. 
Region 2 . 5 milliamp . More marked add~ction and f lexion of righ. 

leJs . Flick of rt , e ar. 

motor ar ea- -

temnoral muscle 

Faradic Stimulation 
Faradi c 2. are a 2 . Slight c onvulaion of r t . side includine both leg s 
e a r , and dorsiflexion of head in cloni c convulsion 
After t h e ataack the s timulation failed to produ ce a noth er convulsion 
and only after raisine he current to 5 Far Rdic did the ear begin 
to flick on stimulati on. 

This fai lure of response after the convuls ion may h ave been 
due to fatigue of the g iven centers. 

C A.T NO. 4333. 
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Cat No. 4345. 

Group 1. 

Date. 

2/28/31. 
3/5/31. 
3/12/31. 
3/16/31. 
3/19/31. 

4/4/31. 
4/7/31. 
4fl6/31. 
4/22/31. 
4/25/31. 
4/27/31. 
5/7/31. 
5/9/31. 
5/15/31. 
5/19/31. 
6/6/31. 
6/8/31. 
6/13/31. 
6/17/31. 
6/20/31. 
6/24/31. 
7/11/31. 
7/23/31. 

7/25/31. 
7/29/31. 
8/l/31. 
8/8/31. 

Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Weight. 

3.52 kg. 
3.25 kg. 
3.5 kg. 
3.2 kg. 
3.25 kg. 

3.8 kg. 
3.6 kg. 
3.8 kg. 
4.05 kg. 
3.95 kg. 
3.95 kg. 
4.00 kg. 
4.02 kg. 
3.95 kg. 
3.85 kg. 
4.12 kg. 
4.13 kg. 
4.05 kg. 
4.02 kg. 
4.05 kg. 
4.0 kg. 
4.25 kg. 
3.87 kg. 

3.75 kg. 
3.6 7 kg. 
3.7 kg. 
3.6 kg. 

Dose per kg. 

1.0 cc. 
• 9 cc. 
.95 cc. 
.9 cc. 
.85 cc. 

.80 cc. 

.86 cc. 

.85 cc. 
• 9 cc. 
.9 cc. 
.95 cc. 
• 95 cc. 

l.Occ. 
1.0 cc. 
1.0 cc. 
1.1 cc. 
1.2 cc. 
1.3 cc. 
1.35 cc. 
1.4 cc. 
1.5 cc. 
1.6 cc. 
1.7 cc. 

1.8 cc. 
1.85 cc. 
1.95 cc. 
2.05 cc. 

Total. 

3.5 cc. 
2.9 cc. 
3.3 cc. 
2.9 cc. 
2.8 cc. 

3.04 cc. 
3.0 cc. 
3.0 cc. 
3 .. 6 cc • 
3·~ !5:' cc. 
3.75 cc. 
3.8 cc • 
4.0 cc. 
3.95 cc. 
3.85 cc. 
4.5 cc. 
4.95 cc. 
5.26 cc. 
5.4 cc. 
5.7 cc. 
6.0 cc. 
6.8 cc. 
6.6 cc. 

6.75 cc. 
6.8 cc. 
7.2· cc. 
7.4 cc. 

Result. 

Seizure (2),generalized 
Vomited • 
Vomited 1 cc.Seizure(2) 
Seizure (2), seizure (2)l 
Seizure (3). Stood ri· 
gidly on four legs for 
fifteen minutes. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Vomited. 
Vomited. 
Vomited. 
Quiet. 
Quiet. 
Vomited; given 1 cc. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet; vomited small 
amount. 
Jerks. 
Quiet. 
Quiet. 
Seizure (2). 
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Cat No. 4346. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Date. Weight. Dose per kg. Total. Result. 

2/28/31. 3.45 kg. 1.0 cc. 3.45 cc. Quiet. 
3/5/31. 3.65 kg. 1.1 cc. 4.00 cc. Seizure (2), seizure (2). 
3/12/31. 3.7 kg. 1.0 cc. 3.7 cc. Seizure (2), jerks and 

sham rE~"ge, seizure (2). 
3/16/31. 3.65 kg. .9 cc. 3.3 cc. Vomited lee. Quiet. 
3/19/31. 3.75 kg. • 95 cc. 3.6 cc. Quiet • 

Minimal pre-operative convulsant dose wormwood 1.0 cc. per kilogram 
body weight. 

Operation April 7th 1931. Right fronto-parietal craniotomy; stimu­
lation of t~e motor cortex; production of cortical wound of motor 
area. (See chart for stimulation.) 

Group 2. Post-operative dose wormwood after brain wound. 

5/19/31. 4.1 kg. .8 cc. 3.3 cc. Quiet. 
6/6/31. 3.95 kg. .85 cc. 3.3 cc. Quiet. 
6/8/31. 3.95 kg. • 9 cc. 3.55 cc • Quiet. 
6/13/31. 3.98 kg. .95 cc. 3.8 cc. Quiet. 
6/17/31. 3.96 kg. 1.0 cc. 4.0 cc. Quiet. 
6/20,£31. 3.95 kg. 1.1 cc. 4 •. 77 cc. Quiet. 
7/11/31. 4.0 kg. 1.3 cc. 5.2 cc. Quiet. 
7/23/31. 3.85 kg. 1.4 cc. 5.4 cc. Quiet. 
7/25/31. 3.76 kg. 1.5 cc. 5.6 cc. Seizure (2). 
7/29/31. 3.72 kg. 1.45 cc. 5.4 cc. Quiet. 
8/1/31. 3.62 kg. 1.5 cc. 5.4 cc. Quiet. 
8/8/31. 3.65 kg. 1.5 cc. 5.5 cc. Seizure (2), head to rjgbt 

Minimal post-operative convulsant dose wormwood 1.5 cc. per kilogram. 

Summary: Minimal pre-operative convulsant dose wormwood 1.0 cc per 
kilogram. 

Minimal post-operative convulsant dose wormwood (after brain 
wound) 1.5 cc. per kilogram. 

Dose raised 0.5 cc. per kilogram. 



-90-

. rtecord of Stimul~tion of t~e motor cortex c 1 t n o. 4346 
~lp~la~ electrode. St i mul tt ion first ~ith P~l~qnic qnd then f1r di0. 
J lv~nlc . re numbers below. 
l. 2 milliamp . Flick of the l ef t e ~ r. 
~ • 4 '' " • 3lev'l t ion of the I:tilft eyebrow. 1-
3 . 4 • .n __ k of both e yes. 
1.h. r ~<ii c Jurrent IJumbe-·s be low. 
1. F . d ile at 3. e act ion of the nictit atin ~ membranes of both 
eyes • Same result 1l repeated stimul - tion. 
5. F . d ile at 4. Ge 1 r lized je r king ·of~ · ole left side . 

skull --

-----tenporal musc~e. 

6 . F . dile ~ t4. Bil~ter 1 ~ener • lized convulsin~ as lonr- as the 
cant et w~s maintained with the electrode. 
1. i . dile at 8. Bil .ter~l jerki~g of the ~tscles of t~e torso 
and the f ur extremmties • The left side showeu more jerking 
th9.n th _ right . 

Following the stimula tion of the cortex a r gther ex ensive 
wound was m~~e in the cotteY in the qre~ including the gre o 
marked 1,2,3.5 •• A l 8. rge iece of rnuscle 1 :1e pl qced ir the br"~in 
wound and thus the bleedinf ~~~ w~s checked rd the rne'ns for 
producing a retrqctinp se r was left in ul~ce. 

C T NO. 4346. 

• 

I' 
I 
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Cat No. 4355. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); stomach 
tube. 

Date. Weight. Dose per kg. Total. Result. 

4/4/31. 3.78 kg. 1.0 cc. 3.8 cc. Seizure (2). 
4/16/31. 3.62 kg. • 95 cc. 3.4 cc. Quiet • 
4/22/31. 3;67 kg. 1.0 cc.(error) 3.4 cc. Quiet. 
4/25/31. 3.6 kg. 1.0 cc. 3.6 cc. Retching, but no vomitillgf 
4/27/31. 3.57 kg. 1.1 cc. 3.9 cc. A series of jerks. 
5/7/31. 3.65 kg. 1.15 cc. 4.2 cc. Vomited. 
5/9/31. 3.62 kg. 1.15 cc. 4.2 cc. Quiet. 
5/15/31. 3.56 kg. 1.2 cc. 4.3 cc. Quiet. 
5/19/31. 3.55 kg. 1.25 cc. 4.4 cc. Quiet. 
6/6/31. 3.8 kg. 1.3 cc. 4.9 cc. Quiet. 
6/8/31. 3.67 kg. 1.4 cc. 5.1 cc. A series of jerks. 
6/13/31. 3.45 kg. 1.45 cc. 5.0 cc. Vomited. 
6/17/31. 3.25 kg. 1.45 cc. 4.7 cc. Quiet. 
6/20/31. 3.1 kg. 1.5 cc. 4.65 cc. Several single jerks. 
6/24/31. 3.02 kg. 1.55 c~. 4.7 cc. Vomited. 
7/11/31. 3.4 kg. 1.55 cc. 5.Q cc. Quiet. 
7/23/31. 3.2 kg. 1.6 cc. 5.1 cc. Quiet; vomited small 

amo-g.nt. 
7/25/31. 3.05 kg. 1.7 cc. 5.2 cc. Violent jerks, 
7/29/31. 2.92 kg. 1.75 cc. 5.1 cc. Seizure (2), jerks con-

tinuing. 
8/1/31. 2.79 kg. 1.7 cc. 4.7 cc. Quiet. 
8/8/31. 2.82 kg. 1.75 cc. 4.9 cc. Seizure (2)' bilateral, 

Minimal pre-operative convulsant dose wormwood 1.75 cc. per kilogram. 

Summary: Minimal pre-operative convulsant dose wormwood 1.75 cc. per 
kilogram. 
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Cat No. 4356. 

Group 1. Pre-operative dosing with wormwood (10% emulsion); 
stomach tube. 

Date. Weight. Dose per kg. Total. Result. 

4/4/31. 4.35 kg. 1.0 cc. 4.35 cc. A few jerks. 
4/16/31. 4.1 kg. 1.05 cc. 4.3 cc. Seizure (2). 
4/22/31. 4.1 kg. 1.0 cc. 4.1 cc. Seizure (2). 
4/25/31. 4.05 kg. .95 cc. 3.8 cc. Quiet. 
4/27/31. 3.97 kg. 1.0 cc. 4.0 cc. Quiet. 
5/7/31. 4.2 kg. 1.05 cc. 4.4 cc. Quiet. 
5/9/31. 4.1 kg. 1.1 cc. 4.5 cc. Vomited. 
5/15/~1. 4.0 kg. 1.1 cc. 4.4 cc. Quiet. 
5/19/31. 3.87 kg. 1.2 cc. 4.65 cc. Quiet. 
6/6/31. 3.6 kg. 1.2 cc. 4.3 cc. Quiet. 
6/8/31. 3.57 kg. 1.3 cc. 4.25 cc. Quiet. 
6/13/31. 3.67 kg. 1.4 cc. 5.1 cc. Quiet. 
6/17/31. 3.67 kg. 1.6 cc. 5.9 cc. Quiet. 
6/20/31. 3.67 kg. 1. 7 cc. 6.2 cc. Quiet. 
6/24/31. 3.75 kg. 1.8 cc. 6.75 cc. Quiet. 
7/11/31. 4.0 kg. 1.8 cc. 7.2 cc. Quiet. 
7/23/31. 3.9 kg. 1.85 cc. 7.2 cc. Seizure (2). 
7/25/31. 3.77 kg. 1.8 cc. 6.8 cc. Vomited. 
7/29/31. 3.77 kg. 1.85 cc. 7.0 cc. Quiet. 
8/1/31. 3.65 kg. 1.85 cc. 6.75 cc. Quiet. 
8/8/31. 3.85 kg. 1.9 cc. 7.3 cc. Quiet. 
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Cat No. 4365. 

Group 1. 

Date. 

4/22/31. 
4/25/31. 
4/27/31. 
5/7/31. 
5/9/31. 
5/15/31. 
5/19/31. 
6/6//31. 
6/8/31. 
6/13/31. 
6/24/31. 
7/11/31. 
7/23/31. 
7/25/31. 
7/29/31. 
8/1/31. 
8/8/31. 

Minimal 

Summari:: 

Pre-operative dosing with wormwood (10% emulsion); 
stomHch tube. 

Weight. Dose per kg. Total. Result. 

1.9 kg. 1.0 cc. 1.9 cc. Excited. 
1.87 kg. 1.05 cc. 1.96 cc. Quiet. 
1.85 kg. 1.1 cc. 2.0 cc. Quiet. 
1.9 kg. 1.2 cc. 2.3 cc. Quiet. 
1.9 kg. 1.25 cc. 2.4 cc. Quiet. 
1.85 kg. 1.3 cc. 2.4 cc. Quiet. 
1.92 kg. 1.35 cc. 2.6 cc. Quiet. 
1.9 kg. 1.45 cc. 2.7 cc. Excited. 
1.82 kg. 1.5 cc. 2.7 cc. Over-reacts. 
1.87 kg. 1.55 cc. 2.9 cc. Quiet. 
1.72 kg. 1.6 cc. 2.76cc. Quiet. 
1.87 kg. 1.6 cc. 3.0 cc. Seizure (2). 
1.87 kg. 1.55 cc. 2.9 cc. Seizure (2). 
1.84 kg. 1.5 cc. 2.76 cc. Quiet. 
1.9 kg. 1.55 cc. 2.9 cc. Quiet. 
1.87 kg. 1.6 cc. 3.0 cc. Seizure (2). 
2.02 kg. 1.55 cc. 3.14 cc. Quiet. 

pre-operative convulsant dose of wormwood 1.6 cc_per kilogram. 

Minimal pre-operative convulsant dose wormwood 1.6 cc. per 
kilogram. 
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Cat No. 4371. 

Group 1. Pre-operative dosing with wormwood (10% emusion); 
stomach tube. 

Date. Weight. Dose per kg. Total. Result. 

5/7/31. 3.62 kg. 1.0 cc. 3.6 cc. ~uiet. 
5/9/31. 3.5 kg. 1.1 cc. 3.85 cc. Quiet. 
5/15/31. 3.4 kg. 1.1 cc. 3.7 cc. Quiet. 
6/6/31. 3.42 kg. 1.15 cc. 3. 9~ ;cc. Quiet. 
6/8/31. 3.3 kg. 1.2 cc. 3.96 cc. Quiet. 
6/13/31. 3.25 kg. 1.3 cc. 4.2 cc. Quiet. 
6/17/31. 3.18 kg. 1.4 cc. 4.45 cc. Quiet. 
6/24/31. 3.15 kg. 1.5 cc. 4.7 cc. Quiet. 
7/11/31. 3.37 kg. 1.6 cc. 5.4 cc. Quiet. 
7/23/31. 3.22 kg. 1.7 cc. 5.5 ·cc. Quiet. 
7/25/31. 3.15 kg. 1.8 cc. 5.7 cc. Quiet. 
7/29/31. 3.05 kg. 1,9 cc. 5.8 cc. Quiet. 
8/1/31. 2.96 kg. 2.0 cc. 5.9 cc. Seizure (2), bilateral 
8/8/31. 3.05 kg. 1.9 cc. 5.8 cc. Quiet; vomited small 

amount. 

Minimal pre-operative convulsant dose wormwood 2.0 cc. per kilogram. 

Styqmary: Minimal pre-operative convulsant dose wormwood 2.0 cc. per 
kilogram. 
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Cat No. 4378. 

Group 1. Pre-operative dosing with wormwood (10% emulsion) stomach 
tube. 

Date. Weight. Dose:·~per kg. Total. Result. 

6/4/31. 2.27 kg. 1.0 cc. 2.27 cc. Quiet. 
6/17/31. 2.39 kg. 1.05 cc. 2.5 cc. Vomited. 
6/20/31. 2.27 kg. 1.1 cc. 2.5 cc. Quiet. 
6/24/31. 2.27 kg. 1.2 cc. 2.7 cc. Quiet. 
7/11/31. 2.4 kg. 1.2 cc. 2.9 cc. Seizure (2) 
7/23/31. 2.4 kg. 1.15 cc. 2.76 cc. Quiet. 
7/25/31. 2.45 kg. 1.2 cc. 2.9 cc. Quiet. 
7/29/31. 2.55 kg. 1.2 cc. 3.0 cc. Seizure (3)plus. 
8/1/31. 2.32 kg. 1.15 cc. 2.8 cc. Quiet. 
8/8/31. 1.2 kg. 1.2 cc. 2.8 cc. Seizure (2). 

Minimal pre-operativ3 convulsant dose - wormwood - 1.2 cc. per kg. 

SummarY• Minimal pre-operative convulsant dose wormwood 1.2cc per 
kilo. 
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OUT LINE~ OF MOUKEY' S BF~~ IN ( 'SC1L~F8R) • 

14:0-tor cortex 

Fron~al 
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Mon}f_ey No. 109. Male. 

Group 1. Pre-operative dosing with camphor (20% in olive oil) intra­
muscularly. 

Date. 

1/7/31. 

1/14/31. 
1/21/31. 
2/4/31. 
2/26/31. 
3/3/31. 
3/13/31. 

3/17/31. 

3/31/31. 

4/10/31. 
4/14/31. 
4/17/31. 
4/21/31. 
4/24/31. 
4/29/31. 

5/6/31. 
5/12/31. 
5/19/31. 

5/21/31. 
6/2/31. 
6/5/31. 
6/11/31. 

6/16/31. 

Weight. 

1.84 kg. 

1. 7 kg. 
2.2 kg. 
1.8 kg. 
1.74 kg. 
1. 7 kg. 
1.6 kg. 

1.7 kg. 

1.73 kg. 

1.76 kg. 
1.89 kg. 
1. 78 kg. 
1.79 kg. 
1.9 kg. 
1.86 kg. 

1.8 kg. 
1.9 kg. 
1.85 kg. 

1.9 kg. 
1.8 kh. 
2.9 kg. 
1.58 kg. 

1.99 kg. 

Dose per kg. 

.7 cc. 

• 6 cc. 
• 65 cc. 
• 70 cc. 
.70 cc. 
• 75 cc. 
• 8 cc. 

.75 cc. 

• 7 cc. 

• 65 cc. 
.7 cc. 
.75 cc. 
.8 cc. 
.8 cc. 
.85 cc. 

.8 cc. 
• 85 cc. 
.8 cc. 

• 75 cc. 
.7 cc. 
• 75 cc. 
.8 cc. 

• 75 cc. 

Total. 

1.3 cc. 

1.00 cc • 
1.4 cc • 
1.26 cc. 
1.20 cc. 
1.3 cc. 
1.2 cc • 

1.3 cc. 

1.2 cc. 

1.1 cc. 
1.3 cc. 
1.3 cc. 
1.4 cc. 
1.5 cc. 
1.6 cc. 

1.4 cc. 
1.6 cc • 
1.5 cc. 

1.4 cc • 
1.26 cc. 
1.4 cc • 
1.58 cc. 

1.5 cc • 

Result and Remarks. 

Seizure (2), bilateral. 
Seizure (2) bilateral. 
Quiet. 
Quiet. 
Quiet • 
Quiet. 
Quiet • 
Seizure (2),bilateral. A 
series of short seizures 
followed by longer convul­
sions; given ether. 
Seizure (2); head, and later 
body turned left. 
Seizure (2), bilateral. 
Seizure (2), bilateral. 
Quiet • 
Quiet. 
Quiet, 
Quiet. 
Quiet. 
Seizure (2),seizure (2), 
seizure (2), seizure (3); 
givm ether. 
Quiet. 
Seizure (2), bilateral. 
Seizure (2),bilateral; head 
slightly to left. 
Seizure (2), bilateral. 
Quiet. 
Quiet. 
Seizure (2), bilateral. 
HeHd to left. 
Quiet. 

Minimal pre-operative dose indefinite; ranges between .7 cc. and .85cc 
per kilogram. 

6/23/31. Left brain wound. 

Group 2. First post-operative dosing with camphor, after brain wound. 

7/22/31. 1.8 kg. .65 cc. 1.2 cc. Quiet. 
7/24/31. 1.85 kg. • 7 cc. 1.3 cc. Quiet. 
7/29/31. 1. 76 kg. .75 cc. 1.3 cc. Quiet. 
7/31/31. 1.84 kg. .8 cc. 1.47 cc. Quiet. 
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Monke~ No. 109 continued. 

8/4/31. 
8/7/31. 

8/10/31. 
8/14/31. 
8/18/31. 
8/21/31. 
8/25/31. 

Summarx: 

1.87 kg. .85 cc. 1.6 cc. Quiet. 
1.89 kg. .9 cc. 1.6 cc. Quiet; several short 

jerks. 
1.89 kg. • 95 cc. 1.8 cc • Quiet. 
1.86 kg. 1.0 cc. 1.86 cc. Quiet. 
1.89 kg. 1.1 cc. 2.07 cc. Quiet. 
2.14 kg. 1.2 cc. 2.57 cc. Quiet. 
1.9 kg. 1.3 cc. 2.47 cc. Quiet. 

Minimal pre-operative convulsant dose camphor ine!Iefinite; 
ranges between .7 cc. and • 85 cc. per kilogram • 

This animal is entirely inconsistent in his reaction to 
the convulsant drug. He was operated upon in hopes of a 
more constant first post-operative dose. 
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Chart of t he Stimulation of the Cortex of Monke y No. 109 at Operat on 

?qlvani c - Minimum contracti ob current - 3 milliamperes. 
~req 1. ?pper lip drawn upwa rd ani tq the ri ght. Repea ted. 

2 . ~ovement of right eye lid. 
B 3 . Uo movement with 3 milliamperes . 

Increqse of galvanic current produced a ccentua tion o~ the above and 
noth ing additional. Chan~e t o Far adic. 
F~rndic. Set at 4. 
">.re.., 1. T •!i t?h ing olf t he ri ght upper llp . 

2 ,3. Sl1ght mbvements If t he right Upper lip. 
4 . Ve r y s low turn ing olf t he head to t he ri ght and s li ght twitch 

o~ the ri ght h i nd f oot. Repeated and checked. · 
2 5 to 13 and 19 to . 

1 4 :.iar ked , .. ~ pt. 't urning ·."·otf ·.he.ad .' .. o··_r 
. . . . . . . 0 . ... ·. . . 0 . 

--~· ·=·-· $ 

-----Occiuit a l 
:.rotor gyrus - bone. 

Vein . 

--Bone flap . 
i 
l . 

I. ewe , eweball in m~dline . Repe ateQ ~nd checked . f 
F~~,1ic Current - Full. 
-ArAq~Prompt turning ~If the head to right, blink of ri gh t eye , 

eyebn lls im midline~ 
" 15 ~~rked twitching o~ the mouth oh the right s i de . douth 

pulled to ri ght . Pe rsi sted 5 to 8 se conds ~ft e r stimu~qtion . 
16 ~arke~ twitchinp olf ri ght uppe r l~p. 

11 17 Head turned f'ar okrer to th el ri ght. Repeated . 
" 18 Less marke d t urning olf the he d to the ' right , 

19 :.1os t pronoUn.ced turning If the heaEl t o the ri \t wi t h turning 
~~ tr~ e~es far over to the right • On release Llf t he aontac t t he 
eye~ tend d to drift back and forth t~om left t o righ t as t he 
~nim .1 .l~s- very li~t. They woul d theln finally co me to r es t i n 
tht: rniuline . Tl-J.e stimulation W'lS the'n rep'eatec.. t lit ib e with thel samel 
reLult. ~ t~P third repetit i on the e~es ~hi led to move brt the head. 
turned. :=: bdfolre . Thie supf?ests tha t thel cent e r for the heqd lnd elye~ 
i ... forw rd. tf the ce'nter for thPI he'ld fll one::...•.:___ _____________ +--
trg"-2-5- N-o-1Muni-n~ 
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Monkey N_o. 110. 
··-

Group 1. Pre-operative dosing of camphor (20% in olive oi-l) intramus­
cularly. 

Date. Weight. Dose per kg. Total. Result and Remarks. 

1/7/31. 2.66 kg. .7 cc. 1.9 cc. Seizure (2), head left, then 
right; jerks bilateral; 
sham rage. 

1/14/31. 2.46 kg. .6 cc. 1.4 cc. Quiet. 
1/21/31. 2.55 kg. • 7 cc. 1.8 cc. Series of single jerks • 

Minimal pre-operative dose camphor 0.7 cc. per kilogram body weight. 

Operation February 21st 1931. Left fronto-parietal craniotomy; stimula­
tion of the motor cortex; production of cortical wound in the motor 
area. (See chart for stimulation). 

Group 2. Post-operative dosing camphor after brain wound. 

Date. Result and remarks. Weight. Dose per kg. Total. 

4/10/31. 
4/14/31. 
4/17/31. 

4/21/31. 

4/24/31. 
4/29/31. 
5/6/31. 

2.41 kg. 
2.39 kg. 
2.54 kg. 

2.5 kg. 

2.45 kg. 
2.49 kg. 
2.6 kg. 

.55 cc. 
• 6 cc. 
• 65 cc. 

.6 cc. 

• 55 cc. 
.6 cc. 
.6 cc. 

1.3 cc. 
1.4 cc. 
1.65 cc • 

1.5 cc. 

1.3 cc. 
1.5 cc. 
1.56 cc. 

Minimal 1st post-operative dose camphor 0.6 

Quiet. 
Quiet • 
Seizure (2) head right, then 
left. Right arm tonic beforer, 
rest of body. 
Seizure (2) eyes to right. 
Jerks of right arm - Jack­
sonian. 
Seizure (2) right sided jerk 
fell on right side, then bi­
lateral. Head to right, 
then to left. 
Quiet • 
Quiet. 
Seizure (2) bilateral; 
eyes right. Jacksonian at­
tacks of right arm and neck. 
cc. per ktlogram body weight. 

Operation May 7th 1931. Left superior and stellate ganglionectomy and 
vertebral sympathectomy. 

Group 3. Past-operative dosing of camphor after sympathectomy. 
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Monkey No._llQ continue~. 

Date. Weight. Dose per kg. Total. Result and remarks. 

6/2/31. 2.48 kg. .6 cc. 1.5 cc. Quiet. 
6/5/31. 2.58 kg. .7 cc. 1.8 cc. Seizure (2),seizure (2). 
6/11/31. 2.49 kg. • 65 cc. 1.6 cc. Quiet • 
6/16/31. 2.6 ckg. .7 cc. 1.8 cc. Seizure (2),seizure (2). 

Post-operative dose 0.7cc per kilogram. 

6/25/31. Right superior cervical and stellate ganglionectomy. 

Gro~. Dosing after bilateral sympathectomy. 

7/14/31. 2.5 kg. .65 cc. 1.6 cc. Quiet. 
7/22/31. 2.4 kg. • 7 cc. 1.7 cc. Some of dose lost • 1.8cc 

given in addition. 
7/24/-31. 2.49 kg. .7 cc. 1.7 cc. Seizure, not general. Face 

head and left arm. 
Seizure (2). 

7/29/31. 2.49 kg. .65 cc. 1.6 cc. Quiet. 
7/31/31. 2.6 kg. • 7 cc. 1.8 cc. Seizure (2)' right sided. 

2nd post-operative minimal convulsant dose camphor 0.7 cc. 

8/5/31. Section of greater superficial petrosal nerve. 

Group 4. Dosing after section of superficial petrosal nerve. 

8/14/31. 

8/18/31. 
8/21/31. 
8/25/31. 

2.36 kg. .7 cc. 1.65 cc. Seizure (2) bilateral. 
Note: Following operation cutting greater superficial nerve, 
the monkey could not close his eye on the side of the operatia 
The upper lid not only refused to close but had the appearance 
of being retracted into the orbit. There was also a moderate 
amount of left sided facial weakness. 
Early in the first dosing after this operation the monkey had 
athetoid movements of both hind legs. These were similar to 
the movements seen when the monkeys recover from an attack. 
There were then a few very small jerks on the left side, 
whereas before operation the preliminary jerks were right 
sided. At 2.40 p.m. the monkey was havi.ng numerous jerks of 
the neck anrl torso; he was chattering wildly •. 

2.4 kg. .65 cc. 1.56 cc. Quiet. 
2.6 kg. .7 cc. 1.8 cc. Quiet. 
2.49kg. .75 cc. 1.86 cc. Seizure (2), bilateral. 
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Monkey No. 110 .QQp!;inu~d. 

Summa.ry. 

Minimal pre-operative dose camphor 0.7 cc. per kilogram. 
1st minimal post-operative dose camphor (after left brain wound) 

0.6 cc.per kfb 
Dose lowered 0.1 cc per kilo. 
Minimal post-operative dose camphor (after left complete cervical sym· 

pathectomy)0.7 cc. per kilo. 
2nd minimal post-operative dose camphor (after complete cervical sym­

pathectomy) 0.7 cc. per kilo. 
3rd minimal post-operative dos~:-~camphor (after section of left greataa 

superficial petrosal nerve). 
Had one fit on 0.7 cc. per kilo but later failed 
to fit on same dose, but had convulsion on 0.75 cc 
per kilo. 
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~rQwin~ 01 motu1' corte :~ in monkey ~· o .l l (]). Operat ion } eb . ~ 1,1 9 3 1 
left fronto - p~r i et n l o teopla~ tic er· n i otomy . ~ t i ~ul 1 tion of 
the moto r cortex . 

---- skull 

__ dur a mate r 

- tempo r ~ l muscl e 

---------bone fl a p . 

Sti mul a tion wiuh the Ga lv n ic c urrent . 
1-movement ()f t~ripht h.nd . 2 milliampe re s motor full 
1 r a dia l devi£tion Gf r t . wri~t end pa rti a l cl oQ ure of f i ngers 

a nQ th umb. 1 1n 1. 5 ~il 1iqr nere s (gdd . 2 milli amp c orrection) 
motor full. 

2 closure of h n and sup i n<>tiG! . ·~ ~ il l i a·nperes . motor full. 
2 be ~an wi t n ~up i L tion ·me.. closu1·e of rt . hm_u clonic i n 

I 
I 
I 
I 

I 

c ha..r ct er ar.u. •ith clonic no e leLts . ~ · 4 millL.Lupe~· es moto r full . 
3 slight move ent uf ':ll scl3l:: be l o: ·av' · i th movement of t.onpue 
·1nu phar Jnx . 3 r!l illi · •npere s . motor full. 
4 flic k of the fin~er f . 5 mil liamperes . motor ful l. ( p r oba bl y 

a spr e uQ of the c urrer t ~b t o this a r ea ) 
1 mov enent ot uhe entir e ri crht :: ide . 4 mil lia Jpe r e~ . motor full . 
2 supinJt ion o f for e arm . 3 ~illi ·mper e J . motor ful l. 
: 11 o th r are of t h~ c orteY 18re ne ~~tive ~ne.. p rod uced n o 
mo tor re~·ponc e '''i t h p·1 l V'l.n ic c urrent . 

Far ac..ic sti f'lu l <>t ion o th e foll0\11 inp ·1 r e s . 
1 sup i nttion anc.. clo sure of th~ ri pht h~nc.. . 1 . 5 lllUl c to r 
1 J a c ksoni 1n e i ~ure of ·i ph t h nd 11 tinP 1 5 s ec. 3 inuic~to r . 
8 twitch of rnu:: cles unC..e r ·t e lOllth . 3 ind..ic <Jto r; 
1- cloni c seizur e 3o feCOJ'1dS in d.llY'ltion in OlvinP t h rt . J r T"C.t 11 
nrn qnd ::pr nu ina to Lh rioht leP . 5 i ndiC'ltor . 

h i r l <Jc-t qtt ck "l: ., t ypic ·l l J'lCkfon i · n c onvllhion . It b e 
il the ri o!1 t h tl1Q ~nu. snr1!' <... ' ''ith · nite t,,rpiu 1 epil"pt ie 

o. 110. 

. r 
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I[ONKEY NO. 110. 

X-ray taken 3 honrs after operation. 
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MONKEY NO. 110. 

X-ray taken 3 days after operation. 
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Monkey No. 115. 

Group 1. Pre-operative dosing camphor (20% in olive oil) intramus­
cularly. 

Vveight. Dose per kg. 

2/26/31. 2.6 kg. .7 cc. 

Tot.§.l. Result and r~IDP~ks. 

1.8 cc. Sei~ure (2) bilateral; 
.jerks general, then 
Jeyes to left. Respira­
tions ceased; started 
with artificial respi­
ration, then tonic stau 
seizure of clonic jerks 
of hands and feet. 
Slight frothing at the 
mouth. 
Seizure (2) bilateral. 
Eyes, right face jerkm§ 
Body jerks more right­
sided. 
Seizure (2) bilateral, 
eyes front, twitching 
both arms, legs, both 
sides face, jerking 
backward of head. 
Dial, one half cc. gi~ 
intraperitoneally. 
Jerking of hands con­
tinued for some minutes 
Quieter, cold; respi­
rations regular. 
Died late in afternoon. 

2/26/31. Died - generalized tuberculosis, caseous and miliary. 
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Monkey No. 11§.. 

Group 1. Pre-operative dosXgcamphor (20% in olive oil) intramuscularly. 

Date. 

3/3/31. 
3/13/31. 
3/17/31. 
3/31/31. 
4/10/31. 
4/14/31. 
4/17/31. 

4/21/31. 
4/24/31. 
4/25/31. 

Weight. 

3 kg. 
3 kg. 
2.96 kg. 
3.01 kg. 
3.1 kg. 
3.06 kg. 
3.19 kg. 

Dose_pe~ ~. 

.65 cc. 
• 7 cc. 
.75 cc. 
• 8 cc. 
• 8 cc. 
• 85 cc. 
• 9 cc. 

2.79 kg. .85 cc. 
2.54 kg. .9 cc. 
Died - entercolitis. 

2 cc. 
2.1 cc • 
2.22 cc. 
2.4 cc • 
2.5 cc • 
2 cc • 
2.87 cc • 

2.37 cc. 
2.3 cc. 

Result and remarks. 

Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Seizure (2) bilateral. 
Vomited. 
Quiet. 
Quiet. 
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Monkey ~o. 118. 

Group 1. Pre-operative dosing camphor (20% in olive oil) intramuscular­
ly. 

Date. 

1/7/31 .. 
1/14/31. 
1/21/31. 
2/4/31. 
2/26/31. 
3/3/31. 
3/13/31. 

3/17/31. 
3/31/31. 

Weight. 

4.1 kg. 
3.85 kg. 
3.9 kg. 
3.9 kg. 
3.4 kg. 
3. 51 kg. 
3.48 kg. 

3.5 kg. 
3.61 kg. 

Dose per 

0.7 cc. 
0.6 cc. 
0.7 cc. 
0.75 cc. 
0.80 cc. 
0.8 cc. 
0.75 cc. 

0.70 cc. 
0.75 cc. 

kg. Total. 

2.9 cc. 
2.3 cc. 
2.7 cc. 
2.9 cc. 
2.7 cc. 
2.8 cc. 
2.6 cc. 

Result and remarks. 

Seizure (2) bilatera1. 
Quiet. 
Quiet. 
Quiet. 
Quiet. 
Seizure (2) 
Seizure (2), seizure (2 
Downward nystagmus and 
cyanosis at end of sei­
zure. Seizure (2)~ 
seizure (2). Given a 
few whiffs of ether. 

2.45 cc. Quiet. 
2.7 cc. Seizure (3) staggering 

to right. 

Minimal pre-opera ti ve convu1s i ve close camphor 0-. 75 cc. per kilogram 
body weight. 

Operation May 13th 1931. Left fronto-parietal craniotomy; stimulation 
of the motor cortex; production of cortical wound in the motor area. 
(See chart for stimulation). 

Died - 6/21/31. Enterocolitis. No other pathological lesion found at 
autopsy. 

Brain Wound: Slight softening of cerebral tissue about the muscle core. 
No infection. 
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Monkey No. 120. 

Group 1. Pre-operative dose camphor (20% in olive oil) intramuscularly. 

Date. Weight. Dos_e per g. 

3/31/31. 2.49 kg. .65 cc. 

Animal ill; not dosed. 

Total. 

1.6 cc. 

Result and remarks. 

Seizure (2) weakness of 
right hand. 
Seizure (2) bilateral. 
Seizure (2) bilateral. 
Downward nystagmus after. 
Seizure (2) bilateral. 

4/20/31. 
4/20/31. Died. Showed entercolitis and a few small tuberculous 

nodules in left lung. 
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Monkey No. :12.. 

Grou·p 1. Pre-operative dosing camphor (20% in olive oil); intra-
muscularly 

Date. Weight. Dose per kg. Total. Result. 

4/2/31. 3--02 kg. • 65 cc. l$96 cc. Quiet • 
4/10/31. 2.86 kg. .7 cc. 2.00 cc. Quiet. 
4/14/31. 2.7 kg. .75 cc. 2.2 cc. Quiet. 
4/17/31. 2.89~kg. • 8 cc. 2.3 cc. Quiet • 
4/21/31. 2.86 kg. • 85 cc. 2.4 cc. Quiet • 
4/24/31. 2.9 kg. .9 cc. 2.4(error)Quiet. 
4/29/31. 3.0 kg. • 95 cc. 2.85 cc. Quiet • 
5/6/31. 2.9 kg. 1.00 cc. 2.9 cc. Quiet. 
5/12/31. 2.94 kg. 1.1 cc. 3.2 cc. Quiet. 
5/19/31. 2.9 kg. 1.2 cc. 3.5 cc. Seizure (2), bilateral. 
5/21/31. 2.86 kg. 1.1 cc. 3.1 cc. Quiet. 
6/2/31. 2.86 kg. 1.15 cc. 3.3 cc. Quiet. 
6/5/31. 2.75 kg. 1.2 cc. 3.3 cc. Seizure (2), bilateral. 
6/11/31. 2.97 kg. 1.15 cc. 3.4 cc. Seizure (2), seizure (3) 
6/16/31. 2.78 kg. 1.1 cc. 3.0 cc. Quiet. 
6/18/31. 2.84 kg. 1.15 cc. 3.2 cc. Quiet. 
6/26/31. 2.89 kg. 1.15 cc. 3.3 cc. Seizure (2)' seizure (2) 

seizure (2). 
7/1/31. 2.9 kg. 1.1 cc. 3.2 cc. Excited. 

Minimal pre-operative dose 1.15 cc. per kilogram. 

7/2/31. Right cervical and ~tellate ganglionectomy. 

Group 3. Dosing after sy~pathectony. 

2.5 kg. 1.15 cc. 2.9 cc. Quiet. 
2.56 kg. 1.2 cc. 3.0 cc. Seizure (2). 
2.62 kg. 1.15 cc. 3.0 cc. Quiet. 
2.54 kg. 1.2 cc. 3.0 cc. Quiet. 

7/22/31. 
7/24/31. 
7/29/31. 
7/31/31. 
8/4/31. 
8/7/31. 
8/10/31. 

2.44 kg. 1.2 cc. 2.9 cc. Slightly excited. 
2.6 kg. 1.25 cc. 3.25 cc. Seizure (3),seizure (2). 
2.54 kg. 1.22 cc. 3.0 cc. Quiet. 

Post-operative dose 1.25 cc. per kilogram. 

8/12/31. Left cervical and stella.te ganglione~tomy. 

Group 3. Dosing after complete sympathectomy. 

8/21/31. 2.89 kg. 

8/25/31. 2.56 kg. 

1.25 cc. 

1.2 cc. 

3.6 cc. 

3.0 cc. 

Seizure (2), seizure (2~ 
light ether. 
Quiet. 

8/25/31. Post-operative minimal convulsant dose of camphor 1.25 cc. 
per kilogram. 



Monkey No. 121 continued. 

Summarz: Minimal pre-operative dose camphor 1.15 cc. per kilogram. 

Minimal post-operative convul~ant dose (after right complete 
cervical sympathectomy) 1.25 cc. per kilogram. 

2nd minimal post-operative dose camphor (after complete cer­
vical sympathectomy) 1.25 cc. per kilogram. 

Dose raised after sympathectomy O.lcc.per kilogram. 
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Monkey: No. 122. 

Group 1. Pre-operative dosing camphor (20%- in olive oil) intramus­
cularly. 

4/2/31. 
4/10/31. 

4/14/31. 
4/17/31. 

Weig:tlt. 

3.03 kg. 
3.2 kg. 

2.99 kg. 
3.16 kg. 

!Lose per kg. Tote:.!,. Resu1 t anQ._R~marks. 

.65 cc. 1.96 cc. Quiet. 

.70 cc. 2.24 cc. Seizure (2), bilateral. 
Seizure (2), bilateral, 
one started suddenly 
when dog ran into room; 
~eizure (2) began when 
frightened. 

.65 cc. 1.99 cc. Quiet • 
• 7 cc. 2.2 cc. Seizure (2),bilateral. 

Seizure (2), bilateral, 
Seizure (2), bilateral, 

Minimal pre-bpere.tive convulsant dose camphor 0.7 cc. per ktilogram 
body weight. 

Operation, May 1st 1931. Left fronto-parietal craniotomy; stimula­
tion of the motor cortex; production of cortical wound in the motor 
area. (See chart for stimulation). 

Group 2. Dosing after brain wound. 

6/18/31. 3.06 kg. • 5 cc. 1.53 cc. Quiet • 
6/26/31. 2.95 kg. • 6 cc. 1.8 cc. Quiet • 
7/1/31. 2.94 kg. .65 cc. 1.9 cc. Seizure (2). 
7/14/31. 2.9 kg. .6 cc. 1.7 cc. Seizure (2). 
7/22/31. 2.9 kg. .6 cc. 1.7 cc. Seizure (2) jerks. 
7/24,£31. 2.85 kg. .55 cc. 1.6 cc. Seizure (2J,seizure(2) 

Minimal post-operative convulsant dose camphor 0.55. 

7/28/31. Dead - enterocolitis. 

~9-ry: Minimal pre-operative convulsant dose camphor 0.7 cc. per 
kilogram. 

Minimal post-operative convulsant dose camphor (after left 
brain wound) 0.55·cc. 
per kilogram. 

Dose lowered - 0.15 cc. per kilogram. 
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~timulation of the motor cortex Jonkey No . 122 at Operqtion. 

r<=> :·o . 1 Galv .mic 2 milliarnp. Twitch of rt. small finger. 
rPc; 1 11 6 11 movement of tips of rt. fingers 
re q 2 Far die 2 T 1itch of rt~ upper lip. 

Area 1 11 4 Violent twitch of rt hand and clonic closQre. 
Pronati on of rt. hand. 

At are, 2 with the electrode extenQed we ll under the edge of 
the bone with the dial set at full for Faradic current t here 
·1as mar ked :erking of the head i nto the extended nos iti on gnd 
movement of the two a r ms. 

skin edoe 

precent r l f ~~~r ~ -- ­
convol -c·on 

u..ura mater --

--fC'ld.eu aur 

---- -bone flap 

skin flap 

MONKEY NO. 122. 

• 

I ' 

t 
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Monke:y No; l.2Q. 

Group 1. Pre-operative dosing camphor (10% in olive oil); intramus­
cularly. 

Date. 

4/2/31. 
4/10/31. 
4/14/31. 
4/17/31. 
4/21/31. 
4/24/31. 
4/27/31. 
5/6/31. 
5/12/31. 

5/19/31. 
5/21/31. 
6/2/31. 
6/5/31. 
6/11/31. 
6/16/31. 
6/18/31. 
6/26/31. 
7/1/31. 

Weight. 

2.18 kg. 
2.54 kg. 
2.44 kg. 
2.54 kg. 
2.61 kg. 
2.67 kg. 
2.22 kg. 
2.26 kg. 
2.34 kg. 

2.5 kg. 
2.37 kg. 
2.46 kg. 
2.38 kg. 
2.51 kg. 
2.56 kg. 
2.59 kg. 
2.56 kg. 
2.66 kg. 

Dose per_Jig. 

• 65 cc. 
.60 cc. 
.65 cc. 
.65 cc. 
• 6 cc. 
• 65 cc. 
.65 cc. 
• 7 cc. 
.65 cc. 

• 6 cc. 
.65 cc. 
• 65 cc. 
• 7 cc. 
.7 cc. 
.65 cc. 
. 7 cc. 
. 7 cc. 
.65 cc. 

' 

Total. 

1.4 cc • 
1.5 cc. 
1.6 cc. 
1.65 cc. 
1.5 cc • 
1.7 cc • 
1.4 cc. 
1.58 cc. 
1.5 cc. 

1.5 cc • 
1.5 cc. 
1.6 cc • 
1.66 cc • 
1.76 cc. 
1.66 cc. 
1.8 cc • 
1.8 cc . 
1.7 cc. 

Result. 

Seizure (2). 
Quiet. 
Quiet. 
Seizure (2); sham rage. 
Quiet. 
Quiet. 
Quiet. 
Seizure (2); head tor~ 
Seizure (2); head right 
and then left. 
Quiet. 
Qui-et. 
QuiE3t. 
Quiet. 
Seizure (2),seizure (2). 
Quiet. 
Quiet. 
Seizure (2). 
Seizure {2). 

Minimal pre-operative con~~ls~nt dose 0.65 cc. ~er kilogram. 

7/2/31. Operation; Right cervical sympathect0my. 

~~ouu 3~. Dosing after sympathectomy. 

7/14/31. 
7/29/31. 
7/31/31. 
8/4/31. 

2.67 kg. 
2.5 kg. 
2.5 kg. 
2.46 kg. 

.65 cc. 
• 65 cc. 
• 7 cc. 
• 65 cc. 

1.7 cc. 
l.n cc. 
1.75 cc • 
1.6 cc • 

Quiet. 
Quiet • 
Seizure (2). 
Quiet. 

Minimal post-operativ9 dose, convulsant, 0.7 cc. per kilogram. 

8/6/31. Left cervical sympathectomy. 

Group 3~. Dosing after sympathectomy. 

8/14/31. 
8/18/31. 
8/21/31. 
8/25/31. 

Suntma_r_x: 

2.44 kg. 
2.33 kg. 
2.47 kg. 
2.3 kg. 

• 7 cc. 
• 75 cc. 
• 7 cc. 
• 75 cc. 

1. 7 cc. 
1.7 cc. 
1.7 cc. 
1.7 cc • 

Quiet • 
Seizure (2). 
Quiet • 
Quiet. 

Minimal pre-operative convulsant dose camphor O.f35 cc. per 
kilogram. 

Minimal post-operative convulsant dose CBmphor (after com­
plete right cervical sympathectomy) 0.7 cc. per kilogram. 

Minimal post-sperative convulsant dose camphor (after com­
plete bilateral cervical sympathectomy) 0.75 cc. per kilograrr 
Dose raised o .l~c per kilogram by syPln9_thectomy. 
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Monkey No. 124. 

Group 1. Pre-operative dosing camPhor (20% in olive oil) intramuscu­
larly. 

Date. Weight. Dose per kg. Total. Result and remarks. 

4/2/31. 2.96 kg. .65 cc. 1.92 cc. Seizure (2), bilateral. 
Seizure (2), bilateral. 

4/10/31. 2.95 kg. .6 cc. 1.77 cc. Vomited, quiet. 
4/14/31. 2.86 kg. .65 cc. 1.85 cc. Seizure (2), bila. teral. 
4/17/31. 2.86 kg. • 6 cc. 1.7 cc. Vomited • 

Minimal pre-operative convulsant dose 0.65 cc. per kilogram body weight. 

Operation, April 30th 1931. Left fronto-parietal craniotomy; stinula­
tion of the motor cortex; production of cortical wound in the motor 
area. (See chart for stimulation). 

5/5/31. Died. Autopsy showed pulmonary tuberculosis, bilateral. 
Fatty degeneration of liver, ph-worm infestation of colon, and infec­
tion of wound. There was a slight peritonitis about the site of the 
intraperitoneal injection of Dial. 

Summa~: Minimal pre-operative convulsant camphor 0.65 cc. per kilo~ 
gram. 
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Stimul tion of the cortex cf monke y o. 124 ~t oper t i on. 

Left motor cortex . St i mul tion with G lv n ic nd t hen f qr d ie 

current~ . 

G lv nic - 2 mill i ~mperes . Poirtt no . 1. Fl exi on of the i ndex finRer vf 

the right h• nd. . 

8 milli9mperes . Po i nt ~o . lFlexion of the ri ht le~ with 

fle:; ion 'lnu. closure of the rig-! t h wd. anci. pron tion . 

f'rontal oole 
> ----

ore - central pyras - temporal muscle 

flap . 

Fartdic set qt .'o.2. Jortic 1 loo tion :'o.l. ibrillqry movement of 

riQht flexor cqrpi r~di lis longup rd b·evis. 

l'lr udc set t 4. Cortic l lo. tion ~o.l. Flexion of th~ finpers oi 

t'l1.e ripn t h r.d. 

F·r nic set nt full stren~th. Cortic l loc·tion Po. 2 LnrJe vein 
tremor 

stirr,u.l tea 1i tn resul tinp f."j.Fjy.j.cfp <>f jl.e ri~ i'J.t thumb t'd little finC?:eJ 

J\iONY~Y N'J . 1 24. 
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Monkey No. 127. 

Group 1. Pre-operative dosing camphor (20% in olive oil); intra-

Date. 

4/24/31. 
4/29/31. 

5/6/31. 
5/12/31. 
5/19/31. 
5/21/31. 
6/2/31. 
6/5/31. 
6/11/31. 
6/16/31. 
6/18/31. 
6/26/31. 
7/1/31. 
7/22/31. 
7/24/31. 
7/29/31. 
7/31/31. 
8/4/31. 
8/7/31. 

8/10/31. 

Weight. 

2.4 kg. 
2.53 kg. 

2.5 kg. 
2.34 kg. 
2.4 kg. 
2.33 kg. 
2.45 kg. 
2.41 kg. 
2.39 kg. 
2.43 kg. 
2.44 kg. 
2.51 kg. 
2.39 kg. 
2.34 kg. 
2.37 kg. 
2.46 kg. 
2.37 kg. 
2.26 kg. 
2.16 kg. 

2.34 kg. 

Dose per kg. 

• 65 cc. 
.7 cc. 

• 65 cc. 
• 7 cc. 
.7 cc. 
• 75 cc. 
• 8 cc. 
.75 cc. 
• 8 cc. 
.8 cc. 
• 75 cc. 
• 8 cc. 
.8 cc. 
• 75 cc. 
.75 cc. 
• 7 cc. 
.75 cc. 
• 75 cc. 
.8 cc. 

• 75 cc. 

Total. 

1.5 cc • 
1.8 cc. 

1.6 cc. 
1.6 cc. 
1.7 cc. 
1.7 cc. 
1.96 cc • 
1.8 cc. 
1.9 cc • 
1.95 cc. 
1.8 cc • 
2.0 cc • 
1.9 cc. 
1.75 cc • 
1.8 cc. 
1.7 cc • 
1.8 cc. 
1.7 cc • 
1.72 cc. 

1.75 cc. 

. muscularly. 

Result. 

Quiet. 
Seizure (2); head first 
turned right, then left 
eyes ditto. Rt. arm 
flexed, left extended. 
Seizure (2); head first 
left and then right. 
Weakness left hand. 
Quiet . 
Quiet. 
Quiet. 
Quiet • 
Seizure (2),seizure (2) 
Quiet. 
Quiet. 
Eelzure (2). 
Quiet. 
Seizure (2), seizure (2 
Seizure (2). 
Seizure (2). 
Seizure (2), seizure(2) 
Quiet. 
Quiet. 
Quiet. 
Seizure (2),seizure (2): 
seizure (2). 
Quiet. 

Minimal pre-operative convulsant dose 0.8 cc. per kilogram. 

8/13/31. 

Group 3. 

8/21/31. 
8/25/31. 

Left cervical and stel1ate ganglionectomy. 

~osing after sympathectomy. 

2.19 kg. 
2.14 kg. 

.75 cc. 

. 7 cc. 
1.64 cc. 
1.5 cc • 

Seizure (2). 
Quiet. 

Summar~: Minimal pre-operative convulsant dose camphor 0.8 cc. per 
kilogram. 
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Monkey No. 128. 

Group 1. Pre-operative dose of camphor (20% in olive oil); intra­
muscularly. 

Date. Weight. Dose per 

4/24/31. 2.66 kg. • 65 cc. 
4/29/31. 3.00 kg. .7 cc. 

5/6/31. 2.9 kg. .65 cc. 
5/12/31. 2.7 kg. • 7 cc. 

kg. Total. 

1.7 cc. 
2.1 cc. 

1.9 cc. 
1.9 cc. 

Result and remarks. 

Quiet • 
Seizure (3),sympa­
thetic signs with 
sham rage following. 
Quiet. 
Seizure (3); head 
right and then left; 
salivating,sham rage 
Seizure (3),fell to 
left;head turning·"'·to 
left. Seizure so se­
vere that ether was 
given. 

Minimal pre-operative convulsant dose camphor 0.7 cc. per kilogram 
body weight. 

Operation, May 14th 1931. Left fronto-parietal craniotomy; stimu­
lation of the motor cortex; production of cortical wound in the 
motor area. (See chart for stimulation). 

Grou"Q 2. Dosing 3fter brain wound. 

6/18/31. 3.0 kg. .5 cc. 1.5 cc. Quiet. 
6/26/31. 3.11 kg. .6 cc. 1.86 cc. Seizure (2);sham rag£ 
7/1/31. 3.05 kg. • 55 cc. 1.67 cc • Seizure (2). 
7/14/31. 3.2 kg. .5 cc. 1.6 cc. Quiet. 
7/22/31. 2.9 kg. • 55 cc. 1.6 cc • Jerks. 
7/24/31. 3.09 kg. .55 cc. 1.7 cc. Quiet. 
7/29/31. 3.18 kg. • 6 cc. 1.9 cc. Quiet • 
7/31/31. 3.3 kg. • 6 cc. 2.0 cc • Some of dose last. 
8/4/31. 3.02 kg. • 6 cc. 1.8 cc. Quiet • 
8/7/31. 3.38 kg. • 65 cc. 2.63 cc • Seizure (3). 
8/10/31. 3.16 kg. • 6 cc. 1.9 cc. Excited • 

1st post-operative convulsant dose camphr 0.65 cc. per kilogram. 

8/11/31. 

Group 3. 

Left sympathectomy, superior and stellate ganglia. 

Dosing after sympathectomy. 

8/21/31. 2. 94 kg. .65 cc. 1. 9 cc. Quiet. 
8/25/31. 2.8 kg. .7 cc. 1.96 cc. Quiet. 
Dose after left sympathectomy - did not fit on .7 cc. per kilogram. 

8/27/31. 
8/30/31. 

Right sympathectomy, superior and stellate ga.nglia. 
2.8 kg. .7 cc. 1.9 cc. Quiet. 
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Monkey No. 128 continued. 

Summary: Minimal pre-operative dose camphor 0.7 cc. per kilogram. 
Minimal 1st post-operative dose camphor (after brain 

wound) 0.65 cc. per kilogram. 
Minimal 2nd post-operative dose camphor (after complete 
cervical sympathectomy) not yet established, but the animc 
failed to convulse on either of the former doses. 
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Monkey No. 132. 

Group 1. 

Date. 

6/5/31. 
6/11/31. 
6/16/31. 
6/18/31. 
6/26/31. 
7/1/31. 

Pre-operative dosing with camnhor (20% in olive oil); 
intramuscularly. 

Weight. Dose per kg. 

4.2 kg. • 7 cc. 
3.84 kg. .75 cc. 
3.69 kg. .8 cc. 
3.6 kg. .75 cc. 
3.59 kg. • a cc. 
3.59 kg. .8 cc. 

Total. 

2.94 cc. 
2.9 cc. 
2.95 cc. 
2.7 cc. 
2.9 cc • 
2.9 cc. 

Result. 

Quiet. 
Quiet. 
Seizure (2),bilateral. 
Quiet. 
Quiet; some of dose ~o& 
Seizure (2); seizure (~ 
head to right; seizure 
(2) head to left; sei­
zure (2); ether given. 
Seizure (2) head to 
right; seizure (2) head 
to left. 

Minimal pre-operative convulsant dose camphor 0.8 cc. per kilogram. 

7/7/31. Operation - complete right cervical sympathectomy. 

Group ..Q. Post-operative dose camphor (after sympathectomy). 

7/22/31. 2.93 kg. .8 cc. 2.34 cc. Seizure (3); eyes and 
head to left; 
to right; 

pivo~ed 

8/4/31. 2.79 kg. • 75 cc. 2.1 cc. Seizure (3). 
8/7/31. 2.74 kg. .7 cc. 1.9 cc. Many severe jerks. 
8/10/31. 2.8 kg. .75 cc. 2.1 cc. Jerks. 

1st Minimal post-operative convulsant dose camphor 0.8 cc. per kilogram 

8/19/31. 
8/21/31. 

Summary: 

Operation - complete left cervical sympathectomy. 
Died, two days after left cervical sympathectomy. 

Minimal pre-operative con,~lsant dose camphor 0.8 cc. per 
kilogram. 

Minimal first post-operative convulsant dose (after right 
sympathectomy) 0.8 cc. per kilogram. 
Dose remained the same. 

Autopsy Note: Operative site healing well, sympathectomy complete. 
Partial intestinal obstruction. 
Pulmonary tuberculosis. 
Very few adhesions in cisterna magna and at base of s~ 
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DISCUSSION 

As stated in the introduction, Lennox and Oobb's defi­

nition of epilepsy emphasizing convulsive movements and 

loss of consciousness was accepted in this rea.earch, and 

throughout the work generalized convulsions have been the 

standard by which doses were judged. Camphor and its isomer 

thujone in the form of oil of wormwood were chosen as the 

convulsant drugs for the monkeys and cats respectively, 

because the convulsant action of these drugs is predominantly 

cortical. 

The convulsions obtained have been of the clonic type, 

and although some of the monkeys showed phenomena of sham 

rage and athetosis it has been impossible from the limited 

observations after operation to come to any conclusion as to 

t~e effect of complete sympathectomy on these phenomena, 

which may be from a lower level. At the outset it was hoped 

that a second craniotomy and second stimulation of the cortex 

could be done, but further observations are desirable on the 

animals before the risk of such procedure is justified. 

Brain Wounds 

The brain wounds used in the animals of group 2, both 

monkeys and cats, were all produced in the motor cortical area 

controlling the forepaw and face (as nearly as could be 

determined by stimulation), yet only two of the eats had a 

lowering of the ·convulsant dose (one of these, No.4333, had 
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spontaneous convulsions as a kitten}, whereas all the monkeys 

of group 2 had a lowering of the minimal convulsant dose after 

the brain wound. Analysis of the operative procedures srows 

the following difference between the operations on the cats 

and on the monkeys: The cranial opening in the cats was in 

the form of a skull window which was left unclosed because 

of the technical difficulties in doing an osteoplastic opera­

tion and furnished a decompression over a large proportion 

of the cerebrum of the operated side. The cranial opening 

in the monkeys, on the other hand, was in the form of a bone 

flap which was sutured back in place at the close of the 

operation. The decompression in the monkeys was therefore 

only the small window where the bone flap had been broken, 

and it covered only a small proportion of the cerebrum of the 

operated side. It is realized that this difference may be of 

significance and that the size of the decompression may 

influence the experimental results in post-traumatic epilepsy. 

This factor has no bearing on the conclusions concerning 

complete sympathectomy in this research, as they have been 

drawn only from monkeys in which an osteoplastic flap was 

used. It is pointed out only because extensive decompression 

operations have been carried out in the treatment of epilepsy. 

Cervical Sympathectomy 

Survey of the literature of sympathectomy in its relation 

to epilepsy reveals several interesting facta: First, that by 
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combining some of the various operations that have been 

carried out on the sympathetics of the cervical region one 

can, in all probability, remove the vaso-constrictor 

influences from the intracranial vessels. 

Stnoe K~ and Morehouse (1930) have shown that a cer­

tain percentage of the fibers to the cardiac accelerator 

apparatus come from below the second thoracic sympathetia 

ganglion, it seems theoretically necessary to remove not 

only the two complete cervical sympathetic chains with their 

three ganglia, but also the vertebral nerves (and accessory 

ganglia if present) and the nerve-bearing peri-arterial 

sheaths of the carotid and vertebral arteries. ~his pro­

cedure has, in this research, been considered a complete 

cervical sympathectomy, and its effect on the doses of the 

animals suggests that it lessens the tendency to the con­

vulsions of experimental epilepsy. 

McOlintic (1930) has suggested the pen-arterial 

injection of alcohol beneath the adventitia as a substitute 

for decortication of carotid and vertebral arteries. The 

method may have advantages and it merits investigation. 

The degree of regeneration of the sympathetics after 

various types of removal is still an unsettled question. 

Lee (1930) and others have done constructive work on the 

subject, but much remains undetermined. The theory that 

regeneration may occur even after ganglionectomy as suggested 

by changes in the peripheral vasomotor signs awaits 
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confirmation or contradiction. Prognosis concerning the 

permanence of sympathectomy depends upon this knowledge. 

As noted before, the careful ehoice of cases of clinical 

epilepsy which are suitable for sympathectomy greatly 

increases the probability that the operation will effect a 

cure. Vidal suggested the use of amyl nitrite as a means of 

determining how vasodilatation will effect the individual 

ease be£ore undertaking the operation, while others have used 

flushing, sweating, etc. as a criterion for diagnosis. 

Winter (1902), Forster (1923), McClintic (1930) and others 

have emphasized the value of discrimination in s~lecting cases 

for sympathectomy. It may be said,. then, that in the 

literature the percentage of reported cures of epilepsy by 

sympathectomy seems to be proportional to the completeness of 

operation plus the care in the selection of cases. 

vasodilator ~ervee 

Throughout this research consideration has been given to 

the vaso-constrictor nerves of the cerebral vessels, and it 

has been shown that the removal of their influence from the 

cerebral vessels raises the convulsant threshold. Recently 

it has been demonstrated that there are also vasodilator fibers 

to the cerebral blood vessels. b'orbes and vJolff ( 1928) showed 

that stimulation of the vagus nerve causes dilatation of the 

pial vessels. Penfield and Cobb in unpublished researches 

have shown that stimulation of the seventh nerve at its point 

of origin causes dilatation of the pial vessels, and Chorobski 
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{1931) has demonstrated nerve fibers running from the greater 

superficial petrosal nerve to the internal carotid artery. 

The greater auperfiaial petrosal nerve was out unilaterally 

in one monkey who had previously had a complete sympatheotamy 

and he had a fit on the same eonvulsant do.se as before the 

section. More work must be done to determine the effect of 

the vasodilator fibers on epilepsy. 

CONCLUSIONS 

A. From the Literature 

1. The percentage of oases of epilepsy cured by sympathec­

tomy is proportional to the completeness of the operation 

plus the care used in selection of cases. 

2. There has been a tendency in the last two decades 

toward the use of numerous procedures in oervical sympathectomy, 

very few of which result in complete removal of sympathetic 

influence to the intracranial vessels. If sympathectomy is to 

be done it should be complete. 

3. More complete data is needed concerning untoward 

symptoms following complete cervical sympathectomy. 

B. From This Research 

1. Complete cervical sympathectomy increases the con­

vulsant threshold in monkeys rendered epileptic by doses of 

camphor. 

2. In two animals removal of the cervical sympathetics 

from the side of the brain wound raised the convulsant threshold 

which had been lowered by the brain wound. 
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