b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
BREAKTHAOUGHS FOF DigitalCommons@UNMC
MD Theses Special Collections
5-1-1939

Local anesthetic agents

Rudolph F. Sievers
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

0 Part of the Medical Education Commons

Recommended Citation

Sievers, Rudolph F,, "Local anesthetic agents" (1939). MD Theses. 775.
https://digitalcommons.unmc.edu/mdtheses/775

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for |ncIu3|on in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
digitalcommons@unmc.edu.

www.manharaa.com


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F775&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1125?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F775&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/775?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F775&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

LOCAL ANESTHETIC AGENTS.
RUDOLPH F. SIEVERS
SENIOR THESIS PRESENTED TO THE
COLLEGE OF MEDICINE,
UNIVERSITY OF NEBRASKA
OMAHA,

1939



Local Anesthetlc Agents.
Contents.
History and Methods of Producing Local Anesthesia.P.l-14

Introduction.p.l.

Anesthesia by compression.p.2.
Anesthesia by means of cold.p.2.
Anesthesla by means of local application of hypnotics.p.4.
Dlscovery of hypodermic syringe.p.5.
Esmarch bandages.p.6.

Cocain.p.7.

Conduction anesthesla.p.9.

Spinal anesthesia.p.9.

Cocain poisoning.p.1ll.
Tropococain.p.12.

a-Eucain and b-Eucain.p.l3.
Adrenalin.p.1l3

Toxicology.P.14-18,

Respiration.p .14,
Circulation.p.15.
Convulelonse.p.1l5.

Role of liver.p.l1l7.
Safe human dosage.p.18.

Vasoconetrictors.P.19-24,

Epinephrin.p.19.
Cobefrin.p.22,
Ephedrin and neosynephrin.p.23.

Premedication.P,.24-28,

Barbiturates.p.24.
The psychic aspect.p.26.
Treatment of toxic signs.p.27.

Druge used in local analgesia.P.28-55,

Percain,.p.30.

Pontocain.p. 37.

Metycaln.p.43.

Diothane.p.46.

Butyn.p.51,

Table of anesthetic and minimal lethal doses.p.55.
Summary.P .56-57,

Bibliography.P.58-66.

451066



HISTORY
INTRODUCTION

The desire to reduce pain is as old as the history
of man. The eoarchlextende over many centuries, se 1s
indicated in the writings of Hippocrated. The use of
local anesthetics by the ancient Egyptians depended
more upon superstition than upon loecal anesthetie
properties, Their method depended upon the topical
application of such agente as the fat of the crocodile,
or the dried and powdered skin of the same animal,
and attended with much religious ceremony. They also
used a certain kind of 'Stone of Memphis' which
wag probably & carbonated rock. This they wet with
vinegar and applied to the area to be operated,
possibly producing carbonic gas,

The sedative and anodynsproperties of many
plants were known to the ancient Greeks, from which
they made ointments and lotions, the most prominent
being Mandragora atropa. The Chinese early recognized
the sedative action of opium and hyoscyamus.
ANESTHESIA BY COMPRESSION

Of the methods developed in ancient times,
»robably the first to render any real service was
he compreseion of nerfe trunks., It was thought first
.0 be developed by the Arabs, revived by Pare in the
leventeenth century. Throughout the succesding ages
ma sees 1t occurring in one form or another, only to

)@ discarded again, No doubt it accomplished its



purpose to a limited degree, but was practical only
upon the extremitlies for amputations or minor surgery.
Usually the pain produced by compression of nerve
trunks was as severe as the actual operation,.(l)

It was noted that the binding of the limbs to
prevent hemorrhages caused disturbances of sensation,
Thies method was advocated by many but continually fell
into 1ll-repute, In 1874 J.Moore, of England, devised
a constricting apparatus, conslsting of pads comprese-
ing the sciatic and the anterlor crural nerves, which
were left in place one and a half hours, This was
combined with the use of large doses of morphine, thus
permitting painless peripheral operations. Other
surgeons found the method defective, as it caused
gevere paln and intense venous compression.(2).
ANESTHESIA BY MEANS OF COLD

In the sixteenth century, the application of cold
as a means of reducing sensibllity wae noted by Severinno,
an Italian surgeon, and introduced by his pupll Thomas
Barthollnus, by the use of ice and snow, It was for-
gotten, but revived again by J.Hunter, who carriled
out palnless experiments on animale. Two French military
surgeons, during Napoleon's time, reported that with a
temperature of 19 degrees below zero, the limbs of the
vounded men could be amputated with no sensations, but
In no speciflic instance was cold used as an anesthetic.(3)

The rapid chilling of tissues by rubber bags and
plg's bladders filled with ice and salt was early



replaced by the rapidly evaporating fluids. Richard-
son in 1866, (4) devised an atomizer for the purpose

of using ether and chloroform in a finely divided
spray on the skin., This apparatus consisted of a finely
pointed metal tube through which a strong stream of
air was passed, blown by the means of rubber bulbs,
thie being mixed with the ether sucked through another
metal tube from a glass container, The temperature
rapidly drops to minus 15 to minus 20C., sufficlent

to turn a test-tube of water into ice. The freezing

of tissues occurs very rapidly and the thawing and
return to sensation is very slow, Other hydrocarbons
than ether can be used in the Richardson apparatus
such as ethyl bromide, carbondisulfide, and ethyl-

ene chlorilde.

@oting from Braun(5) based on the work of
Gruetzner, Gendre,Helnzmann and Fratscher, the
phyelological effect of cold on nerve substance 1is
as follows:"slightly cooled nervee retain their
property of reacting to stimulation for a considerable
time; cooling to plus 5 degrees centigrade inhibits
the stimulation of all nerve flbers; cooling to the
point of ice formation intercepts nerve function,
the nerve, heowewver, regaining its property of react-
ing to irritation on thawing. 8udden intense cold
acts as a stimulus; slow cooling even to a minus
4 to a minue 6 degrees does not stimulate, It is
undoubtedly the cooling alone which brings the
molecular change and injury to nerves, which requires
a normal temperature for a normal action,"

The sense of pressure remains intact for a long

time in the presence of cold; the sense of touch is

less resistant than the temperature sense. The sense



of pain is lost more quickly and more completely than
any of the other senses,

For the practical application of cold, very low
temperatures are necessary for the rapid dissipation
of heat from the tissues. The rapidity of freezing the
tissues dependa upon the heat dissipation, also on the
nature of the tissues, such as the amount of blood in
them, and the rate of blood flow through the tissues,
The sensory nerves lose‘their function when the tissues
are cooled below the freezing-point., There 1s a terminal
anestheslia and the degree depends upon the duration
of the freezing process, When the tissues are raplidly
cooled, anesthesla is preceded by pailn; upon thawing,
sensatlon returns provided there has not been permanent
damage to the parts, the insensitive area 1s changed
into one of marked hyperesthesia due solgy to the freez-
ing process. The freezing proceses applied to nerve
trunks blocks thelr conductlon and thus produces anesth-
esia, but at the expense of great pain. Its field of
usefulnese 18 limited to superficial incisions,as in
opening an abscess, furuncle, inclsing fistulae, and
aspi&ating cavities of the body. This method of anesthesia
gurvives today by the use of ethyl chloride spray which
wag first described by Rottensteln in 1867.(6).
ANESTHESIA BY LOCAL APPLICATION OF HYPNOTICS

The theory existed until recent timee that sleep-
producing drugs would produce local anesthesia when

applied locally. This accounts for the use of opium,



hyoscyamus, the Jjuice of indian hemp, of the poppy
seeds, and aconite in the preparation of plasters, washes,
and salves. It was demonstrated that the skin could
be saturated by the application of chloroform, which
resulted in the idea that local anesthesia could be
easlly produced with the volatlle inhalation anesthetic
agents. This 1s only partially true as these agents
set up more or less irritation or destruetion of the
skin, with fleeting disturbances of sensatlion even
when the effect of cold from evaporation is prevented.

This line of thought stimulated Richardson to
advocate the use of electric current in alding the
absorption of these agents, It was soon proved that
these non-conductive agents falled to respond to
cataphoric action of the electric current. It is hard
to believe by these means a sufficient amount of drugs
mentioned above could be absorbed by the unbroken skin
to produce a useful anesthesia,
DISCOVERY OF HYPODERMIC SYRINGE

It is not difficult to understand the attempt to
produce local anesthesia by direct application to nerve
trunks of a sleep-producing drug. This naturally followed
the discovery of the hypodermic syringe. The discovery
of the hypodermic syringe was erroneously attributed
to Wood, It was really discovered by F.Ryand,(7) an
Irish surgeon in 1845, Wood was really the first to
apply its use by the injection of solutions around
nerve trunks(8). He belleved it would be of decided



advantage to inject a narcotic by direct appliecatlion
to the nerve affected by disease. This was attempted
by meane of acupuncture needles superflcially, but
without success. He recalled his attempt to remove
a naevue by injection of the acid solution of per-
chloride of iron., In order to do thies he procured
what he described as an "elegant little syringe",
constructed by a Mr, Ferguson of Gillspur street,
London, It occured to him that this instrument
might supply the means of bringing the narcotice
more directly than he had hitherto been able to
accomplish on the affected nerve in neuralgia.
The firet patient to reeceive an opiate by inject-
ion was an old lady suffering severely from
cervico-brachial neuralgia, who had the idio-
syncrasy of not being able to take opium by
mouth. The syringe was inserted in the angle
formed by the clavicle and the acromion, and
about twenty drops of a solution of muriate
of oplum wes injected. The patient complained of
glddiness and confusion within ten minutes, and
the pain subsided with half an hour,
ESMARCH BANDAGES

In 1874 Esmerch (9) described a method of
"kunstliche blutleere" by means of elastic bandages,
in which local anesthesia followed a short period of
local ischemia, He used this procedure on small op-

erations on fingere a2nd toes. He mentioned that Stokes

rcmoved a carcinoma of the hack nf +ha hawd W w2



method. The probability of producing anesthesia 1s
too uncertain and evil consequences as gangrene,
permanent motor and sensory paralysls are avoided
with difficulty.

COCAIN

This takes us up to the real beginning of modern
anesthesla when cocaln wae introduced by Karl Koller
(10), in 1884, The cocoa plant is native to Peru and
Bolivia, and was regarded as a gift of God by the
natives. The response obtained by chewing the leaves
of the plants were well known to the natives before the
Spanish invasion, Dr. K., Scherzer, (11) was the first
to bring back a large quantlity of these leaves to Europe,
when he accompanied the Austrian frigate "Navarro" on
its expedition circumnavigating the world. A supply of
these leaves were receilved by the chemist Woehler and
in 1858 his asslistant Albert Niemann and Loessen isolat-
ed cocain from the cocoa leaves. Scherzer was the first
to notice that chewing the leaves caused a numbness of
the tongue, which was also noted by Niemann, who describ-
ed 1ts anesthetlic properties,

B. von Anrep in 1879, (12) studied the pharmacological
effects of cocain and found that when it was injected
subcutaneously the area of the skin above the injection
became insensitive to pain from the prick of a pin, and

he actually recommended 1its use‘cllnically as & local

anesthesia, However, he did not follow up his own suggest-



ion, Upon the instillation of a solution of cocain into
the conjuctival sac of animals he noticed only the previous-
ly well-known midriatic action,

The earliest record to be found of any cocoa preparat-
lon for 1ts anesthetic effect 1s a letter published by
Moore(13) of New York, in 1885, who states that for the
past ten years Dr.Fauvel, (address not given) had been
using the fluidextract of cocoa applied to the pharynx
and larynx by a brush or a spray as a local anesthetlc
to these parts. _

However the real introduction of local anesthetics
into the practice of medicine and surgery dates from 1884,
when Karl Koller and Sigmund Freud, (10), two young Vienese
phyeiclans made a systemic study of the varlous alkaloids
in hope of finding a substitute for morphine. One of their
friends a young physiologist, had through a painful
affection a neuromata in the stump of an amputated thumb,
become the vistim of the morphine habit., While working
with cocainKoller realized that he had in his possession
the local anesthesia for which he had been previously
striving. In Stricker's laboratory he made hieg solution
of cocain and 1nst111éd a few drops in a frogs eye, and
afterwards of a guinea plg. He found the cornea and the
conjunctliva insensitive to mechanical, chemical and fare
edic stimulation. Then he repeated these experiments on
himself, some colleagues, and many patients. His first
publicatlon was read at the German Ophthalmoligical

Soclety at Heldelberg. He recommended 1t to his colleaguse,
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Jellineck, who used 1t in the surgery of the nose and
throat.
CONDUCTION ANESTHESIA

Knowledge of the new remedy spread qulckly. Within
six weeks 1t was belng used in America. and the most
active of its advocates, Willlam Halstead, was able to
report within less than a year, successful anesthesla in
over a thousand surglcal cases., R.J.Hall with the assist-
ance of Dr. Halstead, (1l4) developed conduction anesthesia,
They noted that the wronductiwe power of nerve trunke could
be interrupted by cocain solutions, with the result that
the areas innervated by these nerves became anesthetic.
Halstead made practicsl use of thls method in the extract-
ion of teeth, The first attempt being the introduction of
cocain solution in the vicinity of Dr, Hall' infrorbital
foramen in order to anesthétize hils sensitive dentine for
a dental operation,

Halstead in 1885 also experimented with dilute coecaln
geolutions injected into cutaneous and subcutaneous tissue
by infiltration and thus developed loecal tension sufficient
to produce anesthesia and really antedating Schleich in
the use of very dilute solutions of coeain.(15).

SPINAL ANESTHESIA

Like many new discoveries, spinal anesthesla result-
ed from an accldent. (16). In these experiments Corning
had aimed to inject the fluid between the spinous process-
es, and permit it to be carried by the veins to the cord,

He first experimented on a dog, injecting a 2% cocain
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golution in the lower dorsal region and obtailned paralysis

of motion and sensaticn in about five minutes, tollowed by
complete recovery without noticeable 11l effects. He next
injected a man suffering from sexual dlsturbance using 30

minims of a 3% cocain solution, between the llth and 12th

dorsal vertebrae., There was no result in 8 minutes, and the
injection was repeated, producing anesthesia and incoordination
of the lower extremities. The passage of a uretheral sound

caused no paln and the uretheral electrode caused no inconven-
ience. An hour later the patient was able to leave with sensibil-
1ty etill impaired but none the worse for his experience. Corning
in conclusion states,"Whether the method will ever find an
application as a substitute for etherization in genito-urinary

or other branches of surgery further experience alone can show,
Be the destiny of the observations what they may, it has seemed
to me, on the whole, worth recording." Corning's intention was

to make the injection into the neighborhood of the cord; he did
not alm to puncture the membranes, whether thie occurred or not,
he must have entered the canal, else it is hard to understand

how anesthesia resulted, as it could not take place by diffusion,
because the cord is well isolated from its perivertebral surround-
ings.

The first operation to be performed under spinal anesthesia
in America was probably by R. Matas of New Orleans.(17) The
patient was a young, male negro, upon whom a hemorrhoidéctomy
wag performed in 1899. The subarachnoid space was reached between
the fourth and fifth vertebrae, and epinal fluid was allowed to

escape., A volume of 1 cubilc centimeter of 1% cocain in normal

saline was injected twice during a 5 minute interval. The



anesthesia was complete from the walst down, and the patlent
made a good recovery.

In 1898, Bier(18) described the technique of epinal
injection of cocain solution used on a patient suffer-
ing from advanced pulmonary tuberculosis, and another
from osteomyelitis of the leg. The anesthesla was highly
successful, Then Bier, with admirable courage, tried the
method upon himself to more accurately observe its effeects,
The only 111 effect was a slight headache which soon dils-
appeared.
COCAIN POISONING

The wave &frenthusiasm for cocain and local anesthesia
was quite remarkable. As a result much careledness was
involved a8 to concentratione and volumes injected., Soon,
mild, severe, and fatal cases of cocain polsoning were
observed in great numbers following the use of the drug
subcutaneously, internally, and by local application to
mucous membranes. The first compllations of the published
cages by cocain poisoning was made by Falk(1l9) Naturally
theese cases represented only a small portion of the entire
number observed.Corning had early served warning by stating:
"a remedy which has such a strong affinity for nerve sub-
stance muet also effect the heart and central nervous
system when introduced into the circulation in concentrated
solution." According to the tendency of the time concentrate
ed solutions were used and often the size 68 the absorbing
surface to which cocain was applied was relatively large.

To overcome the toxicity following the injection of

cocain in concentrated solutions, Schleich, perhape was

11
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the most prominent in developing the use of dilute
golutions and the infiltration method of producing
anesthesia.(20). It wae discovered that the anesthesia
of the gkin proper by intradermal infiltration as dis-
tinguished from subcutaneous method is the key io success,
This fact seemg to have suggested itself at the same
time to several observers, particularly Halstead, Corning,
Reclue, and Schleich,

The rapid progress made in local anesthesia soon
met with almost insurmountable difficulties. The use of
dlilute solutions wae not applicable in all fields of
minor surgery. Mild, severe and fatal cases of cocaln
poisoning were observed in great nﬁmbers. Cocain poison-
ing, the habit forming properties of the drug, the in-
stabllity of its solutions, as well as fluctating supplles
and high cost led to an intensive etudy with a view to
discovering other substances which would be equally
efficient as a local anesthesla withouth the serious
effects of cocain.
TROPOCOEAIN

The first synthetic product wae benzoylpseudotropein,
produced by C, Liebermann in 1892, although the alkaloid
was actually discovered by Glesel the year before. Later
thls drug was given the mame tropococain. It was found

to be-less toxie than cocaln, to be one-fifth to one-
elghth as potent, and produced anesthesia of shorter
duration. No serious cases of polsoning were observed in

man, but due to its fleeting action is was never extensively
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used. (21),
ALPHA-EUCAIN AND BETA-EUCAIN

the first of the cocaln substitutes to have wide-
epreaa practice before being supplanted by procain were
alpha-eucain and beta-eucain. A-eucain was synthesized
by Merling 1n\1897 and B-eucain by Vinci.(22) They were
good local anesthetics, even for mucous membrane and less
toxie than cocain, but had a tendency to cause local edema
and hyperemia of the tissues, ‘he undesirable local reactions
were greater with A-eucain thaﬁ wlth B-eucain. Synthetic
products such as holocain, akoin, orthoform, nirvanin,
stovain, alaqypin, etc. were used for a short périod of time.
Their usage was cut short by the introduction of procain
in 1905 by Einhorn.(23). His synthesis of proeain may truly
be said to have introduced the modern era in local anesthesia,
and 18 considered next in importance to Koller's introduction
of cocaln. Einhorn demonstrated that the esters of amino-
benzolc acid have local anesthetic properties when brought
in contaet with nerve endings and that theilr water-soluble
basls are effectual substitutes for cocain.
ADRENALIN

Many of the early investigators were aware of the fact
that the toxicity of local anesthetics could be reduced by
preventing the drug from being absorbed by the general
circulation. Corning and others suggested the value of the
Eemarch bandage in this respect, and mentioned the pro-

longed anesthesia that followed when making a limb ischemic,



Upon the discovery and preparation of adrenalin in 1901
and knowledge of its vaso-constrictor power, H.Braun was
quick to realize the value of adrenalin. To him 1s due
the credit of first introducing, developing, and perfecting
the use of this agent in combination with a local
anesthetic. Today 1t is indispensable 1n the surgical
field, particularly in nose and threat surgery.
Toxicology

The extended use of local anesthesia in surgery
has forced the question of toxicity to the front, and
it 1s now generally recognized that the various drugs
and methods have thelf own dangeres just as in a general
anesthesia, Next to the production of a sultable non-
irritant anesthesla, the most important property of a
local anesthesla is 1its toxicity.

Although data are avallable of the toxicity to
animals of all the local anesthetlics, undemirable react=-
ions have occurred much too frequently in humans. It must
be remembered that local anesthetlcs are protoplasmic
polsons possessing speclal affinity for the nerve tissue.
The injection of large amounts of solution into the general
clrculation will naturally affect the brain and vital centers.
RESPIRATION

The systemlc toxic effects of local anesthesla appear
to be due primarily to three maln factors, first in import—
ance belng respiration. Local anesthetics in small doses

usually stimulate respiration in laboratory animals, where-

14
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as with larger doses, the period of stimulation 1s short,
followed by paralysis of t he respiratory center, This 1is
the chief cause of death for most of the anesthetlc agents
such as procain, cocain, alypin, stovaln, metycain, tutoe
ecain and others. (24) (25).
CIRCULATION

A second important action 18 on the clirculation. Here
again small doses of most anesthetlc agents produces slight
stimulation with a rise in blood pressure. Mosso(26) showe
ed that the factors responsible for this was the central
stimulation of the cardiac accelerator and the vasomotor
centers and peripheral wasoconstrictors, but that the
central effects were more prominent, Large dosees are follow-
ed by marked fall in blood preesure, which i1s attributed
to central and peripheral vasomotor paralysis and to dep-
ression of the heart muscle., The most toxic for this system
appears to be nupercain which according to Lipschitz and
Laubender, (27) most commonly produces death by cardiac
depression.
CONVULSIONS

The third action 1s t he production of convulsions as
a result of their stimulant effect upon the central nervous
system. The convulsions are generally sald to be confined
to stimulation of the cerebral cortex, but the "running
movements" so frequently seen is eti1ll present after cerebr-
al hemispheree are removed, (28).The period of stimulation
is followed by one of depression especlally after large

doses. The higher the animal in the developmental scale,
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the greater the depression and hyperpyrexia and death
may follow, probably due to exhaustion. All the local
anesthetics can produce thls effect. The following

quotation taken from Allen's book of local anestheela
gives ;n excellent description of the toxic symptoms:

(29)The symptoms of mild intoxication 1ln man may be
evident in loquacity, laughing, or singling, later eglight
nausea, vertigo, faintness, thoracic opression; as the
severity of the symptoms increase the pulse which at

first is stimulated becomes rapid and weak, respiration
may be opressed er quite rapid, great mental excitment

and anxiety may occur, the patient becoming very rest-
lese and twitching or trembling of muscles, these symptoms
indicating the onset of convuleions; at times the state

of excitment may mapifest itself by maniacal delgrium,

the patient becoming violent and uncomfortable; convuls-
ions with unconsciousness may now supervene and be follow-
ed by death. During the onset of symptoms the puplls are
usually dilated, but may at times be contracted. The order
and character of symptoms may vary greatly in different
individuals, the stage of excitment may be absent, un-
consciousness coming on at once, followed by eonvulsions.
In some cases where the toxlc dose is very large, or the
patient is particularly susceptible, death may ocecur
almost immediately from cardiac inhibition."

Eggleston and Hatcher(30) have shown that the
toxicity of local anesthetics for the cat, and this
presumably holds for man, depends up on the ratio between
rates of absorption and elimination. They have Bhown that
an animal will succumb to a smaller dose of procain
glven by rapid intravenous injection than ot cocain given
by slow intravenous injection. Farr has shown that the
rate of absorption from subcutaneous tissue or mucous
membrane increases with inerease in concentration. From
the standpoint of elimination, the commonly known local

anesthetics may be divided roughly into two groups, first



cocain, nupercain and holocaln, which are not destroyed

or eliminated rapidly by the organism, and seqond, alyp-
in, procain, stovaine, tropococain which are rapidly de=
stroyed or eliminated by the organism.

ROLE OF LIVER

With the wide modern usage of loeal anesthetics, it
is surprising that more attention has not been given to
the role of the liver in the occurrence of toxic reaction,
That liver damage 18 a contrindication to the wide use of
local anestheties 1s concluded from the findinge of Elling-
er and Hof, (27) who have shown that liver damage increases
the sensitivity of animals to cocaln, procain and tutocailn.
Thus 1t 18 reasonable to assume that sick human beings are
more sensitive to the systemic effects of local anestheties
than are healthy normals, It is well known that the ex-
sanguinated and cachetic patlients may show toxic symptoms
on comparatively small doses,

Unquestionably some people are susceptlible to local
anesthetics, and death has occurred from the mere applicat-
lon of trifling amounte of solutions to mucous surfaces,
For example, cocalnization of the nasal septum in asthmat-
ics may initiate a violent paroxysm, and this can even
prove fatal(31). Idlosyncrasy to the cocain substitutes
is less common, but undoubtedly oceurs. (32).

The toxlcity of local anesthetles varles greatly,
depending upon the method of appliecation, Accidentdintra-

venous lnjections have, no doubt, accounted for a number

17
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of fatalities. Greater care must be utilized when local
anesthetics are applied to highly vascular areas, such
ag the nose, fhroat, and urethera, Absoprtion particular-
ly from the gums, where the fluid 1s under great pressure
is more rapid than from a less vascular area. Therefore
dentists may encounter reactions from a few cublc cent-
imeters of procailn which would never give any symptoms
elsewhere., The sitting pbsition of the patient may also
be a factor in the reactions. (33). Mayer reports that
more deaths occur when anesthesla 18 applied to the throat
and urethera than when applied anywhere else in the body.
It has been noted that injured defective mucous membranes
geem to absorb the anesthetlc more quickly.
'SAFE HUMAN DOSAGE

For prevention of toxic reactions from local anesthet-
1ce, the Committee for the study of toxic effects of local
aneethesia of the American Medical Assoclation have laid
down the following recommendations: cocain should not
be used for injectlon, but should be used for surface
anesthesla in a concentration not greater than 5 to 10 %
with a maximum dose of from 0.06 to 0.1l gram; for inject-
lon anesthesia procain should not be used in a concentrat-
ion greatgr than 1 percent; butyn should not be used for
injection»anesthesia, the maximum dose to be used should
not exceed 0.06 gram for topical application. The committee
advises that local anesthesia should not be employed in

the presence of trauma or stricture.(34).



Bieter (35) has noted that the safe doses for
patients were about ecual in amounts as the minimal fatal
doses per kilogram of guinea pig administration by sub-
cutaneous injection, It is his opinion in the absence of
any definite criteria for determining the safe human dose,
that the minimum lethal doses for guinea plg be used as
total safe human doses, Also it 1s generally condluded
that the safe dose of procaln for spinal anesthesia should
be much smaller. The maximum safe dose of 200 milligrams
1s employed by Lundy at the Mayo clinic.(36)

VASOCONSTRICTORS
EfINEPHRIN

Braun(37) in 1903 demonstrated that minute quantit-
les of epinephrin added to locad™anesthetics solutions
greatly prolonged the duration of anesthesla for infiltrat-
ion and block. This was later confirmed by Sollman(38) who
showed that for cocaln there was actually a potenttation,
but for most of the remaining drugs he studied, it was a
simple prolongation. The beneficial lengthening of anesthes-
la 18 very striking with procain., For examplg, & one per-
cent percain solutlion for infiltration anesthesia laste
approximately 15 to 20 minutes, while the addition of g
1:100,000 epinephrin will easily prolopg the anesthesia
to an hour or longer, This action 18 due to the constrict-
ion of blood vessels which greatly reduces the flow of
blood, thereby slowing the absorption., As a result, much

smaller concentrations of the local anesthesia may be
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used, the resulting anesthesia is greatly prolonged,

and the danger of toxic symptoms occurring 1s markedly
reduced. The concentration of epinephrin ordinarily added
to local anesthetic agents for this purpose may vary from
a part in 50,000 to a part in 200,000 or even less,

Bieter(35) has made an interesting study 1in regard bo
the varying cohcentratlons of epinephrin and the relative
effect on prolongation of'anesthesia. A uniform increase
of duration of anesthesia does not occur with the propor-
tional increase of epinephrin. The explanation of this varie
ation may be that the more concentrated ephenephrin solut-
ione tend to produce a local acidosis which hinders the
continuance of the anesthesla. A lowered pH, as shown by
Gerlough(40), greatly reduces the duration of anesthesia,
which is explained by the decreased hydrolysis in an acid
medium, He has definltely showed that alkalosis increases
the hydrolysis of local anesthetics and prolongs anesthesia,
the liberated alkalold base being more readily taken up by
the nerve structures,

Although epinephrin serves a valuable purpose in
producing a bloodless field and in delaying the absorpt-
ion of a local anestheela, especially procain, yet, it 1is
not entirely free of danger. (40) There may be a danger,
locally, in using too great a concentration of epinephrin,
This hae been shown by Serafin(4l) who described a local
slough of tissue from the accldental use of a local anesth-
etic solution contalning epinephrin in a concentration

of about 1:20,000.
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The addition of epinephrin in amounts of one milli-
gram or more to a solution of coealn often results in a
greater degree of toxicity than from cocain alone when
rapid absorption takes place. Lundy(42) is of the opinion
that the use of larger doses of epinephrin with cocaln
is deemed unsafe and epinephrin should not be used 1n
a greater concentration than 1:10,000 and of this not
more than 10 minime with cocain., Somewhat larger total
amounts of eplnephrin may be used with solutlons of pro-
ealn, but not more than 1 milligram of epinephrin should
be used, and even this dose may be unsafe for patiente
suffering from hyperthyroidism. (34) Sollman (43) believ-
es that for most surgical purposes the maximum coneentrate
lon should not exceed 1:50,000. In ecertain regions, such
as in the fingers and toes, a vasoconstrictor 1s contra-
indicated, and a tourniquet should be applied.

In extitable or susceptible patlents, eplinephrin
may produce minor toxic symptoms, such as palpitation
of the heart, opPression and often a féeling of dread or
alarm, 4difficult respiration and a fulness and a throbb-
ing in the head., These symptoms are frequently noted by .
dentlsts and surgeons doing nose and throat work, It is
well known that epinephrin is absorbed rapidly from highly
vascular tissues such as the face, nose and throat., This
no doubt 1s the probable cause of the symptoms so often
seen by these workers. Dental workers also tend to use
higher concentrations of epinephrin in their local anesth-

etic solutions. As a result, there has been a plea from



the dental profession for a less toxic vasoconstrictor,
one which would not cause a sudden collapse with a fall
in blood presesure, which sometimes occurs in "asdrenalin-
sencsitive” patients,
COBEFRIN

Hartung(44) in a classic review of epinephrin and
allied coﬁpoundé, has demonstrated that an isomer of
epinephrin, which possesses the same pressor activity of
epinephrin is much less toxic, and is active when administ-
ered orally., Thie substance, which has been identified for
eome time, was formerely known as non-homoepinephrin, or
3,4=-dihydroxyphenylpropanolamine. It ie now known as cobefrin,
Hartung and Muneh(45) found that when cobefrin was injected
into rabbits, 1ts toxlclty was less than a hundredth as great
as that of epinephrin and that its effect on the circulat-
ing system was indistinguishable from that of epinephrin,
however 1t 18 less potent in its action, being 1-12th as
active as levorotatary epinephrin, This drug, according to
Tainter(46) has 1-12th the degree pressor activity of
epinephrin, and in white rats, 1-53rd the toxicity of
epinephrin,

Cobefrin has been used clinically in combination
with a solution of procain to produce local anesthesia by
several German workers. Hirsch(47) has employed this sub-
stance combination for toneillectomy and varioue other op-

erative procegdures on the eyes, ears, nose and throat.
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He commented that the advantage in the case of cobefrin
is that it does not cause a sudden drop in blood presesure
through a vagal reflex. This, he asserts, 1s responsible
for the lack of untoward symptoms, such as tremor, dizzin-
ess, palpitation and minor syncopal reactions. Lundy and
Tuohy (48) state that if epinephrin is pure and fresh it
does not have certain undesirable vagus influence., Further-
more, Hirsch sald that cobefrin may be given to individuals
who have an idlosyncrasy to epinephrin, without fear of
any unusual symptoms or reactions, Cobefrin is widely used
in the United States today by the dental profession.as a
vasoconstrictor in place of epinephrin. They tend to sub-
stantliate the above comments, Cobefrin as it is supplied
comercially is eald to be 7.5 times less toxlc than ep-
inephrin when injected into the albino rat and its aver-
age pressor action oneffourth to one-fifth that of epinephrin.,
Thue a 0.5 percent solution of cobefrin should be equal in
strength to a 0.1 percent solution of epinephrin. Correspond-
ence with the Winthrop Drug Company states that cobefrin
1s stable only when in solution with procain, (Personal
letter) ;
EPHEDRINE AND NEOSYNEPHRIN

Other hemostatic agents that are sometimes used in-
clude ephedrine and neosynephrin. Ephedrine produces the
longest vaso-pressor effect of the four drugs, but it has
one disadvantage in that it does not glve adequate hemo-
stasls. The effect of ephedrin lastes about forty-five

minutes and its 1s therefore more useful in connection



with spinal anesthesia than ephenephrin, the effects of
which last about fifteen minutes. Neosynephrin, or laevo-
«-hydroxy-B-methyl amino 3 hydroxy ethyl benzene hydro
chloride is thought by Bittrich(49) to have a number of
advantages compared to ephedrin, Ephedrin often produces
disagreeable reactions, such as nervousness, and cardiac
irregularities occur. It 18 not well tolerated by artero-
gcleroties in whom very marked arrhythéma with extrae
systoles may occur. Neosynephrin slows the heart rate, but
raises the blood pressure by increase of stroke volume and
peripheral vascular constriction, whereas ephedrin produc-
es tachycardia., Neosynephrin does not become less efficient
upon repeated injections, The effecte last for 30 to 45
minutes, Bittrich finds the superiority of the drug so
marked over ephedrin, clinically, that the use of ephedrin
has been entirely discarded.

PREMEDICATION -

Since most local anesthetic agents produce death by
respiratory paralysis, artificilal respiration was the rout-
.1ne procedure 1n the treatment before the use of hypnotics
became prevalent. Also the administration of respimatory
stimulants such as caffein, strychnine, and atropine had
long been advocated as antidotes, but now, a much more
effective method for both prophylactic premedication
and immediate treatment of intoxication is the use of
narcotics and soporific drugs.

BARBITURATES
As early as 1890, Mosso(26) noted the fact that
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chloral hydrate diminished the sensitivity of rabbits to

cocain., It was common practice, particularly in the dental
profession, to recommend the administration of a small
quantity of alcohol to patients before the local anesthetlc
aé a p rophylactic., The real importance of this action was
not properly emphasized, howeﬁer, until Tatum(50) and co-
workers demonstrated that a member of the barbital group
could actually railse the lethal dose of cocain in animals
two or three times, protect against the onset or even stop
the convulsive procedures., This protection is augmented by
increasing brain development. (51) Later, Knoefel, Herwick
and Loevenhart, (52) gonfirmed these observations, and showed
that sodium amytal conferred a greater degree of protection
than either sodium barbital or sodium phenobarbital. Theese
findings have been repeatedly confirmed by reports of the
clinical use of the barbital hypnotic preliminary to the
administration of a local anesthesia, These hypnotics have
been greatly responsible for the reduction of toxic symptoms.
It is probable also that the preliminary administration of
morphine and ecopolamine which Farr(53) used almost continu-
ally to qulet his patients has a similar protective effect,
and that this accounts for the relative freedom of his
patients from toxic symptoms, in splte of the large doses

of procain and other local anesthetics which he used routine-
ly. Although de Takats 1s of the opinion that the use of
morphine is not logical as one is frequently impressed by

the sallvating, nauseated, highly uncomfortable patient



26

arriving at the operating room, worse off for the morphilne.
Also the use of morphine and scopolamine to produce twilight
sleep contradicts the true principle of local anesthetics,
THE PSYCHIC ASPECT.

Modern surgery 1s just as concerned with the protection
of the patient from mental discomfort in the pre-operative
period as it is with his protection and comfort during the
actual surglical procedure. There should be a minimum of fear
of the impending operation and a maximum of confidence in
its success, The assurance of a fearless, confident, psychiec
state 1s undoubtedly one of the purposes of pre-anesthetle
medication. There are numerous records of patiente in good
health, posted for minor operatione, who have died before
any manipulation was instituted, apparently from sheer terror,
(54) This applies particularly to children for whom too
often the use of pre-medication is neglected. Even the value
of a good nights rest before the day of operation must be
stressed. Before a major surglcal operation, the restless
night, fear and anxiety may cause definite body harm and
certainly exhaust the patient., In the over-anxious hypere
thyroid or mentally deranged patlent the best drug 1s his
lgnorance of the time of operation. Whenever pain is present
a sedative should be supplanted with an analgesic if mental
and physical comfort are to be obtained.,

While many anesthetists find the oplates objectionable
for preoperative medication, others find some fault with the

barbiturates. In the presence of pain, the barbiturates may
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cause excitment instead of sedation, One barbiturate will
effect one individual entirely differently from another,
and the same individual may not react allke to the different
forms of the barblturates.
TREATMENT OF TOXIC SIGNS

What to do for the patient who is showing signs of
toxic symptoms such as mild convulsions and respiratory
depression 1s still debatable. According to the survey of
fatal toxic cases by Mayer(34) and co-workers, a number of
deaths could be blamed on the use of morphine, which was
used in a mumber of patlients showing.toxic symptoms. Ether
appears to be of little value. According to t he evidence
presented by Tatum(50) and others(54), the barbiturates, if
given intravenously will stop the convulsions and offers
definite protection to the respiratory centers from the
paralyzing action of the local anesthetics, With severe
decrease in respiratory excursion, the administration of
oxygen and carbon dloxide is undoubtedly of value., When
respiration_ceasee, artificial respiration is, of course,
the only means left. |

Of the many valuable drugs'available, it 18 unfortun-
ate that no one will adequately fulfill all the requirements
for satisfactory pre-anesthesia preparation, Individualiz-
ation for each patient, giving careful consideration to all
factors involved, 1s essential, Such pre-medication cannot
be done by rule or set down in tables of doses for any drug
or combination of drugs. Increasing the possibility of success-

ful preénesthetlc medication will depend largely upon
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experlence in the ﬁse of any of these drugs, partlicularly
with regard to the adjustment of dose and time of administ-
ration,

DRUGS USED IN LOCAL ANALGESIA.

The discussion of the individual local anesthetic agents
will be limited to those that have fairly common usage, as
the total number of compounds that have been patented and
trade-marked are represented by approximately sixty-five to
seventy different synthetic agents. Many of‘these agents have
never been accepted by the medical profession, some have had
a limited wave of popularity. Eventually the better anesthetic
compounds replaced the poorest ones of which many have been
permanently discarded. Some of the more recently discovered
agents which possess excellent anesthetic properties which
have not been on the market for a sufficient length of time
to become well known, and also, compounds which have provead
their worth are not easily replaced by the newer and less
tried agents. Many new compounds are being synthesized each
year 1n quest of an agent which poséesses all the ideal qualit-
les, To date, there is not one compound known which meets
all of the recuirements. The criteria upon which the ideal
anesthetic should be based are:l

l. Practical non-toxicity in relative large doses and
absence of idlosyncrasy,

2. Rapldity of action in order that the injection
1tself may be painless and that complete anesthet-
lzation of the area may be induced within a reason-

able length of time.
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3. Good powers of diffusion and penetration.

4, A duration of anesthesia sufficient to enable the
most extensive operation without reinjection,

5. An ideal quality would be prolonged period of dulled
gsensibility after the anesthesia proper has passed
away.

6. Therboshduld be no impairment of tissue vitality or
retardation of healing.

T. The substance should be readily eliminated or destroy-
ed.

In addition to these characteristics the local anesthetlc
should have the followlng physical properties:

1. It should be stable, both in =s0lild and in the dissolv-
ed state.

2. It should be unaffected by exposure to air, or by
exposure to heat, for the purpose of sterilization,
or by admixture with ealine, epinephrin, and such
subatance as may reach it from the walls of the
vessels, instruments and syringe.

3. It should be readlily soluble in water and the general
pPH of the tissues,

Aﬁ attempt to obtain a compound that has ail the 1deal
qualities has resulted in a constant search in the chemical
world for a new synthetic anesthetic agent. This in turn 1is
reflected by the large number of loecal anesthetic agents on
the market today. The greater portion of the following list

of such compounds 1s taken from Gutman's book on drugs.(55)



Acoine, Adrocain, Allocaine-3, A,L.A., Alypin, Anestheein,
Anisocain, Antidolorin, Apocain, Apothesine, Benzyl alcohol,
Benacol, Eenzocain, Benxoinal, Beta-eucain HCL, Beta-sucsin
lactate, Borocain, Butesin, Butesin-picrate, Butyn, Carbinol,
Chlorbutanol, Chloretone, Cye@loform, Dlothane, Dunocaine,
Holocain, Kelene, Larocain, Metycain, Monocain, Neocain, Novo-
cain, Nupercain, Oleocain, Orthoform, Pontocaln, Panthesin,
Phedrocain, Phenocain HCL, Phenolain, Phenol-procain,Phenyl-
carbinol, Procain-borate, Propoesin, Pslcalin, Quinine and Urea
HCL, Saligenin, Scuroform, Splnocain, Stovain, SUbeain, Tri-
chlorethylene, Tropocain, Tutocain.,

A detalled account will be made, particularly of the
more recently discovered compounds, which, at the present |
time present considerable evidence in their favor of being
eventually accepted for extensive and wide usage by the
medlc¢al profession.

Percain,

Percain is the name applied in Europe, while nupercain
1s the name glven to the drug in this country. It wae synth-
esized and discovered by Karl Meischer, an industrial chemist
in Germany in 1929, The first publication if its properties
wae made by Uhlmann in June, 1929,

Percain differs from cocaln and novocain groups in being
a derivation of quinoline, its actual structure being the
hydrochloride =¥ the dtethylethylendiamide of alpha-butyloxy-

cinchoninic acid with the formula:

— CONH(CH, )p N(CoHg)p HCL
OC4Hg

NH 2

3C
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Percaln forms colorless, tasteless cryestals, with a
melting point of 97 C. It is readilu soluble in water and
alcohol, and may be repeatedly bolled for sterilization
without decompesition. It is neutral in reaction. In the
preparation oﬁ such solutions, however, care must be taken
that no alkall comes in contact with them lest precipitat-
ion should occur, a particularly serious event where the
concentration 1s so low. It must be kept in alkali free
glass. The syringes, needles, etc., must be boiled in water
free from sodium bicarbonate, Solutions which must be stored
are bect kept by the addition of a trace of hydrochloric
acid, (56).

Regarding toxicity, Uhlmann(57) found that percain 1s
about five times as toxic as cocain when injected subsutanem-
usly in rabblits and guinea pigs. The toxicity by intravenous
route on rabbits 1s about doubled that for cocain. Lipsechitz
and Laubender(27) found the toxicity on doge and cats was
about one-half as poisonous as for rabbits., The lethal dose
for rabblte being 2 to 4 milligrams/killogram; for cats,

4 to 8 milligrams/kilogram intravenously and 15 to 20 milli-
gram/kilogram subcutaneously; for the dog 20 milligrams/
kllogram subcutaneously. For very rspid intravenous infusion
the lethal dose for the cat, the dose 1s 2 milligram/ kilo-
gram, Israele and McDonald(58) found percain to be about

25 times as toxic as pepcain. Moller(59) found the tbxicity

to vary depending upon the species of animals used. He states



that roughly spesaking, the toxiclity of percain is 2 to 3
times that of cocain and 15 to 30 times that of procaln.
The toxicity was also found to be the same when given sub-
éutaneously, or in the bladder, The reason for the greater
sensitivity in the rabbit may be the more sensitive circul-
atory system, particularly the heart. In all speciles the
heart 1s more often seriously affected with percain than
with cocain, The first signs of intoxication appear as
early as one-sixth of the fatal dose., Bmall repeated doses
very early show cumulative effect. The disappearance of
percain is too small to be of practical value or signifig-
ance, The dog shows only 12 percent excretion in a twentye
four hour period, which may account for the sharp.bound-
aries in the minimal fatal dose.

The maln characteristics of percain are its extremely
long duration of action and potency. It was found to be
effective as a surface anesthetic in the rabbit's eye in
a concentration about one-fiftkieth of the concentration
of coealn necessary for abolishing the corneal reflex. A
0.02 per cent percaln solution produces an asnesthesia of
similar depth and much longer than a 2 percent solutlion
of cocain,(60) Dillion and Greer(61l) found that a 1:1000
dilution was equal to a 3 percent cocain solution. In the
rabbit'e eye thle concentration abolished the corneal reflex
in 4 minutes, and lasted an average of 58 minutes, while one
drop of 1:5000 abolished the reflex in 98 seconds with a

return of the reflex in one hour and 48 minutes. In man



there is no puplillary change, no corneal change or reaction
other than siight vasodilation of the conjunctlival vessels,
Bochnerp(62) noted only slight drylng of the corneal epith-
elium and no alteration in the intraocular tension. There

is a slight smarting sensation after the first drop is instill-
ed which is also true of cocaln. Although loss of corneal
gensibility begins within one minute, the maximum effect does
not take place for at least ten minutes., The addition of
boric acid solution 1s found to be less irritating to the

eye for instillation. Epinephrin in the solution 1ie essential
to counteract the rather marked vasodilator actlon.

P ercain is gradually being accepted by a high percent-
age of the ophthalmologists, particularly for operative proc-
edures or conditions followed by long periods of severe dis-
comfort, such as removal of pterygiums or forelgn bodies;

A popular form is one percent percain ointment. One applic-
ation results in anesthesla in 3 to 5 minutes and the patient
remains comfortable for 24 hours, In one patient with a severe
corneal ulcer the dally application for sixteen successive
days was followed by progressive improvement.(63).

One and two percent percaln 1s more effective than five
to ten percent cocain for nasal operations, as resection of
turbinates, removal of polypi, etc.(64) Zeidler(65) carried
out an extensive investigation evaluating the use of percailn
as a surface anesthetic in nose and throat surgery. He bellev-
ed the optimum concentration to be a 1.5 percent solution

with one-third epinephrin, (1:1000 ) which comparee favorably
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with "ephraim" mixture,(20 percent cocain with one-third
epineﬁhrin). fochmann was able to confirm his report.(66).

(In spite of éhese findings, for the sake of safety, concen=
trations of epinephrin greater than 1:10,000 are not generally
used in the United States.) Increasing the concentration

to 2.5 percent increased the rapidty of onset of anesthesia
all out of proportion to increase in strength. Because of

this and because the use of a solution of this concentration
seems entirely devoid of danger, Gatewood, (67) used it routine-
ly in a cliniec where rapidity of action was more important
than in private practlce;

Several objections have been made to percaln by
laryngologists. With high concentrations, inflammatory re-
actions are noticed, particularly in the larynx, More bleed-
ing is also thought to be noticed after tonsillectomles. For
diagnostic purposee in the nose, percaln cannot substitute
cocain because of the hyperemlc effect. Ischemia is very im-
portant in making a corect diagnosis at nasal examinations
and therefore the elimination of cocain for diagnostic purpos-
eg 1s not as yet possible. But percain is excellent where
- shrinking of the membranes is not necessary or even contrae
indicated, as in the removal of nose polyps and adenoids,(68)

P ercaln 1e found to be ecually effective on mucous
mémbranes elsewhere. A 1:1000 concentration gives excellent
anesthesia of urethera and bladder for eystocopic examination

and operation, also for diathermy and paplllomata. It 1s very
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useful to relieve post-operative pain in ano-rectal surgery.
R.R.Best(69) used a one-fourth of one percent immediately
after the operative procedure and givee the patient a one
percent solution to apply locally as necessary for relief
of any distress., For asnesthesia and alleviation of post-
operative pain in hemorrholidectomies the use of one percent
percain in oil produces prolonged anestheslia and cutes down
on the need for morphine. (70)

Percaln finds its greatest attraction in spinal anesthes-
ia and has even resulted in a new technique called the "Howard
Jones Technique" (71) and gives results which are much more
congistent than the o0ld method of injecting small cuantities
of concentrated solutions and depending upon the gravitation-
al diffusion for the necessary spread. In spinal work a 1:
| 500 pereent 1s an adequate strength and thie renders it poss-
ible to use a trulyhypobaric solution., The subarachnold space
ean be treated in exactly the same was as the tissues in in-
filtration analgesia and thie solution can be injected with-
out the withdrawl of any cerebral-spinal fluid, the heighth
of the resulting anesthesia belng proportional to the volume
injected. One curious result of using hypobaric solutions
is that if a parienﬁ i1s turned immediately on hlis back after
the injection is made, a preponderating anterior root block
wlll occur, owing to these roots belng soaked thoroughly,
in spite of the fact that sensory roots are more easily
affected than motor fibers_by any analgesic drug. This anomaly

can be prevented by placing the patient on his face for five
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minutes after the injection. (72) ‘he advantages of percsin
used in this manner are no nausea or vomitling, prolonged
anesthesia, slow return to sensation, low concentration of
drug which means slower absorption into the blood stream,
less fall in blood pressure, and less expensive. The dis-
advantages are that it requires ten to fifteen minutes to
act, and headaches are more frequent.(73) (74)

Hoefer(75) was the first to report the use of percain
for infiltration anesthesia, The optimum concentration to
be from 1:1000 to 1:2000 pereent with 10 minimums of epin-
ephrin per ounce, which produces and anesthetic period of
three to six hours. In general, most workers limit the total
dosage to 200 milligrams for local infiltration.

Very early in its use fatal cases of polisoning with
percain were reported.(76) The large majority of these were
due to uceing it in concentrations and volumes that were too
high., It was difficult to become accuastamed to a drug which
to date 1s the most potent to be discovered. The average
fatal doee in humans is conslidered to be 0.7 grams,

Henschen, (77) as early as 1929, in comparing percain
with cocain and procain made the following statement: that
the duration of anesthesla 1s longer, the depth of anesthesia
ls greater, the toxic clinical dose 1is lecss, the same sub-
stance serves simulaténously for injection and surface
anesthesla, with the possibility of good anesthesia in very

dilute solutione and no after pain or péuralgif;
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PONTOCAIN

Ever since Einhorn introduced procain in 1905 a search
has continued for an anesthesia of similar, but more prolong-
ed action, with less bloodvpressure depreesion when used intra-
epinally. It wae early believed that all amino-benzolc acids,
alkyl-amino-benzolic acids, di-amino benzoic acids and amino-
cinnamic acids could form the basis of alkamine esters which
would produce as satisfactory, but more prolonged anesthesla
than procain., Pontocain is one of the results of this search,
It was synthesized in Germany by the I.G. Farben company in
1931. The distributor in this country is the Winthrop company,
New York. For spinal anesthesia the drug is marketed in 2 cubic
centimeter ampules containling 20 mlliigrams of drug. It can
also be purchased in crystalline form. The various synonymsg of
pontoeain, are pantocain, tetracain, butethanol, and decicailn.
The name most prevalent in this country ie pontocain.

Chemically it is of the procain serles and is known as
butylamino benzoyl beta diethylamino ethanol hydrochloride,
with the following chemlcal structural formula in comparison

with procain:

NHC4Hg.n NH
o:g-o-cnacHQN(CHB)ZHCL O=C-O-CH20H2N(02H5)2HCL
Pontocain Procain

This new compound exiests chemically in the form of small color-
less, odorless, crystals with a slightly bitter taste, which

are easlly dissolved in water or saline solution.It makes a



cryetal clear solution with a hydrogen-ion concentration
of 5.8 and a specific gravity of 1.0068, for a 1 percent
solution in an 0.8 percent saline solutlion at 25 degrees
C. It 18 not affected by alkall in glass and withstands
prolonged and repeated heat sterilizatlon. It 1s consider-
ed more stable than procain.

The pharmacological action of pontocain has been care-
fully investigated as to toxiclity, anesthetic potency, etc.
Welidhopf (78) demonstrated in a comparative estudy the toxici-
ty of simllar agents upon intravenous 1lnjection as presented
in the following table:

M.L.D. Rabbit-Milligram/kilogram body weight.

Procain Cocaln Percain Pontocain
Intravenous 55=-60 Te5 2-4 6-10
Subcutaneeﬁs 450 75 5-10 20-30

Fussganger and Schumann(79) conclude that pontocaln is
2.5 to 3 tlmes more toxic than cocain, and that comparing
it with procain, the intravenous is about 9 times, and the
subcutaneous 18 about 20 times as toxic as that of procain,
Laubender and 0Ost (80) in comparing the toxicity of pontocaln
and percain state that the latter 1s about 2 times as toxiec
ag pontocain on rapid intravenous, but on slow intravenous
injection the toxicity of pontocaln becomes much less, indie-
ating destruction within the body. Marvin(8l) states that if
procaln 1s given a value of 1, on intravenous toxicity tests
then pontocain 1s 5.8 times more toxic. The results of Egsex
and Lundy(82) agree closely with the German work,

Regarding action on circulation, pontocain produces
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only a decrease in blood pressure, and éonsidering its toxic-
ity, relatively large doses are necessary to produce this drop
in pressure, Wiedhopf(78) working with dogs found that pont-
ocain with a dose of 4 milligrams/kilogram body weight pro-
duced a blood pressure drop from 110 to 70 millimeters of
mercury for 4 seconds, which returned te normal in 3.5 minut-
es. Percain of the same dosage produced a blood pressure
fall from 70 to 20 millimeters of mercury followed by a rapid
return to normal. This dose, however, produced cardiac ir-
regularities and convulsions,

In_all experiments, respiratory paralysis 1s the cause
of death, and in non-fatal doses produce estimulation of
respiration.(82) If artifical respiration is instituted
when respiration ceases, a much larger dose 18 necessary to
produce cardiaec failure. The various anesthetic agente fall
into classes:(1l), those anesthetice which have a narrow margin
of safety, 1f any, between respiratory paralysis and circul-
atory failure, including chloreform, percain and prebagly
cocain, (2), drugs such aB ether, proeain and pontocain, whiech
seem to have a wider margin of éafety. The fate of pontocain
18 analogous to that of procain on which extensive studies
of Dunleop and Essex proved that it 1s the liver which removes
procain from the blood,(83)

The anesthetic potency and duration is fairly well establi-
ched, The following table taken from Hirsch(84) gives the
relative anesthetic poteneyfs of coealn, percaih and ponto-

cain in the various concentfations.
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Surface anesthesia in minutes.Rabbit'e Cornea.

concentration Cocaln Percain Pontoealn
1:10,000 - 2-6 10-12
1:6,000 - 10-12 S
1:4,000 . 60 30-40
1:1,000 10-12 130 60

These figuree compare favorably with those obtained by
Laubender and 0st(80), who state that in all concentrations
percain 1s approxtmaﬁely 2 times as effective for duration
of anesthesia and that the depth of anesthesla is the same,
Even a 2 perceni pontocain solution produces no corneal dam-
age nor inflammation of the conjunctiva.(79) It appears to
be about ten times as active as cocaln for aneegthesla and
about twice as toxic, On this basis the relative toxicity or
therapeutic index i1s 5 times less with pontocain. Marx(85)
made a detalled study comparing 1 percent pontocain with 5
percent cocain and came to the following conclusions regard-
ing the advantage of pontocain: greater depth of anesthesia,
less emarting upon instlllation, less corneal irgitation and
damage, does not dilate the pupll, no increase in imtraoculsar
tension, and does not effect accomodation., All of thése
points have been verified by Wilmer and Paton{(86). Although
not as potent as perc-ain there is definitely less local
reaction in the eye., Only a few cases of hypersensitivity
have been reported.(B?)(88)(89)

The above properties have secured for pontocain a perm-

anent place in the examining and the operating room, and in
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spite of the many new local anesthetics on the market,
pontocain is a very valuable addition to the armamentatium

of the ophtholmologist. In fact many of them have entirely
discarded cocain since pontocain has proved itself definitely
superior.

As a surface anesthetic, in nose and throat work, 2
percent pontocain gives a much better anesthesia than 10
percent cocain or 2 percent percain.(90) The onset of anesth
ecla 18 slightly more rapid than cocain, almost the same with
pontocain and last with percain. Percain also produces more
local resction, while pontocaln causes neither hyperemia or
laschemia, It 18 considered as an excellent substitute for
cocaln, being 5 to 10 times less toxic in the useful strength,
not habit forming, more stable and economical,.

Ernset (91) was the first to use pontocain in a 1:2,000
gsolution with satisfcation as an infiltration anesthesisa, in
120 ma jor operatione. The anestheeia 1s comparable to that
obtalned with 1 percent procaln and lasts decidedly longer
than the later.(92) Percain the same concentration, while
slower in onset, produces longer anesthesia than pontocain,
but shows some local reaction or inflammation which is absent
with pontocain, In spite of its potency, the relative toxice
1ty 1s still higher than with procain, which is more import-
ant 1n infiltration anesthesla where the total amount of drug
lnjected 1s greater, There 1s only a small advantage to be
gained with a somewhat longer lasting effect of anesthesia.
For that reason it 1s_quite likely that pontocain will not be

used extensively for infiltration anesthesia,
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In the field of epinal anesthesia, pontocain perhaps»has its
most ardent supporters. The first studies in America for its
use in this respect occured at Mayo's clinic, by Lundy and
Essex.(82) They made the following rules regarding its usage
for spinal anesthesia: one milligram of pontocain for each
10 pounds of body waight, plus 5 milllgrams as the dose used
for the average adult., The maximum dose is limited to 25
milligrams., The solution 1s asplirated into the syringe in 1
percent solution, 10 milligrams to the cublec centimeter; the
syringe 1s attached to the spinal needle, and an equal quantity
of espinal fluid is added, so that the solutlion injected 1s
then of 0.5 percent concentration. It is usually injected one
intervertebral space higher than that when procaln is used for the
extent of diffusion of the smaller amount of drug seems limit-
ed. Stockweil and Smith(93) inject 1 cublc centimeter of 1
percent for each 100 pounds body weight, and to this is add-
ed one=fourth cublc centimeter for prolonged cases, the maximum
dose belng two cublc centimeters, They find the average work-
ing dose 1s 1.75 cublc centimeters for short cases and 2 cubic
centimeters for long cases. The amounts used by others fall
within the range suggested by the two workers mentioned
above,

Besldes a more prolonged anesthesia, another advantage
18 a smaller drop in blood pressure, which has been noted
by many observers. (81) (94) (95). In clinical dosages, a
comparison showed that 20-30 millimeters of mercury is the
average systolic fall after procaln, but 0 to 10 miilimeters

fall after pontocain., For this reason most workers have reduc-



ed the dose of ephedrin one half for maintaining the proper
blood pressure level.

The onset of anesthesia varies from 2 to 8 minutes,
produces but few headacheé, reduces the gastro-intestlinal
complaints and leaves a normal neurological sequence. Al-
though the duration of anesthesla is not as long as that
of percain in equivalent amounts, the toxicity 1s three to
four times less, Tordate only three deaths havé been attribute
ed to pontocaln, all of these were due to respiratory paralys-
18 and each instance was thought to be due to faulty techni-
que. (94) (96). .

Pontocain 18 an excellent local anesthetic agent, which
will probably replace cocaln entirely ae a surface anesthesis,
and 1s definitely superior to procain for epinal anesthesia.
Procain is still preferable for infiltration anestheslia.

METYCAIN

Metyecain or neothesin is a relatlveiy new local anesthet-
ic drug, - synthesized by McElvain of the Unlversity of Wiscon-
ein in 1927.(97) It 1s trade-marked "Neothesin" and produced
by E11 Lilly company of Indianoplis, Indiana. It 1ls the
hydrochloride of gamma(2 methyl piperidino) propyl benzoate
and belongs to the group of substituted piperidino-alkyl
benzoates with the following structural formula:

CH3
|

Q /CH-CHE\
<::::::::>> C-0-CHp CHp CHp =N > CHp JHCL
CHpo=CHo

“Neothesin"
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It 1s an odorless, white crystalline powder, and 1s readily
soluble in water, alcohol, and chloroform, It does not
deterlorate with exposure to air or sunlight., The solution
remainsg stable after bolling or sterilizing in the auto-
clave. The acueous solution 1is slightly acid and is comp-
arable with eplnephrin,

The pharmacological studies were carried on in the
research laboratories of Eli Liliy company by C.L.Rose, and
H.W. Coles.(98) They found the toxicity of metycain to be
nearer that of procain than of cocain, and 1ts margin of
safety equivalent to that of procain when administered sube
cutaneously. Meeker(99) using the human intradermal wheal
test compared its anestnetic potency with procain., With one-
sixteenth percent solutions anesthesia from procain lasted
5 minutes, with metycain 14 minutes, Procain solutione were
ineffective 1n weaker solutions, whereas mefycain produced
anesthesla in dilutions down to 1-128 percent solutions,
the minimum effective eoncentration. ¥When combined with
small amounts of epinephrin, procaln in 0.5 percent solution
gave anesthesia for 70 minutés, compared to 96 minutes for
metycain in the same strength.

In the rabpit's eye, Rose and co-workers found that
the corneal anesthesia with metycain was of slightly shorter
duration than with ecual concentrations of cocain.

Metyealin 1s rapldly eliminated by the urine of the dog,
very little of it being unchanged. The ether extract of
urine produces prolonged corneal anesthesia. A convulsive

dose 1s entirely excreted within 8 hours.(100)

e
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A survey of clinical reports made by Woodbridge(101l)
indicates that metycain acts more rapidly than cocain, is
free of objectlionable side reactione such as dilatation of
the pupil and déssication of the cornea, and does not det-
eriorate if kept in solution as long ae six months. A few
drops of a 2 percent solutlon produces a moementary stinging,
superficial anesthesla appears within one minute, and lasts
about ten minutes., Repeated applications give deeper anesthesia
sultable for major operations.

In nose and throat surgery, metycain produces excellent
anesthesia, when applied topically in a 10 percent solution,
Anesthesia develops more rapidly than with cocain, but does
not last quite as long. Local anemia is abéenﬁ unless epinephrin
" 18 added. There were no signs of toxicity even for those patlents
who had previously had moderately severe reactions from cocain,

In genito-urinary surgery, solutlons ranging from 1 to
4 percent were employed. They agreed that metycain produces
anesthesia as deep as that of cocaln, that 1ts onset 1is more
rapid, its dquration is somewhat longer, and that it is not
accompanied by signs of tdxicity.

Over 200 operatione under local infiltration, field
blockse, and nerve blocks were reported by Meeker(99) The
largest amount of the drug used in any one case was 250cc.
of one-fourth percent solution, for herniorrhaphy. After
sacral injection, for which he used 30 ce. of one-hsglf
percent solution with epinephrin, he frequently observed

evidence of mild toxicity, such as he would expect from



46

a one percent procaln solution, namely pallor, palpitiation
and perspiration. Other signs of toxicity were absent. It
e to be noted that palpitation ie rather an effect of
eplnephrin, and that pallor may be caused by elther. He

18 very favorably inclined toward the drug.

Metyeain(102) in epinal anesthesla is injected the
same way ag procain, Pure crystals, in a sterile ampoule
are diesolved in 3 to 4 ce, of the patients spinal fluid,
then partially injected, and further mixed by aspiration.
The time elapsing between the completion of spinal injection
and the beginning of the operation varies from 12 to 18
minutes. The Trendelenburg position is used. An inspection
of blood pressure readings show a circulatory depression
about the same ag for procaln. A dose of 100 milligrams of
metycaln administered according to the above technique
1s equivalent to 120 to 150 milligrams of procain, The post-
operati#e responge 1s about the same as with procsain.

Since the introduction of percain and particularly
pontocain, metycain with the limited usage it has had, has
been largely displaced as a surface anesthesia and -spinal
anesthetlc agent, Although less toxic than cocain and
pontocaln, the duration of anesthesia is somewhat shorter.
The advantages offered by it for infiltration are not
sufficlent to displace procain from the market, even though
metycain 1s suitable for both infiltration and surface
anesthesla,

DIOTHANE
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Recent research has developed a chemical compound
the hydrochloride of piperldinopanediol di-phenyl urethane,
which has shown considerable local anesthetlic properties.
The originator is Dr. T.H. Rider, (102) Professor of Pharm-
cology of Yale University. The first results were published
in 1930. The compound has the following structural formula:
CHo=CH »

/ \

CHpe-=<=N CHo

\ /

CHo=CH%

CHO-CO-NH <:> HCL

* L]

CH J0CO-NH- <:>

% . Diothane

Diothane occurs as dull white, fluffy needle crystals,
melting at 195.6 C. The crystals dissolve alowlylin water to
glve a saturated solutibﬁ'which, at room temperature, has a
concentration of 1,03 percent, Solutions of 1 percent and
0.5 percent have a pH value between 5.1 and 5,6 Such solutions
are perfectly stable for indefinite periods when stored in
non alkaline contalners, (pyrex glass ); alkalies precipitate
the anesthetic free base, and even minute traces of alkalil
present in a solution will, in time, lead to a deposition
of crystals of the free base. Diothane has & quinine-~like
taste. The one percent solution of diothane is easily made
by dissolving the crystals in hot distilled water. A two

percent super-saturated solution can be prepared which does
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not precipitate for several hours, and if it does precipit-
ate, can be reduced by gentle heating, Sterillizatlion by
boiling, autoclaving and the action of diffuse light are
without effect on the anesthetic properties.

The toxicity of diothane as determined by the subcut-
aneous minimal lethal dose for mice is 1200 milligrams/kilo-
gram, as compared to 70O milligrame/kilogram for procain and
100 milligrams/kilogram for cocain. The same ratio of toxicity
is demonstrated by the minimal lethal dose for the guinea pig.
There 1g leess tendency to produce convulsions, as 18 demon-
etrated by injecting large doses of the compound intravenously
into rabblits, causlng complete collapse usually without a
trace of convulsions. In all types of laboratory animals
death from lethal doses of diothane was due to respiratory
paralysis, the heart beat continuing for some minutes after
respiration had ceased, (104)

The relative anesthetlc efficiencies were determined by
use of intra-dermal wheals, rabbit's cornea and frog's motor
and sensory nerves, According to McKim(1l05) and co-workers,
the duration of anesthesia by intradermal wheals produced by
diothane 18 approximately three times as long as that with
procain of the same concentration. Hertxler(106) using a
1 percent solution to form wheale found that the onset of
anesthesia almost immediate and that the anesthesia does
not complefely disappear for four days. The injection of s
1 percent solution into a rabbit's ear produces a perceptible

edematous feel which is present for three days.A tissue section
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of this area chows an amorphous edema with some peri-

vascular round cell infiltration, The duration of anesthesla
is parallel with the persistence of this edema which dis-
appearse in a week without leaving a trace. Diothane shows a
definite affinity for protein substances. A solutlion of egg
albumin is actually precipitated by a solution of this compound
such solutlions become clear again upon dlalysls, showing the
drug-protein combination is a reversible one. This tendency

to unite with protein undoubtedly explains, in part at least,
the unusual duration of anesthesia obtained with diothane, The
anesthesia wears off very slowly in contrast to the usual
abrupt paseing of anesthesia with procain.

On the rabbit's cornea, diothane is exceeded in anesthet-
ic activity only by nupercain, which i1s about 10 times as
active, but 1its toxicity 1s about 20 times as great. A 0.25
percent solution of diothane is equal to a 0.5 percent cocaln
solution, and thereils less drying and pitting of the cornesa,
Freshly prepared solutions of diothane appear to be less injur-
lous to tissues than solutions stored in containers of ordin-
ary glass,

The use of diothane cllinlcally has not been very exten-
sive, Diothane has proved to be a practical anesthetic in
ophthalmology.(107) The application of a 1 percent solution
produces a mild hyperemia and irritation of the conjunctiva
which rapldly passes away and 1s easily overcome by the action
of epinephrin., There is no change in the size of the pupil,
no desslcation or softening, of the corneal epithelium and

no change in intraocular pressure. The onset of anesthersia
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is slower than with butyn, cocain and pontocain, but is
remarkably longer. There has been no evidence of toxiclty

or idiosyncrasy toward a 1 percent diothane solution. The
degree of anesthesia was satisfactory in all cases, The dis-
advantagee are slowneses of induction and the initial irrit-
ation to the conjunctiva,.

8t111 (108) found that it was necessary to prolong the
application of diothane compared to cocain for nose and throat
anesthesia, The onset of anesthesia was slightly slower than
with cocain, although the duration of anesthesla appeared to
be definitely longer. The shrinking of the mucous membrane
and the resultant anesthesia are as satisfactory as that ob-
tained with a 1 to 2 percent cocain solution., The use of
diothane in a spray 1s not very satisfactory., Instead, cotton
pledgets soaked with a 1 percent solution should be applied
and held in contact with the tissues for as long a perliod of
time as 1s feasible. No toxic or other undesirable effects
were noticed, and the headaches and giddiness which so often
follow the use of cocaln were entirely lacking.

In the field of urology, diothane has been given a fair-
ly comprehensive clinical trial, It was used in concentrations
varying.from 0.25 to 1 percent in amounte varying from 5 to
50 cubic centimeters. After instillatlion, ten mihutes was
allowed to pass before instrumentation. There was a complete
absence of any initlal stinging sensation or post-anesthetic
discomfort, characteristic of certain other local anesthetics.
The optimum concentration appeared to be about 0.5 percent.,

Within certain limits, the intensity of anesthesia appears
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to be directly influenced by the time the anesthesla 1s
allowed to remain in contact with the uretheral and bladder
mucosga, It does not appear to be very efficient in the
presence of severfly inflammed conditions of the bladder and
urethera, which 1s true of many other anesthetlic agents,
Examinations with diothane anestheslia may ﬁe frequently.
repeated without any evidence of toxicity.(109)

Diothane in concentrations varying from 0.25 to 1
percent has received but limited usage as an infiltration
anesthesla, There has been no suggestion of toxic symptoms
or local tissue irritation. A definite delay in the appear-
ance of post-operative paln has been noted. This property
has been attributed to a reversible drug-protein combination.
The surgical anesthesia compares favorebly with that of
procain, No references were found regarding the use of
diothane as a spinal anesthesla,

Diothane to date is not belng used extensively. It
appeare to have excellent possibilities in infiltration
and topical anesthesia in urology, nose and throat., Ponto-
caln, according to the literature is definltely superior
ae. an anesthetic agent for the eye. Diothane is less toxic
than procain and more potent, which gives it an excellent
therapeutic index.

BUTYN,

Butyn wae introduced and described in 1920, as & result

of prolonged experimentation by the staff of the Abbott lakor-

atories of Chicago, working in collaboration with Professors



Adams and Kamm of the University of Illinois., The chemical
name of the compound 1s para-amlno-benzoyl-beta-di-n.butyl
amino propanol sulphate and represented by the following

gtructural formula:

///Gaﬂg
NHy — . C-O-CH2~CH2-CH2N\\\C4H9 .Sulphate

Butyn.

Butyn in the form of the sulphate is the most stable
form, being saturated in a five percent solution., It is
heat stable, as bolling for sterilization does not destroy
its anesthetlic potency. The toxiclty of the compound varies
with the species of animals used. With mice, butyn is 2 or
3 times as toxlc as cocain, with guinea pigs the two sub-
stances are about equally toxic. In cats butyn 1s about 15
percent less toxic, and in dogs from 25 to 30 percent less
toxic than cocain., It is concluded that in man, butyn 1ie
st1ill less toxic,.(110) (111) In small doses, butyn first
producee slight stimulation of blood pressure, with larger
doses the decrease in blood pressure is pronounced with a
slow return to normal. The fall of blood pressure and con-
vulsions can be prevented by injection of pitultary extract.
It 18 lese depressing on respiration or respiratory center
than cocain., Butyn 1s thought to be more toxic on circul=-
ation than on respiration.

Thls compound produces complete anesthesia on surface

application to mucous membranes, such as the conjunctiva,
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in concentrations about one-half those of cocaln, one-
tenth those of procain, or about the same as holocain.
The following conclusions are quoted from Bolson:(112)

"1.,Butyn ie more powerful than cocain, a smaller

. quantity beilng required.

2.1t acts more quickly than cocain,

3.Ite action is more prolonged than that of cocain.

4,Butyn in the quantity required is less toxic than

cocaln,

5.It produces no drying effect.

6.It doee not change the slze of the pupil.

T.It has no ischemic effect and therefore causes no

shrinking of the tissues."

Beaumont(113) more or less confirmed the great optimiem
and lack of precaution expressed by Bolson. Hill(1l1l4) in the
clinical use of butyn found that about 5 percent of the people
fall to respond with anesthesla to the eye. He also found
hyperemia and tumefaction of t he mucous membranes of the nose
and throat.There 1s considerable lacrimation with the hyper-
emla of the conjunctiva, which in some cases proves to be
rather annoying to the patient.(115) However, Gradle does
not believe this to be a serious factor.(116) O'Brien(117)
found the use of butyn very satisfactory for instillation
anesthesia if one drop of a fresh sterile solution 1s 1lnstill-
ed.every 2 minutes for five doses and instilling 1:1000 pexreent
epinephrin between doses. This not only prevents hyperemia,
but enhances the action of the drug. Conjunctivitis and
dermatitls are frequently reported following the use of butyn
in the eye. (118) (119)

Death has been reported from a five percent solution

instilled upon naeal mucosa and other deaths have been



reported especilally in cases where the toxicity of the drug
has not been duly regarded. For this reason, 1ts use in nose
and throat surgery has been rather discouraging.(120)
Butyn has been used but little for infiltration anesthesisa,
The anesthetic potency 1s not sufficient to overcome the
toxicity although Rochelle, (121) used as high as 250 cubic
centimeters of a 0.1l percent solution without slgns of toxlecity.
Butyn finde its use limited to the field of ophthalmology
and with the introduction of even more potent and less irritat-
ing coumpounds, it 1s gradually belng crowded out of the field

of local anesthetics.
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Table of Anesthetic and Minimal Lethal Doses

Drug ) Minimal Effective Em:ntion of anesthesia Toxicity Therapeutic
concentration in minutes (M.L.D. in gm. per Kg) Indices
in percent [Rabbit'!s| Human Intra- ouse ) BADDIY _
Rabbit!s Human Intra4{ cornea | cutaneous Subcu- Subcu- |Subcu-~ [Intra- ¥ Intracu-|**Surface
cornea | cutaneocus [1%|Other|0.125% | O. taneous | tanecus | tanecus|venous | tanecus anesthesia
' 4's Human
2% . .
Cocain 0.32 0.02 22| 35 6-15 12 0.189 0.05 0.126| 0.0149 0.5 1.00
= = 2
Procain 4.00 0.038 ol o | 5-10 16 0.800] 0.u43 0.6 | 0.055 1.0 0
— .01 ]
_Percain 0.003 . 0.0025 | =1 HBl.R) = = Q.0112) 0.01 } 0.0025 0.4 20.00
0.1%
_Pantocain| 0.01 - -| 60 - 25 _0.04 - 0.0201] 0. - £.00
Metycain - 0.0077 E? gﬁ 16 29 Q.8 - = 0,028 R.0 4.00
[0.5%
Diothone - - - gg - 4g 1.200 - - - - -
Butyn 0.312 0.020 Po 4o 15 45 0.120; 0.07 0.05 | 0.012 0.3 0.62

* M.E.C. procaine » Toxicity of procaine=s therapeutic index on basis of procaine for injection anesthesia.

M.E.C. Drug

** Duration of anesthegia of drug of same concentration

A Toxicity of drug

Duration of anesthesia of cocain of same concentration

x Toxicity of drug . Therapeutic index

Toxicity of cocain
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SUMMARY

No attempt will be made to discuss 1ln detall other
anesthetlic agents. Detalled dlescussion of cocain and procaln
haé been purposely omitted. The anesthetic properties of these
two compounde are well known. The frequent reference to them
as standards of comparison has added much to our knowledge
regarding their qualities,

It seems quite possible that cocain may be permandtly
removed from the list of local anesthetic agents as a surface
anesthesla. There are several compounds, pontoecain and perecain,
which have definitely proved thelir superiority 1ln thle respect,
and have therapeutle indices in theilr favor, which is particul-
arly true when volumes and concentrations are considered. Butyn
i1s inferior to cocain and has the added disadvantage of being
quite‘expensive. Diothane 18 definitely inferior to pontocain
in eye surgery, but appears to be the agent of cholce for the
surface anesthesla of the urinary tract., It will be many years
before cocain 1s definitely discarded, in spite of its many
disadvantages,

Procain is still the anesthetlic agent of choice for in-
filtratlion anesthesia. In the field of spinal anesthesia
other anesthetic agents such as pontocain and percain are
gradually replaeing procaln. The only anesthetiec agent that
approaches the surface anesthesia of cocain and the safety of
procain for infiltration anesthesia is metyecain, although
the other agents discovered are superior in their limited fields

of usage. Thus, 1f only one anesthetic agent were availlable
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for surface, infiltration, and spinal anesthesic, metycain
would be the agent of cholce,

The toxicology of the local anesthetic agents has been
thoroughly dlecussed, The three maln effects belng:l: respir-
atory depression and paralysls, which 1s the chief cause of
death, 2, circulatory depression through vasomotor paralysis
and cardiac depression, and 3, convulsions due to the stimulat-
ing effect on the central nervous system followed by depress-
ion and exhaustion,

The avoldance of toxic symptoms led to the, use of vaso-
constrictors, Eplnephrin is the most widely used of the waso~-
constrictors, It is not without danger, being contraindicated
in anesthesia of fingers, toes and.hyperthyroidism. The
optimum concentration appears to be about 1:100,000 sgolution
with the total dosage limited to 1 milligram, Because of the
frequency of toxic symptoms due to epinephrin, new vasoconstricte
ors have been introduced. Cobefrin while less active and much
less toxlc has been highly prailsed by the dental profession,
Ephedrine finds its use limited to the field of spinal anes-
theela for malntehance of blood pressure. Its hemostatic
activity 1e& insuffilcient for a hemostatic in infiltration
anesthesla. Neosynephrin does not produce the cardiac irregul-
aratles and disagreeable actions attributed to ephedrine and
is galnlng favor as a vasopressor substance in spinal anesthesia.

Premedlcation by the use of hypnotics was discussed. The
conclusions were made that the barbiturates were superior to all
other forms of hypnotics, including morphine and scopolamine,

for the prevention of toxic symptoms. Sodium amytal is the most

efficient of the barbiturates for premedication use.
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