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INTRODUCTION , 1.
The use of local anesthetic agents in the control of pain
nas been accelerating since the turn of the century with the appearance
and widespread use of many diversified techniques, One mejor factor
hat hae held up progrese in this field has besn the inadequacy of the
agents used. Indeed, Procaine wae the flrst effective safe local
anesthotic for infiltretion and econduction anesthesia and » after the
synthesis of thousands of compounds with local snesthetic properties,
it remains todey as the most popular and perhape the sefest of all,
Procgine ie still the universal standard of comparison. Thie situstion
is no betier demonstrated than in the fisld of long-acting local anes-
thetice. The importeance of those compounde has long Leen recogniged
in comtrel of post-operative pain, therepy for pain syndromes, diagnostic
procedures, and prolonged surgical procedures., This was first approached
with the ues of local anesthetics in oil with 3-6% bensyl alcohol as &
solvent, This hes proved unsatisfactory in that the prolonged block wag
caused by the depenerative effect of bengyl aleohol and the anesthetie
solution (1,2). Recently a new approach hes Leen made 4o bhe problem
with the introduction of Efocaine. As will be pointed out later in
this thesis, this has proved most unsatisfactory., Clinicians have there-
forz, in lieuw of a safe long-scting snesthetic subetituted serial injec-
tions of presently employed and pharmacologically and clinicelly approwed
local anssthetice. Techniques vary from intercostal block to contiouous
epidural and contimuous spinal amesthesis. So far these have proven
clinically effective with few subjective complications due to the agent
employed. It ie nevertheless true that local enmesthetics arve not evaluated
by the drug houses for use in serdal injections. The question arises



2.

whether aponts completely safe for single injections might Le injurious
if used repeatedly. This paper is an attempt to present an objective
anatenical basis for an amswer to this question.
CHIMICAL NATURE OF LOCAL ANESTHETICS
lost local snesthetics are tertisry aminoesters of aromatic
acids. As pointed out by Goodman and Gilman (3) the basic structure

can be represented as followss

Lofgren (i) has demonstrated that local enesthetics consist of
three functional parts.

1) an amino group which should be secondary or tertiszry., An

exception ls& vensoczine {ethyl p amino benzoate)

2) the intermediate (alcohol) chain

3) the aromatic radical

Hodification of any of these three parts modifiss the properties
of the sgent. The amino group seems absolutely necessary, for there ave
no usarle local anesthetice that do net possess it. Lofgren considers
this the hydrophilic part of the moleculs and that it is attrscted in
polar essoeiation to the axon membrene. It is known that imcreasing the
length of the intermedizte chain increases the potency but also the
toxicity. This is because the basicity of the compound is altered with
a resuliing chenge in the dissociation constanbs of both acid salt end
free base of the compound. The aromatic group, as the lipophilie
radical, is abtracted to the lipeid pert of the lipo-protein complex
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on the plasme membrane, The substitution of an alipbatic for the
aromatic radical produces a much inferior product.

Agents used in this study have this general structure with
the exception of Xylocaine and Nupercalne. xylocaine, rather than being
an ester, is an sminoascyl amide, The same principles of structure can
be applied to this compound in that it has an amromatic (lipophilic)
group, an intermediete chain and an smino (hydrophillc) radical. The
intermediate chain has en smide rather than an ester linkage.

Wupercaine is a2 quinoline derivative but also possesses the
sromatic-internedi ate-amino basic structure.

HMODE OF ACTION

In order to understand the varfous theories on how local
anesthetics block conduction in a nerve fiber it is necessery to re-
view the basic physiology of conduction. As presently understood
nerve depolarization occurs in the following menner (5,6,7,8).

The axon membrane is considered freely permeable to potassium
ions but not as permeable to other fong. Since potessium is readily
diffusible, it is mainly the difference in potassium ion concentration
that determines the resting meabrane potentinl. As the concentration
of potassium on the inside of the axon membrane is many times the
concentration on the outside, far more of these positive-charged ions
will diffuse out than iny thus creating an excess of positivity on the
outside and a negetivity on the inside. When the electronegativity
on the inside i3 such that as many potassium fons go out ms come in,
the resting potential is stabilized and the nerve is polarized.

Leveque and others feel that acetylcholine is present at the membrane
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lia
in the lipo-protein complex. With stimulation of the axon, acety-
cheline ls relessed from the complex and causes the membrane to
become freecly permesble to mll ilons., Sodium ions enter faster than
potassium fone can leave and for en instant there is en electropositi-
vity on the inside of the axon membrane. The acetylcholine that was
released is rapidly hydrolyzed hy the cholinesterase always present
and the meabrane ccﬁses to be freely permeable to all except potassium
ions. The potassium ions again migrate outward and the resting potential
§s reestablished. The "sodium pump® mechanism works to actively extrude
the intracellular sodium and 2 normal sodlum-potassiwm is reestablished.

In order to be effective 2 nerve block must be absolule and
the narcotized zone must reduce the intensity 6!‘ the nerve response in
all the individual fibers of the nerve trunk below the minimal threshold
strength necessary to stimulate (9), Unless this occurs conduction
will go through without detrement; that is the nerve impulse in each
fiber, however feeble it might become In it s passage through the
narcotized zone will be restored to original intensity.

Brown {10) notes that the time of inductance (latent period)
represents the time required for the local anesthetic to diffese from
the site of application to the site of action., Gasser and Erlanger (11)
have pointed out that the lapse of time necessary for agents to reach
each Individusl fiber is dependent in part oni ‘

1) the distribdution of fibers within the nerve trunk

2) the thickness of the connective tissue sheath around the

trunk,

Thus the latent perioed is a function of diffusion time. The time



necessary for 0.01 M of Procaine to block conduction is prap@rtinngz
to the square of the ddemeter of the whole nerve, This helps to
explain the reason that the small, ummyelinated, class C fibers of
pain, tempersture, and the sutonomic system sre bloched first and

hy 2 lower concentration, The large, heavily myelinated, class A
fibers are blocked last and a higher concentration of the local anes-
thetic is required.

In connection with mpeiination Lussier (12) end others
have demonstrated that myelinmted nerves are so well insulated that
they sre only excitable at the nodes of Ranvier. Tasaki (13) and
Kato (1) have shown that the site of sction of local anesthetics
on myelinated fibers is at the node of Remvier.

To be effective clinically local anesthetics must come in
contact with the nerve fiber as free base because only free base is
iipoid soluble (15). However free bsse has a low water solubility
and hence local anesthetics are prepared as salts of weak bases and
strong acids and as such dissociate in aqueous solution iato ions.

R=BHCL = R=NH+CL
1f base is added (as in the tissues) the following ocours:
R ZNHC1+ MeHCO, >R =N (free base) +HaCl + HyCOy

The extent of liberation of free base depends on the amount
of alkalinity. The general feeling clini&ally seems to be that the
tissues ere effective buffers and no attempt is usually made to
alkalinize the anesthetic solution. Alkalinization decreases the
stability of the solution and the free base is more lilble to
precipitate out.

The mode of sction of local anesthetics on nerve tissue is
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not yet fully understood. This is due, in large part, to the

incomplete understanding of the mechaniem of nerve conduction.

One of the theories postulated is that the effect is
directly on the metabolism of the axen (16). Sherif (17) showed
that Cocaine hydrochloride inhibits oxygen usape in concentrations
of 0,2% to 1% and inhibition increases ns the concentration increases.
He claimed that Proceine had & similer sction., Gray {18) mentions
that Tetracaine is very potent In this respect. It has been suggested
that the blockage ocecurs at the cytochrome Cwytoéhrme oxidase level,
hut this theory has recently come under question and Larrabee proved
that nerve blocks could be pm@uced by concentrations off Cocaine
that do not effect uptake of o%yg-m {19, 20).

Bishop (21), in 1932, found that Cocaine blocked donduction
without any evidence of depolarization; in fact he found an increase
in positive potential at the site of spplication, This has been
substantisted by Bennett end Chinberg (22) in 1946 and by Shanes (6)
in 1949. Straud (23) points out that both sodium and potassium
permeability are decreased by Procaine but sodium to & greater ex-
tent than potassium.

Thus local enesthetics stabilize i:he axon In respect to
permeability. They maintain the demarkation potential by raising
the threshold to stimulation and preventing depolarizatien. The
mechanism by which this occurs is not yet fully understood. The
Meyer-Overton rule has long been debated in explanation of the
action of local anesthetics. The distribution coefficlent is felt
by most to have a certaln influence but it cannot alone be the de~

cisive factor (4,16,20,24,25), Lofgren has shown that local
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anesthetics with simller activities haove different distribution

coefficients. Skow (15,26) demonstrated that there seems to be a
parallelism between the coefficient and the toxiec potencies of loeal
anesthetics but ngt necessarily 1s there 2 parasllelism between the
coefficlent and blocking potency. It is generally accepted that
lipoid solubility of the free base is necessary for the anesthetic
to be effective., Lofgren feels that the amino or hydrophllic radiecal
is attracted to z polar growp in the membrane film., The aromatic
(1ipophilic) group then swings around and mekes contact with the
lipoid part of the lipo-proteln complex. In this way penetration
ecours and the membrane i{s stabilized against depolarization.

The increasing evidence that acetylecholine plays 2 major
role in nerve excitatiom and conduction and the marked chemical
similarity between local anesthetics and acetylcholine (27) have
ralsed the possibility that competition with acetylcholine for &
chemical receptor may be responsible for nerve block by local anes-
thetics {20,25). This mction, in competing for receptors, would be
similar to Curare. Nordgquist (28) has demonstrated that, after
block with Proceine 0.05%, a clear unblocking sction was neted when
a mixed solution of Procaine 0.05% and acetylcholine 0.5% was sub-
stituted. However, Lorente de No (29) has shown that acetylcholine
even in massive concentrations and several hours duration could exert
no excltatery mction upon a fiber of the sciatic nerve of frogs. In
fact, a slight increase in potential was produced. In line with pre-
sent theories of nerve conduction, Gray et al (18) postulate that

in vivo acetylcholine sctually may be liberated in the axon membrane.
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It is obvious that an understanding of the mechanism of
action of local anesthetics is still in the theoroticnl stage. It
is quite probable that an understanding of the excitation-depolari-
zation mechanism will predete complete knowledge of the mode of
action of these drugs.

NEURCTOXICITY

It is well known that local snesthetics, im proper concen~
tration, dan cause destructive lesions in nervous tisgue. Tumerous
reports of neurologic damage following local anesthesia substentiate
this. Thorsen (30), in reviewing the case histories of spinzl cord
damage due to Procaine, Pontocaine, Nupercaine and Decacaine, reached
the conclusion shared by most, that the injurdés are due to a neurc-
toxic and myelolytic effect of the mgent imwolved., In support of this
it is known that damage occures most cammonly and are of greatest
severity in the region of the cauda equina vhere the concentration
of the drug is greatest (31). Direct traume is an unlikely cause in
view of the tens of thousands of diagnostic spinael taps that have
been undertalten without incident. Rapld onset of complications after
injection seems to eliminate infectlon as an etiologic cause and
points rather to toxicity. There is considerable experimental evi-
dence. Lundy et al {32) produced degenerative changes with paralysis
in dogs with subdural injection of five cc's of 25% solution of Pro-
caine. Davis (33) produced similar changes in dogs and cats with
Hupercaine. Cotui (34) et allproduced severe degenerative changes
with lethal doses of Procaine, Novocaine and Nupercaine. Thus since
it seems quite probable that the damzge is due to the neurotoxicity
of the drug, an important conclusion has been reached by Nicholson(35);
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that the concentretion empleyed in most spinal anesthetic drugs
have & toxicity little short of that which would cause paralysis
in a higher percentage of patients. Courville pointed out that all
local anesthetics are protoplasmic polsong in proper concentrations.
The chief difficulty in clinical evaluation is that the minor and
trangitory changes go unrecorded while the delayed ones mre often
unknown to the anesthetist.

Almost all interest in this problem of nerve demege has
been centered on the spinal cord and spineil anesthesia., It is une
fortunate that similar work hag not been done on peripheral nerves.
However the seme principles of local anesthetic toxicity should apply
to other nervous tissue. Whether repeated injections of a local
anesthetic, that in single doses would prove non-toxic, would cause
degenerative changes similer to those already noted by other workers
with spinal anesthesie is obviously 2 very pertinent and pressing
question to those who use serisl injections.

TECHNIQUE

The experiment consisted of the injectlion of commonly used,
longer action local anesthetics alongside the scistic nerve of the
gulnea plg, serially repeated in order to mainbain the block fer
twenty-four or thirty-six hours depending on the anesthetic and
tissue reaction., A total of ninety enimals were used., A total of
six animals were run in each geries. The blocking technique was
that of Shackell (36).. The halr of the thighs and lower back was
¢lipped up to the ilipc crests and an antiseptic solution wms applied.
A sterile tuberculin syringe and 2f27 by three~eighth needle was used,

These were resterilized between each injection. The animel wes
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immobiliged in a specially constructed cage in a prone position
and, grasping the leg with the thumbnail of the free hand on the
greater trochanter, the needle wes inserted inside the nall vertical
to the skin suwface and was advenced along the inner surfmes of the
trochanter until the neck of the femur wes encountered., Here the
needle was in vertical contact with the scimtic nerve. The syringe
was then moved forward so thet the needle sloped posteriorly about
thirty degrees and thus was in the ssme plane as the merve, O.L ce's
of the solution was injected alongside the nerve. A typical sciatic
nerve paralysis occured with extention of the leg on the thigh and
this was associated with an arem of mnalgesia on the pesterior-lateral
surface of the thigh sbout two by three centimeters In extent. In
most cases & control of mormal saline or 1/100,000 epinepherine was
injected alongside the contra-lateral nerve. Injections were spaced
to maintain contimmous block. Following the period of block two
aninals of the serles of six were sascrificed and the nerves were
fixed in 10% formalin. A period of twelve to fourteen days was
allowed to pass and two more of the animals were sacrificed and
nerves removed and fixed. This would alliow time for degeneration
to take place. Then, at smrying periods of time, depending on the
microscopic results of the fourteen day sampling, the last two
enimels were sacrificed and nerves fixed. The purpose of this wes
to note any regeneration. This was the general pattern of the
animal experimentation,

Since & longer acting anesthetic solution was of greater
value in this experiment, 1/100,000 epinepherine was used in most

solutions. This 1s in zccord with the probable clinical utilization
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of these compounds. Twelve animals were run with controls of

1/100,000 epinepherine,

The method of preparing the aerves affter fixation wes
as follows. The fixed tissue wae placed in a small labeled pauze
bag, washed evernight, and dehydrated in the following manners

70% ethanole-w} hour
70% ethanole--} hour
80% ethanole-~1 hour

- 95% ethenolw--l hour
95% ethanol--~1% hours
95% ethanol---1 hour
absolute butynole~-1 hour
absolute butynol-~-all night
nethyl benzoate--~until cleared
50% methyl benzoate # 50% xyloleew3 hour
wylole-=1 hour
®ylolew2 hours
paraffin (soft)-~-1 hour
pareffin (hard)---1 hour

The nerves were then removed from the geuze bags and
embedded and blocked in fresh paraffin. Sectiooa were then cut
with the microtome set at 10 microns. They were applied to the
slide with a2 thin layer of egg albumin and placed in a 37 degree
oven overnight. The impregnation and toning of the tissue was
done by following the Bodian procedure with a counterstain of anl-
iine blue 28 described by Lyons (37). The paraffin was removed

from the slides with toluene and they were then pessed through
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100, 95, and 70% ml@ohol to water. The slides were placed in 2
solution of Winthrop's protargol made by dusting one gram of
protargol over each 100 cc's of water and heating to 37 degrees.
In the A series copper was sided (7 grams per 50 cc's) but, follow-
ing Winthrop's recommendation, it was excl_w:ied from the B series.
After twenty hours the precipitate was washed from the
slides and they were rinsed in rumning water for one minute am" then
placed in the following developer for five to ten minutes:
Wydroquinone--~2 grams
Sodim sulfite«--16 grems
Distilled water--~100 ccls
The slideg were rénsed in three changes of distilled water
and placed in o 1% solution of gold chloride which had been acidified
with a few drops of glecial acetic acid for ten mimtes, They were
rinsed again and placed in 24 oxalic acid for ten minmutes; were
rinsed again and put in a 5% aqueous solution of hypo; rinsed again
end counterstained with the following solution for ten minutest
Aniline blue---0.1 grems
Oxalic pecid~=-2.0 grams
Phosphomelybdic agide--15,0 grams
Hater«~«300 ce's
The slides were then rinsed, differentisted in 95% al-
cohol, dehydrated in absolute butyl alcchol, cieared in toluene and
nounted in neutral cansdia balsam,
The sections were studied for evidence of degenerative

change. These changes vhen present, were classified in three
grounst
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Grade 1.-Vacuolization of the myelin but sxon still

pregent.,

Grade 2.-Group 1 changes plus dissolution of the axon,

Efa&e 3.-Group 1 and group 2 changes plus a disruption
of the integrity of the neuralemmal sheath.

The percentage of nerve fibers damnged was determined by
& count,

An effort was made to evaluate grossly the amount of tissue
swelling in the animal immediately after the final injection, These
were clagsified as followsy

HongmwwD
S1ightew-sl
Moderatesw-+2
Markedw—«t3
Extrenge——tl

"Slight®, representing the amount of swelling seen with
the saline controls is only very minimal swelling., "Marked" was
swelling of such great intensity that the operator was not able
to note the landmarks with assurance. "Hoderate® represented any
tissue swelling between 1+ and 3+.

IRRITANCY STUDLIES

The trypan blue molecule is of such & size that normally
it remains inside the capillary., However, in the presence of hy-
perenia and/or capillary injury, it will diffuse out end stain the
surrounding tissue. Tainter, Throndson and Lehman (38), in 1937,
utilized this principle in the investigation of irritant properties

of sodium bisulfite seolutions, The test was employed by Recha e
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Silva (39) and Dragstedt in studies on the effect of histemine and
substances causing the liberation of histemine. Last and Loew {10)
uged the test to evaluate the effect of antihistemines in prevenmting
positive results efter injection of histamine. Heppe#, Alexander,
and Miller (L1) then utilized the test for investigation of local
anesthetics. They studied Tetracaine, Dibucaine, and Procaine.

As a preliminary introduction tg the irpitent properties
of local snesthetics, it wms decided to expand the work of Hoppe
et a1.(41) to other local mnesthetics before progressing to the
guines pig experiments. Following the technique of these workers,
two to three kilogram slbino rabbits were used. They were fastened
in a supine position and the hair was clipped from ths anterior
sbdominal wall, The sbdominal wall was then marked off into squares
of approximately sixteen square centimeters. Three tenths of a
cubic centimeter of each solution was injected intracutaneously into 2
separate square. A dose of 1.0 ﬂ%ﬁgilogram of 1% solution of Trypan
Blue was injected intravencusxy‘f;fteen(minutzs after the last intra.
cutaneous injection, The sites on the sbdominal wall were examined
one-half, one, and three hours after injectien of Trypan Blue and
were graded as follows:

No color....0 \

Faint, but discernible blue color throughout....2

Distinct blue color throughout....h

Deep color throughout....d

Ischemic contral area surrounded by deep blue halo,...16
Hoppe considers any rating over 3 as too irritating for infiltration

anesthesia,
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He considers the correct interpretation of these grades to be thuss
Oveeeno irritation
1«3¢..mild irritation
L=T7....moderate irritation
8....marked irritation

The results of the Trypan Blue tests are presented in

table 1.
Table 1
T WORMAL SALTWE--0 | 2% THTRACATYE--6
95% ETHANOL-~16 0.2% SYMPOCAINE--O
1.5% HEXYLCAINE--8 0.5% SYMPOCAINE~~2
2% HEXYLCAINE--8 1.5% mmcc,mﬁ-;z
1.5% XYLOCAINE--2 0.18% PONTOCATNE--0
1/500 WUPERCAINE--2 1/100,000 EPiHEPHERIHE-m&
2 % XYLOCAINE~wl 1% NOVOCAINE--0

HORMAL SALINE CONTROLS
Normal saline was run as & control solution in animals
AB thiough ALl, Bl through B6 and B 16 through Bi8., In this group
injections were given along the right nerve at the same freque;my
and for the seme duration as the injections of local anesthetic on
the other side. Tissue swelling was mild (4) in this serles of L3
animels run with saline controls. No nerves showed any signs of

degeneration on microscopic examination, A 38 is shown in figure 1.
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EPINEPHRINE
. 4s pointed out by Beutner in 1948 (L2) nearly a1l lecal
anesthetics have a marked vaso-dilating effect suffictent to lower
biood pressure in most cases, Thig property of vaso-dilation allows
rapid absorption of the drug with incremsed toxieity end decremsed
duration of action, It is common practice todey to deercage the
toxicity end prolong the action of the drugs by adding epinephrine
to them. Since most of the local anesthetics used in this study
were combined with 1/100,000 epinephrine, a control series was run
with this drug. A solution of 1/100,000 epinephrine was injected
adjecent to the right nerve of animmls B7 through B12 and BL3
through BLB, The interval between injections was the ssme as the
interval between injections of the anesthetic used in the game
series on the left nerve. Tissue swelling was mild. All nerves
removed at intervals ranging from O to 28 days were normal on
nicrescopic examination {see tauble 2). A section of nerve from
Bi2 is shown in figure 2.
TETRACAINE

Tetracaine (Amethocaine, Pontocaine, Pantocaine) is the
p-butyl amino benzoic acid ester of dimethyl amino ethanol, Its
chemical structure is as followss:

" ~ /T -5
\ QOzl
iz e

Pontocaine was first synthesized by Eigled in 1933, It
has en absolute toxicity ten times that of Procaine but ig used in

one-tenth the concentrationy so in reality its relative toxicity is
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about the same, The drug is detoxified in the liver by hydrelysis.
Pontocaine is one of the longer acting loeal anesthetics and, like
the other drugs used in this project, it is compatible with epine-
phrine. It is marketed as the hydrochloride salt.

Despite the mumerous reports of mic reactions to Ponto-
caine in the litérature;, the belief is growing that this iz a relatively
safe drug for infiltration and conduction anesthesis, Boniea (43)
claims that none of the fatal toxic reactions due to Pontocaine reported
in the literature have occurred during this type of block, These se-
vere reactions generally ocecur in surface snesthesie because of the
stronger (2%) solution used and the marked vaso-dilation effect of
the drug without epinephrine with the Eesuiting incrensed absorption.
In 3089 cases, using Pontocaine in 0.1% to 0.2%7 solutions, & reaction
wag noted In only one case; this was moderate and was due to over-
dosage. Pontocaine, used in one~tenth the coneantration of P:f«:»r:aine,
glves anesthesia three times es long.

The marked vaso-dilating sction of Pontocaine is the basis
of the contention that the drug should be used with epinephrine,

Somers and Edge (LL) point out that 1/100,000 epinephrine increases
the potency of anecathesia two and one-half times and lowere the
toxicity two and one-half times with & resulting five-fold increase
in the safety nargin,

The vaso-dilating effect of the drug might lead one to
expect false positive results in the Trypan Blue tests (see table one).
However, Pontocmine 0.18% was found to have a rating of "O® {rritation.

Twelve guinea pige (AB8-A19) were run using a solution of

0.18% Pontocaine with 1/100,000 epinephrine. Injections were made
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every four hours for a duration of 36 hours. Minimal tissue swelling
(+) was present after the thirty-six hours of injections and no
functional loss was noted. In this series four enimals (A9,A11,A12,A19)
were sacrificed immediately following the injections and microscopic
Ginioakion fevvaled narmal nesia ix every cose, |

Three animals (A8, A15, A18) were saerificed at twelve days
end normel nerve was noted in all three, One enimal (A17) was sacri-
fleed at ninety days and found to have & normal nerve.

Normal saline was injected at the same frequency along the
opposite nerve in all animals of this series. Microscopic study
showed normal nerve in every case except in those nerves that had
undergone sutolysis.

In another series (420-A25) Pontocaine 0.3% with 1/100,000
epinephrine was run. The durstion of block was thirty-six hours
with injections spaced every five hours, There was moderate (++)
tissue swelling and no functional disturbance was noted after the
bloek, Cne animal (A23) died and the nerves underwent autolysis.

A22 and A25 were sacrificed immediastely and the nerve was normal
in ench case. A20 and A2l were sacrificed at twelve days with
findings of normal nerve, A2L was sacrificed at eight} duys and
the nerve was normal. Normal saline controls, injected every five
hours on the other gide, were normal.

Pontocaine 0.5% was used in B13, Bllk snd Bl15. Injections
were spaced at six hour intervals but were terminated at wwenty-four
hours because marked (++¢) tissue swelling oblitereted the lmndmarks.
fie functional disturbance was noted after the injections. One

animal (P15) was sacrificed immediamtely and showed no pathologie
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chenge. Bl13 was sacrificed at Fourteen days and showed 50% grade 1
changes {sce figure 3). Bllk wes sacrificed at twenty-cne deys and
gshowed normal nerve.
WUPERCALNE
Wuperceine {Dibucaine, Percaine) is a quinaiim derivitive
of high toxielty and high anesthetic potency '(3), It ig the b
diethylaminoethyl amide of butyloxgchinchonic acid and thus differs
considerably in structure from other local anesthetics, The struc-
tural formula of the drug is as follows:
CONHCHpN(CoHz) g HCL

|
A
A

This drug was synthesized by Meischer in 1925. Its potency
is described as 15 times, and its toxicity 10-15 times that of
Procaine (L5). It is detoxified by hydrolysis in the liwer and is
quite stable, Hand and Size (46) felt that Nupercaine is & good}
relatively safe druge when used in the proper dosage. They demcribed
the absolute toxicity as 1l times thet of Procaine but the relative
toxicity as only 0.71 times that of Procaine {in measurements of the
LDSO in cats)., Rosenbaum et al {(L7) described § ca’ms of permanent
neurclogic damage due to achesive arachnoiditis following spinal
anesthesis with Nupercaine. However, Romen and Adriani (L8) state
that the bellef that Nupercaine will cause degenerative changes in
the cord more frequently than other currently employed local anesthe-
tics iz not based on fact., They had a series of 5453 cases without

neurelogic complications. On review of the literature from 1938
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to 19h6 they found that clinleal demege to the cord was very rare

and there was none reported over this perloed due to Nupercaine.
However, the findings of Rosenbeun are consistent with recent findings
of neurologic complications following spinal anesthesia, Inpterestingly,
Ansbro et a1 (L9) described three cases in which 1/200 Bupercaine

plus 1% Procaine were used for contimsous spinal snesthesia with in-
Jjections every four hours for days. In one case these injections
were carried on for 1 days (85 injections), being discontinued efter
onset of severe back pain and stiff nech but with no residual neuro-
logical complications, In the other two cases the block was carried
on for 11 and 7 duys with no complications.

The Trypan Blue experiments showed an irritency index of
2 (mild) for 1/500 Nupercaine. This differs somewhat from the ob-
servation of Adrieni that the drug may cause & slough when injected
subcutaneously,

A series of elx animals (A26<A31) received 1/580 Wupercaine.
Injections were spaced at 7 hours for a duration of 36 hours. Saline
control injections were done on the other side. Tissue swelling
was nild {¢) end no functional disturbance was noted, A27 and A30
were sacrificed immedistely after injection and the nerves were
normal microscopically. A28 and A3l were sserificed at 12 dgys,
£ 26 end A29 at 50 deys and the nerves were normal in all instances.

Two series of six snimals each reweived injections of
1/250 Wupercaine. Injections were given at 8 hour intervals over
a period of 36 hours, Moderate tissue swelling (#+) was noted end
there was no functional disturbance. In the first series (A32-A37) ,

‘A 32 died end the nerves underwent autolysis. A37 and A3L were
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sacrificed immediately. Normal nerve was found in A37, but a
15% grade 1 change in A3L. A33 and A36 were sacrificed at 1l days
and normal nerve was noted in A33; however, A36 showed 10-15%
grade 2 change (see figure L). A35 was sserificed st 40 days and
showed normal nerve. Control injections of saline were done on
the other side. In the second series (B37-B42), BL2 was sacrificed
immedintely and normal nerve was noted., B37 was saerificed st 1k
days and demonstrated 109 grade 1 change. B38 also was sacrifieed
at 1 days, showed 5% grade 1 change. B39 showed 5% grade 1 and $%
grade 2 change after 1k dmys. BUO and Bhul, sserificed at 120 days
showed normal nerve. Primacaine was injected in the opposite thigh
of these sninals and these experiments are discussed later in the
peper,
I’EXYLCAIHE,

Hexyleaine (Cyclaine) was synthesized hy Cope and Hancock

in 1944, It is il-cyclohexylamino-2-propylbenzoate HCL., Its struce

tural formula is as follows:

R Sy
// k\ OCH 15 : \u{ - HCL
1 2 \ M,«"‘/
e ,/ CHQ"’_ Cﬂa
S CHy

Beyer et al (50), i;a animal experiemtns, found the LD5O to
be one~third of that of Procaine and 3 to L times that of Tetracaine.
However, as he pointed out, the effective dose was one-fourth that
of Procaine, tus the relative %mxigi%:y would be lower, Orkin and
Ravenstein (51) describe the absolute texieity of Cyelaine as being
about three times that of Proczine and thus agrees with Beyer.

Cyclaine has 2 short letent period and a2 duration three to five
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times that of Procaine. Orkin claimed that it produces no irritation
and reported 1113 procedures using the drug with only five toxic
reactions. Jacques and Hudon (52) reported 1730 cases with no mejor
difficulty. Blundell et al (53) feel that Cyclaine is the outstand-
ing d.rug}fur epidural anesthesia, In c:ompariam with Xylocaine, they
claim that it produces snesthesia of longer duration, is less toxic
and is of equal clinicel value. The 2% solution is recommended hy
them, because the 1% solution is déscribed as not strong enough to
bring about muscle relaxation,

The same group (5L) reported that in a series of 2000
epidural blocks (1000 with 2% Xyleceine and 1000 with 2% Cyclaine)
they experienced 11 toxic remctions to Xylocaine and only one such
reaction to Cyclaine. Ruben and Anderson {55) had a total of 500
cases of spinal snesthesia with Cyclaine snd found it superior to
Procaine. In & later article (56) these same men reported burning
on injection of Cyclaine and residurnl soreness and discontinued the
use of this drug except in pre-medicated patients., However, they
then had & series of 1300 gpinal snesthetice with no neurologic
complications. Gorden {57) also described this tenderness st the
site of injection lasting, he point out, sometines for seversl days.

Tt;us it seems Cyclaine has been accepted with enthusiasm
in the literature. Single shot anesthesia has proved very satisfacw
tory in many large serles and its toxicity is reported ss low,
However, the one aspparent drawvback of tissue irritation raiseg doubts
of the value of the drug when administered In continuous fashion.

The resulte of the Trypan Blue (tsble 1) supported the
clinicel impression that Cyclaine was irritating., Both 1.5% and
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2% Cyclaine showed an irrltancy rating of 8 ("marked"}. ‘This is
well shove the neceptible figure of 3 {Hoope).

Two series using 2% Cyclalne with 1/100,000 epinephrine
were run. The first series consisted of four animals (A38-a841),
Tissue swelling was marked (+4+) after the block but no functienal
disturbance was noted. Injections were limited to twenty-four hours
because of the swelling, and the Injection frequency was four hours,
A0 was sacrificed immediately after the,injectionﬁ were terminated
and LO% grade 1 change was noted (see figure 5). A38 was saerificed
at twelve damys and 308 grade 2 change was present on microscopic
section (see figure 6). A329 was also sacrificed st twelve daye and
showed LOZ grade 2 change. ALl caught its foot in the cage meshing
and died and the nerves showed autolytic changes.

Contralateral controel Injections of saline resulted in
normal undameged nerves in 2ll instances.

The second series consisted of six animals (P13-B18).
B1S was sacrificed immediately and showed 15% grade 1 change. In
B18, also sscrificed immediately, the nerve was normel, 313 was
sacrificed at fourteen days and showed noranl nerve, while Bl6, also
sacrificed at 1l days, showed 30% grade 2 change. The nerves of
Bl end B17 were damaged In preparation for sectioening and were dise
carded. In each of the nerves where degenerstive changes were noted
after 12.1l days (A28,839,B16) the nerve wes found to be grosély
thickened to mpproximately twice its normel diameter., This was
glso true in the Efocaine series.

Injections of 1% Cyelaine with 1/100,000 epinephrine

in gix animels (B7-B12) over a 2L hour period with Injections every
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3 hours were done. The tissue swelling was marked (#4+) but, as
in the 2% solution, no functional disturbance was noted after re-
covery from the block. BB died and the nerves underwent autolysis.
BlO was sacrificed immedimtely and showed 5% grade 1 change. B9
(see figure 7) wes sacrificed mt 1k days and showed 10% grade 1 snd
5% grade 2 change. Bll was sacrificed at 1l days and showed 5% grade
2 change. B12, also sacrificed at 1l days, demonstrated 10% grade 1
and 208 grade 2 changes. B7, smcrificed at 28 days, had = normal
nerve. ‘

Cyclaine 2% with 1/100,000 epinephrine was injected in
animals B25 through B30 at L hour intervals for only 12 hours.

Mild {#) tissue swelling waes noted and there was no functional
disturbance. B25 was saerificed immediately and showed normal nerve.
B29 was sacrificed at 1 days and 5% grade 1 change was found., B2§
and B30, sacrificed slsc at i days, showed 5% grade 2 change. B26
and B27, smerificed at LO days, had normal nerves.

A single injection of 2% Cyclaine was made along the nerve
on the opposite side in animals B25S through B30, No tissue swelling
was noted and all nerves were microscopically normal,

EFCCAINE

Efecaine was a new ides In long-acting local mnesthesiz.
It is & saturated solution of Procsine 1%, Procaine hydrochlériée
0.25% and butyl.p-anino benzoate 5% In a solvent composed of poly-~
ethylene glycol 300 2%, propylene glycel 78% and water. It conteins
no vaso-constricting agent. Procaine and butyl.p-zminobenzoate are
crystalline, siowly absorbed substancg& which are normelly insocluble

in water but are soluble in the solvents used in Efocaine. Propylene
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alyeol and polyethylene glyecol are completely misaible with tissue
flulds. Contact with an agueous medium (tissue fluids) causes the
Procaine base and the butyl-p-aminobenzoate to precipitate out. The
;roeaine’cfyatalline precipitate is slowly absorbed:; theoretically
glving prolonged anesthesia (58). The duration of anesthesia is
described as 9 to 22 days.

This drug was greeted with enthusiasm $hen it first appear-
ed in 1952 (59,60). Ansbro et al (60} claimed that Efocaine was &
local anesthetic agent without any neuro-degenerative effects or
local tissue toxicity. However, secon reports of degeneration begen
to oppear in the literature, In 1953 Wowill et a1 (61,62) reported
spinel cord destructlion with paraplepgia secondary to intercostal
block. They injected the seiatic nerve of rabblts with Efocaine
and found degeneration In 43 out of 73, The solvents alone caused
degeneration in Ll out of 73; propylenglycol alone gaused degeneration
in 12 out of 23 and Proeaine hydrochleride caused no degeneration in
26 animals. They conclude that they could not differentiate the effect
of Efecaine from the effect of the solvent experimentally and clini-
cally. The anesthetic action of Efocaing they felt, was more llke
thet of sicchol than Procaine., Brittinghem, Berlin, and Wolff (63)
reported nervous damage following paravertebral block in 195k,
Mannheimer et al (6L}, Moore (65), Maycut {66), end Rothman (67)
reached similai conclusions. Deaton et sl {68) reported the des-
truction of nerves in intercostal nerve block in dogs. Thus this
drug has been proved many times to cause degeneration. The present
study reaffirms these results.

5ix guinea pigs were run with Efocaine. A single injection
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was made and one animal (BL) was sacrificed at 36 hours (see {igure

8}, There is extensive disorganization 0f the nerve trunk with 50%
grade 1 and 30% grade 2 changes. Four animals (B1,B2,B5,B6) were
sacrificed at 1L days and all shéwe@ almost complete grade 2 change
and sone grade 3 change. A section of the nerve from BS is shown
in figure 9, One snimal (B3} was sacrificed at 141 days and complete
fegéneraﬁian of the nerve was found (see figure 10). Complete loss
of function was evident in the injected leg of all animals, A be-
ginning return of function was noted in B3 after LS days., The nerves,
upon removal, were enlarged to aboul twice the normal diameter and

md down by adhesions, In 2l] animals excpet B3 and B, the foot
on the Injected side broke down and ulcerated.

RAVOCALHE
Ravocaine (Blockaine) is a relatively short-acting local

anesthetic which has recently been presented for clinical invastigatién.
It ie diethylomincethyl 2 propoxy-amino benzoatej thus it is propoxy-
Procaine. Blockaine has the follewing structural formmbds

e
o =
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| OCHACHCHS
- COOCHgCHgH
Coliy
Ravocaine is described by Luduena {69) as eight to nine
tines more active than Procaine but énty twlce as irritating, Its
relative toxicity is about the same as ﬁhat of Procaine.
Six guinea pigs (B19-B2l) were run with o0.5% Blockaine

with 1/100,000 epinephrine. Igjections were spaced every three hours



for twepty-four hourg. Tissue swelling wae graded as moderate %ﬁ?}
and there was no functional digturbence, B20 was secrificed immedi-
atelys B19, B2l and B22 were sacrificed at fourteen doys, snd B23
end B2l at forty days. All sections In this series showed normal nerve.

Sprpocaine 0.5% was injected in the opposite extremity in
this seriles.

SYMPOCALNE

Sympocaine ls a new locel snesthetic that has only recently
come under clinical investigetion. It wag deviloped In response to
a desire for a short acting local anesthetic with a higher potency
than Proceine (which ls a weak local anesthetic) and a low toxicity.
Luduena (69) feels that Sympocaine answere these requirements,

Sympocaine is l-diethylaminoethyl-h-amino~Z-butozy benzoate
HCL. The structursl formulza is es follows:

M.,

O
R
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/- OCHaCRACHCHY
COOCHaCHoM(CoHS) o
Thus it is 2-butoxy-procaine. Sympocaine is deseribed by
Ludens (69) after animal experimente, as being 20 times as potent as
Procaine. Sadove et al {70) describes the duration ms midway be-
tween thos of Procaine end Tetracaine. Luduena feels that the rela-
tive toxicity of the drug is lower than that of Procaine,
Trypan Blue experiments showed an irridtdtion index of O
for C.2% Sympocaine and 2 for 0.5% solution.
0.5% Sympocaine with 1/100,000 epinephrine was used ina
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series of six animals (B19-B2L), Blockaine was injected in the other
extremity and the resulls are sreported elsevhere in thls paper.

¥o functlonml distwrbance was noted after the block, and
tissue svelling wns moderate (#+}.

lﬁjemf,iomf were spaced at 3 hour intervels for 24 hours,
B20 was sacrificed immediantely and showed normal nerve, Bl9; B2l
and B22 were sacrificed at 1l days after cessation of injections and
were normal except for a 57 grade 1 change in B22, B23 and B2L were
saerificed at L0 days, and the nerves were normal,

XYLOCATHE

¥viocaeine (Lidocaine) is unique in that it is an amino
aceyvz amide rather than an ester, It was synthesized In 1943, the
prelininery data was published in 1946, end the druge was intrdduced
by Lofgren (L) in 1948 after 2 comprehensive study of many compounds

with similar structure., It has the fé¢llowing structural formuias

s O
/ f//t :\\\\ )
*WHCOCH M (CoHe) o
R CHj

Lofgren describes Xylocaine as the most stable of all
local anesthetics) it can be boiled for eight hours in thiety per-
cent hydrochloric acid without change. TZIE Mciffir g&wpgf }Qca%
anesthetics, in contrast, can barely endure. ihe usual heat sterili-
zation, Duration of block is three times that of Procalne. Clocattd
(71) presented the first ILtalian studies of the drug in 1950 in
vhich he described rapld, complete and long lasting enesthesis with-
out signe of toxicity or local irritation in 301 cases. Wiedling

{72) summarized the properiies of Xylocaine in 1952, Cox and other s
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{72) described the onset of anesthesia ag twice as fast as with
Procalne and the relative toxicity as less than that of Procaine.
He had éoted only four reactions in 200 ceses, and clainmed that the
drug was non-irritating in concentrations up to 8%. Pouwell and
Nowili (7h) point out that a higher percentage of successful blocks
are possible with Xylocaine bespuse of its greater diffusibility,
Stringer (75) found the drug te be the superior one for epidural
enesthesis., Southworth and Dobbs (76) ceviewed €8,201 casesof block
with Xylocaine snd found isgnificant reactions in only ,0005%, Thus
Xylocaine is a drug of great stability, low toxieity and rapid action
with a high percentage of successful blocks of relatively long dure-
tion.

In the Trypan Blue experiments gix animals were run with
2% Xylocaine and 1/100,000 epinephrine. Injections were carried out
for 2L hours and were spaced at 3 hour intervalg. The tissue swellw
ing was mild (+) and no functionmal disturbance was noted after the
block, B36 was sacrificed immediately after the injectionsy 031,
332; end B33 were sacrifieced at 1L days, B34 and B3S at 120 duys.
in all cases normal nerve wes found on microscopic examination.

INTRACALRL

Intracaine is a relstively short-acting local anesthetie,
it is b»@iahylwamiﬁoethy1~y~ethpxybeﬁzaa§e and thus belongs to the
general group of ester local anesthetics. Ravenstein and Cullen {17,
in 1939, deseribed the drug as slightly more toxic than Précaine but
efieétiv@ in lower concentrations and of longer duratioen. _Th? iatent
period of Intracaine is shorter than that of Procaine. According to

Adriani (L5), the duration, toxicity end potency are shout 1} times
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that of Procmine. Howewver, Mclntyre ond Sievers (78) did sciztie
nerve blocks with Iptracaine and found them to lmst b times as long
as Procaine, Abajian (79) reported its use in eplduwral anssthesia,

Ite structural foroules is as Mllowss

/r"_t?:_m %
ﬁsr-’«w\\ ,/COOCH2CHN(CpHS ) 2
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In the Trypan Blue studies Intracaine showed an irritation
index of 6.

In the guinen plg experiments a series of glx animals
{m31-P36) was runﬁwith Intracaine. Injections were spaced at 2%
hours over a period of 2L hours. The amount of tissue swelling was
marked {#4+) but there was no functiomal loss. BR36 was sacrificed
immediately after the block znd normal nerve was noted on mieroscopic
section. B31, B32, and B33 were sacrifigeé at 14 deys., B3l and D32
revedled 5% grade 2 changés {sze figure 11) while B33 was normal.
B3 and B35, sacrificed at 120 deys, revealed normal nerve,

PRIMACATNE ‘

Primgpcaine is & new local anesthetic agent (80), synthe-
sized by Epstein and Myer, and only recently submitted for clinigal
invéstigatien‘ It is 2-dietyl-mminoethyl-2-butoxy-3-amino benzoate

HCL. Primczaine has the following structural formula:

BO0CHZCH2 W(CaHs),  HCL

{"f’ 'trmzﬁl“!ef?ﬂszx
{\xx/fﬁﬂi

It is similar to Procaine except that it has the amino

group at the meta position rather than the para position end a



21.
butcxy group ig’aﬁéed at 2. It iz claimed that Prims cained

toxiclty is in the Procaine range and its anengesic potency is
greater then that of Procsine.
The Trypan Blue test showed on irrifiation index of 2 (nild)

"or 1.5% Primocaine,

Py

" The drug firm supplied an experimental sclution of Primg.
caine with BY dextran on request and this was used in the guinea
pig experiments. Emjeétiens were ﬂpacsé at 3 hour Intervals for
2l hours., Six znimals (B37-Bh2) were employed. As scen in table 1,
the tissue swelllng after injection wes extreme {(444%) but no function~
g8l disturbance wae noted. BY2 was sacrificed Immediately add a nor-
ma2l nerve was found. B37, B3B8, and B39 were sacrificed at 1k days
end demonstrated normal nerves. BLO and BL1 were sacrificed at
120 duys and the nerves were normel, Nupercsine 1/250 wes Injected
on the cther side.

2-CHLOROPROCATYE
2-Chloroprocaine (Nesacalne) is the hydrochloride salt
of bediethylaminoethyl 2-chloro-l-zminobenzoate. The structural

formula ia»

LN Caltg
Hay \\ GocaCHoN
,w;::r:::::::f Cgﬁg

The druge is described by Foldes £81,82) as being about
twice ag potent ag Procaine but less toxic, This low tomicity is
apparently due to the fact that the drug is hydrolized Sour times
zs fast as Procalne by the plasms Procaine ¢sterase. Foldes reports

no toxicity in L6l blocks, Lund (62} had no toxic resctions in 35
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cases of chloroprocaine block in epidural anesthesiz, IHe notes that
the drug possesses most of the essentials of an ideal local anesthetic
except prolonged durations high potency, short latent period, high
degree of diffusibility, end low mbsolute and yelative toxisity.

Six animals were injected (Bi3-Bi8) with Nesaceine 3% with
1/100000 epinephrine. Duration of block wes 2l hours and the in-
jections were spaced at 3 hour intervals. Epinephrine 1/100,000 was
injected at the same intervals adjacent to the nerve on the opposite
sides the results of this procedure have slready been discussed,
A moderate (++) tissus reaction was noted after the Nesecaine block
but there wes no functional disturbance,l Bh3 was sacrificed lmme-
distely and normal nerve was noted on microscopic examinstion. 1BLS
end Bhé, sacrificed at 1L days, showed 10% grade 1 change and BLS
also showed 5% grade 2 change. 1Bil, sacrificed at 1l days, demon-
strated 30% grade 2 change (see figure 12). BL7, sacrificed at ik
deys, showed 5% grade 1 chamge. BL7 wes also sacrificed at 1L dmys
but the microscopic results are wmknown because the sections were
misplaced,

prscussIon

A note should be made about the animals that died pre-
maturely. Al through A7 were injected with 1% procaine with
1/100,000 epinephrine, The short duration of ection of the drug
necegsitated injections ever 14 hours, This was obviously severely
traumatic to the animal end after several hours landmarks were
extremely difficult to find. For these remsons it was felt im-
practical to use such short-acting anesthetics in thie experiment.
The two animals that were sacrificed immediately efter injections
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showed normal nerve., All the other animals In this series died

two to four days following injections., These deaths weee atiributed
to the extremely high temperatures (over 1009F) of the animal room
at the time, plus the traumas of the injections. The deaths in the
Pontocaine serles were attributed to the game causes. It Is sig-
nificant in this regard that many of the stock animals died during
this heat wave and that the problem was completely solved when the
animals were moved to n cooler atmosphere for the first few days
following Injections. These deaths in no way represented remctions
to local anesthetics since death occurred several days after injection
in every case. It was noted that the animals exposed tb this heat
wave were not inclined to eat or drink and the true cause of death
was probably starvetion. Neo generslized reactlon to amy of the
iocal anesthetics used was noted in any of the 87 animals used in
these experiments.

The property of neurotoxicity wams wuite evidently demon-
strated., Whether or not &n anesthetic solution possesses this pro-
perty iz something that should eoncern the practitioner as much as
the systemic toxicity measurements of the drug. One important fact
brought out in this study is that the animel can experience quite
severe nerve damage (ms in the Cyealine series) without noticible
loss of function in the extremity. Only in the Efocaine series was
loss of function noted., It is quite probable in & certain percentage
of clinical patients, nerve damage does occur but is not recognized
8s a clinieal entity., As long as the endoneurium is intact regener-
stion will take place as it did in B3.

Pontoceine seems to bhe the most popular drug used clini-
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cally for serial injection anesthesia. In evaluating the Individual
drugs, these experiments indicate that the ¢ i:xic::ai Judgenent of
those men who use Pontocaine in this type of anesthesia is sound.
The strength of the drug used clinically in most cases would be in
the range of that used in animals A through Al9. This concentration
caused minimal tissue swelling and no degeneration. The Trypan Blud
experinents showed an irritation index of 0. Only in atmngtﬁ of
0.5% wvas a grade 1 change noted in one animal, but this is well out
of the renge of clinically used strengths. It, however, points out
the important fact that even the safest agent may be neurctoxie if
uged in high enough concentration,

Mupercaine has been very popular for prolonged anesthesia,
In 1/500 concentration the drug causes no degeneration in 36 hours.
These experiments, however, would lead to questioning the use of
this drug in 1/250 concentration for prolonged éetial injection anes-
thesis. It produces moderate tissue swelling and produces some de-
generative changes after 36 hours. It is significent that BiO and
BLi, sserificed at 120 duys, showed normal nervej this fact probably
points to regeneration of injured nerves. With only 5~10% nerve
demage and & complete regeneration at 120 days, it is doubtful that
a clinical change would be noted.

The butoxy and propoxy substituted Procaine compounds
{Sympocaine and Blockanine respectively) show promise. These
druge combine the properties of a grester potency than Procaine,
a decreased relative toxicity, and a short latent period, There
was no deganeration after 2L hours use with these compounds, except

for a 5% grade 1 chenge in B22 (Sympocaine). Since this is a minor
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change and oceurs in only one animal, it may well be due to some
other factor besides local anesthetic neurotoxicity (i.e. needle
damage) . |

Xylocaine is & drug that has become very populer over s
relatively short period of time. The results of this experiment
seem to indicate that this popularity is Justified since only mild
tissue swelling, an index of 2 on the Trypan Blue experimmnt, and
no degeneration were noted. One major objection to its use in con-
tinuous block is its short duration of mction in comparison with
Pontocalne. Most of the enthusizsm for Xyloecaine has resuited from
experience with single injection anesthesis,

Serious doubts sbout the use of Hexyicaine for contimuous
block must certainly be raised from the results of this experiment.
As noted in table 2 this drug causee degenerative changes in both the
1% and the 2% solutions. Tsble 1 points out that the drug hag an
irritation index of § in the Trypan Blue experiments. The drug is
being used extensively today for single injection anesthesia dnd
is very popular for epidural anesthesia, No ehjection can be
raised to single injections, since experiments in animals B25.B30
Indicated that this would not cause degeneration, Hevewer, after
12 hours use some degenerative chenges were noted. It is probable,
with other drugs of equal clinieal value on the market, that the
populerity of this drug will soon wane.

The neurctoxicity of Efocaine is well documented and
these experiments merely reaffirm the conclusions of the others,
The changes seen in Efocaine sre similar in type, if not in degree,

to the changes secen with other local anesthetics in these experiments,
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They theréfore offered a mesns of conparison, This drug would not
be so dangerous if It were viewed by the medieal profession as o
neurolytic drug rather than a jocal anesthetic.

2-chloroprocaine caused some degeneration when used for
2l hours. It would seem doubtful that this fact would negate the
use of this drug since it is probasble that its short duration of
action would contraindicate {te use ns the primary agent in contine
wous anmalgesia,

Intracaine showed 5% grade 2 change in two animals and
also caused marked tissue swelling and & Trypen Blue irritation
index of 6. This drug is not very popular today and m doubt is
being supersdded by other anesthetics with similar duration of actiong
As with 2-~chloroprocaine, Intracaine is too short acting to be of
much value in continuous block. The premtice of using the drug in
oil seems to have faded from the clinical scene.

NHothing in this experiment contraindicates the use of
Primocaine. The marked tissue swelling is probably due to the 5%
dextran in the solution, since reports indicate that the drug is
non-irritating. WMo degeneration wams present., This suggests that
fissue swelling was not responsible for the degmmeration seen in
other series. Normal fiddings in the saline and epinephrine control
geries eliminated these as causitive agents in degeneration,

CONCLUSIONS

Serious obJections have already been raised cancerning
the us of Efocaine. On the basis of these experiments these obe
Jections should be extended to Heyylemine when used for multiple
Injections., Wupercaine, emong the other drugs that caused degen-
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eration, is the one most likely to be used for prélonged anesthesia
by means of serial injections. WNo cbjection cen be found in these
experiments to the 1/500 solutions however, it is doubtful that the
1/2%0 solution should be used. 2-Chloroprocaine and Intracaine were
alse shown Lo cause degeneration when used in ¢linicsl concentrations
for a 2L howr peried. Use should be restricted to single injections.
Pantocaine, Xylocaine, Sympocaine, Blochaine and Primocaine are cone
sidered free of degenerative changes in clinical strengths and under
the conditions of this experiment.

Probably the best drug for serial injection anesthe#iav
availeble todsy is Pontocamine., However, there is great demand for
an anesthetic of low toxicity that has = shorter latent period snd
a longer duration than Paﬁtacaine‘ Until this drug is synthesized,
it is doubtful that cliniciens will be satisfied with the local
anestheticg available for their use.

It is felt by this investigator that the methods of evalu-
ating local anesthetics are not eompletely satisfactory in that the
property of neurotoxicity is not carefully explored., It would seem
desirable that an experimmnt of this type be run on every local
enesthetic before it is placed on the market, When considering the
toxicity of a local anesthetic it is essentizl that loeal nerve
degeneration be considered as important, if not more important,

than the systemic toxicity.
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Figure 1 '
Section of the sciastic nerve of animal 438: run 28 2 normal
saline control with injections every i hours for 2L hours,

and sacrificed at 12 days., MNMicroscopically normal nerve,

Figure 2
Section of the sciatic nerve of animal Bl2: injected with
1/100,000 epinephrine every 3 hours for 2L hours and sacrificed

at 1 days. Miecruscopically normal nerve,






Figure 3
Animal B13: injJected with 0.5% Poatocaine with 1/100,000
epinephrine every 6 hours for 2 hours and smcrificed at 14
days. Almost complete grade 1 change in this fascicle; LOZ

grade 1 change was present in trunk.

Figure L
Animal A36s injected with 1/250 Nupercaime with 1/100,000
epinephrine every 8 hours for 36 hours and sacrificed at il
days, 10-15% grade 2 change.






Figure 5
Animel ALO: injected with Cyclaine 28 with 1/100,000
epinephrine every L houwrs for 2L hours and sacrificed imme:

dimtely following injections. LOZ grade 1 change microscopically.

Figure 6 |
Animel A38: injected with Cyclaine 2% with 1/100,000 epinephrine
every L hours for 24 hours and sacrificed at 12 days. Hicros-

copically 30% grade 2 change; severély damsged fascicle shown.






Figure 7
Animal B9: injected with Cyclaine 1% with 1/100,000 epinephrine
every 3 hours for 24 hours and sacrificed at 1L days. 10% grade
1 and 5% grade 2 changes micrasmpicaliy; severely damaged
fascicle shown here.

Figure 8
Animal Bhys given & single injection of Efcecmine and sacrificed
after 36 hours. Microscopieally 50% grade 1 and 307 grade ¢

changes.






Figure 9
Animal B6t given a single injection of Efocalne and sacrificed

at 1L days. Micrescopically 90% grade 2 and 10% grade 3 change.

Figure 10
Animal B3t given a single injection of Efocaine and sacrificed

at 14l days. Complete regeneration of the nerve has occurred.






Figure 11

Animal B31: injected with Xatmcaine‘ 2% with 1/100,000
epinephrine every 24 howrs for 2L hours and sacrificed at h
deys. Microscopically 5% grade 2 degeneration; severely

depaged fascicle shown here,

Figure 12
* Animal Bhijt injected with Nesacaine 3% with 1/100,000 epinephrine
every 3 hours for 2L howrs and sacrificed at 1l days. Micros-

copically 30% grade 2 change; severely damaged fuscicle shown

here.
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