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INTRODUCTION

irocaine with added vasocenstrictor agent is capable
of providing satisfactory anesthesis for operative and
surgical procedurses in dentistry and possesses less toxiecity
then most other compounds. The question of the optimal con-
centration of the drug to be used in dentistry is still
being argued, Following g&yer’&(l’ reconuendation of 192
that 1 per cent proceine wes the highest feasible cone

centration the Counecil on 'hermaecy and Chemistry of the
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smerican Tedical .sseciation has recommended in its lew ¢
Honofficlal Remedies the use of procaine solutions not
stronger than | per cent for infiltration enesthesia. The
Council on Jental Therap@uﬁicgéﬂéviéf has held for many
yesrs that no sclutions ol procaine gironger than 2 per
cent ought to be used in dentiséry routinely; this stand
somewhat contradiets the recommendation of the H.N.H.

There are many occasions where the 2 per cent solution
proves ineffective in den%isaryiéjﬁ(QE und it would
seem logicel to obtain better anesthesia by'ineﬁeasing
the econgentration. Ilowever fears are expressed thet the
uge of & sitronger soclution, for instance of 4 per ceny,
would be more likely to provoke reactions or cause
irritation or damage %o the tissues. Un the other hand,
evidence has asgousulated in the past Lending to show that

4 per cent solutions may be used seflely and with distinet
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adventages in certain instances{6),(7),(8),{(®)}, ome author
believeas, on the basis of eclinieal expe rience that lhere
are definite indications for the use of the sironger
procaine eoncentration. It would appear desirable to use
procaine solutions of 2 different sirength in routine
dental practice, probably 2 per cent and 4 per cent. 7The
4 per cent solution of proceine has been selected as the
strongest suitable for dental anesihiesia sinece it is the
highest concentration whieh, allowing for added vasocon-
gtrietor, does not become hypertoniec.

Review of the recent literature on procaine suggesis
the need for a careful and objective veappraisal of this
provlem, particulerly in view of newer k. ledr £ the
intravenous administration and toxieily of @f&ﬂain&ﬁl@ﬁs
§11},§12). The necessary steps in such an evaluation
would be: (&) an objective estimation of the compleieness
or depth of pulpel anesthesia Ffollowing the administration
of the 2 and 4 per cent solutions in searsh of measureable
advantages of the higher concentration, and (b) an investi-
gation of the influeunce of varying goncentrations of DO~

paine on its toxieity.



FART 1

FPECTIVINESS OR DEPTH OF ANESTHESIA OF 2 AND 4 FPER
CENT PROCAINE HYDROCHLORIDE SOLUTIONS AS USED FOR PULPAL
ARESTHESTA BY SUBRUCOUT JAKILLARY INFILTRATION.

The experimental approach in gueh an evaluatlion
would invelve the messurement of %wo elements. The {irst
is the slteratiou in the rapidity of onset and the duration
of anesthesla produced by verying strengths of procaine.
This has been rather thoroughly studied(135},(14},(15),(18),
as has been the influence of added vesoconstrictors on these

gl17) (1) (a0} (20} (21),(22) opn
3 2 s ¥ z = L] e AA

is depth or completeness of anesthesla. Since neithex
time of onset nor duration of asctlon necessarily parallel
the depth of locsl anesthesla, it was decided %o atitempt

to mensure this latter varisbdle,

FAPRRINENTAL

geveral new experimentel procedures for comparing the
effectiveness of analgesic agents have been introduced
recently. One of these is the determination of the ochanges
in the strength of eleectric shocks required to elicit a
response when applied to en amalgam {illed tooth of a
aog(ﬁ53‘ Since it was desired to compare the effeolive-
ness of wvarious concentrations of loeal anesthetic agents

glven by submucous infiltretion to produce dental pulp



enesthesia, theffallawing'praeeaure for testing the
depth of enesthesia wes deviped.

Healthy adult dogs of either sex were used. 7The
animal was lightly anesthetized with an intravenous
injeetion of 20.56 mg. per kilogram bodyweight of sodium
pentobarbital, & dose fortified by small repeated injeetions
as negessary. The dog was then strapped on its back on a
board and 1ts mouth keyﬁ open by a prop. Shallow ceclusal
eavities were then drilled in two homologous teeth of the
upper arch, uging either canines or molars. The cavities
wore filled with a conductive paste and then tested using
a weak tetanizing current. The cireuit was arranged
with a large indifferent electrode applied to the shaved
chest and the stimulating electirode to the eavity. The
gtrength of the stimulus was varied so as %0 elicit a
minimal objective response (threshold) by changing the
distance of the sliding secondary coil from the fixed
priwary coil of the Harverd Inductorium. This distange
is meagured by & scale groduated from O to 1l cma. pro-
vided on one of the sliding bars of the inductorium,
where the greater the distence the secondary ooil iz set
from the primary, the less the intensity of the stimulus.

The response observed with the threshold stimulue

waps & slight twitehing of the skin of the lower jaw as

far down as the claviele. With ineresse in eurrent, this
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response became more marked, with more muscles contreeting.
The depil of the two cavities wap varied until simller
minimal rosponses were elicited on stimulation of eithew
side. 7The strength of current required, read from the
induetorium, was recorded as the control threshold valus.

Submueous infiltretion wap nexlt performed on esoh
Bide, using 2 per c¢ent procaine with neocsynepbrine 1:2,500
on one side, and 4 per cent procaine with the same con-
gentration of vasoconstirietor on the opposlite side. Two
ge. of each strengih solutlion per 100 lbs. bodyweight were
used, an ampuni eouwparable wilh thal used elinicaily.

Zach cevity was then refested, and the strength of stimulus
inereased, if neevessary, until s response wag noted on

one or both sides. Tesnts were made at intervals of §
minutes Tollowing injootion and continued for ome hour.

The minimel strength of current required to elieit a
threshold response in one or the other tooth was regorded
according to the reading on the inductorium and, further,
the intensity of the response noted op stimnulating either
tooth wag arbitrorily greded as 1, 8 or 3 plus. Dight

sueh experiments were performed.
ALSULTS

Table 1 records the results of & typical experiment.

In this dog the cavities in both teeth were prepared to



such a depth as to give an equael minimel {1 plusg) response
when a very weak tetanizing current was used, found by
setting the inductorium coll at 8.9 ems. Following sube
mugous periapical injection of both procaine solutions,

& 1 plus response waes obieined for both teeth at 6.5 cus.
for the first 5 minute poriod. A4t 10 minutes after
injection & minimal 1 plus response was noted for the

4 ver cent solution and & 2 plus response for the 2 per
sent strength with a further inorease in current intensity
%0 & reading of 4.5 cms. The results obltained for each

5 minute test period show that in every trial except the
firast after injection, significantly less response was

noted from the tooth blocked with 4 per cent procaine.
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DOG EXVERIMENT 6, Female Black longrel. it. 23 lbs.
pate: 8/268/47. Given 3, cc, of
Sodium Pentobarbital at 1:48 Pl.i.
ESTIMATED RESPONSE
PERIOD FOLLOWING FERIAFICAL
ARTER INJECTICON OF PFROCAINE HCL
TINE THIEG U’._.I Re T00TH 76 VoLl INDUCTORIUM
PN, TION 45 FROCAINE 24 READING
(mins. ) {ona. )
1:54 - Control Control B.H
1:59 { INTECTION) - o -
2104 5 14 1f BB
2:09 10 24 1f 4.5
£2:14 13 3{ lyf 4,
2:19 20 34 1# 4.
2:24 25 Bk 14 4.
2189 30 24 14 5.5
2:34 35 24 14 645
2138 40 24 1f , 8
2144 45 2;‘ lf Zud
8149 50 24 14 745
2:54 55 af 1f B
2159 60 a4 iy 8.
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Table 2 summasrizes the eizght experiments. The amounts
listed in the column under each concendtration of procaine
represent the total sum of the arbitrarily graded respouses
for all of the dog experiments for eaeh five minute period.
Por example, when each of the eight dogs were tested on the
side receiving 4 per cent procsine at 10 minutes alter
injection, 5 dogs showed a response of 1 plus, another 2
plus end two dogs showed no response thus meking an aggregate
of plus 7. This sum was compared with the sum of plus marks
for the other solutions at the identical time after injeo~-
tion.

An attempt has been made in the last column of Table 2
to present quantitatively a one Tigure ratioc of the depth
of anesthesia produced by the two graagiﬁg solutions. 7This
ratio has been obtained by using the formla D = g_whera
B = sum of graded response for &6 dogs with 4 per éeﬁt PrO=-
caine and A z sum of graded response of 8 dogs with 2 per
cent proocains and D = the relative superioriiy of depth
of anesthesia obitained with the stronger solution. Judged
by this evaluation, the ratic wag always higher than 1.33
in favor of the 4 per cent solution and at 20 and 26
minutes after injection it was greater than three.

Jhile we do not have positive knowledge that the dogs
actually suffered pain through stimuwlailion from the active
eleoctrode their responses, when positlive, permitied the

gonclusion thet conduction through the "blocked"™ nerve
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was occurring, and would have produced pain in & gouscious
animal . e were aware also that there exisis B question
ag to whether conclusions bazed solely upon the reactions
of animals to a particular stimulus constiiute a sulficient
index for the degree of anesthesia'Z4), 7o determine whother
gur fiodings could be corroborated in humen patients the

following clinical tests were performed.
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TABLE 2

SUMMARY OF RESULTS COMFARING DEPTH OF IULPAL ANESTHESIA
OBPAINED WITH 2 AND 4 PER CHENT TROCAINE HYDROCHLORIDE
IW EIGHT DOGS.

PERIOD SUL OF ARBITRARY Ui OF ARBITRARY
TLSTED RESPONSE UNITS RESPONSE TNITS RATIO OF

AFPER AFTER INJEBCTION OF
INJECTION 40 PROCAINE HCY -

TIkE. ] )

CLER INJECTION OF DEFTU OF
e ’ ,L'RI.'- i A nGl A?Q’ESTHESIA

b

S 6 8 1.33
10 7 14 2.00
15 " 13 1.85
20 5} 16 380
25 ) 16 3.20
30 7 19 Z.71
38 ) 16 260
40 8 18 5.00
45 8 15 2450
80 8 17 283
55 8 ié 2,00
60 & 17 2.12
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CLINICAL TESTS IN HUMAW PATIENTS

Volunteers were selected that had in their upper
arch homologous vital teeth that were %o be extracted in
the course of prosthetiec restoration. Cuspids or teeth
posterior to cuspids were used to avoid overlap of the
field of enesthesia. The teeth were radiographed and
then prepared for a test in a manner similar to tind
described in the enimal experiments with some minor points

of difference in the srrangement.

{1} Ho barbiturates were used preliminarily.

{2} The indifferent electrods was connected with the
palm of the patient’s hand.

{3) vVolume of solution used was 1 ec¢. for each 100 1lbs.
of petients bodyweight.

{4} we tested preliminarily snd after injection every
S minutes for bare perception of stimmlation and
then, immediately afterwards, for slight but de-
finite pain.
Hine such experiments have been run. 3Jolutions
used were the same as in the unipal experiments, that is,
procaine hydrochloride 2 per cent and 4 per cent, both with
neo-gynephrine 1:2,500. The sclutions for these tests ap
well as for the animal experiments were freshly prepared;
thelir pil was approximately 4.8. The higher and the lowey
concentration have been uzed on either side in these cases.

Vhen in these tests we raised the intensity of the stimulus
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above that regquired for elieiting s slight but definite
pain, progressively more marked flinehing and twitehing
of the muscles of the face could be observed.

The results show significantly deeper ansstihesia on
the side anesthetized with the sironger solution. These
elinical tests have alsec shown the correctness of our
interpretation of the animal experiments, namely thet
the flinching and twitching seen were responses to
stimulation of an intensity experlenced as pain. Table

4 records the results of a typicel test.
DISCUSSION

Freviously, experimentel deta comparing the potency
of anesthetice agents have been derived from the routine
testing of the rabbit cornea, the frog or guinea pig
geiatic nerve, the humen dermal wheal and by other pro-
ceduresi18),(19},(25),(26),(27),(28),(29), vransfer of
data obtained from these experiiwnis directly to celinieal
dentistry or medicine involves two assumptions: (a) that
onset and duration of snesthesia indieate depth, and (b)
that different tissues respond similarly %o subcutaneous
or submusous injection with procaine solutions of identical
eoncentrationg. The first of these assumpiions arose be-
cause of the obvious diffioulty of quantitatively measuring
pain. Hecenily, however, J/olif and ﬁardyigoi and others

have devised methods of comparing analpgesics without
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TABLE 3

RIGET ngE LMET SIDE
" WUCTORLILY ﬂ'ﬁﬁcmﬁ’f“&”
J@:’o #9  REA DI.U(} READING
8:40 10.5 perceptlble 10.5 gontrol
10. painful 10. gontrol
8143 injections
B:148 6.5 perceptible Ze
8. painful w? }
8163 Ge poreeplible 1
8. painful -]
8:568 Be perceptibles Lo
5. painful -]
$:03 6. perceptible w¥ )
5.2 painful -k )
§:08 7 percepiible 1.
G painful -}
9:13 8. perceptible He
748 painiul 4o
9:18 Ge3 perceptible Te
8.8 painful Be
9:23 10.3 perceptible 8.3
1G.1 painful 78
g:28 10.4 percepitible 27841
10.2 painful 8.1
P:133 1l. pereceptible P
10.5 painful 8,8
9:38 il. perceptible G
10.5 painful D
G143 10,8 pereeptible 10.
10.4 painful 2.5
9:48 11. - pereceptible 10,2

10.5 painful 2.8
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waking this assumption, ard the need for similar couparisons
in the field of losel snesthesie is apparent. It is a
common ¢linieal observation that local anesthesia may be
inadequate for the contemplated procedure yet last for long
pericds. loreover, with the use of vasocounsirictors,
duration of local snesthesia becomes less depsndent upon
the factor of concentratlon of the anesthetie agent.

The second assumption is sinmilarly not tenable. There
is no resson %o assume that simply because & § per cent
solution of procaine will suffise for subcutaneous infil-
tration anesthesia and bloek pain reecepbors, that the
same concentration will also effectively block the sensory
fibers of & nerve trunk some distance from the site of
injection, In the formey oase it lg only necessary Lor
the agent to mel upon scaltered gingle receptors, while
with submucous adninistvation for pulpal anesthesis the
solution must Lfirst penetrate the ouber couact layer of
the alveolar process; during this comparatively slow
pessage considerable dilution probably occurs. This
weakened solution then bas to act not on scattered pain
receptors as in the muoosa but on the sensory {ibers and
their sheaths of the moderately large pulpal nerve itrunk
and may prove ineffective, unless & solution of higher
concentration has been administered. In other words,
in submugous infiltration for oavity preparation, we are

actually attempting bloeck enesthesia of the pulpal nerve
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trunk but are injecting the solution in an area separated
from that trunk by compact bonej; it is probably this
physical obstacle that necessitates the increase of con-
centration in conjunetion with the further faet that &
nerve block is attempted requiring stronger solution than
that essential for terminal anesthesia. PFurithermore, the
nervous structures of the dental pulp probably have a pain
and enesthetie threshold gquite different Ifrom that of the
veriodontal membrane, that of bone, mucous membrane or
the skin., It would gseen therefore, that the deteruination
of comparative anesthetic potencies by methods employed in
the past have but little significance when applied to
dental pulp anesthesia by submucous infiltration.

Qoetzl, Burrill end Ivy{23) have used the dental
pulp as a test organ %o measure effectiveness of analgesie
and hynotie drugs such as morphine and acetylsalieylic
acid. They state that “the tooth pulp possesses specilic
pain receptors and there iz good evidence that regeptors
of other afferent systems are absent.” I[listological
gstudies reported by Noyes, Hchour and Kayasiﬁl} and
orben{32) support this concept. Uith the technic devised
in this sbudy, it is felt that testing of {the dentel pulp
provides a quantitetive procedure for comparing the
effectiveness of variocus concentrations of different
anesthetic agents also, Ailthough the data summarized

in Table 2 permit only & relative estimation of the



anesthetie depth obteined with the two procailine
solutions, they suggest that superior depih of pulpal
anesthesnla is obtained with the 4 per cent solution

of procaine hydrocehloride.

12
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PART IX

COMPARISON OF TOXICITY OF 2 AND 4 PER O
HYDROCHLORIDY SOLUTIONS.

-
yd
b3
&
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IWTRODUCTION

In 1924 M&ye?{l} undertook a review of the guestion
of toxieity of verious looal anesthetlic agents., lis
reconmendation, not to exoeed & strength of 1 per cent
of proeaine hydrochloride for purposes of infiltration were
based on a thorough study of fatalities that had been coused
by & number of logal anesthetie agents. Out of the 43 fatale
ities reported only 2 eould be aseribed by him %o procaine.
One of these two ocases, a tonsillectomy patient, received
infiltration snesthesia with 10 minims of 4 per cent pro-
caine solution with epinephrine 1:10,000, le died on the
pperating table. ‘@n autopsy status lymphatious was demon~
strated., The second case mentioned received & per centd
procaine solution subcutaneously in a case of extensive
burns; no amounts of procaine were mﬁntibnaa nor presence
or absence of wasoconstriciors. The patient died within
30 seconds after injection. liatcher and ;gglﬂsﬁﬁﬁ(55§
mention 2 procaine fatalities. DBoth Thelr cases were
spinel snesthesies, in neither case was concentration
mentioned and in one of the 2 eases no total dose of
procaine was given. The fetality reported by Hansen(34}

was & patient with severe asthme whose stelluale ganglion
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was blocked with from 20 to 80 ce. of 1. procaine hydro-
chloride 5 timee within 20 days. 3he died at the sixth
injection of respiratory failure {epidural injection%t).

As pointed out by Hertzler(38), none of these cases
is conclusively due to the toxleity of procaine alone
and they certeinly do pot afford an adequate basis for
conparing the toxlielty of procaine in any specific con-
centrations. Drug sensitivity and shoek probably account
for the majority of Tatalities mentioned above.

1t might be well in this connection to consider briefly
the following figures. There are about 120,000 physicians
in this eountry and 70,000 dentists. Lebt us surnise that
each physician gives 1 procaine injection daily, that each
dentist gives § procaine injections daily and thet a work
yeay has 300 days. A total pumber of 1,710,000,000 procaine
injections are then given in this country each year. _ven
allowing for the use of substitutes well over one billion
procaine injections are probably given in the U.3. alone
annuelly. That includes concentrations of [ per cent up
to spinal injections of 10 yer c¢ent. In the light of this
information the list of procaine fatelitles does not
appear impressive.

The Hew and lonofficial Hemedies advise that "ithe
total amount injected should not exceed 200 ng. of the
drug". Por dental purposes usually 2 ce. of anesthetic

gsolution are used:; ocecasionally 3 or 4 c¢c. may be injected.
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The drup eampunts éﬁministere& therefore are well below
the maximun dosage recormmended, even when & 4 per cen
solution is used.

Uhen any material is injected subcutaneously or sube-
nugously eertéin histologieal changes may oceur. Uhether
the stronger solution will cause tissue damage has been
answered by Braunﬁlﬁ) and @arr(ﬁﬁi. They state that even
a 10 per cent solution of procaine hydrochloride is abe-
gsorbed after injection without leaving any trace of tissue
irritation.

It might be well to point out here that procaine wasg
synthetized by Einhern in 1905 and that Braun had resom-
nended the addition of eplnephrine to local anesthetio
agents in 1903. Procaine therefore from the date of its
discovery on hag almost always been used in combination
with vesoconstrictor. It is most probable that the major-
ity of the toxic sympitoms seen after the adminisiration
of local anesbheties are dus to the vasoconstristor rather
than the anesthetic agent.

Dramatic changes in bloodpressure occur when eplneph-
rine is injeoted intrsvenously even in minute amounts;
they acoount undoubtedly for the ocecasional case of pers-
plration, ¢lammy skin or fainting seen in the dentel cheir.

Ventists, in their overwhelml g majority, use sartridge
gyringes which, while convenient otherwise, 4o not permit

aspiration o test for aceidenial intrevenous injection.
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Recontly Hevin{37) nas desoribed a cartridge syringe
permitting aspiration; however in the hands of the writer
the gyringe permits easpiration only by using undve pull,
thereby making it d4ifficult o maintain the pesition of
the needle point.

That we probaebly have been wrongly indieting the
toxieity of the comparatively innocent component, namely
that of procaine, instead of that of the vasoeonsirictor
has been demonstrated in recent years in the c¢linical use
of procaine hydroehloride, of eourse without vasooone-
strictor, for intravenoug enalgesia and anesthesia. Allen,
Bigelow and ﬁtﬁerstla3:{1l)’§18) have reporied the use
of as much as 485 ces of & 15 solution intravencusly for
general anesthesia over a period of one and 3/4 hours.
The first 8 oes of the golution are administered over a
period of just one minute: At the University of Oregon
up to 10 gramg in 1¢ solution given i&traéanmasly have
been used within one hour{38), If one considers now
that animal experiments have established that intravenocus
administration is approximately 10 times as toxlic as sube
cutaneous administration; one cannot help wonder about
the arbitrary mazimal dose of 200 mg« for subeuiansous
usé prescribed in the Nl.R.e

New research in recent years is alsc forelng changes
in our concept of ithe fate and ultimate disposal of procaine

in the body, & guestion very important for the undersiam ding
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of the toxioity of this su%atuﬂaa{“gjﬂ(ég"

As Tor data in the literature pertaining éa the
toxieity of procaine when usged for logal anesthesgia in
different coneentrations, we find repesied references Lo
the "geomelric ratio of incremse in %Qxieiﬁy of proocaice
nydrochloride solutiong»{%31:{42), pny tnis formula the
authors refer to a progression according to whiech 1 cg.
of a 2 per cent solution of procaine hydrochloride ls
not twice but 4 times as toxie as 1 ¢c. of a8 1 per cent
golution. An inguiry on this subject at the Counsil of
Yharmeey end Chemistry of the American ledical issocietion

(49) 4ith a

brought & telegram from valton Vem 'inkle Jr,
list of references.

The first article mentioned in this telegram is
by Iggleston and Hateher'4%4)? 11 their toxicity studies
goncentrations of between § and 20 per gent of procaine
hydrochloride were aagé, but no attempt was made to elabo~-
rate any differencd in toxieity between any of these cone
centrations, Ueeker and Fw&aergéﬁ}, mentioned next, used
one goncentration only, nawmely 0.5 per cent. schmitz and
Lovenﬂazt(35), reference number three, glves drug amounis
only, but no conceniretions at all. The fourth reference,
punlop'4®), deals with the fate of procaine rather than its
toxicity. th&mpiiﬁii mentioned next, used 2 per cent

solutions only. Issekutz and Kovari'??) dealt not with
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toxicity but with metabolism of procaine. Ipstein and
silverts{48) article, the last reference, contains s table
comparing the toxicity on subeuteneous administration of
several commercial 2 and 4 per cent procalne solutions
gontalning different wascconstrictors and preservatives;
these ndditions diminish the uselulness of their findings
for our study of the toxieity of procaine hydrochloride
alone in different concentrations. It is interesting enough
though, that in this table the 4 per cent solutions appear
less than doubly toxic on the average, when compared c¢c,
by ¢c. with the 2 per cent solutions containing & comparable
amount of vasoconsirictor. For their determination of
toxzicity of proecaine hydrochloride without vasceonstrictor
these suthors used £ per cent solution onl;.

o experimental or cliniesl proof for the theory of
the geometric progression in toxicity of proeaine had
been found. Dr. Jaters in & personal communication{®?)
suggested revision and re-examination of this problem.

e have felt therefore the necessity of a comparison of
the toxiecity of 2 per cent and 4 per cent proecaine hydroe-
chloride in order to establish the infiuencs, if any, of

concentration of thie drug on its toxicity.



EXPERIMENTAL

fRapid intravenous injeetion into the ear vein of
male white rabbits was used for the establishment of the
intravenous LDgq for 2 and 4 per cent lsotonic procsine
hydrochloride solutions. Animals of 1.5 kg. 0 2.8 kg.
weight were used, the majority of them around 2 kg. body-
weight. The drug wes sdministered within periods of from
18 to 25 geconds bto simulate clinical conditions where
the drug may be administered at that rate intravenously
insdvertently. 7This mede of administration is considered
the best yardstick for esteblishment of the toxicity of
procaine hydrochloride!48),(50), table 4 shows the results.

Rapid suboutaneous injection in Swise male white
mice has been used for the establishment of the LDg, in
the 2 concentrations for this usual mede of administration
(26}, Animals of 13 grams to 38 greus welght were used,
the majority of them avound 20 to 25 grams weight. Hesults
are shown on Teble 5.

in all toxielty studies we used animals only once
notwithstanding reports by schamp, Schamp and i&imter(ﬁli,
who reinjeeted the survivors after 10 days and found no
significant difference in the percentage mortality between

fresh animels and those used for a second time., %0
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TABLE 4
MORTALITY RATE IN RABBITS GIVEN RANID INTRAV.INOUS

INTECTIONS OF 2 AND 4 PER CENT SOLUTIONS OF PRO-
CAINE HYDROCHLORIDE.

DOSE 2% PROCAINE HCY 45 PROCATNT HOL
mge/ke. flo. dying/le. used Lio. dying/lio. used

40 0/a 0/4
45 1/4 (255 died) 0/4
50 5/10 {50% died) 5/9
55 ?/8  (87% dled) 4/6

60 4/¢  (r00fdied) 4/4 (1004 died)

FEORTALITY RATE IN SWISS MALE WHITE MICE GIVEN SUB-
CUTANEOUS INJECTIONZ OF 2 AND 4 PER CENT SOLUTIONS
OF PROCAINE HYDROCHLORIDZ.

DOSE 2 FPROCAINE HC1 45 PROCAINE HCL
ng./kg. lo. dying/lio. used No. dying/io. used

800 2/20 (10} died) 3/20 (155 died)
200 14/28 (605 died) 18/28 (540 dled)
1000 14/20 (705 died) 18/80 (80, died)
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minimize any effeect on our results from slight veriations
in the different batches of animels we inj@ated approxi-
mately the same number of each bateh with 2 as with 4 per

coent solution.
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RESULTS OF TOXICITY COTUDIES

The LDgg for repid intravenous injeciion {adninise
tration time 18-85 seconds) into the ear vein of the
rabbit was found %0 be 50 mg./kg. for the 2 per cent sol~
ution end only very slightly less then 50 mg./kg., but
definitely more than 45 mg./kg. for the 4 per ocent solution.

The LDgp for rapid subcutenecous injectlon near the
tail in Swiss male white mice was found to be 900 mg./ke.
for 2 per cent solution ard slightly less than 900 mg./kg.
but definitely more than 600 mg./kg. for & per cent sclution.
and in the
subecvtaneous tests wivh procaine hydrochloride rather
definitely show that there ie no, or only & very insignifi-
cant increase in toxicity es expressed in LDy, when the
solution administered is incressed in concentration {rom

2 to 4 per cent as long es the drug amount is kept constant.
DISCUSSION OF TOXICITY STUDIES

A very great number of findings on the toxiocity of
procaine hydrochloride, when edminisgtered subcutanecusly
or intravenously in laboratory animeals, have been published
in the past 43 years, Insufficient or no regerd has baen
given in these investigations to dependence of toxieity on
sonecentration. For convenience of adminisiration studies

in the past have used generally a very high coneentration,
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as 10 per oent, for the vrapid intravenous sdministration;
neither do these studies as & rule specifly exactly the
period of time in seconds, within which this repid adminig-
$ration took place. Both the factors of concontration and
that of the exact periocd of administration time are most
important in the determination of texicity of a drug as
rapidly disposed of as procaims. That probably explains
the wide divergence in toxicity figures (LDsg) quoted in
standard monographs!(®8), partioularly in regard to intra-
venous administration. Ve have not been able to find in
the literature any references to a comparison of toxleity
in procaine solutions of various strength, 2 and 4 per cent
in partioular, when identical drug amounts were used.

Instead we have encountersd arbitrary standards as
that of the “geometrie ratio of inerease in toxleity of
@rmcaina"; a theory taught even teoday in many scchools.
our findings show that this theory can not be substantiated
by LDgg's in laboratory animals.

Toxieity might however express itsell in untoward
gysptons in man only.

Lovestedt!®) nas administered 4 per cent procaine inm
e series of 500 cases of heart disease, treated for dental
sonditions at layo, and shown the absence of any untoward
synptons with these poor risk patients.

In view of the experimenial findings on toxielty

presented in this paper end the elinical studies of
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tundy'®), starnel?}, varquhar!®) and especially those of

Lovesteds!®) 1% 1is felt that the use o cent solution

]
#
e
o
w3

in dentigtry ls safe.
CONCLUSIONS

ihe necessity for more profound anesthesia than that
obtained by administration of 2 per cent scliutions of pro-
eaine hydrochloride is frequently felt by dental eliniclans.
vainter{4! has shown in ome of his studies that an average
of 5.5 ce. of 2 per cent solution containing epinephrine
1:50,000 was required to obtain adequate elinical dental
anesthesia. Out of the 344 cases exasnmined in this study
2L ?éf cent showed inadeguste depth of anesthesis even
with this rather large drug amount and volume. In another
paper ‘inter and Qainteyié} report & clinical emmparisan
of 2 and 3 per cent procaine solutioms, both coniaining
epinephrine 1:50,000. 1In this study they state that an
average of 2.8 ce,., of the J per cent solution and an average
of 3.4 per cent of the 2 per cent solution was required
to obtain adequate anesthesia. The amount of Z.4.0¢. of
the 2 per cent solution needed in this siudy varies con-
siderably from the amount of 5.5 ¢c. of the same soluvion
nesded for identicel purposes by the same author in his
previcus work. inter eand Tainter state that an average
of 2.8 of the 3 per cent solution causes a smllier inel-

dence of nervous perspiretion and of respiratory changes
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than an average of 3.4 ec. of the weaker sclution but

that it doubled the frequency of tremors and greatly
increased the ingidence of nervousness. These sympitons
are ol eourse very much of 2 subjective nature and hard

to measure. The authors also c¢laim a shorter duration of
anesthesia for the stronger soluition, supposedly saused

by the vasodilator effeet of the procaine that offset the
vasoconstrictor effect of the epinephrine more potently
when a sironger solubicn of procaine was used. These
findings contradict Sollman!{1?) ang Breunts{15/,(18) peports,
who found an ineresse in duration of snestheslia when the
concentration of procaine hydroehloride was increased and
that of epinephrine was kept constant. 7The durations

glven by ‘inter and laeinter are 136 minubtes for the 5 per
gent golution and 190 minutes for the £ per cent solution.
They stete however that with the 3 per cent solution there
was & significantly higher incidence of complete anesthesia
and only a amall aumber of reinjections. In their paper
these authors consider snesthesis as adequate when it pers
mitted the completion of the operation., Ilowever they do
not specily the type of operative or surgleal procedures
performed for which these anesthesias were aduninistered
beyond saying thaet thelr observations were made on patients
subjected to the ordinary operations in oral surgery, nostly
ax%ractiamsié}. In their other pa@ef(53 it can be deduced

thet thelr cages were also cases of oral surgery only.
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Tainter and his so-workers were probably atiempiing
40 determine the best single all round anesthebtic solution
for oral surgery. His findings therefore have but small
significance for the determination of depth or duratlon of
pulpal anesthepia. 1t has been the contention ol this
writer that not one but at least 2 concentrations ought to
be used routinely for all the wvarious operative and surglical
procedures of a dental practice, namely a 2 per cent and
8 4 per cent sclution of proeaine hydrochloride.

In our own findings we have found not & decrease
but rather an inerease in the length of pulpel anesthesie
with 4 per dent proecaine az compared with 2 per cent
solution containing identicel emounis of vascconsivictor.
The explanation for this divergence possibly lies in the
difference of the end pointe taken and tissues tested by
those authors and this writer. uinter and Tailnter judged
duration by recurrence of sensation as determined by the
use of an explorer on the mucous membrane. In pulpal
anesthesia for cavity preparation, one of the indications
for the stronger solution advoeated by this suthor, ob-
vyiougly the anesthesie or lack of anesthesia of the Ieous
membrane is immaterial.

Our own observationes extended over one hour only, ithat
is the length of & fairly long dental eppolntment. Anes-
thesis of good depth and a duration of one houw is desirable.

It is of questionable practicel advantage %o have protracted
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anesthesia after completion of the operation and is rarvely
welcomed by the patient.

A duration of 2 hours as produced by 3 per cent sclution
in vinter and Teinter's study would be actually preferable
to one of 3 hours as produced by 2 per cent solution by
these authors.

Thus Winter and Tainter bhave found in comparing 2
and 3 per cent procaine solutions, that for a dental
appointment of ordinary length the more concentrated solution
gives a deeper, hence more setisfactory anesthesia. ihis
agrees fully with our findings in comparing 2 aund 4 per
gent golutions of procaine.

The use of repeeted injections as advocated by Uinter
and Teinter for the purpose of cbtaining sufficient anes-
thesia also introduces an element of ohance as fay ag the
determination of toxicity and duration are congerned. 1%
hes been shown that the toxieity of procaine increases
after injeciion of en unchanged total drug amount in
several places, imstead of into one depot!52/., On the
other hand, toxiecity is bound to decrease when repeated
smaller dosages are administered until sufficient depin
of anesthesis is obtained, even when only aé 1ittle as
% or 10 minutes elapse between the originel injeection and
the seeo d supplementary dose because of the rather yepid
elimination of the drug from the system. A4is far as duradion

of anesthesia is concerned it can not very well be measured
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aeourately iT repeated injections at erbitrary intervals
are given.

In the first part of our study then we have ghown that
experimentally and e¢linically 1 co. of & 4 per cent solution
of procgeine hydrochloride gives a more profound anesthesia
of the dentel pulp then 1 e¢o. of a 2 per cent @mlu%ian.whaﬁ
adniniptered submucousgly in the upper Jew.

In the second part of this paper we have shown that
& 4 per cent solution of procalne aydrachlmriéa is approxie
mitely as toxie ag & 2 per cent solubtion in laboratory
animels, when drug amounts ere kept constant. 4 per cent
solution is therefore just about twice as toxic ag 2 per
gcent solution when egual volumes ere used. 4 "geometris
ratio of inorease in toxicity of procaine hydrochioride®
¢ould not be shown to exist. Drug amounts used in either
goncentration in dentistry, let us say up %o 4 e¢e., are well
within the strictest permissible limlts of 200 mg.

e wish to emphasgize however that we do not recommend
universal use of 4 per cent solution in dentistry but rather
the establishment of indications for the use of the stronger
solution, which may be then used by the profession with
gonfidence.

The 4 par cent solution should be used mainly in
maxillary infiltration anesthesia for cavity preparsation

and also in any local anesthesia, block or lerminal, Tor
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the extraction of a tooth with involvment of the apex,
the periodontal membrane, or the surreting of granulome-

tous apileal fcai(ﬁﬁi. The 2 per oent solution ghould be

used in all other operations.
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SUILARY

An objective experimentesl leboratory procedure
for comparing depth of anesthesla after administration

of Qifferent loecal anesthetic sgents ig described.

Ixperimentel and olinical tesis are reported cor-
roborating the appliecability of such a method in
gomparing intensity of snesthesia for different

concentretions of proecsine hydrochloride.

The results of this study indicate a greater depth
of anesthesia of the dentasl pulp following the sub=-
mucous adminisiration of 4 per cent procaine hydro-
ehloride solution as compared with the 2 per cent

golution.

Toxioity of Frooaine iydrochloride iz not materially
dependent upon concentration in laboratory animd s
when 2 and 4 per cent concentrations are used and

drug ampunts are kept constant.

The theory of the "geometric ratio of increase in
toxieity of proocaine” is untenable in laboratory

animale when death is used as an endpoint.
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