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Sixce the discovery of procaine in 1905 by Einhorn, a number of estér
type local anesthetic agents were synthetized and introduced into cli-
ical practice. Most of these agents are more potent, but also more toxig,
than procaine, and their therapentic index on intravenous administrg-
tion is usually lower than that of procaine (1). Recently, two ney
procaine derivatives, procaine ascorbate (2) and metahydroxy-procaire
(3), have undergone pharmacologic investigation. The experimentg]
findings indicate that, with regard to toxicity and potency, both drugs
compare favorably with procaine. Data on the clinical application of
these two new procaine derivatives have not yet been reported. -
The newest addition to the procaine-type local anesthetic agents &
2-chloroprocaine.; 2-Chloroprocaine hydrochloride is a white, amo®
phous powder; its molecular weight is 307.21, and its melting point {3
174.0 C. 1Its solubility in water is good but less than that of procainey
5 per cent solutions can be made without any difficulty. Heating anﬁ
alkalinization increase solubility. The pH of the 1 per cent solutiog
is 4.90 and that of the 2 per cent solution 4.80. The watery solutiog
at room temperature is stable for several months. S
In vitro studies reported elsewhere (4) indicate that 2-chloroprds
caine is hydrolyzed about four times as fast as procaine by plasmg
procaine esterase. The hydrolysis of 2-chloroprocaine in alkaline sol
tions similarly is much faster than that of procaine (4). It was als§
found that certain neostigmine-type enzyme inhibitors can prevent thig
hydrolysis in concentrations as low as 1: 5,000,000 to 1: 20,000,000 (5§
Preliminary pharmacologic studies § on the mouse and gninea pig
indicated that the LD,, of 2-chloroprocaine in male mice was 1,000 £
76 || mg. per kilogram as compared to the LD,, of procaine which wag
515 = 18 || mg. per kilogram. The LD, of 2-chloroprocaine in guine‘g
*® From the Departments of Anesthesin of the Mercy Hospital and the University dg
Pittsburgh School of Medicine, Pittsburgh, Peansylvania. =
t Presented at the Annual Meeting of the American Society of Anesthesiologists, Incg
‘Washington, D. C., November 8, 1951, >
1 2-Chloroprocaine was supplied through the courtesy of Dr. L. Reiner of Wallace nng
Tiernan Ine., Belleville, N. J.
$ Unpublished data of Dr. Walter Loewe.
|} Standard error.
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pigs was 380 == 36 || mng. per kilogram. The latent period before corgo»
vulsions and the interval between administration of the drug and deat®
were shorter with 2-chloroprocaine than with procaine. A 1 per cex@
solution instilled into the eye of the rabbit gave complete anesthesia
for a minimum of 20 minutes. The pseudohernia test in guinea pi@
revealed that whereas the threshold level for procaine was 0.25 pex
cent, the same value for 2-chloroprocaine was 0.025 per cent. il

Bacteriologic studies f with the nephelometer method of McFarlang
(6) showed that, compared to procaine, 2-chloroprocaine in concentragn
tions of 1.0 to 0.2 mg. per cubic centimeter possessed a marked bacterig:
static effeet on cultures of Aerobacter aerogenes. The effect was eve%
more marked with cultures of E. coli. With cultures of Staphylococci&
aureus and albus, only the concentration of 1.0 mg. per cubic centimetd
of 2-chloroprocaine proyed to be more effective than the correspondix%
concentrations of procaine. 2

" ExpEriMENTAL Darta

The local anesthetic potency of 2-chloroprocaine was investigated
skin wheal tests on human volunteers and by the produection of region
nerve blocks and spinal anesthesia in patients.

The skin wheal tests were carried out as follows: 0.16 per cent, 0.4)
per cent and 1.00 per cent procaine and 2-chloroprocaine solutions wexf»i
prepared with and without the addition of 1: 100,000 epinephrine, usirg
0.9 per cent sodium chloride solution as solvent. Only one concentrs;
tion was investigated at a time. Four intracutaneous wheals weg
made on the flexor surface of the forearm of human volunteers wi
0.2 cc. of procaine, 2-chloroprocaine, procaine with epinephrine, and
chloroprocaine with epinephrine solutions, respectively. The visib
borders of the skin wheals were encircled with ink. The voluntce§s
were tested for the presence or absence of analgesia at five minute il
tervals following the injection by allowing the weight of a tuberculip
syringe attached to a number 25G, one-half inch hypodermic needle )
press against the skin surface of the injected areas. The effect of tige
local anesthetic agent was assumed to be worn off when, on testing m
the described mammer, pain was perceived by the volunteers. Tlg
analgesic solutions to be tested were marked by numbers 1, 2, 3and £
Neither the volunteers nor the person who made the skin wheals and dil
the testing knew the composition of the various solutions used until t}(gr
testing was concluded and the data obtained were analyzed. The rg-
sults of our findings are presented in table 1. 2—

Tt can be seen from table 1 that when epinephrine was not used, tik
duration of action of the various 2-chloroprocaine solutions was al-
ways significantly greater than that of the corresponding procaine sol%

a|o!&/@'0|ogsaqlsa

¢ Carried out by Dr. M. M. Bracken of the Department of Pathology, the Mercy Hospiﬁ,
Pittsburgh, Pa. A
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tions. The lower the concentration used, the greater was the differenc
hetween the duration of the action of 2-chloroprocaine and procaing
Thus, the increase in the duration of analgesia of the 0.16 per cenE,
0.40 per cent and 1.00 per cent solutions of 2-chloroprocaine as con¥
pared to solutions of procaine of the same concentrations was about 1@
per cent, 50 per cent and 30 per cent, respectlvely The addition &
1:100,000 epinephrine to both the procaine and 2-chloroprocaine solw
tions markedly increased the duration of their effect. Under the cifs
cumstances, however, there was no statistically significant (llfferen(ﬁé
between the dumtlon of the identical 2-chloroprocaine and procam!é
concentrations. The significance of these findings will be dlscussea
later. ’

Contrary to our expectations, the addition of a potent enzyme i
hibitor, RO2-683,% in 1: 100,000 concentration, did not inerease the dur

Eﬁe/lioo 1
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TABLE 1 2

SumMARY OF THE INTRACUTANEOUS Skix WuEAL TESTS g—

foet

Concentration g

Agent Used 0.16 Per Cent 0.40 Per Cent 1.00 Per Cent _gT

a

No. of Durntion in No. of Duration in No. of Duration in 5

Canen Minutes* Canen Minutea* Cases Minutes* o

Procaine 10 | 79%07 | 10 | 1052 05 | 16 | 25w 1 P

2-Chloroprocuine. 10 16.9+£0.1 10 16 30.5+ 145

Procaine with epinephrine 10 66.9+£23 9 10 | 166.5+13.1%8

2-Chloroprocaine with 10 36.7£2.5 10 121.9£19.8 17 144.5% 9. ‘!N
epinephrine

* Mean and stundard error (standard deviation of the mean).

27500 0/8

tion of the effect of 2-chloroprocaine or procaine solutions with or thh;;
out 1: 100,000 epinephrine.

A total of 176 skin wheals was made on 27 volunteers. With thg
exception of moderate erythema and itching which developed after botB
procaine and 2-chloroprocaine in one volunteer, no irritating effects 08
allergic phenomena were observed in this series.

Regional Nerve Blocks.~—2-Chloroprocaine alone or with the nddﬁ
tion of 1: 200,000 epinephrine or 1: 200,000 RO2-683, or both, was usegr
for the production of regional nerve blocks in 130 cases.*®* Wheneveg
possible, the duration of the effect of the block was carefully observed:
The results obtained with the different blocks are summarized in tableg

2,3 and 4.

# RO2-683 was supplied by the courtesy of Dr. R. J. Floody of Hoffman LaRoche, Incg.
Nutley, N. J. N

** Seven of the regional nerve blocks were performed by Dr. R. L. Patterson of thE

Allegheny General! Hospital, Pittshurgh, Pa., and 2 by Dr. L. G. David of the Montefiore
Hospital, Pittsburgh, Pa.

tdy o1
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TABLE 2 2
Summary oF RearoNaL NerveE Brocks with 2-CHLOROPROCAINE %
o
Solution Succenful Duration &
Type of Block No.of F
Ce. | Per Cont | OO | Per Cont | Bange. | Arernzs)
EY
Infra-orbital 3 3 | 20 3 | 100 |75-90 =
Brachial plexus 3 40 20 3 100 90-150 1109
Finger and metacarpal 6 15 2.0 5 83 | 50-90 709,
Paravertebral 5 4 2.0 5 100 | 45-95 700,
oe 1 20 2.0 1 100 120 1203
Stellate ganglion 7 10 L5 7 100 | 70-130 =
Lumbar sympathetic 13 25 1.5 13 100 | 65-130 100 i
5

s

TABLE 3 5

SumMary oF THE REdlonNat NERVE BLrocks wiTH 2-CHLOROPROCAINE AND é
1:200,000 EPINEPHRINE ;3;

Solution Suceesaful Duration g

Typo of Rlock No. of <

Ce. | PerCent| No. | PerCent | Jianze. | Averasd

o

Maxillary 6 4 2.0 6 100 |60-120| 80
Cervical 1 4 20 1 100 115 55
Brachial plexus 32 40 2.0 29 90 75-200 1205
Stellate gunglion 1 10 1.5 1 100 130 130 &
Lumbar sympathetic 7 25 15 7 100 70-240 160 1
2

=

N

TABLE 4 R

Sumamary oF THE REGIONAL NERVE BLocks wiTH 2-CHLOROPROCAINE, g
1:200,000 ErPINEPHRINE AND 1:200,000 RO2-683 S

°d

Solution Successiul Duration

Typo of Block Do. of <

Ce. | PerCent| No. | PerCent| J38RRE ‘{l"_fl’;ﬁg

Mandibular 1 5 2.0 0 0 0 03
Cervical 3 4 20 3 100 | 95-100| 950
Brachial plexus 9 40 2.0 9 100 80-165| 1103
Paravertebral 1 4 2.0 1 100 75 75 2
Stellate ganglion 27 10 15 27 100 75-155 1055
Lumbar sympathetic 3 25 1.5 3 100 | 110-135} 125
{ o

Q

The regional nerve blocks done with 2-chloroprocaine were chag-
acterized by: (1) a higher percentage of success than with other agengs
even when paresthesias were not obtained, (2) a rapid onset of action
and (3) the absence of any systemic absorption reactions. The ap
parently greater penetrating power of 2-chloroprocaine, resulting in &
immediate onset of anesthesia, and a higher incidence of successfg
blooks make this drug eminently suitable for the production of regional



2-CHLOROPROCAINE 291

nerve blocks. The addition of 1:200,000 epinephrine markedly
creased the duration of the various nerve blocks, but the addition
1:200,000 RO2-683 had no appreciable effect.

Dental Anesthesia.—2-Chloroprocaine alone or with 1: 100,000 RO2-
683 or 1:100,000 epinephrine, or 1:100,000 RO2-683 and 1:100,08C
epinephrine was used for the production of regional nerve blocks
dental anesthesia in 90 cases.}+ Sixty-seven of these were mandibul&r
blocks, 15 were infra-orbital blocks and 8 were tuberosity blocks. T\gﬂ
cubic centimeters of 2 per cent solution were used for all the iy-
jections. The onset of anesthesia was almost instantaneous and w&s
complete within three minutes. The results of the dental blocks age
summarized in table 5. The blocks done with 2-chloroprocaine aloie
wore off completely in about twenty minutes. No toxic reactions wefe
observed in any of these cases with the exception of slight nervoug-
ness in 10 patients and sweating in 1 patient. The addition of RO2-683

&a

opegu

* Mean and standard error (standard deviation of mean).

=

TABLE 5 8.

SumMARY OF THE DENTAL NERVE BLOCKS WITH 2-CHLOROPROCAINE é_

Succeasful . ‘5:_

it i §

No. Pre Cent S

o

2-Chloroprocaine 19 19 100 19.5::0.89 &
2-Chloroprocaine with epinephrine 36 35 97 59.041.10 @
2-Chloroprocaine with RO2-683 16 15 94 25.0+1.76 N
2-Chlorop ine with epinephrine and 19 19 100 58.0+1.88 N
RO2-683 5
@

®

S

S

to 2-chloroprocaine had no effect on the duration of the dental ne
blocks.

Spinal Anesthesia.—2-Chloroproeaine alone or with epinephrine og
RO2-683 was used for the production of spinal anesthesia in 214 pad
tients. One hundred milligrams of 2-chloroprocaine was dissolved i§
3 cc. of 10 per cent dextrose, or 2.4 cc. of 10 per cent dextrose and 0.6 e
of 1:1,000 epinephrine, or 2.4 cc. 10 per cent dextrose and 0.6 cc, 1: 2,008
R0O2-683, resulting in a 3.3 per cent hyperbaric solution of 2-chloro§
procaine. When the duration of the contemplated surgical procedurg
was expected to be sixty minutes or less, 2-chloroprocaine alone oF
with RO2-683 was used. For surgical procedures of longer duratiom
2-chloroprocaine with epinephrine was employed. If the desired leve§
of anesthesia was below the twelfth thoracic segment, 2.5 ce, of the 3.
per cent solution of 2-chloroprocaine was used and for higher levelsy
3 cc. was employed. Within these dosage limits the desired heighp-
of anesthesia was obtained by varying the site of puncture between th%

tt All the dental blocks were done under the supervision of Dr. L. M, Monheim by tbé .
students in the School of Dentistry of the University of Pittsburgh.

179&)
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[]
second and fourth lumbar interspace and changing the plane of the
operating table. The 100 mg. dose (3 ce. of 3.3 per cent solution) wgs
not exceeded in any of our cases. Excellent anesthesia for any upp§r
abdominal surgical procedure was provided by 100 mg. Whenevgr
possible, the duration of sensory and motor anesthesia was observed.
Motor anesthesia was considered terminated when the patient was a
to flex cither knee voluntarily. Perception of pinprick sensation in
the inguinal fold was taken as the end point of sensory anesthesia. 8

Spinal anesthesia with 2-chloroprocaine was characterized by @n

immediate onset and a rapid rate of climb that made constant observ§1
tion necessary during the first few minutes until the desired height

TABLE 6
Orerations Doxe UnpeR 2-CHLOROPROCAINE ANESTHESIA

Number of Procedures Done Under

Type of Operation *
2Chloroproc. | FGloranron | 2 Chlerabros
Intra-abdominal: gustrectomy, cholecystec- 21 34 12
tomy, umbilical-, ventral-, incisional-herni-
orrhaphy, hysterectomy, appendectomy,
colostomy
Urologic: nephrectomy, pyelolithotomy, re- 5 16 4

tropubic prostatectomy, eystotomy, bladder
resection, transurethral prostatectomy, hy-
drocelectomy

Inguinal herniorrhaphy 11 13 6
Lower extremity: vein ligation, open reduction, 29 20 9
amputation, arthrotomy, skin graft, manip-
ulation
Miscellancous: coccygectomy, hemorrhoidec- 24 1 9

tomy, pilonidal cyst, circumcision, dilatation
and curettage

Total 90 84 40

S0ES6 | {2750000/81.2821/282/€/€ L Apd-ajonIe/fBojoIgayisFUE/WoD el

of anesthesia was obtained. However, even in the cases in which t@
level of sensory anesthesia accidentally ascended to the cervieal seg
ments there was no sign of respiratory embarrassment, and artxﬁmﬂ
or assisted respiration was not necessary in any of our cases. =

The operative procedures done with 2-chloroprocaine spinal aneg
thesia are summarized in table 6. It can be seen from this table thé
not only surgical procedures requiring low spinal anesthesia, but a]a‘b
major intraperitoneal procedures (cholecystectomy, hystcrectomy, etc.9
can be carried out satisfactorily with a single subarachnoidal mJectxog
of 100 mg. 2-chloroprocaine.

The duration of sensory and motor anesthesia obtained with th‘g
subarachnoidal injection of 2-chloroprocaine is summarized in table ®
These figures indicate that the duration of sensory anesthesia is

Fypd-
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TABLE 7

THE DURATION oF MoTor axp SENsory AxesTiuesia FOLLOWING
SuBaracHNOIDAL Brock witn 2-CHLOROPROCAINE

UoJjl papeojumo(

Duration of Duration of
Agent No. Motor Anesthesia, &mn7 Anesth
Minutes* Minutes*

nud
k4

2-Chloroprocaine 83 7022 82428 5
2-Chleroprocaine with RO2-683 40 73+1.9 84427 8
2-Chloroprocaine with epinephrine 84 11028

g
¥
i
)
4

* Mean and standard error (standard deviation of mean).

moderately greater than that of motor anesthesia. It can also be seel
that the addition of epinephrine markedly increased the duration
hoth sensory and motor anesthesia, but the addition of RO2-683 hat
no appreciable effect.

The incidence of postoperative complications was about the sang.
as observed after other spinal anesthetic agents. Postoperative hea®
ache was present in 11 of 214 patients, an incidence of 5 per cent; &
these, only 3 patients (1.5 per cent) were not relieved by aspirin anf
the headache lasted more than forty-eight hours. No neurologic conf

plications developed in any of these patients during their hospital sta‘i
or after their discharge. =

159@@9@|er19 Als’

CoMMENT

v/182/E/EL

The toxicity of any local anesthetic agent depends on the presency
of a certain concentration in the blood stream. This concentration ig
not necessarily the same in different species. The concentration of 8
loeal anesthetic agent in the cireulating blood depends on at least foug
factors: (1) the rate with which the agent reaches the intravasculag
fluid, (2) the total volume of the intravascular fluid, (3) the rate with
which the agent penetrates into the interstitial and intracellular fluid
and (4) the rate with which the agent is hydrolyzed or otherwise (le§
toxified within the blood stream. s

On intravenous administration, the concentration in the blood de3
pends on milligrams per kilogram per minute of the drug injcctet@
However, if the agent in question is administrated by the intraperig
toneal, intramuscular or subeutaneous route, in addition to the size oE
the dose given, the penetrating capacity of the agent in question is alse
of great importance. &

It is evident that the faster the hydrolysis of an agent within th&
blood stream, the larger the quantity that has to reach the blood streant
to maintain a toxic concentration. Conversely, if an agent is hydrolyze&-f
or detoxified slowly, relatively small quantities will produce a toxig
blood level.

It was shown in in vitro studies that 2-chloroprocaine is hydrolyzed

¥20!
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by the plasma procaine esterase about four times as fast as procain%.
This finding explains the fact that on subcutaneous administration @
male mice, the LD;, of 2-chloroprocaine was found to be almost twig
as high as that of procaine. That the LD;, of 2-chloroprocaine on suk-
cutaneous administration was not found to be even more favorable war_%s
probably because of the fact that the penetrating capacity, and there@
the rate of absorption, of 2-chloroprocaine is greater than that &f
procaine. This was demonstrated by the finding that when convi§
sions did develop after the subeutaneous administration of 2-chlorg:
procaine to mice, the latent period was shorter than following the ag
ministration of procaine. Similarly, in the fatal cases the time betweeh
administration of the drug and death was shorter with 2-chloroprocairg
than with procaine. B

Our clinical findings corroborated the results of the in vitro studigs
and the pharmacologic experiments. The fact that no systemic absorg-
tion reaction was observed even when as much as 40 cc. of a 2 per cegt
solution was administered within two minutes, in the course of brachial
plexus blocks, to old and debilitated patients, can only be explained lgl
the rapid intravascular hydrolysis of 2-chloroprocaine. This rapg
hydrolysis is a definite advantage when infiltration or regional ane§
thesia has to be used in poor risk patients, because the systemic reag-
tions occasionally observed after the use of procaine can thus be pre-
vented. For the same reason 2-chloroprocaine is the logical choice ofTEia

=

local anesthetic agent in the seriously injured or wounded patient. &
The almost instantancous onset of anesthesia following region{j
nerve blocks with 2-chloroprocaine is caused by the inereased penetra®
ing capacity, also observed in the pharmacologic studies. The rap@
onset of anesthesia with 2-chloroproeaine is a great advantage in a busy
operating room and is especially helpful in dental anesthesia. s
The dentists using 2-chloroprocaine for dental blocks were favorab@
impressed with the short duration of the blocks and the absence &
residual numbness after the blocks. They believe that this proper
of 2-chloroprocaine makes it eminently suitable for dental use in casgs
in which analgesias of only short duration are required. The reasd
for the relatively short duration of the dental nerve blocks is that gl
these types of blocks the 2-chloroprocaine is infiltrated into very vag
cular areas with a high procaine esterase content; therefore, the &
chloroprocaine at these sites is decomposed rapidly and completely. (Eg
That 2-chloroprocaine is definitely more potent than procaine &
evident from both the pharmacologic and the clinical studies. In tp
pseudohernia test on the guinea pig, 2-chloroprocaine was found to ]
ten times as potent as procaine. In the clinical studies the increased
potency was manifested in the intradermal skin wheal tests in which
9-chloroprocaine was found to be more potent than procaine. I~
The increased potency of 2-chloroprocaine could also be seen I
spinal anesthesia when 100 mg. produced satisfactory relaxation m§

Edy
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analgesia for upper abdominal operations on the average adult patient.
To obtain similar results with procaine, about 150 mg. is necessary.
Since the molecular weight of 2-chloroprocaine is about 20 per ceft
higher than that of procaine, the increased potency of 2-chloroprocaine
is even more outstanding if the two agents are compared on a mo]a?‘
hasis. 3
The fact that on intracutaneous administration the duration of ag
tion of 2-chloroprocaine with 1:100,000 epinephrine was not greater
than that of procaine with epinephrine needs some explanation. It has
been shown (7) that not only the blood, but also almost every animjl
tissue contains procaine esterase. Epinephrine prolongs the duratiogn
of action of local anesthetic agents by preventing their absorption from
the site of injection. However, the presence of epinephrine will nd
prevent the in sifu hydrolysis of the local anesthetic agents. Since
chloroprocaine is hydrolyzed more rapidly than procaine, its advantage
over procaine gained by its greater potency will be counteracted whesg,
by the addition of epinephrine, it is subjected to a more prolonged a&
tion of the tissue procaine esterase. The end result of the effect f
these two divergent factors (potency and stability) is that on sul®
cutaneous administration the duration of the effect of 2-chloroprocaing
and procaine with epinephrine was about the same. 3
Our clinical experience with 2-chloroprocaine seems to indicate tha
in this drug we possess a highly useful local anesthetic agent which i
not only more potent but also considerably less toxic than proeainé
The findings presented encourage extensive clinical trials with thig
promising new local anesthetic agent. We believe that it will prove tg
be useful primarily for infiltration anesthesia, field block, dental nne%
thesia and regional nerve blocks.

SumManry

750000/81

3-Chloroprocaine with or without the addition of epinephrine an®
RO2--683, or both, was used in intradermal skin wheal tests on 27 humatg
volunteers, for the production of regional nerve blocks in 130 putient%
dental nerve blocks in 90 patients and for spinal anesthesia in 218
patients. 5

No local or systemic toxicity was observed in any of these 461 in§
dividuals, with the exception of slight local urticaria in one of thé&
volunteers. S

The duration of the local analgesic effect of 2-chloroprocaine in thgr
skin wheal tests was significantly greater than that of procaine. S
As a spinal anesthetic agent, 2-chloroprocaine was more potent thmf
procaine, 2

Because of the rapid onset of its action, very low incidence of failurg
and the lack of systemic absorption reactions, combined with a satisg
factory duration of action, 2-chloroprocaine is an excellent agent fox
the production of regional nerve blocks. R
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Owing to its relatively high potency and low systemic toxicity, g
chloroprocaine has a higher therapeutie index than any of the currently
used local anesthetic agents.

Extensive clinieal trials with 2-chloroprocaine are recommended.
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