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TaEe intravenous use of procaine hydrochloride is well established as
an adjunct to general anesthesia. The total amount given has varied
from a few milligrams to several grams and the time for injection from
minutes' to hours. For proper evaluation of clinical procedures, it
would seem desirable to know the concentrations of procaine and its
produets of hydrolysis in the blood after such administration. Only
scant information regarding blood levels after known doses of procaine
is available.

Dunlop (1) found that about an hour was required for the disap-
pearance of unchanged procaine from the blood of dogs after intra-
venous doses of 20 mg. per kilogram. The p-aminobenzoic acid formed
remained for a much longer time. Shumacker (2) determined ¢‘free’’
and “‘total’’ procaine in the heart blood of guinea pigs given lethal
doses of procaine. His resnlts indicate, ‘‘that after intravenous, intra-
plenral, intramuscular and subcutaneous injections, although the in-
jected dose varied from 40 to 500 mg. per kilogram of body weight, the
average unchanged procaine level was almost identically the same,”’
from 11 to 16 mg. per 100 cc. Allen and Livingstone (3) found traces
of ‘‘procaine’’ in the blood of rabbits for as long as 6 hours after sub-
cutancous injections. Goldberg, Koster and Warshaw (4) found up
to 0.016 mg. per 100 cc. unchanged but a total of 0.42 mg. per 100 cec.
of procaine in the blood of human subjects a few minutes after a spinal
injection of 300 mg. Overgaard (5) found 8 to 11 mg. per 100 ce. of
total procaine in the blood of guinea pigs to be acutely fatal, but that
2 mg. per 100 cc. produced no symptoms. After local anesthesia, the
amount in the blood of patients was usually too low to determine, al-
though in a few cases concentrations as high as 0.3 mg. per 100 cec.
were found. He suggested that such levels might explain toxic re-
actions. Graubard, Robertazzi and Peterson (6) reported total pro-
caine blood levels of 32 mg. per 100 cc. in rabbits receiving 20 mg. per
kilogram of procaine hydrochloride, and as high as 8 mg. per 100 ce.

* From the Departments of Pharmacology and Anesthesiology, Indiana University.
t This research was supported in part by n contract with the Office of Naval Research.
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in the blood of patients given 200 to 500 mg. total dose intravenously.
Brodie, Lief and Poet (7) gave 2 Gm. of procaine hydrochloride intra-
venously to 5 human subjects and determined the resultant blood levels
of procaine, p-aminobenzoic acid and diethylaminoethanol. They found
that the plasma level of procaine was always less than 0.35 mg. per
liter but that the plasma p-aminobenzoic acid increased to as much as
15 mg. per liter. One hour after the infusion no free procaine was
found in the plasma, but considerable p-aminobenzoic acid remained.
Burgen and Keele (8) followed the procaine and p-aminobenzoie acid
concentrations in the blood of chloralosed cats after intravenous in-
jections. They found that the blood procaine reached maximum levels
of 6 to 66 mg. per liter after continuous infusions of 0.5 to 2.5 mg. per
kilogram per minute. Constant blood levels of procaine were attained
if the infosions were maintained for more than ten minutes. Free
procaine disappeared in less than thirty minutes after the injections
were stopped, but the p-aminobenzoic acid concentrations fell more
slowly.

Procepure

Total procaine and total p-aminobenzoic acid concentrations were
determined in the blood of patients receiving intravenous procaine as
an adjunct to general anesthesia. In a few patients both free procaine
and free p-aminobenzoic acid were also determined. Bloods for analy-
sis were obtained at the time the infusions were stopped and at one and
at two hours later. The procaine was extracted from an alkalinized
filtrate with chloroform. - The method for analysis was a modified

TABLE 1

ProcaiNe anp PABA N VENous BrLoop AFTER INFusioN oF Procaine HYDROCHLORIDE.
No Disease Revatep To Liver or KipnEYs; BARsrruraTes wrTH NiTROUS OXIDE

Blood Levels
Bex Total | Time Zero Tim: 1 Hour 2 Houm
Pt and ‘ZL' Dose,| in |mg./kg. ....A e ¢ °
Ago & | Gm. {mi

Procaine| PABA | Procaine] PABA | Procaine| PABA
mg. per | mg. per| mg. per | mg. per| mg. per | mg. per
100 cc. | 100 cc. | 100 ce. (100 cc. | 100 ce. | 100 ec.

Mcl |F 37!750|1.80{ 90 | 24.0{ 0.266 045 11031005 |071} 0 0.27
GAN |F 28143.2|1.75| 100 | 40.5| 0.405 036 | 170 | 0.04 | 0.76 | 0.02 | 048
THO |F 42|71.813.00; 150 | 41..7] 0.278 056 (224 004 |136| 0 0.58
AST |F 46(80.7|3.50| 95 | 43.2| 0450 028 (2561 004 | 1.76 | 0.04 | 1.12
STA |F 51166.4(3.00f 135 | 45.2| 0.334 095 | 2.64 | — 1.99 | 0.05 | 0.99
MOW | M59;61.8(3.50] 120 | 56.7| 0.472 0.20 1250 ( 0.16 | 1.36 | 0.04 | 0.70
BUR |F 23)81.8;5.00| 140 | 61.8| 0.437 0.56 200 | 0.08 | 1.16 | 0.04 | 0.66
KEL |M47]61.4(400| 140 | 65.1} 0465 040 [ 1.76'| 0.12 | 1.02 | 0.02 | 048
DOS [F 25|56.8(4.00] 80 | 70.4| 0.880 080 | 288 | 040 | 1.36 | 0.28 { 0.76
COW |F 25|43.213.257 150 | 75.0| 0.501 0.18 | 290 | 0.09 | 1.81 | 0.04 | 0.52
MIT (F 33(40413.50| 150 | 86.5| 0.576 030 (224} 005 | L15| — —
WIL |M44)|623(7.50| 250 |120.4| 0.483 0.60 | 288 | 0.08 | 1.66 | 008 | 110
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Bratton-Marshall method for sulfonamides * (9, 10). Readings were
made on a photo-electric colorimeter.

Analyses for total procaine and p-aminobenzoic acid were made
on one or more blood samples from 54 patients. Of these 54 patients
29 had varying degrees of pathologic change which might affect liver
or kidney function or both. Obesity was included in the pathologic
series since calculations of dosage were made on a weight basis. Be-
cause previous work has shown that the liver is important for the
hydrolysis of procaine and that p-aminobenzoic acid is exereted mainly

TABLE 2

ProcaINE aND PABA 1§ VENoUs Broop AFTeER INFUSioN or ProcaiNe HYDROCHLORIDE,
PatHoroarc Cases; BARBITURATES wiTH Nrrrous OXiDE

Blood Levels

. Zero Time 1 Hour 2 Hourn
in | mgfe anTE

Sex. o Total| Time
we, | o i
k& | Gm.' | minutes

Pt and
Age

Procaine) PABA | Procaine} PABA | Procaine| PABA
mME. per | mg. per{ M. per [ mg. per| mg. per | mg. per
00 cc. 100 cc. | 100 cc.| 100 cc. | 100 cc.

THO |F 68| 72.7/1.50| 130 | 11.0 0.084 000 | 1.19 { 000 | 1.72 — —
BAU F 39(114.1/4.00| 165 | 14.4 0.087 024 | 1.52 | 020 { 1.10 | 0.12 | 0.68
JOH {MB84) 64.5/1.25| 80 | 194 0.243 1.80 (404 ] 070 | 3.78 | 0.60 | 3.78
HOR {F 50| 75.9(1.75| 105 | 23.0 0.170 015 | 144 0 106 | 0 0.84
ROM |M24( 56.0{1.50| 45 | 26.7 0.594 140 | 086 | 0.12 | 0.72 | 0.12 | 0.44
RIL |F 43{103.0/3.00] 150 | 29.1 0.194 1.60 j 1.52 { 0.28 | 0.76 — —
SHO | M 57| 66.7/2.00| 100 | 30.0 0.500 336 | 1.96 | 036 { .10 | 0.32 | 0.72
DEC |F 66| 79.5/3.00| 145 | 37.8 0.260 008 | 212 004 | 1.20 | 0.02 | 1.20
DAV |F 24| 87.7|3.75{ 170 | 424 0.249 236 | 1.24 | 228 | 0.92 — —
HEA |F 37| 77.3/3.80] 150 | 49.2 0.328 110 [ 351 | O 101! 0 1.06
S8PA |F 48} 90.9(5.00{ 125 | 55.0 0.440 3.00 | 3.04 — — - —
HAY |[M48| 63.7/3.50| 100 | 55.0 0.550 1.48 1200 | 0.12 { 1.00 [ 0.04 | 0.52
CON |F 42| 60.9/5.00{ 175 | 82.5 0471 | 275 1327 | 025 | 200 | 0.10 | 1.32
JOH [F 33| 50.5/5.00{ 105 | 99.2 0.944 100 148 | 0 308(0 1.35
The pertinent findings for the i were as foll
THO—pyelitis, hyper BAU—ob ; JOH—hydronephrosis with
pyuria, NPN 90, auricular ﬁbnllnhon HOR—hypem:nmun obesny,ROV[—odmmyehtm RIL—
obesity; SHO—obstruction of ureters, pyuria, alb ia; DEC—hyper N obesity; DAY—
obemty, pyuria; HEA—Pott's di pyuria; SPA—hypertension, obesity, pyuria, palpable liver;
HAY—arteriosclerosis, chronic heart di CON 1 with icals for syphilis three

years ago; JOH—pyuria.

by the kidney (1, 3, 8, 11, 14) the cases in which functional involvement
of liver or kidney was not found were called nonpathologic. These
patients, however, cannot be considered normal. The conditions in-
cluded coarctation of the aorta, mild and severe diabetes and inactive
rheumatic heart disease. The patients were divided into four groups.
The first group, shown in table 1, had no disease relative to kidney or
liver. These patients received either thiopental sodium or seconal
sodium with nitrous oxide. Group 2, shown in table 2, had the same

* By the method of analysis employed, it was possible to determine 0.02 mg. per cent of

Pprocaine, or 0.01 mg. per cent of p-aminobenzoic acid in blood, and to detect’differences of this
order of magnitude.
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anesthesia but all were pathologic cases which might show functional
involvement of either liver or kidney or both. The third group, shown
in table 3, were similar to the cases shown in table 1 except for the an-
esthesia. These patients received ether or cyclopropane or a combina-
tion of the two. Group 4, shown in table 4, received the same anesthesia
as group 3 but they were composed of patients who had pathologic
conditions.
ResoLts

Comparing the patients in tables 1 and 2, similar doses of procaine
on either a per kilogram basis or a per kilogram per minute basis, the
blood procaines were higher in the pathologic series except in 3 cases,
THO, HOR, and DEC. These were all cases of hypertension with some

TABLE 3

ProcaINE AND PABA In. VENous Broop ArTER InFusion oF ProcaiNne HYDROCHLORIDE.
No Disease RELATED To Liver or KIDNEYS; ETHER AND CYCLOPROPANE OR Born

Blood Levels
Pt BS:; ‘E‘" m Til;:’w - ,..,A;;fm;,. Zero Time 1 Hour 2 Houra
Age & | Gm. |mi "
Procaine| PABA | Procaine| PABA | Procaine| PABA
mg. per | mg. per| mg. per [ mg. per| mg. per | mg. per
100 vc. [ 100 cc. | 100 ec. | 100 ee. | 100 ee. | 100 ce,
NOR |F 60|61.4|050| 60 | 81| 0135 | 010 |0 — — — —
MIL {F 51165.9({1.25] 135 | 19.1 0.141 - —_ 0 083 | 0 0.79
ROB |F 13584125 135 | 214 0.158 008 | 0.76 | 0.16 | 0.64 | 0.04 | 0.32
BRU (F 16(54.5/2.00{ 85 | 36.8 0.254 0 1.60 | 0.40 | 1.12 | 0.13 | 0.87
WHI |F 20168.2|3.50) 150 | 51.3 | 0342 | 0.07 |293) — — |0 0.94
FRE |M48(76.8|4.50] 175 | 58.9 0.337 —_ — 0.32 | 1.56 — —
ALL 1M51|47.3{3.00| 130 | 634 | 0488 | 036 | 1.76 | 032 | 1.36 | O 0.80
STR |F 28}49.0{320; 250 | 65.3 0.261 045 | 1.44 | 0.20 | 1.16 | 0.20 | 0.64
SIM |F 15(54.5(4.00| 150 | 7331 0495 | 0.15 [ 1.39 | 0 058 | — —
DEN |F 28|66.4|500( 200 | 75.3 0.377 015 (190 | 005 { 1.18 | O 0.48
FLI I 31)50.04.00| 160 | 80.0 0.500 003 [ 135 005 | L11 | O 0.12
TER [ M1765.8|5.50{ 215 | 83.7 0.389 040 | 224 | 020 | 1.24 | 0.20 | L.O4
SPA [ M54)51.8|/5.00] 145 | 96.1 0.663 0 096 | O 1201 0 1.20

obesity. The p-aminobenzoic acid levels are compared only on a milli-
gram per kilogram basis because that has been shown to be the most
important factor in dogs (15). The p-aminobenzoic acid levels were
higher in the pathologic series than in the normal except for ROM,
DAV, and HAY. These included osteomyelitis, pyuria with obesity
and arteriosclerosis.

Comparing tables 3 and 4, the procaine levels were higher in group
4 except for LAM, WHI, GRI, and OWE. These included pyuria,
bronchiectasis and albuminuria. The p-aminobenzoic acid levels were
higher in group 4 except for DEL, WIL, BOG, LAM, and WHI. These
included pyuria, albuminuria, obesity and heart disease. It will be
noted that there was more irregularity in the ether and eyclopropane
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TABLE 4

ProcaiNe anp PABA 1N VEnous Broop ArTER INFUSION oF ProcAINE HYDROCHLORIDE.
Patrorogic Cases; ETHER AND CYCLOPROPANE oR Boru

337

Blood Levels
P ;E:xd Y:_" Tou{ T'me me/ke, m:‘)’,’f‘ﬁ;.. Zero Time 1 Hour 2 Hours
Age Gm. mum:a

Procaine| PABA | Procaine| PABA | Procaine| PABA

18 oo, {106 £ [ T80 & [ 100 &c. | 10 oo, [ 100 &e.
THA |F 45(57.3|0.10] 32 1.7} 0.053 040 | 144 — — — —
KER [F 63{864|1.50| 100 | 174 0.174 220 ; 0.96 | 1.20 | 0.84 | 0.60 | 0.44
WED |F 42750250 45 | 33.3| 0.741 032 | 232 | 008 | 1.48 | 0.04 | 092
DEL {M35(65.8{225| 150 | 34.2| 0227 192 | .24 | 008 | 0.82 | 0.04 | 0.58
TRA |M43/68.2|250| 95 | 36.7| 0.387 0.12 {378 | 008 | 3.24 | 0.04 | 3.14
BEL 1M37{59.1/225| 90 | 38.1| 0.25¢ 0.13 | 313 | 005 | 281 005 | 1.83
WIL | F 38|86.4(4.25( 155 | 49.2} 0317 028 | 272 | 0.12 | 1.70 | 0.02 | 0.98
BOG |F 45(73.6(4.00| 120 | 54.3| 0453 0.95 | 1.92 — — ] 092 {075
LAM (M53(78.6]5.00) 270 | 63.6| 0.236 012 | 160 | — — — —
FEL [M55|92416.00] 225 | 65.0; 0.289 136 | 334 | 052 | 1.86 | 0.48 | 1.34
KYL |F 23(45.0{3.00| 125 | 68.7| 0.534 — — | 012 {224 | 008 | 098
WHI M 17152.2|5.00| 265 | 958] 0.361 028 | 208 | 020 | 144 { 012 | 0.8
BAK |F 14145514.50| 255 | 99.0| 0.388 195 | — | 087 j1.25] 0.20 | 0.81
GRI |F 3449.5|5.00( 180 |100.9| 0.561 002 | 280 | 0 180 | 0 1.02
OWE |F 32]455(5.00| 280 [109.9! 0.393 0.40 | 3.14 — — - -

The pertinent findings for the pnliema were as follows:

THA-—essential hypcrtensmn, pyuna KER—metastatic Carcinoma in the liver; WEB—

bowel obstruction, obesity, pyurin, unnary casta DEL—pyuria, hematuria, bleeding peptic
BEL i

ulcer; TRA—Pott’s

WIL—obemty, BOG—heart disease, com-

pensated; LAM—anemia, pyunn, FEL—hypcrtenmon, pyuria, gastric ulcers; KYL—bronchiec-
'.usns W H[——nlhummunn pyunn. BAK—neurofibroma of the mediastinum, pyuria; GRI—
; OWE—all

hi

br

in,

PercentaGE o PABA RemainiNg 1N T Broop Oxe Hour ArrER

TABLE 5

THE PRrEVIOUS DETERMINATION

No. of Pta, | Range | Median Mean | 8.E.m
Barbiturate Anesthesia
Nonpathologic 0-1 hour 12 44.7- 756.3 57.9 58.9 % 8.6
Nonpathologic 1-2 hours 1 28.7- 63.7 51.6 51.2 *11.3
Pathologic 0-1 hour 12 50.0- 93.7 62.1 64.8 =+18.1
Pathologic 1-2 hours 9 52.0-105.0 66.0 74.2 +21.4
Cyeclopropane and Ether
Nonpathologic 0-1 hour 9 41.7-125.0 71.2 75.5 +21.8
Nonpathologic 1-2 hours 9 10.8-100.0 58.7 63.6 +26.8
Pathologic 0-1 hour 10 55.7- 90.7 65.1 70.1 | x126
Pathologic 1-2 hours 12 438- 970 | 645 85.8 - £13.2
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series than in the barbiturate series. In general, the p-aminobenzoic
acid levels were higher for the same dose of procaine with barbiturates
as anesthetics than with ether and cyclopropane. These results are
in agreement with those found in dogs (14). The procaine level secemed
also to be a little lower in the ether series than in the barbiturate se-
ries. This was the opposite of our findings in dogs (14).

TABLE 6
PeERCENTAGE oF PABA FReE IN Broop

Pt Sex and Age Zero Time 1 Hour l 2 Hours

Nonpathologic Barbiturates

STA F 51 76 50 38
MIT F 31 14 50 —
KEL M 47 67 46 31
Mel F 37 — 27 1
Pathologic Barbiturates
THO F 68 58 26 26
HEA F 37 57 24 45
JOH F 33 94 — —
HOR F 50 45 27 39
Nonpathologic Ether and Cyclopropane
FLI F 31 36 43 42
NOR F 60 42 — -
DEN F 28 73 19 31
WHI F 20 74 — —
SIM F 15 52 17 —
STR F 28 42 12 22
ALL M 51 64 33 13
MIL F 51 — 22 23
Pathologic Ether and Cyclopropane
KER ¥ 63 49 39 48
BOG F 45 62 — 37
BEL M37 52 41 51
CON F 42 65 62 51
THA F 45 60 — —
TRA M43 77 75 85
BAK F 14 — 27 35

In 43 patients it was possible to calenlate the fall of p-aminohenzoic
acid from the cessation of administration to one hour. In 41 it was
possible to calculate the fall of p-aminobenzoic acid from one to two
hours. Table 5 gives a comparison between the p-aminobenzoic acid
-in the blood at the cessation of administration to one hour and at one
hour to two hours. In those patients who received a barbiturate the

20z ludy 0z uo 3senb Aq ypd°01.000-000$0056 L-Z¥S0000/201 L¥Z/EEE/E/ | L/Pd-01on1e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq
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results were fairly consistent for the nonpathologic series, but ex-
tremely variable in the pathologic group. In those patients who re-
ceived ether and cyclopropane, there was no difference between the
pathologic and nonpathologic series. It seemed that when ether and
cyclopropane were used as anestheties, the anesthesia itself introduced
variations which were as great as the influence of the diseases studied
on the fall of p-aminobenzoic acid.

TABLE 7
PercenTaGe or ProcaiNne Free N Broop

Pt Sex and Age Zero Time 1 Hour 2 Hourm
Nonpathologic Barbi
STA F 51 92 - 100
MIT F 33 100 — —
KEL M 47 80 33 100
Mecl F 37 — 60
Pathologic Barbiturates
HEA F 37 104 — —
JOH F 33 95 — —
CON F 42 80 60 30
Nonpathologic Ether and Cyclopropane
NOR F 60 50 — -
DEN F 28 100 — —
WHI F 20 43 - —
SIM F 15 100 — —
STR F 28 87 60 40
ALL M 51 53 62 —
Pathologic Ether and Cyclopropane

KER F 63 84 100 —
BEL M37 54 60 —
TRA M43 60 67 33
BAK F 14 — 75 —
BOG F 45 — — 7

Table 6 shows 23 bloods on which free and total determination of
p-aminobenzoic acid were made. There were too few cases in any
group to draw general conclusions The free p-aminobenzoic acid ap-
peared fo represent a rather variable percentage of the total A
larger percentage was free at the cessation of administration than at
one and two hours later. The one hour values were the most con-
sistent. ’

Table 7 shows 18 bloods on which both free and total determinations
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of procaine were made. Under barbiturate anesthesia at the cessation
of administration of procaine, the free procaine represented 80 per
cent or more of the total. With ether or cyclopropane as an anesthetie,
the free was at times as low as 40 to 60 per cent of the total. At one
and at two hours there were not enough analyses to draw conclusions.

TABLE 8

Dara rrom KEL, MaN, 45 Years, Weiaur 77.3, REcEIVING PRoCAINE HYDROCHLORIDE BY
VEIN AT Various INTERvALS

mg. per 100 ec.
After Infusion in Blood
Date Total Doae, Gm. Time, min. Time of Blood
Bample, minutes

Procaine PABA

1- 749 4 240 0 0.12 0.82
95 0.00 0.32

1- 8-49 5 405 0 0.36 1.32
1-11-49 5 150 0 0.28 232
1-10-49 5 120 . 0 120 3.12
90 0.38 0.98

Table 8 shows the results on one unanesthetized patient who re-
ceived procaine hydrochloride on four different days. The dose on
three days was the same but the time for administration varied. With
dogs, over a wider range of time, the p-aminobenzoic acid in the blood
was proportional to the dose of procaine hydrochloride in milligrams
per kilogram (15). This obviously was not true in this subjeet.

Sunmany

Hypertension with kidney involvement produced high p-amino-
benzoie acid levels in the blood.

Severe infections, liver disease and marked obesity tended to give
high levels of procaine in the blood.

Pyuria may be without effect on either procaine or p-aminobenzoic
acid.

p-Aminobenzoic acid disappeared slowly from the blood. The fall
was most consistent with nonpathologie patients receiving barbiturates.
Pathologic patients receiving barbiturates and nonpathologic and
pathologic patients receiving cyclopropane or ether gave inconsistent
results, in general falling even more slowly.

The rate of fall of blood procaine was rapid in all four groups.

The percentage of free p-aminobenzoic acid was variable but never
reached 100 per cent of the total.

The percentage of procaine which was free approached 100 with
barbiturates at the cessation of administration of procaine. In other
cases it was more variable and lower. :

Levels of p-aminobenzoic acid in the blood of the human subject
were not predictable from the intake of procaine hydrochloride.
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REVISED EDITION OF MOTION PICTURE REVIEWS NOW
AVAILABLE

The Committee on Medical Motion Pictures of the American
Medical Association has completed the second revised edition of
the booklet entitled REviEws oF MepicaL MotioN Pictures This
booklet now contains 225 reviews of medical and health films re-
viewed in THE JourNnaL A.M.A. to January 1, 1950. Each film
has been indexed according to subject matter. The purpose of
these reviews is to provide a brief description and an evaluation of
motion pictures which are available to the medical profession.
Each film is reviewed by competent authorities and every effort has
been made to publish frank, unbiased comments. Copies are avail-
able at a cost of 25 cents each from: OrDER DEPARTMENT, AMERI-
CAN MEDpICAL ASSOCIATION, 535 Non'm DEeARBORN STREET, CHICAGO
10, TLLINOIS.
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