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PENICILLIN 'IN CHILDREN1, 2'3, 4

By F. BRUCECORNEAL, GAVIN HILDICK-SMITH, MARYB. FELL,
AND T. F. McNAIR SCOTT

(From The Children's Hospital of Philadelphia [Department of Pediatrics, School of Medicine,
University of Pennsylvania], Philadelphia)

(Received for publication February 2, 1948)

It has been shown by Beyer et al. in a recent
series of papers ( 1 to 4) that the compound
4-carboxyphenylmethanesulfonanilide, known as
Caronamide, is effective in increasing the penicillin
plasma concentration and in prolonging the pe-
riod of time over which detectable penicillin plasma
concentrations are maintained following adminis-
tration of penicillin, orally and by venoclysis, to
dogs. In these experiments it was demonstrated
that the renal tubular excretion of penicillin
could be completely suppressed (2) when the anti-
biotic was given concomitantly with adequate
amounts of Caronamide.

In a series of experiments in children (5),
Caronamide used in conjunction with penicillin
administered orally was effective in increasing the
penicillin plasma concentration from 2.8- to 14.5-
fold over the penicillin controls and was also
found to be of a low order of toxicity at the dos-
ages employed.

The purpose of the present research was to de-
termine an optimum dose of Caronamide for
children.

METHODS

Method of administration. Afebrile convalescent pa-
tients, aged two to nine years, with normal renal function
were selected. Single doses of approximately 300,000
units of penicillin/sq. M. -of body surface (equivalent to
approximately 10,000 units/Kg. of body weight) were
given intramuscularly as a control, and blood was drawn

1This study was supported by a grant-in-aid from
Sharp & Dohme, Inc.

2 The Caronamide used in this study was supplied by
Dr. Karl Beyer of the Research Department of Sharp &
Dohme, Inc.

8 The'Sharp & Dohme proprietary name for this com-
pound is now "Staticin" Caronamide.

4 Some of the penicillin used in this study was kindly
supplied by Commercial Solvents Company, Ltd.

for assay at intervals of one-half,5 one, three, five and
seven hours after administration. The penicillin used was
the regular crystalline commercial variety containing 90
per cent penicillin G. One of the authors always made
the dilutions (with physiologic saline) and administered
the dose. At intervals of two days thereafter, the same
patients received the same dose of penicillin intramuscu-
larly together with Caronamide orally, the Caronamide
dosage being increased on each successive trial. The
daily dose of Caronamide ranged from 5 to 20 Gm./
sq. M./24 hours. The daily doses of 5, 10, and 15 Gm./
sq. M. were divided into six equal aliquots given at
four-hour intervals. Two aliquots were given as prim-
ing doses before, and the third simultaneously with the
intramuscular dose of penicillin. The largest daily dose,
20 Gm./sq. M., was divided into eight equal aliquots given
at three-hour intervals with three aliquots given as prim-
ing doses, and the fourth with the penicillin. This dif-
ferent interval was used in order to reduce the size of
individual aliquots at this high dosage level.

Method of assay. A modified Rammelkamp assay
technique (6) was employed, using half-step dilutions
of the test plasma with a hemolytic streptococcus 6 as
the test organism.

RESULTS

The object of this study was to determine how
great a dose of Caronamide is required to sup-
press completely the tubular excretion of penicil-
lin, reducing it to that of glomerular filtration
alone. Since the measurement of direct clearance
values was impracticable, the results were ob-
tained by indirect means.

Eagle and Newman (7) have shown that the
renal clearance of penicillin approximates the total
renal plasma flow and is four to five times greater
than the glomerular filtration alone. In other
words, 20 per cent of the penicillin is excreted by

5 Time at which it was assumed that complete equi-
librium between plasma and extracellular fluid had been
achieved.

6 Kindly supplied by Drs. Verwey and Miller, of Sharp
& Dohme, Inc.
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the glomeruli and 80 per cent by the tubules. As
the tubular excretion is decreased the proportion
of the penicillin excreted by glomerular filtration
is increased, the actual rate of renal clearance of
penicillin being proportionately diminished, un-

til 100 per cent of the penicillin is excreted by
glomerular filtration, and the rate of plasma clear-
ance becomes constant at approximately one-fifth
of the initial rate. In these experiments, the slopes
obtained by plotting the levels of penicillin concen-

tration measured were considered as indicating re-

nal clearance of penicillin.7 Since the rate of
plasma penicillin clearance follows an exponential
curve the rates of clearance at different dosages
of Caronamide could be compared to the rate of
clearance of penicillin alone by comparing the
straight line slopes of the decreasing plasma peni-

cillin levels as plotted on semi-logarithmic paper.

The minimum dose of Caronamide resulting in a

A.A. 9yrk Wt. Z6.36KS. Surface Area 1.02 sq.m.

100-

4 10

I

z

4._

z
0

o. 1

I

-J

z

-J

V"0.
z

'U
z0. 1

CALli

Penicillin 300,000 Units LK ~- Control
0.8.3 gkAlq (2.0 9/sAj m/raj)CaronaniJe

-- - 0. .g. " ^ (15 9. I ) I
. --- 0,38 9. ' (10 9, ' )

. 0. 2 9. - ' (53 - - ') )

4

I' ~ ~ ~
\.. )t

\ a a

\\

al i 3 4 5 6 _7
TIME IN HOURS

FIG. 1. PATIENT A. A. CHARACTERISTIC PENICILLIN
EXCRETION CURVES WITH DIFFERENT DOSES OF CAR-
ONAMIDE

7 The question of disappearance of penicillin by means

of inactivation by the binding properties of plasma pro-

teins does not materially modify this assumption in the
case of penicillin G. Tompsett, Shultz and McDermott
(14) have shown that 84 per cent of injected penicillin
G is excreted in the urine.
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FIG. 2. PATIENT J. S. CHARACTERISTIC PENICILLIN
EXCRETION CURVES WITH DIFFERENT DOSES OF CAR-
ONAMIDE

maximum decrease of excretion rate was taken as

the dose causing complete suppression of tubular
excretion (see Figures 1 and 2). For the purpose
of convenience, these clearance rates are given nu-

merical values as calculated from a standard for-
mula,8 and are referred to as constants of excretion
rates (K). (See Tables I and II.)

8 The formulae used for calculating (1) the slope of the
decrease of the measured plasma penicillin levels and (2)
the slope of the calculated decrease of penicillin levels
expected with glomerular filtration alone, are given below.

In both, K = the constant rate of clearance of the extra-
cellular fluid of penicillin by the kidney in a given unit
of time.

Formula 1:
The standard formula (15) for the calculation of the

rate of decrease of the plasma concentration of a substance

by means of a unimolecular reaction is _ = Kc. Here
dt

c = the concentration of penicillin, K = proportionately

factor or constant, and - = rate at which the penicillin
concentration decreases. By integration this becomes:

K = Ci log. C2
L2 Li

or K(t2-t2) = log. Cu.
C2
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TABLE I

Patient A. A.
Grams of Caronamide/ Constants of excretion

Kg./24 hours rates (K)
0. (control) 1.61
0.2 1.18
0.38 0.94
0.57 0.82
0.83 0.85

Estimate complete 0.82
suppression

A second indirect approach was also used. It
has been shown by Newman et al. (8) that there
is a direct mathematical relationship between the
rate of decrease of the plasma concentration of a
substance, the rate of glomerular filtration, and the
volume of the extracellular fluid compartment.
Using this relationship it was possible to calculate
the rate of decrease of plasma penicillin concen-
tration that might be expected if only glomerular
filtration were occurring. The calculation was
made according to a standard formula 8 in which
the normal average glomerular filtration rate was

Let £ = time in hours,
and let t2-tl = 1.

Then K = loge
Converting to common log for direct comparison with

the plotted graphs

K = log l- X 2.3

(2.303 = factor for converting natural
logarithm to commonlogarithm)

Formula 2:
The slope of the curve (K) which would exist if penicillin

were excreted by glomerular filtration alone can be calcu-
lated from the following formula derived from the mathe-
matical relationship existing between plasma concentra-
tion, extracellular fluid volume and the rate of glomerular
filtration in cc./min. (8).

K =

R
where R is the glomerular filtration rate and V

is the volume of extracellular fluid.
Since the plasma concentrations measured in Formula 1

were taken at hourly intervals, R was taken to equal 120
(average cc./min.) X 60.

V = 20 per cent of body weight in kilograms, expressed
as cubic centimeters.

Since the average glomerular filtration rate was derived
from adults with an average surface area of 1.7 meters,
the filtration rate of each child was converted to the same
basis by multiplying R by the area in square meters of the
child (A) divided by 1.7.

The final formula then was:

120X60 A
20 per cent body wt. in Kg. as cc. '.7

TABLE II

Patient J. S.
Grams of Caronamide/

Kg./24 hours

0. (control)
0.4
0.58
0.77

Estimate complete
suppression

Constants of excretion
rates (K)

1.58
1.41
0.75
0.74
0.85

used (120 cc./min.) and the extracellular fluid
volume was assumed to be 20 per cent of the
body weight. In this way, a theoretical constant
(K) for the rate of plasma penicillin glomerular
clearance was obtained for each child. This was
used as a standard with which the constant of the
slowest rate obtained with Caronamide in the
same child was compared. Complete identity of
the measured slope with, or a rate slower than,
the estimated standard slope was taken as 100
per cent tubular suppression; faster rates were
expressed as percentage of tubular suppression
attained by that dose of Caronamide.

The graphic representation of the excretion
slopes with Caronamide also demonstrates the de-
layed excretion rate in terms of the time of disap-
pearance of penicillin from the blood stream.
In two of three cases, levels of over 0.02 units/cc.
were still present at 12 hours.

As previously mentioned, the Caronamide dos-
age was based on the body surface area as a unit
of measurement because this is known to be more
closely correlated with renal function than is body
weight. Since, however, this is an uncommon unit
in clinical practice, it was thought advisable to re-
calculate the doses in terms of body weight.

Figure 3 is a graphic summary of the findings.
At a dose of 0.2 Gm./Kg./24 hours, there is no
appreciable suppression except in one case. At
approximately 0.4 Gm./Kg./24 hours, there is a
wide scattering of effect from 23 to 100 per cent,
with an average suppression of 56.4 per cent. Be-
tween 0.55 and 0.70 Gm./Kg./24 hours, there is
suppression of from 71 to 100 per cent, with an
average of 91 per cent. Fifty per cent of these
trials are estimated as showing total suppression.
Between 0.70 and 0.92 Gm./Kg./24 hours, the
average suppression is 97 per cent. From these
data, 0.55 to 0.70 Gm. of Caronamide/Kg./24
hours appears to represent an effective dosage
range of this drug in the age-group studied. On
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The lines represent the upper and lower limits of the
percentage suppression obtained with a.Penicillin dosage
of 300,000 U/sq. M.

the basis of surface area, the younger children in
the age-groups studied will probably require the
larger doses per Kg. within this range, whereas
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FIG. 4. PATIENT M. E. PENICILLIN EXCRETION
CURVES CONSISTENTLY FAIL TO SHOWMORETHAN A

MINIMAL DECREASEIN RATE EVEN WITH CARONAMIDE
DOSES WITHIN THE NORMALLYEFFECTIVE RANGE

older- children, above the weight of 27 Kg., will
probably need progressively smaller doses per
Kg. within the range. In still older children, it
would be reasonable to use the adult dosage
schedule recommended by Boger (9), of a total of
24 Gm./24 hours, in six or eight divided doses.

Effective tubular suppression was not obtained
in some children, even with Caronamide doses
higher than those in this range. One of these is
illustrated in Figure 4. A few individuals, such
as the one shown in Figure 5, responded incon-
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CURVES SHOWAN INCONSISTENT RESPONSETO DOSES
OF CARONAMIDEIN THE NORMALLYEFFECTIVE RANGE

The response to the largest dose is less than to a
smaller dose.

sistently; in this instance a dose of 0.8 Gm./Kg./
24 hours produced less effect than a lower dose
of 0.6 Gm./Kg./24 hours, which caused complete
suppression. In patient M. E., illustrated by
Figure 4, only a minimal improvement over the
control was obtained in four trials at varying
doses up to 15 Gm./sq. M. These failures are
apparently due to variability of Caronamide ab-
sorption. This was substantiated by finding in pa-
tient M. E. a urinary excretion of only 0.25 per
cent of the ingested Caronamide over a 28-hour pe-
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riod, whereas a consistently good reactor (patient
A. A., Figure 1) showed a 24-hour excretion of
60 per cent and 67 per cent of ingested Carona-
mide, respectively, in two trials. In the poor re-
actor (patient M. E.) no Caronamide was demon-
strated in the plasma in two out of three trials; a
plasma concentration of less than 5 mg. per cent
on the third trial was present. In adults, Boger
(9) has shown that a plasma Caronamide concen-
tration of 20 to 40 mg. per cent was required to
give satisfactory blocking of the tubular excretion
of penicillin. Of a total of 23 trials (15 patients)
at doses within the recommended range, 0.55 to
0.70' Gm./Kg./24 hours, significant tubular sup-
pression was obtained in 20 trials (12 patients),
with no response or inadequate response in three
(three patients). Thus, a satisfactory response
was obtained in 87 per cent of the trials.

Figure 6 illustrates that with an effective dose
of Caronamide the rate of penicillin excretion, at
three different dosage levels, is the same. The
levels reached by 100,000 units with Caronamide
are rather better than those reached by three
times the dose without Caronamide. Figure 7
shows that with an effective dose of Caronamide,

A.A. Sym Wt6Z&36 Kg Sufac- Am I.O sq.m.

oo0 Penicilin43OUiL Control100] . * " ---- tST jvv (IS 914/&/dCaohmd. . ut -,..- O . v "t- . *a* ) 0

Li

C I
z

z
li.
z
0

LI

CL

z
-J
L I
2
U.'
0.6

FIG. 7. PATIENT A. A. COMPARISONOF THE CURVES
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the excretion of penicillin given intravenously is
at the same rate as that given intramuscularly.
An identical result was obtained in three different
patients.

Toxicity
In this study, toxicity of Caronamide was found

to be of a very low order, confirming the impres-
sion obtained in earlier work (5). Toxic reactions
were encountered on only five occasions out of the
59 tests conducted on 21 patients. In four pa-
tients, these consisted of anorexia, nausea and
vomiting, and then only at doses higher than the
dose range now considered advisable. In three
of these children, there was no reaction with high
daily doses given at four-hour intervals, but the
same daily dose given at six-hour intervals with
correspondingly larger individual doses produced
nausea and vomiting. In the fifth patient a transi-
ent macular itching rash appeared over the face,
neck, and shoulder girdle after nine doses of Ca-
ronamide. This began to fade four hours after
discontinuing the drug and had disappeared within
36 hours.
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It seems important to record here two severe
sensitivity reactions observed after this series was
completed: One was a 21/2-year-old white boy,
R. J. (chart No. 46579), who had a seborrhoic
dermatitis associated with marked sensitivity to
the staphylococcus aureus. He was given one
course of penicillin and Caronamide lasting 16
days without apparent reaction. Six days later,
he was started on a second course-of Caronamide
at a dosage of as low as 0.27 Gm./Kg./24 hours.
After two doses of 1.25 Gm. each, he developed an
extensive maculo-papular rash with a rectal tem-
perature of 1030 F. A white count done at the
height of this reaction showed a slight poly-
morphonuclear leucocytosis. The reaction faded
within 24 hours of stopping medication. A test
dose given five days later led to a similar but more
severe reaction. The second was a white boy of
three years, D. T. (chart No. 46387), being
treated for subacute bacterial endocarditis. He
was given Caronamide (0.6 Gm./Kg./24 hours)
for two days without reaction. Six days later, he
was given one dose of 1.5 Gm. Four hours later,
he developed rigors, a temperature of 1050 F. and
a diffuse erythema. All these signs subsided in 12
hours without therapy.

DISCUSSION

The data presented suggest that in children of the
age range studied, two to nine years, complete or
almost complete suppression of the tubular excre-
tion of penicillin can be achieved in over 85 per cent
by the oral administration of optimal doses of Car-
onamide. The result of such a suppression is to
raise the plasma concentration of penicillin at any
given dose and to prolong the time during which
such a level is maintained. It would appear that in
clinical medicine this fact would be valuable in a
situation where the patient is infected with a com-
paratively resistant organism, since very high
blood levels can be attained and maintained by suit-
ably adjusting the size and frequency of penicillin
administration in conjunction with the recom-
mended dosage of Caronamide. This treatment
has been used effectively for resistant cases of
subacute bacterial endocarditis (10, 11). It also
may be of'value in reducing the need for frequent
doses of penicillin by prolonging the maintenance

,2a theoretically effective blood level for organ-

isms of all degrees of sensitivity. A single dose
of penicillin per 24 hours may be sufficient for very
sensitive organisms. The results of Zubrod's work
(12) suggest, however, that infrequent but large
doses of penicillin may be effective therapeutically
without the addition of Caronamide. It is not
within the scope of this paper to discuss the best
clinical application of these data since this must
be determined by actual clinical trial. It may well
be that smaller doses of Caronamide, at longer in-
tervals, giving less than complete tubular sup-
pression will be entirely adequate for the treat-
ment of most infections. On the other hand, 'it
seems more probable that the need for Carona-
mide may be confined to those situations just men-
tioned, in which very high and prolonged blood
levels are needed for the therapy of infections by
resistant organisms. With the recent develop-
ment of a method for determining blood levels of
Caronamide, a closer correlation between thera-
peutic effect and blood levels will be possible.
Using this method, Boger (9) has found that there
is a tendency for Caronamide to accumulate in the
blood so that the dosage schedules may have to
be adjusted according to blood levels. Also some
method may be found of improving the absorp-
tion of Caronamide from the intestinal tract and
thus make the drug valuable to the 15 per cent of
patients who now fail, temporarily or permanently,
to respond. In this study, no attempt has been
made to evaluate the dosage for infants under two
years of age. The recognized inefficiency of the
immature kidneys of infants up to six months at
least (13) would suggest that smaller doses of
Caronamide would be needed in this age-group
to effect the same results on the, penicillin ex-
cretion rate.

SUMMARY

A comparison of the excretion rates of peni-
cillin given intramuscularly alone and with vary-
ing oral doses of Caronamide was used to deter-
mine the dose of Caronamide effecting complete
suppression of tubular excretion.

By this method, an estimated 71 to 100 per
cent, with an average of 91 per cent, suppression
was achieved in 20 trials with doses of Carona-
mide between 0.55 and 0.70 Gm./Kg./24 hours
in children between two and nine years.
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Of a total of 23 trials at doses within this
range, such a suppression of tubular function
failed to occur in three. This was apparently
due to a failure of absorption of Caronamide from
the gastrointestinal tract.

Suppression of tubular excretion led to the
maintenance of effective blood levels of penicillin
for as long as six to eight hours after the admin-
istration of a dose of approximately 10,000 units/
Kg.

Toxic symptoms of anorexia, nausea, and vom-
iting were encountered in four patients only with
doses higher than those finally recommended.
One mild drug rash was encountered in this series.
Two other children, not in the series, were ob-
served to have a severe sensitivity reaction re-
sembling that encountered with the sulfonamides.
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