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I t  has been established that penicillin is excreted by way 
of the renal tubules in addition to glomerular filtration (I). 
I t s  over-all clearance a t  all plasma concentrations studied to 
date appears to be equivalent to renal plasma flow, as meas- 
ured directly or by p-aminohippuric acid, the extraction ratio 
of which is reported to be 0.88:0.93 (9). Where a normal 
relationship exists between glomerular filtration and renal 
plasma flow, the fraction of penicillin filtered a t  the glomeruli 
represents in man about 20 per cent of the total amount ex- 
creted per unit time. Conversely, a t  customary blood levels, 
about 80 per cent of the penicillin excreted is eliminated by 
way of the renal thbules. Thus, the suppression of penicillin 
excretion by the tubules could be expected to effect a con- 
siderably higher plasma concentration for a longer period of 
time than normally would obtain following a given dose of 
penicillin. 

This reversible inhibition of the excretion of penicillin by 
the tubular epithelium has been effected by +e administration 
of diodrast (8)or PAH (p-aminohippurate) (2). These com- 
pounds are excreted by the same tubular transport mechanism 
and as rapidly as penicillin. Hence, it is possible, by main- 
taining a high plasma concentration of either compound, to 
saturate functionally that mechanism and thus suppress the 
tubular elimination of penicillin on what loosely may be con- 
sidered a "mass action" basis. This principle has been ap- 
plied successfully in therapy (5),but the very great amount of 
PAH needed to produce this effect seriously limits its appli- 
cability from a practical standpoint. 

Acknowledging these limitations requiring intravenous ad- 
ministration and very large dosages of PAH with penicillin, 
a new approach was sought which resulted in the concept in- 
volving the application of the compound described herein. 
This compound appears to combine the advantages of high 
and sustained blood levels of penicillin administered orally or 
parenterally a t  dosages that are feasible. 

The purpose of this report is to present briefly the broad 
aspects of this concept without detailed qualification or sub- 
stantiation of each point. Laboratory and clinical substan- 
tiation will be submitted in detail in a forthcoming series of 
publications. 

Excretion by'the renal tubules is a remarkably selective proc- 
ess. The transport mechanism for the excretion of penicillin, 
like other differentiating mechanisms for glucose and amino 
acid reabsorption, is dependent on the viability of the tubular 
epithelium. Although without precedent, it seemed desirable 
to inhibit reversibly and selectively the transport mechanism 
for the excretion of penicillin without necessarily abolishing 
other transport systems or impairing the vitality of the cell as 
a whole. If this could be done, the remaining pathnay for peni- 
cillin excretion would be glomerular filtration, which would 

1 The data presented here were obtained throl~ph the cooperation of 
Dm.W. F. Verwey and A. K.  Miller, of the Department of Bacteriology, and 
Mr. H.F. Russo and Miss E. A. Patch, of the Department of Pharmacology. 

represent only about 20 per cent of the norms1 rate of penicillb 
elimination. 

While in effect there may be a number of such seemingly 
discrete systems whose functional orientations are direction- 
ally opposite within the cell (excretion-absorption), the mul- 
tiple campnents of a single transport mechanism need not he 
unique, either descriptively or functionally, to that system that 
gains singularity only through some definitive component or 
components. Since most metabolic prwesses are enzymatic, 
i t  seemed possible to inhibit selectively such a fundamental or 
definitive enzymatic component of an otherwise complex proc- 
ess and so halt the particular system involved in the excretion 
of penicillin. 

The competitive inhibition of the enzymatic alteration of 
one substrate by another which has an affinity for, but is 
refractory to, the action of an enzyme or enzyme system occurs 
in vitro. Examples of such in vitro substrate competition are 
the inhibition by mrrlonate of succinate oxidation by the suc- 
cinoxidase system (7), and the inhibition by ephedrine of tyra. 
mine deamination by amine oxidase (3). Moreover, the 

TABLE 1 

I I I IPenicillin 

Time Urine vol. Creatinine
1 1 1 1 


(hr.:min.) (cc./min.) Plasma Clearance ('E!.";:~:.L fraction 
(u:$F;c., (cc./min.l 

Dog 240 
C d r o l  P h s e  Pnicillin-Priming dose: 15,200 units, i.v. 

Maintenance dose: 156 unitslmin. in 5% 
glucose, 3 cc./min., i.v. 

Drug Phare Pnuillin-Maintenance dose: 136.5 units/min. at 
3 cc.!min., i.v. 

Drug-Priming dose: 25 mg./kg., i.v. 
Maintenance dose: .W mg./kg./hr., i.v. 

affinity of the competitive substrates appears to be for the 
definitive enzyme, succinic dehydrogenase (6)  or amine oxi- 
dase (4) ,  in each complex system. These are reversible in- 
hibitions wherein the integrity of the enzyme system has not 
been violated inalterably. 

Transposing into terms of renal physiology, if it were pos 
sible to find a compound which would inhibit the excretion of 
an agent by the tubules on the basis of specific enzymatic sub- 
strate competition, it should have the following essential 
chemical and pharmacodynamic characteristics: (1) I t  should 
have an affinity for the particular enzyme system that char- 
acterizes the selectivity of the over-all tubular mechanism for 
penicillin excretion. (2) If it is sufficiently different to be 
refractory to the action of that system, its renal elimination 
should be limited essentially to glomerular filtration. (3) The 
inhibition of penicillin excretion should be maximal a t  rela- 
tively low plasma concentrations, as compared to the type of 
mass action effect induced by PAH. (4) I t  should not alter 
the function of other transport mechanisms either selectively 



Qr collectively a t  plasma concentrations sufticient to inhibit 
maximally the tubular excretion of penicillin. Effects pro- 
duced a t  excessive elevations of blood levels of the compound 
su5cient to be toxic in the customary sense of the word are, of 
course, beyond the intent of this principle. (5) If the agent 
acts by competitive inhibition of an enzymatic reaction, in 
accordance with this concept, the process should be reversible. 
(6) Such a compound should not necessarily influence either 
renal blood flow or glomerular filtration rate. However, i t  
would vitiate the use of PAH for the measurement of renal 
plasma flow or normal P A H T ~ ,  lor PAH is excreted in a man- 
ner similar to that for penicillin. (7) The agent should not have 
a high order of systemic toxicity. (8) The compound need not 
necessarily influence any properties peculiar to penicillin, such 
a$ its bacteriostatic action, inactivation, etc. (9) I t  follows from 
(2) and (3) that the dosage of the compound would be quite 
practical. (10) I t  was anticipated that these properties might 
be contained in a compound or compounds having the addi- 
tional advantage of oral efficacy a t  reasonable dosage. 

Of the compounds synthesized for this research by the 
Department of Organic chemist.^ of these Laboratories, 4'- 
carboxyphenylmethanesulfonanilitle incorporates essentially 
the properties listed above. 

In the experiment summarized in Table 1, penicillin was in- 
fused a t  a rate and in an amount that would permit a falling 
penicillin plasma concentration if the drug were not effective. 
Duplicate control penicillin and creatinine clearances were 
obtained. The drug then was injected as a priming and main- 
tenance dose, its distribution in the body allowed to 
equilibrate, and additional penicillin clearances obtained. I t  
may be seen that the tubular excretion of penicillin was com- 
pletely suppressed, as indicated by the rising penicillin plasma 
concentration, decreased penicillin clearance, and increased 
iiltration fraction. 

Fig. 1 illustrates two experiments wherein dogs were ad- 
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FIG. 1 .  The blood lwei response to equivalent oral dosages of peni-
cillin alone and with the coadmiiistration of 4'-carbomhenylmethane-
sulfonanilide. 

ministered 100,000 units of penicillin by stomach tube every 
4 hours for 16 hours, including the Chour period wherein the 
control curves for penicillin plasma concentration were ob- 
bined. Immediately after the &hour control blood samples 
were taken, each dog was given 100,000 units of penicillin plus 

60 mg./kg. of the drug by stomach tube, another curve for; 
plasma concentration of penicillin being obtained over the next 
4-hour period. I t  may be seen that in the control phase the 
maximal penicillin plasma concentrations were 0.8 and 1.2 
units/cc. and a t  2 hours the values were less than the lower 
limits of the Florey cup-plate assay, 0.24 units/cc. Following 
administration of drug and penicillin the maximal penicillin 
plasma concentrations were 2.85 and 3.6 units/cc. In one 
instance the peak occurred a t  2 hours following oral adminis- 
tration. At 4 hours the plasma concentration was still 
somewhat above 0.5 units/cc. 

Summary. I t  has been found that the excretion of peni- 
cillin by a renal tubular transport mechanism could be physio- 

, logically inhibited reversibly. The basis for this effect is 
thought to be one of substrate competition between penicillin, 
which is excreted by the tubules, and 4'-carboxyphenyl- 
methanesulfonanilide, which is essentially refractory to excre- 
tion by that transport mechanism. 
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Some Effects of 0-Isopropyl N-Phenyl 

Carbarnate Upon Cereals' 


Camp Detvick, Frederick, Maryland 

Most of the reports in the literature concerning the use of 
chemicals as plant-growth regulators indicate that application 
of such substances in some form to the aerial portions of plants 
is the most common practice. In  the instance of 0-isopropyl 
N-phenyl carbarnate, however, greatest success appears to 
have been achieved through applications to the soil in a suit- 
able diluent or carrier, and the results of applications in sprays 
to the plant itself have been inconclusive ( 1 , Z ) .  To test fur- 
ther the herbicidal activity of sprays of this compound, several 
experiments have been carried out using oats and barley as 
test plants. 

To insure thorough wetting of the leaves, young oat and 
barley plants were exposed by immersion of the aerial plant 
portions for intervals of 2-4 seconds up to 10 minutes in iso- 
propyl alcohol-water solutions containing 500, 250, or 100 

1Thqse studies were conducted from March 1946 to August 1946 upder 

the supervision of Dr. C. E. Minarik. 



