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Probenecid, with Particular Reference to Its Use as an 
Adjunct in Penicillin Therapy 

I. History and Chemistry

Probenecid was developed as part of a specific 

pharm.acologic study to find agents that would inhibit 

the rapid renal tubular excretion or penicillin. It 

was synthesized by Miller, Ziegler and Sprague1 and

studied by Beyer and his associates or the pharmacology 

section of Merck, Sharp and Dohme Inc. in 1949 as part 

of a systematic study to find an organic acid that would 

depress the renal tubular excretion of penicillin. 

Rammelkamp and Keeter2 (1943) showed that 58 pe�

cent of aqueous penicillin administered by the intra

venous route was excreted by the kidneys largely during 

the first hour after injection. Approximately 60 to 90 

per cent of an intramuscular dose or penicillin in 

aqueous solution is eliminated in the urine largely 

within an hour after injection.3 About 20 per cent of

penicillin is excreted by glomerular filtration and 80 

per cent by tubular excretion.4 This large renal tubular

excretion of penicillin is the basis of the usefulness 

of probenecid in penicillin therapy as will be noted in 

the discussion of the pharmacology of probenecid ('Benemid'). 

It was noted (Rammelkamp, 1943)5 that Diodrast
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given 1ntraTenously decreased the excretion of penicillin 

and that there was a mutual depression of the renal clear

ances of Diodrast and phenol red when these substances 

were given simultaneously. It was postulated that there 

may be a competition for elimination through a connnon 

renal tubular mechanism to account for these inhibitory 

phenomena. Para•aminohippurate 1n large amounts by 
. . 

intravenous infusion also was found to inhibit renal 

excretion of penicillin. 

Carinamide (4 1 -carboryphenylmetbane sultonanilide) 

was the first tubular blocking agent to receive clinical 

trial. It was found to be an effective agent by the oral 

route but required large and frequent doses in the range 

of 18 to 24 grams a day because of its fairly rapid 

tubular excretion.6 Benemid, which probably acts on the

same enz-ymatic systems in renal secretory function as 

carinamide, overcomes this difficulty because of its 

slow elimination from the body. 

Probenecid is a benzoic acid derivative with the 

following stru�tural formula. 

Various congeners of probenecid have been studied 
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and compounds of higher molecular weight by increasing 

the size of the •-alkyl substitution are more effecient 

blockers of renal tubular transport in that they are not 

themselves excreted into the urine. 4 However, this fact 

accounts for their greater toxicity and the N-dip�opyl 

derivative, probsnecid, appears to have the safe optimal 

activity. 

Probenecid is a white crystalline powder, nearly 

insoluble in water and practically tasteless. ?

II. Pharmacology

The principle pharmacologic actions of probenecid 

are confined to its effects on the renal tubule. Of 

practical importance are its effects on the re�al ex

cretion of the penicillins, uric acid and para-am1no

sal1eyl1c acid (PAS). 

Beyer and his associates reported in 19518 that

probenecid ''selectively and reversibiy inhibits the 

transport mechanism responsible for the tubular secretion 

of the penicillins, p-aminohippurate and phenol red". 

'!'hey found that it did not inhibit all tubular secretory 

systems since it has no effect on the renal elimination 

of N1-methylnicot1namide and did not affect the glomerular 

filtration rate or reabsorption of glucose, arginine, 

urea, sul�onamides, sodium, potass�um, chlor�des or 



or phosphates. The compound increased the excretion of 

uric acid by the ordinary dog but inhibited the more 

rapid elimination ot uric acid by the 1 Dalmation 1
• 

It has been reported that probenecid inhibits the 

reabsorption ot phosphate by the renal tubules and has 

been used in familial nephrogenic osteopathy and to 

control the tetany of hypoparathyroidism.10 Probenecid

has an enhancement effect on plasma concentrations of 

pantothenic acid given orally or parenterally and a 

slight enhancement effect upon the plasma concentrations 

or the sulfapyrim1dines. Probenecid does not increase 

the plalJma concentrations or streptomycin, ehlortetra-

10 
cycline, oxytetracycline, chloramphenicol or neomycin. 

It has been claimed recently that probenecid influences 

sodium and water excretion in cardiac patients. 

Estimation ot Benemid levels in body fluids was 

done by two analytic methods described by Tillson and 

associates 1n 1950.9 The first method depends on the

tact that the compound can be extracted in chloroform 

from an acidic, aqueous medium and 1n turn reextracted 

from chloroform in O.l N sodium hydroxide. The alkaline 

solution is examined spectrophotometrically at a wave 

length of 242.5 millimicrons. In the second method, 

the drug is extracted into chloroform from an acidic 

aqueous medium and the ohl�;wform layer shaken with an 

aqueous solution of me.thylene blue. The colored salt, 
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formed at the surface, is soluble in the solvent making 

it possible to determine the amount present by examining 

the chloroform layer color1metrically. 

Benemid is absorbed rapidly following its oral 

administration to laboratory animals and to man.11

Following a single oral dose of the drug, a dete:nninable 

and functionally useful plasma concentration persists 

in the dog for over 44 hours. In man, measurable con

centrations of probenecid are observed in the plasma 

within a halt-hour after the administration of as little 

as 0.5 graJl'lB.6 Peak plasma concentrations are reached

about two hours after a single oral dose.4 The compound

per se is excreted so slowly that its renal clearance 

cannot be estimated, since little or none of the ·drug 

is found 1n the UP1ne. It is eliminated almost entire

ly by glomerular filtration so that signigicant plasma 

concentrations of the drug are observed as long as 24 

hours after the oral administration of a single one 

gram dose.6 A patient with normal renal function in

gesting a two gram dose per day, administered as one 

gram every 12 hours or as 0.5 gram every 6 hours, will 

show continuing plasma concentrations 1n the range or 

4 milligrams per 100 milliliters.10

Probenecid is partially bound to plasma proteins 

and the unbound portion gains access to the glomerular 
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filtrate but is largel� reabsorbed by the renal tubule.4

Little of the com.pound is secreted by the tubules so 

that little free probenecid is found in the urine. It 

is slowly conjugated with glycuron1e acid end excreted 

in this form. McKinney and others12 found a non-ter

mentable reducing substance 1n the urine of dogs on 

oral Benemid that was in part glucuronic acid. The 

metabolic product in the urine_is split by hydrolysis 

when heated, thereby releasing Benemid per se, and 

glucuronic acid which is a reducing substance. 

The exact mechanism of action of probene�id as a 

competitive inhibitor of the renal secretion of organic 

acids is unknown. Beyer et al 1n 1950 demonstrated 

that probenecid inhibits the enzyme or enz-yme sy�tems 

involved in the conjugation of glycine with para-amino

benzoic acid.1 Benemid did not inhibit glucose phos

phorylation by phosphor,-lase in the·presence of adenosin

triphosphatase and thus did not decrease the availability 

of energy derived from the phosphate cycle, which is a 

coupled component of the conjugative reaction. 

The conjugation of benzoic acid and related com

pounds occurs 1n two steps and involves coenzyme A 

(Schachter and Taggart, 1953, 1954). 4

1.) Benzoate + CoA +ATP�Benzoyl-CoA + adenylic + pyro-
1' phosphate 

(�ct1vated benzoate) 

2.) Benzoyl-CoA +glycine, >hippurate + CoA 

   -6-



Probenecid has been found to compete effectively 

with benzoate in t he act i vation reaction. It exhibits 

no effect on the subsequent transfer to glycine. 

The exact rela tionsh ip of these reactions to the 

renal transport of organi c acids has not been demonstrat

ed. It may be postulated that the intermediate compound 

in the renal transport of penicillin and related com

pounds is the CoA complex and that probenecid interferes 

with transport by f orming a complex with CoA that is less 

dissociable than t hat of penicillin. 

III. Animal Studies 

Verwey and his associates13 compared the effects 

of probenecid and carinamide on the penicillin t herapy 

of experimental pneumococcic infections in mice. They 

used 16 to 22 gram femal e mice and infected them intra

peritoneally with about 1000 MLD of a Type I pneumococcus 

contained in 0.5 ml . of a diluted 6 hour broth culture. 

Intramuscular sodium peni cillin, 0.05 ml., was given at 

zero hours and at 12 hours after infection. Five to 10 

mg. of probenecid or carinamide was suspended in 0.5 ml. 

of 0.5 per cent gum tragacanth and given by stomach tube 

at zero hour or at 1, 2, 4, 6, 8 or 10 hours before each 

penicill in injection. The infected control mice re

ceiving penicillin but no adjunct therapy were fed 0.5 
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ml. of tragacanth material at zero hour. Each treat

ment group consisted of ten mice and the experiment was 

terminated seven days after infection. The dose of 

penicillin protecting 50 per cent of mice (PD 50) was 

calculated for each treatment schedule, using the 

method of Reed and Muench (.Am. J. Hyg. 27: 493, 1938). 

The results of the experiments were expressed as the 

per cent reduction in the dose of penicillin protecting 

50 per cent of animals (PD5o) compared to the control 

values obtained when no adjunct therapy was given. 

The data from sever al sep arate experiments were averaged 

and the effect of t he adjunct pre-feeding times on the 

penicillin PD50 was tabul ated. 

The mouse protection data showed clearly that the 

effect of probenec i d on penicillin activity was consid

erably longer than the ef fect of carinamide. They con

cluded that the prolonged effeetiveness of probenecid in 

mice is the result not only of slower elimination but also 

of greater intrins i c act i vity. Although the renal clear

ance studies of Beyer et al have indicated equal plasma 

concentrations of carinamide and probenecid exert approxi

mately equal effec ts on penicillin excretion in dogs, their 

data indicated that, in t he mouse, probenecid may be at 

least twice as effective as is carinamide at apparently 

equivalent plasma concentrations. This seeming discrep-
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ancy in the two types of experiments may be explainable 

on the basis of species differences in the metabolism of 

these two compounds . Cl i nical impressions, based on 

plasma levels of t h ese t wo drugs necessary to produce 

enhanced penicillemia in man, suggest that the greater 

effectiveness of probenecid demonstrated in mice is 

also found in man. 

They concluded that the oral administration of 

either carinamide or probenecid enhances the therapeutic 

effectiveness of i n tramuscular penicillin in mice exper

imentally infected with Type I pneumococcus and that in 

equal oral doses, probenecid has 2 to 3 times the dura

tion of action of carinamide. Based on protection test 

data, probenecid has about two time s the intrinsic 

activity of carinamide. The prolongedeffectiveness 

of probenecid in mice is the result of this greater 

intrinsic activity and of its slower disappearance 

from the blood stream. 

Miller and Verweyl4 studied the effect of proben

ecid on combined penicillin and triple sulfonamide 

therapy of experimental streptococcal infections in 

mice. Using much the same methods of the study describ

ed above , they observed that when a constant level of 

0.5 mg. of triple sulfonamide was incorporated into the 

therapeutic dose, the amount of penicillin required to 
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protect 50 per c ent of the mice (PD50) was reduced from 

124 to 50 units. Neither 50 units of penicillin nor 0.5 

mg. of triple sulfa alone protected any mice. The addition 

of 10 mg. of probenecid to the penicillin therapy reduc-

ed the PD50 to 40 units . of penicillin and the combination 

of 10 mg. Benemid, 0.5 mg. triple sulfa and penicillin 

reduced the Po50 t o 20 units. Neither probenecid nor 

probenecid plus 0 . 5 mg. triple sulfa protected any mice. 

They concluded tha t peni cillin and sulfonamides are 

truly synergistic in their action and that the addition 

of probenecid to such a mixture results in therapy more 

effective than that of either probenecid and penicillin 

or sulfonamides and penicillin. 

IV. Clinical Studies 

Boger and his assoc i ates6 in 1950 were among the 

first to report on the cl inical use of probenecid in 

p-amino salicylic a cid and penicillin therapy. On the 

basis of animal stu dies, a safe dose of between one and 

four grams per day was decided for people. Single oral 

doses of 0.5 to 1 gram given cautiously were found safe 

and it was found that as much as four grams could be 

given without gastro-intestinal irritation or systemic 

symptoms. In dogs, it had been demonstrated that as 
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little as 6 mg. p er kil ogram of body weight resulted 

in almost complete suppr ession of renal tubular excretion 

of penicillin and that l arger doses of the drug did not 

produce any furthe r decr ease in the renal clearance of 

penicillin. Thus , it wa s anticipated that one to two 

grams of probeneci d migh t produce a pharmacologic effect 

in man and the eff ect on penicillemia from intravenous, 

intramuscular, and oral penicillin was noted. 

They studied 37 pat ients with probenecid and intra

venous, intramuscu lar, and oral crystalline and procaine 

penicillin. Their study showed that Benemid is capable 

of increasing by t wo to four times the plasma concentra~ 

tions of penicilli n and para-amino salicylic acid. Due 

to rapid gastro-in testin al absorption, pharmacologically 

effective plasma concent rations are attained within two 

hours after oral a dmini s tration. The drug is slowly 

excreted so that f ollowing a one or two gram oral dose 

of Benemid, an eff ect on t he plasma concentration of 

penicillin and PAS can b e observed for periods up to 

8 hours and detec t able p lasma concentra&i <ns of the drug 

are maintained fol lowing single doses for as long as 12 

hours. The repeat ed administrat ion of 0.5 to 1 gram of 

Benemid every six hours maintains a plasma concentr ation 

or the drug f'rom 2 to 10 mg. per 100 ml. of plasma and 

this range of concentrat io~ appears pharmacologically 
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effective in retarding the rate of elimination of both 

penicillin and PAS. These findings in man are in good 

agreement with the effective plasma concentrations that 

have been observed in dogs -- 3to 6 mg. per 100 ml. of 

plasma. 

By comparison of carinamide and Benemid in people, 

they found that 2 grams per day of Benemid produces an 

effect on the excretio~ of penicillin and PAS equivalent 

to that produced by 24 grams of carinamide per day. 

They report a lso t hat probenecid has no effect on 

the excretion of s treptomycin, aureomycin, oxytetracycline, 

or chloromycetin. 

Waldo et al15 tested fifteen patients with Benemid 

and found that in small doses the drug enhances peni

cillemia and gives no evidence of toxicity. Its full 

effect with repeat ed 0. 5 gram doses is often achieved 

on the second day rather than the first, as is the case 

with carinamide. Giving a higher initial dose of Benemid 

results in earlier increase of the penicillemia. 

Meads et al 16 studied probenecid in 27 healthy 

subjects and one patient with subacute ba'cterial endo

cardi tis. They concluded that two grams of Benemid 

daily ( one gram every twelve hours) increased penicill

emia two times or more and 3 grams daily ( one gram three 

times a day) increased the penicillemia five times or morQ. 
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In their paper, Boger reported that in 12 cases of so

called penicillin-resistant cases of subacute bacterial 

endocarditis with the use of probenecid penicillemia of 

40 to 100 units per milliliter was achieved in all cases 

and that this treatment was effective in curing the 

. disease. 

Burnell and Kirby17 studied the effect of 0.5 gram 

oral doses of prob encid every 6 hours on penicillemia in 

74 patients. They point out that there is a great vari

ability in penicil lin levels from patient to patient. In 

51 patients treated with procaine penicillin, there was 

enhancement of penicillemia following Benemid in 81 per 

cent of instances with an average fold increase of 2.87. 

In 23 patients treated with crystalline penicillin, the 

levels were higher in 96 per cent of cases with an average 

fold increase of 5 .10. 

With probenec id, they could show penicillin blood 

levels of 40 to 80 units per milliliter with the same 

large amounts of penicillin used to produce levels of 

20 units per ml. using penicillin alone. A 0.5 gram 

dose of Benemid every 6 hours in addition to a mill ion 

units crystalline p enicillin intramuscularly every two 

hours gave penicill in blood levels never lower than 40 

units per milliliter • 

They treated f our pa tients with staphylococcal 
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-

meningitis with Benemid and intramuscular penicillin and 

got an elevation of sp inal fluid penicillin levels of ten 

to forty time s t hat ach ieved with penicil l in alone. The 

clinical respons e in t h ese patients was very good after 

this treatment. 

Baker and Pilkington18 reported a case of Strepto~ 

coccal faecalis endocarditis that did not respond to 

large and long-con tinued dosage with penicil l in, strepto

mycin, aureomycin and chloramphenicol. The causal strep

tococcus was sens i t ive i n vitro to aureomycin and chlor

amphenicol, but t h ese antibiotics did not ·eradicate the 

infection. The s t repto coccus was relatively insensitive 

to penicillin, but the very high penicillemia achieved 

with the aid of p r obenecid was sufficient to arrest the 

disease permanentl y. Th e patient was given four million 

units of aqueous penicill in intramuscularly every 3 hours 

and Benemid one gram ever y 6 hours for 59 days. The 

penicillemia was t e sted a t one, t wo and three hours after 

injection on severa l occa sions and found to range from 

128 to 32 units p er ml. of plasma. There were no toxic 

effects except s light abdominal discomfort. The outcome 

of this cas e is consisten t with the view that penicillin 

is bactericidal , whereas the other antibiotics used are 

only bacteriostat i c . 

Douthwaite19 reported the successful treatment of a 
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case of staphylococcal septicemia with Benemid and penicillin 

after "heroic" doses of the latter and full doses of aureo

mycin and other broad-spectrum antibiotics had failed. 

Similarly, he attributed the successful treatment 

of two cases of resistant Streptococcus viridans endo

carditis to the combination of penicillin and probenecid. 

Loewe et al~ reporting on treatment programs for 

refractory cases of subacute bacterial endocarditis, re

commend a daily dose of 1.8 to 2 million units of procaine 

penicillin intramuscularly (divided .. in two doses) for ·four 

weeks. "Our daily dose plan of two million units of pen

icillin is predicated on in vitro sensitivity studies of 

the infecting organisms recovered from our patients with 

subacute bacterial endocarditis (SBE). The bactericidal 

in vitro sensitivi ty val ue of 157 infecting organisms was 

two Oxford units or les s per milliliter of test broth. 

Therefore, the therapeut ic blood level of penicillin 

should be at leas t two Oxford units per milliliter of 

blood which is uni formly achievable by the conjoined 

use of two million unit s of penicillin intramuscularly 

plus probenecid orally. " They used 0.5 gram probenecid 

every 6 hours around the clock for enhancing purposes 

and to maintain measurable effective penicillin levels 

throughout all or most of the treatment period. 

The expected theoretical blood level of penicillin 
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after a given do s e can be consistently assured when pro

benecid is used with the penicillin. "This agent has 

been so useful in affording predictable requisite peni

cillin blood levels, and we have come to rely upon it 

so much that we now incorporate the drug routinely in 

our treatment program." 

Of academic interest is the use of penicillin and 

probenecid in the treatment of typhoid carriers. Some 

cases of chloramph enicol -treated typhoid fever are not 

bacteriologically controlled and relapse has been seen 

within two weeks after cessation of treatment regarded 

as adequate. 21 Al so it is acknowledged that chloramphen

icol is not effect ive in treating the carrier state. 

Boger et al21 repo r ted a case of typhoid fever 

successfully treat ed wi t h penicillin and suggest that 

previous failures to successfully treat typhoid fever 

with penicillin were due to inadequate penicillernia to 

inhibit the infect ing or ganisms. Evans has · shown that 

10 units of penici llin per milliliter of plasma are 

necessary to inhibit a majority of strains of s. typhosa 

and has established that in adequate concentrations (about 

25 units per ml.) penicillin is capable of killings. 

typhosa. (Evans, J . w., Penicillin sensitivity of B. 

typhosum, Lancet 2 :113, 1946) 

Therapy was started early in this illness and 
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aqueous sodium penicill in one million units I.M. every 

3 hours and Benemid 0. 5 gram every 6 hours were given so 

that a penieillemia of greater than 10 units per ml. was 

mainta i ned at al l t imes during the 15 days of therapy. 

At the end of treatment, the patient had negative blood, 

stool and urin ~ cultures on three successive occasions. 

While giving sodium penicillin I.M. one million 

units every 3 hou rs alon e, the penicillemia ranged from 

8.1 units per ml. one hour after injection to 2.7 units 

per ml. three hours aft er injection. When the same dose 

of penicillin was given in conjunction with two grams per 

day of Benemid by mouth in divided doses, the penicillemia 

on two occasions was 66 units and 58 units per milliliter 

of plasma at one hour and 21 and 34 units per ml. at three 

hours. Thus when penici llin alone was administered, at 

no time, or only briefly during the first hour after in

jection, were concentrat ions inhibitory for s. typhosa 

obtained in the bl ood s t ream. In contrast, inhibitory 

levels were attained and maintai ned continuously when the 

same dose of penicillin was given with Benemid. 

Parker et a122 treated six typhoid carriers of 

long standing wi t h three million units of penicillin 

every 6 hours and 1.5 gr ams of Benemid two times a day 

for 10 days. One of the six carriers shed typhoid 
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organisms in the s t ool 28 days after the treatment was 

stopped and another carrier was unaffected thoughout the 

course of treatment and observation . Of the other four, 

two had been observed four and five months respectively 

and had not shed the pathogens. Two other patients under 

observation for a short period had remained free of s. 

typhosa. Because of the variability of the typhoid 

carrier state and p relimi nary nature of their study they 

concluded no defini te con clusions could be made and the 

the method of treat ment needed further evaluation. 

Frisk et a123 in a study of probenecid and oral 

penicillin concluded to t heir satisfaction that the oral 

administration of probenecid and penicillin caused a 

significant elevati on of penicillemia compared to levels 

attained with compa rable oral doses of penicillin alone, 

even with a probenecid dose of only 0.25 gram. Within 

the dosage range of probenecid used (0.25 to 1.0 gram) 

there was a close and linear relationship between the 

amount of probenec i d given and the serum penicillin level 

attained. 

When repeated oral doses of penicillin and probene

cid are administered, a t herapeutically effective peni

cillemia could eas i ly be maintained with a rather small 

dose of penicillin. Thus a dosage scheme of 500,000 

units of potassium penicillin and 1.0 gram of probenecid 
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every 8 hours, on the average, ensured a minimum peni

cillemia of O.l units per ml. With probenecid oral 

penicillin therapy it is possible to achieve results 

with smaller doses of penicillin and with doses given 

at longer intervals. Their results indicate that an 

oral dose of 500,000 units penicillin and 1.0 gram of 

probenecid every 12 hours would suffice for the treat

ment of the majority of infections caused by penicillin

sensitive organisms. 

In a study of six healthy patients using eachsubject 

as his own control, Boger et al24 showed that oral peni

cillin in conjunction with probenecid was equivalent, on 

the basis of penicillin plasma concentrations, to intra

muscularly administered procaine penicillin. An initial 

oral dose of 400,000 units of potassium penicillin Gin 

combination with one gram of Benemid results in a peak 

concentration of one to two units per ml. Subsequent 

doses of 300,000 units of penicillin in combination 

with 0.75 gram of Benemid at eight hourly intervals 

result in peaks approximating one unit per 0 m.l. and the 

penicillemia, maintained over a 24 hour period, was 0.05 

unit per ml. or above. A plasma concentration of greater 

than 0.03 unit per ml. i s popularly recognized as a 

therapeutically ef fective plasma penicillin level, al

though penicillemi a rs not a complete assessement of the 
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therapeutic potential of a given dose. The total oral 

dose for a day was one million units. The levels attain

ed here, on a 24 hour basis, compare favorably with those 

attained with a single intramuscular injection of 300,000 

units of procaine penicillin in aqueous suspension. 

Boger concludes, 11 Benemid confers upon orally administer-

ed penicillin the same p roperty of prolonged high penicillin 

plasma concentrati ons a s the discovery of insoluble pro

caine penicillin did fo r intramuscularly administered 

penicillin." 

In an evaluation . of oral penicillin therapy Boger25 

points out that it has been shown that probenecid has a 

two to ten fold enhancement effect upon the penicillemia 

resulting from the intramuscular administration of potas

sium and procaine p enicillin, on the hydriodide of the 

diethylaminoethyl ester of penicillin G, on benzethacil, 

on penicillin O and on benethamine. Benemid appears to 

enhance the penicil lemia with penicillin V according to 

the work of Martin et a126 • 

Boger25 in his studi es on oral penicillins (1954) 

concluded that water-soluble potassium penicillin G, 

administered in con junction with probenecid, furnishes 

higher and more prolonged penicillin plasma concentrations 

than those observed following the administration of any 

other available oral penicillin dosage form. He states 
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that the oral adminis t r ation of penicillin may be the 

safes t route of adminis tration but urges that oral peni

cillin not be us ed in t he treatment of fulminating 

infections, as meningit i~ or osteomyelltis, nor in the 

therapy of subacute bacterial endocarditis. 

V. Toxicol ogy, Side Effects and Doses 

McKinney et a112 studied the acute and chr onic 

toxicity of proben ecid in mice, rats, rabbits and guinea 

pigs. The acute toxic i ty signs were thought to be of 

central nervous sy stem origin with deaths apparently due 

to respiratory arr est du ring tonic convulsions. Tre 
values of the LD50 in t h e different animals when pro

benecid was given by the intravenous, subcutaneous , intra

peritoneal or oral route s indicate that the drug was well 

absorbed by all r outes and that the toxicity for the 

diff erent species of animals was similar. 

Daily oral a dminist ration of p robenecid to six dogs 

for eight weeks i n doses as high as 200 mg. p er kilogra:rn 

and to ' 56 .rats cl'or _l2 weeks as high as 400 mg. per kilo

gram did not cause changes in hematologic val ues that 

could be a t tributed directl y to the drug. Chemical 

studies of the plasma and the uri ne of the dogs did not 

reveal significant changes from the control values. 
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Drug sensiti vity t ests in guinea pigs failed to 

produce local or generalized reactions to probenecid. 

Boger and StricklandlO in a review of 2,502 patients 

indicate that in a daily dose of two grams of probenecid 

the drug can be s afely administered for periods up to 

four years at the time they did their study. Tre most 

connnon manifestation of intolerance i~_ gastrointestinal 

symptoms, occurin g in 3.1 per cent of patients studied. 

These s-ymptoms vary from vague abdominal distress, anor

exia, nausea, vomiting, abdominal cramps, and epigastric 

burning to frank vomiting and diarrhea. Typical hyper

sensitivity reacti ons wi th chills, fever, rash, myalgia, 

dyspnea, nausea, vomitin g or vasomotor collapse have 

been observed in eight patients and skin rashes have been 

observed in 34 pat ients . It is likely that some of these 

skin rashes were due to concomittantly administered peni

cillin. 

At the time of thi s report (1954) no deaths were 

attributable to p r obenecid therapy. There _is no evidence 

of aggravation of preexi stent renal damage, no hepatic 

toxicity and no r eported case of suppression of the 

hematopoietic sys t em. A total of 175 side-effects have 

been noted in a group of 2,502 patients,.representing an 

over-all percentage of 7.94 per cent. Thirty-five of 

these reported side eff~cts -were related to the urinary 
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tract, where the question may be raised whether the mani

festations are truly side-effects a.r.d evidences of toxi

city or if they ar e, in fact, evidences of the uricosuric 

activity of proben ecid producing urate calculi. Pro

benecid has esta~l ished itself as a drug of low toxicity. 

Experience ha s shown that two grams per day repre

sents the average adult dose which is tolerated. In the 

therapy of gout, probenecid is used in daily doses vary

ing between 0.5 and 2 gr ams per day. lO 

In a study of 85 ch ildren by Coriell et al27 , they 

concluded that the optimal oral dose of Benemid was found 

to be an initial dose of 25 mg. per kilogr8lll of body weight 

followed by 10 mg . per kilogram every 6 hours for main

tenance therapy. For ch ildren over 50 kilograms of" body 

weight the adult dose 1s adequate, 0.5 gram every 6 hours 

following an initi al do s e of one to two grams if rapid 

action is desired . 

VI. Di scussion 

It is general ly agr eed that "the effective peni

cillin time in t h e serum is usually a reasonable approx

imation of the penicilli n time in the tissue flu ids 11
•
28 

Infections caused by the gonococcus, the pneumococcus, 

and the spirochete of s yphilis can be treated with amounts 

of penicillin that give only transient penicillemia. 

-23-



Here the use of probenectd with penicillin would be of 

no practical value. However, in infections caused by 

microorgani sms r esistant to penicillin in commonly 

employed blood l evels or in foci of infection that 

present a barrier to t he ready diffusion of antibiotic, 

the use of proben ecid is indicated in order to achieve 

higher penicillin plasma concentrations. 

It may be a r gued that his can be accomplished by 

simply gi ving more p enicillin. However, there is a 

definite limitation with regard to administering more 

penicillin by mout h. In children and to a lesser degree 

in adults, an oral dose of pend.cillin in excess of two 

million units per day exerts su ch a marked antibacterial 

effect upon the ga strointestinal flora that in some 

patients loose stools an d diarrhea are observed, even 

as they are noted with chlortetracycline and oxytetra

cyline.25 In pedi atric practice it has been commonly 

observed that parents overdose their children with some 

of the flavorable oral suspensions of penicillin. The 

enhancement effects of probenecid would appear to have 

merit in extending the us~fulness of penicillin by mouth. 

Probenecid is indica ted in penicillin therapy where 

continued high peni cillin plasma concentrations are de

sired over a long period of t ime. Thus it is of value in 

the penicillin trea tment 0£ subacuto bacterial endocarditis, 
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septicemia, staphylococcal osteomyelitis, some types of 

meningitis, infections caused by relatively penicillin

resistant organisms , and infections sequestered in tissue 

of low permeabil i ty. Probenecid should improve the thera

peutic effectiveness of the penicillin dose given in these 

cases as well as reduce the cost of treatment where long

term therapy is needed. A reduction in penicillin dosage 

from one million to 500 ,000 units a day would not be signi

ficant in this respect, but a reduction from 10 million 

to 5 million units per day in t he treatment of SBE, for 

example, where therapy is long-continued, would represent 

a considerable reduction in cost of treatment. 

In pediatric therapy using oral penicillin, pro

benecid is beneficial in reducing the amount and frequency 

with which medicat ion nrust be taken. 

Benemid has established itself as a drug of low 

toxicity. Since i t usually will be prescribed for only 

about a weeks time ineonjunction with most penicillin 

therapy, the devel opment of side-effects is less likely 

to occur than when used over long periods of time as in 

the therapy of chr onic gout. 

VII. SUmmary 

A brief review of agents known to block the renal 

tubular transport of peni~illin and other organic acids 
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is given. The ch emistry of probenecid, one of t he more 

recent and to dat e the most effective clinically of these 

agents, is discussed. The unique pharmacologic action of 

probenecid as a s electi ve and reversible inhibitor of the 

renal tubular transport of cer~ain organic substances and 

a probable mechanism of its action in the renal tubule 

cell is presented . Its rapid gastro-intestinal abso r p

tion and slow renal elimination enable it to exert a 

measurable enhancement effect on penicillin and PAS levels 

for as long as eight hours after a single oral dose. 

Studies of probenecid-penicillin therapy of experimental 

infections in mice indicate probenecid enhances the 

therapeutic effect iveness of penicillin. Studies of about 

150 patients indicate t hat probenecid in doses of 0.5 to 

2 grams a day enhances penicillin blood levels two to 

four times. It ha s been found a valuable adjunct in the 

penicillin t herapy of subacute bacterial endocarditis. 

It has been used with p enicillin in the treatment of 

typhoid fever. Pr obenecid has been found val uable in 

sustaining a signi ficant penicillemia in conjunction with 

oral penicillin. 

Probenecid ha s established itself as a drug of low 

toxicity with side effects occurring in only about eight 

per cent of cas es . These are usually mild gastro-intest

inal complaints. Effective adult doses are usually 0.5 

to 2 grams a day. The reconnnended pediatric dose is 25 

mg. per kilogram initially with 10 mg. per kilogram for 
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mai ntenance. 

Probenecid i s a valuable adjunct to the penicillin 

therapy of subacute bacterial endocarditis, septicemia, 

staphylococcal os teomyelitis and infections caused by 

relatively penici llin-r esistant organisms and infections 

sequestered in t i ssues of low permeability. 
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