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Potassium output showed only inconspicuous 
fluctuations. In  one patient the daily ex- 
cretion of phosphorus was liberally increased 
during treatment. 

.4ttempts were made to maintain 3 of the 
group by the daily administration of ACTH, 
25 mg, or by weekly administration of 100 
mg in divided d,oses. With both systems, 
fairly satisfactory control was secured for 
intervals of 6-5 weeks. Three to 4 weeks 
after discontinuation of medication, indica- 
tions of relapse began to appear. In  one 
instance, later repeated courses of ACTH 
failed to bring about diuresis, a decrease in 
serum chollesterol or an increase in serum 
proteins. The second patient has had no 
further treatment since Oct. 6 ;  he shows 
no evidence of salt and water retention; the 
blood urea is a t  the control level. The serum 
cholesterol is 294 mg% and the total protein 
is 6.6 g70 with an albumin value of 3.4 g%. 
Prior to treatment the total protein was 4.0 

g % ; tEe albumln 1.1 g %. The third patient 
discontinued treatment on the same date. He 
showed no tendency to redevelop edema until 
3 months later, a t  which time the serum pro- 
teins diminished sharply. 

It is concluded that an ap- 
propriate stimulus to the adrenal cortex by 
th,e administration of adrenocorticotropin is 
capable of producing marked modifications 
in the nephrotic syndrome. These modifica- 
tions include reduction in serum cholesterol 
and urine protein, increase in serum proteins 
and profound diuresis. With one exception the 
diuresis occurred after discontinuance of 
ACTH, and the improvement in nitrogen 
balance and serum values continued for 
several weeks. 

Conclusions. 

Adrenocorticotropin was furnished through the 
courtesy of Dr. John R. M o t e  of A4rmour Labora- 
tories. 
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Effect of Penicillin Dosage Schedule on Treatment of Experimental 
Typhoid Infections in Mice. (17810) 

A. KATHRINE MILLER, DOROTHY L. WILMER, AND W. F. VERWEY. 
(Introduced by 

Front the Xedical  Research Division, 

I t  has been reported by Zubrqd( 1) and by 
White and his co-workers(2) that, for the 
treatment of experimental streptococcal in- 
fections in mice, the total amount of penicillin 
required does not vary over a fairly wide 
range of dosage schedules. Since it is our 
opinion that the major problems of penicillin 
therapy are now cenkring around the man- 
agement of infections caused by organisms of 
high penicillin resistance, we have studied 
the relationship between dosage schedules and 
the amount of this antibiotic agent required 
to protect mice infected with the Panama 
S o .  58 strain of Salvnonella typhosa. This 
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organism has been sel-ected because it is 
quite resistant to the action of penicillin in 
comparison with the highly susceptible strep- 
tococci used by the above mentioned workers. 
Whcen Salmonella typhosa was used as the 
infecting agent, i t  was found that there were 
marked differences in the amount of penicil- 
lin required for therapy depending upon the 
number and frequency of the doses em- 
ployed. 

These data, which can be obtained with 
adequate precision only from animal experi- 
mentation, are being presented because i t  
is believed that the findings have important 
application to the use of penicillin in the 
treatment of infections in human patients, 
where it is desired to use the antibiotic agent 
with maximum efficiency and economy. 
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Methods and materials. Female mice of the 
C.F. 1 strain weighing 16-18 g, were infected 
intraperitoneally with 0.5 cc of 5% mucin 
containing 10,10iOO minimum lethal doses of 
Panama No. 58 strain of Salmonella typhosa, 
and were treated on different dosage schedules 
by the intramuscular injection of 0.05 cc 
of an aqueous solution of crystalline penicil- 
lin G. Therapy was conkinedl to a 24-hour 
period, and, in all cases, the first injection 
was given at  the time of infection (Le., at 
zero hour). The animals were observed for 
a period of 7 days, after which time the 
amount of penicillin required to protect 50% 
of the animals (PDso) was calculated by the 
method of Reed and Muench ( 3 ) .  

ResuZts. Average results from 3 experi- 
ments are shown in Fig. 1. I t  can be seen 
that in these experiments the PDBo was 
found tot vary with the treatment schedule. 
The total amount of penicillin required to 
protect 50% of the infected animals when 
treatment was confined to a single injection 
at zero hour was 3300 units. Whten 2 doses 
were given, one at  zero time and the second 
1 2  hours later, individual doses of 2451) units 
or a total of 4904) units were required. In  
this phase of the work, as the number of 
'equally spaced injections increased, the total 
amount of penicillin used also increased: al- 
though the size of the individual doses de- 
creased. 

Included with the above experiments, using 
the same preparations of challenge organism 
and comparable groups of mice, was a study 
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FIG. 2. 

to determine the effect of the time interval 
between 2 injections on the PD50 penicillin 
value. Here all the infected mice were 
treated with 2 equal doses of the antibiotic 
agent: the first injection was given at  zero 
hour: the time of the second1 treatment vary- 
ing from 2 to 36 hours after the first. Fig. 2 
shows the average results from this phase of 
the three experiments, 

The total amount of penicillin needed to 
protect 50% of the mice when the 2 in- 
jections were spaced two hours apart was 
15010 units, an amount approximately one- 
half that required for the single injection 
treatment. When the injections were 3paced 
a t  4- or at  8-hour intervals, the amount of 
penicillin required approximated the single 
dose schedule. Increasing the interval be- 
tween injections to 12,  24, or 36 hours great- 
ly increased the PDjo value. 

Discussioiz. These data show that in the 
treatment of an acute typhoid infection in 
mice the amount of penicillin necessary to 
protect 50% of the animals does vary with 
the dosage schedule used. In a previously 
published paper(4), it was suggested that 
the intensity of penicillin therapy may be 
represented as a function of the relationship 
between the concentration of penicillin and 
the time during which this antibiotic agent 
remains at  or above a minimal antibacterial 
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concentration in the body. If this concept 
is visualized in terms of a curve in which 
penicillin concentration is plotted against 
time: then intensive therapy is represented 
by that area of the curve that is above a 
minimal baseline. The  position of this base- 
line on the ordinate is dependent on the 
sensitivity of the infecting organism. When 
the basdine is high, as for a resistant organ- 
ism, and the size of each injected dose is 
small, then a proportionally large amount of 
each dose contributes only to the area below 
the baseline which does not represent in- 
tensive therapy. This is illustrated by curve 
1 of Fig. 3. -4s the unitage of the individual 
dose is increased, the proportional amount 
of the injected penicillin that contributes to 
the effective area progressively increases as 
in curves 2 and 3. This would result in 
more effizimt therapy, and would explain the 
corresponding decrease in the total amount 
of penicillin that was required in our ex- 
periments as the number o f  equally spaced 
injected doses decreased from 12 to 1 and the 
size of the individual doses increased from 
620 units to 3300 units. 

For therapy to be confined to a single in- 
jection, however. ( e . g . ,  curve 3 )  it is neces- 
sary that this one dose of penicillin be suffi- 
cient to destroy most or all of the invading 
organisms. If the size of this dose is too 
small (e.g., curve 1) the concentration of 
penicillin that diffuses into the area of in- 

fection may be so low that somc of the in- 
fecting organisms may be injured but  not 
destroyed. Some cells, inldeed, may escape 
completely any deleterious effect of the anti- 
biotic agent, I n  the absence of further 
therapy, these survivors later may multiply 
ar.d re-establish the infection, leading to the 
death of the animal. When a second small 
injection closely follows the initial dose 
(curve 4, foLowing curve l ) ,  the residual 
organisms may be eliminated by the resulting 
augmentation of the Billing effect of the anti- 
biotic agent. As the interval between th? two 
treatments is lengthened beyond the period 
of recovery for the injured and surviving 
organisms, the size of the indivi'dual effective 
dose gradually increases until each dose ap- 
proaches the concentration required to pro- 
tect with a single dose. 

Summar?! and conclusions. When mice 
were infected with a relatively penicillin-re- 
sistant Salmonella typhosa, it was found that 
the ppnicillin PDs,, varied with the treatment 
schedule. -4 smaller total amount of penicil- 
lin was required for protection when the 
treatment was given as a single injection than 
when 2,  3, 6, or 12 doses wer,e divided equally 
within a 24-hour period. When the time 
interval between 2 doses was varied from 2 
to 36 hours, it was found that the PD.-,(, for 
the 2 dose 2-hour schedule represented a n  
even smaller t'otal amount, and, therefore, a 
more economical use of penicillin than did the 
single injection schedulle. 

These data would suggest that in the 
treatment of infections caused by ,organisms 
of high penicillin resistance, the common 
practice of dividing the total daily amount of 
penicillin into frequently injected doses may 
be an inefficient means of therapy. It would 
appear that the total amount of penicillin to 
be us,ed in one day would be more effective if 
given as a few large doses. This procedure 
would result in the higher plasma penicillin 
concentrations and the correspondingly in- 
creased tissue concentrations required for a 
bacteriocidal action against relatively re- 
sistant organisms. 
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