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months after operation all insulin was with-
drawn for a period of 4 days. On the first
day, glycosuria, previously less than 10 g per
day, rose to 112 g. On the second day, the

value was 143 g and ketosis appeared. On the .

fourth day, all food was withheld and the urine
showed a D/N ratio of 2.42. Insulin was rein-
stituted that evening because of severe thirst
and discomfort. The patient had lost 4.5 kg
of weight during this period.

Six days later, with the patient’s appetite
failing, insulin was again withdrawn. Marked
glycosuria and ketosis promptly appeared.
Two days later, the urine contained 108 g of
glucose and the patient stopped eating entirely.
On the fourth day of this period, the blood
sugar was 570 mg %, and between the fifth
and sixth days the urine showed a D/N ratio
of 3.59. Death occurred on the sixth day in
typical diabetic coma.

Fasting respiratory quotients were deter-
mined daily for 5 days when the patient was
in relatively good health and was receiving
crystalline insulin 3 times per day, the last
dose being given before supper. The values
varied from 0.77 to 0.80. Fasting blood sugars
on the same mornings were in the neighbor-
hood of 100 mg per 100 cc. Determinations
of the R.Q. during the complete withdrawal of
insulin were unsatisfactory.

Fat Metabolism. The serum lipids, which
before operation ranged from 800 to 1260 mg
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per 100 cc, slowly declined after pancreatec-
tomy but never sank to subnormal levels, the
minimum being 707 mg per 100 cc. At
autopsy the liver was grossly fatty, probably
owing to the patient’s death in diabetic coma.

Conclusions. (1) The pancreas, or its hor-
mone, insulin, is necessary to life in the human.
(2) On the basis of the present case and others
previously reported,>® the insulin output of
the normal human pancreas must be consid-
erably smaller than has been believed and
seems to lie in the range of 30 to 50 units per
day. Therefore, (3) in diabetic patients re-
quiring more than this amount, an extra-
insular factor must be contributing to the
diabetic syndrome. (4) The D/N ratio of
from 2.42 to 3.59 indicates that a fasting,
depancreatized man deprived of insulin con-
verts protein to carbohydrate at a rate com-
mensurate with that observed in the dog under
the same conditions® or when treated with
phloridzin.*
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Effect of p-Aminobenzoic Acid on the Growth of Typhus Rickettsie in the
Yolk Sac of the Infected Chick Embryo.*

Howarp L. Hamirton, Harry ProTrz,t AND JosepH E. SMADEL.
From the Division of Virus and Rickettsial Diseases, Army Medical School, Washington 12, D.C.

The search for chemical compounds having
possible therapeutic effects on typhus fever,
which centered first on sulfonamide deriva-
tives, has been extended to include all kinds
of substances having effects on pathogenic
bacteria and protozoa. Snyder, Maier, and
Anderson! tested the activity of a large number
of drugs (sulfonamides, anti-luetic, anti-malar-

ial, and trypanosomicidal compoeunds) on the

* Report to the Director of tho United States of
America Typhus Commission, December 16, 1943,
withheld from publication. Since this time two
other papers dealing with the therapeutic effect of
P.A.B.A. were published,

t Member of the United States of America
Typhus Commission.
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TABLE T.
Effect of Paba on Survival Time of Typhus-Infected Embryos.
Total
No. of No. of daily deaths Sur- %
embryos Day:3 4 5 6 7 8 9 10 11 12 vived dead
Epidemic § Controls 43 3 10 14 13 3 0 100
Typhus | Paba (4mg) 44 0 10 6 4 2 5 2 1 3 2 9 79.5
Murine { Controls 25 e 2 3 8 2 0 100
Typhus | Paba (4mg) 23 3 5 4 2 2 1 6 73.9
TABLE II
Effect of Paha on Number of Rickettsie.
Total No. of Rickettsiee per field
No. of 0 1-10 100 1000 Countless
Xggs No. % No. % No. % No. % No. %
Epidemic { Comtrols 56 7 125 20 518 8 143 8 143 4 7.1
| Paba 59 42 71.2 16 27.1 T 1.7 o 0 0 0
Murine { Controls 30 0o 0 12 40 5 16.6 5 16.6 8 267
| Paha 27 14 3519 9 33.3 2 74 1 37 1 37

survival time of mice and cotton rats which
had been infected intraperitoneally with
typhus. None of these substances had bene-
ficial effects, but their experiments led to the
trial of p-aminobenzoic acid, which gave indi-
cations that it might suppress the growth of
typhus rickettsiae. More recently, Andrewes,
King, and Van den Ende® reported that, of
more than 164 compounds which were being
tested, only 3 showed anti-rickettsial activity
as measured by the ability of the drugs to pre-
vent or retard the development of pulmonary
lesions in intranasally-inoculated mice. A
preliminary experiment by these authors® with
p-aminobenzoic acid tended to confirm the
findings of Snyder, Maier, and Anderson, in
that maximal tolerable doses of the drug
caused a reduction in the number and size of
pulmonary lesions.

In view of the availability of p-aminobenzoic
acid (hereafter referred to as paba) and its
suggested therapeutic action on typhus in mice,
we decided to test its effect directly on the
growth of rickettsiae by inoculating it into the
yolk sac of the developing chick embryo.

1 8nyder, J. C., Maicy, J., and Anderson, C. R.,
Report to The Division of Medical Sciences, Na-
tional Research Council, Washington, D.C., Dcc.
26, 1942.

2 Andrewes, C. H,, King, II,, and Van den Ende,
M., Brit. Rep. from Nat. Inst. for Med. Res., Hamp-
stead, London, 1943. .

Procedure. Eggs were selected which con-
tained normally-developing embryos after
6 days’ incubation. These were divided into
two equal lots. The first or control group,
was inoculated into the yolk sac with 1 cc of
physiological salt solution per egg, and the
other group received an equal volume of salt
solution containing paba. The drug was used
initially in two concentrations: 4 mg/cc (in
solution), and approximately 25 mg/cc (sus-
pended crystals). On the following day each
embryo, in both the control and treated series,
was inoculated in the yolk sac with 0.5 cc of
infective typhus material. The inoculum was
prepared from either epidemic (Breinl) or
murine (Wilmington strain) infected yolk sacs.
These were ground with alundum and diluted
1:20 with physiological salt solution.

The data were recorded in either of two
ways, according to the type of analysis which
was to be made: (1) The survival time of
treated eggs as compared with controls was
measured by recording all deaths, beginning
on the third day after inoculation with rickett-
siae and extending up to hatching. Smears
made from the yolk sacs of dead embryos were
stained by Machiavello’s method and examined
for rickettsiae. Or, (2) all eggs in both
treated and control series were opened after an
arbitrary length of time (3-6 days) and ex-
amined for rickettsiae. Counts were made
according to the following system: O, + =
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This method of testing for chemotherapeutic
effects on rickettsiae in the yolk sac of the de-
veloping chick embryo has several advantages:
(1) it permits rather precise measurements of
the action of chemicals on rickettsial growth
by making rickettsial counts; (2) the action of
the drugs can be tested with equal ease on

either murine or epidemic strains of typhus;
(3) dosages can be carefully controlled.
Prolongation of Swurvival Time by Paba.
When the inoculated -embryos are allowed to
develop until death occurs from rickettsial in-
fection, a rather striking difference becomes
apparent between the control and paba-
treated series. Table I shows the distribution
of deaths in both series for a total of 87 eggs
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Figure 5 Effect Of Delayed Treatment With Paba On
Survival Time (Epidemic Typhus)
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TABLE IIL
Effect of Different Concentrations of Paba on Survival of Chick Embryos
Infected with Epidemic Typhus.
Total Avg.
Concentration No. of No. of daily deaths day of
of paba embryos Days:3 4 5 6 7 8 9 10 11 12 13 death
0 mg 10 0 1 3 4 2 5.7
Exp. 0.04 11 0 0 5 5 1 5.6
No.1 0.2 11 0 0 0 11 6.0
2.0 6 0 0 0 0 06 0 2 0 0 0 4 killed to pre-
vent hatehing
0 mg 10 5 4 1 3.6
Exp. 0.2 12 0 12 4.0
No, 2 0.4 12 2 5 3 1 1 4.5
2.0 9 1 1 3 1.1 0 0 0 0 0 2 killed to pre-
vent hatching
Exp. 0 mg 11 1 2 8 4.6
No. 3 0.4 14 N 3 2 5 3 0 1 5.85

which were infected with epidemic typhus.
It will be noted that all deaths in the control
series occurred between the third and seventh
days following inoculation with rickettsiae.
In contrast to this “bunching” of deaths in the
controls, the paba-treated embryos showed
only a moderate mortality on the fourth and
fifth days, followed by sporadic deaths up to

the thirteenth day (twentieth day of incuba-
tion). At this time there were still 9 survivors,
which were killed to prevent hatching. When
the cumulative % of daily deaths is plotted
against time, the lag in time of death produced
by paba may be shown graphically (Fig. 1).
Similar results were obtained when the eggs
were infected with murine rickettsiae (Table I;
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TABLE 1V.
Effcct of I'somers of Paba and Other Substances on Time of Death of Typhus-Infeeted Embryos.

Total Avg.
No. No. of daily deaths % day of
Compound embryos Days:3 4 5 6 7 8 9 10 11 12 dead death
o-Aminohenzoie acid 11 o4 2 100 4.2
Controls G 1 3 2 100 4.2
m-Aminobenzoic acid 9 3 o0 6 100 4.3
Controls ] 6 0 3 100 3.7
Acetyl p-aminobenzoie
aeid (Seitz filtered) 13 0 7 4 2 100 4.6
Controls 11 0o 4 7 100 4.6
Acetyl p-aminohenzoic
acid (heat sterilized) 9 o 0o o o 2 1 o0 3 1 2% 77
Controls 8 0 0 4 3 0 1 100 5.8
Sulfanilamide 10 3 0 6 1 100 4.5
Controls 10 1 2 6 1 100 4.7
Sodium benzoate 10 1 5 4 100 4.3
Controls 13 2 3 7 1 100 4.5
Benzoie acid 12 T 100 3.4
Controls 7 4 1 2 100 3.7
* Survivors,
TABLE V.
Effect of Delayed Treatment with Paba on Suvvival of Typhus-Infeeted Embryos.
Total
No. No. of daily deaths Sur- %
embryos Day: 1.4 5 6 7 8 9 10 11 12 vived dead
Immediate treatment 7 o o o o0 0o 0o 1 1 0 5 28.6
1 day delay 10 o 2 0 0O 0o 1 1 2 0 4 60
2 ¢ “ 9 o o 1 3 ¢ 1 2 1 1 0 100
3« ‘6 7 0o 0o 5 1 1 0 100
Controls 9 0o 7 2 0 100
Fig. 2). Here again, all control deaths oc- control eggs, over 50% contained at least

curred between the third and seventh days.
However, death was considerably delaved in
the paba-treated group, with 6 embryos sur-
viving to hatching.

An examination of smears made from these
dead paba-treated eggs showed that there were
usually very few rickettsiae present. How-
ever, some of the eggs which died at a later
date did contain increased numbers of rickett-
siae. Apparently, therefore, the drug acts by
suppressing the growth rate of the rickettsiae,
so that appreciable numbers develop only after
a long incubation period. Further evidence
for this interpretation was obtained by com-
paring the numbers of rickettsiae in treated
and control eggs.

Reduction in Number of Rickettsiae. Counts
were made of the number of rickettsiae per oil
immersion field in yolk sac smears from 86
controls and 86 paba-treated eggs, and tabu-
lated in 5 categories as shown in Table II.
When epidemic rickettsiae were inoculated into

1-10 rickettsiae per field when examined 3-6
days after infection. Lesser percentages con-
tained 100, 1000, and countless rickettsiae, as
shown in Fig. 3. In contrast to this distribu-
tion of controls, over 70% of the infected
paba-treated eggs contained no rickettsiae
when examined after the same period of incu-
bation. Twenty-seven % showed 1-10 rick-
ettsiae, and only 1 egg had as many as 100
per field (Fig. 3).

An exactly comparable picture was obtained
when the eggs were infected with murine
rickettsiae. In general, the controls were
richer than when the epidemic strain was used,
but the paba-treated eggs were predominantly
negative or in the 1-10 group (Fig. 4). Onmly
1 egg was classified in each of the 2 highest
categories (1000, countless).

It is clear from these data that an inhibition
of rickettsial growth is produced by the use of
paba. This inhibition probably accounts in
part for the delay in the death of the infected
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embryo.

Specificity of the Paba-Inhibition., The
data thus far reported were obtained by using
relatively enormous amounts of paba (4 mg
per egg, — approximately 70y/cc, or more)
compared with the concentrations which are
sufficient to affect bacterial growth (fractions
of a gamma per cc®*). In fact, 4 mg was the
maximal dose that 6-day embryos could tol-
erate; larger amounts caused death in 3-8 days.
When the concentration of paba was reduced
to 2 mg per egg, or less, results were obtained
as shown in Table III.

It is seen that the least amount of paba
which will cause delay in death of the embryo
is 0.4 mg per egg. The inhibition. of rick-
ettsial growth is slight, however, for a com-
parison of smears from the treated and control
eggs shows no conclusive difference in num-
bers of rickettsiae. With more massive dos-
ages, the inhibition of rickettsial growth be-
comes more or less complete.

The necessity for using such large quantities
of paba raises the possibility that a non-specific
inhibition might be involved. It is well-known
that massive amounts of a chemical (particu-
larly a growth stimulant) may produce un-
favorable conditions for growth, regardless of
its effect (or lack of activity) in low con-
centrations. Accordingly, the two isomers,
ortho- and meta-aminobenzoic acid, as well as
acetyl p-aminobenzoic acid (both heat-steril-
ized, and sterilized by Seitz-filtration), sulfa-
nilamide, sodium benzoate, and benzoic acid
were tested in concentrations equivalent to the
maximal dose of paba (4 mg per egg). None
of these substances had any apparent effect
either on time of death (Table IV) or number
of rickettsiae, with the exception of the heat-
sterilized acetyl derivative. This was of par-
ticular interest, because heating of acetyl paba
is known to convert a certain proportion of the
compound into paba, by hydrolysis. It seems
clear, therefore, that the inhibition of growth
of typhus rickettsiae by paba is due to a
specific action of the drug.

8 Landy, M., and Dicken, D. M., J. Biol. Chem.,
1942, 146, 109,

4 Rubbo, 8. D., and Gillespie, J. M., Lancet, 1942,
242, 36. :
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Effect of Delayed Treatment with Paba.
In connection with its possible use as a thera-
peutic agent, it seemed of value to know what
degree of inhibition would be produced by
paba if treatment were delayed beyond the
time of infection. Five groups of eggs were
injected with sufficient rickettsiae (Breinl
strain) to cause death in 4-6 days. One group
was retained as a control series, and received
an additional injection of physiological salt
solution immediately after infection. Another
group received a similar volume (0.5 cc) of
salt solution containing 2 mg of paba. The
remaining 3 groups were injected with 2 mg
of paba 24 hr, 48 hr, and 72 hr after infection,
respectively. The results are shown in Table
V and Fig. 5.

It will be noted that the efficacy of paba be-
comes progressively less, the longer the delay
between infection and treatment, as might be
expected. However, there is a surprising
amount of protection when treatment is begun
as late as 48 hr after infection. A similar
gradient was obtained with regard to reduction
in the number of rickettsiae. When treatment
was delayed for 72 hr there was little, if any,
reduction in number, but with 48 and 24 hr
delays the smears were reduced from ++-++
to -+, and there was almost complete inhibition
with immediate treatment. The data indicate,
therefore, that good results may be obtained as
long as 48 hr after infection, although earlier
treatment is required for best protection.

Discussion. It is to be noted that the per-
centage of embryos protected by 2 mg of paba
was, in general, higher than when 4 mg was
used. For example, with 2 mg of paba, there
were 22%, 66%, and 71% survivors (Tables
III and V) as compared with 20% and 26%
survivors with 4 mg (Table I). Since no
rickettsiae were observed in a considerable
number of the eggs which died in spite of the
4 mg, it seemed possible that some of these
deaths might be attributed to a delayed toxic
action on the part of the paba rather than to
failure of the paba to inhibit rickettsial growth,
While not completely studied, evidence for this
interpretation was found in a later experiment
with non-infected embryos which had been
treated with 4 mg of paba. Although normal
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development of the embryos took place during
the first week, the drug apparently caused some
permanent damage in that a significant number
of them became moribund and died during the
latter part of the incubation period. Because
of this delayed tozxicity of the maximal dosage,
it is probable that some of the embryo deaths
shown in Fig. 1 and 2 are attributable to the
drug and not to the rickettsiae.

In addition to its activity against typhus
rickettsiae, preliminary experiments have
" shown that paba also inhibits growth of the
rickettsiae of Rocky Mountain spotted fever,
but has no apparent effect on growth of psitta-
cosis elementary bodies. Further experiments
are now in progress on the mode of action of
p-aminobenzoic acid.

Conclusions. 1. p-Aminobenzoic acid in-
hibits the growth of typhus rickettsiae and pro-

SporicIDAL ACTIVITY BY PENICILLIN

longs the survival time of infected chick em-
bryos. The inactivity of related compounds
indicates that the inhibition is specific to paba.
2. The minimum amount of paba which will
inhibit rickettsial growth is 0.4 mg per egg.
In general, the inhibition is more complete with
maximal dosages, which in the case of the
6-day chick embryo is 2-4 mg. These data
suggest that relatively massive amounts of
paba may have to be administered if beneficial
effects are to be expected on human cases of
typhus. 3. When treatment with paba is de-
layed 24, 48, and 72 hours beyond the time
of infection, there is progressively less delay
in the time of death and less reduction in the
number of rickettsiae. However, good results
are obtained with treatment as late as 48 hr
after infection.
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Penicillin as a Sporicidal Agent.

Harorp R. CurraN AND FrED R. EvANS,

(Introduced by G. E. Holm.)

From the Division of Dairy Research Laboralories, Bureaw of Dairy Industry, Agricultural
Resrarch Administration, U, S. Department of Agriculture.

Although Fleming'’s' first paper on penicillin
furnished evidence of bactericidal as well as
bacteriostatic activity, until 1941 attention
was focused almost exclusively on the bacterio-
static or growth-inhibiting action of the
drug.>* Dawson et al.? reported that “Penicil-
lin appears to be bactericidal against the pneu-
monococcus Streptococcus viridans, staphylo-
coccus and Clostridium welchii, CL. sporogenes,
and CI. septique” (the latter three in the vege-
tative form). More recent reports have re-
vealed strong bactericidal activity by penicillin
against Streptococcus hemolyticus,*® S. viri-
dans,® pneumococci,®? staphylococei,”!! and
meningococci.'?

Investigators®912:13 gre essentially in agree-
ment that penicillin activity is demonstrable

1 Fleming, A., Brit. J. Exp. Path., 1929, 10, 226,

2 Chain, E., Florey, H. W., Gardner, A. D,
Heatley, N. G., Jennings, M. A., On-Wing, J., and
Sanders, A. G., Lancet, 1940, 2, 226.

only when the organisms are in an environment
conducive to multiplication and it has been

3 Abraham, E. P., Chain, E., Fletcher, C. M,
Guardner, A. D., Heatley, N. G., Jennings, M. A,,
and Florey, H. W., Lancet, 1941, 2, 177.

4 Reid, R. D., J. Bact., 1935, 29, 215,

5 Dawson, M. H., Hobby, G. L., Meyer, K., and
Chaffee, E., J. Clin. Invest., 1941, 20, 434.

8 Ilobby, G. L., Meyer, K., and Chaffee, E., ProC.
Soc. Exp. Bion. AND MED., 1942, 50, 277.

7 Dawson, M. II., Hobby, G. L., Meyer, K., and
Chaffee, E., Ann. Int. Med., 1943, 19, 707.
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1943, 77, 70.
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Exp. BioL. AND MEp., 1944, 56, 178.
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Mep., 1944, 57, 66.
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1944, 48, 335.
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