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TABLE V. .
Effect of Pyruvate and Fumarate upon Antibacterial Activity of Streptomycin.
Incubation 17 hours at 28°C.

E. coli A.aerogenes P. vulgaris S. aureus
Carbon source 0% -+ 0 + 0 + 0 +
None 15 0 18 0 4 0 24 0
Pyruvie acid 36 29 40 4 36 26 44 13
Fumaric acid 40 23 46 6 47 42 22 6
Glucose 37 0 56 0 14 0 44 0

#0 = no streptomycin; + = 4 yg/ml streptomyecin.

acids may counteract the antibiotic effect by
acting as essential metabolites in the syn-
thesis of these compounds has been sug-
gested.” Certain preliminary results obtained
in oxidation experiments, by the use of the
Thunberg and Warburg techniques, indicated
that streptomycin does not affect metabolic
reactions measured in terms of oxygen uptake
or dehydrogenase activity; rather it appeared
that streptomycin affects a synthetic process,
and the effect on respiration is only a sec-
ondary phenomenon.

Summary. The addition of 1% pyruvate
and fumarate to nutrient broth supported the
growth of E. coli in the presence of 10 pg/ml
of streptomycin. When the concentration of
the acids was increased to 3%, growth took
place even in the presence of 150 ug/ml of
streptomycin. The streptomycin was not de-

stroyed. The test bacteria growing in the
presence of streptomycin and of the organic
acids did not become resistant to strepto-
mycin.

Salts of succinic, formic, malic, and maleic
acids also exerted some antagonistic effect
upon streptomycin. Lactose, as well as lac-
tic, acetic, and propionic acids, glycerol, gly-
cerophosphate, and glucose had no effect upon
the growth-inhibiting action of streptomycin
on E. coli.

Comparison of the antagonistic effect of
pyruvic and fumaric acids against the strepto-
mycin action upon various bacteria, showed
considerable variation. E. coli and P. vul-
garis were largely protected by the organic
acids against the action of streptomycin,
whereas A. aerogenes and S. aureus were only
slightly affected.
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There are only a few reports indicating the
effect of starvation on the urinary excretion
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to a number of complicating factors, it is im-
possible to assess the influence of the re-
stricted food intake on the urinary excretion.

Dingemanse and her associates' found a
marked decrease in the concentration of 17-
ketosteroids in the urine of the inhabitants
of the Netherlands during the German oc-
cupation. As they point out, although the
content per unit volume was lower during the
war than afterwards, the absolute amounts
excreted in the two periods may not have
been very different since the urine volume
during the occupation was 1.5 to 2 times
normal.

Salter et al.? noted a slight decrease in the
mean urinary excretion of 17-ketosteroids
among 48 repatriated American prisoners-
of-war from the Pacific theater. All of these
men had gynecomastia at one time or an-
other. The biochemical manifestations of
gynecomastia in these ex-P.O.W.s were said
to have been very similar to those observed in
similar cases among civilians where the breast
hypertrophy and tumor was presumably due
to causes other than malnutrition. The
papers by the Yale workers give the im-
pression that the decreased 17-ketosteroid
excretion is not a manifestation of starvation
per se.

Chou and Wang? reported that the excre-
tion of male sex hormones (as determined by
the same general technique used in the 17-
ketosteroid analysis) was markedly reduced
in malnourished patients in proportion to the
degree of undernutrition. However, factors
other than starvation must have been oper-
ative in these cases since their well-nourished
patients showed a rate of excretion of male
sex hormones only 42% of the mean for their
normal subjects.

Methods. The amount of total neutral 17-
ketosteroids in the urine was determined by
the micro-method of Miller and Mickelsen.*

1 Dingemanse, E., Huis in’t Veld, L. G., and
de Laat, B. M., J. Clin. Endocrinol., 1946, 6, 535.

2 Salter, W. T., Klatskin, G., and Humm, F. D.,
Am. J. Med. Sci., 1947, 218, 31.

3 Chou, C. Y., and Wang, C. W., Chinese J.
Physiol., 1939, 14, 151.

4 Miller, E. v. O., and Mickelsen, O., to be pub-
lished.

289

This involved the simultaneous hydrolysis of
the urine with hydrochloric acid and extrac-
tion with carbon tetrachloride. After a series
of washings with potassium hydroxide, hydro-
chloric acid and water, the carbon tetra-
chloride extract was evaporated to dryness
in vacuo. The residue was dissolved in ethyl
alcohol and then subjected to the usual Zim-
mermann reaction. In all cases duplicates
were carried through from the beginning of
the procedure and repeated when they failed
to agree within 4%. All urine specimens
were collected in bottles containing glacial
acetic acid as a preservative. The analyses
were started within 24 hours of the time of
collection, or the sample was stored at —20°C
until the analysis could be made.

Semi-starvation experiment. Thirty-four
normal young men between 19 and 32 years
of age voluntarily submitted to a semi-
starvation experiment. During the 6-month
period when they were maintained on an
average daily intake of 1600 calories, they
lost 24% of their original body weight. The
diet simulated that available to the inhabi-
tants of north-central Europe and was rela-
tively adequate in all determinable factors
other than calories and protein. Before the
experiment started, the subjects were put
through various physical and psychological
tests in order to exclude those who deviated
from normal. Other details of this experi-
ment have been described elsewhere.?

A random group of 10 of these men was
chosen for the study of the 17-ketosteroid
excretion. The semi-starvation phase of the
experiment was preceded by a 3-months con-
trol period. No urine samples were collected
for these special analyses at that time. How-
ever, control samples were collected from
some of the men on the 57th week of re-
habilitation when the subjects were back to
normal in all respects. Additional control
urinary excretion values from a large group
of similar young men were available for com-
parative purposes.

Urine samples were collected for the deter-

5 Henschel, A., Mickelsen, O., Taylor, H. L., and
Keys, A., Am. J. Physiol., 1947, 150, 170; Keys,
4., J. Am. Diet. Assn., 1946, 22, 582.
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TABLE I
Urinary Excretion of 17-Ketosteroids During Semi-starvation and Subsequent Rehabilitation.

All values are expressed as mg of androsterone per 24 hours.

The mean urine volumes as cc

per 24 hrs are given. The standard deviations are given with the means.

Subject S8 S24 R6 R57

1 10.8 10.2 17.6 12.6

9 10.8 9.8 12.8 15.0

12 3.3 8.7 10.9 1.7

104 7.7 6.9 9.8 11.2

122 7.0 6.4 9.6 10.3
Mean 7.92 + 3.12 8.40 + 1.70 1214 + 331 12.16 = 1.79

23 4.7 10.7 13.0

26 7.7 18.2 10.1

109 8.0 11.0

130 11.5 5.8 17.5

232 8.6 3.8

Mean (all subjects)  8.03 = 2.80 8.27 + 1.99 11.92 + 4.18 12.49 =+ 2.42
Urine vol. (all subjects) 1848 = 750 3000 = 1794 3838 = 925 1380 = 383

mination of the ketosteroid excretion at the
following times: (1) the eighth week of star-
vation (S8) when the men had lost an average
of 13% of their original body weight, (2) at
the twenty-fourth week of semi-starvation
(S24) when they had lost 24% of their origi-
nal body weight, (3) at the sixth week of re-
habilitation (R6) when the men had regained
some of their lost weight and (4) at the
57th week of rehabilitation (R57) when they
were back to normal in all respects.

Acute starvation experiment. Twelve nor-
mal young men were subjected to a 45-day
period when they received no food. Water
was the only substance permitted by mouth
during this period and it was unrestricted.
Before and after this, these men were the
subjects of a long-time experiment during
which they received diets controlled as far
as calories and thiamine were concerned.
Throughout the starvation period, the physi-
cal activity of the subjects was maintained
by standardized walking on a motor-driven
treadmill. The work was of such intensity
that a calculated caloric deficit of approxi-
mately 5000 calories per day was produced.
The training factor involved in this high
plane of activity was cancelled out since
these men had done the same amount of work
for a week or more preceding the fast.

Urine samples for the estimation of the
17-ketosteroid excretion were collected on the
third and fourth days of the fast. The con-
trol samples were secured some months later.

These values agreed with those secured a
number of months preceding the experiment.
The validity of these control samples has been
independently proven by the constancy of the
24-hour urinary excretion of total, neutral
17-ketosteroids over periods as long as a year
or more.%?

Results—semi-starvation experiment. The
excretion of total, neutral 17-ketosteroids for
the 5 men studied at S8 averaged 7.9 mg per
24 hours (Table I). This is considerably
below the mean excretion level of 11.3 mg
observed for normal young men in this labor-
atory” as well as the 12.2 mg for these men
at the 57th week of rehabilitation. Each
subject at S8 showed a lower excretion than
that during the recovery period. In fact sub-
ject 12 showed an excretion level considerably
below any observed by us in normal young
men, while the values for the rest of the sub-
jects were in the lower normal range.

At 524, the 17-ketosteroid excretion of the
above group showed no essential change ex-
cept for subject 12 whose value increased
considerably. The values for the other men
were essentially the same as those at S8.
Five additional men studied at S24 showed
the same decrease in 17-ketosteroid excretion
as the preceding group.

During the rehabilitation period when the

6 Miller, E. v. O., Mickelsen, O., and Keys, A.,
to be published.

7 Miller, B. v. O., Mickelsen, O., and Keys, A.,
Fed. Proc., 1947, 6, 279.
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. . TABLE II.
The Urinary Exeretion of 17-Ketosteroids During Acute Starvation. All values for ketosteroid
excretion are expressed as mg of androsterone per 24 hours. The mean urine volumes as cc per

24 hours are given.

The standard deviations are given with the means.

The decrease in

ketosteroid excretion observed on the fourth day of starvation is expressed as a percentage of
the control value (% Max. Decr.)

Subject Control period 3rd day starvn. 4th day starvn. % Max. Deer.
B 11.7 5.2 4.7 59.8
A 12.4 5.7 2.9 76.6
M 11.3 4.1 3.4 69.9
D 9.1 4.3 3.0 67.0
Pa 9.9 3.6 2.7 72.7
Pe 13.8 4.9 3.7 73.2
C 10.9 3.8 3.2 70.6
H 12.9 4.7 4.7 63.6
E 12.8 5.2 4.3 66.4
W 9.3 2.7 2.3 75.3
S 9.6 3.3 2.6 72.9
R 13.3 4.6 5.5 58.6

Mean 11.41 #=1.66 4.34 % 0.88 3.58 + 1.00 68.9

Urine vols. 902 + 245 745 + 25

food intake was raised, the ketosteroid excre-
tion increased. By R6, the mean excretion
level for the 8 men examined then was 11.9
mg. The ketosteroid excretion returned
practically to normal in spite of the fact that
in even those subjects receiving the largest
amount of food, body weight restoration
amounted to a maximum of 18% of that lost
during starvation with the values for most
of the men below 7%. The recovery of
physical fitness at this time was also very
low. A subsequent year on an unlimited diet
produced only a negligible increase in the
17-ketosteroid excretion. Subject 130 whose
excretion was below normal at R6 was the
one whose food intake during this period was
the lowest. His recovery, on the basis of
such factors as restoration of body weight,
improvement of physical performance, etc.,
was considerably less than that of the other
subjects. This subject was unusual in that
his excretion level at R6 was so very much
lower than the value at S24. In 2 cases
(1 and 26) the excretion at R6 was much
greater than at R57. There is no apparent
explanation for these findings.
Results—acute starvation experiment. The
3 days of acute starvation produced a marked
reduction in the 17-ketosteroid excretion of
all 12 subjects (Table IT). The average ex-
cretion during the control period was 11.41=+
1.66° mg per 24 hours whereas that for the
third day of the experiment was 4.34=+-0.83

and that for the fourth day was 3.58=+1.00.
In practically every case, the 24-hour urinary
excretion was below the lower normal limits.
On the fourth day of starvation, the keto-
steroid output was still lower than that of the
preceding day in all but 2 cases.

By far the greatest part of the reduction
in the urinary excretion occurred by the third
day of starvation. The decrease by that time
averaged 62% of the control values whereas
the total reduction was 69%. The reduction
of the ketosteroid excretion ranged from 59
to 77%. There was no relation between the
magnitude of the reduction and the control
ketosteroid level.

The rate of excretion of ketosteroids in
these two types of starvation was not in-
fluenced by the urine volume. In the semi-
starvation experiment during the entire star-
vation phase the daily urine volume was
about twice the control value. In the acute
starvation experiment, on the other hand,
the urine volume was markedly reduced dur-
ing the starvation period.

Discussion. Both acute and semi-starva-
tion with hard work produced marked re-
ductions in the rate of total, neutral 17-keto-
steroid excretion, the influence of acute star-
vation being much greater than that of semi-
starvation. Any attempt to explain this
change must involve a consideration of the
functions influenced by each of the experi-
ments. The plane of metabolism cannot be



292

the primary factor since in the acute starva-
tion subjects this was at a very high level
whereas in the semi-starvation subjects it was
sharply reduced.

There is the possibility that the decrease
in the ketosteroid excretion may be explained
on the basis of a change in the activity of
the testes. During the semi-starvation ex-
periment there was a reduction in sexual
functions as revealed by alteration in libido
and in the morphology and physiological re-
sponses of the sperm collected at that time.
Similar studies were not made in the acute
starvation experiment, but here, too, at least
libido was decreased. Other factors than the
testes may be considered in explaining the
decrease in ketosteroid excretion observed in
acute and semi-starvation. This is apparent
when one considers the marked differences
in the ketosteroid excretion in these two ex-
periments. Changes in the function and ac-
tivity of the adrenals under these conditions
can only be surmised at the present time.

The hard physical work in the acute star-
vation experiment had no influence on the
ketosteroid excretion since the same work
was done in the control period. Further-
more, in other experiments where the same
work was done while the men were in caloric

ToxoPLASMA IN HOLLAND

balance, there was no change in the keto-
steroid excretion. Besides the physical
“stress” in the acute starvation, both experi-
ments were associated with considerable
mental “stress” but in spite of this the keto-
steroid excretion in each experiment de-
creased. This is contrary to other reports
in the literature which have emphasized the
increased ketosteroid excretion in “stressful”
situations.’

Summary. The urinary excretion of total,
neutral 17-ketosteroids was determined in 10
young men who, over a 6-months period, lost
249% of their original body weight. The re-
duction in ketosteroid excretion was 30% of
the control values.

Twelve young men performed hard physical
work during 4 days when they received no
food. By the fourth day the urinary excre-
tion of 17-ketosteroids was only 31% of the
control value. The Kketosteroid excretion
was not influenced by the hard work since
the subjects were trained to it before the
start of the fast.

8 Pincus, G., and Hoagland, ., J. Aviation
Med., 1943, 14, 173; Hoagland, I, Science, 1944,
100, 63; Pincus, G., in Recent Progress in Hor-
mone Research, Acad. Press, Inc., New York, 1947
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Recent observations raise the supposition
that toxoplasmosis is not infrequent in Eu-
rope. In most of the cases, the parasito-
logical confirmation of the clinical diagnosis
has been made post mortem by the demon-
stration of toxoplasma in brain sections.
Toxoplasma have been demonstrated rarely
in the cerebrospinal fluid during life of the

patient by microscopic examination and ani-
mal inoculation. In the summer of 1947,
however, we succeeded in this.

Our patient, the second child of apparent-
ly healthy parents, was a 6-weeks-old boy
who did not show any signs of illness during
the first few weeks of life. On August 7, the
infant was admitted to the hospital, showing



