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(stages 19, 21, 23, and 25) following various
exposure periods from 5 minutes to 1 hour.
The time lapse for complete muscular immo-
bilization varied from 30 to 80 seconds, and
the recovery time ranged from 4 to 14 minutes,
depending upon the duration of anesthetiza-
tion and the stage of development considered.
Here too it will be noted that recovery time
consistently was increased only in the case
of stage 25.

Summary and Conclusions. (1) The anes-
thetic M.S.222 in 13,000 concentration in
spring water has no effect on the motility or
the fertilizing power of frog spermatozoa. (2)
Frog’s eggs fertilized in this anesthetic and
allowed to remain for 1 hour will develop as
well as do the controls. Exposure for longer
periods will show an increasing percentage of
abnormal embryos. (3) Embryos that show
muscular activity (stage 19 and older) are
completely immobilized (except for ciliary
activity) within 80 seconds at ordinary labor-
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atory temperatures, some embryos becoming
quiet within 30 seconds. Recovery rate (i.e.,
the return to muscular activity) ranges from
4 to 14 minutes, depending more on the stage
of development than on the duration of anes-
thetization. (4) Prolonged exposure to the
anesthetic produces abnormal embryos if the
exposure is made prior to neurulation and
kills the embryos at stage 25. This latter
instance may be due to the change in the
respiratory mechanism at that time. (Urodele
larve do not show this reaction, and may be
anesthetized at least up until metamorphosis.)
(5) The anesthetic has no effect on ciliary
action but is quick in its effect on muscular
activity; it is non-toxic in the dilution of
1/3,000 in spring water for periods adequate
for surgical operations; and recovery time is
uniformly brief. M.S.222 has proven to be
a very satisfactory anesthetic for amphibian
embryos.
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Effect of Starvation and Ageing on the Acid-Soluble Phosphate Components
of the Liver.

NatHAN O. KaprAN AND DAviD M. GREENBERG.
From the Division of Biochemistry, University of California Medical School, Berkeley.

In contrast to the abundance of information
on muscle phosphates, comparatively little is
known regarding the acid-soluble phosphates
of the liver. In connection with a tracer study
of the phosphate metabolism of the liver with
P32, a comparison was carried out of the dis-
tribution of the acid-soluble phosphate frac-
tions of the liver of the rat under certain
extremely varied conditions of life. The
analytical procedures are described elsewhere.!

Effect of Starvation. The distribution of
the different phosphorus fractions in the livers
of rats fasted for 12, 24, 48, 72, and 144 hours
are recorded in Table I. For purposes of com-
parison, the table contains the phosphorus
partition in the liver of rats who had access to

1 Kaplan, N. O., and Greenberg, D. M., J. Biol.
Chem., in press.

food until they were sacrificed. The results
in Table I, in general, are in agreement with
the findings of Rapoport, Leva, and Guest.?

Effect of Age. That the acid-soluble phos-
phates of the liver changed with age was
observed by Kay.* We considered it of value
to investigate the nature of these changes
more thoroughly.

For the purposes of this study, several litters
of stock rats were sacrificed at different ages,
beginning with 21-day-old (several days prior
to weaning) and the phosphate content of
the various acid-soluble fractions determined
The results are given in Table II.

From Table I it will be noted that the total

2 Rapoport, S., Leva, E., and Guest, G. M,
J. Biol. Chem., 1943, 149, 57, 65.
3 Kay, H. D., J. Biol. Chem., 1932, 99, 85.
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TABLE I .
Effect of Time of Fasting on Distribution of Acid-Soluble Phosphate Fractions of Rat Liver.*
Barium insoluble Barium soluble
r ) " N
Total Non-
acid Labile labile Hgt Pb$ Alcohol}}
Animals soluble Inorganic ATP ATP Residualt ppt ppt ppt
Hrs of fast  No. P p P - P P P P P
0 10 100.8 21.2 15.6 7.8 9.6 11.6 7.9 30.2
+1.6 =+0.37 +0.45 +0.29 +0.32 *0.26 +0.88
12 12 95.1 24.0 12.0 6.0 9.0 10.6 7.1 27.7
+1.3 +0.45 =+0.32 +0.37 +0.70  *+0.55 +0.80
24 3 91.1 26.3 10.2 5.1 8.5 10.8 7.2 25.0
+1.7 +0.60 +0.47 +0.40 +0.60 +0.48 +0.75
48 4 89.0 26.2 8.4 4.2 9.0 10.5 6.8 24.0
+1.6 +0.72 +0.44 +0.73 +0.56 =*0.39 +0.97
72 6 83.9 27.7 7.4 3.7 8.0 9.9 7.2 21.3
+2.6 +0.94 +0.27 +0.33 +0.33 +0.42 =+0.88
144 4 81.5 29.0 7.2 3.6 8.4 11.4 6.0 20.7
+2.1 =+0.75 +0.61 +0.58 +0.62 +0.50 =+0.86

* All values are in mg P per 100 g fresh liver. Measure of variability is standard error of the mean.
t This fraction consists largely of phosphoglycemic acid.

{ This fraction contains nucleotides other than adenosine triphosphate.

§ This fraction mainly contains inorganic phosphate that has escaped previous precipitation.

|l This fraction consists largely of glycerol phosphate but it also contains some hexose monophos-
phates.

TABLE II.
Influence of Age on Liver Acid Soluble Phosphates.*
Barium insoluble Barium soluble
P N o N
Total Non-
Ageof Wtof acid Labile  labile Hg Pb Alcohol
rat rat soluble Inorganie Pin Pin  Residual Ppt Ppt Ppt
indays ing P P ATP ATP P P P P
18 35t a 85.5 31.8 7.2 3.6 17.2 11.3 4.7 18.9
19 42t b 82.0 28.2 7.5 3.8 13.3 11.8 5.5 17.9
23 55 e 88.4 27.0 9.1 4.6 14.2 11.7 5.8 20.8
23 68 b 92.2 27.6 7.2 3.6 12.4 10.2 6.0 22.8
30 79 e 87.0 26.2 10.2 5.1 13.2 10.4 17.5
32 82 a 91.1 27.7 9.8 49 117 10.0 7.0 21.2
40 112 e 92.4 26.1 9.2 4.6 10.8 9.9 8.3 22.8
44 130 b 94.1 28.7 9.4 4.7 9.8 9.5 5.5 24.4
45 96 a 95.5 26.4 11.3 5.7 9.8 8.5 6.7 - 23.3 -
50 138 ¢ 97.5 23.8 11.8 5.9 7.8 11.7 6.7 25.9
60 152 a 91.2 24.8 11.4 5.7 8.7 10.5 5.1 27.8
60 174 b  100.0 26.3 11.9 6.0 9.1 10.5 9.1 26.8
65 204 ¢ 95.9 22.8 13.6 6.8 8.1 11.3 5.9 285
75 225 a 93.0 24.4 13.0 6.5 7.4 9.2 6.8 26.0
75 275 b 98.1 25.2 13.9 7.0 9.3 9.7 6.0 27.8
100 319 b 90.9 23.3 114 5.7 8.5 9.0 7.4 26.7
1804 402 82.6 22.4 10.5 5.3 7.9 8.5 5.5 24.4
180+ 510 785 22.5 9.1 4.6 7.3 8.9 6.1 22.0

* All values are in milligrams per 100 g fresh liver. For significance of the different fractions see
1 and Table I.

t Unweaned rats.’

All animals were fasted for a period of 12 hours before sacrificing. Rats listed with same letter
are litter mates.
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acid-soluble phosphate increases up to ma-
turity and then drops off again at an advanced
age. The inorganic phosphate decreases pro-
gressively with advancing age. The change
in the ATP of the liver parallels that of the
total phosphate. The decrease in the total
acid-soluble and ATP phosphate in the 400 to
500 g rats may be due to an increase in the
fat content of the liver in these animals.

It is of interest that the livers of the younger
animals contain a higher content of phosphorus
in the barium residual fraction and a lower
content in the alcohol precipitate than do the
old ones. With increasing age, there is a shift

RiBorLAVIN DEFICIENCY TO SPONTANEOUS Salmonella EPIDEMICS

of phosphorus from the barium residual frac-
tion to the alcohol precipitate.

No definite conclusions can be drawn re-
garding the significance of the phosphate
changes which occur with age, until more
information is available on the relationship
of age to the metabolic activities of the liver.

Summary. Fasting causes a decrease in the
total acid-soluble phosphate, adenosine tri-
phosphate, and the glycerol phosphate frac-
tions of the liver. With advancing age there
is a shift of phosphate from the fraction con-
taining phosphoglyceric acid to the fraction
containing glycerol phosphate.
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Relation of Riboflavin Deficiency to Spontaneous Epidemics of Salmonella
in Mice.

I. J. KrLicLER,* K. GUGGENHEIM, AND EDITH BUECHLER.
From the Department of Bacteriology and Hygiene, Hebrew University, Jerusalem.

In a previous publication! it was reported
that vitamin A-deficient mice and rats are
highly susceptible to a Salmonella infection.
However, it was found that this increased
susceptibility appeared only in the late stages
of avitaminosis and that animals given ade-
quate amounts of the vitamin, but the same
caloric intake as those on the vitamin-free
diet were equally susceptible. In this type of
infection vitamin A was not the “anti-infection
vitamin;” the same decreased resistance re-
sulted from a reduced food intake.

Below we present results on the effect of
riboflavin-deficient diets on spontaneous Sal-
monella epidemics in mice. OQur stock mice
became infected with Salmonella and occasion-
ally single mice died from the infection without
any serious epidemic outbreaks. Young mice,
four weeks old, were divided into 3 groups.
(1) Control group, received the following diet
ad libitum: Casein (alcohol extracted), 15%;
rice flour, 71%:; olive oil, 10% ; salt mixture,
4%. Each mouse received in addition 50 I.U.

® Dr. L J. Kligler died September 24, 1944,

1 Kligler, I. J., Guggenheim, K., and Henig, E.,
J. Hyg., in press.

vitamin A, 2 1.U. vitamin D twice a week,
and 0.1 cc of a yeast extract daily. The yeast
extract was irradiated in alkaline solution
with a 200-watt lamp at a distance of 25 ¢cm
for 8 hours, then neutralized and 25 y thiamin,
25 ¥ calcium pantothenate, and 25 v riboflavin
per ml added. (2) Riboflavin-deficient group,
received the same diet as the controls, without
riboflavin.  (3) Paired-fed group, received
the same diet as the control except that the
daily amount of the basic ration was weighed
out and equalled that eaten the previous day
by the animals on the riboflavin-deficient diet.

Eight series of experiments have been car-
ried out with consistent results. In general
they fall into 3 main types.

In the first series mice from the mixed stock
were divided into groups of 15, of approxi-
mately the same average weight. The animals
were kept under observation 21-28 days during
which mice which died were cultured. At the
end of that period the remaining mice were
killed and the liver, spleen, and mesentery
gland cultured for Selmonella.

In the second series the mice were divided
into groups of litter-mates. Each litter was





