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A NEW METHOD FOR QUANTITATIVE ENUMERATION 
OF ASCITES TUMOR CELLS 

R. Straube, M. Hill, and H. M. Patt 

The population of free tumor cells in ascites tumors may be meas-
ured by attempting a quantitative recoyery of the peritoneal contents by 
draining and rinsing at sacrifice, or by dye or radioisotope dilution. ( l) A 
variant of the dilution technique, in which a gi veh number of labeled tumor 
cells is injected intraperitoneally just prior to sampling, has been developed 
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in recent experiments. For this purpose, tumor cells may be labeled by the 
injection (I.P.) of a O.Olo/o acriflavin dye solution into suitable tumor-bearing 
animals. Representative fields on air-dried smears are photographed using 
conventional optics and visible and ultraviolet light, the latter to induce 
fluorescence in the labeled cells. The percentage of fluorescing cells is de
termined by projection of the films on a grid, the total number of free tumor 
cells being calculated for the labeled cell dilution. Results obtained when 
known mixtures of labeled and unlabeled cells are inoculated intraperitoneally 
are shown in Table I-1. When the labeled cells constitute 20-75% of the total, 
recovery values are within 93% or more of theoretical values. Figure I-1 com
pares the growth of the Ehrlich ascites carcinoma, as determined by the 
acriflavin-labeled cell dilution method (20 x l 06 cell inoculum) with the pat
tern obtained by Lucke and Berwick(2) using the quantitative draining-rinsing 
technique (10 x 106 cell inoculum). The similarity of the growth response, 
as determined independently by the two different methods, is apparent. It may 
be pointed out that analyses can be made at leisure with the acriflavin cell di
lution method, thus permitting the sampling of large numbers of animals at 
any one time. 

TABLE I-1 

In Vivo Recovery of Acriflavin-Labe1ed Ascites Tumor Cells . 
- ·· -

Cells X l 06 Per Cent Fluorescing Per Cent Difference 
Inoculated I.P. Theoretical (T) Determined (D) T - D  

268 9.9 9.0 9 . l  
220 18.2 18.2 0 
397 22.9 22.3 2.6 
220 30.9 30.4 1.6 

244 37.2 37.1 0.3 
223 38.0 38.0 0 
170 48.4 51.7 6.8 

108 76.7 79.1 3.1 
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Figure I-1. Comparison of the Acriflavin Cell Dilution (ACD) 
Technique and the Quantitative Draining-Rinsing 
Procedure (DR). DR after Lucke and Berwick(2) 
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PLASMA AMINO ACID CHANGES DURING DEVELOPMENT 
OF X-IRRADIATED CHICK EMBRYOS 

E. J. Katz and E. L. Powers 

In previous work(l ,2) we have found that there is an increase in 
amino acid levels and in the number of amino acids after X -irradiation in 
the human and in the newly hatched chick, with a similarity of pattern in the 
two. In both cases the alteration of amino acid levels occurred immediately 
after X-irradiation. In the human, there was no recognizable quantitative 
relationship between the amount of radiation and the degree of aminoaciduria. 
With the newly-hatched chick there was no correlation between the condition 
of the animals after X-irradiation and the amino acid level or the number of 
amino acids found. In order to study this phenomenon further, studies were 
undertaken of the plasma of X-irradiated chick embryos. Alterations of 
plasma amino acids after 600 r X-irradiation at 4 days from the 9th through 
19th days of development are reported here. 

MATERIALS AND METHODS 

Eggs from white leghorn hens (Creighton Hatcheries, Indiana) were 
used and the usual techniques of incubation were followed. Eggs were white, 
clean, unwashed and uniform in size; fertility was excellent, averaging about 
9 0 o/o. 

X-irradiation was done on the 4th day of incubatlon; 600 r at 66 r/ 
minute, 75% emergent dose. Ten eggs were irradiated at a time. 

After candling, eggs were opened at the air space and the shell mem
brane made translucent with mineral oil. Glass capillary pipettes rinsed 
with heparin solution were used for all samples; heparin was added to the 
collecting tubes for samples from days 12-19. All samples were taken 
from the distal portion of the allantoic vein directly under the air sac. 
Between 12 and 20 animals were used for each day's results; 15 was the 
average number. Of this number, 8-10 determinations per day were made 
on samples (.l -.5 ml) from single embryos; the other determinations were 
made on combined samples. Veins for each day studied were of uniform 
size and appearance, else the embryo was discarded. Selection of uniform 
samples after previous work to establish a norm is important since the size, 
development, and vitality of embryos are dependent upon many factors that 
cannot be controlled by the experimenter, and almost any shipment of fertile 
eggs will have from 20-50% of embryos that do not meet standards established 
by the worker. 

Protein was precipitated with 80% ethanol and the filtrates were evap
orated to the original plasma volume and were run in triplicate, using aliquots 
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of 25, 50, and 100 ,ul. Amino acid determinations were made using two
dimensional paper chromatography in the conventional manner - phenol: 
water: ammonia for the first solvent, and collidine: lutidine: water for the 
second. Reading the sheets for identification and quantitation of amino 
acids was done by visual comparison of the unknown amino acids with the 
amino acid standards, using a commercial 1411 x l 7'' X-ray viewing box. 
In all cases the amino acid standard solutions were run on the same sheet 
as the sample. Standard color tests, position matching of unknown amino 
acids, etc., were employed. 

RESULTS 

A general increase was found in the total amount of free amino 
acids present. Some values from individual embryos were three or four 
times higher than control values (Figure I-2). A statistical analysis of the 
data shows that only for days 9-12 was the increase in free amino acids 
significant. The spread of values for all days, however, was large. Even 
in the case of days 13-19 individual values were about two times as high 
as the highest control level (Table I-2). In the 19 -day embryos there was 
a slight increase in the number of amino acids found; otherwise, the slight 
increases in number were not statistically significant.. 

The general increase in total amount of free amino acids is not 
related to a large increase in specific amino acids. No abnormally
occurring amino acids were present. There was one 1nstance, in a 12-day 
X-irradiated embryo, of the appearance of {3-amino isobutyric acid. This 
should not be classified as an abnormally appearing ammo acid on the basis 
of one occurrence. 

We have found that the normal chick embryo allantoic vein contains 
the following amino acids: aspartic acid, cyst1ne, glutamic acid, serine, 
glycine, taurine, threonine, alanine, glutamine, tyrosine, {3-alanine, a-amino
n-butyric acid, histidine, tryptophan, hydroxyproline, valine, leucine, 
methionine, lys1ne and/or ornithine, proline, arginine, )'-aminobutyric acid, 
methylhistidine, ethanolamine and phosphoethanolamine. It is appropriate 
to emphasize that w1th the paper chromatograph1c method as here employed 
the plasma amino acid pattern is as outlined. It is to be expected that other amino 
acids are normally present and would be demonstrated either by modifica
tions of this technique or by use of other chromatographic or microbiological 
methods. 

Although tp.e increase in plasma amino acids is general and not spe
cific, in the X -irradiated animals there is the appearance in almost all 
samples, and the persistence during the eleven days studied, of certain 
amino acids wh1ch appear only sporadically 1n the control samples. These 
are taurine, {3-alanine, )'-aminobutyric acid, methylhistidine, cystine (as 
cysteic acid), hydroxyproline, ethanolamine and phosphoethanolamine. 



The amino acids present were also calculated on the basis of the 

percentage of the total excretion. No pattern of any significance could be 

discerned. 

0 ������--L-L-��-L���L-��-L� 
3 4 5 6 7 8 9 I 0 I I I 2 13 14 I 5 16 17 I 8 19 20 

DAY OF INCUBATION 

Figure 1-2 Total Free Plasma Amino Acids in Control 

and X-irradiated Chick Embryos 
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Day 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

TABLE I-2 

Total Free Plasma Amino Acids in Developing 
Chick Embryo (mg/ml) 

Normal 600 r on Day 4 
t d.f. 

Mean S.E. Mean S.E. 

.27 .03 

.25 .04 .53 .04 4.134 12 

.22 .0 3 .48 .03 5.489 15 
. 

. 26 .02 .40 .03 4.0277 18 

.18 .02 .57 .07 4.295 14 

.33 .02 .40 .05 1.2113 16 

.28 .07 .52 .06 2.635 16 

.26 .04 .32 .04 .9603 24 

.38 .o 5 .48 .04 1.6086 17 

.42 .04 .32 .03 2.1233 17 

.28 .02 .38 .06 1.1912 12 

.34 .02 .42 .0 5 1.1517 15 

DISCUSSION 

p 

.01-.001 

<.001 

<.001 

<.001 

> .05 

.02-.01 

).05 

).05 

.05-.02 

> .05 

).05 

As with other animals, the results show that in the embryonate egg 
there is some generalized metabolic disturbance in amino acid and protein 
metabolism caused by X-irradiation. The response seems to be a non
quantitative one in that there is no correlation between the condition of the 
embryo after X-irradiation and the alterations in plasma amino acids. 
Although physiological evidences of radiation injury were seen, such as 
hemorrhages, fluid retention, etc., they were not conspicuous in these 
embryos. There was, moreover, no obvious difference in appearance be
tween embryos showing definite amino acid changes and those giving a non-

• 

significant response. 

--

With a dose of 600 r some recovery occurs within 9 days after ad
ministration of X-ray. Studies of the 5- to 8-day embryo which, of course, 
are pertinent here, are part of our program now in the course of comple
tion. It will be of interest to see whether the increase in amino acids starts 



a� five days of incubation. Another point of interest will be to see whether 
a general increase for all days of incubation can be obtained with a larger 
dose of X-irradiation. 

Several physiologic mechanisms which might be responsible for 
these changes can be considered. 

Decreased oxidation and utilization of amino acids by the liver and 
other tissues may be a cause of changes found. The embryo catabolizes 
protein by the 4th day; by the 8th day of incubation the liver is synthesizing 
glycogen, bile, cholesterol, and creatine, so that under normal circumstances 
the 8-day embryo actively utilizes amino acids and synthesizes protein. 
Under normal circumstances, moreover, the yolk undergoes its greatest 
catabolic period at about the 1Oth day. Any inhibition, then, either in utih
zation, absorption, or protein synthesis by liver and tissues might be a 
factor, especially considering that we have found the most significant in
creases in plasma amino acids from days 9 to 12. 

The adrenal is also functioning by the 8th day of incubation and the 
adrenal response may be a partial explanation of the changes seen. Ad
ministration of cortisone has been shown to cause a marked increase of 
hydroxyproline in the tissues of embryos.(3) The extensive protein break
down which is found after ACTH and cortisone administration has been 
postulated to be caused partly by inhibition of protein synthesis and partly 
by accelerated mobilization of protein. (1) 

An increase in proteolysis in the yolk sac or the white of the em
bryonate egg might be another explanation for increased plasma amino 
acid levels. It has been shown that some protease (cathepsin) inhibitors 
are inactivated by X-irradiation.(4) If such mechanisms were operative 
in the ch1ck embryo, more amino acids would be released than the growing 
embryo or tissues could utilize. Increased protein {embryonic tissue) 
breakdown as a possible cause of these changes should also be considered. 

The studies of the newly-hatched chick after lethal X-irradiation 
showed a plasma amino acid pattern for normal animals similar to that 
found in the embryo. X-irradiation did not affect the patterns in either 
case, although in newly-hatched chicks there was unusual and early excre
hon of some amino acids (taurine, valine, leucine, hydroxyproline and 
f3-alanine). This would seem to indicate a basic metabolic disturbance and 
not one that is peculiar to embryonate tissue. The amino acid response to 
a smaller dose level in the chick embryo is also similar to the response 
obtained in the human. 
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FURTHER STUDIES OF THE INFLUENCE OF TEMPERATURE 
ON RADIATION LETHALITY IN THE FROG 

H. M. Patt 

We reported some time ago that low temperature treatment of frogs 
after total body X irradiation greatly prolonged their survival.(!) It was 
suggested that the altered radiosensitivity was due mainly to a decrease in 
the rate of development of radiation damage rather than to any appreciable 
recovery. It has been possible in recent months to initiate a more complete 
study of the general problem. These experiments are in progress; however, 
the results to date would seem to support the premise that the modifying in
fluence of temperature in the irradiated frog is unrelated, for the most part, 
to an effect on recovery processes. It is of interest to note that the mean 
survival time (MST) for groups maintained successively at different ambient 
temperatures appears to be a simple additive function of the survival at each 
temperature. Thus, from the data in Table I-3, one might anticipate an MST 
of 87 days for the animals kept at S°C for 6 weeks and at 20°C thereafter 
(42 days added to the 4S days survival at 20°C). The determined MST was 
89 days. Likewise, the MST of the group kept at S°C for 6 weeks and lS°C 
for 4 weeks before return to 20°C should approximate 99 days which agrees 
with the determined value of 100 days. The Q10 based upon mean survival 
times is of the order of 3 .  

TABLE I-3 

Group No. frogs Ambient temp. oc MST, days 

Nonir radiated 20 20 131 

Nonirradiated lS lS Incomplete':' 

Nonirradiated IS s Incomplete* 

1000 r 40 20 4S 

1000 r 3S IS 80 

1000 r 3S s Incomplete�� 

1000 r 3S S(6 wks); 20 89 

1000 r 40 S(6 wks); 100 
1S(4 wks); 20 

"� <IOo/o dead at 200 days 

13 
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R E GENERATION AND RECOVERY OF THE SPLEEN AND THYMUS 

AFTER SINGLE DOSES OF X-IRRADIATION 

A. N. Stroud, D. M. Chatterley, M. M. Summers and A.M. Brues 

A quantitative study has been made on the recovery and regeneration 
of the spleen and thymus after single small and large doses of X irradiation. 

This study has been initiated because of the interest in the young mouse 

spleen as an organ which affords protection to mice given a lethal dose of 
radiation. It had been observed in our earlier work (l) that periodic dosages 
of radiation to the whole body of the mouse were insufficient to completely 
depress the weight of the spleen and thymus after the 3rd weekly dose, and 
as a result the organs returned to control values. This was followed by a 
subsequent depression and another wave of recovery at 6 weeks. At the 
time of recovery the spleen exhibited regeneration nodules which were visi
ble on the cortex. The nodules were mitotically active and contained retic
ular and immature stem cells, which are among the cell types found in the 
immature or 2-week-old mouse spleen. It was therefore of interest to fol

low the frequency and evolution of these nodules after single dosages of 

irradiation, as well as to correlate the mitotic indices in these regenerating 
foci with recovery of organ weight and regeneration of white pulp in the 
spleen. 

METHODS 

Female mice of the CF#l strain, 8-9 weeks old, were irradiated 
without anesthesia in groups of 16 in separate radially-arranged celluloid 
tubes which were held on a rotating table 2 7 inches from the target. The 
doses employed were 0, 200, 400, and 550 r given at a rate of 37 r/min., 

administered by a 250 -kvp X-ray machine at 15 rna with a 0.5 mm Cu plus 
a 3.0 -mm Bakelite filter. The half -value layer was equal to 1.8 mm of 
copper. After irradiation the animals were so distributed that each cage 
contained both irradiated and control groups, in order to remove bias due 
to environmental conditions within individual cages. 

The spleen and thymus were removed from the animal, freed from 

fat, blotted to remove excess blood, weighed on a Gram-atic balance, and 
then fixed in Carney's solution for subsequent histological studies. Photo
micrographs of the fixed spleen of the control and irradiated groups were 

made, to demonstrate the regeneration nodules present on the cortex of 
the organ. The mitotic indices of these foci, or actively-ectopic red pulp 
areas, and white pulp areas were determined from the stained sections by 
counting, on the average, 2000 cells located in several different foci of the 
spleen sections. 
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RESULTS 

The results of the effect of 200, 400, and 550 r on the organ weights 
of the spleen and thymus of 8-9 week old CF#l female mice and their con
trols are tabulated in Table I-4. These data are plotted in Figures I-3 and 
I-4, and the adjusted regressions of the organ weights have been corrected 
for changes in body weight.(l,2) 

Spleen weight in milligrams is plotted against days post-irradiation 
in Figure I-3. With a dose of 550 r, a maximum decrease in weight (7 5%) 
is seen by 7 days, which is followed by a return to control values at 14 days, 
a subsequent overcompensation in weight of about 2.5-fold by 17 days, and 
then a gradual return to control values between 30 and 43 days. At 400 r 
the maximum decrease in weight is observed at 2 days and is followed by a 
1.5-fold increase above control values at 17 days. The return to normal 
weight appears between 30 and 43 days. A less severe effect on spleen 
weight is seen with 200 r. As was noticed with 400 r, the maximum decrease 
with 200 r is observed at 2 days and a return to control weights appears at 
14 days, w1th no overcompensation thereafter. Of the 3 doses used, one sees 
that the maximum effect on spleen weight is observed with 550 r, and over
compensation is greatest with this dose. 

The irradiation effects on the thymus are graphically represented 
in Figure I-4. The greatest depression in organ weight is observed at 2 
days after 200 and 400 r and at 4 days after 550 r. A return to control 
weight 1s seen at 10 days for all 3 doses, and is followed by a second de
cline in weight with the 2 highest doses, and, by 30 days, a return to con
trol values. No overcompensation in weight (comparable to that seen in the 
spleens) is observed in the thymus. 

The over -compensatory effect on weight of the spleen is clearly dem
onstrated by the regeneration of the cells in the ectopic red pulp of the organ 
and can be seen morphologically in Figures I-6 and I-7 as nodules on the 
cortex of the spleen. Figure I-6 shows the spleens of irradiated mice on a 
given post-irradiation day. It demonstrates that the frequency and number 
of these nodules are dose-dependent. The nodules were first observed on 
the cortex of the organ 7 days post-irradiation and seem to have disappeared 
by l 7 days for all three doses, but histologically they are represented in the 
interior of the organ as distinct foci and may extend throughout the width of 
the spleen. Figure I-7 is a comparison in time of spleens from mice that 
have received a given X-ray dose. The increase in size with time is clearly 
demonstrated for each dose. 
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Spleen I 

-
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21 

24 

28 
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TABLE I-4 

Spleen a n d  Thymus Weights Corrected for Body Weight Change 

-
------

# --
25 

6 

8 

8 

5 

8 

8 

8 

8 

5 

12 

12 

25 

6 

8 

8 

5 

8 

8 

8 

8 

5 

12 

12 - --

. . 
0 r -··-

mg -- - - -
120.64 + 8.4 

104.8 ± 8.4 

98.4 ± 10.3 

94.4 ± 6.5 

91.8 + 3.3 

112.5 + 12.7 

108.7 + 8.8 

92.7 ± 8.5 

79.8 + 5.5 

98.6 + 11.7 

73.0 !! 8.3 

103.6 + 7.3 -- --
68.7 + 2.5 

58.8 + 5.8 

63.1 ± 4.1 

68.4 + 6.4 

49 .o + 4.5 

64.7 + 5.5 

55.2 ± 5.0 

49.3 + 3.2 

48.2 ± 3.1 

47.7 ± 8.4 

38.7 ± 6.1 

67.5 ± 3.5 

: 

# 

25 

5 

8 

8 

5 

8 

8 

8 

8 

6 

11 

13 

25 

5 

8 

8 

5 

8 

8 

8 

8 

6 

11 

13 

200 r 400 r --
mg # mg --·-· 

120.64 ± 8.4 25 120.64 ± 8.4 

52.8 ± 10.4 6 38.1 + 4.0 

70.2 ± 7.8 12 49.8 + 4.1 

78.8 + 5.0 12 48.9 ± 7.1 

68.1 ± 9.8 6 77.6 + 10.7 

98.3 + 9.1 12 129.5 + 9.8 

85.6 + 5.8 12 159.3 + 22.7 

110.3 + 11.2 12 144.3 ± 20.1 

107.9 ± 10.9 12 120.5 + 19.2 

99.4 + 17.8 7 125.7 ±21.0 

83.0 + 11.0 16 88.7 ± 28.0 

97.6 ± 3.9 16 9 5.1 + 8.8 

68.7 + 2.5 25 68.7 + 2.5 

16.3 ± 1.8 6 14.3 + 1.3 

31.1 ± 4.5 12 19.5 + 1.4 

47.8 + 5.6 12 30.5 ± 2.3 

57.8 + 8.0 6 43.0 ± 3.1 

55.1 ± 5.2 12 54.8 ± 5.7 

54.7 ± 6.6 12 39.2 + 4.5 

50.4 ± 5.5 12 38.1 ± 3.0 

47.2 + 5.0 12 31.4 ± 3.4 

52.3 + 6.1 7 35.1 ± 5.6 

33.2 ± 3.9 16 3 7.5 ± 3.6 

48.7 + 5.1 16 33.7 ± 2.4 
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Figure I- 5. Mitotic Index in Regenerating Areas 
of Mouse Spleens (CF#1 �) 

40 44 

The regenerating foci have their origin in the ectopic red pulp of 
the spleen where, normally, myelocytes, erythroblasts, and, very rarely, 
megakaryocytes are formed. (3) In these foci one finds many stem cells 
differentiating into erythroblasts and myeloblasts and a large number of 
megakaryocytes. Table I- 5 shows the mitotic index in these regenerating 
areas. These data are plotted as per cent mitosis post-irradiation in 
Figure I-5, where each point represents 1500 to 2000 cells counted. With 
a dose of 200 r one sees that the mitotic index by 48 hours is 3.5 times 
the control values. This initial rise is followed by a decline and a subse
quent steady rise reaching a maximum increase at 17 days, with a return 
to control values by 30 days. For the 2 highest doses, 400 and 550 r, a 
depression or inhibition is observed at 2 days with a recovery beginning 
soon after. A less dramatic increase in mitosis is seen with 400 r. The 
maximum increase is present between 14 and 18 days, with a return to 
control index by 30 days. The mitotic index at 7 days for the dose of 550 r 
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at Given Times after Irradiation (Photographs: 1.5x) 



Figure I-7. Morphological Appearance in Time of Spleens from Mice 
That Have Received a Given X-ray Dose (Photographs: 1 x) 

is 3.5 ti1nes and reaches a maximum of 4.5 times at 10 days. It remains at 
3.5 times the control values until 17 days and approaches control values by 
30 days. Again as was seen with the overcompensation in weight, the high
est dose also gives the maximum effect on mitotic index. 

The white pulp areas in the spleen are nodular lymphatic tissue 
filled with lymphocytes, forming a sheath around the branches of the arte
rial system. In our previous study(!) it was demonstrated that periodic 
dosages of radiation depressed the activity of white pulp, as well as of 
normal red pulp, but increased the extra-1nedullary hemopoiesis in active 
red pulp. After single doses of radiation the saine phenomenon is seen, 
and it was of interest to see i f  there was any correlation between the mitotic 
indices of the white pulp and active red pulp areas recovering fro1n 
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Dose (r) 

zoo 

. 

\ 

• 

f 

400 

550 

All Controls* 

TABLE I-5 

Post-Irradiation Mitotic Index in Regenerating 
Areas of Mouse Spleens (CF#l Female Mice) 

# Cells # o/o Days 
Observed Mitoses MitOSlS 

2 1406 31 2.21 

7 1438 6 0.42 

10 1624 13 0.80 

14 1873 23 1.23 

17 1354 32 2.36 

24 1403 24 1.28 

30 1243 5 0.40 

43 1494 4 0.2 7 

2 901 3 0.33 

7 1623 9 0.56 

10 1063 17 1.60 

14 1548 22 1.42 

17 1526 21 1.38 

24 1516 11 o. 73 

30 1273 10 0. 79 
43 1499 6 0.40 

2 1406 31 0.24 

7 1438 6 2.25 

10 1623 13 2.80 

14 1873 23 2.21 

17 1354 32 2.07 

24 1403 24 1.70 

30 1243 5 0.16 

43 1494 4 0.51 

- - 12394 79 0.64 

>!<Average of controls for each day. 

Mitosis 
Relative 

To Controls 

3.4 

0.6 

1.2 

1.9 

3.7 

2.0 

0.6 

0.4 

0.5 

0.9 

2.5 

2.2 

2.2 

1.1 

0.8 

0.6 

0.4 

3.5 

4.4 

3.4 

3.2 

2.7 

0.2 

0.5 

-·-



radiation damage. Table I-6 presents the mitotic index in the white pulp 

area. From the data lt can be seen that there is an inhibition or depres

sion of mitosis for all three doses up to 10 days post-irradiation. At this 

time, at 550 r, mitosis has increased about 1.5-fold; this is followed by a 

decrease and then a second increase appearing between 21 and 28 days. 

Unlike the largest dose, with 400 r, a 2 -fold increase in mitosis is observed 

at 14 days. A depression appears at 17 days, and a second wave of recovery 

is seen between 21 and 28 days. With the less severe dose of 200 r, a de

cline is observed between 1 and 7 days, with a return to control values at 

14 days, and an apparent increase at 24 days. The mitotic index for all 3 

doses approaches control values between 30 and 43 days. 

DISCUSSION 

The data presented here give some quantitative information about 

the sensitivity of the spleen and thymus to smgle small and large doses of 

X-irradiation. While both organs are active hemopoietically, the most radio

sensitive one appears to be the thymus. A recovery in thymus weight is seen 

10 days post-irradiation but is followed by a secondary decline in weight 

thereafter, indicating that the lymphatic cells have not completely recovered 
b y  this time. The spleen exhibits a more pronounced recovery through a 

compensatory effect, as shown by organ weight increase above normal values 

and by the production of bone marrow stem cell types differentiating into 

erythroblasts and myeloblasts in the regenerating nodules. In this way it is 

seen to function as the main hemopoietic organ, since the bone marrow is 

functionally almost deprived of this capacity. The mitotic index for these 

regenerating areas in the active red pulp of the spleen reaches its maximum 

a few days before the maximum increase in spleen weight appears (17 days), 

but remains ··two times the normal value dunng this compensatory increase 

in weight. Also it is noticed that the largest dose (550 r) causes the greatest 

overcompensation 1n weight as well as the maximum effect on mitotic index. 

The lymphocyt1c cells of the white pulp fail to show as dramatic a re
covery from the radiation d amage as would be suggested by the mitotic index. 
There appears to be no such correlation between the behavior of these areas 

and the overcompensation of spleen weight as was demonstrated by the re

generation nodules of the active red pulp. 

The frequency of the regeneration nodules on the cortex of the spleen 
and the rate at which they enlarge both appear to be dose -dependent, but in 
opposite directions: with mcreasing dose the nodules are fewer but undergo 
increased growth. It has also been shown that the relative weight loss and 
recovery or overcompensation are dependent on dose. 
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TABLE I-6 

. . . . .  

Post-Irradiation Mitotic Index i n  White Pulp Areas of Mouse Spleens 

# Cells # o/o 
Mitosis 

Dose (r) Days Relative 
Observed Mitoses Mitosis 

To Controls 

200 
2 2265 20 0.88 0.69 

7 1898 18 0.95 0.74 

10 2333 21 0.90 0. 70 

14 2524 35 1.39 1.08 

17 2307 35 1.52 1.19 

21 2434 28 1.15 0.90 

24 2019 39 1.96 1.53 

28 2630 20 0.80 0.62 

43 2403 30 1.25 0.98 

400 

2 2026 10 0.49 0.38 

7 2192 24 1.09 0.85 

10 2076 22 1.06 0.83 

14 2076 51 2.50 1.95 

17 2586 19 0.74 0.58 

21 2622 36 1.37 1.07 

24 2233 35 1.57 1.23 

28 2547 37 1.45 1.13 

43 3018 27 0.90 o. 70 

500 

2 2092 18 0.86 0.67 

7 2347 22 0.94 0. 73 

10 2188 38 1.74 1.36 

14 2325 15 0 64 0.50 

17 2504 24 0.96 o. 75 

21 2045 37 1.81 1.41 

24 2347 49 2.09 1.63 

28 2522 46 182 1.42 

43 3018 49 1.62 1.26 

All Controls* - - 21946 281 1.28 

*Average of controls for each day. 
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THE FATE OF ASCORBIC ACID IN EARLY RADIATION DAMAGE. II. 

R. W. Swick, D. T. Handa, and P. D. Klein 

In a previous report(l) we have described the changes which take 

place in the ascorbic acid concentration, total content of ascorbic acid and 

organ weights of a variety of rat tissues during a period of 72 hours after 

X -irradiation with 600, 300 or 100 r. Although there were no gross changes 

in most of the organs studied, it was noted that at 600 r, and to a lesser ex

tent at lower doses of X -ray, the concentration of ascorbic acid dropped 

within 4 hours in lymph nodes, thymus gland and spleen. while the concen

tration in the intestinal mucosa was greatly increased. 

This report deals with an investigation of the tissue hydration after 

irradiation, of the effects of stimulating ascorbic acid synthesis on the re
sponse of the tissues to X-ray and of the effects of aminopterin on the be

havior of ascorbic acid in the tissues of interest These experiments were 

carried out to evaluate; if possible, the previously observed changes taking 

place in these organs after irradiation. 

Table I-7 contains the per cent water found in the tissues of rats 

0, 4, 241 and 72 hours after exposure of 600 r. There were negligible changes 

in the degree of hydration of these tissues after irradiation; hence it is evi

dent that this factor cannot explain the drop in ascorbic acid concentration in 

lymph nodes, thymus and spleen (i e., an edema masking the loss of cells or 

other material) or explain its rise in the intestinal mucosa (by means of a 
loss of intracell�lar fluid low in ascorbic acid) . There is, in fact, an actual 

dehydration of the lymph nodes four hours after irradiation. 

TABLE I-7 

Organ Water Content 

Lymph Spleen Mucosa 

Hours - Post 
Per cent Organ Weight 

Irradiation 
' 

0 81.8 78.1 81.7 

4 76.9 76.0 80.7 

28 7 9. 5 77.3 82.0 

72 77.8 75.5 82.8 



The administration of chloretone at a level of 20 mg/day for a period 
of 7 days has been shown to result in the urinary excretion of large amounts 
of ascorbic acid by the rat, rising to 2 0-30 mg/day in contrast to a normal 
excretion of 0.5-2. 0 mg/day. (2) It does not necessarily follow, however, 
that the concentration of ascorbic acid in the tissues is correspondingly 
increased since the threshold for kidney excretion is approximately 1. 5 mg 
per cent(3) and normal blood levels are between 0.5 and 1.0 mg per cent.(4) 
The tissues of a group of rats so treated with chloretone exhibited the 

following increases in ascorbic acid concentration: liver, 35o/o: lymph 
nodes, 30o/o; mucosa. 15o/o; and spleen, 4o/o. When a group of 24 rats was 
treated with chloretone and subsequently irradiated with 600 rJ their tis
sues displayed thanges in the concentration of ascorbic acid, total content 
and weight (Figure I-8) similar to those in the control animals (Figure I-9). 
The effect of chloretone was apparent in the final levels of ascorbate and 
perhaps in a reduction of the rise in mucosal concentration. The treat
ment, did not, however, abolish the decrease in concentration in the lym
phoid organs or stimulate recovery within 72 hours. 
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Figure I-8. Changes in Tissue Ascorbic Acid in Chloretone-Treated 
Rats after Irradiation 

27 



28 

w 

:::> 
_J 

<t 
> 

_J 

0 
a:: 
..... 

z 

0 
(.) 

..... 

z 
w 

(.) 

a:: 
w 

Q. 

100 

50 

100 

50 

0 
4 

LYMPH NODES 200 

150 

SPLEEN 

50 

28 72 4 28 

Tl ME- HOURS POST IRRADIATION- 600 r 

CHLORE TONE TREATED 

MUCOSA 

6 Concentration 0 Toto I Ascorbic 
0 Organ Weight 

Figure I-9. Changes in Tissue Ascorbic Acid in Control Rats 
after Irradiation 

72 

When aminopterin was administered in doses o£ 10 mg/kg of body 

weight to a group of rats, the concentration and total content of ascorbic 

acid in the lymph nodes, spleen, mucosa and liver underwent the changes 
shown in Figure I-10. Aminopterin caused an involution of the lymph nodes 
and spleen but the loss of total ascorbic acid parallele the loss in tissue 
weight, leaving the concentration of ascorbic acid unch nged. There was 
a small but significant rise in the mucosal concentrati n after 16 hours, 
and no changes were observed in the liver. 

These experiments eliminate certain possibilit"es concerning the 

behavior of ascorbic acid in these tissues after irradia ion. The rise in 

concentration of ascorbic acid in the mucosa after aminopterin reinforces 

the suggestion that it is related, in both treatments, to an influx of 

ascorbate-containing cells. The finding that there is a migration of 

lymphocytes to the intestinal epithelium under both co ditions has been 

noted by others(5,6) and a histological examination of t e small intestine 
confirms the presence of an increased number of thes cells.l That the 

1
we wish to thank Dr. F. Wassermann for preparation of the material 
and Dr. A. M. Brues and Mrs. Agnes Stroud for their assistance in 

interpreting the slides. 



influx of lymphocytes does not wholly explain this behavior is suggested by 

the following; first, the increase in lymphocytes is insufficient to account 

for the total rise, and second, the accumulation of these cells is not matched 

by a corresponding loss of cells from the lymphoid organs during the period 

when the ascorbic acid concentration drops in these organs. 
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Figure I-1 0. Changes in Tissue Ascorbic Acid 

in Rats given Aminopterin 

On the other hand, the stability of ascorbic acid concentration in 

the lymphoid organs after treatment with aminopterin is evidence that 

blocking the conversion of folic acid to the citrovorum factor, reputedly 

a site of ascorbic acid action, (7) and possibly a radiosensitive mechanism, 

does not in itself result in an increased destruction of ascorbic acid. 

Finally, the effect of stimulating the synthesis of ascorbic acid on 

the changes in concentration or organ content of ascorbic acid after irra

diation is negligible. It may be remarked parenthetically that the survival 
of irradiated rats with or without chloretone treatment is identical, con

firming the tissue changes found. This then, focuses attention on the rela
tionship of ascorbic acid to the particular tissues in which it is so readily 

destroyed. It is conceivable that during its utilization, ascorbic acid is 
more sensitive in certain phases of cell division than in others. The high 

mitotic activity of these tissues would enhance the possibility of such a 

destruction taking place. Current studies are concerned with elaborating 

the functions of ascorbic acid in these organs. 
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OXIDATIVE PHOSPHORYLATION IN MITOCHONDRIA OF BRAINS OF 
BATS EXPOSED TO MASSIVE X-IRRADIATION 

J. F. Thomson, E. M. Moss, and D. E. Smith 

In the previous quarterly report, (1) data were presented on the ef
fects of X-radiation on the glycolytic capacities of rat and bat brain homog
enates. We observed a substantial decrease in efficiency of glycolytic 
phosphorylation in rats sacrificed immediately after receiving 90,000 r 
at the rate of SOO r/min. However, the same dose produced virtually no 
effect on this system in bats exposed either at room temperature or at 
S°C, Since the survival time at this dose rate is essentially the same for 
both species, the significance of the changes in rats as a contribution to 
the lethal mechanism was thus questionable. 

We have recently examined the capacities of the mitochondrial 
fraction of bat brain for oxidative phosphorylation, using the system of 
Lardy and Wellman(2) with minor modifications. To obtain sufficient 
material, brains from three bats were pooled in each experiment. Mito
chondria prepared from control bat brains possessed approximately the 
same capacity for both oxygen uptake and phosphate esterification as did 
rat brain mitochondria. Reasonable P:O ratios were obtained: 1. 7 with 
succinate as substrate, 2.S with malate (averages of 6 experiments). No 
differences were noted between preparations from bats kept at S°C and at 
room temperature. 

In one experiment with bats irradiated at room temperature, the 
P:O ratio with succinate was 1.2, with malate 0. 7; in another experiment, 
no phosphorylation was observed with either substrate, although the oxygen 
consumption was normal. 

We had considerable difficulty in carrying out a satisfactory experi
ment with bats exposed at S°C. In the one experiment which was freest 
from various technical difficulties, no differences were observed between 
the mitochondria from irradiated bats and mitochondria simultaneously 
prepared from normal bats. Thus the changes seen in bats exposed at 
room temperature are also of doubtful importance as the mechanism of 
death following massive radiation, since environmental temperature does 
not alter the survival time of massively irradiated bats. After these ex
periments were carried out, Ord and Stocken reported that oxidative 
phosphorylation in spleen mitochondria is insensitive to radiation in vitro. (3) 

---
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STUDIES OF THE MICROSCOPICAL EFFECTS OF CONTINUOUS 

GAMMA IRRADIATION 

S. Lesher, G. A. Sacher, K. Hamilton, and D. Grahn 

Studies of the histological and cytological effects of continuous 
gamma irradiation on mouse tissues from a wide range of organs are in 

progress. Tissues are obtained according to the serial sacrifice program 
as outlined in Table I-8. Each x represents 6 mice, three males and three 

females. This schedule is subject to constant change, both as to time inter
val between sacrifices and number of mice necessary, as the original esti
mates of maximum survival for each daily dosage are revised through the 

accumulation of survival data from the baseline duration-of-life studies. 

r/day 

220 

170 

125 

97 

74 

56 

43 

32 

24 

12 
5-6 

1 

X 

X 

X 

X 

X 

1 

X 

X 

1 

X 

X 

1 

X 

X 

TABLE I-8 

Days of Exposure (Mice exposed at 100 days of age) 

3 

X 

X 

X 

X 

X 

3 

X 

X 

7 

X 

X 

7 

X 

X 

7 

X 

X 

X 

X 

X 

7 

X 

X 

10 15 20 25 30 40 60 70 

X X X 

X X X X 

X X X X X 

X X X X X X 

X X X X X X X X 

15 30 60 90 120 130 150 180 210 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X 

15 30 60 90 120 180 240 270 300 330 390 450 

X 

X 

X 

X 

X X 

X 

X X 

X 

X X X 

X X X X 

15 60 120 180 270 360 450 540 600 650 700 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Days of Age 

X 

X 

X 

X X X 

X 

100 160 220 280 340 400 460 520 580 640 700 760 820 

Controls x X X X X X X X X X X X X 
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From each mouse sacrificed, tissue samples are removed from 
the duodenum, jejunum, ileum, colon, testes or ovaries, liver, kidneys, 
spleen, renal lymph node, adrenal, thymus, thyroid, pituitary, tibia, and 
sternum. The tissues are fixed and processed in accordance with a rigid 
time schedule until they have been imbedded in paraffin. The amount of 
time in fixative, dehydrating and clearing solutions, and hot paraffin is 
kept to a minimum in order to avoid excessive tissue and cellular distor
tion. Once in paraffin the samples can be safely stored until time permits 
sectioning and staining. Each tissue is divided into three parts, and each 
part is treated with a different fixative. The following fixatives are used: 
(1) 70o/o alcohol, 100 ml; formalin, 10 ml; acetic acid, 5 ml; (2) 10 o/o tri
chloroacetic acid in 80o/o alcohol; and (3) cold 85o/o alcohol. The alcohol
formalin-acetic acid (AF A) mixture gives satisfactory results with mouse 
tissues, and sections so fixed can be used for both histological and cytologi
cal studies plus certain histochemical reactions; e.g_., the periodic acid
Schiff reaction (PAS) and basic staining for nucleic acid localization. Cold 
alcohol fixation is of value in determining the localization and relative 
concentration of the phosphatases. Trichloroacetic acid-fixed sections 
are used in determining the presence of sulfhydryl- and/or disulfide
containing substances. 

Not all tissues will receive the same attention as shown in Table I-9. 
Total body, spleen, and paired testes weights are recorded at sacrifice. 
Whole blood is collected and marrow smeal:"s are made for hematological 
d ete rmina tion s. 

In addition to the above tissues, bone samples are collected for 
W. P. Norris, subcutaneous connective tissue from a few selected mice 
that have accumulated a high dosage for F. Wassermann, and skin samples 
for Herman B. Chase of the Zoology Department, Brown University. 



Tissues 

Intestine 
duodenum 

• • JeJunum 
ileum 
colon 

Ovary 
oviduct & 

uterine tube 

Testes 

Liver 

Kidneys 
renal lymph 
node & 

adrenal 

Thyroid 

Spleen 

Pituitary 

Tibia & 

Sternum 

TABLE I-9 

Treatment 

Comparison of damage sustained by each of the four regions. 
Quantitative evaluation of mucosal damage. Histological and 
histochemical changes in the submucosal connective tissue. 
Changes in mitotic indices. Histochemical changes; �.g_., ef
feet on the alkaline phosphatase of the cuticular border, the 
PAS-positive substances secreted by the crypt cells, etc. 

Sectioned serially and studied histologically for changes in 
tissue architecture and cytologically for changes in number 
and type of oocytes. 

Sectioned serially, and mounted so that 4 to 5 selected serials 
will be available for different staining reactions. Differential 
counts of spermatogenic cells will be made. 

Studied histologically for changes in tissue architecture; cyto
logically for nuclear and cytoplasmic changes; e��., increased 
nuclear size and nucleolar number as an indication of possible 
polyploidy; histochemically for changes such as altered ability 
of the liver cells to synthesize and store glycogen as shown by 
the PAS technique; and for changes in sulfhydryl and disulfides, 
etc. 

Studied histologically and histochemically. In the case of the 
kidney, emphasis would be on changes in the alkaline phos
phatase activity of the cuticular border, sulfhydryl localiza
tion, PAS-positive substances, etc. 

Histological. 

Histological studies; estimation of changes in white and red 
pulp volumes; differential counts of cell types. 

Histological. Stained to bring out various cell types and de
termine changes in their relative numbers. 

Histological, to determine changes in marrow, i.� .. extent of 
damage, activity, etc. 

In addition, radiation-produced tumors from the gamma-exposed mice and 
spontaneous tumors from the non-irradiated controls will be studied grossly 
and microscopically to establish type, tissue of origin, etc. 
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TOXICITY OF STRONTIUM-90 AND OF CALCIUM-45 IN MICE 
I. STATUS OF EXPERIMENTS 200-300 DAYS 

AFTER INJECTION 

M. P. Finkel and G. M. Scribner 

Investigations of the effects of internally deposited strontium-90 and 
calcium-45 upon the survival and morbidity of CF#l female mice was begun 
in August, 19 54. Strontium-90, which is produced during nuclear fission, 
has a relatively long half-life (20 years) and, although it emits a weak beta 
ray (0.54 mev), its radioactive daughter, yttrium-90, decays with a half-life 
of only 61 hours and the emission of a 2.18 mev beta particle. The potential 
hazard of radiostrontium is enhanced by its chemical similarity to calcium 
and the resulting ease with which it is incorporated by living materials. In 
conjunction with this experiment, calcium-45 is being tested m comparable 
animals so that the importance of half-life and of beta energy upon acute 
and chronic radiation damage can be studied without the added complication 
of major differences in metabolism and distnbution The half-life of calcium-
45 is 152 days and its beta ray has an energy of 0.25 mev. 

Both strontium-90 (in equilibrium with yttrium-90) and calcium-45 
chloride were injected intravenously into CF#l female mice that were ap
proximately 70 days old. The post-injection routine that has become stand
ard for our long-term radiotoxicity studies in mice has been followed; i.e., 
moribund ammals are killed with Nembutal® after a peripheral blood sam
ple has been withdrawn, representative tissues are taken for histological 
study, and roentgenograms are prepared. The general design of the experi
ments and a summary of some of the pathological changes that have been 
seen at autopsy during the acute and subacute periods are presented in 
Table I-10. 

It had been estimated that the 30-day LD50 of strontium-90 would be 
about half that of strontium-89, that is, about 4 }l ei gm, since the energy of 
the strontium-90 beta plus the energy of the yttrium-90 beta (0. 54 + 2.18 mev) 
is almost twice that of the strontium-89 beta (1.48 mev) . This estimate, 
however, proved to be too low, and the 30-day LD50 was found to be 6.0 } l clgm. 
Similar assumptions based upon the beta energy of calcium-45 relative to 
that of strontium-89 resulted in the estimate that the 30-day LD5o of calcium-
45 would be about 50 }lclgm. Since two of the ten mice that received 
49.6 }lei gm died with symptoms of acute radiation d1sease, this level is 
probably not far from the 30-day LD50. Selection of the lowest dose levels to 
be tested was based upon considerations of both energy and half-life and 
upon the knowledge that the indifference dose of strontium-89 glVen once or 
reinjected monthly lies between 0.001 and 0.005 }lclgm. 



TABLE 1-10 

Status of Experiments May 20, 1955 

Per cent of total population 
dying with 

Group No. of Dose Interval Mortality 
Reticular 

(jJ.c/g) (days) (%) Acute Malignant animals 
radiation bone tissue 
symptoms tumors tumors 

Strontium-90 (in equilibrium with yttrium-90) 

POX-1 15 9.33 195 100 100 0 0 
POX-2 30 7.00 195 100 100 0 0 
POX-3 30 4.67 195 100 100 0 0 
PO-l 15 4.30 282 100 100 0 0 

P0-2 30 2.20 282 100 40.0 56.7 10.0 
P0-3 45 0.90 282 75.6 0 66.7 15.6 
P0-4 45 0.44 282 20.0 0 2.2 13.3 
P0-5 60 0.20 282 5.0 0 0 3.3 
P0-6 75 0.09 282 5.3 0 0 5.3 
P0-7 90 0.04 282 10.0 0 0 2.2 
P0-8 105 0.009 282 5.7 0 0 1.0 
P0-9 120 0.004 282 5.0 0 0 1.7 
P0-10 150 0.001 282 2.7 0 0 2.0 

Calcium-45 

PPX-1 10 49.6 219 20.0 20.0 0 10.0 
PPX-2 15 25.0 219 26.7 0 0 0 
PP-2,3 10 12.1 276 90.0 0 80.0 20.0 
PP-4 26 11.2 276 61.5 0 57.7 7.7 
PP-5 42 5.6 276 28.6 0 9.5 16. 7 
PP-6 45 1.1 276 o.o 0 0 0 
PP-7 60 0.56 276 1.7 0 0 0 
PP-8 75 o. 11 276 2.7 0 0 1.3 
PP-9 75 0.055 276 5.3 0 0 0 
PP-10 90 0.016 276 5.6 0 0 1.1 

Controls 

roP 150 o.o 281 3.3 0 0 2.7 

The incidences of both malignant bone tumors and tumors of the 
reticular tissues have been increased by appropriate levels of each iso
tope. It is already apparent that calcium-45 is a potent carcinogen in 
spite of the relatively low energy of its beta emission. 
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EFFECT OF IRRADIATION ON THE LIFE-SPAN OF CF#l MICE 

H. H. Vogel, Jr . , J. W. Clark, and D. L. Jordan 

Survival studies of CF#l female mice have been reported for the 
ac'ute 30-day period following irradiation with either Co60 gamma rays or 
with fission neutrons. (l ) Mice were irradiated during a single 90 -minute 
period in the gamma-neutron radiation chamber(2) at Argonne's CP-3• Re
actor. The animals were exposed to gamma radiation over the entire range 
from 751 r (LD7 - 30 days) to 1091 r (LD94 - 30 days). Of 1154 gamma
irradiated mice, 580 died during the acute 30-day period. Under comparable 
conditions, 948 mice were irradiated with fission neutrons, total 90 -minute 
doses varying from 173 rep (LD8- 30 days) to 269 rep (LD100 - 30 days). 
Of these neutron-irradiated mice, 447 died within the 30-day period follow
ing exposure. The object of this report is to present survivorship data for 
the 1075 mice that survived beyond the acute period. These animals, after 
a single 90-minute irradiation with either fission neutrons or gamma rays, 
were retained in the animal rooms in Building 340 for the remainder of 
their lives. 

Control animals: One group of mice was transported to the reactor 
with the animals that were to be irradiated. These mobile controls were 
submitted to the same conditions as the experimental mice except for irra
diation: They were loaded into one of the animal exposure cages which was 
then placed inside a control chamber mounted near the radiation chamber. 
Air from the same climatizer unit controlled both temperature and humidity 
to experimental and control mice during the experimental period. The irra
diated and mobile control mice were then transported back to the animal 
quarters where they were maintained for the remainder of their lives. A 
second smaller group of specific controls, randomly selected from every 
shipment of mice, was also maintained for longevity studies. This group of 
controls, which never left the animal building, was set up to determine 
whether the transportation, handling, and caging of the mobile controls 
showed any evident biological effects, especially on survival. At the present 
time, there seems to be no difference in longevity between these two groups 
of control animals. 

Death checks were made twice daily in the animal colony. The day 
of exposure was termed day zero, and all deaths thereafter were recorded 
on a noon-to-noon basis. 

Figure I-l l compares the longevity data between 1075 irradiated 
CF#l female m1ce and 1201 unirradiated "mobile" controls. Survival time 
is indicated, on the lower horizontal axis, in 28-day periods and, on the 
upper scale, in days (and years). It should be noted that the origin represents 



the 30th day after irradiation. Since all the mice were approximately 
60 (+10) days old at the time they were utilized in the experiment, this 
number must be added to the times shown in the graphs in order to indi
cate the actual length of life of the mice. It is evident from this graph 
that even those members of the irradiated population surviving the initial 
30-day period have a much shorter life expectancy than the unirradiated 
controls. One year after exposure, only 1 Oo/o of the irradiated mice were 
alive, although approximately 80o/o of the controls were still living. Half 
of the irradiated population, surviving the acute 30-day period, had died 
within 200 days after exposure, whereas 50o/o of the control population was 
alive 500 days after this same time. It is therefore clear that a single 90-
minute exposure to either gamma rays or fast neutrons (to doses within 
the lethal range) is sufficient to decrease significantly the length of life of 
the irradiated mice. 

In Figures I-12 and I-13 the death rates of the 30-day survivors 
are plotted for 8-week intervals. The death rate for each period is calcu
lated by dividing the total number of mice alive at the beginning of each 
interval into the number that died during that 8-week period. For conven
ience of graphical representation the animals exposed to each of the two 
ionizing radiations were divided into three dosage groups (see Figures I -12 
and I-13) based on comparative mortality during the acute 30-day period. (3) 
These same three dose ranges were used to compute the daily probability 
of death in the 30-day acute period. It is clear that the log of the death 
rate for both the control and irradiated mice increases with time. It can 
also be seen that the death rates of the irradiated mice, after single expo
sures to either fission neutrons or to Co60 gamma rays, are increased 
over the control death rates, in the same time interval, by a factor which 
remains fairly constant for the remainder of life. Sacher(4) has already 
shown that this relationship exists after single exposures to X-radiation. 

The data presented suggest an inverse relation between the single 
dose of ionizing radiation and the length of life: In both cases, the higher 
the dose range, the shorter the leng�h of life of the 30-day survivors, and 
the lower the dose, the longer the survival period. 

There is a characteristic change of the death rate slopes, obvious 
between approximately 100 and 200 days in the irradiated groups. We inter
pret these peaks of mortality to represent, in part at least, the increased 
death due to radiation-induced lymphomas in the CF#l mouse.(5) Note the 
absence of this increase in death rate during the comparable period among 
the control animals. 

We plan to continue these longevity studies, integrating survival data 
from 24-hour exposures with these 1.5-hour irradiations. Life expectancy 
tables will be established for both control and irradiated mice. It is of in
terest to compare this control survivorship curve with one reported by 
Finkel(6) for the same mouse. 
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EFFECT OF X IRRADIATION ON THE PERIPHERAL NEUTROPHIL 
RESPONSE TO LEUCOCYTE ANTISERUM 

H. M. Patt, M.A. Maloney, and E. M. Jackson 

It was reported previously that total body X irradiation of dogs 
with doses of 50 - 500 r immediately before I.V. injection of leucocyte 
antiserum (rabbit antidog) did not alter appreciably the early neutrophil 
recovery. As might be anticipated, there were also indications that the 
capacity for peripheral recovery decreased with time after irradiation. 
The more recent data, presented in Table I-ll, support the previous 
interpretation that recovery is accomplished mainly by the release of rel
atively advanced neutrophil precursors which are progressively depleted. 
It would appear that median lethal X irradiation does not compromise 
seriously the mechanisms for neutrophil release from hematopoietic 
tissue. 

TABLE I-ll 

Blood Neutrophil Response to Intravenous Leucocyte Antiserum 
in X-irradiated Dogs* 

Neutrophils Stab cells/cu mm 
X-ray dose Day after 

% initial mean value 
r 

0 

300 

300 

300 

300 

500 

cells/cu mm X ray 
before injection 30 min 4 hrs 2-4 hrs after injection 

- 7543 11. 1 8R.S 

1 5964 13.3 109.4 

1 6044 16 .I) 80.8 

3 4373 9.2 66.3 

7 1475 3.3 4. 1 

1 3172 16.0 73.4 

•Data for nonirradiated group based uoon mean of four doqs; other 

values represent determinations on single dogs. 

2520 

3526 

2619 

980 

0 

1528 
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THE CIRCULATING BLOOD VOLUME OF THE CHICKEN 

S. P. Stearner, M. S. Sanderson and E. J. Christian 

Normal values for red cell mass and plasma volume have been ob
tained in adult roosters (2.0-2.5 kg) and 3- to 5-day-old chicks (40-60 gm). 
Cr51 and pll were used to label erythrocytes and I131 was used to estimate 
volume of the circulating plasma pool.l Although only preliminary data are 
available, values for total circulating blood volume of adult birds obtained 
by the three methods check fairly well (see Table I-12). Of the three iso
topes used, however, only Cr51 remains fixed in the circulation, with no ap
preciable loss within 24 hours. (1) Small but significant amounts of P32 and 
I131 are lost within 30-60 minutes after administration, and concentration in 
the circulation at zero time must be estimated by extrapolation. In the ex
periments with Cr51 or I131 the total circulating blood volume of the young 
chick was found to be slightly greater than that of adults (Table I-12). The 
hematocrit of the chick is low, so that the plasma volume apparently is as 
much as one-third greater than it is in the adult. On the basis of data 
available, it is not clear whether or not the difference between values ob
tained with Cr51 and with I131 is significant. In chicks only one blood sample 
was drawn, about 5 mmutes after administration of the labelled material. 
Therefore it was not possible to estimate rate of loss of I131 from the cir
culation as was done in adult birds, but the amount lost within 5 minutes 
was considered to be negligible. Previously reported values(2) for the 
blood volume of adult male chickens ranged from 9 to 1 O% of the body 
weight, and in 1-week-old chicks a blood volume of about 9% has been re
ported. These values were obtained using the dye technique, and are sig
nificantly higher than we have found. Similar discrepancies have been 
reported between values obtained by the dye method and by the isotope 
dilution technique in mammals (3) 

Mean values for the red cell mass and the total blood volume of 
eight different tissues are shown in Table I-13. Values are based on the 
distribution of Cr51-labelled red cells (mean values of 6 roosters) and in
dicate that the lung is extremely vascular compared to skeletal muscle. 

Effects of X irradiation on the circulating blood volume and on the 
distribution of blood in the various tissues will be investigated 

1 
I131 d . . t d . d. t d . a m1n1s ere as 10 1na e serum album1n 

• 

prepared by Abbott Laboratories. 
(human), commercially 
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Isotope 

Crs

1 

p3Z 

1131 

Cr51 

1131 

TABLE 1-12 

Red Cell Mass, Plasma Volume, and Total Blood Volume 
(Per cent of body weight) 

No. Plasma Total 
animals 

Hematocrit RBC Mass 
Vol. Blood Vol. 

Roosters .. 

• 

11 40.4 2.43 3.55 

5 44.4 3.03 3.77 

7 43.8 2 70 3.43 

Chicks (3- to 5-day-old) 

9 27.8 2.47 5.57 

12 2 7.2 1.91 5 03 

TABLE I-13 

Normal Values for Blood Volume and Red Cell Mass 
of Various Tissues of Adult Roosters, Estimated 

by Means of Cr51-Labelled Erythrocytes 

RBC Mass 

Lung 32 8* 

Spleen 20.1 

Liver 20.0 

Kidney 16.7 

Pancreas 6.11 

Duodenum 1.49 

Testis 0.83 

Muscle 0.40 

*Per cent of organ wt 

Total 
Blood Vol 

79.9•:• 

50 .o 

49.2 

41 4 

15.15 

3.63 

2.03 

0.94 

5. 98 

6.80 

6.13 

8.04 

6.94 

-

-- -
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EFFECT OF MUCOPOLYSACCHARIDE ON THE STABILITY 

AND STRUCTURE OF COLLAGEN 

A. Lindenbaum and F. Wassermann 

The function of mucopolysaccharide m collagen has been investigated 
in respect to the dispersion of fibers in dilute acetic acid and by the ability 
of such dispersions to be reconstituted into recognizable collagen micro
fibrils upon alteration of the iomc environment by the addition of 1 o/o NaCl. 

The source of the collagen used was rat tail tendon. For the investi
gation of the stability of this material, tendons previously treated with puri
fied hyaluronidase (Nutritional Biochemical Corp.) at pH 5.2 were extracted 
with O.Olo/o and 0.4o/o acetic acid for periods up to 6 days. Tendons not treated 
with enzyme were s1milarly extracted. The extracted nitrogen was deter
mined by a micro-Kjeldahl method and expressed, for the purpose of this 
preliminary work, as total "protein" by use of the factor 6 25. In general 
the procedures for enzyme treatment and acid extraction used by Jackson(!) 
were followed, with the major modification that in some runs the acid ex
tractions involved dialysis from bags of Viskmg casing rather than decan
tation. Structural reconstitution of collagen m1crofibrlls was studied with 
the use of light and electron microscopes 

Dialysis of 400 mg of air-dried tendon in 100 ml. of O.Olo/o or 0.4o/o 
acetic acid yielded successive 24-hour dialysates contaimng amounts of 
"protein" shown in Figure I-14. The increased yield of nitrogen or" protein" 
is in agreement with similar results obtained by Jackson with bovine achilles 
tendon but there was a difference in the rate of nitrogen extraction. With but 
a single exception, the amount of extracted "protein" from the enzyme
treated rat tail tendon was approximately double or more that of the untreated 
tendon. 

The degree of swelling of the tendons m acid was quite erratic, being 
sometimes greater for the treated tendon than for the untreated and vice 
versa. This is at variance with Jackson's observation that swelling is greater 
in enzyme-treated tendons. 

When the dialysates of both enzyme-treated and untreated tendons 
were salted out with 1 o/o NaCl, it was poss1ble to produce the usual precipi
tates which, when examined under the electron microscope, were found to 
consist of cross-banded mic rof1brils. In addition, filtrates of the tendons 
remaining in the dialysis bags after 6 days were subjected to ultracentrifu
gation. The filtrate of the enzyme-treated tendon yielded two components, 
one a fast-moving gel and the other a slower-mov1ng homogeneous material 
with a molecular weight of about 30,000 - 50,000 The filtrate of the un
treated tendon contained a fast movmg gel but yielded no schlieren pattern. 
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Figure I-14. Total "protein" content of dialysate of treated 
and untreated tendon. 

It may be concluded that we have confirmed the observation by 
Jackson that removal or disruption of the mucopolysaccharide component 
of tendon, chondroitin sulfate, does in some way reduce its stability, at 
least in respect to its ability to withstand the action of dilute acetic acid. 
The fact that reconstitution of collagen microfibrils can be demonstrated 
in filtrates of enzyme-treated tendon appears to indicate that mucopoly
saccharide is not required for the structural organization of collagen, 
at least at the level of the microfibril. However, further studies of the 
structure of the microfibrils reconstituted from enzyme-treated tendon 
will be necessary to decide whether or not it differs in some structural 
details from the untreated tendon. 

We wish to thank Dr. J. F. Thomson for performing the micro
Kjeldahl analyses and Dr. A. L. Koch for making the ultracentrifuge study. 
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STUDIES ON THE ENZYMES OF NUCLEIC ACID BIOSYNTHESIS 

IN E. COLI 
-

A. L. Koch and W. A. Lamont 

We have recently presented an hypothesis to explain the increased 
mutation rate of Escherichia coli produced by the presence of methyl 

xanthines.(l ) The mechanism of mutation was considered to be as follows: 

methyl xanthines partially inhibit the synthesis of some nucleic acid inter

mediates causing an increased probability for the utilization of a substitute 
compound in the synthesis of a specific polynucleotide. In particular, the 
only enzymes that were found to be inhibited were the purine phosphorylases, 
and it was therefore suggested that the mutant was obtained by the substitu
tion of a pyrimidine moiety for a purine moiety. 

In the work presented here we have tested other enzymes and other 

possible inhibitors. 

METHODS 

Preparation of the enzyme extracts: Ten liters of bacteria were 

grown, harvested, ground with alumina and extracted with 0.01 M trishy

droxymethylamino methane (Tris) buffer at pH 7.5 as previously described.( !) 
The extract was centrifuged at 25,000 x g for 30 minutes, dispensed in 2 cc 

aliquots and stored in the deep freeze. This extract appeared to be con

siderably more active than the preparations used previously. 

Preparation of hypoxanthine desoxyriboside: Four substrates were 
used in this study; hypoxanthine riboside (HXR), guanine riboside (GR), 

guanine desoxyriboside (GDR) , and hypoxanthine desoxyriboside (HXDR) . 
The first 3 compounds are available commercially, HXDR is not. 

It was necessary to use the hypoxanthine derivatives instead of the 
adenine derivatives because this extract contained considerable amounts of 

deaminase, and the action of deaminase on adenine compounds would have 

complicated the interpretation of the experimental results. 

HXDR was prepared by the deamination of adenine desoxyriboside 

(mammalian deaminase preparation,(2) kindly supplied by Dr. F. Schlenk) . 

Twenty mg of dry enzyme powder were added to 100 mg of adenine 

desoxyriboside in 20 ml of water, and the mixture was incubated at 37° for 
20 hours. Although the solution was unbuffered, the pH did not change greatly 

during the course of the reaction (pH 6, original; pH 7 .6, final) . The reaction 

was followed by the spectrophotometric procedure of Kalckar. (3) The re
action mixture was made alkaline (pH 11) and adsorbed on a Dowex-2 anion 



exchange column. Hypoxanthine compounds are held much more strongly 
than adenine compounds by virtue of the ionization of the hydroxyl group 
of the hypoxanthine. Thus, by slowly decreasing the pH, adenine compounds 
are removed before the hypoxanthine compounds. The isolated product was 
pure, containing no adenine compounds and no free hypoxanthine, as assessed 
by paper chromatography. The yield was 97 per cent. 

Enzyme assays: Measurement of the rate of splitting of each of the 
four substrates presents different problems. In all four cases we have 
relied mainly on the isolation and estimation of the free base by paper 
chromatography and ultraviolet absorption measurements. For HXR the 
chromatographic solvent system employed was n-butyl alcohol saturated 
with water-saturated boric acid.(4) In this solvent system the ribose com
pounds do not migrate. The R['s of various substances are indicated in 
Table I-14. This solvent system is not satisfactory for the remaining three 
substrates because guanine compounds do not migrate and the desoxyribose 
derivatives in general are not well separated from the free base. Therefore, 
we have employed a two-phase system of aqueous 5% NazHP04 overlaid with 
isoamyl alcohol. (5) The R[' s of various compounds in this solvent system 
are given in Table I-1 7. It is to be noted that Carter originally reported 
that guanine does not migrate in the solvent system. This presumably re
sults from the very low solubility of guanine. However, we find that if the 
guanine is applied to the paper while in solution, the guanine migrates with 
a characteristic Rf of 0.47. If crystallization occurs, the guanine does not 
migrate. With care on this point, and using Whatman # 3 MM paper which 
has much greater capacity than does the thinner Whatman # 1 paper, we have 
been able to measure guanine production satisfactorily. 

The following basic assay system was used: 0.1 ml of enzyme, 
0.2 ml of inhibitor, 0.1 or 0.3 ml of substrate, and 0.1 ml of buffer. The 
incubation period was one hour at 37°. The enzyme extract was diluted 
with water so that an optimum degree of reaction occurred in the experi
mental system. A 1:4 dilution was used for the measurement of the splitting 
of HXR and a 1:10 for the other compounds. Hypoxanthine compounds are 
quite soluble; a sufficient amount of substrate could be contained in 0.1 ml. 
Guanine compounds are much less soluble, and 0.3 ml was required to supply 
the necessary amount. The amounts of the various substrates in the reaction 
system were (in Jlmoles) : HXR, 1.81; HXDR, 1.84; GR, 2 .12, and GDR, 2.25. 

All inhibitor stock solutions were 25 mM. In the case of the hypoxanthine 
compounds, the inhibitors were present at a final concentration of 10 mM, 
but in the case of the guanine, because of the additional volume of water, the 
concentration was 7.1 mM. However, from previous results it is clear that 
7.1 mM is sufficient to inhibit almost quantitatively the sensitive reactions. 

Three types of buffers were utilized: the first was 0.5 M arsenate 
solution of specified pH. Such solutions give adequate buffering at pH 5 and 
9 (the pH's of arsenic acid are 4.4 and 9 .2), but not at pH 7. 5. At this pH 
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TABLE I-14 

The Enzymatic Splitting of Hypoxanthine Riboside 

pH 9.0 pH 7.5 pH 5 
R (a) Tris-f Tris· Succinate Control(b) Arsenate Arsenate Tris Arsenate Arsenate Tris Arsenate Arsenate Succinate 

0. 78 0.69 0.29 0.96 
±.02 ±. 03 ±.02 ±.04 

Per 

Addition: 
Caffeine . 61 so 38 12 59 
Theobromine .42 94 90 100 77 
Theophylline .53 57 40 0 47 

Car box amide .25 

4,5,6-triamino 
pyrimidine . 26( d) 

6-mercaptopurine .23(d) 
Tetramethyl uric acid .57,.15 15 28 3 20 
Benz imidazole 0 87 47 so 20 

.os(d) 
8-azaguanine 

. 09(d) 
35 12 17 19 

2,6-diamino purine .21(d) 

Adenine .40 69 66 51 46 
Guanine 0 89 21 9 7 
Xanthine 0 39 21 12 4 
Hypoxanthine .21 

Uraci I .37 5 -s ·42 --
Thymine . 52 ·6 10 ·17 5 
Cytosine 
5·methy1 cytosine .29 38 -- -- . -

S·aminouracil . 19(d) 78 24 14 13 
4,5-diaminouracil 0 65 25 30 -. 

S·bromouraci I .39 12 6 3 •• 

Thiouracil .42 8 3 56 2 

Diazouracil . 15, . 35 0 7 30 --

4(6)-aminouracil .30 22 -- •• --

2,4, S·tr iamino o<d) 12 9 ·7 3 
6-hydroxy pyrimidine 

(a�f in n-butyl alcohol saturated with water-saturated boric acid. 

o. 93 0.39 
±.03 ±.03 

cent Inhibition( a) 

56 -7 
21 9 

58 ·9 

35 57 
6 22 

6 0 

34 ·15 
11 6 
20 ·4 

0 ·46 
·5 •31 

0 ·3 

-2 ·20 
·4 3 

0 ·22 

16 10 
3 -so 

-- -· 

5 4 

0.86 
±. 04 

35 
20 
37 

24 
3 

--

4 

·15 
·15 

. -
--

--

·5 

- -
--

24 
.. 

--
--

0.50 

66 
14 
53 

40 
·23 

·9 

8 
·71 
·38 

8 
·15 

·6 

·3 
·21 
·12 

5 
·25 
--
·1 

(blcontro1 rates are expressed in� moles free base produced per hour at 37°. The standard deviations of the 
controls are given. 

(c) rate w i th inhibitor 
Percentage inhibition = (1 • ) 100. 

control rate 

(d)lndicates fluorescence of the compound. 

0. 12 
+.o2 

0 
--

17 

11 
2 

·30 

·290 
·312 
·208 

5 

·106 

0 

·14 
·61 
·61 

0 
·121 

-· 
·20 



careful neutralization is required for inhibitors that are only soluble at low 
or high pH. The second type of buffer did not contain any arsenate or phos
phate, and thus eliminated phosphorylase action. Succinate (0.5 M) was used 
at pH 5, and 0.5 M Tris was used at pH 7.5 and pH 9. The third type of buffer 
was a combination of arsenate and either succinate or Tris, and was 0.5 M 
in each component. 

RESULTS 
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The splitting of HXR: The effects of various substances on the splitting 
of HXR at three pH values and ir different buffers are presented in Table I-14. 

The results are calculated as per cent inhibition of the comparable control 
values, and are usually the average of two or three independent observations. 

As indicated by the data presented, this enzyme extract catalyses 
the hydrolytic splitting of HXR. The splitting is not caused by trace phos
phate contamination for two reasons. First, the desoxyribose compounds, 
which would be split if small amounts of phosphate were present, are not 
split under these conditions. Second, there are differential inhibitory effects 
of some of the substances tested in the two media. For example, at pH 
9 diazourac il appears not to inhibit the phosphorylase activity but does 
inhibit the hydrolase, caffeine and theophylline show the reverse behavior. 

The hydrolytic reaction appears to have an optimum at pH 7 .5. How
ever, it may be that there are two hydrolytic activities, since theobromine 
is a complete inhibitor at pH 9.0 but is only slightly inhibitory at pH 7 .5. 

In addition to hydrolase activity, it is apparent that the addition of 
various purines and pyrimidines tends to stimulate the production of hy
poxanthine from HXR. This 1s presumably the result of the presence of an 
enzyme of the transglycos idase type. This observation is of interest because 
it is the first satisfactory demonstration of this type of enzyme acting upon 
theN-riboside bond. The presence of several distinct enzymes seems to be 
indicated. At pH 5, transference of the ribose between the hypoxanthine and 
other purines is greater than the transference to pyrimidines; the reverse 
is true at pH 7.5 and 9.0. It has been reported(6) that the transglycosidase 
activity of �. coli acting on desoxyribosides consists of two specific enzymes: 
a purine-purine type, and a pyrimidine-pyrimidine type. Thus, no conversion 
of purine desoxyriboside to pyrimidine desoxyriboside is possible in the 
absence of phosphate. 

It is of interest to �"low whether the transribos idase are inhibited by 
methyl xanthines. Table I-15 shows the inhibition of the transribosidases by 
caffeine at pH 5. Since the splitting of HXR in succinate buffer is unaffected 
by the addition of caffeine, it may be concluded that the hydrolase is unin
hibited, and the effect of caffeine in the presence of guanine can be attributed 
to the inhibition of the transribos idase. It may be calculated from these 
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data that the degree of inhibition of this enzyme under these conditions is 
50 per cent. In this experiment the concentrations of both the inhibitor and 
the acceptor were 5 mM (one-half the usual concentration) . In Table I-16 
data for the inhibition of the purine-pyrimidine transribosidase are presented. 
In these experiments both the acceptor and the inhibitor were present at a 
concentration of 10 mM. The degree of inhibition of the transribosidase is 
calculated to be 49 per cent at pH 7.5 and 100 per cent at pH 9.0. Thus 
transribosidas.es are sensitive to methyl xanthines. It is of interest that a 
number of unnatural pyrimidines are acceptors for the transribosidase: 
5-amino uracil, 4,5-diamina uracil, 5-bromouracil, diazouracil, and 
2,4,5-triamino, 6-hydroxypyrimidine are acceptors, as is the unnatural 
purine, 8-azaguanine. 

TABLE I-15 

The Inhibition by Caffeine of the Purine-Purine 
Transribosidase Active at pH5 

System 

HXR 

HXR + Guanine 

HXR + Guanine + Caffeine 

TABLE I-16 

HX Produced 
(jJmole per hour) 

0.13 

0.51 

0.32 

The Inhibition by Caffeine of the Purine-Pyrimidine Transribosidase 

System 

HXR 

HXR + Caffeine 

HXR +Uracil 

HXR + Caffeine + Uracil 

HX Produced 
(f.Lrnoles per hour) 

pH 7.5 

0.357 

0.352 

0.439 

0.393 

pH 9.0 

0.285 

0.278 

0.317 

0.272 



From these considerations it is clear that the effects of the various 
substances on the phosphorylase are obscured to some degree by the pres
ence of the hydrolase and transglycosidases. In principle, one should be 
able to estimate the effect of a substance on the phosphorylase by comparing 
the results in the presence and absence of arsenate. At pH 9 caffeine in 
arsenate buffer inhibits the total reaction by 50 per cent, whereas in Tris 
buffer the reaction is inhibited by only 12 per cent; from this it can be com
puted that the phosphorylase is inhibited by 71 per cent. Such a calculation 
is not valid, because there appear to be significant buffer effects. The re
action rate in arsenate is not equal to the rate in arsenate-Tris or arsenate
succinate buffer, and moreover the effects of some - but not all - inhibitors 
are different in the two types of buffer. However, it may certainly be con
cluded that caffeine, theophylline, and theobromine are potent inhibitors of 
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the phosphorylases active at neutral and alkaline pH. Adenine, guanine and 
benzimidazole are also strong inhibitors. The natural pyrimidines are not 
inhibitors, but some derivatives of uracil are. The 5-amino and the 
4,5-diamino derivatives are inhibtors; 5-bromouracil and the 2,4,5-triamino, 
6-hydroxypyrimidine, which are similar in structure, are much less inhibitory. 

The degree of inhibition by a particular substance of the phosphorolytic 
reaction is considerably different at the various pH values. In this particular 
extract there is a decrease in the percentage inhibition caused by the methyl 
purines at acid pH, which confirms some of our previous data.(l In general 
the phosphorolytic reaction appears to be more sensitive at alkaline pH. 

The splitting of HXDR and GDR: The results of this study are pre
sented in Table I-1 7. The optimum pH for the splitting of adenosine des
oxyriboside by extracts of E. coli was previously reported to be in the region 
of 4 to 5.(1) This was found to be the optimum pH, also, for the splitting of 
HXDR and GDR by the enzyme extract used here. The observation of Kalckar,(7) 
that splitting of the desoxyribose compounds (at an unspecified pH) is slower 
than the splitting of the ribose compounds, can be explained if it is assumed 
that his extract was at a more alkaline pH. Actually, at pH 5, it can be seen 
that the rate of splitting of HXDR is 5 times greater than the splitting of HXR, 
since 2.5 hmes as much enzyme was used in the assay of the latter compound. 

In following the effect of inhibitors on phosphorolysis, additional 
criteria could be used. After removal of the ultraviolet-absorbing spot 
on the paper chromatograms, the chromatograms were sprayed with the 
Dische reagent, which is specific for desoxyribose-containing compounds. 
With this test one is able to detect qualitatively the effect of various sub
stances, whose migration in this solvent system interferes with that of 
the purine base, by comparing the color yields at the Rf of the substrate 
(0. 71 for HXDR and 0.69 for GDR) and of the free desoxyribose (Rf = 0. 90) 
in the control and inhibited systems. 
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TABLE I-17 

THE EFFECT OF VARIOUS SUBSTANCES ON THE ARSENOLYSIS OF HXDR, GOR AND GR 

Control(b) 

Addition: 
Caffeine 
Theobromine 
Theophylline 

Carboxamide 
4,5,6-triaminopyrimidine 
6-mercaptopurine 

Tetramethyl ur1c acid 
Benzimidazole 
8-azaguanine 
2,6-diamino purine 

Adenine 
Guanine 
Xanthine 
Hypoxanthine 

Uracil 
Thymine 
Cytosine 
5-methyl cytosine 

5-aminouracil 

4,5-diaminouracil 
5-bromouracil 

Thiouracil 
Diazouracil 
4 (6)-aminouracil 
2,4,5-triamino, 

6-hydroxypyrimidine 

(a), (b), (c), (d): 

R (a) 
f 

0 70 
0 66 
.56 

.58 
.20,.47(d) 

0 39 
.45 
0 71 

--

.42 
0 4 7 
.53 
.58 

.72 

.71 
0 71 
0 71 

.59 

.68 
. 69 
.69 
.60 
.20 

0 61 
.75 

SUBSTRATE 

HXDR 

�oles/hr 

l. 19 

GDR 

�oles;hr 

0.855 
±0.055 

GR 

�oles/hr 

0.296 

Per Cent Inhibition(c) 

67 
(+) 

( +++) 

(0) 
6 

55 

10 
11 

(0) 
64 

( +++) 
( +++) 

(0) 

6 
-15 

-1 
5 

-9 

18 
( 0) 

-11 
·4 

( 0) 

75 
27 
75 

-18 
(0) 

( + ++) 

-5 
(0) 
(0) 

68 

( ++ +) 

(+) 

( +++) 

13 
9 

-12 
32 

( 0) 

(0) 
-3 

·3 
-10 
·20 

27 

69 
69 
56 

21 

53 
- -
53 

0 
12 
-4 

6 

--

9 

15 
·4 

6 

Same as Table 1·14. Numbers in parentheses indicate that 
the degree of inhibition was deduced from Dische test or 
from precipitation of the reaction product. 



In the case of GDR, yet another criterion was applicable. Guanine 
is very insoluble and crystallization occurs in the non-inhibited controls 
after several hours. If the reaction is inhibited, no crystals appear, because 
GDR is considerably more soluble than guanine. This criterion of reaction 
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is not satisfactory in certab cases, because it was noted that, hl the presence 
of substances containing amino groups, which are not inhibitors of the reac
tion, no guanine crystals are formed. In the presence of these substances -
4,5,6-triaminopyrimidine, 5-aminouracil, diazouracil, and 2,4,5-tnamino, 
6-hydroxypyrimidine - supersaturated solutions of guanine failed to crystallize. 
Presumably complex formation accounts for this solubilization. 

In the case of adenine, hypoxanthine, ar.d guanine compounds trans
desoxyribosidase activity was detected by the disappearance of substrate 
and the appearance of a new Dische-positive spot at the appropriate Rf. 
Since no spot which corresponded to free desoxyribose was found, one can 
conclude that these substances inhibit the phosphorylase but are acceptors 
for the transglycos1dase. Xanthine, however, does not appear to inhibit or 
to be an acceptor for the transglycosidase. 

The splitting of these compounds does not occur in the absence of 
added arsenate. 

The splitting of GR The results of these experiments are summarized 
in the last column of Table I-17. The enzymes catalysing this reaction appear 
to be as active as those for HXR, but less active than those for GDR and 
HXDR; they are somewhat more sensitive to the various bhib1tors. 

DISCUSSION 

The existence of several new enzymes is suggested by these results. 
First, hydrolases which split the purine ribose bond are know!l to occur in 
other organisms but had been thought not to occur in E. coli.(7J Although 

-

previously we had reported the splitting of HXR in the absence of phosphate 
or arsenate at pH 5, but not at higher pH, we had not conclusively demonstrated 
the existence of a hydrolase. This extract has its greatest activity at pH 7.5 
and, because of the factors mentioned above, appears to be positively identified 
as hydrolytic in character. It was probably much reduced 1n amount in the 
extracts previously stqdied. It has also been thought that transribosidases 
do not occur in E. couP) but the data of Ott and Werkman(9) are suggestive 
of their existence, and the results presented here conclusively demonstrate 
transribosidase activity. As noted above, the specificity of the tran� ,l\ibosidase 
is apparently less than that reported for the transdesoxyribosidase, � b) which 
is only able to transfer the sugar from one purine to another purine. The 
presence of these two new enzymes in the extract offers increased possibilities 
for the locus of action of the methyl xanthines in causing mutations. The 
hydrolase, which is only inhibited by theobromine at alkaline pH, is clearly 
not involved, but the transribosidases are inhibited by caffeine and consequently 
must be considered as a possible locus of action. 



56 

• 

One purpose of the present exper1ments was to find out if similar 
patterns of inhibition would be found with the hypoxanthine glycosides and 
with the guanine glycosides. The tracer data (summarized in (1)) shows 
that m the metabolism of the organism the pathway of nucleic acid purine 
biosynthesis bifurcates into an adenine pool and a guanine pool, and that 
these then bifurcate again, to lead into the two types of nucleic acids. There
fore, it is conceivable either that the inhibition produced by the mutagen 
blocks the production of both purine derivatives, or that one purine pool is 
preferentially blocked. If the latter were true, then the mutational event 
could be pictured as the replacement of adenine by guanme or vice versa. 
From considerations of the Watson-Crick model and the possibilities of 
tautomerization of the purine rmg, this would be a more probable process 
than the temporary replacement of the purine by a pyrimidine moiety. 
However, the experimental data offer little to support this suggestion. Both 
substrates are inhibited to approximately the same extent. 

In addition to studying this possibility we were interested in trying 
to obtain exp,lanations for some of the observations presented by Novick 
and Szllard. (1 0) They reported that benzimidazole and tetramethyluric acid 
are mutagens but differ from the methyl xanthines in that their mutagenic 
effect is only partially reversed by the addition of purine riboside. It was 
therefore expected that these agents would inhibit a reaction at some stage 
beyond purine riboside. However, the experimental evidence presented 
here indicates that this stage cannot be the one catalysed by the purine 
desoxyriboside phosphorylase. 

Recently two groups of workers(l l,l2) have noted that growing cul
tures of E. coli incorporate various pyrimidine analogues, notably 

-

5 -bromouracil, into the nucleic acids. It is therefore of interest to find 
that the transribosidase will uElize 5-bromouracil as an acceptor. 

Among the various substances that have been tested, several are 
of pharmacological mterest. Six-mercapto purine is being used as a drug 
in the treatment of cancer. (13) It is apparently very toxic, which may be 
explained by its effect upon the purine desoxyriboside phosphorylase. 

Diazouracil causes cultures of E. coli to form chains, i.e., the cells 
continue to grow, but cell division is inhibited.(l4) This subst�nce does not 
appear to be a strong inh1bitor of any of the reactions tested. The same 
seems to be the case for 8-azaguanine, which has carcinostatic properties 
and also prevents the growth of E. coli. 
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THE BIOSYNTHESIS OF METHIONINE FROM HOMOCYSTEINE 
AND METHYLMETHIONINE SULFONIUM SALT 

S. K. Shapiro 

The microbiological activtty of methylmethionine sulfonium salt 
(MMS) has been reported by McRorie, et al. U) It was found that this com-

--

pound can replace tre methionine requirement of some strains of methionine 
auxotrophs of �· coli. Since the sulfonium dez ivative was as much as three 
times as effective as methionine in supporting growth of these mutants, it 
was suggested that MMS ser-ves a role more ccmplex than simple conversion 
to methionme. Schlenk and DePalma(2) have shown that MMS in combination 
with homocysteine supports greater production of methylthioadenosine in 
Torulopsis utilis than could be accounted for by simple conversion to 
methionine. It seemed of interest, therefore, to test the ability of MMS and 
homocysteine to replace the methionine requirement of auxotrophs of Aero
bacter aerogenes which can utilize methylthioadenosine m the biosynthesis 
of methi�nine.(3,4) Methylmethionine sulfonium iodide was prepared accord
ing to the procedure of Toennies and Kolb. (5) All other compounds used 
were commercial products. Both homocysteine and MMS were sterilized by 
filtration. 

A summary of typical results is presented in Table I-18. It can be 
seen that MMS alone would not support growth of either methionine auxotroph 
62 or 68. Homocysteme permitted less than half maximal growth of both 
cultures. However, the combination of MMS and homocysteine permitted 
growth nearly equal to that of equimolar co::1cer.trat1ons of methionine. It is 
interesting that both cultures responded well to the two compounds although 
only auxotroph 68 can utilize methylthioadenosine as well as methionine. 
Prolonged incubation up to 96 hours or the use of very heavy inocula did not 
affect the pattern of results. No growth occurred in the presence of cysteine 
and MMS. This is i::l contrast to the experiments of Stekol(6) who found that 
this combination would permit growth of rats on a meth10nine-deficient ration. 

Bacterial cell-free extracts whis:h could sy-the size methionine were 
first reported by Schwartz an.d Shapiro . �4) Using essentially the same methods, 
cell-free extracts were prepared from cells of auxotroph 68 in order to dem
onstrate biosynthesis of methionine from MMS and homocysteine. Methionine 
was isolated and identified from the reaction mixtures by paper chromatog
raphy. After elution of methionme areas, quantitative estimation was carried 
out with a modification of the nitroprusside test(7) and by means of a micro
biological assay with a methionine auxotroph. A summary of typical results 
is presented in Table I-19. It can. be seen that methionbe is produced only 
when both MMS and homocysteine are present. The large amount of methionine 
produced makes this system promisir.g for studies on the mechanism of the 
reaction whereby methionine is produced from homocysteine and methyl
methionine sulfonium salt. 
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TABLE 1-18 

Growth Response (per cent light transmission) of Methionine Au.xotrophs 
of Aerobacter aerogenes to Various Compounds after 18-hours' Incubation 

with Constant Aeration at 30°C. 

DL 
DL 

DL 

DL 

DL 

DL 

Supplement 
(0 .14 micromoles per ml) #62 #68 

None 100 100 

- Methionine 21 12 

Me thy 1 thioadenos ine 100 13 

- Homocysteine 75 65 

- Methylmethionine sulfonium iodide ( *) 100 100 

- Homocysteine + DL - Methylmethionine 
sulfonium iodide 31 19 

( *) Parallel experiments showed that growth of wild typt" 
Aerobacter aerogenes was neither enhanced nor inhibited 
in the presence of the same amounts of methylmethionine 
sulfonium iodide. 

TABLE 1-19 

The Biosynthesis of Methionine in Cell-Free Extracts of 
Auxotroph 68 of Aerobacter aerogenes. ( *) 

Substrate 
(10 micromoles per ml) 

Methionine formed 
(micromoles per ·ml) 

None <o .o7(t) 
<o .07 
<o .07 

- Homocysteine 
- Methylmethionine sulfonium iodide 

L - Cysteine + DL - Methylmethionine 
sulfonium iodide <o .07 

DL - Homocysteine + PL - Methylmethionine 
sulfonium iodidett) 4.8 

(*) Reaction mixtures adjusted to pH 7.0 and incubated at 30°C for 
2 hours. Extract added to give a concentration of 5 mg protein per 
ml mixture. 

(t) Parallel mixtures incubated with boiled extract failed to yield 
any detectable methionine. 

(:f:) The methods used permit the detection of 0.07 micromoles of 
methionine per ml of reaction mixture. 
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NOTE ON THE METABOLISM OF THE METHYLSULFONIUM SALT 

OF METHIONINE 

F. Schlenk and R. E. DePalma 
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The methylsulfonium derivative of methionine (S-methylmethionine), 
(CH3) 2s+cH2CH2CHNH2COOH, was synthesized by Toennies(l ) and was isolated 
later by Shive and co-workers(2,3) from plant material. It has been tested 
with a variety of organisms and enzymic systems for its ability to substitute 
for methionine. In some instances it was found equal, (4, 5) in others inferior 
to methionine. (6, 7 ,8) Shive and his co-workers observed that S-methylmethionine 
was three times as effective as methionine in reversing the sulfanilamide 
inhibition of a strain of Escherichia coli. This result has led them to be-
lieve that S-methylmethionine apparently serves not only as a precursor of 
methionine but also as a precursor of some other essential cell constituent, 
possibly by incorporation of a labile methyl group.(3) S-adenosylmethionine 
showed similar activity in some of the test systems, suggesting a possible 
interconversion of the two compounds.(2) Some data will be reported here 
which lend support to such a hypothesis. 

It has been observed earlier that many yeasts respond to an excess 
of methionine in the growth medium by accumulation of S-adenosylmethionine 
and 5' -methylthioadenosine.(9) Methionine is rather specific in this respect, 
and the similar effect of closely-related compounds so far could always be 
explained as conversion of these precursors into methionine) Evidence 
of the demethylation of S-methylmethionine was sought by the use of this 
test system. 

Torulops�� �tilis was used in these experiments. Methionine me
thylsulfonium iodide was synthesized according to the method of Toennies 
and Kolb,(lO) and solutions of the compound were sterilized by filtration. 
Special control experiments with KI indicated that iodide in the concentra
tions employed had no effect on the yeast cultures. All other compounds 
were of commercial origin. Details of the composition of the medium, 
harvest and extraction of the yeast, and quantitative determination of 
5' -methylthioadenos ine have been reported earlier. (11) S -adenosylmethionine 
is converted into methylthioadenosine by extraction of the yeast with boiling 
water; the concentration of methylthioadenosine in the extract, therefore, 
reflects the total concentration of both compounds in the yeast. Table I-20 
shows some of our results. 

It may be seen that S-methylmethionine is inferior to methionine as 
a precursor of methylthioadenosine in yeast. Homocysteine likewise is less 
effective. The combination of these two substances, however, shows high 
activity in the formation of the sulfur nucleoside. It appears that these re
sults may be explained by the reaction, 

1 F. Schlenk, to be published. 



TABLE I-20 

Precursors of 5• -Methylthioadenosine in Yeast ( Torulopsis utilis) 

Precursors added to growth medium 

No addition 

DL - Methionine 

DL - Methionine methylsulfonium iodide 

DL - Homocysteine 

DL - Methionine methylsulfonium iodide 

+ DL - Homocysteine 

DL -Methionine methylsulfonium iodide 

+ DL - Homocysteine 

DL - Cysteine 

DL - Cysteine 
+ DL - Methionine methylsulfonium iodide 

Concentration 

in medium 

mM 

--

2.5 

7.5 

15.0 

2.5 
3. 7 5 

7.5 

2.5 
3. 75 

7.5 

3. 7 5 

3. 75 

7.5 

7.5 

2.5 

2.5 

2.5 

Cells obtained 

g./ 100 ml. 

3.5 

3.5 
3.3 
2.8 

3.6 

3.8 

3.7 

3.6 
3.6 

3.2 

3.5 

3.5 

3.4 

3.5 

51 -Methylthioadenosine 

found 

f.L moles/g. 

0.7 

4.6 
8.7 
8.8 

2.3 

2.1 

1.7 

2.8 
3.0 
4.0 

11 .8 

14.5 

0.6 

2.2 

0' 

N 



S -methylmethionine + homocysteine -�,..2 methionine • 

Concurrent experiments with methionine-requiring mutants of Aerobacter 
aerogenes( l 2) support this concept. It is noteworthy, however, that the 
accumulation of methylthioadenosine attains values which cannot be obtained 
with twice the molar equivalent or an excess of methionine. The presence 
of adenine in the reaction product and the present knowledge of the mech
anism of methylthioadenosine formation make it probable that the reaction 
scheme given above is more complex than noted, and that, in addition to it, 
a transmethylation to an adenine-containing cell constituent(l 3) takes place. 
Our experiments suggest that the failure of S-methylmethionine to substitute 
for methionine in some types of cells may be caused by the lack of a suitable 
methyl acceptor such as homocysteine or its metabolic equivalent. 

In contrast to Stekol' s finding(8) of the concerted action of 
S-methylmethionine with cysteine in the rat, we find the combination of 
these two compounds to be ineffective in yeast. 
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STUDIES IN THE " ACYL SHIFT" IN AMINO ACID DERIVATIVES 
WITH TRIFLUOROACETIC ACID AND TRIFLUOROACETIC ANHYDRIDE 

J. H. Pomeroy, C. A. Craig, and J. J. Katz* 

The chemical modification of proteins and peptides is a technique 
which has been extensively used to elicit information about the reactivity 
and structure of many materials of biochemical interest. Most reagents 
which have been used (£!. review article by Herriott)(!) are relatively 
non-specific for a particular point in the polypeptide chain, and consequently 
yield complex and difficultly-manageable mixtures. In the search fo( re
actions applicable to a relatively few amino acid types, D. F. Elliott 2) 
showed that the {:3-hydroxy amino acids, serine and threonine, are capable 
of specific reaction with strong acids, undergoing a reversible migration 
of an acyl group from the amino nitrogen to the hydroxyl group. An amide 
linkage is thus changed to an ester linkage, an oxazolidine ring being an 
intermediate step in the reaction. 

CHz CH-
I 

OH NH 

co-
H+ 

-

oH-

CHz CH 

0 NH 

"'C(OH 
I 

R 

co- Clz c
l 

co-
H+ 

... 0 NHz 
oH -

C=O 
l 

R 

This "acyl shift" has also been discussed by Bergmann and Miekeley. (3) 
Desnuelle and Casal(4) have shown that oxazolidine formation is probably 
the cause for the easier acid hydrolysis of peptide bonds adjacent to serine 
and threonine units in proteins. A similar migration from a s�lfhydryl 
group to an amino group has been suggested by Wieland,� al. �5) as par
ticipating in the synthesis of proteins �vivo. 
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Proteins have been shown to be highly soluble in anhydrous hydrogen 
fluoride. (6) They are also highly soluble in the somewhat more easily handled 
trifluoroacetic acid ( TF A), which is a strong but non-oxidizing acid with gen
erally excellent solvent powers. Cytochrome C, ribonuclease, lysozyme, 
and bovine serum albumin are easily dissolved by TF A and appear to be 
recoverable, at least in part, unchanged.(7) TFA is also of interest in that 
its esters and amides are readily hydrolyzed with dilute alkali or even bi
carbonate solutions, under conditions that do not affect the peptide link. 
This property has recently been applied to peptide synthesis by Weygand(8) 
and Calvin. ( 9) 

-- ·----------------------------------------------

*Department of Chemistry. 
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In this investigation, a number of compounds related to serine peptides 
have been treated systematically with TFA, trifluoroacetic anhydride (TFAA) 
and a mixture of TF A and TF AA. In addition, a number of simpler related 
compounds without the serine hydroxyl group were similarly treated. TF AA 
is a unique reagent in that, as has been shown by Bourne,� al.,(lo) it acts 
as an esterificahon catalyst by causing the production of active acylium 
ions (Reo+) which can acylate hydroxyl, amine, sulfhydryl, and some active 
aromatic rings. Under suitable conditions, polymerization of polyfunctional 
compounds takes place, e._g_., p-hydroxybenzoic acid.(l l) 

In the preparation of the derivatives, the following general procedure 
was used: a weighed amount of the starting material (about 1.0 g) was sealed 
into an all-glass ampoule fitted with a break-off seal. The ampoule was at
tached to a vacuum line, evacuated to ca. 1 f.L and then ca. 5 ml. of the reagent 
were distilled in from a stock bulb. The tube was sealed off, allowed to warm 
to room temperature, shaken to complete solution, and then allowed to stand 
at room temperature for 4-15 days. In order to isolate the product, the tube 
was reattached to the vacuum line, the break-off seal opened, and excess 
TF A and TF AA pumped off at ca 1 f.L at room temperature. 

The residues, as noted in the Table, range from colorless crystalline 
derivatives to dark-colored tars. Suitable physical constants were taken, 
particularly microscopic examination on the Kofler hot stage and infra-red 
and ultra-violet spectra. Chemical investigations are being carried out 
on the most promising materials to determine the structure of the products. 
The infra-red spectra of many of the materials suggest a polymeric ma
terial, with broad, ill-defined bands. Other products contain sharp, strong 
absorption bands in the region 1780 - 1860 K.* These are almost certainly 
carbonyl bands, probably influenced by the electron-attracting trifluoromethyl 
group. Ethyl trifluoroacetate has a sharp carbonyl band at 1790 K, compared 
to ethyl acetate at 1740 K. The 1790 K band shows up in several materials 
in the Table. However, the structure which produces the strong absorption 
at higher frequencies is still being investigated. There is the possibility of 
a highly strained ring being present; f3-butyrolactone, with a 4-membere� 
ring, absorbs at 1818 K ; (12J some oxazolones or azlactones related to pem
cillin show carbonyl frequencies in the 1800 - 1830 K region. (13) 

The most intensively investigated product is "Compound B," obtained 
from N -benzoyl glycine (hippuric acid). which reacts rapidly with TF AA 

alone or in solution in TF A or dioxane to give a good yield of a crystalline 
material. Upon recrystallization from acetone, dioxane, or nitromethane, 
a light yellow, crystalline solid is obtained; it sublimes near 218°, and melts 
at 283° in a sealed capillary. 

* K = Kayser, formerly known as em -l. 



Start ing Material 

Serine 

N-chl onC"fH yl 

serinf'(2) 

S-ben&ovl serine 

N-bentoyl slyc1ne 

(btppuriC ICld) 

. . . - - .... . . . . 

Trellment Reaction 

TfA, I doy no color 

TFA, 2 hrs. no color 

TFA, 4 days no color 

TfA, 4 doys no color 

no color 

TfA, 6 doys no color 

- .... ·-

TABLE 1-21 

P roduct 

Yiseous colorless s1rup, 

non-cryatllli&ing 

colorless oi I, non

erystalll&lnl 

broad bands (poly111er type); -Cf·3 
present 

colorleu .. rup, slowly de- CF3COO-, CICil2CO-, •••de, -ct·3, -COOH 

poaiting crystals, •·P· 113-120° present 

oil, slowly cryst ell lting, 

•·P· 139-142°, NE • 170 

no reectton; hippuric ectd 

recovered 

CF3COO-, -NH-, -CONH-, -COOH, 

phenyl present 

broad bends, •ixturf' or polye�r. 

Cf3-, ·OCONH· present 

apectrue identieel wath hippuric 

acid. �o Cf3 present. 

��·chloroatt-t)'l Sf'rin� TFAA,3 days yellow, turninR red orange-red ter broad banda, non·Spt'cific. -Cf3 
prob. present , Cf3QOO. absent. 

ser1M' 

'·trifluoroacf'tyl 
BIYCIM' 

N -phenyl td ycine 

.-w • c a rbobf' nt oxy 

,:tlycinf" 

�-bentoyl •lyc1ne 

(h1ppur1� acid) 

�-phenyl butyric 

aea d 

Ser.�one 

� erine 

N-bentoyl aertne 

\' -ea rbobf'n &OX)' 
tertne 

�·benzoyl ��;lyctn e  
(htppurt c acid) 

TfAA, 4 doys ye] low oil sep•rates 

TFAA, 10 days hsht ·,..ello• color 

TFAA, 4 days 

TFAA, .t days 

TFAA, 4 doys 

yellow color 

d3rk yellow color 

upn. oily droplets, 

no eolor 

yellow-bro.,n, viacoua od, 

non • cryatallitinR 

dark red oil, slowly crystal· 

l iung 

wtxy, otly white re3adue 

1780, 1860 K present (• >), om1de !, 

II band• absent. -CF3 present. 

aaide I c• rbony1 frequency at 1700 K, 

abnormally high. 

1850 K, ( • >); 1720 � • COOH. -CF3 
pr esent, -�H- abs�nt 

CF3-, -C112-. COOII vrosent, -�11-

absent; 1840 1\ • , 

1815 K • ?; -NH· t�b,H•nt. Othrr car

bonyl btnda sh1fted to hi�her 

frequenc1rs by 35 k. 

TFAA, 10 ••n. tmmf'dute oran�e reu due • compound B, aee text 1815 K • >; brood bond at about 1580 K. 

-CF3 prea�nt. 4 day" col., ppt. of rrystals 

TFAA, 4 doys 

TfA • TFAA, 

3 aos. 

TFA • HAA 

TFA • TfAA, 
4 d.,. 

TfA • rt'AA 

ITA • TtM, 

4 day11 

TFA • TfAA 
3 days 

yello• color 

yellow color 

turns red 

turnl brown 

t.urns t.urbtd, 

yell ow 

••bf'r color 

dark brown oi I 1795 K • CF3CO-; -Ct3 presont, COOII 
absen t; probably cycl1zat•on 

yellow, non-erystalltne powder COO H, Cf·3• present. 1810 K • .,  a•1n0 

on freeze-drying, �.p. 120·135° acid tW'alltrlon ayltellt absent. 

(dee.) C, 34.49%; H, 2. IS%; 
N, 6.4%: �ol. wt. 357, NE • 264 

yf'llow od, tlowly eryttall ine 

taorpboua red scales 

red-brown ••orphoua fl•kes. 

aoftens 90•, aelts �tao• (dec. J 
NE • 260. lfydrolyzed to TFA, 
unknown acad, not N·ben&oyl 

1er1ne. 

p1rt.ly t1rry solid, p•rt.ly 

01 l : yel Jow·brown. 

crystalline reddith to I i d 

(compound 0) 

CF3COO- prob. pr e,ent at 1780 K; 
Cf'3- pr�tt'nt, 

•1xture, artly polyef"rlC, (t-3Q). band 

at 1820 t(. -NH-, ·011 <��bsent.. 

CF3COO .. , ·COOH. ·CO:'tH- presenl 

Azlactonf' absent. 

1855 K • > ••tde I • I I bands ., 

ISIS muunR. Brood band at 1770 
present.. cr3- pre:;.ent 

azlact one (see t..cxl) 

1680, 
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Analysis: calculated for Cu.Ht,N03F3, mol. wt. = 257.18; 

Calc.: C, 51.37; H, 2.36; N, 5.45; F, 22.16. 

Found: C, 51.73; H, 2.76; N, 5.35; F, 23.5, 24.0. 

The molecular weight (Rast) in camphor = 266; the neutral equivalent = 265. 
The formula corresponds to one mole of TF A + one mole hippuric acid -
2 moles water. 

The material is anomalous in a number of respects. It has a high 
melting point. Its volatility is reminiscent, however, of many other tri
fluoroacetyl compounds, such as TF A-anilide. It titrates like an acid, dis
solves in carbonate solutions, and forms a silver salt, yet shows no infra-
red absorption bands between 1820 and 1580 K; the normal carboxylic acid 
range is 1740 - 1650 K.(l4) The compound reacts readily with permanganate 
but not with bromine. It dissolves in alkali, and can be recovered by acidifica
tion; longer treatment with alkali gives benzoic acid. It reacts with ethanol 
to give a colorless oil which slowly crystallizes; the product has a m.p. 
near 75°; the infra-red spectrum suggests the presence of -COOH, -CONH-, 
-CF3, and -C2H5• Compound B is not identical with the oxazolidine C11H8N03F3 
("5 -oxo-2-phenyl-3 -trifluoroacetyl-oxazolidine") reported by Weygand as 
being PJ:� pared from benzaldehyde, glycine, the sodium salt of TF A, and 
TF AA. �8J 

At the present stage of our information, no single formula can be 
written for compound B that accounts for all of the known experimental facts 
listed above. The most probable structure is that of an enolized keto
azlactone. 

Investigation of the oxidation, reduction, and hydrolytic products is expected 
to confirm the tentative structure of compound B, which is believed related 
to the problem of the other materials listed in the Table, particularly those 
with unexpectedly high carbonyl frequencies. 
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THE ROLE OF THE NUCLEUS IN PROTEIN SYNTHESIS 

A. D. Barton and A. K. Laird 

Continuing our efforts to elucidate the role of the cell nucleus in 

protein synthesis, we have made an exploratory study of the incorporation 

of lysine-l-C14 into the protein of rat liver cell fractions in vivo. In this 
experiment, lysine-l-C14 (I mg.; 6.8 JJ.c) was injected intr;:-peritoneally into 

a male albino rat weighing 475 g, and the animal was sacrificed one hour 

later. The liver was perfused with isotonic sucrose solution, pressed through 
a plastic sieve, and homogenized in 0.88 M sucrose solution. A quantity of 
homogenate containing 12 g. of liver was fractionated by differential cen
trifugation into four fractions: nuclei, mitochondria, microsomes, and a 

final supernatant fraction. 

Five protein fractions were separated from each sediment by the 

following extractions and precipitations: each sediment was extracted first 

with neutral 0.14 M sodium chloride solution, then with 1 M NaCl and finally 

with 0.14 M NaCl adjusted to pH 12. A small residue of insoluble protein 

remained after these extractions. Two protein fractions were separated 

from the neutral 0.14 M NaCl extract by first bringing it to half-saturation 

with ammonium sulfate and then precipitating the remaining protein with 

trichloracetic acid ( TCA) . This procedure is essentially that of Dallam. (I) 
The protein was precipitated from the alkaline 0.14 M NaCl extracts and 

from the 1 M NaCl extracts by addition of TCA, and the nucleic acids were 

removed from the latter precipitates by extraction in hot 5% TCA. 

Three protein fractions were precipitated from the final supernatant 

fraction; one by half-saturation with ammonium sulfate, a second by bringing 

the alcohol content to 25%, and finally the remaining protein was precipitated 

with TCA. 

All of the protein samples were washed three times with 5% TCA, 

twice with 95% ethanol, twice with ether, and then dried in a desiccator. 

The data on the quantity and radioactive labeling of the various protein 

fractions are given in Table I-22. Among the proteins from the sedimentable 

cell fractions, the soluble proteins of higher molecular weight (precipitated 

by ammonium sulfate) appear to be relatively inert, since they show much 

lower specific activity than that of any other protein fraction studied. The 

unusually high specific activity and total incorporation into this material 

in the final supernatant fraction suggests that the sedimentation of the 

microsomes was not complete, and the microsomes which remained in the 

final supernatant fraction were precipitated with the large molecular weight 

proteins when the supernatant fraction was brought to half-saturation with 



TABLE I-22 

0.14 M NaC 1 (neutral) 
1 M NaCl 

0.14 M NaCl 
Residue Sum (NH4)zS04 Alcohol TCA pH 12 

Nuclei % t.< 56 6 25 8.3 4.5 100 

mgt 12.5 2.2 5.9 2.0 1.1 23.7 
s .A. T 2.2 16.9 10.5 12.7 34 8.6* * 

Total tt 44 37 62 25 36 204 

Mitochondria % 9.9 2 5.1 31 32 2.8 100 
mg 4.0 10.2 12.7 1 3.1 1.2 41.2 

S.A. 2.7 4. 5 6.0 5.2 6.0 5.1 * * 
Total 1 1 46 76 68 7 208 

Microsomes % 45 7 18 23 7 100 
mg 12.8 2.0 5.1 6.5 1. 91 28.3 

S.A. 4.6 10.7 16.2 10.3 10.1 8.8* * 

Total 59 21 83 67 19 249 

Supernatant % 62 35 3 100 
mg 38.5 21.5 1.7 61.7 

S.A. 12.2 5.1 12.0 9. 7* * 

Total 470 110 20 600 

-----

*This gives the quantity of each protein fraction as a percentage of the total protein 
found in that cell fraction 

t Mg. of protein nitrogen. 

f Specific activity expressed as c/s/mg x 100. 

tt "Total activity" expressed as specific activity x mg of protein nitrogen. 

**Average specific activity. 

-J 

..... 
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a.mmonium sulfate. (For technical reasons the sedimentation of the micro
somes was carried out at 78,000 x g instead of 105,000 x g.) If this is the 
case, then the specific activity and total labeling of the microsome 
proteins would be somewhat higher than shown in Table I-22. 

Almost without exception, all of the studies of short term incorpora
tion of labeled amino acids have shown that the protein of the microsome 
fraction achieves a higher specific activity than that of any other cell frac
tion. This was generally true in the present study also, but with two notable 
exceptions: 1) Among the soluble proteins of lower molecular weight (pre
cipitated by TCA, but not by half-saturation with ammonium sulfate), the 
material of the nuclear fraction was of distinctly higher specific activity 
than that of any other cell fraction; 2) The specific activity of the insoluble 
protein residue of the nuclear fraction was not only higher than that of any 
other nuclear protein fraction, in agreement with the data of Daly et al.,(2) 
but was considerably higher than that of any of the protein fractions studied. 

The high specific activity and total incorporation found here in the 
microsome protein (particularly if this should also contain an appreciable 
amount of the activity found in the supernatant fraction) is in agreement 
with the view, now widely held, that the microsomes play an important role 
in protein synthesis. However, the high specific activity of nuclear proteins 
observed in this experiment suggests that the nucleus may play a significant 
part also. 
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OXIDATIVE PHOSPHORYLATION IN RAT LIVER CYTOPLASMIC 
PARTICULATES ISOLATED BY GRADIENT CENTRIFUGATION 

J. F. Thomson and E. M. Moss 

By the use of gradient centrifugation(!) we succeeded in preparing 
fractions of cytoplasmic particulates from rat liver with enzymatic activities 
per unit nitrogen two to three times as great as those observed in mitochon
drial preparations isolated by conventional techniques. The question has 
been raised whether these fractions possess the capacity to esterify inorganic 
phosphate, a criterion of biochemical, if not morphologic, integrity of mito
chondria. 

It was necessary to modify our procedure slightly. (1) Rat liver was 
homogenized in a versene-sucrose medium, and layered into gradient tubes 
containing versene. Four tubes were prepared in each experiment. After 
centrifugation for 1 hour at 3000 rpm (International PR-1 refrigerated cen
trifuge, head no .269), six 8 ml. portions were successively withdrawn from 
each tube. The uppermost layers were discarded. The remaining portions 
from the four tubes were pooled and centrifuged at 9000 g for 10 minutes 
(Sorvall SS-l angle centrifuge). The sediments were res�spended in 2 ml. 
of 0.25 M sucrose and �ested for oxidative phosphorylation using the system 
of Lardy and Wellman. {2) At the same time, bulk mitochondria were prepared 
from the same sample of liver by the method of Klein and Johnson. (3) 

Most of the experiments have been carried out with succinate or with 
a-ketoglutarate+ malonate as substrates. The data from these experiments 
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are reported in Table 1-23. In addition, we have also used glutamate+ malonate, 
malate, and /3-hydroxybutyrate as substrates, with similar results. 

It is apparent that the most active zones are capable of esterifying 
inorganic phosphate with P:O ratios as high or higher than jh_ose noted in 
mitochondria prepared by the method of Klein and Johnson. {4) The gradient
isolated particulates have given more consistent results, particularly with 
a-ketoglutarate as the substrate, than have the bulk preparations. 

We wish to thank Dr. P. D. Klein for his advice. 
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TABLE I-23 

Phosphate Uptake and Phosphorus :Oxygen Ratios in Cytoplasmic 
Fractions Isolated by Gradient Centrifugation 

Particle 
Size Range 

Averages and Ranges, 5 Experiments 

(J.L) 

0.20-0.31 

0.31-0.39 

0.39-0.46 

0.46-0.54 

0.54-0.62 

Bulk 

a -Ketoglutarate 
+Malonate 

J.LM P/mg N P:O 

1.0 
(0-3.1) 

1 5.0 
(12.2-20.0) 

20.3 
(15.0-24.6) 

18.6 
(14.5-22.2) 

17.7 
(11.3-28.4) 

0.2 
(0-0.6) 

2.8 
(2.3-3.1) 

3.6 
(3 .0 -3.8) 

3.9 
(3 .6 -4.2) 

2.3 
(2.1-2.7) 

Mitochondriaa 17.9 3.0 
(2.5-3.9) (13.6-22.0) 

Succinate 

J.LM P/mg N 

12.1 
(9.4-13.7) 

21.1 
(13.9-25.0) 

1 9.1 
(15.7-24.3) 

22.4 
(17.7-25.7) 

19.0 
(15.5-22.0) 

16.6 
(13.3-20.8) 

P:O 

1.0 
(o .8-1.2) 

1.4 
(1.0-1.7) 

1.6 
(I .4 -1.8) 

1.9 
(1.8-2.0) 

1.4 
(1.1-1.5) 

1.7 
(1.6-2.1) 

alncludes data from three additional experiments in which gradient 
centrifugation was not carried out. 

REFERENCES 

1. Thomson, J. F., and E. M. Mikuta. 1954. Enzymatic activities of cytoplasmic 

particulates of rat liver isolated by gradient centrifugation. Arch.Biochem. 
Biophys. 51, 487-498. 

2. Lardy, H. A., and H. Wellman. 1952. Oxidative phosphorylations: role of 

inorganic phosphate and acceptor systems in control of metabolic rates. 
J. Biol. Chern. 195, 215-224. 

3. Klein, P. D., and R. M. Johnson. 1954. Changes in age in the unsaturated 

fatty acids content of subcellular particles of rat livers. Arch. Biochem. 
Biophys. 48, 172-177. 

4. Klein, P. D. and R. M. Johnson. 1954. Phosphorus metabolism in unsaturated 

fatty acid-deficient rats. J. Biol. Chern. 211, 103-110. 



RADIO-RUTHENIUM TRANSPORT IN MICE 

H. Walton, Jr. and A. M. Brues 

The intermediate position of fission ruthenium in the periodic table 
and the long half life of Ru106 led to the expectation that this isotope might 
constitute a serious health problem. Previous studies(l,2,3) had been con
fined to tracer levels in rats by a variety of uptake routes and showed that 
the critical organ was the kidney, as it has continued to be regarded up to 
the present time.(4) However, when the material was administered by a 
direct intrapulmonary route at pH 2.3 - 3.5, it was found that the lungs 
showed a high degree of retention to the relative exclusion of other body 
componel}ts. (5) These findings led to subsequent work at toxic levels in 
both rats�6) and mice(7) which indicated that fission ruthenium is a bone 
seeker and that it may therefore be a long term health hazard. Accordingly, 
chronic studies at near tracer levels were undertaken to determine the ex
tent and duration of this hazard, certain features of which are given below. 

METHODS 

Data obtained in preliminary studies on CF #1 � mice(7) were used 
as a guide in the design of the present experiment. Three-hundred ran
domized animals weighing 25 ± 2 grams each and 89 + 4 days old at time 
of injection (via the caudal vein) were caged separately in groups of five; 
150 controls and 150 treated. Five additional CF #1 !f mice received in
traperitoneal inJections to determine whether the route of administration 
might contribute to the discrepancies noted above. 

The animals were injected with aliquots of the same solution that 
was used for our lethal range studies; starting amounts were thereby esti
mated to be non-lethal to 1000 days post-injection, assuming loss from the 
body as a direct log function of time. Each treated animal received 2. 5 fJ.c 
of fission mix in isotonic saline at pH 7 with a volume of 0.1 cc, so that 
average body concentration at time of injection was 0.1 J-Lc/ gm. Each con
trol received 0.1 cc of physiological saline. 

After sacrifice by ether, hair was removed with dilute NazS to pre
vent bias in pelt activity measurements. Bias in wet weight values via 
evaporation was found nil for tissues that were bathed in physiological 
saline until the completion of dissection and were then weighed. A calibrated 
pulse height analyzer with a thallium-activated sodium iodide scintillation 
crystal was used for all activity measurements. The statistical error of 
counting was about ten per cent, it having been found that greater precision 
was unwarranted because of concentration factors previously reported.(?) 
Activity values were decay-corrected against standards prepared at the 
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tim� �f inj�cti�n. these being followed with a counting error of less than 
one per cent. Absorption curves in water were also obtained so as to 
adjust activity values for each organ or tissue in accordance with its wet 
weight. 

The P.attern of terminal distribution as found in the acutely lethal 
dose range{7) was used as a guide in observing the chronic phase. Accord
ingly, weight and activity measurements were separately performed on the 
intestine and stomach (contents removed) , kidneys, spleen, liver, lungs, 
skeletal muscle, pelt, and skeleton; other body components were lumped 
together. Each pelt was divided into seven parts (excluding the tail skin) 
to learn whether selective localization might occur. For the same reason, 
measurements on the skeleton involved separate determinations in the case 
of the spinal column (divided at the juncture of the thoracic and lumbar 
vertebrae and also at the anteriormost caudal vertebra), skull, mandibles, 
ribs and sternum, forelimbs, and hindlimbs. 

RESULTS 

In Figure I-15 we see that retention at the injection site is persist
ently on the order of 90 per cent of the initial intravenous dose, whereas, 
it may descend to 25 per cent of the initial dose given intraperitoneally. 
This means that, unless this factor is taken into account, tolerance levels 
based on either of these two routes may be in error by several orders of 
magnitude. This point is amplified in the discussion of subsequent figures. 

Figures I-16 and 1-17 show how the immobile fraction of initial dose 
may influence the so-called bio-halftime via intravenous and intraperitoneal 
routes, respectively. Note that in either case the retention curve does not 
proceed as a log function of time, as is often assumed in dealing with similar 
problems. 

If we now consider only that portion of the material which was trans
ported from the injection site, the majority of which is shown in Figures I-18 

through I-20, it is apparent that kinetic behavior is profoundly altered in 
relation to the route of administration - all other factors being identical. 
This leads to the natural question: Does the relative mass of the organ or 
tissue influence the amount of activity which is selectively retained Fig
ures I-21 through I-23 reveal no such simple relation exists, except in the 
case of muscle as shown in Figure I-23. Plots of this latter kind for other 
body components have failed to show a similar relation. This would seem to 
indicate that the other systems do not handle the fission mix in a homogeneous 
or non-selective fashion. 

The implications of these findings will be more fully discussed in 
the future. 
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EFFECT OF NONIRRADIA TED, CENTRIFUGED PROTOPLASM ON 
SUPRALETHALLY X-IRRADIATED GIANT AMOEBA CELLS. PART II. 

E. W. Daniels 

It has been found that micro-injection of certain portions of non
irradiated, centrifuged protoplasm into supralethally X-irradiated cells of 
the giant amoeba species, Pelomyxa illinois ens is, will permit the survival 
of the irradiated cells_( l )  In the present work, nonirradiated cells have 
been centrifuged at 5,000 g for a period of ten minutes at room temperature. 
The stratified cells were immediately placed in ice water and cut in half 
with a glass knife. Cells were halved within a period of ten minutes after 
centrifugation. 

Whole cells, which were taken from stock cultures, were washed 
and placed in a buffered solution of glass distilled water. They were then 
given two successive lethal doses (24 Kr) of X rays. The heavy (nucleate) 
nonirradiated halves were micro-injected (microfused) into single cells of 
one X-rayed group. The nonirradiated light (enucleate) halves were fused 
into the individual cells of another X-rayed group. Some of the data ob
tained therefrom are shown in Table 1-24. It was found that the force used 
will cause migration of intracellular components toward the centrifugal pole 
of the cell, and that these are the components which bring about recovery in 
the irradiated cells. Centripetal halves are not effective. The addition of 
X-irradiated protoplasm to X-irradiated cells has no value. 

TABLE I-24 

Survival of Supralethally X-Irradiated Amoebae After Microinjection 
of Centrifuged Cell Portions,* 

Experimental Combinations 

Nonirradia ted light half plus 
whole, X-irradiated cell 

Nonirradiated heavy half plus 
whole, X-irradia ted cell 

X-irradiated, noncentrifuged 
half plus whole, X-rayed cell 

Whole, X-irradia ted control 
Whole, nonirradia ted control 

Per cent surviving 
for ten days** 

2 

88 

0 

0 

94 

*X-ray dose, 24 Kr; centrifugal force, 5,000 g. 

Number of cells 
studied 

42 

43 

13 
42 
48 

**Cells surviving for ten days give rise to mass cultures, 
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The work presented here establishes an upper limit to the centrifugal 
force needed (for the time limit used) to cause centrifugal migration of the 
intracellular components necessary for survival from lethal radiation injury 
in this cell species. The effects of centrifugal forces less than 5,000 g 
should now be explored with the purpose of determining more precisely 
what forces will and what forces will not cause migration of the active com
ponents within the arbitrarily chosen time interval of 10 minutes. 
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FURTHER STUDIES ON IN VIVO FORMATION OF CHELA TING AGENTS 
-

IN EXPERIMENTAL METAL POISONING 

M. W. Rosenthal, J. F. Fried and W. Westfall 

The rise in tissue citric acid levels caused by fluoroacetate admin
istration has been used as a tool in the study of the effect of chelate forma
tion in experimental metal poisoning. (1) The toxicity of fluoroacetate, and 
the fact that in non-toxic doses it fails to elicit a significant rise in blood 
citrate levels, led to the use of guanidine compounds which have been shown 
to cause a rise in the blood citrate level in rabbits.(2) 

We have found that a dose of 200 mg/kg, injected intravenously, brings 
about a 1.4-fold rise in the blood citrate level of Sprague-Dawley female rats 
at 2-1/2 hours after inJection. Experimental evidence obtained so far indicates 
that the age of the rats (from 50 - 250 days) does not vary this response. Ac
companying changes in the tissue citrate levels of the injected animals are 
thus far equivocal and are being investigated further. When a dosage regime 
giving optimal sustained blood citrate levels has been determined, guanidine 
compounds, both alone and in combination with fluoroacetate, will be used in 
the treatment of experimental metal poisonings, such as lead and manganese, 
which may be amenable to citrate therapy. 

In connection with this, the acute toxicity of manganous gluconate 
has been determined in adult Sprague-Dawley female rats. A dose of 
25 mg/kg as Mn injected intraperitoneally is the approximate LD50 in 7 days. 
Deaths occur from 1/2 to 1-1/2 days post injection and appear to be caused 
primarily by severe liver damage. On subcutaneous injection, the LD50 is 
three to four times as great, but the survivors develop severe skin lesions 
around the injection site. After intravenous injection of either manganous 
gluconate or manganese sulfate, the LD50 value is about 10 mg/kg as Mn; 
all deaths occur within 15 minutes after injection. 
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ISOLATION OF MICRO QUANTITIES OF BERYLLIUM FROM LARGE 
AMOUNTS OF ALKALINE EARTHS, PARTICULARLY CALCIUM, 

BY M.EANS OF ION EXCHANGE AND SALICYLATE ANALOGS 

J. Schubert, A. Lindenbaum, W. Westfall 

A method has been developed for the separation of trace amounts of 

beryllium (5 JJ.g or less) from bulk cationic mixtures, based on the affinity 

of salicylate analogs for Be. Samples are wet ashed if necessary, placed 

on a column of Dowex 50 resin ( hydrogen form) , and eluted with ammonium 

gentisate at pH 3.5. The method has been found suitable for the isolation 

of beryllium from synthetic bone mixtures containing relatively huge quan

tities of Ca, Mg, Na and K. Iron appears to be the only cation eluted with 

the Be, and it does not interfere with the Be analysis. 

The low binding constants for Ca and Mg with the salicylate analogs 

compared with those for the transition element salicylate complexes suggest 

that these compounds may be useful in the separation of transition elements 

from alkaline earth metals. 


