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Medical Division 

Dr. Raymond E. Zirkle 
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Mrs. Jean Gilbert 

During the period of this report the following staff changes have 

occurred in the Biology Division: 

Dr. Robert J. Flynn, formerly Veterinary Inspector for the State 

of Illinois, has been appointed Veterinarian. 

Miss Katherine Hamilton, formerly Research Assistant at the 

Roscoe B. Jackson Memorial Laboratory, has been appointed Junior Biol

ogist in the Histopathology Group. 

Mr. George Kostal, Jr., a florist, has accepted the position of 

Technical Specialist in charge of the greenhouse at the Radiobiology Exper
iment Station. 

Miss Marguerite Swift, formerly Associate Physiologist, has ac

cepted a position at the Naval Radiological Defense Laboratory, San Fran

cisco Naval Shipyard. 

Mr. Stanton Cohn, Junior Biochemist, has resigned to continue his 

studies in physiology at the University of Chicago. 

Dr. Austin M. Brues, with the assistance of Drs. Hermann Lisco and 

Arthur M. Cloudman, gave an elective course to senior medical students at 
the University of Chicago on "Problems in Cancer." The course was given 
during the fall quarter, October to December, 1948 . 
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Editorial Mrs. Antreen Pfau 

A listing of all papers that are scheduled to appear in the National 
Nuclear Energy Series (mpts), Division IV, Volumes 22B to 22H, Radio
biology, is nearing completion and wi 11 be issued in April. 

The quarterly report for the Biological and Medical Divisions for 
the period covering August 1 to November 1, 1 948 (ANL-4227) was pre
pared and issued as an unclassified report. 

The following papers were edited for inclusion in the NNES: 

Block, Matthew H., Leon 0. Jacobson, Edna K. Marks, and Evelyn 
0. Gaston: The Effect of Total-body X irradiation on a Pre-existing 
Induced Anemia. Part III. Histopathological Studies (CH-3890). 

France, Owen: Changes in Water Content and Distribution in Rats 
and Mice after Chronic and Acute Total-body X irradiation 
(CH-3889). 

Stearner, S. Phyllis, Eric L. Simmons, and Leon 0. Jacobson: The 
Effect of Total-body X irradiation on the Peripheral Blood and Blood
forming Tissues of the Rat (ANL-4100 - to replace previously issued 
ANL-4001 ). 

EXHIBITS 

Glaser, Jane K.: Photographs of an osteogenic sarcoma in rabbit 
induced by beryllium and an osteogenic sarcoma in rabbit induced 
by beryllium cut away to show structure of bone tumor. Second 
Annual International Photography-in-science Salon, National Chemi
cal Exposition of the American Chemical Society, Chicago, Illinois, 
October 12-16, 1948. 

Glaser, Jane K.: Photographs of the following: 

1.  Cystic liver in X-ray-treated mouse 
2. Tumor of Harderian gland in X-ray-treated mouse 
3. Osteogenic sarcoma in rabbit induced by beryllium 
4. Osteogenic sarcoma in rabbit induced by beryllium, cut away 

to show structure of bone tumor 
5. Bone tumor metastases in rabbit following treatment with 

radium 

Biological Photographic Association, Traveling Salon, 1948 - 1949. 



PUBLICATIONS 

- -- . . 
----· ·..:..· ..=..- • .. • .  • • • - •c-�-

Brues, A.M.: Introduction to Chemotherapy Symposium. Aims and Methods, 
Cancer Research, !!: No. 8, p. 384, August, 1948. 
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Schubert, Jack, A. Lindenbaum, and W. D. Armstrong: A Wet Combustion 
Method for Carbon Determination with Particular Reference to Isotopic Carbon, 
Anal. Chem., 20:1120, November, 1948. 

Straube, R. L., W. B. Neal, Jr., T. Kelly, and H. S. Ducoff: Biological 
Studies with Arsenic76• I. Preparation of 'As 76 by Pile Irradiation of Caco
dylic Acid, Proc. Soc. Exp. Biol. and Med., 69:270, November, 1948. 

-

Ducoff, H. S., W. B. Neal, Jr., L. 0. Jacobson, A. M. Brues, and R. L. Straube: 
Biological Studies with Arsenic76• II. Tissue Localization and Distribution, 
Proc. Soc. Exp. Biol. andMed., 69:548, December, 1948. 

-

Eschenbrenner, Allen B., E. Lorenz, and E. Miller: Quantitative Histologic 
Analysis of the Effect of Chronic Whole-body Irradiation with Gamma Rays 
on the Spermatogenic Elements and the Interstitial Tissue of the Testes of 

Mice, J. National Cancer Institute, 9:133, December, 1948. 

Lorenz, E. and H. L. Stewart: Tumors of the Alimentary Tract in Mice Fed 
Carcinogenic Hydrocarbons in Mineral O il Emulsions, J. National Cancer 
Institute, 9:173, December, 1948. 

-

Lorenz, E. and J. Weikel: Excretion of Radium from the Mouse, Radiol., 
�:No. 6, p. 865, December, 1948. 

Schubert, Jack and J. W. Richter: Cation Exchange Studies on the Barium 
Citrate Complex and Related Equilibria, J. Am. Chem. Soc., 70:4259, 

-

December, 1948. 

Stearner, S. P.: Effects of Folic Acid on the Anemia Induced by X Irradiation, 
Proc. Soc. Exp. Biol. and Med., 69: No. 3, p. 518, December, 1948. 

-

Gordon, S. A. and F. Sanchez Nieva: Biosynthesis of Auxin in the Vegetative 
Pineapple. I. Nature of the Active Auxin, Arch. Biochem., �: No. 2, p. 356, 
February, 1949. 

Gordon, S. A. and F. Sanchez Nieva: Biosynthesis of Auxin in the Vegetative 
Pineapple. II. Precursors of Indoleacetic Acid, Arch. Biochem., 20: No. 2, 

-

p. 367, February, 1949. 

Norris, W. P.: Design of Radiobiochemical Laboratories, Ind. and Eng. 
Chem., !!=No. 2, p. 231, February, 1949. 
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Zirkle, R. E.: Radiobiological Significance of Specific Ionization. University 
of Tennessee, Knoxville, Tennessee, November 2, 1948. 

Powers, E. L.: Genetic Effects of Metabolized Radioactive Substances. 
University of Indiana, Zoology Seminar, November 4, 1948. 

Barron, E. S. G.: The Chemical Effects of Ioniz.ing Radiations. Department 
of Biochemistry, University of Chicago, November 17, 1948. 

Cloudman, A. M.: The" Milk Factor" and Its Influence in the Incidence of 
Mammary Cancer in Mice. Billings Hospital, University of Chicago, 
November 19, 1948. 
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Gordon, S.: The Auxins: Recent Concepts of Their Nature and Function. 
Department of Botany, University of Chicago, December 4, 1948. 

Lorenz, E.: Summary of Experimental Data on Chronic and Acute Exposures 
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December 5, 1948. 

Barron, E. S. G.: Cellular Respiration. University of Illinois, Urbana, 
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Jacobson, L. 0.: Comparative Hematological Effects of Chemical and 
Physical Agents on Normal and Neoplastic Tissues. Amer. Roentgen Ray 
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Jacobson, L. 0.: The Importance of Ectopic Blood Formation. University of 
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Hasterlik, R. J.: Health Protection Problems in the Field of Radioactivity. 

North Suburban Branch of the Chicago Medical Society, December 13, 1948. 
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Mr. Vladimir T. Clemens 
Mr. Sarmukh S. Brar 
Mr. Joseph Sayre 

DOSAGE-RATE MEASUREMENTS FROM THORIUM 

by 

Vladimir T. Clemens and Sarmukh S. Brar 

The surface dosage of a flat plate of metallic thorium has been in
vestigated by the extrapolation chamber method. The underlying theory has 
been described elsew:qere (1-5), and the description of the instrument has 
been reported before. 0) The upper electrode consisted of a flat thorium 
disc, 59.1 mm in diameter and 6.35 mm in thickness. The specimen was 
prepared by the Metallurgy Division from a cylindrical rod extruded from 
a long billet; approximately 8 months elapsed from the preparation of the 
billet to its final use. 

Two aluminum discs having areas of 8. 55 and 3. 81 cmz, respectively, 
were used as collecting electrodes; they were surrounded by aluminum guards 
rings, which were 10.5 em in outside diameter. Inner diameters provided a 
gap between them and corresponding electrodes and were 0.0125 mm in both 
cases. 

Ionization was measured at constant temperature (24°C) and standard 
pressure by means of a vibrating reed electrometer. The input resistors 
were calibrated by the time decay constant method with the high precision 
standard air condenser. 

Records of ionization currents obtained from the bare plate of 
thorium are shown in Table 1 as a function of electrode spacing. 

It will be noted that between separations of 5 and 25 mils the 
current increments are fairly consistent and that, on the average, the 
ratio of the current increments obtained with the larger electrode (electrode 

#1) to those obtained with the smaller (electrode# 2) is in good agreement 

with ratio of their areas - �:�� = 2. 24. 

11 
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Table l 

Ionization currents obtained from a bare plate of thorium 

s (ih (i)z (��)1 ( ��)2 ( �� )1 (��) 2 

5 6.88 2. 71 - -
-

6.12 2.62 2.33 
10 13.00 5.33 5.80 2.42 2.39 
15 18.80 7. 75 5.32 2.67 1.99 
25 29.45 13.1 5.51 - -
50 57.00 -

Average 2.24!, .09 

S = spacing in mils, 1 mil= 0.001 inches. 
i1 and i2 = currents in 10-14 amp for electrodes 1 and 2, respectively, at 24°C. 

�i = currents increments in 10-14 amp for 5 mils increase in separation. 
� s 1, 2 

The average value of �i is 5.15 x 10-15 amp/mil = 2.03 x 10-12 amp 
us2 em 

for the smaller electrode. Introducing the temperature correction (1.085), 

3 9 -u 1.085 rep dosage rate= 3.6 x 10 x3x l0 x 2.03 x 10 x 3.81 = 6.24 hr 

with no absorber. This value is to be considered as preliminary because 
some corrections have not been taken into account. 

A series of extensive measurements has been made to determine the 
dosage rat, with various aluminum absorbers in the form of smoothly 
stretch�d foils, clamped on top of the thorium disc. The procedure and 
calculations are identical to those corresponding to the bare thorium surface 
studies. The results are as follows: 
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Absorber in mg/ cm2 

2.39 

3.42 

6.85 

10.27 

13.7 

Dosage rate in rep/hr 

1.85 

1.05 

0.32 

0.10 

0.052 

The absorption curve for aluminum (Figure 1) shows that at the limit 
of passive absorption (7 mg/ cm2), the dosage rate is 30 m rep/hr. It should 
be realized, however, that the thorium sample examined was not in equilibrium 
with its radioactive daughters. Gross calculations based on Gray's principle 
show that dosage rate should be approximately 1.5 rep/hr for pure Th2n and 
approximately 14 rep/hr for Th2n in equilibrium with its decay products. At 
the present time no better comparison between theory and experiment can be 
made because the exact history of the sample is not known. Similar calcula
tions for UI based on the assumption of equilibrium in the chain up to UII yield 
results in much closer agreement with our results previously reported on this 
metal. (I) 

LITERATURE CITED 

1. Clemens, V. T. and S. S .  Brar: Radiation Physics, Quarterly Report, 
Biology Division, Argonne National Laboratory, February to May 194 7, 
A. M. Brues, Ed. (CH-3830) p. 15. 

2. Failla, G.: Radiology, �: 207 (193 7). 

3. Parker, H. M.: CH-930 (1943). 

4. Quimby, Edith H., L. D. Marinelli, and J. H. Farrow: Am. J. Roentgenol. 
and Rad. Therapy, 39:799 (1938). 

-

5. Quimby, Edith H. and Elizabeth F. Focht: Am. J. Roentgenol. and Rad. 
Therapy, 2Q:653 (1943). 
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LOW SPEED MICROTOMY FOR THE ELECTRON MICROSCOPE 

by 

Ruth P. Rhoades 

1. MODIFICATION OF MICROTOME 

The maximum thickness of a specimen that can be penetrated by the 

beam of a 50-kv electron microscope is 0.1 J..L· 

To facilitate study of biological specimens the technique of D. Pease 
and R. Baker* was modified. Using the wedge that they added it is possible 
to reduce the angle of the inclined plane surface of the microtome by a factor 
of 10 to 1. 

Since forward movement results from the action of a pin sliding in 

15 

contact with the inclined plane surface, it is important that the surface of the 
plane be as flat as possible. The flat surface for even forward movement is 
illustrated in Figure 2. The angle-reducing steel block is shown in Figure 2B. 

Horizontal movement of the disc (Figure 2E) is responsible for forward move
ment of the specimen. Vertical movement of the flat and the mechanism to 
which it is attached causes the slicing action of the microtome. The microtome 
knife was hollow-ground on both sides, with a long bevel, and was made especially 
for the microtome by Mr. William Holzheimer of Melrose Park, Ill. 

2. FIXING AND MOUNTING TECHNIQUES 

Several techniques have been used in preparing tissues for microtomy. 
Fixation in about 4 per cent neutral formalin, dehydration through graded 
alcohols, clearing in xylene, and imbedding in paraffin (85°C melting point) 
has been one of the most successful ones. It has not been necessary to 

•• double imbed"; that is, to use both celloidin and paraffin. 

In one method for mounting on the grid, the section is transferred 
directly from the knife to a grid on which a thin collodion film has been dried. 
(A dissecting needle with a microscopic point has been used. ) A drop of warm 
water added to the section on the grid will further "spread" the section. When 
the water has dried, a drop of xylene may be added, or the whole grid immersed 

>:< Pease, D. and R. Baker: Proc. Soc. Exp. Biol. and Med., 2]:470 (1948). 

-----
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• 

Figure Z. Alterations in the microtome. 

A. Original inclined plane surface of Spencer Rotary 

Microtome. 

B. Steel wedge reducing from Z5° to Z. 5° the angle of the 

original incli.ned plane surface with respect to direc

tion of the feed screw movement. 

C. Optical flat upon which cross feed disc rides. 
D. Altered inclined plane surface, making an angle of 

Z.5° with direction of cross feed movement. 

E. Feed screw disc which rides on surface of optical 

flat. 
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in xylene. In another method, a thin film of collodion is dried on water and 

the section transferred to the film. Warm water is dropped on the section 

for "spreading." Paraffin is removed by xylene added directly to the tissue 
(xylene does not dissolve the collodion film). Drying must be done slowly in 
order to minimize distortion. When the xylene has dried, a grid is brought 
up beneath the specimen. 

The second method appears to be preferable for there is less "wear 

17 

and tear" on the section, and it remains centered on the grid. However, without 
magnifying lenses it is impossible to see 0.1 J.L sections of formalin-fixed un
stained tissues on the collodion film on water after removal of the paraffin. 
The method is excellent for osmic-fixed sections that are black. 

Phosphotungstic acid is sometimes used as a stain for specimens 
to be observed by electron microscopy. It is valuable for emphasizing detail 
in sections of bone and muscle. The concentration of the solution is ap
parently critical and varies. In use, a drop o� 0.01 per cent phosphotungstic 
acid is added to the specimen after the xylene has dried from it. After 10 
seconds the PTA is removed from the specimen with a small pipette. 

Metal shadow casting has not yet proved particularly useful for in
creasing the resolution of section images, although the technique is useful 
for determining the exact thickness of a specimen. 

Figure 3 is illustrative of the results obtained with the equipment and 
techniques described. 

SUMMARY 

The wedge added to the Spencer Rotary Microtome by Pease and 
Baker was used to reduce the angle of the inclined plane surface of the micro
tome by a factor of 10 to 1. 

Several fixing and mounting techniques for preparing tissue for ex
amination with the electron microscope are described. One of the most suc
cessful fixing methods was found to be as follows: treatment with 4 per cent 
neutral formalin, dehydration through graded alcohols, clearing with xylene, 
and imbedding in paraffin. 

In a method for mounting the tissue on the grid, the section is trans
ferred directly to the grid from the knife. In another, the section is transferred 
to a collodion film, floating on water, and then the grid is brought up under the 
float. 
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A 

B 

Figure 3. A. Section from mouse duodenum. Fixed in osmic acid, 

sectioned at 0.1 J.1. , E. M. 31,000 X. 

B. Section from mouse spleen. Fixed in formalin, sec

tioned at 0.1J.1., E. M. 31,000 X. 
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ELECTRON MICROSCOPY PROGRESS REPORT 

by 

Joseph G. Sayre 

1. CALIBRATION OF MAGNIFICATION 

Electron magnification is chiefly a function of three factors: 1) the 

electron accelerating potential; 2) the position of the specimen with respect to 
the objective lens; and 3) the current through the projector lens coil. The 

third factor is the means by which the instrumental magnification is varied 

19 

in 10 steps from 7000 to 22,000 diameters. I t  is necessary to periodically 
check this magnification, since these factors cannot be kept absolutely constant. 

Magnification is determined by actual measurement from an electron micro
graph. The specimen prepared for calibration must have at least one known 

dimension and must be small enough to permit complete examination at all 

magnifications. 

A suitable specimen for calibration can be prepared by making a replica 

from a diffraction grating. Typical of such a grating is the Baird Associate's 
Diffraction Grating of 15,000 lines per inch. A collodion film is cast upon the 

grating, allowed to dry, and stripped off under water. This replica is shadowed 
to give the necessary contrast for electron examination. It is advisable to 

determine the grating constant directly from the shadowed replica since the 

collodion film may have become shrunken during drying. 

A recent development in calibration standards for the electron micro
scope has been the manufacture of a concentrated suspension of tiny latex 

particles of a uniform size. These latex particles have an average diameter 

of 2585 A and are uniform within plus or minus 2 per cent of that value. 

Preparation of a specimen for calibration using these particles is quite simple. 
A drop of dilute stock solution is transferred to a specimen grid covered with 
a collodion film, and the water is allowed to evaporate. Shadowing is not 
necessary as the particles are opaque to the electron beam and permit ex
cellent resolution at the highest magnifications. These particles may be in
corpora ted directly into many types of specimen preparations as internal 
standards. 

2. USE OF REDUCED CONDENSER APERTURE 

The electron microscope has been operated for the past three months 
with a reduced aperture (one-half normal diameter) in the condenser lens by 
inserting a separate aperture disc into the standard aperture cap. Conse

quently, the maximum illumination possible was decreased to one-fourth the 
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former value, but this does not constitute a critical reduction when the self
biased electron gun is used. The alteration has increased the resolution of the 
electron microscope with all types of specimens. 

3. SHADOWING FOR LIGHT MICROSCOPY 

Gold, silver, aluminum , chromium, or selenium may be used to shadow 

specimens prepared for the light microscope. The technique is essentially the 

same as for electron microscopy. The glass microscope slide is placed in the 

vacuum chamber, and the pressure reduced to O.lJ.l. . The selected metal is 
heated in a tungsten coil to the temperature at which evaporation occurs. The 

evaporating metal will deposit evenly upon the side of the specimen toward the 

source and those portions of the glass slide not shadowed by the specimen. 

It is also possible to cause the evaporation of a metal upon a slide without 

casting a shadow. This is achieved by shielding the slide from the direct radiation 

of the metal. The metal then diffuses throughout the evaporation chamber and 

deposits evenly from all directions. 

The net result by either method is the building up of density on the slide 

and the specimen. There is also a definite increase in contrast under the 

microscope. Lack of density and contrast is the basic cause for poor definition 
in most light microscope preparation. Work is progressing toward a final 

evaluatic1n of these techniques as an aid to light microscopy. 

4. EVAPORATION OF METALS FOR SURFACE MIRRORS 

The vacuum coating unit used for shadowing may easily be adapted to 

coating various flat and curved surfaces with aluminum, silver, or chromium 

to form surface mirrors. The process has useful applications in the renewal 

of surface mirrors in numerous optical instruments. The old coatings can 

generally be removed by dissolving in nitric acid. If the base surface is in good 

condition the reflective quality may be restored by evaporating on a new sur

face. Evaporation is direct and is performed at a slow rate to avoid spattering. 

The selection of a metal depends upon the spectral reflectivity and the 

durability required. Chromium is the most durable, whereas aluminum has the 

spectra response demanded in many optical instruments. The difficulty in this 

process lies in maintaining a clean surface condition unti 1 evaporation is com

pleted. 

5. RESEARCH PROBLEMS 

Under the direction of Dr. A. M. Brues, considerable effort and time · 

were devoted to the examination of preparations of various chromosomes. 

T 



. . . . .  � · . · · · - - - -

. ---- . . .. . .  · · - · . 

� -� ---�-� --- --------�---'-'--'-----'--'-'-'-'-----'---'" .
.

.. �·-- - -� 

All initial preparations were made by Mrs. Leola Rietz. 

Dr. E. L. Powers is using the electron microscope to make studies of 
the trichocysts of paramecia. A great number of electron micrographs will 
be necessary before statistical variation can be evaluated and the true biolog
ical differences described. 

Dr. R. B. Lees of the Chemistry Division has initiated an investigation 
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to determine what further differences between nonirradiated and irradiated crys
tals of sodium and potassium nitrate, beyond the usual physical and chemical 
differences observed, may be detected with the electron microscope. 

SUlv1MARY 

Magnification values obtained by the use of the electron microscope 
are determined by actual measurement from an electron micrograph. A suit
able calibration specimen may be made by coating a diffraction grating (15,000 
lines per inch) with collodion, allowing it to dry, and stripping it off under 
water. The grating constant should be calculated from the replica since the 
film may become shrunken during the process of drying. 

Gold, silver, aluminum, chromium, and selenium may be used to pre
pare shadow specimens for light microscopy. The vacuum coating unit is 
used as the evaporation chamber. The metal is deposited evenly upon the 
specimen toward the source and upon the parts that are not shadowed by the 
specimen. By allowing the evaporating metal to diffuse through the chamber, 
it is possible to make unshadowed preparations. The vacuum coating unit may 
also be used to make or to renew surface mirrors for various optical instru
ments. 
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Hematology Dr. Leon 0. Jacobson 
Mrs. Edna K. Marks 
Dr. Matthew Block 
Dr. Eric L. Simmons 

, .. 

*THE ROLE OF THE SPLEEN IN RADIATION INJURY,, 

by 

Leon 0. Jacobson, Edna K. Marks, Evelyn 0. Gaston, Melba Robson, 
and Raymond E. Zirkle 

Ectopic blood formation in the spleens of mice injected y.:ith, a dose 
of 2.0 J.L c/g of radiostrontium (Sr89) as shown by Jacobson et al. tl •2) was 

--

sufficient to obviate the development of anemia even though the bone mar-
row was largely destroyed and only gradually reconstituted over a period 
in excess of 100 days. Splenectomized mice given this dose developed a 
severe anemia, recovery from which occurred only as hematopoietic 
activity of the bone marrow recovered. 

We have developed a somewhat different but related technique for 
studying the significance of the spleen in recovery from or compensation . ' 

for radiation injury. Four groups of young female mice were prepared as 
indicated in Table 2. Mice in group I were untreated controls. The mice 
in groups II, Ill, and IV were anesthetized, an incision was made in the 
left upper quadrant of the abdomen, and the spleen was brought out through 
the abdominal incision with the main .pedicle intact. Groups Ill and IV mice 
were irradiated with 600 r total-body X radiation (250 kv), and during the 
irradiation the mobilized spleens of group IV mice were placed in one
quarter-inch lead boxes with an opening for the pedicle only. The mobilized 
spleens of group III mice were placed in thin paraffin boxes which offered 
no appreciable shielding from the irradiation. The mobilized spleens of 
group II mice (operated controls) were placed in lead boxes for a period 
equal to the time that the spleens of groups III and IV animals were thus 
contained. The irradiation required approximately 12 minutes after which 
the spleens of groups II, Ill, and IV mice were returned to the abdominal 
cavity and the operative incision sutured. 

Hematologic studies were made on all four groups. Animals from 
each group were sacr)ficed at intervals for histopathologic study. 

* Aided in part by grants from 1) The American Cancer Society on 
recommendation of the Committee on Growth of the National Research 
Council and 2) Armour and Company. 
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Group 
number 

I 

II 

III 

IV 

. . .  - - .. --

Table 2 

Preparation and treatment of animals 

Number of 
animals 

15 

20 

20 

20 

Preparation of animals 

Anesthetic (Nembutal) 
Surgical mobilization of spleen 

Anesthetic {Nembutal) 
Surgical mobilization of spleen 

Anesthetic {Nembutal) 

23 

Treatment 

None 

None 

600 r total-body 
X irradiation in-
eluding spleen 

600 r total-body 
Surgical mobilization of spleen X irradiation ex-

elusive of spleen 

The mean hemoglobin, erythrocyte, and hematocrit values of group IV 

animals (lead-protected spleens) were not significantly altered when compared 
with the values of control groups I and II (Figures 4, 5, and 6). In group III 

(spleens unprotected), however, these values were markedly reduced between 
the 6th and 18th days after irradiation. The mean reticulocyte value of group 
III animals (spleens unprotected) was reduced to less than 0.1 per cent by 
2 days and remained reduced through 9 days (Figure 7). The mean retic
ulocyte value of group IV mice (lead-protected spleens) was not signifi
cantly reduced at any time; a definite increase above the normal value oc
curred between the 3rd and 14th days. The mean platelet value of group III 

(spleens unprotected) fell gradually to a minimum of 15,000 per cu mm on the 
8th day and rose to a normal value by the 18th day after irradiation, whereas 
the platelet value of group IV {lead-protected spleens) reached a minimum 
of 230,000 per cu mm on the 9th day and rose to a normal value by the 11th 
day {Figure 8). The mean leucocyte value of group Ill {spleens unprotected) 
was reduced below 1000 per cu mm by the 3rd day and remained below 1000 
through the 11th day after irradiation. The mean leucocyte value of group 
IV (lead-protected spleens) fell to a minimum of circa 2000 per cu mm 
and rose to a relatively normal value by the 9th day after irradiation {Figure 9). 

The spleens of group III {spleens unprotected) decreased markedly 
in size within 24 hours and remained thus reduced in size through the 8thday 
after irradiation. The spleens of group IV animals {lead-protected spleens) 
began to increase in size within 24 hours after exposure and by the 3rd day 
had reached approximately twice the size of the controls in groups I and II. 

The histologic studies revealed that hematopoietic tissue of group III 

animals that received 600 r was la r egly destroyed with significant regeneration 
only beginning after the 6th day. A comparable degree of destruction of 



-

24 

• 
It) 

_. 
0 
a:: 
.... 
z 
0 
() 

� 
z 
0 

z 
0 
-

.... 
ct 
a:: 
l&J 
Cl. 
0 

0 
It) 

j / 

�X 

� 
T \ IT 

.., 

• 

Ool 
• 

0 
_. 
l&J -
% 
fJ) 

0 
ct 
l&J 
..J 
+ 

� 

0 
0 
CD 

• 

, 

0 
_. 

&4.1 
-

% 
fJ) 

� 
ct 
% 
fJ) 

+ 
� 

0 
0 
CD 

• 
, 

0 

, 

('Ut3 .11d) liY�OlYW3H 

• 
Ool 

I 

I 

� 

0 
0 
CD 

"' 
"' 

r 

CD -

CD -
I 

J! 

�� 

0 
-

CD 

I 

CD 

• 

N 

IO 

N 
I 

• 
I 

Figure 4. The hematocrit values of control mice and mice exposed 

to 600 r with and without lead protection of the spleen. 
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Figure 5. The hemoglobin values of control mice and mice exposed 
to 600 r with and without lead protection of the spleen. 
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Figure 1. The reticulocyte values of control mice and mice exposed 

to 600 r with and without lead protection of the spleen. 
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hematopoietic tissue occurred in group IV animals except in these animals 
having lead-protected spleens a marked increase in erythrocytopoiesis, 
megakaryocytopoiesis, and granulocytopoiesis was apparent by 18 hours 
after exposure. This ectopic blood formation in the spleen increased 
rapidly in extent. Lymphatic tissue in these lead-protected spleens de
creased, however, as the erythro-, granulo-, and megakaryocytopoiesis 
increased. By 48 hours after irradiation the amount of lymphatic tissue 
remaining in these lead-protected spleens was approximately 75 per cent 
less than that of the controls and consisted largely of medium and small 
lymphocytes about the arterioles in the white pulp. 

SUMMARY 

In this experiment designed to study the role of the spleen in radi
ation injury the data indicate the following: 

1) Severe anemia, leucopenia, and thrombocytopenia develop in 
mice after a single dosage of 600 r total-body X radiation. 

2) Ectopic erythrocytopoiesis, in the lead-protected spleens of mice 
given 600 r total-body X radiation (exclusive of spleens), compensates with 
such rapidity and so extensively for the destruction and interruption of this 
activity in the marrow spaces that no anemia of significance becomes ap
parent. Ectopic granulocytopoiesis and megakaryocytopoiesis in the lead
protected spleens compensate significantly but at a slower pace and less 
completely for the bone marrow destruction. 

3} A marked and sustained decrease in the amount of lymphatic tis
sue is produced in the lead-protected spleens of animals given 600 r total
body X radiation. This decrease in lymphatic tissue may be secondary to a 
"crowding-out" phenomenon as a result of the major increase in ectopic 
blood formation; it appears from histologic study that a large part of the 
lymphatic tissue of the white pulp is converted directly to ectopic hema
tocytopoiesis. Other possible explanations which should perhaps be con
sidered are 1) unsuccessful competition of the �ymphatic tissue with the 
ectopic hematocytopoiesis for nutritional requirements, 2) actual indirect 
effect of radiation, and 3) a differential humoral suppression from some un
known site. 

The rapidity with which erythrocytopoiesis transfers from the X-ray
damaged bone marrow to the lead-protected spleen in the absence of anemia 
suggests that the mechanism of stimulation of erythrocytopoiesis under the 
conditions of this experiment may involve some factor or factors other than, 
or in addition to, the accepted hemoglobin-oxygen relationship. 
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This technique permits more or less exclusive protection of the 
spleen or the appendix or other visceral tissues from irradiation while 
applying various dosages to the remainder of the body. It provides a method 
of studying potential sites and mechanism of the production of ectopic 
blood formation, possible secondary effects of radiation as well as offering 
possibilities for determining the potential role of such sites in immune 
reactions, in preventing or alleviating radiation-induced hemorrhagic 
phenomena, and in the study of survival or recovery from radiation in-
jury. These aspects are being investigated in mice as well as other 
species and will be reported later. 
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Chronic External Irradiation Dr. Egon Lorenz 

Miss Margaret Sutton 

EFFECTS OF RADIATION UPON 

A TRANSPLANTED MOUSE LYMPHOSARCOMA 

by 

Joanne Weikel Hollcroft and Egon Lorenz 

In the last quarterly report* an experiment was described in which 

tumor-bearing mice were irradiated with 300 r and 10 days later were again 

irradiated with 300 r (one group receiving X rays and the other, Rn injec

tions) . This experiment proved inconclusive for the tumor started to regrow 

on the sixth day. In a subsequent experiment with 20 mice in each group, 

the 2 dosages of 300 r each were given 4 days apart. Figure 10 gives the 

effect of the two irradiations on tumor size. Eighty per cent of the X-ray

treated mice survived the second treatment, and in 5 of these mice the 

tumor has not reappeared. Only 25 per cent of the radon-treated mice sur

vived and in all, the tumor reappeared. However, as found previously the 

effect of radon on tumor regression is on the average more pronounced than 

the effect of X radiation. This may be due to the uneven distribution of radon 

and its decay products in the animal body. The greater mortality of the 

radon-treated mice probably accounts for the fact that no permanent tumor 

regression was observed in these mice. The blood response follows the 

pattern found previously, the decrease in erythrocyte and leucocyte counts 

being comparable in both groups. So far, no reason has been found for the 

greater mortality in radon-treated tumor-bearing animals in comparison 

with radon-treated nontumor-bearing animals given the same dose. Such an 

effect is not observed in X-ray-treated mice. 

In another experiment the direct and indirect effects of X rays on 

the tumor were studied. In one group of 10 mice the tumor was shielded with 

5 mm of lead during an exposure to 400 r given in a 2-hour period. In the 

second group the whole animal, with the exception of the tumor, was shielded 

and the same exposure given. The group with the tumor shielded showed no 

reduction in tumor size, while direct irradiation of the tumor gave a slight 

regression. This experifUent was repeated with the same results. For com

parison, the tumor regression curve is plotted for total-body irradiation at 

400 r (Figure 11 ) . 

* Weikel, J. and E. Lorenz: Quarterly Report, Biological and Medical 

Divisions, Argonne National Laboratory, August 1948 to November 1948, 

(ANL-4227) p. 17. 
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Figure 10. Effect of two single dosages of 300 r each (X ray or 
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RETENTION OF RADON BY THE MOUSE 

PART I. EXPERIMENTAL DETERMINATION OF BIODECAY 
AND ENERGY ABSORBED 

by 

Joanne Weikel Hollcroft and Egon Lorenz 

1. INTRODUCTION 
0 

Radon in equilibrium with its short-lived decay products presents a 
convenient source of a rays for the study of the biologic effects of these 
ionizing particles in laboratory animals and a comparison of the effects 
thus produced with the biologic effects of other ionizing radiations. In order 
to calculate the energy absorbed following radon administration, the elimina
tion rate of radon must be found. 

Shortly after the discovery of radon many papers appeared in the 
literature describing its therapeutic uses in baths, by inhalation, or by the 
drinking of radon-containing water. The early applications of radon are 
summarized by Lazarus(!), Falta(2), and Gudzent.(3) Later, more careful 
studies were made on the uptake and elimination of radon in patients, notably 
by Markl (4) and by St. Meyer .(5) Markl calculated the a-particle energy, 
and Fernau and Schmereker(6) calculated the total absorbed energy from 
St. Meyer's elimination data. However, no intensive animal experiments 
along this line have been reported. 

This paper deals with the elimination of radon from mice following 
administration of an aqeous radon solution, i.e., the biodecay, and the deter-

--

mination of the energy absorbed by the animal from the disintegration of the 
radon and its subsequent short-lived decay products. 

2. EXPERIMENTAL PROCEDURES 

35 

The radon used in the present experiments was obtained from a solu
tion of RaBr2 enclosed in a glass container in connection with a vacuum system. 
The radon that formed over the RaBr2 solution was transferred by means of 
a Toepler pump to an evacuated bulb and frozen under liquid air (Figure 12). 
The other gases formed by a bombardment of the RaBr2 solution were pumped 
off; the collection bulb was then removed from the system and an air-free 
solution of 0.1 per cent sodium citrate was drawn into the bulb. With care 
in freezing out the radon and in pumping off the unfrozen gases, 75 per cent 
to 80 per cent of the total radon formed was obtained in solution. Since for 
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Figure 12. Toepler pump used for the transfer of radon. 
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purposes of the experiment no further purification was necessary, this radon 
solution was transferred directly to a glass storage bottle (Figure 13� the 
stoppers of which were covered with citrate solution. With this arrangement 
some of the solution could be removed from time to time with a syringe inserted 
through the hole shown at the left in the figure; the liquid withdrawn was re
placed by the citrate solution flowing through the center tube. In addition to 
its displacement function, the citrate kept the RaA, RaB, and Rae in solution 
and prevented their absorption on the sides of the glass storage bottle or 
syringe. The latter was demonstrated by repeated measurements of the several 
samples taken during each experiment. 

In most experiments, however, the large stopper was removed and the 
required number of syringes filled immediately. When the syringes were filled 
in this way, they were all found to contain equal amounts of radon. 

Two methods were used to study the elimination of the radon. First, 
groups of mice were killed at certain intervals (5, 10, 30, 60, 90, 120, 180, and 
240 min.) after radon administration, sealed in glass tubes, and the Rae 'Y rays 
were measured 4 hours later, when the remaining radon was in transient equi
librium with the Rae. The animals were killed by cervical dis location to stop 
respiration promptly, so that the error in time was not more than 5 seconds. 

The second method was based upon the fact that radon is quantitatively 
absorbed by activated charcoal at dry ice temperature. After administration of 
the radon solution the live mouse was placed in a small vessel having a volume 
of about 200 cc (Figure 14). Air was drawn through the vessel at the rate of 
50 cc per minute, as measured with a flow meter, and then through a collection 
bulb filled with the activated charcoal and immersed in a dry ice-acetone mixture. 
By parallel arrangement of several such bulbs a series of exhalation samples 
could be easily obtained at set intervals of time (5, 10, 15, and 30 minutes) after 
administration. The common second bulb seen in the figure was also immersed 
in dry ice and served to collect any radon not previously absorbed. However, 
this proved unnecessary in practice as no radon was found in this bulb. The 
sampling bulbs were subsequently sealed off and the Rae 'Y rays were measured. 

Measurements of the samples were made with single Geiger-Mueller 
counters and also with multiple counters(7) in conjunction with a counting rate 
meter. (8) Both the charcoal tubes and those containing the mice were the same 
size as ampoules filled with 25 cc of standard amounts of radium chloride solution, 
which were used for comparison.* To absorb the soft-y radiation all measurements 
were taken through 3 mm of lead shielding. 

Preliminary studies were made with several strains of mice using 
different methods of administration. LAF1 male and female mice 3 months 
of age and e3H female mice 2 1/2 months of age were injected intraperitoneally 

* These standards were obtained from the National Bureau of Standards. 
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Figure 13. Glass storage bottle. 
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with 0. 5 cc radon solution. The concentration of the solution varied from 

about 1 me/ cc to 0. 5 me/ cc. The amount remaining in the mouse was deter

mined at 5, 10, 15, and 30 minutes after administration. Because of biological 

variation the measurements varied widely within each group although the mice 

within the groups were inbred, of the same sex, and approximately the same 

age. In an attempt to reduce the wide variation in breathing rate, strain A 

male and female mice were anesthetized with urethane prior to intraperi

toneal injection of the radon solution. 

To study the role which body fat might play in the retention of radon, 

AYF1 mice were used. In these the Y strain carries a yellow gene which is 

lethal when it occurs in the homozygous condition, but mice heterozygous for 

the gene are viable. The latter have a yellow coat color and a tendency to 

become obese. In mating strain A females with strain Y males a hybrid gen

eration is produced in which approximately 50 per cent of the animals have 

a yellow coat color and become obese and the rest have a brown coat color 

and no tendency to become obese. 

To determine rate of elimination after oral administration, LAF1 

male and female mice 4 months of age and C3H male mice 2 months of age 

were fed radon solution by tube. In order to assess the influence of gastro

intestinal conditions on the elimination of radon, one half of the LAF1 mice 

were deprived of food for 18 hours and water for 4 hours prior to admini

stration of the radon. 

The final studies of radon retention after intraperitoneal and intra

venous injection were made on strain A mice 3 to 4 months of age. In the 

intravenous studies female mice were used exclusively with the exception of 

one group of males used to check a possible sex difference in elimination. 

The intraperitoneal studies were made on both male and female mice. 

3. EXPERIMENTAL RESULTS 

Since the early findings (Table 3) obtained with the charcoal absorption 

did not appear significantly different from those obtained by the other method, 

they were treated throughout the study as a single group. Although frequently 

too few animals in each group were observed to draw many conclusions, 

nevertheless, the following observations can be made. The elimination rate, 

at least for the first hour, differed with different routes of administration and 

in general was higher for intravenous than for the other methods of adminis

tration. An idea of the spread of the points can be obtained by the standard 

deviations accompanying the per cent of radon retained. The amount of fat 

on the animal is a large factor in retention following intraperitoneal injections 

but a small one in retention following intravenous injection. Since the 

anesthetized mice showed as great a variation as did the others, the ure

thane apparently sufficed only to slow radon exhalation. 
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Retention of radon by mice fo!lowin1 different routea or adminiatration 

Nu•ber of 

aniaala Per cent radon retained •• 
for each Special 

Mount Method of Aao in obaerva· conaider•· 

(cc) injection Strain •onths Sox t ion t ions 5 ain. 10 ain. 15 •I n. 30 •in, 60 •in. 90 mln. 120 •in. 240 •ln. 

0.5 I. P. LAF 3 F 9 19. 3i10. 0 6.53tl4.2. 0. 37 St. 333 

0.5 I. P. LAY 3 .. 9 16.317.6 3.43tl. 96 0.877t.409 
. 

o. 5 I. p. C3H 2 1/2 F 9 19. 3i15. 6 0.478t0.391 0.192t.039 

0.5 I. P. YAI'1 5 F 7 yell OW 

40·45 I 25.3t7.8 

0.5 I. P. YAF1 5 F 7 brown 

25·30 I 2. 23t0. 16 

0.5 I. p. A 3 1/2 .. 9 aneathe· 60.2t21.2 12.St5.3 12.6t6.0 
tlaed 

1. 0 I. p. A 4 1/2 " 4 aneathe· 51. 2t26. 8 40.4t2S.4 31.H23.1 13.9t13.1 3.2t3.7 
tiaed 

0.5 Subcu. LAF1 3 l/2 F 3 34.3t5.1 1.19t.34 0.399t0.310 

1.0 Subcu. A 3 1/2 " 5 4.23t2.1 0. 281t. 270 . 004 5t. 0008 

0.5 Oral LAF1 4 F 3 deprived 11. 63t3. JS S.19t1.51 2. 4910.42 1. 605t0. 125 
food ond 

water 

0.5 Oral LAI'1 4 " 3 31.7t8.1 19.2t5.9 7.56t2.09 0.219t.068 

0.5 Oral LAF1 4 .. 2 deprived 29. 6t4. 6 5.5714.41 4.9St.06 
food ond 

water 

0.5 Oral LAI'1 4 N 2 20.6t10.3 6.16t3. 57 .7641.000 

0.5 Oral C3H 2 .. 3 16. lt9.1 9.3St.SS 2.47t0.10 2.82t2.17 0.788t0.171 

0. 5 I. v. YAF1 3 1/2 lol 3 brown 

24-27 I 0.21t0.10 

0.5 I. v. YAF1 3 1/2 II 5 yellow 

34-37 I 0.712t.84 

• Standard deviation (aee teat) 

.v Ia2 - II� 
)2 

Calculated •• CT 

N - 1 

� 
-



42 

- - ·-- -- -- - - - .. . . . ,_._ ��-- � ·· .. - .. .... - · - · · - · ·  ·---- · ·  . .. . - . . . .. . . .  - . .. . . . . .  · - - - . . . . . . .. . . .. . .. 

The composite results of the more intensive intraperitoneal and 
intravenous experiments (Table 4) provide a suitable basis for the analysis 
of the time curves of elimination (Figure 15) and calculation of the radiation 
dose. 

For dosage determination it is of primary interest to know the 
number of radon atoms disintegrating in the animal with a certain d:�ree 
of accuracy. This number of disintegrations is given by D = Na /: e f(t)dt 
where N is the number radon atoms originally injected and N f(t) is the 
amount present at any time; f(t) is dependent on the absorption of the radon 
by the tissues, as well as the breathing rate and pulse rate and will therefore 
differ greatly with the method of administration. f(t) can be found by a 
graphic method of analysis such as that described by Smith and Morales. (9) 
By this method the equation for the retention after intravenous injection was 
found to be 

f(t) = 91.82 +2.3t -.062t - .012t 
e +7.8e +0.38e 

and that for intraperitoneal injection 

f(t) = 80 -0.184t -.0387t -.023t 
e +17e +3e 

Depending upon the number and relative distribut;ons of the experi
mental points, however, the constants in the above equation may be subject 
to considerable error, and a comparison was therefore made between the 
curves so predicted and those computed by another method, namely that de
scribed by Cornfield. (1 0) For the latter, the integral was divided up into 
small intervals and the sum taken: 

hbj+1 -A.t D = NA.�; e f(t)dt, where f(t) -t. 
J 

-b ·t a .e J 

J 

is evaluated from the experimental data at time 5, 10, 15, 30, 60, 120, and 
240 minutes .  

In case of the intravenous injection, D was calculated for the average 
to be 2.50 x l 0-4N by the method of summation and 2.45 x l 0-4N by the use 
of the equation fitted by the Smith-Morales method. The agreement, there
fore, is within 2 per cent, which appears to fall well within the error of esti
mate, namely 7.8 per cent, obtained for D when the latter is calculated in 
terms of the number of observations made (see Cornfield, loc. cit.). In the 
case of the intraperitoneal injection, the respective values of D were calcu
lated to be 1.30 x 10-3 N and 1.35 x 10-jN which amounts to a difference of 
about 4 per cent. 



Table 4 

Radon retention in strain A mice 

Intraperitoneal injection Intravenous injection 

Number Number . 

Time of Time of 
(min.) animals Per cent radon Standard deviation (min.) animals Per cent radon Standard deviation 

5 29 43.4 14.8 5 10 6.014 2.24 

10 18 34.8 21.6 10 10 4.035 1. 24 

15 27 17.2 11.0 1 5  6 3. 13 
. 

1.41 

20 3 12.7 7.3 3 0  17 1.59 1. 02 

30 27 6.4 3.9 60 20 0.387 0.246 

60 17 2. 87 2.36 120 16 0. 103 .0178 

• 

120 12 0. 224 0.435 180 12 . 043 .0225 

240 5 0.022 .005 240 4 .021 .005 
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Figure 15. Time curves of elimination of radon by mice. 
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The method of summation was also used to estimate the number of 
radon atoms disintegrating when either the maximum or minimum values of 
retained radon were taken. For the intravenous injections this maximum 
was 4.48 x 10-JfN, or 63 per cent more than the average number of radon 
disintegrations, and the minimum was 1.43 x 1 o-4 N, or 48 per cent less than 
the average. For the intraperitoneal injections the extreme cases gave a 
maximum of 2. 50 x 1 o-3 N, or 90 per cent more than the average, a minimum 
of 9.24 x 10-JtN, or 20 per cent less than the average. 

4. CALCULATION OF RADIATION DOSE 

Because the radon is eliminated so rapidly by exhalation and only a 
small per cent of the radon atoms disintegrates in the animal, a tremendous 
amount of radon would be necessary to provide ene'rgy sufficient to produce 
readily noticed biologic changes, if radon alone is given. Therefore, all 
injections were made with radon in equilibrium with its short-lived decay 
products, and hence, the dose mainly originates from the RaA, RaB, RaC, 
and RaC1• From the known energies of the a and f3 particles, which these 
elements emit, the energy absorbed can be readily calculated. I£ per gram 
of mouse, M millicuries of radon in equilibrium with its decay products are 
injected into an animal, 9.91 x 109M atoms of RaA per g, 8.88 x 1010 M atoms 
RaB per g, 6.44 x 1010 M atoms RaC and 52.2 atoms RaC1 per g are also 

injected. The energy from the complete disintegration of these short-lived 
decay products totals 2.39 x 106M ergs per g tissue. This assumes use of 
an average energy of the f3 particles equal to 1/3 maximum energy. 

In addition, however, the radon decaying through the subsequent 
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stages also contributes to the dose. The total number of radon atoms dis
integrating in the mouse after intraperitoneal injection was 1.30 x 10-3 N or 
2.38 x 1010 M atoms per g tissue as estimated from the average radon re
tention. In this case the ionizing radiations from the radon and its subse
quent decays through RaC1 add 7. 8 x 105 M ergs per g to the dose, bringing 
the total energy absorbed in the mouse to 3.17 x 10°M ergs per g. Likewise, 
the average radon retained after intravenous inJection contributed 1.495 x 105M 
ergs per g, making the total energy absorbed amount to 2.54x 106M ergs per g. 
Hence, the retained radon and its subsequent decay products contribute 24.6 

per cent to the total energy in the case of intraperitoneal inJections and only 
5.9 per cent of the total energy in the case of intravenous injections. 

The spread in the absorbed energy can be obtained from the number 
of disintegrations as calculated from the extreme values of the retained 
radon. When the energy calculated from these extreme values of the radon 
retained is added to the energy of the short-lived decay products, it is found 
that in the case of intraperitoneal injections the maximum energy absorbed 
is about 29 per cent more than the average, and the minimum is about 23 
per cent less than the average while following intravenous administration, 
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the maximum is about 4 per cent more than the average and the minimum is 
about 2 per cent less than the average energy absorbed. Further, the error 
in the estimation of the average energy absorbed following intravenous in
jection can be determined from the error in the estimate of radon disinte
grations, D, !·�·· 7.8 per cent as given above. Since radon contributes 5.90 
per cent of the total energy absorbed following intravenous injection, the 
error in the total becomes about 0. 5 per cent. 

5. DISCUSSION 

As was expected both from the nature of the system and the shape 
of the curves, the most reasonable empirical expression for the retention 
appeared to be an exponential sum. The number of points taken along the 
time axis limited the number of determined biologic decay constants to 
three. An additional constant might have been determined for the initial decay 
if the curve as a whole had been considered, however, the part of the curve 
from 0 to 5 minutes was arbitrarily drawn. The curves differ greatly in 
slope during the first two hours but approach each other during the third 
and fourth, showing that the radon is not trapped in either case and that 
the end elimination processes are alike. 

Judging from the studies of Smith and Morales (11) on inert gas 
exchange, the first constant (2.3) found for the intravenous retention curve 
largely represents the rate at which the radon is being eliminated from the 
vascular fluid spaces, while the second (0.06) and third (0.012) probably 
reflect the rate at which it is being removed from" aqueous tissues" or 
muscle and the fat depots. However, this would require that the radon had 
reached maximum concentration in the tissues almost immediately, a cir
cumstance which is very improbable especially in the case of the highly 
absorbing but poorly vascularized fat regions. Further indications of this 
failure to reach equilibrium may be adduced from the relative magnitudes 
of the coefficients. For an equilibrium to have been achieved, the coefficients 
of the second and third terms should have reached much higher than those 
obtained, if only by reason of the high fat solubility of radon. 

In the expression for the retention following intravenous injection, 
the initial constant of 2.3 is large in comparison with the elimination constant 
of 0.66 as found by Underwood and Diaz(12) working with dogs. Although the 
two are not strictly comparable since Underwood and Diaz did not analyze 
their curves beyond the first 5 minutes, the difference in constants may be 
indicative of the difference in species. The initial constant should depend 
upon the efficiency of the cardiovascular and respiratory systems since the 
radon is eliminated mainly by exhalation. The pulse rate of mice varies 
greatly and as measured by Oppenheimer(l3) is 500 to 800 counts per minute 
while in dogs it is from 70 to 80 per minute. Likewise, the breathing rate 
is different in the two species. 

l 
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Underwood and Diaz found no variation in elimination rate when either 
cardiac output or pulse rate was varied. However, in the present study, the 
mice anesthetized with urethane showed a definite decrease in radon elimina
tion; this may be attributable to a reduction in lung ventilation rate or circu
lation time, although urethane is reported not to decrease the pulse rate. ( 13) 
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The constants in the expression for retention following intraperitoneal 
injections are even more difficult to evaluate as considerable time is required 
for the radon to be absorbed from the peritoneal cavity. They perhaps can be 
considered best as a complex sum of the elimination and absorption constants. 
At any rate they, too, are governed mainly by the interaction of radon with 
the blood and various tissue components. The use of the intraperitoneal 
injections introduced a process of radon absorption from the peritoneal 
cavity by the blood which was an additional process to those taking place fol
lowing intravenous injections. It is perhaps noteworthy, however, that the 
coefficients of the two lower decay terms in the intraperitoneally-injected 
groups are larger, especially the third term, than the corresponding values 
for the intravenous groups. This would appear to indicate a greater degree 
of fat time absorption in the former. 

Similarly, the fact that obese yellow AYF1 mice retained more radon 
than did the brown AYF1 mice supports in some measure the suggestion that 
the last decay constant is governed by the gas exchange with the fatty tissue. 
As radon is more soluble in fat than in water (it is 125 times more soluble 
in olive oil than in water at 37°C(l4)) this radon retention in the fat is to be 
expected. It is also to be expected that the fat retention of radon would be 
greater when the radon is introduced into the peritoneal cavity for there the 
radon comes in contact with the abdominal fat and its absorption in this tissue 
does not depend on the blood supply to the tissue as a carrier. 

In the dosage calculation, the energy from the -y rays was not taken 
into account because the total -y-ray energy is only 1 per cent of the total energy 
emitted by radon and its short-lived decay products, and little of this -y-ray 
energy is absorbed in the animal. Also the possibility that RaA, RaB, or RaC 
is excreted from the animal has been eliminated by measuring the RaC in the 
animal immediately after death. 

In the studies done on strain A mice (following intravenous and intra
peritoneal injections), it is seen that the total dosage varies greatly with 
variations in radon retention after intraperitoneal injection but only slightly 
after intravenous injection. Because of the rapid exhalation of the radon 
immediately following intravenous injections, the radon contribution to the 
total is small so that variations do not matter. It is, therefore, advisable to 
inject the radon intravenously when studies of the radiation effect are to be 
made. For this reason the error in the estimation of D was calculated only 
for intravenous injections. 
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From the calculations of the radon contribution to the total radiation 
dose it can be seen that a 50 per cent error in the estimate of the radon 
retention will yield only a 3 per cent error in dose calculations. Therefore, 
to determine the radon disintegrations within 50 per cent only five animals 
are needed. 

While the total energy absorbed in the mouse can be calculated 
accurately, the conversion of this energy into equivalent roentgens may be 
misleading. In making such a conversion it is assumed the radioactive 
elements are evenly distributed through the body; this is probably not true. 
The path of an a particle from Rn, RaA, and RaC1 has a range from 41 to 
7 1  J..L in tissue(15), and a localization of the radiation is probable. More 
studies must be made to determine the distribution of radon and its decay 
products throughout the body, as well as to determine the LD50/30 days for 
radon thus administered versus LD50/30 days for externally-administered 
X rays. 

6. SUMMARY 

Apparatus for obtaining an aqueous radon solution has been described, 
and methods for determining the retention of radon in the mouse following 

several modes of administration have been given. The retention curves and 
their empirical expressions showed that the method of administration determined 
the initial elimination rates. Three separate constants were found for elimina
tion after intravenous and intraperitoneal administration, and total energy 
doses have been calculated from the determined radon disintegrations in the 
mouse and the known particle energy. 
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RETENTION OF RADON BY THE MOUSE 

PART II. METHOD OF ESTIMATING BIODECAY 
FROM EXPERIMENTAL DATA 

by 

Jerome Cornfield ->E-

l. INTRODUCTION 

In Part I of this paper a method of estimating the average number 
of atoms of radon disintegrating in a group of mice was used. It is the 
purpose of the present paper 1) to derive this method, 2) to develop a pro
cedure for estimating the random error of this method, and 3) to indicate 
how these results may be applied to the planning of experiments. The 
radioactive gas referred to in the body of this paper is radon although the 
methods are of general applicability. 

2. METHOD OF ESTIMATION 

The problem of estimating the number of atomic disintegrations to 
which an animal injected with N atoms of radon is exposed may be formulated 
as follows: The decay curve of radon is gjven by 

-At Ne 
-6; 

A= 2.085 x 10 sec (1) 

The number of atoms disintegrating in the time interval tot is con
sequently given by 

d (Ne-At) 
dt 6t (2) -

If an animal indefinitely retained all the radon injected, the number 
of disintegrations would be given by 

oo -At D = fo NAe dt (3) 

The radon injected is lost very rapidly, however. Smith and Morales (1) have 
shown that the percentage of a stable inert gas retaiped can be described by 
the function f(t) = L ae- bt, where a and b are unknown constants depending on 
experimental conditions. The number of atoms of a radioactive gas retained 

* Present address: National Institute of Health, Bethesda, Maryland. 
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at time t would consequently be 

and the amount of biodecay or the number of disintegrations 
?J -A.t 

D = NA. )0 e f(t) dt 

(4) 

(5) 

It would, therefore, be possible to fit f(t) to the experimental data 
on per cent of radon retained and from equation 5 then estimate the value of 
D. This procedure seems undesirable for the following reasons: 1) An exact 
fit of f(t) is very laborious(2) and even a graphical approximation may be 
time consuming. 2) The determination of the constants a and b is at best 
subject to a considerable error. 3) No method is available for estimating 
the error of D when so computed. For these reasons it seems desirable 
to develop some other procedure for estimating D. 

For that purpose we may proceed as follows: for equatjon 5 write 
.2:: ti+ 1 -A. t 

D = NA. i ( e f(t)dt (6) 
it. 1 

Between the limits ti and ti+l assume that f(t) can be represented 
by a single exponential 

-b·t f(t)= a-e 1 
1 

and on integrating, we obtain 

so that 

D = NAT 1 te-A. tif(t· )-e -A.ti+ lf(t. )] b·+A. 1 1+1 1 
Because A. is small relative to b. we may write:* 

1 

bi + A. =bi 

(7) 

(8) 

(9) 

Furthermore, by equation 4 e -A.t f(t) is the actual percentage of radon re
tained in an animal at time t. If we substitute for this expression, Y t• the 
experimentally observed percentage at time t, equation 9 becomes 

� 1 
D = NA. 1 b. (Y t· - Y t· + 1) 

1 1 1 

* This assumption may require modification if the present method is 
applied to radioactive gases with very short half-lives. 

(1 0) 
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Furthermore, by virtue of equation 7 

b.= 
loge Yti- loge Yti+l 

1 

so that equation 10 becomes 

(11) 

(12) 

Equation 12 permits us to estimate D directly from the observed values of 
per cent radon at time t, without recourse to any intermediate process of 
curve £i tting. 

Table 5 illustrates the application of equation 12 to the computation 
of D, using data of the previous paper. The assumption made in equation 7, 
that two successive points can be connected by a single exponential component, 
introduces a negligible error for all time intervals but that from 0 to 5 min
utes. During that period the biodecay of radon may be too rapid to be ade
quately described by a single exponential component. For this reason an inter
polated value has been inserted for t = 2. 

On this basis the value of D becomes 1.30 N x 1 o-3• For contrast, the 
value of D obtained from 

f(t) = 80 e -
.18369t + e -.03873t + 3e - .02268t 

fitted by graphical methods, is 1.35 N x 10-3, a difference of about 4 per cent. 

It is of some interest to compare the result obtained in the first 
time interval (0 to 2 minutes) by the use of one exponential component with 
that obtained when two such components are used. The general procedure 
for obtaining an estimate with two components is: 1) A single exponential 
component is fitted to the data for t3 and t4 (in this case 5 and 10 minutes) 
and extrapolated back to t1 and tz (0 and 2 minutes). This provides the 
first component. 2) The difference between the extrapolated values for 
t1 and tz and the actual values for t1 and tz, when fitted by another single 
component, provides the second component. 3) Each of these components 
is then treated as before to provide an estimate of D in the first time in
terval. 

Such a computation is shown in Table 6 for the results of intraperi
toneal injections. It is of interest to note that the entry in column 15, 400.3, 
differs by less than 1 per cent from the result obtained for this time interval 

J 



(1) (2) 

• t 1 

(minutes) 

1 0 

2 2 

3 5 

4 10 

5 15 

6 20 

7 30 

8 60 

9 120 

10 240 

11 00 

. 

. . 

• 

Table 5 

Number of disintegrations of radon 
intraperitoneally injected into mice 

(3) 

L: 
D = NA.i (t. 

l 1+ 

(4) 

) Yt. - Yt. 1 - t. 1 1+ 
1 

loge Y t./ Y t· 1 

(5) 

1 1+ 

(6) 

y t· 1 log10(3) t. 1 1+ 
- t 

• 

1 

y - Y ti ti+l 

(observed) 

100.0 2.000 2 24.26 

75. 74* 1.879 3 32.32 

43.42 1. 637 5 8. 65 

34.77 1. 541 5 17.57 

17.20 1.235 5 4. 53 

12.67 1.102 10 6.23 

6.44 . 808 30 3.57 

2. 87 .457 60 2.646 

0. 224 - . 649 120 .2024 

0.0216 -1.665 120t .0216 

0 

(7) 

loglo y t· 
l -

log10 Y t. 1 1+ 

.120 

.242 

. 095 

. 305 

.132 

.293 

. 351 

1.107 

1.015 

1.015t 

Total 

D = NA. 
2399.3 X 60 
100 X 2.3026 

- 1.30Nx 10-3 -

53 

(8) 

(5)x(6) 
(7) 

402 

399 

452 

287 

170 

212 

305 

143 

23 

2 

2399 

* Not observed - interpolated value. 

t Repeat preceding entry. The entries on line 10 are the calculated con
tribution to biodecay after 240 minutes and are obtained by extrapolating 
the exponential component connecting t = 120 and t = 240 to t = 00. 

The reason for the conversions is as follows: We divide by 100 because 
Yt has been computed as a proportion rather than a per cent. We multiply 
by 60 because ti is measured in minutes while A is number of disintegrations 
per second. We divide by 2.3026 because the log of Yt has been taken to the 
base 10 whereas 12 calls for logs to the base e. 



(1) (2) (3) 

i t 
I 

yt 

1 0 100.00 

2 2 7 s. 74 

3 5 43.42 

4 10 34.77 

Table 6 

Estimation of number of dieintecrationa for the first time interval when two exponential components are u1ed • 

intraperitoneal injections 

(4) (5) (6) (7) (8) 

antlloa(5) (3)-(6) loa (7) 

log Yt log Y t, lot y t. lot y t. 2nd loa Y t. 2nd 

component component component component 

--- 1. 7 34 • 54.22 45.78 1.660 

--- 1. 695 t 49.61 26. 13 1.417 

1.637 --- --- --- ---

1 .  541 --- ---
--- -

--

(9) 

ti 

2 

--

-
-

--

(10) ( 11) (12) 

loc Y t. 1at yt. 1at loa y t. 2nd 

component component component 

.038 
-

--

---

---

t2 - t3 ...... ___ .,_ • 1. 637 
t4 - t3 

4.61 . 243 
---

---

--- ---

--- ---

10·0 + 1.541 � 
10-5 5 

10-2 + 1.541 � 10-S 5 

( 13) 

yt• 2nd 

component 

19.65 

---

---

---

(14) (15) 

(11)+( 13) 
(10) (12) (9) " ( 14) 

200 . 400. 
• 

- -- ---

--- ---

--- ---
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when one component is used (Table 5). In the case of intravenously-injected 
radon, however, the decline in per cent of radon is so rapid that the two 
methods yield different results. Using one component, Dis estimated to be 
2. 75 N x 10-4, as contrasted with 2.50 N x 10-4 when two components are 
used for the first 2 minutes. For contrast, the value of D obtained from 

f(t) = 91.82 e -2.3026t + 7.80 e -.06217t 
+ .38 e -.0115l t 

-4 fitted graphically, is 2.45 N x 10 . The estimate of D obtained by the pres-
ent method, therefore, agrees to within 2 per cent with that obtained by use 
of a fitted curve, when an observed value for t = 2 is obtained, and when two 
exponential components are used for the first 2 minutes. 

3. THE ERROR IN THE ESTIMATE OF D 

We define the error of D as its root mean square error and denote 
it by aD· The probability that the limits D.±. 3 o0 include the true value of 
Dis approximately 997 in 1000. For simplicity \lve shall assume that only 
one exponential component is used for the first tjme interval. Since D is 
a nonlinear function of the observed Y 's it is not possible to derive an exact 
expression for its root mean square error. The method we shall follow con
sists of expa,nsion in Taylor series and disregarding higher powers of the 
increments. t3) 

If in equation 12 we denote 

(Y. - Y. 1 )/ log Y i 
1 1± y i+l 

by z. 
1 

we may, by expanding in Taylor's series write, 

or more briefly 

(Y/ Yit( 1)- log Y/ Yi+l 
logz y / y i+1 

1:!. Z. = K.16 Y. + K. 2 1 1 1 1 

6 Y. 1 1± 

(13) 

(14) 

(15) 
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(6Z)z = K� (AY _)z + Kz. (AY )Z 2K K AY AY 1 11 u 1 12 t.:> i+1 + i1 i2u i u i+l 

If we denote the expected value of (6z.)Z by E(6.Z.)z, 
1 1 

+ 2 K.1K.2 E(b.Y.6Y. 1) 1 1 1 1+ 

But it is known (3) that 

(16) 

(1 7) 

(18) 

where 1)i = the number of animals observed at time i. 

oi = the standard deviation of the per cent retained at time i. Also 

E ( 6.Y . 6.Y . l ) = 0 
1 1+ (19) 

since the observed average per cent retained at successive time periods are 
independent of each other. From equations 12, 17, 18, and 19 we may then 
write 

(20) 
+ 2 �(t. l - t.) (t. 2 - t. 1) E (6.Z.�. 1)) 1 1+ 1 1+ 1+ 1 1+ 

By multiplication we find 

E(6.Z.6.Z. 1) = K.2K(. 1)1 E (6.Y. l)Z 1 1+ 1 1+ 1+ (21) 

After substitution in equation 20 and some rearrangement of terms, 
we find 

where 

K. 1 =[log Y./Y. 1- (1- Y. 1/Y.))/logz Y./Y. l 1 1 1+ 1+ 1 1 1+ 

K(. 1)2 = [(Y. 1/Y.- 1)- log Y. 1/Y.)/logz Y. 1/Y. 1- !- 1 1- 1 1- 1 

(22) 

• 

• 

• 
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For purposes of Part I of this paper the computation of OD for intra
venous injections is sufficient. It is illustrated in Table 7. Its value is 
1.964N x 10-5 or 7.8 per cent of D. This is the root mean square error in 
the determination of the average value of D. By itself it provides no in
formation on the extent to which any one animal will deviate from this 
average. This question is considered in the next section. 

4. APPLICATION TO THE PLANNING OF EXPERIMENTS 

The most obvious use of equation 22 is in the calculation of the error 
of an estimate of D after an experiment has been completed. It is also useful, 
however, in planning two aspects of an experiment before the experiment is 
actually started: 1) How many animals are required to achieve some pre
determined level of accuracy? 2) How should this total number of animals be 
allocated among the different time periods so as to achieve minimum root 
mean square error for a fixed total number of animals? 

It is convenient to start with the second question. It will be noted 
that the expression for ob equation 22 is not an explicit function of the total 
number of animals but rather of the individual numbers at each time period, 
T) i. This suggests that a particular allocation of the TJi among the various 
time periods may result in the smallest possible value of o D. These optimum 
allocations(4) may be most easily found by the method of the Lagrange mul
tiplier(S). since we wish to minimize o D subject to the condition that ZT)i is 
equal to some fixed total number of animals, say T). We, therefore, write 

;)X -- -;) T) 0 1 

2. 
() ·  

1 

T)� 
((t. l -to) K.1 +(to-t. l ) K(. l)2)2 + 

J.1. 1+ 1 1 1 1- 1-

If we set ;) X f. d ()T)i =o,we 1n 

and since LT)o = n 1 

a . ( ( t 0 + l -t 0 ) K ol + ( t 0 - to l ) K( o l ) 2) 
1 1 1 1 1 1- 1-

(23) 

(24) 

(25) 

(26) 
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(1) 

(2) 

( 3) 

(4) 

( 5) 

(6) 

( 7) 

(8) 

(9) 

(10) 

(11) 

( 12) 

(13 ) 

( 14) 

( 15) 

(16) 

(17) 

( 18) 
• 

(19) 

Arithmetical 
operation 

log 10( 4) 

(6) ( 4) 

(7) - (8) 

( 7)2 

(3)x(9)/( 10) 

( 6 >� [( 4) one 

column to riaht] 

(12) - (7) 

(3)x(13)/(10) 

(11)+((14) one 

column to 1e f t] 

(15)2 

(16)x(17)/(18) 

Ala:ebraic 
operation 

j 

t . 
' 

6t j 
Yj 

loa 10 Y· ' 

6yj 
2.30266!ocloYj 

6Y/Yj 

6!oc Y· -6y.jy. e J l l 

(61oceY i) 
2 

6t jltj I 

6y/Yj+1 
6y.jy . •  1-6tog y. 

J l e l 

6tjltj 2 

6tjKp• 

6t
J

-1x(i-1)2 

(T, 
J 

2. 

nj • 

• Taken from previoul paper 

•• Zero by definition 

t Arbitrarily chosen 

Calculation of u0 for intravenous injection 

1 

0 

2 

100. 

2.000 

91.824 

2.50 

.91 

1. 58 

6.26 

0 so 

11.23 

---

8.72 

2.78 

.so 

0 25 

0 •• 

2 

2 

3 

8.176 

.912 

2.162 

.31 

0 26 

.04 

.09 

1.35 

.35 

---

0 05 

1.66 

4 0 14 

17 0 15 

10.24 

1 t 

17 5. 63 

3 4 

5 10 

5 5 

6. 014 4.035 

.779 0 60 5 

1.979 • 90S 

.39 .2$ 

.32 .22 

.07 .02 

0 15 .06 

. 2. 19 2. 30 

.49 0 26 

---

.09 .03 

2.86 2.72 

3.86 50 17 

14.93 26.72 

5.01 1.79 

10 10 

7.49 4. 79 

�N.:......;x::....;A.:....:x::....:6:..:0:......:x'--"V-'2:..;4:...4:...:._,9:..:.9 <TD • 
100 

• 1.964 N x 10"5 

<TD /D • . 0785 

Time 

s 6 

1S 30 

15 30 

3. 130 1. 592 

0 495 .201 

1. 538 1. 2055 

0 67 l. 41 

0 49 0 7 5 

.18 .65 

.45 2.00 

6.06 9.85 

0 96 3. 19 

.29 1. 78 

9.51 26 .69 

8.78 19.37 

77.18 375.41 

1. 98 l. 04 

6 17 

25.57 22.97 

p�r iod 

7 8 9 

60 120 180 

60 60 60 

.3865 0 10 30 .0430 

-.412 -.987 -1.366 

0 2835 .0600 . 0212$ 

1.32 .87 .68 

.73 0 58 .49 

0 58 .29 0 18 

1. 74 .76 .46 

20.20 22.88 24.20 

2 0 7 5 l. 39 .97 . 

1. 43 0 52 0 29 

49.06 41.02 38.15 

46.90 71 0 94 65.23 

2199.90 5176.25 4255.45 

.061 0 005 .0005 

20 16 12 

6.70 l. 61 0 17 

L • 244.99 

' 

10 

240 

---

0 0217 5 

-1. 662 

---

---

---

---

---

---

---

---

---

38.15 

1455.78 

0 000029 

4 

.01 

01 
Q) 



If we now substitute this expression for 7Ji in equation 22, we obtain 
the value of aD when optimum allocations are used. 

NA. L: [( .r:: .a. t. 1 Vll 1 1 1+ 
- t.)K.1 + (t.- t. 1)K(. 1)2] 

1 1 1 1- 1-
(27) 

From the data in Table 7 and the fact that D = 2.50N x 10-4, we may 
calculate that a n/D = 0.361/ Vri when optimum allocations are used. This 
result can now be used to estimate the number of mice required if, say, 
the experiment were to be repeated or another experiment with similar re
tention and animal variation were to be undertaken. If we wish to assume 
(P = .003) that an actual estimate has an error not in excess of 50 per cent, 
we may write 

3 X 0.361 
Vn 

- .5 or n '">l 5 

Thus, 5 mice will provide an estimate of D that will have an error in excess 
of 50 per cent only 3 or 4 times in 1000, when the mice are optimally al
located among the different time periods. 

If we wish to compare the value of D for two different groups of mice 
and detect any difference in excess of 50 per cent, the root mean square error 
of the difference is 

Writing . 3 61 {2 x 3 = . 5 
Vn 

n -v 10 

. 361 f2 

Vn 

Each group should thus include 1 0 mice. 

From equation 26 and the data in Table 7 we can calculate that the 
optimum allocation of the 10 mice in each group would be 2 at 2 minutes, 
1 at 5, 1 at 10, 1 at 15, 2 at 30, 2 at 60, and 1 at 120. 

It is also possible to obtain some approximate idea of the extent 
to which any one animal is likely to have a value of D which deviates from 
the average value for a group of animals by use of the expression 

a 0/n = o.361 /vn. 

If we let n = 1, we have the root mean square as a percentage of the mean 
for a sample of 1, or the coefficient of variation of the original distrjbution. 
If we assume that the distribution of mice by the value of D is log normal, 
we should expect about 99.7 per cent of all animals to have values of D within 
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1 
{1 + 3 x .361) per cent and 

1 + 3 x .361 
per cent of the group mean. To the 

extent that the assumed distribution applies, therefore, only 0.3 per cent 
of the mice would have individual D's more than twice the group mean or 
less than half of it. A general check on the order of accuracy of this cal
culation can be obtained by computing D using first the highest per cent 
retention observed at each time period and secondly the lowest per cent 
retention observed at each time period as given in the preceding paper. 
This yields upper and lower limits of 63 per cent above and 48 per cent 
below the group mean. Even if the assumption of a log normal distribution 
is correct, however, the present estimate should be considered only an 
approximation, since under such circumstances aD should be calculated 
from the logs of the observed per cents retained, rather than the original 
values. 

5. SUMMARY 

A method has been developed for estimating the number of disin
tegrations under conditions of elimination {biodecay) which appears to have 
general applicability {equation 12 and Tables 5 and 6). A description for a 
method of estimating the error of such an estimate {equation 22 and Table 7) 
is also given, and the application of the error formula to the planning of 
future experiments is discussed. 
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The survival data for young mice, subjected to varying single dosages 
of X rays* were found suitable for 1) determining the 2.0-day LD50 and associ
ated confidence interval for each of 8 shipment groups, 2.) testing for signifi
cance the variability between shipments, and 3) computing, with confidence, the 
LD50 expected for a similar population of mice. 

Regression coefficients and corresponding standard errors of the 
dosage-mortality relationship for individual shipments and for the combined 
group were obtained by the methods of probit analysis. These results are 
listed in Table 8 (and see Figure 16). 

Shipment** n b +a b -

D 94 .014 + .002. 
-

E 64 .019 + .004 
-

F 79 . 014 + .002 
-

G 45 .017 + .005 
-

H 80 .014 + .004 
-

J 112 .010 + .002 
-

K 78 . 013 + .004 
-

L 94 . 006 + .002 
-

Combined 
shipments 915 .0132 + .0016 

-

Table 8 

azx10-5 a+a b - a 

1.175 4. 796 + .447 
-

1.649 5.153 + .500 
-

.461 5.396 + .447 
-

2.092 5.104 + .574 
-

1.469 4.942 + .447 
-

.393 5.622 + .378 -

1.637 5.142 + .447 
-

.548 5. 239 + .409 
-

.2491 5.098 + .3536 
-

a z a 

. 2.00 

.250 

.200 

. 333 

. 2.00 

.143 

.200 

.167 

.125 

LDso +a 
LD -

50 

(r) 

590.1 + 11.5 
-

576.7 + 10.1 
-

536.6 + 12.6 
-

516.7 + 12.8 
-

539.5 + 12.2 
-

516.3 + 18.8 -

594.4 + 13.3 
-

536.7 + 30.1 
-

559.9 + 3.81 
-

aLD�o 

(r) 

132.65 

102.57 

158.96 

164.62 

147.96 

353.40 

176.19 

903.82 

14.79 

* Tyler, S.: Quarterly Report, Biological and Medical Divisions, August to 
November 1948 (ANL-4227) p. 36. 

** Groups having zero or one hundred per cent survival were omitted in the 
analysis by shipment. 
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To test the homogeneity of the regression lines, an analysis of vari
ance, testing the ratio of the variance about the regression lines (VYw) to the 
residual variance of Yw• the weighted pro bit (V"" Yw)' was performed. (1) 

� (Lnw {y -y )2- [Lnw(xs-xsHYws 
-ys)] ws s 

Vyw= D  �nw(x5-xs)2 (l) 

where Yw = the weighted probit, 

D 
.L (N - 2) 
L s 

Ns = the number of animals in shipment s, 

y s = the mean of pro bit value of shipment s, 

xs = the mean dose of shipment s, 

w = the weight necessary for homoscedacity. 

To find the residual variance of y , the variance about a regres�ion 
w line calculated from the combined data of all the shipments was found r.t 'yw). 

V
' = L.' nwyzw -

Yw 
(L.nwyw)2 

_ 

()' nw{yw -y)(x-x) ]2 

>: nw ;> nw(x-x) 

where y is the mean probit of the total data and 

NT is the number of shipments. 

(2) 
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The residual variance of y , (V' y ), is obtained by finding the difference 
between the sum of squares of V y 

w
and V �v , and dividjng this quantity by the dif

ference between the degrees of fr�edom a��ociated with the two variances. 

L 
Vy 2: (Ns-2) - V" (N -2) Yw T V"' = w D 

Yw ----�------�-- ------------

L 

� (Ns-2) - (NT-2) 

(3) 

Computing the variance 
occurring by chance is found. 

ratio V Yw = F, the probability of such a ratio 
v ... Yw 
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Table 9 

. .  

Computation of F 

Source of 
Sum of squares Degrees of 

variation freedom 

From indi- V Yw[ �(Ns-2)] � (Ns -2) 
vidual re-

• gress1on 
lines 

From re-
V Yw(NT-2) N -2 

• 
T 

gress1on 
line of to-
tal shipment 

Residual Yyw[>..: (Ns-2)] (�(N -2)] s 
-v (N -2) Yw T - (N -2) T 

Mean square F p(2) 

v 
Yw 

V' 
Yw 

V"' Yw 

Vsw Fisher 
v ... and Yw Yates 

Yy (J: (Ns-2)] -V' (NT-2) 
= w Yw 

(�(N -2)] -(N -2) s T 

By substituting the values obtained in this experiment in Table 9, we 
obtain the following table of results. 

Table 10 

Source of Sum of Degrees of Mean 
variation squares freedom square F p 

From individual 
regression lines 48.4621 24 2. 0193 1.3713 ).20 

From regression 
line of total ship-
ment 21.9575 6 3.65 

Residue 26.5046 18 1.4 725 

The probability P for n1 = 24, nz = 18 is found to be greater than 20 per cent; 
therefore, the differences between individual shipment trends are insignificant. 

The trend for the combined groups is given by the regression line 
Y = 5.098 + 0.01317 (x- 567.38), and the LD50 for 20 days after treatment 
is 559.94 + 3.846 r. 

-

r 
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2. A MATHEMATICAL NOTE ON THE CALCULATION OF THE 
MEAN RADIAL LENGTH OF RADIUS VECTORS FROM A CENTRAL 
POINT IN CERTAIN REGULAR GEOMETRIC SOLIDS. 
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Given a closed area A in two-space and an arbitrary point P within or on 
the bounding curves (called the central point), it is possible to consider the set 
of all radius vectors from P (r ... , e ... ) to the boundary curves of A. Mathematically, 
the characterization of the" mean" length of the members of this set is simple. 
The mean radial length r1 {A,P) is given by 

ez Bz 
r1 = fe p(r,e)d elfe dB 

1 1 

< < e 1 = e =e z (4) 

where p (r ,e) is the general expression in polar coordinates for the length of 
any radius vector from P to the boundary curves of A. (pis non-negative.) 
Similarly, for S a  closed solid in three-space, the mean radial length of all 
radius vectors from any arbitrary point P within or on the boundary surfaces 
of S to the boundary surfaces of S is given by: 

- Wz ( I Wz ¢ e 
. I ¢ z e z . rz = £ p r ,e,¢ )dw L dw = r� z fe z

p sm eded¢ lfrt- .fe sm e dBd¢ 
W1 W1 '�-'1 1 '�'1 1 

< < W1= W = Wz o � e � e 1 - - z 0 < 0 < 0 
1 = = z 

(5) 

where p (r,e,¢) is the general expression in spherical coordinates for the length 
of any radius vector from P to the boundary surfaces of S and dw is the element 
of solid angle subtended at P. 

The calculation of rz for particular solids is often difficult, even when 
the solid is regular and a solid of revolution and the central point P is the geo
metric center of S. In certain instances rz must be evaluated as a nonelementary 
integral. 

The following are simple illustrative examples in two-space: 

{a) (Figure 17A) Circle: r =a with radius a and central point at the origin 
of coordinates. 

p (r ,G) = a 

{b) (Figure 17B) Circle: r = 2a cos e with radius a and center at {a,O). The 
central point is taken at the origin of coordinates. 

e 1 = 7T I 2, e z = n 12. P (r ,e) = 2a cos e 

rl 11Tiz 2a cos$ d8 lj,.'TTfzde = 2a[sin8] 7T/z /7T = 4a/n· 
-nlz -n lz -'TT lz 
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(-a,o) 

A 

y 

8 

. . . .. ... 

y 

(a,o) 

(a,o) 

X )Ia 

( 2 a,o) 

Figure 17. A. Circle xz t yz = Az 
central point at the origin o£ coordinates. 

B. Circle r = 2a Cos e or 

(x-a)z + yz = az 

central point at the origin o£ coordinates. 



. - - . . . . . . ... . .. _ -· 

The definition may be extended to the more interesting case in which 
every point is regarded as a central point simultaneously. Then the mean 
radial length for the case in two-space is given by: 

_ 
JA r1dA /e;z-;;:2 r1,r1dr1d81 

R1 = -

.!;. dA /e12 ;;12 rldr1de1 e 1 < e1 � 0 1 1 - - 2 

(6) 

where r1 is as defined in (4) and dA is the element of area. For the solid in 
three-space, the mean radial length becomes: 

(7) 

where r2 is defined in (5) and dV is the element of volume. These integrals 
are being evaluated for certain configurations in space. 

3. A MATHEMATICAL MODEL OF THE EXCRETION FUNCTION 

Many investigators of the metabolism of radioisotopes have found that 
the empirical relationship between excretion and time after radioisotopic in

jection is closely approximated by the equation 

b< 0 (8) 

where E is the per cent excreted per 24 hours via urine and/ or feces after 
correction for decay, t is time in days after injection, E1 and b are constants 
determined from the linear log-log regression line. The quantity excreted 
between time t = a1 and t = a2 is given by the definite integral 

(9) 

but if this excretion behavior is maintained indefinitely, the quantity excreted 
over the time continuum becomes infinite for least square slopes equal to or 
greater than minus one. This result is, of course, an impossibility and a 
modification of this excretion function is suggested. 

To construct an excretion model, the following assumptions are 
made: 
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a. The labeled element will eventually be completely eliminated from 
the body. 

b. The normal metabolism of the organism has not been disturbed 
by introducing the labeled material. 

c. The labeled molecule is indistinguishable from the unlabeled mole
cule in metabolic behavior. 

The following restrictions are placed on the model: 

a. The model must fit the excretion trend over the known time range. 

b. A finite Q exists for all values of b. 

The excretion function may be exhibited as the sum of two expressions. 

E(t) = E(t) + �(t) (1 0) 

and 
co 

Q = Q + Q = i E(t)dt = 

1 f: :E(t)dt + 

co 

� �(t)dt (11) 

where E(t) characterize� the excretion trend over the interval 0 $ t $ 1 
and �(t) is defined for 1 - t<_t:o. The expression 

b -{3t �(t) = E1t 1 , b< 0 (12) 

is considered as the model of excretion for 1 � t <co and the infinite integral 
co 

Q = E1� tbl-ptdt (13) 

can be evaluated for all b's. 

To justify the use of equation (12) as the expression characterizing 
the excretion-time relationship, reasonable agreement between the data and 
the fundamental properties of the excretion function which can be estimated 
from the steady-state behavior of the metabolizing system is necessary. 
These properties are: 1) the total amount excreted and 2) the mean re
tention time of the inJected element in the organism. If an agreement be
tween the computed mean time and the mean retention time established em
pirically exists, the excretion model proposed will serve as a good indicator 
of the complete excretion-time behavior. 

I 
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4. SUMMARY 

[ 

Statistical investigation of survival at varying single dosages of X 

rays, observed for 915 young mice by shipment group, disclosed a nonsig
nificant difference between group survival patterns. By the methods of pro bit 
analysis, the 20-day LD50 and associated standard error for the total group 
were computed. 

The problem of determining the mean length of the totality of rays 
emanating from a point to the bounding surfaces of regular configurations 
is underway. The required mathematical expressions are set down and the 
mean radial lengths for a circle with point of emanation 1) at the center of 
the circle and 2) on the boundary (circumference) of the circle are com
puted. 

The excretion-time relationship, E = E1t
b 

(b < 0), for animals in
jected with a selected class of radioisotopes is considered. A modification 
and extension of this excretion function that insures, over the time continuum, 
1) a finite mean retention time and 2) a total excretion equal to the injected 
dose is proposed. 
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1. FURTHER STUDIES OF THE INFLUENCE OF ESTROGENS 
ON X-IRRADIATION EFFECTS 

Earlier experiments have revealed that a conditioning injection of 
estrogen, but not of progesterone or testosterone, 10 days pr_ior t0 exnnsure 
increases the resistance of mice to total-body X irradiation.(!, 2, 3) It 
has also been shown that the single injection of estrogen results in an m
crease in adrenal weight, an acceleration of thymic involution and a leu
copenia which are manifest before or at the time of exposure to the X rays. (3) 
These findings suggest that the estrogen protective effect may be adrenal 
mediated, and experiments have been designed to investigate this possibility. 

\� e have determined that adrenalectomized mice injected daily with 
0.2 cc aqueous adrenal cortical extract (Wilson) and given 1 per cent sodium 
chloride in the drinking water exhibit a sensitivity to X irradiation that is 
identical with that of intact animals. When adrenalectomized mice maintained 
under these conditions are treated with estrogen (estradiol benzoate, 0.166 mg 
per mouse I.M.) 10 days preceding irradiation with 500 r, protection equivalent 
to that observed in animals with intact adrenals is obtained (Figure 18). Pres
ence of the adrenal glands is, therefore, clearly not essential for the estrogen 
protective action However, since adrenal cortical steroids were administered 
to the adrenalectomized mice we must still consider the possibility that the 
estrogen may modify the utilization of such substances, perhaps by changing 
their intermediary metabolism or by altering the sensitivity of target organs 
to the adrenal steroids. 

Estradiol benzoate exerts its maximal protective influence when it 
is given 10 days before irradiation. Estrogen injection at 5 and 15 days before 
exposure is also effective while pretreatment at 2, 25, or 35 days is apparently 
without influence on radiosensitivity. When estradiol is administered at the 
time of irradiation or 2 days after the exposure, toxicity to X rays is enhanced, 
in terms of both absolute survival and of survival time. These findings are 
summarized in Table 11. 

The results of a second experiment on the hematologic changes in 
estrogen-treated animals are essentially similar to those reported previously.(3) 
The hematologic picture is characterized by a decrease in both lymphocytes 
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Table 11 

Effect upon survival rates of altering the time of injection of alpha-estradiol 

benzoate (0. 166 mg per mouse I.M.) relative to X irradiation (500 r) of CF1 male mice. 

Time of injection 

relative to 

irradiation, days 

2 

0 

-2 

-5 

-10 

-15 

-25 

-35 

..... --
-

Per cent 

Total no. 

of 

animals 

32 

54 

32 

54 

104 

2.9 

26 

21 

Estradiol 

survival, weeks after irradiation. 

1 2 3 4 

78 9 0 0 

83 20 15 13 

97 36 22 22 

94 67 63 61 

88 80 80 79 

93 81 69 69 

85 45 42 42 

85 28 19 19 

Per cent 

Total no. 

of 

animals 

39 

18 

98 

30 

25 

29 

Sesame oil 

survival, weeks after 

1 2 3 

95 46 31 

95 61 33 

96 31 20 

77 47 44 

96 32 32 

89 14 7 

irradiation. 

4 

28 

33 

20 

44 

32 

7 
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and heterophils with maximal depression around 10 days after estradiol in

jection. Although the total leucocyte count is decreased equally in both the 

estrogen pretreated and control groups after X irradiation, there is a rather 

consistent difference in the time course of the response, maximal depression 

and recovery occurring earlier in the former. The more rapid recovery of 

leucocytes in the estrogen pretreated irradiated animals appears to reside 

largely in the heterophil component. Erythrocytes in the estrogen group are 

decreased by some 25 per cent 7 days after irradiation but normal levels are 

seen at 11 and 14 days when the red count of the irradiated controls is reduced 

by 45 per cent. 

Significantly, the maximal estrogenic protective effect is observed 

when mice are irradiated during their leucopenic period. This relationship, 

whj ch is presented graphically in Figure 19, along with the observation of a 

more rapid recovery of the heterophils in irradiated mice pretreated with 

estradiol suggests the possibility that estrogen stimulation renders myelo

poietic tissue more resistant to X rays, perhaps because these tissues are 

in a proliferative phase during or shortly after the irradiation. Histologic 

changes have been followed in these studies, but, unfortunately, these data 

have not yet been analyzed. Brues(3) has reported that similar lymphopenias 

are observed in the different species following X irradiation with 200 r 

while the heterophils are decreased precipitously only in the guinea pig 

with this dose. As the radiation dosage is increased, a marked depression 

in heterophils appears in each species as its lethal dose is approached. 

This correlation between heterophil response and lethal effect receives 

further support in our finding that rapid recovery of heterophils but not of 

lymphocytes occurs in mice treated with estradiol 10 days before irradiation. 

SUMMARY 

The observation of Treadwell and coworkers that pretreatment with 

estradiol benzoate improves the survival of male mice after lethal X irradia
tion has been confirmed. The time of injection of estrogen relative to the 
time of irradiation is critical, for estradiol is most effective when it is given 
10 days before the exposure, Estrogen injection 5 or 1 5  days before irradia

tion also protects but administration at other intervals fails to influence 

survival and, indeed, may even potentiate toxicity. Experiments are cited 

which indicate that presence of the adrenals is not essential for the estrogen 
protective action. 

A leucopenia with maximal depression around 10 to 14 days after 
estrogen inJection has been observed. The reduction in heterophils is more 
marked and somewhat more consistent than the lyrrphocyte response. Little 
change is noted in erythrocyte count following the single injection of estra

diol. Leucocytes are decreased to the same levels in both the estrogen-

r 
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treated and control irradiated animals, although maximal depression and 
recovery occur earlier in the former. The more rapid recovery of leuco
cytes in irradiated mice which received a prior injection of estrogen re
sides in the heterophil component. The anemia of radiation is also less 
severe in the estrogen-treated animals. 

Significantly, the maximal estrogen protective effect is observed when 
mice are irradiated during their leucopenic period. That there is some cor
relation between heterophil response and lethal effect is indicated in our find
ing that a rapid recovery of heterophils but not of lymphocytes occurs in mice 
treated with estradiol 10 days before X irradiation. The possibility is con
sidered that estrogen stimulation renders myelopoietic tissue more resistant 
to X rays, perhaps because these tissues are in a proliferative phase during 
or shortly after the irradiation. 

2. THE EFFECT OF ADRENAL CORTICAL STEROIDS 
ON THE RESPONSE TO X IRRADIATION 

Considerable attention has been focused on the adrenal cortex in a 
wide variety of conditions (hemorrhagic shock, nitrogen mustard poisoning, 
exposure to cold, starvation, etc.) . Although the precise mechanism and the 
adaptive significance of the adrenal response under these conditions have not 
been fully elucidated, it is generally considered that this labile organ, through 
the intermediary of the anterior pituitary, plays an important role in the re
action of the organism to many types of stimulation. It is, therefore, not sur
prising that a certain emphasis has been placed on the adrenal in the etiology 
of the acute X-irradiation syndrome. We should like at this time to comment 
on some of the more recent observations concerning the role of the adrenal 
on the response to total-body X irradiation. 

The adrenal may respond to radiation directly or indirectly. The 
direct effect of radiation may induce changes in these glands resulting in 
either an increased activity followed by exhaustion if the stimulation is long 
maintained or in an immediate decrease in activity as a consequence of 

direct injury. Histologic findings tend to refute the latter possibility, and 
evidence pertaining to the former is equivocaL Craver (4) has reported that 
shielding the adrenals increases survival after total-body X irradiation. 
The preliminary observations of Edelmann(5) indicate that shielding does 
not improve absolute survival in the irradiated rat but does appear to in
crease survival time. 

Concernin g the indirect effect of radiation on the adrenal cortex, 
Leblond and Segal t6) have reported that the adrenals are involved in the 
involution of lymphoid tissue which is observed following local irradiation 
of a distant site. Dougherty and White(?) have observed a leucopenia after 
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X irradiation with 10 r in intact but not in adrenalectomized mice. On the 
other hand, Stearner and Patt(8), employing the minimal leucopenic dosage 
(25 r) for rats, have obtained a similar leucopenic response in the adrenal
ectomized rat. Employing somewhat more direct criteria of adrenal re
sponse, we have observed a pattern of change in adrenal cholesterol and in 
adrenal weight after irradiation in the lethal range which appears to be indic
ative of adrenal stimulation. (9) This consists of a reduction in adrenal 
cholesterol initially, a normal or elevated cholesterol concentration associ
ated with adrenal hypertrophy in the intermediate period and a second marked 
fall in adrenal cholesterol terminally. These changes are not observed in 
rats hypophysectomized one week prior to irradiation. (1 0) Under these 
conditions, the extent of the radiation-induced involution of lymphoid tissue 
is not altered, although radiosensitivity appears to be enhanced. 

The initial reduction in adrenal cholesterol observed 3 hours after 
X irradiation can be prevented by suitable administration of adrenal cortical 
extract.(l l) We have, however, been unable to modify the intermediate and 
terminal adrenal responses to irradiation by the daily injection of cortical 
extract in an amount sufficient to prevent the initial cholesterol change. (11) 
Even when the dose of extract is increased fivefold, the usual adrenal changes 
are observed 4 days after irradiation. (12) This suggests a considerable de
mand for the adrenal cortical steroids which may well result in eventual 
adrenal exhaustion. 

There is evidence which indicates that exhaustion, if it occurs at all, 
is a terminal phenomenon. (9) After irradiation with 900 r, adrenal cholesterol 
shows only a slight recovery after the initial decrease followed by a second 
progressive fall until death. When the radiation dosage is 650 r, cholesterol 
content is usually elevated above the normal level in the intermediate period 
and falls abruptly only a day or so before death. In order to investigate the 
significance of the intermediate rise in cholesterol observed after a median 
lethal dose, we have re-irradiated animals during this period. Re-irradiation 
with a second LD50 4 days after the first exposure does not influence adrenal 
cholesterol. If, however, a high enough dosage (1500 r) is employed for the 
second exposure, a typical reduction in adrenal cholesterol is observed within 

3 hours.(l3) We have interpreted these preliminary observations to mean that 
the cholesterol level during this intermediate period possibly reflects an 
adrenal overcompensation. 

There have been numerous reports, both experimental and clinical, 
concerning the efficacy of adrenal preparations in protecting against radiation 
sickness. The clinical observations are contradictory and will not be con
sidered here. Ellinger has reported that desoxycorticosterone administered 
to mice protects the liver against radiation-induced fatty changes and that 
this is accompanied by a decrease in the mortality rates produced by various 
sized doses of X rays.(l4, 15, 16) On the other hand, we have observed that 
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survival is not enhanced by treating rats daily with amounts of whole adrenal 
cortical extract (0 .1 cc subcutaneously 3 times daily) which are sufficient to 
prevent the early adrenal cholesterol changes. (11) More recently, we have 
investigated the influence of adrenal cortical extract and of desoxycorticosterone 
on survival of mice after X irradiation with 550 r. Adrenal cortical extract 
(0.2 cc subcutaneously twice daily for 14 days) and desoxycorticosterone (0.5 mg 
l.M. daily for 14 days - the dosage scheme reported to be effective by Ellinger) 
failed to alter radiation toxicity significantly (Figure 20). 

It thus appears that 1) X irradiation in common with other types of 
stress results in an increased demand for the adrenal cortical hormone, 
2) the adrenal stimulation characterized by change in adrenal cholestrol and 
in adrenal weight is mediated by the pituitary, 3) adrenal exhaustion, if it 
occurs at all, is a terminal phenomenon, and 4) the evidence relating to the 
use of adrenal cortical steroids in the radiation syndrome is equivocal and 
the value of such treatment is open to question. 

SUMMARY 

Some recent observations concerning the role of the adrenal on the 
response to total-body X irradiation are reviewed briefly. On the basis of 
the available evidence, it appears that 1) X irradiation in common with other 
types of stress results in an increased demand for the adrenal cortical hor
mone, 2) the adrenal stimulation characterized by change in adrenal cholesterol 
and in adrenal weight is mediated by the pituitary, 3) adrenal exhaustion, if it 
occurs at all, is a terminal phenomenon, and 4) the evidence relating to the 
use of adrenal cortical steroids in the radiation syndrome is equivocal and 
the value of each treatment is open to question. 

3. EFFECTS OF X IRRADIATION OF THE BAT 

(in collaboration with George Svihla) 

Studies of the effects of X irradiation on the £::irculation in the wing 
of the bat (Myotis lucifugus) reported previously(l7) have been continued and 
extended to include experiments on radiosensitivity, cellular pathology, etc. 

Hibernating bats were collected in a cave in southern Indiana and 
shipped to our laboratory at various times during the past autumn and winter. 
Upon arrival they were placed in a refrigerator (at 5°C) where they were kept 
until needed for experimentation. A day before the start of an experiment 
the desired number of bats was removed from the refrigerator and placed 
in cages in an air-conditioned room (at 23°C) where they were kept thereafter. 
Being essentially poikilothermic, bats will live for months at low tempera
tures but only about 2 weeks at 23°C when unfed. Since we could find no 
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diet which the bats would take voluntarily and since it was not possible for 

us to force-feed the relatively large numbers used, it must be pointed out 

that these experiments were performed on starving animals. To minimize 

this complication nonirradiated but otherwise similarly treated bats were 

observed along with all the irradiated animals. 

The findings are presented under the various headings below. 

Observations of the effects of X irradiation on the circulation in the 

wing of the bat: The membrane constituting the wing of the bat, being only 

20-40 JJ. thick and having blood vessels in essentially one plane, affords an 

excellent preparation for study of the circulation. In these studies unanes

thetized bats were placed in a metal holder, a wing was extended over a glass 

plate and observations were made under the microscope. In the usual ex

periment 8 to 12 bats were selected and divided into two equal groups, one 

of which was to be X-rayed and the other to serve as control. Portions of 

the vascular bed were mapped and cinema microphotographs taken of these 

areas in all bats. One group was then irradiated. Thereafter, observations 

and cinema microphotographs were made at least once daily in the areas 

initially mapped. Usually 3 or 4 areas were selected in each bat. Total

body irradiation (250 kv, 500 r/minute, unfiltered) was administered in a 

single dosage, varying from 500 r to 60,000 r. 

No peripheral vascular changes were seen until high dosages (1 0,000 r 

to 60,000 r) were administered. Within an hour after such high dosages 

large numbers of leucocytes (previously not apparent ) were visible in the 

wing vessels. Most of these white blood cells were observed to stick to the 

sieles of the vessel walls. Sometimes the cells would adhere for only a few 

moments and then be swept on, while at other times they would stick for 

many minutes in the same spot. The sticking was most apparent during 

the first 24 hours after irradiation, but persisted for several days. Early 

after irradiation the blood seemed to be less viscous than normal, only to 

become more viscous than normal at the end of 24 to 36 hours and remain 

so until death. Within 24 hours or so before death, circulation in the wing 

generally became more sluggish. M any vessels could become entirely oc

cluded. None of these phenomena were seen in the nonirradiated animals 

serving as controls. Untreated animals showed an apparently normal cir

culation up to the time of death. Many control bats were observed at 24 
hours or less before death, and 2 were studied while dying. In the latter, 

circulation was relatively normal up to the moment when the heart failed. 

Significantly, no consistent changes in vessel diameter or venomotion 

took place as a result of X irradiation. Moreover, hemorrhages were never 

seen in the wing. 
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In view of the apparent increase in the number of leucocytes in the 
wing vessels after irradiation, it was deemed worthwhile to check upon the 
peripheral leucocyte count. The purpose of this was to determine whether 
1) there was an actual increase in the total number of circulating leucocytes, 
2) there was only an apparent increase owing to stickiness of either the 
white blood cells or vessel walls (or both) without change in the total number 
of circulating leucocytes, and 3) the stickiness actually caused a decrease 
in the number of circulating white blood cells. To this end several experi

ments were performed. 

The total white counts of X-irradiated bats are little different from 
those of nonirradiated controls at 24 hours after 40,000 r. Moreover, the 
range of leucocyte counts in untreated bats is so large as to make it diffi
cult to allow conclusions concerning the possible significance of any change. 
To obviate this difficulty, another type of experiment was performed where 
bats served as their own controls. In this instance two blood samples were 
taken: one an hour before irradiation and the other at various times after 
irradiation. Nonirradiated controls were bled twice at similar time inter
vals for the purpose of controlling any effects from the double bleeding of 
such small animals. Consistent changes in leucocyte counts were not ob
tained. Thus, to date, it has not been possible to work out the significance 
of the apparent increase in white blood cells seen in the peripheral vessels 

after irradiation. 

Some experiments are in progress to determine whether the irradi
ated bat manifests changes in gut, lymphoid tissue, etc., similar to those 
seen in other mammals after irradiation. Attempts are also being made 

to determine the circulatory and morphological changes that might be in
duced by local irradiation of a portion of the bat's wing. In this work pre
liminary studies have indicated the feasibility of making radioautographs 
of the wing in order to get information concerning blood flow and vessel 

permeability which would not be apparent in cinema microphotographs. 

Radioisotopes are administered at various times after irradiation, the an
imals are killed sometime later, and the radioautographs are then taken. 

Studies on toxicity of total-body X irradiation to bats: Further at
tempts have been made to evaluate the radiosensitivity of bats. Although, 
as was pointed out above, our experiments were carried out with bats 
which were starving, it seemed reasonable that some ideas on toxicity 
migh� be obtained, since one might expect irradiation to hasten the death 
of � starving animal. From experimental data collected on two shipments 
of bats it appears that single dosages of X rays below 15,000 r did not 
decrease the survival of the starving bat (the irradiated bats lived as long 
as the controls) whereas dosages from 15,000 to 60,000 r progressively 
decreased the life span. While the above suggest that the bat is very 
radioresistant, experiments are in progress on rats to determine whether 
starvation itself alters radiosensitivity. 
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SUMMARY 

Microscopic observations and cinema microphotographs of vascular 
bed in the wing of the living, intact, unanesthetized bat (Myotis lucifugus) 
before and at various intervals after single dose (500 r to 60,000 r), total

body X irradiation (250 kv, 500 r/minute, unfiltered) revealed the sticking 
of leucocytes to vessel walls following dosages of 10,000 r to 60,000 r. The 
sticking was greatest during the first 24 hours following X irradiation and 
lasted for several days. 

During the first 24 hours after X irradiation the blood seemed less 
viscous than normal, only to become more viscous as time passed. Accom
panying the increased viscosity, flow became sluggish and stopped completely 
in some vessels after several days. No changes were seen after dosages of 

500 r to 5,000. Histopathological and radiosensitivity studies are in progress. 
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CYSTEINE PROTECTION AGAINST X IRRADIATION 

by 

H. M. Patt, E. B. Tyree, R. L. Straube, and D. E. Smith 

. . . . . . . 

It is generally considered that many of the biological effects of 
radiation can be attributed to the activated water reactions that result from 
the irradiation. Inhibition or inactivation of enzymes and other materials 
by the actions of the decomposition products of water (OH, H20z., Oz.H, H) 
and the prevention or reversal of these effects under certain conditions 
have been reported by a number of investigators. Barron( 1) has found that 
sulfhydryl-containing enzymes are readily oxidized by radiation and that it 
is possible to reactivate such enzymes after moderate radiation dosages 
(100-200 r) on addition of a reducing agent such as glutathione. Reducing 
amino acids, glutathione, and ascorbtc acid have been reported by Ephrati(2) 
to protect tetanus toxin against the effects of X rays, whereas oxidizing 
substances are without effect. The finding by Evans{3) that the toxicity of 
irradiated water to Arbacia sperm is reduced by catalase also supports 
the concept of indirect action by the decomposition products of water. 
Although other related observations are cited in the literature(4), the extent 
to which oxidizing and reducing substances contribute to radiation damage 
!E vivo has received little, if any, consideration. We should like at this time 
to communicate some of our observations concerning the influence of cysteine, 
the -SH containing amino acid, and cystine, its oxidized counterpart, on the 
radiosensitivity of rats. 

Since, in our experience, the product {toxicity, survival time, hema
tologic change) of radiation dosage rate times duration of exposure appears 
to be a constant over a fairly wide range, we have employed brief exposures 
to fairly intense radiation on the assumption that a potentially protective 
material should be present in the blood and body fluids in high titer during 
the entire exposure. The radiation factors were 250 kv, 15 ma, 0.5 mm Cu 
and 3.0 mm Bakelite filters, 27.5 em target distance, and dosage rate, 
210 r per minute. Male and female rats (Sprague-Dawley) weighing 150-250 
grams received 800 r total-body X radiation in a single exposure. Animals 
of the same sex were irradiated in pairs, one serving as a control, the 
other as a treated animal. 

Cysteine was injected into a tail vein either 1 hour before, 5 minutes 
before, or 5 minutes after the exposure. Neutralized {pH 7) as well as 
unneutralized (pH 1) cysteine-HCl solutions were compared. Four different 
doses were employed (175, 350, 575, and 875 mg as cysteine per kg body 
weight). A 20 per cent cysteine-HCl solution was used to decrease the vol
ume of injected fluid. Since rapid injection of this concentrated solution, 
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especially with the higher doses, may result in acute pulmonary edema and 
death (also true with 20 per cent NaCl), the cysteine was injected slowly 
over a period of several minutes. Occasional sloughing of the tail was seen 
at the injection site. It is of interest that this reaction can be prevented by 
anesthetizing the rat before injection. Cystine is relatively insoluble at 
pH 7, and only an acid solution of this material was used (6.66 per cent, 
pH 1, 280 mg per kg body weight). Irradiated controls for the neutralized 
cysteine - HCl groups were injected I. V. with an equivalent volume of a 5 per 
cent solution of sodium chloride. All other controls received I. V. injections 
of 0. 9 per cent sodium chloride adjusted to the pH of the test solutions. All 
rats were fed Derwood pellets and water ad libitum. 

-----

Our findings reveal that pretreatment with cysteine, the -SH con
taining amino acid, markedly reduced toxicity from total-body X irradiation 
(82 per cent survival, cysteine (pH 1) pretreated; 19 per cent survival, 
irradiated controls). We have obtained similar results in mice.(5) On the 
other hand, the disulfide, cystine, did not influence survival. Cysteine-HCl 
administered at pH 1 seemed equally effective at each dose level. However, 
with the neutralized preparation, greatest protection was afforded when 
the highest dose (875 mg) was used. This may possibly be explained by the 
fairly rapid oxidation of cysteine to cystine in a neutral medium before its 
administration. A similar reduction in mortality was observed when cysteine 
was given either 5 minutes or 1 hour before X irradiation. Significantly, 
injection of cysteine immediately after the exposure was ineffectual. These 
results are summarized in Tables 12 and 13. If all rats receiving cysteine 
at either pH 1 or 7 before irradiation are considered as a single group, 
there are 92 survivors of 126 cysteine-treated animals (73 per cent) as 
compared with 18 survivors of 134 irradiated controls (13 per cent). These 
findings are highly significant statistically (p<<.OOl). 

Change in body weight was followed in a small group of rats pre
treated with cysteine. Body weight is a fair prognostic sign of ultimate 
toxicity in the irradiated rat. Although the initial decrease was similar 
in the cysteine pretreated and in the control animals, body weight recovered 
rapidly in the former. 

We may conclude that cysteine, but not cystine, administered to rats 
prior to X irradiation in the nearly completely lethal range, greatly dimin
ishes toxicity. This ameliorating influence may reside in the protection 
afforded certain critical cellular constituents against oxidation by the 
presence of cysteine or an intermediate of cysteine. A study of the pro
tective influence of cysteine when administered at longer intervals before 
irradiation and by different routes as well as of other substances such as 
glutathione, methionine, tryptophane, and ascorbic acid is in progress. 
The metabolism of injected cysteine in the irradiated animal and its 
effect on the hematologic and histologic changes induced by radiation will be 
reported in detail in a subsequent communication. 
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Table 12 

Effect of pretreatment with cysteine and cystine on survival after total-body X irradiation with 800 r. 

(All injections I.V. S minutes before irradiation.) 

Treatment Dose pH of Number of 

&roup mg per kg injected rats Per cent survival, 

material 
1 2 

Control• 20 100 35 

Cysteine 175 20 95 80 

Control 22 86 32 
1 

Cysteine 350 19 100 95 

Control 22 95 27 

Cysteine 575 17 94 82 

Control•• 14 57 7 

Cysteine 350 15 100 87 

Control 14 64 7 
7 

Cysteine 575 15 93 66 

Control 27 70 19 

Cysteine 875 25 92 92 

Control• 27 52 22 
1 

Cystine 280 22 6 8  18 

• Controls received equivalent volume of 0.9 per cent NaCl (pH 1) I.V. 

•• Controls received equivalent volume of S per cent NaCl (pH 7) I.V. 

weeks after irradiation 

3 4 s 

25 20 20 

80 75 75 

27 27 27 

89 89 89 

10 10 10 

82 82 82 

7 7 7 

47 47 47 

0 0 0 

47 47 47 

7 7 7 

84 80 80 

15 15 IS 

18 18 18 



Table 13 

Influence of time of injection of cy�teine on survival after X irradiation with 800 r. (Cysteine -
• 

875 mg/kc I.V. (pH 7); controls received equivalent volume of 5 per cent NaCl I.V.) 

Time of injection 

Treatment relative to Number of Per cent survival, weeks after irradiation 

croup X trradiation tats 1 2 3 4 

Control 5 minutes before 15 73 20 13 13 

Cysteine s minutes before 15 87 87 87 87 

Control 1 hour before 15 80 20 20 20 

Cysteine 1 hour before 15 100 87 80 80 

Control 5 minutes after 16 88 19 13 6 

Cysteine s minutes after 15 60 20 13 13 
. 

• 

• 
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SUM.MARY 

. . . . . 

Cysteine administered intravenously to rats within 1 hour before 
X irradiation in the nearly completely lethal range (800 r) greatly dimin
ishes toxicity (5-week survival, 73 per cent of 126 cysteine-treated; 
13 per cent of 134 irradiated controls). Injection of cysteine within 
5 minutes after exposure fails to protect against X radiation. When 
cysteine-HCl is given at pH 1 prior to irradiation, rather similar pro
tection is obtained with doses (expressed as cysteine) ranging from 175 to 
575 mg per kg of body weight. A somewhat higher dose (875 mg) is re
quired for equivalent protection when a neutralized cysteine solution is 
employed. The disulfide, cystine, is ineffectual. The ameliorating in
fluence of cysteine against X irradiation may reside in the protection 
afforded certain critical cellular constituents against oxidation. 
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ALTERATIONS IN THE SODIUM SPACE OF THE GASTRO-

INTESTINAL TRACT OF X-RAYED AND OF FASTED RATS 

by 

Elizabeth E. Painter 

1. INTRODUCTION 

The present experiments were undertaken: first, to clear up or to 
add confirmatory evidence to Failla's ( l) hypothesis, that radiation produces 
swelling of cells, by a study of the fluid and electrolyte physiology of the 
stomach and the small intestine; second, to compare the total-water con
tent and the sodium space of stomach and intestine of animals 4 days after 
X irradiation and 4 days after simple food withdrawal (fasted rats given 
water ad libitum) to determine to what extent the findings in the X-rayed 
animals might be a function of the anorexia and the delayed intestinal ab
sorption of glucose(2,3) and fat(4); and third, to study the mechanisms in
volved in the alteration of the sodium space by similar studies on rats 
treated with adrenocorticotrophin or with desoxycorticosterone. 

The gastro-intestinal tract was chosen for these experiments for 
two reasons. It is a particularly radiosensitive tissue in which one might 
expect to find physiological alterations before the histologic changes occur. 
With a single dosage of total-body X radiation equivalent to the LD50 there 
are no histologic changes in the surface epithelium of the stomach. (5) How
ever, in the small intestine, histologic changes occur at this dosage in the 
first few hours in the crypt cells, but there is rapid recovery and very 
little residual effect at 5 days. Since the sodium space of this tissue, in 
particular, shows less fluctuation than the chloride space, it would appear 
that any alteration in the size of the sodium space would be a fairly con
stant one. 

2. METHODS AND RESULTS 

All the animals used in these experiments. were male rats weighing 
between 240 and 260 grams. The LD50 was found to be 675-700 r at the 
University of Illinois using the X-ray equipment that is available in the 
Department of Radiology. The rats were placed 75 em from the X-ray 
source (187 kv, 25 amp, with 1-mm Al and 0.5-mm Cu filters) and received 
19 r per minute. Those animals which were irradiated as well as those 

which were fasted showed similar weight losses of 15 to 20 per cent of the 
body weight at 4 days. 

• 
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The gastro-intestinal studies were performed 4 days after the ani
mal had been X-irradiated (750 r) or fasted, since previous reports have 
indicated water disturbance in rats at this time. The changes in water 
balance, according to France(6), have been manifested by an increase in 
the thiocyanate space in rats at 4 days after X irradiation, and according 
to Edelmann(?), by an increase in the water drinking response of rats 
at this time. 

The control rats as well as the fasted and the X-rayed animals 
were given 10-15 J..LC of Na24 in 1.0 cc of physiological saline by intraper
itoneal injection.* -1'wo hours later the animals were lightly anesthetized 
with ether, decapitated, and the blood collected in heparinized tubes for 
plasma analysis of Na24• The stomach and small intestine were removed 
and pressed gently between saline soaked paper towels to remove the con
tents and the mucus. Aliquots were weighed, some were prepared for 
ashing overnight for final Na24 analysis, and others were prepared for 
benzene extraction overnight for total water content of the tissue. Dupli
cates of the si:t.mples for Na24 analysis showed variations of 5 to 8 per cent, 
for water analysis, 1 to 2 per cent. 

The results of the experiments have been expressed graphically in 
Figures 21 and 22 to show the scatter of individual determinations. The wet 
weight of the combined stomach and intestine of the controls is shown in 
Figure 21. This varies from 8 to 9 grams, whereas the same tissues from 
the irradiated animals have decreased from 5 to 7 g and from the fasted, 
from 5 to 6 g. It is remarkable to find the same degree of change in both the 
fasted and the irradiated animals. Figure 22 shows the size of the body 
sodium space�<>:< that is the fluid available for the distribution of sodium. 

*Manery and Bale(8) have shown that the distribution of Na24 is identical 
with that of Na23 in the rat in 1 hour or less, presumably in the extra
cellular fluid of the body. A distribution period of 2 to 2 l/2 hours was al
lowed in our experiments for the possibility of a sluggish circulation in the 
X-rayed animals. During this period, the loss of sodium in the urine was 
negligible. In several experiments, determinations of urine sodium at 2 

hours after injection showed a loss of 0.01 per cent of the injected dose of 
Na24. 

** Calculations (modification of Manery and Bale(8)): 

_ 

J..LC injected 
plasma 11-c/ml 

N 24 . . tissue a space 1n tlssue = 1 p asma 

X 0.93 0.95 
100 X wt. of animal 

X 0·93 X 100 0.95 

89 
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in the normal rat. The X-rayed and the fasted animals show a significant 
increase in sodium space, 29-33 per cent of the body weight, over that of 
the normal 23-26 per cent. The statistical handling of all the data is given 
in Table 14. The sodium space of the gastro-intestinal tract of the X-rayed 
and of the fasted animals is 48-50 per cent greater than that of the controls, 
while that of the whole body has increased only 25 per cent. To what extent 
the large water and electrolyte reservoirs, skeletal muscle and skin, show 
these changes is not yet known. There is no significant change in the total
water content of the gastro-intestinal tract of the experimental animals. 
This latter finding accounts for the marked rise in the ratio of the sodium 
space to the total-water content of gastro-intestinal tract. Since there is 
no change in the total-water content, it would appear that the sodium is 
distributed in part in the intracellular fluid of the X-rayed and the fasted 
animals. 

Table 14 

Na2.4 space in the whole body and in the stomach and gut of 
control, X-rayed (750 r). and fasted rats 

Rats Na2.4 space in 
body (ml/100 
g tissue) 

NaZ4 space in 
stomach and 
gut (ml/100 g 
tissue) 

Total water in 
stomach and 
gut (ml/100 g 
tissue) 

Ratio of Na2.4 
space/total 
water in stom
ach and gut 

Control 24.5 ± 0.90 (22)* 43.9 ± 2. 73 (16) 77.5 ± l.56 (18) 56.0 ± 3.80 (18) 
• 

X-rayed 
(4 days after 30.3 ± 1.44 (12) 61.8 ± 3.94 (11) 79.9 ± 1.51 (10) 74.9 ± 3.65 (10) 

750 r) 

Fasted 
for 4 days 30.4 ± 1.2 2 t (5) 61.8 ± 3.43 (4) 77.7 ± 1. 77 (5) 79.5 ± 6. 35 (4) 

*Mean± standard error with number of animals used in parentheses 

tMean ±standard error calculated for small numbers 
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3. DISCUSSION 

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

In regard to the possibility of sodium entering the cellular fluid, 
Darrow(9) has found this to be the case in some types of dehydration and 
in starvation. He believes that sodium can enter cells to replace lost 
potassium up to 1/3 to 1/2 of the total intracellular electrolyte with no 
gross change in the extracellular fluid accompanying the change in the 
intracellular electrolyte. Fox and Keston(lO) have described a similar 
phenomenon in burn shock in mice. Furthermore, Overman(l l) has found 
that thiocyanate will pass into tissue cells of monkeys infected with 
Plasmodium knowlesi, and, that as the animals recover, the size of the 
SCN space gradually returns to-the original control size. 

Why this phenomenon should occur in such a variety of conditions 
is an interesting question. It may be a mechanism to satisfy the cell 
requirement for electrolyte when potassium is lost. Some years ago, 
Ferrebee� �.(12) found that desoxycorticosterone was potentially capable 
of effecting a transfer of sodium and potassium in muscle cells in dogs. 
In the light of this work, it seems likely that an increased demand for 
adrenal corticaf activity, brought on by the above variety of 11 alarm re
actions "(Selye 13)) might account in part at least for the marked increase 
in the size of the sodium space. 

The question arises, however, as to whether this transfer of sodium 
is brought about by the same mechanism in the X-rayed and in the fasted 
rats: in the one case, initiated by the radiation and in the other, by the lack 
of food alone. To what extent the lack of food alone can affect the pituitary
adrenal relationship is not well known. It would appear from the work of 
Patt � �· (l4) that the endocrine disturbance is a signifi:cant one after 
radiation. Adequate studies of sodium and potassium transfer in adrenalecto
mized and hypophysectomized animals have not been done. Injections of 
adrenocorticotrophin and of desoxycorticosterone into normal rats should 
indicate the role of the pituitary and of the adrenal cortex in this transfer 
also. Such studies are planned for later experiments. 

From our experiments it is difficult to conclude whether the gastro
intestinal cells are swollen after radiation. Since there is a marked loss 
in weight of the tissue and no significant change in the total-water content 
after radiation, it appears that swelling has not occurred to any great 
extent at this degree of fasting or following this dosage of X radiation. What 
the findings would be if the damage were greater or if another species of 
animal were studied is mere speculation. So far, our experiments neither 
confirm nor refute Failla's hypothesis. 
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4. CONCLUSIONS AND SUMMARY 

Rats exposed to a single dosage of total-body X radiation, at the 
LD50 or slightly above, will show at 4 days an increase in total-body 
sodium space as measured by Nau. This 25 per cent increase over that 
in the control animal is also found in rats fasted for 4 days (see Table 14). 

The gastro-intestinal tracts of X-rayed and of fasted animals show 
a marked loss in wet weight, 30 to 40 per cent. There is no significant 
change in the total-water content, although there is a 50 per cent increase 
in the size of sodium space. There appears to be no edema, but rather a 
passage of sodium into the cellular fluid. According to Darrow and 
Overman, this occurs in a variety of conditions, including starvation. 

So far, the evidence does not confirm or refute Failla's hypothesis 
that radiation produces swelling of cells. Failla implies that the water is 
transferred into the cells in association with other physico-chemical changes 

• 

which alter the functions of the cells. Rather our evidence indicates an 
alteration in the electrolyte content of cells, which may in part be respon
sible for the delay in the absorption of glucose and of fat across the intes
tinal cells. 

This alteration in electrolyte content of irradiated and of fasted 
animal cells may be due to a simple replacement of potassium lost from 
cells in early radiation damage or to an increased activity of the pituitary
adrenal functions after irradiation. 
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THE STANDARD MAN 

by 

Hermann Lisco 

1. INTRODUCTION 

Dr. Miriam P. Finkel 
Dr. Hermann Lisco 
Miss Gertrude Hirsch 

The determination of permissible dose levels (formerly referred to 
as "tole ranee dose 11; was a major problem during the war years in the 
Plutonium Project, and it continues to occupy the time of many investiga
tors. Parker( l) has formulated a permissible exposure as: 11 that dose to 
which the body can be subjected without the production of harmful effects 11; 
this applies, of course, to both external and internal irradiation and it is 
an especially important matter with respect to radioactive isotopes intro
duced into the human body either intentionally (therapy, tracer-studies) or 
accidentally. Permissible dose levels must be calculated for each isotope 
since they differ in physical characteristics and biological behavior. 

It appears essential, therefore, that certain standard figures be 
adopted as 11norms 11 for the various components of the human body in order 
to make calculations by various investigators meaningful and comparable. 

The necessity for adopting such a set of "normal11 figures has be
come apparent from time to time in the past, when there were differences 
of opinion simply because no uniform standards were used for the weights 
of the organs of the human body. 

As a result of these differences, tentative figures for the weights ot 
some organs were adopted in the spring of 1945, and a preliminary 
"Standard Man11 thus came into being. However, it was not until the spring 

of 194 7 that further efforts were made to construct a complete Standard Man. 
The figures in Table 15 have been collected from many sources, and the data 
are as accurate as seemed necessary for the purpose. It is obvious that 
these cannot be considered anything but good approximations. This revised 
and still tentative form of the Standard Man has had a fairly wide circulation, 
and no major changes have been suggested. 

Publication in the AEC literature is made at this time in order to 
give these figures wider dissemination and by so doing, to invite as many 
suggestions and criticisms as possible. 
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Table 15 

Standard Man 

Age between 20 and 30 years 

Weight 70,000 g 

Organ 

Muscles 
Skin and subcutaneous tissues 
Skeleton without bone marrow 
Bone marrow "Red 11 

Bone marrow :rYellow11 

Blood 
Gastro-intestinaf Tract 
Liver 
Brain 
Lung (2) 
Lymphoid Tissue 
Heart 
Kidney (2) 
Spleen 
Urinary bladder 
Pancreas 
Salivary glands 
Testis (2) 
Thyroid 

Eye (2) 
Spinal cord 
Teeth 
Prostate 
Adrenal (2) 
Thymus 

Total 

Miscellaneous (Blood vessels, 
fat tissue, cartilage, nerves, 
etc.) 

Total 

Total wet weight 
mg 

30,000 
8500 
7000 
1500 
1500 
5400 
2300 
1700 
1400 

950 
700 
350 
300 
150 
150 

65 
50 
40 
25 ± 5 

30 
30 
23 
16 
14 
10 

62,203 

7797 

70,000 

Per cent 
of body weight 

42.86 
12.14 
10.00 

2.14 
2.14 
7. 71 
3.29 
2.43 
2.00 
1.36 
1..00 
0.50 
0.43 
0.21 
0.21 
0.09 
0.07 
0.06 
0.04 

0.04 
0.04 
0.03 
0.02 
0.02 
0.01 

88.84 

11.14 

99.98 
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2. DISCUSSION 

A brief discussion of pertinent references and of weight values 
given by various authors follows. The presentation is made in the order 
in which the organs are listed in Table 15. 

Muscles: Total weights are given by Vierordt(2) (p.42). These 
range from 24,442 g to 30,574 g for persons from 30 to 54 years of age. 
The measurements were made by various authors and no relative weight 
values are given; they merely serve as indicators. Hoagland(3) states 
that the relative weight of muscle is about 42 per cent of total-body weight, 
and this corresponds well with 43.9 per cent, a figure given by Krogman(4) 
(p.685) for five males between the ages of 26 and 54 years. 

Skin: Vierordt(2) (p.42) gives a number of widely different weight 
values for skin alone and for skin and subcutaneous tissue. These data 
were collected from various sources. Two cases average 8240 g, and this 
corresponds closely enough with a textbook statement that the skin is about 
10 per cent of the total-body weight. Therefore, 8500 g appears to be a 
reasonable mean. 

Skeleton and bone marrow: According to Siegelbauer(S) the non
macerated skeleton amounts to about 14 per cent of the total-body weight, 
or 10 kg for a 70-kg man. This figure is somewhat higher than that given 
by Mechanik(6) but it corresponds very closely with the data of M�hlmann(7) 
(p.l81), where an average of 14.42 per cent for the whole skeleton is given 
for 6 people ranging from 19 to 36 years of age. Mechanik(6), who studied 
the problem carefully, concluded that bone marrow averages 4.6 per cent 
of the total-body weight and macerated bone, 7.4 per cent. 

In an attempt to correlate the values given by the various authors, 
7000 g were assigned to bone proper and 3000 g to bone marrow. These 
two figures are largely supported by the data and calculation of Mechanik(6), 
the only author who has investigated the matter carefully; he also con
cluded that the ratio of yellow (quiescent) bone marrow to red (blood-form
ing) bone marrow is about 1:1. It is interesting that the total bone marrow 
exceeds in weight any other organ with the exception of the muscles, skin, 
bone, and blood. Hence, actively blood-forming bone marrow is compar
able in weight to the liver, a fact which is not generally recognized. 

Blood: All authors agree on the figure 7. 71 per cent (Wintrobe (8)). 
However, it should be pointed out that some of this blood is undoubtedly 
counted twice, for no organ is ever free of blood when its weight is taken 
at autopsy. This is especially true of organs like the liver, spleen, and 
lungs, all of which are particularly rich in blood. 

I 
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Gastro-intestinal tract· Vierordt(2) (pp. 41 and 44) gives figures that 
are somewhat difficult to analyze. However, the data of Krause, which 
are cited (p. 41), are in good agreement with those given by Mlihlmann.(7) 
Muhlmann' s mean for 5 cases is 3.36 per cent of the total-body weight and 
Krause gives 3 - 4 per cent. A round figure of 2300 g or 3.29 per cent is 
used here. 

Liver: 2.5 per cent (actually 2.43 per cent) of total-body weight has 
been taken from Roessle(9) (pp. 35 and 57) as his material is by far the best 
and most critically selected. This figure corresponds well with those of 
other authors. 

Brain: Roessle(9), pages 90 - 92. 

Lungs: Roessle(9), pages 52 - 56. Nine hundred fifty g for both lungs 
is rather high and should not be increased. 

Lymphoid tissue· This is the most elusive and hence the most dif
ficult organ to appraise from the point of view of weight, a fact which is 
most unfortunate in view of its radiation sensitivity. Drinker and Yoffey(l 0) 
(p. 12) state, 11lt is possible that the lymphoid tissue (of man) would be more 
nearly 1 per cent of the body weight." This is the only figure available in 
the literature and it should be accepted with caution and reserve since no 
actual measurements have been made. (For further references to the 
literature see Drinker and Yoffey.) 

Heart· Roessle(9), pages 26 - 36 and 120. 

Kidneys: Roessle(9), pages 63 - 66, is in good agreement with other 
authors. 

sreen : Roessle(9), pages 48 - 51, and MUhlmann(7), also cited by 
Krogman 4), page 676. 

Urinary bladder An approximation from a figure by Vierordt(2), 
page 43. 

Pancreas: Roessle(9), pages 60 - 62. 

Salivary_glan�s
)
: The figures of Roessle(9), page 62, agree well with 

those of Siegelbauer. 5 

Testes: Roessle(9), pages 83 - 86. This value is taken from the 
last table on page 86 and corresponds well with other literature sources. 

Thyroid: This is a very difficult organ to evaluate because of geo
graphically determined differences in size and weight. The value in Table 15 
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was taken from Roessle(9), pages 66- 72, Table 29, page 71 for the 21- to 
30-year age group. 

Eyes: Vierordt{2), table on page 44. 

Teeth: Cheyne and Oba. (l l) 

Spinal cord: Tilney and Riley. ( lZ) 

Prostate: Roessle (9), page 86. 

Adrenals: Roessle (9), pages 76 - 79. Krogman(4), page 680. 

Thymus: Hammar's figure of 10.00 g has been found most suitable 
for it excludes the fat tissue in wliich the parenchyma of the thymus proper 
is imbedded (see Table 40, p. 83, in Roessle(9)). 

Miscellaneous: The miscellaneous category includes blood vessels, 
pericardium, trachea, fat tissue in various places (subcutaneous, media
stinal, abdominal, and retroperitoneal), nerves, cartilage, connective tissue, 
he.ir, and nails. 

3. SUMMARY 

Organ weights for a "Standard Man 11 have been collected from the 
literature. The weights are given in tabular form as total weights and as per 
cent of total-body weight, taking 70 kg as the standard. 

It is suggested that these figures be used as a basis for calculation 
of permissible low levels of various radioactive isotopes. 
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Histopathology 

PROGRESS REPORT 

Dr. Arthur M. Cloudman 
Dr. S. Phyllis Stearner 
Miss Katherine Hamilton 
Mr. John Sack is 
Mrs. Dorothy Vining 

1. THE SIMULTANEOUS ADMINISTRATION OF METHYLCHOLANTHRENE 
AND A {3 EMITTER 

Briefly stated. this experiment was planned as a test of the co-car
cinogenic actions of methylcholanthrene and a {3 emitter. One {3 emitter, 
P32, was applied to the skin surface of CFl mice. Another f3 emitter, Y91, 
was deposited in the subcutaneous tissues of a second series of these 
animals. Methylcholanthrene and/or these {2 emitters were tested in differ
ent concentrations in both series to determine the degree of their carcino
genicity alone and in combination. 

Testing the reaction of the skin surface to co-carcinogenesis (SJ1): 
Essential orientation data on the 10 groups of mice that comprise this 
experiment are given as follows in Table 16. 

Table 16 

Treatment data on methylcholanthrene (MC) and P3z. 

SJ1 - groups No. 0 Treatment received m1ce 

1 a & b 26 None (controls) 

3 a&b 30 Methylcho1anthrene (MC) 1.7 mg 
in benzene - one painting 

4a&b 31 p3Z. (5000 rep) - one exposure 

7a&b 30 p3Z. (3000 rep) - one exposure 
+ MC 1. 7 mg in benzene - one painting 

8a&b 30 p3Z (5000 rep) - one exposure 
+ MC 1. 7 mg in benzene - one painting 

9 a & b 29 p3Z. (5000 rep) - one exposure 
+ MC 0.17 mg in benzene - one painting 

' 
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The mice described in Table 16 have been studied for tumor incidence 
during the first 'SO weeks following treatment. Three categories on the basis 

of tumor site have been established as follows: 

Site A - skin surface along back at the 4 x l em treatment site. 

Site B - skin surface around treatment site, on top of head and on 
sides of body. 

Site C = all external and internal body regions not included in Sites A 
and B. 

The tumor data for the groups listed in Table 16 have been arranged 
' 

in Table 17 to show what percentage of these mice have developed tumors in 
either sites A, B, or C. (Table 18 is a comparable study of the surviving 
mice at these same intervals.) The information in Table 17 is further ana

lyzed in Figures 23, 24, and 25. Tumors at the treatment site (Figure 23) 
were present in more animals when MC and P32 were applied together than 

when either was used alone. This is true except when MC is used at 1/10 
the usual amount (9 a & b with P32, 5000 rep, and MC, 0.17 mg). Skin tumors 
around the treatment site (Figure 24) appeared at about 30 weeks in mice 

treated with MC alone or with MC and P32• Other groups began to develop 

a few site B tumors at about one year. Mice with MC (1. 7 mg) alone or in 

combination with p3Z developed site C tumors at 10 to 20 weeks (Figure 24) 
while the controls had no similar tumors until about 40 weeks after the 
experiment started. The average number of tumors per tumorous mouse is 
shown in Figure 26. 

The observations during the first 50 weeks after the mice were 

treated present some interesting possibilities. Where methylcholanthrene 

was applied in a concentration of 1. 7 mg per mouse the mortality was higher 
than in other groups (Table 19). 



Table 17 

Per cent of all mice that had showed tumors up to the end of each 10-week period after treatment 

At 10 weeks � At 20 weeks � At 30 weeks � At 40 weeks � At SO weeks % 

tumor at sites tumor at sites tumor at sites tumor at sites tumor at sites 

Groups A B c A B c A B c A B c A B c 

1 ab 0 0 0 0 0 0 0 0 0 0 0 7.7 0 3.8 19. 6 

3 ab 16.6 0 0 16.6 0 16.6 16.6 10.0 26.6 20.0 13.3 40.0 23.3 1�.6 80.0 

4 ab 6.4 0 0 19.5 0 0 19.5 0 3.2 19.5 0 6.4 19.5 0 12.9 

7 ab 40.0 0 0 40.0 0 3.3 43.8 3.3 20.0 50.0 10.0 43.3 53.5 13.3 60.0 

8 ab 56.6 0 3.3 63.4 0 10.0 -66.6 3.3 23.3 66.6 6.6 60.0 70.0 6.6 83.3 

9 ab 13.8 0 0 13.8 0 3.4 13.8 0 3.4 17.3 0 3.4 24.2 3.4 20.3 

Site A • Skin surface along back at treatment site. 

Site B • Skin surface around treatment site, on top of head, and sides of body. 

Site C • All body regions except sites A and B . 

• 

- -

Total 

mice 

26 F 

30 F 

31 F 

30 F 

30 F 

29 F 

... 

0 
� 



Table 18 

Per cent of survivin& mice that showed tumors at the end of each 10-week period 

At 10 weeks % At 20 weeks % At 30 weeks % At 40 weeks % At 50 weeks % 

tumor at sites tumor at sites tumor at sites tumor at sites tumor at sites 

Groups A 8 c A 8 c A 8 c A 8 c A 8 c 

1 ab o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 0.0 4.7 0.0 

3 ab 10.3 0.0 0.0 4.3 0.0 4.3 4.3 8.7 13.0 5.0 15.0 20.0 0.0 22.2 44.4 

4 ab 6 . 4 0.0 0.0 3.3 0.0 o.o 3.6 0.0 3.6 3.7 o.o 3.7 0.0 0.0 3.8 

7 ab 37.8 0.0 0.0 25.0 0.0 0.0 20.0 4.0 8.0 20.8 8.3 29.2 18.7 0.0 31.3 

8 ab 46.7 0.0 3.3 42.6 0.0 3.6 38.4 3.8 11.5 23.8 4.7 38.1 30.8 7.6 23.1 

9 ab 10.3 0.0 0.0 7. 1 0.0 3.6 3.8 0.0 0.0 3.8 0.0 0.0 4.2 0.0 8.3 

Survival 

of mice 

at 50 

weeks 

21 F 

9 F 

2 6  F 

16 F 

13 F 

2 4  F 

.... 

0 
Ul 
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Table 19 

Per cent of mice that died during first 50 weeks following treatment 

Total %dead at Mg iJ.C 

Group • 50 weeks MC p3l m1ce 

1 ab 26 19.5 0.0 0 

3 ab 30 70.0 1.7 0 

4 ab 31 16.1 0.0 5000 

7 ab 30 46.5 1.7 3000 

8 ab 30 56.5 1.7 5000 

9 ab 29 17.2 0.17 5000 

There is evidence that tumors appeared earlier at all body sites 
when the mice were treated with 1. 7 "lng of methylcholanthrene. When these 
tumors appeared they were more likely to be multiple after exposure to 
this amount of MC (Figure 26). 

Testing the reaction of the subcutaneous tissues to co-carcino
genesis (SJ2): CFl mice were injected with 3 mg cholesterol pellets con
taining carcinogenic materials. The composition of these pellets is given 
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in Table 20. The incidence of treatment site tumors for the first 10 months 
of treatment is also given. It is possible that the severe ulcerations that 
resulted from exposure to highest level of Y 91 facilitated the loss of some of 
the implanted materials. Less severe ulcerations were observed with lower 
dose levels. No conclusions can be drawn to date on the co-carcinogenic 
effect of Y91 and methylcholanthrene. 

2. HEAVY IRRADIATION OF PURE CHOLESTEROL 

Pure cholesterol has been given heavy pile irradiation for different 
lengths of time. The cholesterol was prepared by Dr. Paul Steiner, and 
following irradiation analyses are being made of the stable product. Spec
trographic studies indicate that changes take place. The product is being 
tested in mice to determine whether or not the bombarded cholesterol has 
acquired carcinogenic properties. It has been demonstrated that 20- methyl
cholanthrene acquires increased carcinogenic activity when exposed to 
deuteron bombardment.* We are looking for acquired carcinogenic activity 

* Barses, B. F., F. C. Freytag, W. M. Garrison, and I. Rosenfield: 
Science, 108:82 (1948) . 



Table 20 

Subcutaneous injection of pellets of methylcholanthrene and/or y.�1-percentage of mice with tumors at 
treatment aite 

Groupe 

Control 

Choleaterol alone 

y88 ( atable) 
(200 �c equivalent) 

Methylcholanthrene 
l. 28 mg 

y91 20•J.4C group 
(actual leve 1 about 10 J.'C) 

y91 200-J.'C group 
(actual level about 100 J.'C) 

y91 2-J.'C group 
methylcholanthrene 1. 28 mg 

y91 20-J.'C group 
methylcholanthrene 1.28 mg 

y91 200•J.'C group 
methylcho1anthrene 1. 28 mg 

---- --� - .. ,.- -... --- -

Cholesterol Total � tumorous at Severe u 1 cera t·i on - pellet 
pellets mice 10 months Yes No 

No 30 0.0 + 

Yea 30 0.0 + 

Yea 30 0.0 + 

Yea 30 30.0 + 

Yea 21 23.8 + 

. 

Yea 16 12.5 + 

Yea 28 14.3 + 

Yea 23 34.8 + 

Yea 30 13.3 + 

site 

• 

... 

... 

0 
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in pure cholesterol, that has been heavily irradiated. Starting with pure 
cholesterol, potent carcinogens have been made by procedures using four 
chemical stPps. 

3. STUDY OF THE HISTO PATHOLOGY OF MICE TREATED WITH 
FRACTIONATED AND DURATION-OF-LIFE. EXPOSURE TO XRAY 

This experiment ras entered the phase where the data can be arranged 
for detailed analysis. About 40 mice were surviving on February 1, 1949. 
During the past quarter, the major part of the time was spent in reviewing 
and evaluating the clinical data to facilitate final analyses. These data have 
been reviewed for about 1000 of the 3000 experimental mice. 

As a result of the study, 1t appears advisable to further examine a 
number of previously autopsied animals because of a relatively large num
ber of cases of either outright or suspected pathologic condition of bone. 

4. EFFECT OF DOSAGE RATE ON SURVIVAL FOLLOWING X IRRADIATION 

During the quarter, problems relating to the effects of variation in 
dosage rate have received major emphasis. The effects of X irradiation on 
the survival of newly hatched chicks have been shown to depend on the rate 
at which the exposure is made.* More recent experiments, in which age 
(after hatching) was introduced as a variable, have shown that the sensitivity 
of the chick to irradiation changed rapidly and that the effect of variation in 
dosage rate was most st nking during the first 2 to 3 days after hatching. 
The mortality following exposure to 1000 r total-body X ·radiation (at 6 r and 
43 r per minute) at 2, 8, and 15 days after hatching is shown in Table 21. At 
the higher dosage rate, there was little difference in survival in the 3 age 
groups. At the lower dosage rate (longer time of exposure), however, the 
8-day chicks appeared to be most sensitive, on the basis of mean survival 
time and of per cent survival at 14 days. It was also found that only in the 
2-day birds was survival modified by variation in dosage rate in the manner 
originally described by Karnofsky.** Following exposure to 1000 r, the 

• 

8-day birds showed no effect of variation in dosage rate. In the chicks ex-
posed at 15 days, survival at 2 weeks was much greater in the group exposed 
at the low rate, but the greatest proportion of deaths occurred during the 
same period in both high and low rate groups. The possibility exists that a 
more striking effect of variation in dosage rate might be seen in the older 
chicks if a different total dosage of radiation were used. 

* Cloudman, A. M., � �·: Histopathology, Quarterly Report, Biology 
Division. Argonne National Laboratory, May 1948 to August 1948, Eds., 
A. M. Brues and H. Lisco, (ANL-4205) p. 71. 

*-l�Fersonal communication to Dr. Austin M. Brues. 

I 

t 
i 

' 

' 

f 
r 



I 

.. .. --

Table 21 

Effect of age (at time of irradiation) and dosage rate on sur
vival of the chick following a single exposure to total-body 
X radiation 

Time after 
exposure (days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

14 

%surviving 
at 14 days 

Total no. animals 

Daily mortality (per cent) following irradiation 

1000 

2 days 

83.3 

0 

0 

6.3 

0 

4.2 

0 

0 

0 

0 

0 

0 

0 

0 

6.3 

48 

r - 43 r/min. 
Age 

8 days 

89.7 

0 

0 

10.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

39 

15 days 

93.3 

0 

0 

0 

2.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.5 

45 

1000 r - 6 r/mi.n. 
Age 

2 days 8 days 15 days 

0 78.3 15.5 

2. 1 4.3 2.2 

0 0 2.2 

2.1 0 0 

4.2 0 4 .. 4 

16.7 0 0 

16.7 0 2.2 

12.5 0 4.4 

4.2 0 0 

2.1 0 2.2. 

0 0 0 

2. 1 0 0 

0 0 0 

0 0 2.2 

3 7.5 17.4 64.3 

48 46 45 

-·-----
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In young chicks, 1000 r total-body X irradiation delivered at 43 r 

per minute produces a high mortality within 24 hours. Fractionation of 

this dose so that the average rate is less than 10 r per minute has been 

reported to produce an effect equivalent to that produced by the same 

dosage delivered continuously at the lower rate. Data thus far obtained 

indicate that fractionation reduces the lethality of a given total dosage 

below that resulting from continuous exposure at the same average rate. 

Further studies are being made in an attempt to obtain more quantitative 

results. 

Experiments on other species are in progress to determine if a 

dosage-rate effect on survival can be shown. Irradiation of 2- and 5-day 

rats, with total dosages from 600 to 4000 r at rates from 5 to 80 r per 

minute, failed to produce deaths earlier than 4 days after irradiation. 

Recently, however, in 3 l�tters exposed within 2 hours after birth to 

1000 r at 80 r per minute,_ 3 deaths occurred as early as 16 hours, and all 

16 animals were dead within 3 days after exposure. These deaths corre

spond in time to the early deaths seen in the chick, but it is not known 

whether the mechanisms leading to death are the same. At autopsy, the 

rats showed marked generalized edema, a condition commonly seen in 

chicks dying in the initial period following irradiation. With the exception 

of multiple massive cerebral and subdural hemorrhages, no other gross 

pathology was seen in the rats. The cerebral and subdural hemorrhages 

were especially striking. These lesions were conspicuous in the living 

animals but did not result in immediate death. In the 3 litters described 

above, hemor.1·hages were observed within a few hours after irradiation but 

in some cases death did not occur until 48 hours later. 

Observations of the effect of variation in dosage rate or time of 

delivery will be extended to rabbits (as a mammalian species) and to ducks 

(as another representative of the avian class). 

Studies of the hematology and histology of irradiated frogs are being 

continued. Present plans are to conclude current phases of the problem 

shortly and to publish the material now on hand. 
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SUMMARY 

The first section of this progress report is a bioassay of the com
bined effects of the simultaneous exposure to methylcholanthrene and a f3 
emitter. CFl mice were used. One series received P32 and MC on the skin 
surface. A second series received subcutaneous exposure to cholesterol 
pellets containing Y91 and/ or MC. Observed tumors w.ere grouped according 
to distribution: A) at the treatment site, B) immediately adjoining treatment 
site, and C) in other body regions. 

Data were tabulated at 10-week intervals for the first 50 weeks. The 
number of tumorous mice and the frequency per animal are given. The 
experiment is still in progress but there is a strong indication of a synergistic 
effect in the production of certain types of tumors. 

In chicks, the lethal effects of exposure to a given dosage of X radia
tion has been shown to depend on the age of the animal as well as on the rate 
at which the exposure is made. 
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Cytology and Cytochemistry Dr. Austin M. Brues 
Dr. Donald L. Buchanan 
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Dr. Theodore N. Tahmisian 
Miss Agnes Naranjo 
Mrs. Leola Rietz 

PROGRESS REPORT 

1. TISSUE CULTURE 

For phase microscopy and lapsed-time motion picture studies, cul
tures of 10- to 12-day chicken embryo femur and adjacent muscle have 
been grown on a coverglass in a depression, 0.75 mm in depth and 36 mm 
in diameter, giving a complete fluid phase conforming to the optics of the 
phase microscope. The best results have been obtained using a complete 
fluid phase with little depth, rather than with cultures grown by ordinary 
hanging drop methods. Studies of radiation effects, expecially the effects 
of prolonged low-level irradiation, are contemplated. 

2. CARBON14 EXPOSURE OF MICE AND RATS 

Two series of experiments have been carried to completion in which 
the handling of injected and respired C02 were investigated. The majority 
of the mice were injected with 100 J.Lc of radioactive bicarbonate and then 
enclosed in a 20-liter Lucite chamber to rebreathe the expired air for a 
period of 10 hours. Other mice breathed an atmosphere containing 5 J..Lc per 
liter in the chamber. The fixation of C14 in several organs over time inter
vals up to two months will be reported shortly. 

Rats and mice were cannulated under anesthesia with a tracheal 
cannula attached to a two-way valve system so that inspired air contained 
a known relatively constant amount of C1402, and samples of expired air 
were collected and analyz'ed for C02 and C14• Gas counting was done by 
transferring 50-ml samples into a 750-ml cylinder with a Geiger-Mueller 
tube mounted in it, connected with a scaler. The results give confirmation 
that both species clear over 50 per cent of the inhaled air of C140z, and 
suggest that the rapidly exchanging carbon compartment is composed of 
two portions, of which only one (presumably tissue and blood bicarbonate) 
is in direct equilibrium with alveolar air. This is reflected in a rate of 
loss that is much slower than the rate of uptake. The rates are practically 
independent of the COz content of the inhaled air. 
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STUDIES OF MAMMALIAN CHROMOSOMES 

by 

Leola Rietz 

We have attempted a study of the morphological characteristics of 
chromosomes from resting cell l)uclei. The preparations were according 
to the method of Mirsky and Ris.P )  Comparisons of fixed, stained smears 
with phase contrast microscope images of wet, unfixed preparations and 
electron microscope studies have been made. 

Satisfactory chromosome preparations have been made from per
fused rat liver, rat thymus, calf thymus, and lymphatic leukemic blood. 

A modification suggested by the obser-vations of Peterson and 

Lamb(2) regarding separation of undenatured nucleohistone -the use of 
0.05 M neutralized sodium citrate in order to stop desoxyribonuclease 
action, -has resulted in more satisfactory preparations than the 0.14 M 
saline suggested by Mirsky. In the cold citrate solution the chromosomes 

tend to clump less and are preserved longer than in saline solutions. 

It has been found that tissue that is gently homogenized in the 
Waring blendor, strained, centrifuged in the cold, resuspended, and cen
trifuged again will show a collection of nuclei and cells largely free of 
connective tissue and lipids. This preliminary washing eliminates some 
of the repeated washing of the chromosome suspensions necessary after 
rupture of the nuclei by the colloid mill. 

It is recognized that in spite of precautions taken against autolytic 
changes by the use of cold fluids and glassware, and morphological changes 
by minimal handling, the chromosomes must be somewhat altered morpho

logically from their original state inside the resting nuclei. There is, 
however, repeated occurrence of the same types of chromosomes in sepa
rate preparations. 

Rat liver and thymus yield smaller chromosomes, containing less 
stainable material, than those from calf thymus and human lymphatic 
leukemic blood. The liver preparations cannot be made entirely free from 
cytoplasmic debris. 

Preparations made from rat testes showed only a few small chromo
some fragments and a great deal of long, fine, stringy chromatin-staining 
material. Only sperm tails and heads withstood the washing procedure. 

117 
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The yield of pure chromosomes from the blood of patients with 

lymphatic leukemia is more satisfactory than that from any other tissue. 
When ground in the colloid mil·!, whole fresh blood, frozen blood, and 

washed lymphocytes provide large numbers of chromosomes. The mini

mum of washing and centrifuging required to remove hemoglobin, cell 

membranes, and cytoplasm, from these preparations r·educes the loss of 

small chromosomes that must take place in the extensive washing neces

sary for preparations from other tissues. 

Preparations were also made from blood of a patient with acute 

myelogenous leukemia. A very scanty collection of particulate matter 
was collected after colloid mill treatment, centrifugations, and washing. 

This material consisted of many small Feulgen-negative spheres, some 

with long processes attached; an occasional intact neutrophilic lobe or 

nucleus; and a few chromosomes. 

Electron micrographs of the spheres show some of them to con

tain aggregates of tiny dense granules. The spheres are thought to be 

bits of cytoplasm rounded by the action of the colloid mill. One electron 

micrograph of this preparation shows a chromosome morphologically 

similar to those found in lymphatic leukemia and other cell preparations. 

The chromosomes stain deeply with Feulgen and Wright's stain. 

Crystal violet stains differentially along the thread giving a dotted line 

appearance. No satisfactory counterstain has been found to show the 

areas that decolorize in the crystal violet procedure, but chromium 

shadowing of these stained smears clearly shows the entire outline of 

the thread, contrasting stained and unstained portions. 

Phase microscope examination of fresh, wet, unfixed chromo

somes probably gives a truer morphological picture than examination of 

any fixed material. Under the dark contrast oil-immersion lens of the 
phase microscope they appear as long rod-shaped or curled bodies rang

ing from 5 to 20 p.. in length and up to 2 J.l in width. Some of the bodies 

appear to have nucleoli attached. 

The threads are frequently found lying in pairs or twisted together. 

In some cases where the chromosomes appear 11 unraveled 11 or frayed at 

one end (possibly due to mechanical injury), they have been seen to con

tain 4 separate s.trands. A few show a definite banding similar to that 

seen in the crystal violet stain. Others appear as uniformly grey rods, 

and some may show from 1 to 3 or 4 dark waistband-like constrictions 

of a denser material. Since the phase optical system shows differences 

in density, it is difficult to determine whether these constrictions and 

bands are really an accumulation of different material than the main body 

of the chromosome, such as chromomeres of mitotic chromosomes, or 

simply the chromatids twisted upon themselves, forming a double layer 

of chromatin material at certain points. Where two chromosomes lie 

• • 
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across each other the intersection has the same density as the bands. If 
this is the case, however, these twisted areas seem to be tenaciously held 
together by some special property at these points. 

Treatment with dilute sodium cyanide causes the remainder of the 
body to swell and fade into the solution, while the constricted areas hold 
tightly and are the last to disappear. Small particles remain in the prepa
ration after this treatment but no residual protein threads have been defi
nitely identified. 

The response to treatment with trypsin is an immediate swelling 
of the thread to about double its original size and a gradual dissolution of 
the material. The constricted areas persist as long as the remainder of 
the chromosome. 

Examination of a series of preparations of blood chromosomes 
using various strengths of formalin fixation showed 15 to 20 per cent 
formalin, introduced gradually and left for 1 hour, to be most satisfactory 
for electron microscope work. Overfixing causes marked shrinkage and 
underfixing results in flattening of the chromosomes with pointed processes 
appearing along the edges. Freezing-drying would probably be an ideal 
method of fixation if a way could be found of removing the salt crystals. 
The chromosomes autolyze at once in water. 

Electron microscope studies of chromium shadowed chromosome 
preparations show characteristic long opaque twig-like bodies with rough 
outlines, often encased in a thin filmy envelope. These are sometimes 
seen to divide into two branches. Frequently one end is frayed so that the 
body appears to be a bundle of fibers. In every preparation an occasional 
chromosome, or structure of comparable size also encased in a filmy 
envelope, shows detailed rope-like coiling. One interesting picture in a 
regenerating rat liver preparation showed a single strand of bumpy mate
rial encased in an envelope, uncoiled for at least 20 J1. and joined by a 
spherical body. If coiled, this strand would appear identical with the ropy 
structures. 

Preparations from blood, thymus, and liver have all shown a few 
very tiny long striated fibrils, occasional minute needle-like structures, 
and small perfect spheres that tend to clump together in groups of three 
or four. The smallest separate crystals or mJL components of crystals 
measure 20 to 25 mJ1. in width and up to 0.5 J1. in length. The spheres vary 
in size averaging about 0.1 J1. in diameter. All specimens show contamina
tion with bits of cytoplasm and large and small spheres that resemble 
pictures of carbon particles. 

It is interesting to note that the number of needles and spheres 
described above increased proportionally in preparations of chromosomes 
that were injured in various ways. The greatest number of these were 
seen in a series of samples exposed to ultrasonic vibrations. Fresh blood 
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lymphocyte chromosomes in neutral citrate were treated at 250 rna, 9 kv, 
and 50 vf (vibration frequency control). Samples were removed at 4-minute 
intervals during a period of 20 minutes. The control was kept at room 
temperature during the entire period. Electron microscope specimen 
screens and stained smears were made from these preparations. The 
chromosomes were increasingly split and mangled, though not entirely 
destroyed by this treatment. Since even carefully handled fresh material 
may show breaks, splitting, etc., possibly as a result of the colloid mill 
treatment, it is difficult to describe any particular kind of injury as spe
cifically related to ultrasonic treatment. There was, however, an enormous 
increase in the minute needle-like and spherical structures in the treated 

• 

spec1mens. 

Fresh thymus chromosomes broken in a close-fitting glass homo
genizer showed no great increase in these structures over the untreated 

• 

spec1mens. 

SUMMARY 

Chromosomes from resting nuclei of several tissues have been 
examined in stained preparations under the light microscope, in wet prep
arations under the dark contrast phase microscope, and in metal-shadowed 
preparations with the electron microscope. Their usual morphological 

appearance has been described and compared with the appearance of chromo
somes injured by mechanical and chemical means. 
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FIXATION OF C1402 IN GRASSHOPPER EGGS - PROGRESS REPORT 

by 

Theodore Tahmisian and Donald L. Buchanan 

1. INTRODUCTION 

Prior to the discovery of C02 fixation the belief was general that all 
of the carbon in heterotrophic organisms came from the food that the organ
isms or their ancestors had eaten. Now it 1s certain that some of the carbon 
in such organisms was originally derived from the atmosphere in which they 

. air carbon . . 

respire. Thus, it follows that at any time a ratw, 
f d b 

, ex1sts 1n any 
oo car on 

organism. Similarly, the ratio also exists for any portion of an organism be 
it a chemical or a morphological portion. The ratio may vary in different 
parts of organisms in different organisms, with different atmospheres, with 
different diets, and with the age of the organism. 

Since C14 has gained such widespread use, these ratios have become 
important If we knew the correct values for man and his parts, a much more 
rational estimate could be made of C1402 tolerance levels. For example, if 
it were known that in the region of the body that has the greatest tendency to 
concentrate air carbon this ratio were r, then it would be certain that a 

laboratory worker could remain in an atmosphere of specific activity � for 
r 

an indefinite period if S were known to be a safe specific activity for the 
region of the body in question.* 

The only obvious method of measuring these ratios is to place organ
isms in a constant labeled atmosphere and wait until the isotope concentration 
in the entire organism becomes constant. Actually, of course, the measured 
ratios will never become quite constant even under ideal steady state con
ditions, but will approach the true value asymptotically. Even this statement 
needs some qualification for the organism may tend to concentrate or reject 
the isotope, C14• But from the practical point of view, the C14 ratio is the 
11 true11 value. 

The problem of maintaining a constant labeled atmosphere increases 
with the size and metabolic rate of the orgamsm as well as with the time 
required for the ratio to become constant. There are two general methods 
of furnishing such an atmosphere experimentally. The first is to construct 
a closed system of such magnitude that the C02 output during the course of 
the experiment has a negligible influence on the total C02 concentration and 
the C140z fixation has a negligible influence on the isotope concentration. 
This method is practicable only for very small organisms. The alternate 

*The ratio r may vary greatly, of course, with the atmospheric carbon 
dioxide concentration. 
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method is to ventilate the organisms at a constant rate with the labeled 
atmosphere. 

Various reports have dealt with the comparative uptake of various 
tissues and compounds when C 140z or one of its salts is administered over 
a short period. The differences noted are undoubtedly the sum of two 

factors, namely the differences . . . h air carbon ex1stmg 1n t e f d b ratios as dis-oo car on 

cussed and the differences in the rate at which the ratios are approached. 
A separation of these factors will be of considerable help in understanding 
this problem. 

A comparison of tissue in a 11steady state 11 with growing tissue is 
of interest. An organism or tissue that grows from almost zero mass to 
its adult size in a labeled atmosphere may fix more C 140z than the adult 
counterpart or it may merely reach the same ultimate ratio more rapidly. 

The eggs of the grasshopper Melanoplus differentialis provide a 
useful material for studying some of these problems. First, the C02 
output is low enough to permit enclosure in a reasonable-sized sealed 
system for long periods without much increase in COz concentration, and 
second, the stages of development are especially suited for comparison 
of growing and 11 adult 11 tissue. 

The physiological and morphological development of these eggs are 
distinctly divisible into three stages: 1) prediapause, 2) diapause, and 
3) postdiapause (Slifer (1) and Bodine (2 )). The prediapause stage is charac
terized by fertilization and embryogeny with rapid cell division and in
crease in COz output (0.35 cu mmjegg/hour at maximum). This stage ends 
by arrest in development and gradual decline in COz output. At 22 to 28 
days after being laid the eggs enter diapause. During diapause there is no 
mitotic activity and the C02 output is low (0.05-0.1 cu mm/egg/hour). Thus, 
metabolically, diapause tissue is similar to adult tissue. This diapause 
block may be interrupted by cooling the egg to approximately 0°C for 3 
months. Upon warming the eggs to 25°C postdiapause development ensues. 
The C02 output gradually increases from the diapause level to 1. 0 - 1. 2 
cu mm/ egg/hour just before hatching. Morphologically, secondary tissue 
differentiation and organogenesis occur during this stage. 

2. EXPERIMENTAL 

An experiment was conducted as follows: 10 large test tubes (25 x 
150 mm) were fitted with rubber stoppers containing inlet and outlet con
nections. These were connected in series with 2 12-gallon bottles and a 
gas -circulating pump. A large inner tube was attached to the circuit as a 
side arm and a second side arm provided for sampling of gas. The volume 
of the system was about 130 liters. Six small test tubes (8 x 20 mm), each 
containing 10 M. differentialis eggs, were placed in each large tube. Two 
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contained prediapause eggs, two diapause eggs, and the remaining two 
contained postdiapause eggs. 

The prediapause eggs were laid on the first day of the experiment, 
so none was more than 0 to 12 hours of age when first exposed to C1402• 
Eggs of each pod were handled separately so that equal representation 
from a given pod appeared in each group. They were washed with S 

changes of distilled water and divided into 20 groups of 10 eggs each. 
After being placed in the small test tubes they were treated with 0.0 lS 

per cent .Moldex solution to prevent growth of mold during the experiment. 

The diapause eggs were obtained from pods kept at 2S0 for 2 months 
after being laid. They were sorted under a dissecting microscope so that 
only eggs with the embryo head pointing toward the posterior or hydropyle 
end of the egg were used. These eggs were treated the same as the predia
pause eggs in addition to being washed with 70 per cent ethyl alcohol for 
10 minutes. 

Postdiapause eggs were obtained by cold treatment of pods at -S0 

to S°C for a period of 4 months. The preparation of these eggs was the 
same as for the diapause eggs. 

The small tubes were placed at 2 levels in the large tubes. A sample 
of each type was situated at each level. The tubes were separated and 
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covered with moist Kleenex. Since some of the eggs in the upper layer of 
tubes became dry during the experiment, the pairs cannot be considered as 
true duplicates. The large tubes were sealed and anchored in a water thermo
stat at 2S°C. 

C02 containing 1 me of C14 was then generated into the system bring
ing the C02 concentration to 1.4 per cent. 

The large tubes were removed at intervals during the next 21 days. 
They were placed in an oven at 110° until dry and then combusted to C02• 
The C02 was trapped, converted to BaC03, and the latter prepared for 
counting. Gas analyses were carried out with a Haldane apparatus, and 
samples of the C02 were collected for counting. 

Under these conditions the embryos showed a normal rate of develop
ment as evidenced by their morphology. 

3. RESULTS 

The data obtained are shown in Figure 27. Each point is the average 
of the 11duplicate11 samples. There was a marked variation among these 
duplicates and it is seen that values obtained deviate quite widely from the 
curves. It was noticed that the eggs in the upper position that had become 
dry had fixed less carbon than those that remained moist. Another factor 
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to place organisms in a constant and labeled atmosphere until the measured 
ratio becomes constant. 

This was done in a preliminary fashion by incubating eggs of Melanoplus 
differentialis in a sealed system of large volume containing C1402• The results 

• 

seem to indicate that the ultimate ratio attained with the tracer is not widely 
different for tissue in a steady state as compared with growing tissue, but that 
the growing tissue approaches the ratio at a much greater rate. 

5. LITERATURE CITED 

1. Slifer, E. H.: J. Morph., 53:1 (1932). 
-

2. Bodine, J. H.: Physiol. Zool., 2:459 (1929). 
-

l 
I 



A MERCURY PISTON PUMP 

by 

Donald L. Buchanan 

During studies of the exchange of C1402 between an animal and the 
atmosphere(!) it became necessary to ventilate a chamber as follows: suc
cessive identical volume samples of gas were to be removed at essentially 
atmospheric pressure and at a continuous rate of flow. Each sample was 
to be kept discrete until the contained C02 could be trapped in alkali. 
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This was accomplished by means of an alternating hydraulic gravity 
system constructed of laboratory glassware. The method used was not com
pletely satisfactory for the following reasons: 

1) There was exchange of C02 between the gas phase and the dilute 
acid used as a confining liquid, thus giving a measurable successive contam
ination of samples. 

2) Operation was manual and the apparatus required the sole attention 
of one worker. Mistakes in operation occurred because of the monotony of 
this task. Also, there was a serious limitation in the rapidity of sampling. 

3) Laborious adjustment and calibration were necessary whenever 
alterations were made in flow rate or sample volume. 

4) Flow rate depended on viscosity and varied with temperature. 

5) The flow rate of gas from the chamber was not quite constant due 
to a small change in the head of fluid pressure, and not quite continuous 
because of the time interval necessary for turning stopcocks. 

A mercury piston pump has been constructed that successfully per
forms the task outlined and eliminates most of the undesirable features 
mentioned. It operates at essentially atmospheric pressure. (Slight pres
sure gradients do exist because of friction in the tubing, but valves operate 
independently of pressure.) The pump withdraws successive portions of 
gas from 0 - 1 liter in volume at any rate between 0 - 2 liters per minute. 

Figure 28 is a photograph of the pump and Figure 29 is a plan draw
ing used in its qmstruction. Some minor additions and changes made after 
construction will be described. Figure 30 is a diagram illustrating the elec
trical ci rc uit s used in synchronizing its operation. 
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Figure 28. Mercury piston pump. 

A. Front. 

B. Back. 
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Figure 29. Plan drawing (see text for minor changes made during 
construction). 
1) Frame, 2) Solenoid valve, 4) Small diameter gas fitting, 
6,7,9) Stationary cylinder parts, 11) Tube connecting cyl
inders for mercury flow, 12) Motor (Graham Transmission 
Inc. no. 15DMW60), 8,29,36,45) Movable cylinder parts, 18, 
19,20,21) Counterweight, 24) Guide rod, 27) Micro switch, 
28) Switch mounting, 31 ,32) Idler shaft and sprocket, 35) 
Rubber gasket, 37 ,38) Roller chains, 39,41) Main shaft and 
sprocket, 42) Chain guard. 
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The essential parts of the pump consist of a movable and a stationary 
cylinder, a reversible motor operating through a variable speed transmission, 
four solenoid valves, and various relays and switches. An angle iron frame 
supports these parts. 

In operation the movable cylinder is raised and lowered at a constant 
rate. It is held in a vertical position by 4 steel guide rods. A roller chain 
supports it from the center of its top passing up over a drive sprocket, an 
idler sprocket, and then down to a lead counterweight. The shaft of the 
drive sprocket is rotated in either direction by a second roller chain pass
ing to the reversible motor and transmission below. 

In a full excursion the moving cylinder travels a distance twice its 
length. The stationary cylinder is situated midway between the upper and 
lower positions of the movable cylinder. Hence, during a full upward ex
cursion one liter o£ mercury flows into the fixed cylinder and vice versa 
on the down stroke. 

The two cylinders are made of Lucite, with the top and bottom pieces 
of stainless steel. The mercury level is clearly visible thru the Lucite. 
The inner surfaces of the top pieces are slightly conical to prevent trapping 
of bubbles. The cylinders are connected at the bottom by elbows and rubber 
tubing. The inside diameter of these connections was enlarged to 5/8" 
after a preliminary trial because of an appreciable lag in the mercury level. 

Two additional connections (not shown on drawing) were inserted 
into the cylinder tops for the purpose of attaching manometers. Also, the 
steel ball check valves were removed because their position created a 
"dead space." 

The motor operates on 220 v, 3 phase current. It is rated at 1/15 hp 
and operates at 1725 rpm. It drives through a Graham transmission which 
may be set to turn the drive sprocket at any speed between 0 - 9 rpm. 

The valves were obtained from the Skinner Electric Valve Company. 
They are normally closed and take standard 1/8 11 pipe fittings. They operate 
on 220 v current. 

Two micro switches limit the excursion of the movable cylinder. 
These act through relays which simultaneously reverse the motor, activate 
two valves, and deactivate the other two at the end of each stroke. Since 
nearly all momentum is confined to the motor armature the reversal is 
practically instantaneous. The flow of mercury does not reverse so quickly. 
The lag is negligible at slow rates of flow, but at 1 - 2 lite;rs per minute 
a slight "kick back 11 can be detected in the gas flow. Flow resumes in about 
2 seconds. It is believed that the backflow can be eliminated by applying a 
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negative pressure to the pump outlet equal to the lag in mercury level. 
Insertion of the steel ball check valves above the level of the upper· inside 
cylinder surfaces will serve to eliminate the 11 kick." 

A set of small inside diameter (3 mm) fittings and tubing provides 
for low "dead space, 11 while a set of standard 1/8 11 pipe fittings (actual 
inside diameter, 7 mm) gives a low pressure drop during more rapid rates. 
At 1 liter per minute this drop is approximately 1 mm of mercury between 
the chamber and pump cylinder with use of the larger fittings and tubing. 
The connections may be arranged to give a single inlet and outlet, a double 
inlet and common outlet, a common inlet and double outlet, or two separate 
and equivalent channels. In this way the contents of one cylinder may be 
passed through a trap while the second cylinder is being filled. 

Flow rate may be quickly altered by changing the transmission speed 
and sample volume may be changed by adding or removing mercury and then 
making appropriate adjustments on the position of the limiting switches. The 
latter may be placed at any position on the excursion of the movable cylinder. 

It is felt that this pump is a versatile instrument for work requiring 
controlled gas flow at atmospheric pressure. It is rugged enough for con
tinuous operation. It is currently being used to provide a constant flow 
rate through a series of chambers where animals are exposed to air contain
ing C140z. By placing the pump distal to the biologic material in the flow 
chain any possibility of mercury poisoning is eliminated. 

Lewis(2) has recently reported another mercury piston pump with a 
few of the characteristics of the pump described here, but having a markedly 
different design. 

The author was instrumental only in outlining the general require
ments for this instrument. Mr. Frank 0. Lundal is responsible for the 
general planning and design, Mr. D. C. Wierman executed the drawings in 
detail, and Mr. D. C. Woodard designed and performed the wiring. The pump 
was designed and built in the Site B shop with Messrs. R. J. Lux, D. E. Johnson, 
J. L. Armstrong, E. L. Lewandowski, A. J. Lang, J. T. Sonecki, and others 
participating. 

SUMMARY 

A gas pump that operates at atmospheric pressure by means of a 
"mercury piston" and electrically-operated valves is described. The in
strument provides for a constant flow rate and continuous operation, and 
yet allows for the successive sampling of equal and discrete aliquots of gas. 
Flow rate and sample volumes are easily adjustable. 
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THE METABOLISM OF INTRAVENOUSLY INJECTED CALCIUM'5 

by 

William P. Norris and Walter Kisieleski 

The published information concerning the metabolism of Ca45 and 
Sr89 (presumed to be metabolized similarly to calcium) reveals a rather 
wide range of experimental values. Thus Greenberg(! ) , using Ca45 intro
duced intravenously into rachitic rats, found 45 per cent retention and 
somewhat more of the active material excreted in the urine than in the 
feces. Pecher(2), for intravenously injected mice, found the Ca45 reten
tion to be 58 per cent with twice as much excreted in the feces as in the 
urine. Campbell and Greenberg(3) found 65 per cent of Ca45, administered 
orally to rats, in the urine; while Armstrong and Barnum(4) reported 
64.5 per cent in the feces and 2.05 per cent in the urine of rats given Ca45 
by oral administration. 

From these data it seems apparent that the fate of calcium in the 
body may vary through wide limits depending upon the method of adminis
tration and biological factors such as age and the general metabolic and 
nutritional state of the animal. It is evident, therefore, that in making 
calculations based upon the behavior of more than one element in the body, 
it is most desirable to administer the elements to the same experimental 
animal. While this has not yet been done in this study, experiments are 
being designed along these lines for the alkaline earths and phosphorus. 
This experiment has been performed as a part of a study of the metabolism 
of the alkaline earths. Parallel experiments have already been reported 
using Sr89•90 and Ra. 

A solution of Ca45 as the chloride containing 3.0 mg Ca per ml and 
approximately 90 JlC of Ca45 ml was prepared. The solution was isotonic 
with respect to CaC12• The pH was 5.3. Intravenous injections of 0.5 ml 
of the solution (1.5 mg Ca and-v45 Jlc Ca45) were given in the tail vein of 
each of 24 rats. These animals were Sprague-Dawley males, 107 days 
old, and weighed 275 ± 15 g. Blood samples were taken by clipping the 
exposed jugular vein at the time of sacrifice. The blood was allowed to 
clot and serum samples were taken for Ca analysis. The animals were 
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sacrificed in pairs at intervals of 1, 5, and 20 minutes, at 1, 6, 24, and 72 
hours, and at 10, 30, 70, 124, and 200 days after injection. Every effort 
was made to collect all excreta samples although this was sometimes dif
ficult at the time of sacrifice. Each rat was dissected and analyzed in 
16 parts that included several of the soft tissues, bone, blood, pelt, muscle, 
and residual carcass. 

As was to be expected from earlier work, the metabolism of intra
venously-injected calcium was found to proceed in a fashion that was 
qualitatively similar to that reported for strontium and radium. The bones, 
as typified by the femur and the scapula (Figure 31), were observed to 
take calcium from the blood at a rapid rate. The maximum bone content 
was reached at about 400 minutes after injection, and the rate of uptake 
proceeded exponentially during this time. The curves for femur and scap
ula were essentially parallel during the entire period. 

As indicated in Figure 31, these curves reached a plateau and began 
to show a distinct downward trend in 3 to 10 days. In carrying the experi
mental points out to 200 days the slopes of these lines have become rather 
well defined. It thus becomes possible to determine approximately the 
biological half-time of calcium in bones of the mature, slowly-growing 
male rat. The curve for the scapula, which has a somewhat greater slope 
than that for the femur, was chosen for the calculation. Assuming the slope 
of the curve, as shown, will continue indefinitely, the time required for the 
Ca45 content of the scapula to diminish from 1.3 to 0.65 per cent is in the 
order of a few hundred years - the best value being about 200 years. The 
error in this figure is considerable because of the sensitivity of the time 
plot on a logarithmic basis. The limits of the biological half-time in the 
bones in this experiment are from approximately 50 to 500 years depending 
upon one's choice of the best line fitting the experimental points. Regard
less of the value chosen in these limits, the data indicate that, for all 
practical purposes, the turnover of calcium which results in excretion of 
calcium from bone is negligible at times later than 30 days after intravenous 
administration. These data raise the question of the mechanisms that con
trol resorption and exchange of calcium salts from bone, and also the role 
of bone as a readily available reservoir of calcium. Particularly in view 
of the rapid assimilation of injected Ca45 by bone, consideration must be 
given the probability that portions of a single bone may metabolize at 
widely different rates. 

The intravenous injection of 1.5 mg of Ca++ into a 275-g rat rep
resents (assuming the blood to be 6 per cent of the body weight) a momen
tary doubling in total-blood Ca, or an increase in ionic ca++ by about a 
factor of 4. It is reasonable to assume that this hyperconcentration of Ca ++ 

in blood will be relieved by deposition in bone. This appears to be qual
itatively true, since the retention at 10 days was 90 per cent of the injected 
dose. This value decreased slowly to about 70 to 75 per cent retention at 
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200 days. However, it is necessary to extend this study to determine the 
relationship that exists between blood ca++ and deposition in bone. 
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Calcium in the soft tissues was found to be in rapid equilibrium with 
blood calcium. Within 6 hours after injection the specific activity (per cent 
injected dose per mg Ca40) in the blood, soft tissues (kidneys, lungs, liver, 
gastro-intestinal tract, testes, muscle, and pelt), urine, and feces became 
almost identical and continued so for the duration of the experiment (Figure 32). 
The feces were heavily contaminated with feed that caused a reduction in 
specific activity - particularly in the later intervals. 

These data show that the calcium content of the gut is in almost 
complete and rapid equilibrium with blood calcium. Intestinal calcium, 
therefore, acts as a more labile and more readily available store of cal
cium than bone. Therapeutic attempts to remove calcium and, presumably, 
its analogues from bone, therefore, should be accompanied by a calcium
free diet. 

SUMMARY 

As part of a study of the metabolism of the alkaline earths, rats 
were injected intravenously with Ca45 ( 1.5 mg Ca and 45 IJ.C Ca45 per rat) 
and its metabolism studied. The animals were sacrificed at intervals of 
1, 5, and 20 minutes, at 1, 6, 24, and 72 hours, and at 10, 30, 70, 124, and 
200 days after injection. Excreta samples were collected and each rat was 
analyzed in 16 parts that included several of the soft tissues, bone, blood, 
pelt, muscle, and residual carcass. 

The metabolism of intravenously-injected calcium was found to 
proceed in a fashion that was qualitatively similar to that reported for 
strontium and radium. The bones were observed to take calcium from the 
blood at a rapid rate with the retention at 10 days being 90 per cent of the 
injected dose and the maximum content being reached at about 400 minutes. 
The biological half-time in bone was approximated to be in the order of 
50 to 500 years. 

Calcium i n  the soft tissues was found to be in rapid equilibrium 
with blood calcium. Within 6 hours after injection the specific activity 
(per cent injected dose per mg Ca40) in the blood, soft tissues (kidneys, 
lungs, liver, gastro-intestinal tract, testes, muscle, pelt), urine, and feces 
became almost identical and continued so for the duration of the experi
ment. 
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HOT LABORATORY REPORT 

by 

Walter Kisieleski and William P. Norris 

1. INTRODUCTION 

. . 

With the completion of the hot laboratory it is now an opportune 
time to elucidate its function within the Radiochemistry Group and in var
ious cooperative problems in the Biology Division as well as collaborating 
institutions. 

Possibly the best way to introduce the various activities of the "hot 
lab" is to mention the isotopes that are being used in the Laboratory. These 
include P32, carrier-free; P32, carrier-added; Rh86, carrier-added; Fe55-59, 
carrier-added; Ce144, carrier-free; Y91, carrier-free; Sr89 •90, carrier-free; 
I131, carrier-free; Na24; Ca45; K42; S35; As76; C14, as BaC0

3 
(we now have on 

hand C14 as BaC0
3 

with 28 per cent isotopic enrichment); Po; Ra; and one 
heavier element. 

During 1948 approximately 100 radioactive solutions of various 
isotopes were prepared for investigators within the Biology Division and 
approximately 25 for collaborating investigators or institutions. The ap
proximate amount of activity handled in the preparations ranged from 0.1 

to 200 me of {3 or 'Y activity. 

In conjunction with the above-mentioned duties, which in some cases 
entailed only a dilution of a radioactive solution of high specific activity, 
adjustment to pH, and physiological concentrations, our facilities lend them
selves to various radiochemical manipulations. Certain radiation hazard 
experiments that cannot be handled in the ordinary laboratory have been 
carried out directly or in cooperation with the investigator. 

2. INVESTIGATIONS 

2. 1 Colloidal yttrium: The preparation of colloidal yttrium in co
operation with the McArdle Memorial Laboratory of the University of 
Wisconsin has been initiated. It is hoped that following yttrium injection 
into rats a large fraction will deposit selectively in the liver and remain 
there for at least a short period without detected decrement and induce 
known radiation damage whereby changes in riboflavin content can be 
detected. The experiment will be published in the near future in more 
detail. 
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2.2 Fe59: Dr. L. 0. Jacobson's interest in preparation of radio
active Fe59 as the ammonium citrate complex necessitated chemical sep
aration of 17 g of deuteron boiJ:'Qardment iron producing both Fe59 and Fe55 
by the method of R. D. Evans.PJ The conversion to the ammonium cit
rate complex was performed by dissolving Fe203 in concentrated HCl, 
diluting to known volume, and precipitating with NH40H. The precipitate 
of iron hydroxide was then dissolved in a solution containing 3 M of citric 
acid for each M of iron present. The solution was adjusted to pH 7.0 with 
NH40H. 

Earlier separations give indication that the specific activity of the 
Fe59 is not high enough to carry out the investigation and the possibility of 
neutron bombardment of cobalt according to the equation 

59 1 
Co + n 

27 0 

-

59 1 
Fe + H 

26 1 

might give higher yields. This possibility together with increased irra
diation time of iron in the higher flux pile at Hanford is being investigated. 

2.3 Yttrium and cerium glass beads Semi-remote techniques for 
manipulation of 100 me of Y91, 1.53 mev {3, and Ce144, 0.348 mev {3, activity 
were set up to prepare radioactive glass beads (see p.l71 for further dis
cussion of preparation). 

2.4 Arsenic The preparation of radioactive arsenic by the Szilard
Chalmers techniques, as developed by Robert Straube and co-workers(2), 
is now an activity of the Radiochemistry Group. No immediate changes in 
the chemical separations are planned though changes in the physical setup 
to an entirely closed system technique are being investigated. 

2.5 Radium irradiation New remote control devices are being 
considered in the joint problem with Dr. Solon Gordon in the irradiation 
of indoleacetic acid with a 1 0-mg radium source and at present, equipment 
is being designed for this study. 

2.6 Standardization of P32 activities· We are in the process of ex
changing calibration measurements of P32 activities with the Bureau of 
Standards, Oak Ridge National Laboratory, and the University of Wisconsin. 
The purpose of this is to standardize the millicurie value of P32 activity. 
An attempt is also being made to standardize all activities against RaD and 
E standards received from the Bureau of Standards in order to obtain 
greater accuracy for comparison of our measurements with those of other 
radiochemical laboratories . 

• 
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2.7 Special equipment design: With great diversity of investigation, 
standard design in equipment is difficult. Every investigation necessitates 
special manipulation and handling and, therefore, in many cases, special 
equipment. In the design of a Selsyn motor-driven syringe (Figure 33) and 
an automatic operated ring stand with 360° rotation (Figure 34) we are at
tempting to make them universally adaptable to most situations. Design 
has also been completed for new type of lead storage cells that can double 
also for transport containers between sites. Some study is also being made 
with a remote control pH meter. We expect in the future to publish an 
account of the innovations in our new 11hot lab11 and in the newer designs of 
semi-remote equipment. 

3. SUMMARY 

A brief report on the various activities of the hot laboratory within 
the Biology Division as well as with collaborating institutions is given. A 

short report on the techniques and methods used in these investigations is 
also included. 
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Figure 33. Selsyn-motor driven syringe. 
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Figure 34. Automatically operated ring stand (360° rotation). 
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Radiobiology Experiment Station 

. -

PROGRESS REPORT 

1. INTRODUCTION 

Dr. Norbert J. Scully 

Mr. William Chorney 

In the first quarterly report* it was noted that the greenhouse unit 
at the Du Page site would be modified to provide permanent quarters and 

facilities for the Experiment Station. In November, 1948, this plan was 

revised. The Du Page greenhouse unit is to be a temporary arrangement 
and is being modified accordingly. Building details are now being completed 

for a permanent greenhouse and laboratory unit, one designed for the par
ticular plant and animal research activities planned by the Experiment 

Station. These changes in plans have necessarily modified the research 

time-schedule reported earlier. 

A large fraction of the past quarter has been devoted to the mod
ification and organization of the temporary quarters. It is anticipated that 

minimal but adequate facilities will be available very soon. 

Dr. John W. Glattfeld, Associate Professor Emeritus, Department 

of Chemistry, University of Chicago, has become actively associated with 

the Experiment Station as a Consultant. Dr. Glattfeld has undertaken the 
problem of determining the chemical techniques necessary to the extracting 

of a number of biochemicals from Scenedesmus algae. 

The various research activities initiated during the past have not 
progressed to the point at which a detailed experimental report is warranted. 
The summary that follows indicates the present status of the work now 
underway. 

2. STUDIES ON CARBON14 

Algae� The utilization of Scenedesmus has been extended and all 

nonradioactive material of this algae has been supplied to Dr. Glattfeld for 

use in determining the best chemical procedures for the eventual extraction 

of randomly-labeled C14 biochemicals synthesized by this plant. 

* Scully, Norbert J .: Radiobiology Experiment Station, Quarterly Report, 
Biology and Medical Divisions, May to August 1948, Eds., A.M. Brues 
and H. Lisco (ANL-4205) p. 164. 
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A complete glass system has been devised and utilized in experi
ments designed to determine the highest level of C14 that Scenedesmus can 
assimilate and maintain life processes. Two experiments have been com
pleted, one at 4000 r per day and the other at 10,000 per day. In both of 
these experiments, the rates of growth in the radioactive and nonradioactive 
cultures were the same during the 3-day experimental period. 

Microscopic examination of the algae indicated no apparent mor
phological differences between the active C14 algae and the normal algae. 
The data indicate that the algae can maintain a normal growth and develop
ment with 10,000 r per day during this short growth period, or a total of 
30,000 r for the experimental period. 

Higher levels of activity are now being tested employing the pre
vious experimental techniques, to determine whether it is possible to kill 
this species of algae with C14 irradiation. 

Higher plants: Previously, reference was made to plans for the 
design of a nutriculture, hermetically sealed, growth chamber for the 
maintenance of higher plants in C14 atmospheres during relatively long 
growing periods. Such a chamber has been designed and one such unit is 
to be installed at the temporary location. Essentially the unit is glass
enclosed and sealed in such a way that it will be impervious to C02• In 
this connection, several commercial sealing compounds have been tested 
and one product has been found acceptable. In addition, data have been 
collected that indicate that Tygon plastic tubing can be safely utilized to 
assure flexible connections in closed-growth systems containing C14 activ
ities up to 1. 5 me per liter of air. 

Populations of plants to be surveyed in the C14 biosynthesis and 
toxicity program have been developed. Among these are Hyocyamus, 
belladonna, opium poppy, soybean, tobacco, onion, hemp, two varieties of 
alfalfa, two species of Digitalis, and two varieties of sugar beet. 

Several e-xperiments have been initiated in which a number of dif
ferent nutrient solutions are to be supplied to the above mentioned plant 
species and varieties. This study is designed to determine the nutrient 
requirements of these particular plants in order that good growth can be 
maintained at such time as the plants are utilized in the C14 nutriculture 
growth chamber. 

3. STUDIES ON SLOW NEUTRONS 

The cooperative program with Hope College, Holland, Michigan, 
designed to study the effects of slow neutrons on the growth and develop
ment of tulips has been extended so that possible long-term genetical ef
fects may be observed for a number of successive plant generations. The 



treatment of the tulip bulbs with slow neutrons in a nuclear reactor has 

been completed and some of the experimental plant material is being main

tained at both Hope College and at the Experiment Station. A detailed re

port of this study will be prepared during the coming quarter. 

The study of the general effects of slow neutron irradiation on plants 

is to be expanded to include a number of economic crop plants. Certain of 

these plant species have been collected from various sources and will soon 

be utilized in irradiation experiments. 

4. X-IRRADIATION STUDIES 

Previous reference has been made of an investigation of the effect 

of X irradiation on the photoperiodic and auxin mechanisms controlling 

growth, development, and reproduction in plants. Several preliminary 

experiments have been completed at the Experiment Station. These have 

been solely concerned with the effect of variation in photoperiod (length of 

day) upon the flowering response of Biloxi var. soybean and xanthium plants. 
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Biochemistry Dr. E. S. Guzman Barron 
Miss Betty Gasvoda 
Mrs. Jean Gasvoda 
Miss Veronica Flood 

THE EFFECT OF HYDROGEN PEROXIDE AND OF X-IRRADIATED SEA 
WATER ON THE RESPIRATION OF SEA URCHIN SPERM AND EGGS 

by 

E. S. Guzman Barron, Veronica Flood, and Betty Gasvoda 

1. INTRODUCTION 

It has been known for some time (Risse(l) and Fricke(2)) that when 
water is X-irradiated in the presence of oxygen HzOz is formed. Since HzOz 
is a powerful oxidizing agent and readily oxidizes sulfhydryl groups, it was 
reasonable to assume that this substance, if formed on irradiation, would 
contribute to (t0e biological effects of ionizing radiations. In fact, Barron 
and Dickman 3 , on studying enzyme inhibitions by ionizing radiations, and 
Barron and Flood(4), on studying the oxidation of 2,3-dithiopropane and of 
glutathione by X rays, were able to distinguish the HzOz contribution to this 
oxidation by the use f,f catalase. The French investigators (Loise leur, 
Latarjet, and Caillot 5), and Loiseleur and Latarjet(bJ) have postulated that 
the primary effect of irradiation in aqueous solutions is HzOz formation, 
which would thus become of importance in the mterpretation of the mechan
ism of ionizing radiations. The same view is held by Evans (7) who found 
that the fertilizing power of sea urchin sperm is decreased when suspended 
in sea water irradiated with large dosages of X r3:ys. Evans attributed this 
inhibition to the action of HzOz seemingly forme<.L on irradiation of sea water. 
In living cells the role of HzOz becomes more complicated because the sulf
hydryl groups that might be oxidized by this agent not only are present in 
the protein moiety of enzymes, but also exist as nonprotein sulfhydryl 
groups. 

Experiments on the effect of HzOz and of X-irradiated sea water on 
the respiration of sea urchin sperm are presented in this paper. The find
ings do not support the belief that HzOz is an important factor in X ray 
toxicity on sea urchin sperm. 

2. EXPERIMENTAL 

Sea urchin sperm was obtained as described previously(8), and in 
all experiments a dilution of 1:200 was used. Freshly filtered sea water was 
irradiated at room temperature in large Cellophane dishes, and immediately 
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after irradiation the sperm suspension was added, enough to make the de
sired diluhon of 1.200. 

• The catalase added to irradiated sea water was prepared from beef 
liver according to Sumner and Dounce. (9) H202 was determined either with 
permanganate tltration or by the colorimetric method of Bonet-Maury(10) 

0 

m a Beckman spectrophotometer at 4000 A. With this method 0. 5 tJ.g per 
cc can be accurately estlmated. The respiration measurements were made 
at 25°C. 

et al 
Effect of H202 on the respuation of sea urchin sperm Barron 

(11) have shown that sulfhydryl reagents. when used in small concen-
trat10n, mcrease the respiration of sea urchin sperm, whereas they inhibit 
respnation when the concentration is increased. To explair. these opposite 
effects it was postulated that the cell contains two kinds of sulfhydryl groups, 
the nonprotem sulfhydryl groups (namely, glutathione) that regulate the rate 
of respnat10n, and the sulfhydryl groups in respiratory enzymes. Destruc
tion of the fnst would increase respiration, while destruction of the second 
would mh1b1t 1t. H202• an oxidizing agent of sulfhydryl groups, behaves in 
the same manner. At a concentration of 1 x 1 o-3 M it increased respiration, 
wh1le 1 x 10-3M inh1b1ted it almost completely (Figure 35). By altering the 
concentration of H202 between these two limits the effect on respiration is 
changed accordingly (Table 22). In fertilized sea urchin eggs, 1 x 1 o-4 M 
H202 mcreased the 02 uptake 25 per cent (Figure 36). If the effects of X 
1r radiation were mainly

( 
d,.ue to H202 formation. as postulated by Loise leur 

�t al. (5,6) and by Evans 7J, X irradiation at a dosage of 1000 r would pro
duce an 1ncrease in cell respiration. •:< Barron et al. (8) have shown that, on 

--

the contrary, respiration is inhibited. It must be concluded from these 
experiments that the effects of X irradiation on the metabolism of sea 
urchin sperm cannot be attributed to H202 formation. 

Effect of X-irradiated sea water on the respiration of sea urchin 
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sperm A number of investigators have reported that on irradiation of aqueous 
solut10ns, whether with X rays or with ultra-violet light, there is formation 
of some unknown substance that will produce inhibition of growth of protozoa 
(Taylor et �- (13)). inhibition of the fertilizing capacity of sea urchin sperm 
(Evans (iJ), mhibition of the growth of bacterial (Wyss et al. (14)), and increase 
m the mutation rate of Staphylococcus aureus to penicilli;-resistance (Stone 
et al. (15)) .  When freshly filtered sea water was irradiated with 100,000 r and 

-

a suspens1on of sperm was added to it soon after irradiation, there was an 
mh1b1tion of respirat10n of 38 per cent. The inhibition was not affected by 
previous addition of catalase (Table 23), an mdication that the inhibition wa.s 

':< F • (12) · rom Bonet-Maury and Fnlley s data it can be calculated that 1000 r 
nrad1at10n of water would produce about 1 x 1 o-s M of H202. 
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Table 22 

Effect of HzOz on the respiration of sea urchin sperm 

Sperm dilution, 1:200. Q02, cu mm 02 uptake per 

m g  dry weight per hour. 

Q02 values 

HzOz Inhibition ( -) 
concentration Contr o l  HzOz o r  increase ( +) 

M cumm cumm Per cent . 

0.0 l 22.3 0 - com plete 

0.00 l 22.3 2 .l -90 

0.0005 16.0 15.3 no eff ect 

0.0001 20.2 33.7 + 61.5 

0.0001 22.0 42.0 + 91 

, 
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Table 23 

Inhibition of sea urchin sperm respiration by X

irradiated sea water 

X-ray dosage 100,000 r. 

Liver catalase (0 .2 cc) added immediately after 

irradiation; sperm suspension 5 minutes later. 

02 uptake 

Experimental 

conditions First hour Second hour 

cu mm cu mm 

Control 29.7 53.5 

X-irradiated 14.9 33.1 

sea water 

X irradiation 16.2 36.6 

+ catalase 
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Inhibition 

Per cent 

. 
• 

38 

34 

• 
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Figure 35. The effect of HzOz on the respiration of sea urchin sperm. 

1. Control 

2. H101, 1 x 10-5M 

3. H201, 1 x 10-s M 
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Figure 36. The effect of HzOz on the respiration of fertilized sea urchin 
eggs (HzOz concentration, 1 x 1 o-' M). 
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not produced by HzOz. The inhibition increased when the dosage of X rays 
rose to 200,000 r (Figure 37). Further evidence that this phenomenon was 
not produced by HzOz was obtained by its detection with the titanous sulfate 
color reaction. While distilled water irradiated with 100,000 r gave a 
definite yellow color, filtered sea water irradiated with the same dosage 
gave no color at all. The lack of color formation was not due to the salt 
concentration of sea water for on addition of HzOz to sea water the color 
reaction appeared. We believe that the inhibition of respiration is due to 
the formation of stable organic peroxides formed on oxidation of the organic 
matter contained in sea water. It is quite possible that similar stable 
organic peroxides are formed on irradiation of biological fluids and that 
they contr�bute to the toxic effects of ionizing radiations. This problem is 
now under investigation. 

3. SUMMARY 

Hydrogen peroxide at a concentration of 0.001 M produced almost 
complete inhibition of the respiration of sea urchin sperm suspended in sea 
water. At a concentration of 0.0005 M it had no effect. When the concen
tration was diminished to 0.0001 M it increased the respiration from 60 to 
100 per cent. 

When sperm was added to sea water irradiated with 200,000 r, there 
was a marked inhibition of respiration (about 60 per cent). Sea water 
irradiated with 50,000 r produced small inhibition (10 per cent). Addition of 
catalase previous to the addition of sperm had no effect at all on this inhibi
tion. Furthermore, sea water irradiated with 200,000 r gave no positive 
test for H20 2• lt i s  postulated that inhibition is due to the action of stable 
organic peroxides produced on irradiation of sea water. 
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Figure 37. Inhibition of sea urchin sperm respiration by X-irradiated 

sea water (200 ,000 r ). 

1. Sperm suspended in sea water 

2. Sperm suspended in X-irradiated sea water 
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THE EFFECT OF X IRRADIATION ON THE METABOLISM 

OF THE SMALL INTESTINE OF THE RAT 

by 

E. S. Guzman Barron and Veronica Flood 

1. INTRODUCTION 

It has been maintained by a number of investigators (Packard(!) and 
Scott(2)) that one of the characteristics of X-ray intoxication is the presence 
of an induction period so that the effects are not manifest until some time 
after irradiation. For example, gastro-intestinal symftoms appear only 
2 to 3 days after X irradiation. Barron and Wolkowitz 3), however, showed 
that the permeability of the small intestine to glucose was altered soon after 
X irradiation. Presented in this report is evidence that the immediate ac
tion of X rays on animal tissues in a study of the metabolism of strips of 
small intestine performed soon after total-body X irradiation of white rats 
(Sprague-Dawley strain). 

2. EXPERIMENTAL 

The rats used in these experiments were reared in the animal 
quarters of the laboratory and were fed Purina Chow biscuits plus lettuce. 
A number of 200-g animals was sacrificed in order to obtain the normal 
values for the Q02; Q02 in the presence of succinate, lactate, and pyru
vate; Q pyruvate (pyruvate utilization ); and Q�b (anaerobic glycolysis). 
The intestinal section extended from the pylorus 2downwards for 12 to 15 em. 
These pieces were sectioned longitudinally, washed in ice-cold Ringer
phosphate solution, and cut into equal strips of 2 to 3 mm. The strips were 
mixed and 5 of them were used per vessel. The values thus give the meta
bolic values of the whole strip of intestine from the mucosa to the connec
tive tissue. In spite of the fact that the strips were rather thick when 
compared to the thickness of tissue slices, the values obtained for the 02 
uptake and for anaerobic glycolysis compare well with those obtained by 
Warburg � �.(4), and by Dickens and Weill-Malherbe(5) (Table 24). 

A number of rats was exposed to total-body X radiation from 50 r 
to 500 r. The first experiments were performed 30 minutes after irradi
ation and the others 5, 24, and 29 hours later. Tissue respiration was 
inhibited soon after irradiation even when the dosage was as small as 50 r. 
With this small dosage respiration values returned to normal 5 hours after 
irradiation, an indication that on irradiation with small amounts of X rays 
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Table 24 

Normal values for the respiration (OOz.) and anaerobic glycolysis 

(Q 
N

z. ) of rat's small intestine 
COz. 

Tissue OOz. Q
Nz. 
COz. 

Authors 

Intestinal mucosa 12.4 3.5 Warburg � �· (4) 

Intestinal mucosa 13.0 10.0 Dickens and 
(average) Weill-Malherbe (5) 

Whole strips of intestine 12 11.6 This laboratory 
2-3 mm wide 
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there is reversible inhibition. With dosages of 500 r inhibition persisted 
throughout the duration of the experiments. Anaerobic glycolysis, when 
measured soon after irradiation, showed no change. Inhibition was evi
dent 5 hours after irradiation (Table 25). The values obtained with 50 r 
seem to be too low and before too much emphasis is put on these low 
values further investigations must be made. 

It was desirable to compare the effect of X irradiation on sulf
hydryl and nonsulfhydryl enzymes in in vivo experiments. The difficulty, 
however, lies in the interrelation of enzyme systems so that it becomes 
sometimes impossible to locate the site of inhibition. In an attempt to 
clarify the problem, two enzyme systems were selected· succinoxidase, 
a sulfhydryl enzyme, and lactic-oxidase, a nonsulfhydryl enzyme. As can 
be seen from the data in Table 26, the results were disappointing for no 
inhibition was detected by the methods used to measure the extent of 
substrate oxidation (Q02 in the presence of substrate - Q02 in its absence). 
Equally negative results were obtained when the utilization of pyruvate 
was measured. 

It may be concluded from these experiments that the respiration 
of the small intestine is inhibited immediately after X irradiation and that 
this phenomenon is reversible when small dosages are used. 

3. SUMMARY 

Sprague-Dawley rats, weighing 200 g each, were given total-body 
X radiation at different dosages ranging from 50 r to 500 r. The animals 
were sacrificed at different intervals and the metabolism of strips of the 
small intestine was determined. The 02 uptake of the strips of tissue 
from X-irradiated rats was always below normal when measured soon 
after irradiation. When the rats were irradiated with 50 r, respiration 
returned to normal values 5 hours later. Anaerobic glycolysis was not 
affected when measurements were made soon after irradiation. 
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Table 25 

. .. . 

The effect of total-body X irradiation on the Oz uptake and 

anaerobic glyco1ys is of the small intestine of the rat 

Animals sacrificed at different times after X irradiation 

X-ray dosage Time after OOz oNz 
COz 

irradiation 

r hours cumm cumm 

500 0. 75 7.1 10.2 

5 7.0 6.3 

24 7.6 7.4 

29 5.2 9.3 

• 250 0. 75 9.3 12.3 

5 10:s 8.9 

24 11.4 11.3 

29 8.5 8.7 

100 0. 75 1 1.4 12.0 

5 7.2 9.2 

24 9.7 1 1.9 

29 7.6 8.6 

50 0.5 8.7 6.9 

5 12.0 8.5 

24 11.1 7.8 

29 10.9 6.4 

Normal -- 12.1 11.6 

• 
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Table 26 

. -

The effect of X irradiation on the oxidation of succinate 
and lactate by the small intestine of the rat 

D.Q02 (Q02 with substrate--Q02 with no substrate) 

X-ray dosage Time after 6Q02 succinate 6Q02 lactate 
irradiation 

r hours cu mm cu mm 

500 0. 7 5 1.8 1.7 

5 1.6 1.9 

24 0.3 0.4 

29 1.9 2.4 

250 0. 75 0.8 1.1 

5 1.9 0.3 

24 1.7 0.3 

29 0.7 0.8 

100 o. 75 2.3 0.9 

5 3.4 3.6 

24 3.1 3.0 

29 2.7 2.2 
. 

50 0.5 1.2 0.2 

• 

5 1.1 0 

24 1.0 0 

29 1.9 0 

Normal - - 1.9 1.2 
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Applied Radiochemistry Mr. Howard Due off 

PROGRESS REPORT 

1. PRODUCTION OF ARSENIC76 

With the opening of the new hot lab, production of arsenic76 has been 
assigned to the Radiochemistry Group. A description of the method employed 
has recently been published in the open literature. (l) Using this method, 68 
runs have been completed by Mr. R. L. Straube, and the total production is 
more than 6 curies of arsenic activity. 

2. lli ..;..V-...IT:;..;R=O= METABOLISM OF ARSENIC 

A more thorough understanding of the cellular metabolism of 
arsenic is needed, not only because of the promising clinical results achieved 
in the treatment of leukemia with stable arsenic(2) and with radioarsenic(3), 
but because of the uses of arsenicals as -SH reagents, as trypanicides, and 
as antihelminths. Because arsenate can uncouple oxidation from phosphory
lation (4), it may also prove a useful laboratory tool for studies in enzyme 
kinetics and in energy metabolism. 

The study of the cellular metabolism of a substance cannot be placed 
on a quantitative basis until the rate and mechanisms of its entry into particu
lar cells have been elucidated. 

As a starting point for such studies, we have been concerned with 
experiments on the kinetics of penetration of As 76 into erythrocytes suspended 
in plasma and in buffered saline. Red blood cells are the material of choice 
for such experiments for a variety of reasons: 1) they are readily avail
able in quantity; 2) they can be maintained in simple suspension media; 
3) they are easily and quantitatively separated from the suspension medium; 
4) diffusion through the medium to the cells is not a limiting factor; and 5) 
there is an enormous body of literature on the ion permeabilitx of the red 
blood cell.(5,6) Furthermore, tissue localization studies(?,B ,9) have indicated 
the existence of interesting species differences. 

Valence state of the arsenic: There are considerable differences in 
metabolic fate between the trivalent and the pentavalent organic arsenicals. 
Wilson and Dickinson(12) have shown that whereas there is no exchange be
tween labeled arsenite and arsenate in pure solution, the presence of 
reversible oxidizable substances (iodine + iodide) results in a rapid exchange. 
Reversible redox systems abound in cells, and an equilibrium between 
arsenite and arsenate might be expected when either is administered. This 
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hypothesis is strengthened by the finding of lowered liver glycogen and in
creased blood lactate in arsenite poisoning (arsenate stimulates glycolysis 
in vitro) and by the similarity in tissue localization patterns with tagged 
;;.senite(7 ,8) and with tagged arsenate. (9) 
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In the experiments reported here, radioactive arsenite was prepared 
as an isotonic solution at a pH of approximately 7, though unbuffered. Usual 
activity was between 0.05 and 0.2 millicuries per cc at the start of an experi
ment, with an arsenic content of 10 to 20 gamma per cc. 

Experimental technique: Heparinized rabbit blood, obtained by cardiac 
puncture using light Nembutal anesthesia, was used in all these experiments. 
In studies on whole blood, the desired volume of arsenite solution was added 
to a measured quantity of whole blood. In experiments on red blood cell sus
pensions, whole blood was gently centrifuged, measured volumes of lightly 
packed cells were drawn by pipette from the bottom of the centrifuge tube, 
and the cells were added to thermally-adjusted plasma or phosphate buffered 
saline. Arsenite was then added to the suspension, and the time of this addi
tion was recorded as zero time; the usual ratio was l cc arsenite to 5 to 10 cc 
of· suspension. The treated suspension was transferred in 1- or 2-cc quan
tities to 5-cc centrifuge tubes, and these tubes were kept in incubator or 
refrigerator. 

At suitable time intervals, the tubes were withdrawn and spun in an 
International Clinical Centrifuge for 15 minutes. The supernatant suspension 
medium was pipetted off to porcelain capsules. The packed cells were shaken 
with a few cc of buffered saline of the appropriate temperature (3 7 or 5° C) 
and respun for 7 minutes. This washing was repeated once more; washings 
were combined with the suspension medium in the capsule. A preliminary 
experiment showed that additional washing increased the activity in the 
washings fraction by only about 3 per cent, and some of this activity may 
have come from within th.:: cells; hence this particular standardization of 
technique. 

The red cell fraction was digested with fuming nitric acid for 12 to 24 
hours before transfer from tube to capsule. This served to reduce foaming 
during the drying process. 

The index of arsenic uptake by the cells is the activity of the cell 
fraction as a percentage of the activity of the total sample, or 

c s of cells 
c s of cells + c s of supernatant 

Results of studies with whole blood: At 3 7°, the curve of uptake 
plotted against time is approximately the same as that of Lanz and 
Hamilton t 9) (combining their figures for stroma and cell content activitie� ) , 
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We found a maximum of 38 per cent in the cells, with a slight decline at 
24 hours. At 5°, the curve has the same general shape, but the per cent 
within the cells reaches a considerably higher value (over 56 per cent). 
Since the usual hematocrit was only about 45 per cent and since cell water 
constitutes only some 72 per cent of cell volume, this would indicate that 
the erythrocytes have accumulated As beyond that accounted for by simple 
diffusion. 

Results of studies with suspensions in saline: Cells were suspended 
in buffered saline, and the rate of uptake measured. Surprisingly, it was 
found that equilibration occurred almost immediately; l·�·, the uptake per 
cent at 8 hours was no higher, and usually somewhat lower than at 4 hours 
or at 20 minutes. Furthermore, although the cells constituted only 14 per 
cent of the fluid volume, some 25 per cent of the activity of each sample 
was found in the cell fraction. 

Results of dilution of whole blood: Samples of whole blood were 
diluted with phosphate buffered saline, and 1 cc arsenite added to each 20 cc 
of diluted blood. Results are shown in Table 2 7. The experiments werP 
performed at 3 7°C. 

Dilution 
hematocrit 

Time 

20 
• mtn. 

1 hr. 

2 hrs. 

3 hrs. 

20 hrs. 

Table 27 

Dilutions of whole blood 

50 per cent 
22.0 

28.0 

25.8 

24.4 

2 7. 7 

2 7.3 

I 
10 per cent 

4.5 

13.0 

10.0 

9.5 

9.4 

8.8 

5 per cent 
2.3 

8.9 

7.2 

7.4 

6.2 

6.2 

Again, there appears to be a slight decline with time. This may 
appear to be within the range of experimental error (note the last 2 values 
for the 50 per cent dilution) but this trend has been found in too many series 
(often far less equivocally) for such an explanation to be valid. More strik
ing is the increased concentrating activity of the cells with increasing 
dilution, as shown by the ratio of uptake to the calculated hematocrit. 
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Results of experiment at S0: As described earlier, whole-blood 
partition of arsenic was studied at S0 and at 3 7°. The reduced temperature 
study showed a slower uptake and greater concentrating activity by the 
cells. These results, and those of a similar experiment on a 14 per cent 
cell suspension in buffered saline, are presented graphically in Figure 38. 

With the dilute suspension, there was a decreased rate of uptake at 
low temperature, and again the increased concentrating activity of the cells 
on dilution was noted. 

Decline of activity in equilibrated cells: Four cc of cells was added 
to 11 cc of buffered saline plus S cc arsenite. This was maintained for 
3S minutes at 37°. The suspension was then centrifuged, and the 11tagged 

11 

cells added to buffered saline and to rabbit plasma so as to produce 14 per 
cent suspensions. The rate of decline of activity in the cell fraction was 
measured at 37°; these data are presented in Table 28. 

Table 28 

Rate of decline of activity in cell fractions at 37°C 

Time Saline Plasma 
Duplicate runs Duplicate runs 

3S 
• 

40.3 40.2 37.8 43.8 m1n. 

183 
• 

34.3 34.8 38.S 38.4 m1n. 

240 
• 

LOSS 29.4 31.4 32.2 m1n. 

17 hrs. 26.S 2S.2 24.3 24.2 

Discussion: The rate of penetration of a cell membrane by a par
ticular substance is determined by at least 2 factors: 1) the ability of the 
substance to penetrate the membrane and 2) the concentration gradient. 
Even a poorly diffusible substance may enter cells very rapidly if some 
intracellular combining process keeps the effective intracellular concen
tration of the substance at a low level. Tracer studies, when not sup
plemented by chemical analyses, do not distinguish between free and bound 
forms of the trace substance; by determination of temperature coefficients 
and the effects of inhibitors, it should be possible to separate enzymic, 
chemical, and diffusion effects. 

16S 
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Under various experimental conditions, we have noted a gradual 
decline in the activity of the cell fraction. This decline is often too large 
to be accounted for by swelling of the cells or by visually undPtt=>ctable 
hemolysis. Similar declines are found when P32 penetration is studied. (11) 
In the case of phosphorus, the mechanism is quite understandable; some of 
the radiophosphorus is temporarily incorporated in the glycolytic scheme 
as organic esters. Breakdown of these phosphate esters, with the release 
of some inorganic phosphate, results in a loss of P from the cell. That 
arsenic can replace phosphorus in some steps of the glycolytic scheme has 
been established ( l2); Doudoroff et al., have shown, moreover, that the --
resulting arsenic compounds are rather unstable, so that inorganic As is 
rapidly regenerated. If both incorporation of arsenic and breakdown of 
such 11arsenylated11 intermediates depend on glycolytic rates, we have an 
explanation not only of the decline at 3 7°, but of the reduced rates of entry 
and decline, and the greater concentrations, found at the low tempPratures. 

Additional experiments with inhibitors have been started, and the 
effect of dilution, which may be due only to the increased availability of 
phosphate, is also being studied. 

3. SUMMARY 

The rate of entry of arsenic 76 ..lS arsenite into rabbit erythrocytes 
in whole blood, in suspension in plasma, and in suspension in saline was 
measured at 3 7° and at S0• The concentration of radioarsenic within the 
cell fluid was found to exceed that in the suspension medium; the effect was 
more marked at S0 than at 3 7°. Decline of activity in As 76-tagged rabbit 
erythrocytes resuspended in plasma and in saline was measured at 37°. 
The substitution of arsenate for phosphate in some steps of the glycolytic 
cycle is discussed as a possible factor influencing uptake of arsenic. 
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BACTERIOLOGICAL ASPECTS OF RADIATION SICKN.!!.SS 

by 

C. Phillip Miller and Carolyn W. Hammond 

Department of Medicine, University of Chicago, In collabo
ration with Biology Division 

An investigation of the bacteremia occurring in mice subjected to 
total-body X irradiation has been initiated. Preliminary observations have 
been made on groups of 120 mice receiving 600 r. Five mice were killed 
each day and aerobic and anaerobic cultures were made of hearts' blood 
and spleen. 

The percentage of positive cultures has been found to rise to a 
maximum of 85 per cent on the 9th day after irradiation (the period of 
highest mortality) and then to fall to 30 per cent on the 14th and 15th day_s 
as shown in Table 29. 

Most of the cultures contained only a single species of bacteria. 
They consisted of the following in the order of decreasing incidence: 
Escherichia coli, Paracolobactrum, Proteus, alpha Streptococcus, Pseudo
monas, and Alcaligenes. Their virulence for normal and irradiated mice 
has not yet been determined. 

With possible exception of the alpha streptococci, all of these 
organisms may be presumed to have invaded the blood stream from the 
gut. A systematic study has, therefore, been begun to determine the bacte
rial flora of the gastro-intestinal tract of control mice. Cultures are made 
of the content of the small and large intestine at different levels. 

The effect of various antibiotics on the intestinal flora of normal and 
irradiated mice is being studied . 

• 
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Table 29 

Per cent 

Days No. animals positive 

postirradiation positive animals 

2 1 5 

3 1 5 

4 0 0 

5 1 5 

6 9 45 

7 1 1 55 

8 10 50 

9 17 85 

10 12 60 

11 15 75 

12 11 60 

13 9 45 

14 6 30 
• 

15 6 30 

16 (4 animals) l 25 



• 
_., __ __ - . . . . . . .. . .. . . . . ..... -

PREPARATION OF RADIOACTIVE GLASS BEADS 

by 

George Svihla and Walter Kisieleski 

Radioactive glass spheres of about 0.5 mm in diameter were needed 
as sources of f3 radiation in tissue culture studies. Yttrium91, having a 57-

day half-life and 1.53 mev f3 radiation, was suggested as the radioactive 

material. 

A good method for producing the beads seemed to be to adsorb the 
radioyttrium on powdered glass and then to fuse small quantities of the 

material depending upon surface tension to form the beads. Another pos
sibility was to incorporate radioyttrium with the raw materials used in the 

manufacture of glass. 

Assuming that the type of glass might have some effect on the prep

aration of the beads it was decided to test samples of optical glass (lens), 

heat absorbing glass, and the glass composing micro slides. The samples 

were ground to a fine powder in a porcelain mortar, small amounts of the 
powder were placed on a graphite block (3 x 10 x 15 mm) with depressions 

to hold the spheres, and fusion was carried out in an electric furnace con

structed for the purpose. The furnace was designed to produce radioactive 
beads with a minimum of hazard and at a low cost so that the furnace could 
be disposed of when it became contaminated with radioactivity. It was con

structed from a piece of Babcock and Wilcox K-30 insulating fire brick as 

shown in Figure 39. 

The heating element consists of a coil of No. 18 Nichrome V wire 
composed of 5 turns wound on a 1/411 x 1/211 bar stock form. Turns are 
spaced about 1/8 of an inch apart. The element was held in place with a 
small amount of Alundum cement, care being taken to cover the bottom 
and sides of the element with a sufficient thickness to provide electrical 
insulation when the graphite blocks were placed inside the coil. 

Battery clips were used to connect the element to the secondary of 

a 20 amp 6.3 V transformer. This was done to provide a quick and easy 
method of disconnecting the furnace in case of danger of contamination 
without loss of the transformer. A small piece of fire brick was used 
as a door. 

The powdered micro slide glass produced a satisfactory bead. After 
a few tests it was found unnecessary to make depressions in the graphite. 
Sprinkling the surface of a smooth graphite block with the glass powder 
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Figure 39. Diagram of furnace used in the preparation of radioactive 

glass beads. 



was found sufficient as the beads adhered well enough for careful handling. 
The proper amount of material necessary to produce a sphere of desired 
dimensions was learned by experience in the test fusions. 

Several different techniques were used in an attempt to incorporate 
the radioactive material into the powdered glass but essentially the con
siderations were either to precipitate the radioactive material in the pres
ence of a small amount of powdered glass and then fuse this precipitate 
into beads or to add the radioactive solution of high specific activity 
directly to a small amount of powdered glass hoping for it to be absorbed 
into the surface. 

In the first case approximately 500 mg of powdered glass were 
added to 1 cc of carrier-free Y91Cl3 solution having a specific activity 
of 1.5 me per ml. To this solution was added a small amount of yttrium 
carrier and :he Y91(0H)J was precipitated by the addition of NaOH. The 
solution was then centrifuged, the supernatant decanted, and the precip
itate partially dried before being fused into beads. The activity of the 
beads ranged from 10 to 100 J.l.C per bead. Measurement of the superna
tant for activity gave indications that approximately 60 per cent was being 
carried on the precipitate and powdered glass. With more stringent con
trol of the physical constants for precipitation and the addition of minimum 
amount of powdered glass, beads in the order of 100 to 500 J.l.C per bead 
seem well in the range of attainment. 

In the second case the simple principle of adsorption was relied 
upon. With the finely powdered glass offering large surface areas, ap
proximately 500 mg were added to a solution of Y91C 13 with a specific 
activity of 1.5 me per ml. The solution was allowed to stand for 20 to 
40 minutes with occasional stirring and was then centrifuged and the pre
cipitate was used for the fusion. No measurement was made on the super
natant activity but relative measurements of the beads in this case indicated 
a system about 50 per cent as efficient as the direct precipitation technique. 

With the same consideration of an adsorption mechanism 500 mg of 
powdered glass were added to 10 ml of a carrier-free cerium141-144 solu
tion with a specific activity of 0.6 me per ml. This was dried over a water 
bath in a closed system. In this case the specific activity of the beads 
ranged from 1 to 10 J.l.C per bead, again being lower than in the case of di
rect precipitation. In the latter two cases mentioned there is a good pos
sibility that a good portion of the material is being lost by adsorption on 
the glass vessels in which the chemical manipulations were performed. 

It might be mentioned that in all of the chemical manipulations 
protection from radiation hazards was considered. In most cases the work 
was done behind lead shielding and with the usual equipment necessary 
for semi-remote control handling of this range of activities. 
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In each case the powdered glass with its radioactive coating was 
handled in a barely moist condition so that it would adhere to a long 
Nichrome spatula made by flattening the end of a piece of No. 18 wire. A 
small amount of the material could thereby be removed from the lead
shielded container and transferred to a small carbon block where it was 
permitted to dry before being divided into smaller portions that would 
determine the size of the resulting bead. The block was then placed in the 
furnace and left until satisfactory fusion had occurred, the fusion process 
being watched with the aid of a magnifier. After fusion, the block was 
remO'> ed and permitted to cool. The beads were then brushed into a vial 
by means of a small brush. A variety of shapes and sizes result but enough 
suitable beads can be secured by proper selection. 

Although there are better methods of producing glass beads, this 
procedure has been found to produce radioactive glass beads with compar
itive safety and high recovery rate. 

Beads have been produced with specific activities of several hundred 
J..LC per mg. To date yttrium beads of about 0.5 mm diameter have shown a 
maximum activity of 87 J..LC .  Some cerium144 beads between 0.1 and 0.2 mm 
diameter have activities of 1 to 6. 7 J..L c. 

These beads have various potentialities as approximate point sources 
of radioactivity and have been used to imbed in tissue (p. 141). It may also 
be possible to produce discs, fibers, micro coverslips, etc., by appropriate 
treatment of the molten beads. 

SUMMARY 

A preliminary report on the methods and physical equipment for the 
production of radioactive glass beads to be used as sources of beta radiation 
in tissue culture studies is presented. 

Beads approximately 0.5 mm in diameter containing 87 J..LC of yttrium91 

have been prepared. Alternate methods of production have also been dis
cussed. 
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