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Table 3

IN VIVO RELATIVE INCORPORATION OF “C— Phe INTO 4C- Phe
A.LF, OF FETUSES FROM STARVED SHAM- AND X-IRRADIATED RATS
 

g
Relative in-

{c) “3 corporation
(b) x 1077 dis/min/g fetus
 

 

 

of 4C— Phe
Number fetal (a) fe) into MCPhe

(a) per weight, “C-Phe "C—Phe (Nf ALF,
Treatment Litter Iltter mg A.LF, A.S.F.  {d) + (e) (a/(h

Starved and R 12 158 28.8 §5.6 84.4 0.341
sham § 12 137 26.8 1.4 78.2 0.343
irradiated T 12 144 30,8 57.6 88.4 0.348

u 10 131 27,3 64.9 82.2 0.332

v 14 135 19.9 36.7 56.6 0.352

Ww il 135 23,0 40.1 63.1 0.365

x il 154s: 30.3 44,2 74.5 0.407

Y¥ 14 121 . 20,7 39.8 60.3 0,343

X 0,354
S.E, 0,010

Starved and z ll 125 21.1 49.5 70.6 0.299
irradiated AA 13 104 24.0 §1.8 75,5 0.317

AB 14 116 22.9 46.5 69.4 0.330

AC 15 118 24.7 49.5 74,2 0,333

AD 12 103 18,3 38,0 §6,3 0,325

AE 12 120 21.6 45.8 67,4 0,320

AF li 120 11.4 27.6 39,0 0.292

AG 13 136 26.4 46,5 72.9 0,362

X 0,322BEST AVAILABLE COPY Be Roh  
analysis of variance of the data in Tables 2 and 3 showedstatistically
significant effects due to both X radiation (p < 0.05) and food and water
deprivation (p < 0.05). No indication of interaction between these two

factors was detected; thus the effects are additive.

The multiple-range test!® indicated that incorporation in the starved
and sham-irradiated and starved and X irradiated groups was signifi-
cantly less than incorporation in the respective fed groups (p < 0.05).
Further, it indicated that “C—Phe incorporation in the starved ir-
radiated group was significantly lower than the incorporation observed

in any of the other experimental groups (p< 0.05). Thus, these data
indicate that, in the fetus present in its intrauterine environment, X
radiation causes a small but s{gnificant decrease in the incorporation

of “C—Pheinto protein per unit weight of fetal tissue.
Irradiated fetuses increased in weight from day 13 to day 14 to

the extent of only 72% of the increase observed in the unirradiated
fetuses. Thus, expressed in terms of relative incorporation per whole
fetus (g xc, see Tables 2 and 3), the differences were greater than the
differences in relative incorporation per unit weight of fetal tissue.

Table 4 presents data on the incorporation of '!C—Pheinto the
A.LF, in fetal cell-free systems. Since precursor {C—Phe was main- t

i
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Table 4

INCORPORATION OF C—Phe INTO THE "C-— Phe A.LF. OF A CELL-

FREE SYSTEM FROM FETUSES OBTAINED FROM FED AND STARVED
SHAM- AND X-IRRADIATED RATS
 

 

 

Fed Starved

x x
Number fetal Incor- Number fetal Incor-

per weight, poration, per weight, poration,

Treatment Litter litter mg 107) dis/min/g fetus Litter litter mg 1073 dis/min/g fetus

Sham AH 1l 216 33.1 AT 106 214 23,4

irradiated AJ 8 229 34,3 AU i 253 26.5

AK 9 140 32.2 AV 9 138 28.6

AL 12 146 34.1 AW 11 132 34.6

AM 12 143 44,3 AX 8 143 27.0

xX 35.7 x 28.0
SE. 2.1 5. E. 2.1

Irradiated AN 14 196 20.8 AY s 219 13.6

AO id 201 22,2 AZ 9 194 22,0

AP 12 111 30.1 BA 12 130 20,4

AQ 12 1106 15.8 BB 7 109 26.9

AR 10 102 29.1 BC 12 106 19.8

AS 8 116 23.0

X 23.5 x 20.5
SEL 2.1 SE. 2,1
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tained constant in the cell-free systems employed in these studies,

incorporation is expressed as '‘C—Pheincorporated into the A.I.F.

Incorporation of '{C—Pheinto the A.I.F. in fetuses of the fed group
was reduced by irradiation (p < 0.05). Similarly, irradiation decreased

4C_Phe incorporation in the starved group (p< 0.05). Thus, the data
indicate that in all cases fetal incorporation of '“C—Phe into the A.LF.,
as measured by the cell-free system, was reduced by fetal exposure to

X rays. Incorporation in sham-irradiated animals was significantly

reduced by food and water deprivation (p < 0.05), However, incorpora-

tion in irradiated animals was not affected by food and water depriva-

tion. It was not determined whether fetuses derived from starved ir-

radiated animals differed nutritionally from fetuses derived from fed

irradiated animals. Thus the results indicate that, while maternal food

and water deprivation decreases incorporation of 4C_Phe in the fetus,

irradiation causes a still further decrease in the incorporation of

'C_Phe into fetal protein.

Irradiation was acccmpanied not only by a depression in in vitro

incorporation but also by a decrease in the fetal growth rate. Thus,

expressed in terms of incorporation per whole fetus (incorporation per

gram * fetal weight), the differences were greater than those based on

incorporation per unit weight of fetal tissue.

It should be noted that the data presented in this study measure

incorporation of a labeled precursor into protein. An effort has been

made to estimate (in vivo studies) or control (in vitro studies) the

amount of label available for incorporation. However, no information

was obtained on precursor pool size or precursor specific activity.

Thus, it is not possible at this time to equate decreased incorporation

of amino acid into the A..F. with decreased protein synthesis. The

decreased growth of the irradiated fetuses suggests that the total pool

of protein in the irradiated fetuses did not increase to the same degree

that it did in the sham-irradiated fetuses during the 24-hr period fol-

lowing irradiation. Such a finding would be consistent with either de-

creased synthesis of protein or an increased rate of degradation of

protein with no change in the normal pattern of protein synthesis as a

consequenceof irradiation,

The difference between incorporation in sham- and X-irradiated

fetuses was small though significant in the in vivo studies with starved

animals. In the studies with the cell-free system derived from sham-

and X-irradiated fetuses, the differences were much greater. The

latter studies examined incorporation in the post mitochondrial super-

natant and thus measure cytoplasmic incorporation to the exclusion of

mitochondrial and nuclear incorporation of labeled precursor into the

A.LF, Studies currently in progress are investigating the effect of fetal

irradiation on cytoplasmic, nuclear, and mitochondrial protein synthesis.  



 

INCORPORATION OF LABELED PHENYLALANINE 993

CONCLUSIONS

This study investigated the effect of fetal irradiation on fetal

growth and fetal incorporation of labeled phenylalanine into the acid-

insoluble fraction of the fetus, both in vivo and in a fetal cell-free

system. The following observations were made relative to the 24-hr

period following fetal irradiation:

1. The increase in fetal weight observed in the irradiated fetuses

was significantly less than that observed in unirradiated fetuses.

2. The in vivo incorporation of labeled phenylalanine into the acid-

insoluble fraction of the fetus shows a small but significant decrease

following irradiation.

3. The incorporation of labeled phenylalanine into the acid-insoluble

fraction of a fetal cell-free system was reduced following irradiation

to a greater extent than that observed in the in vivo studies.

REFERENCES

1. M. M. P. Bar and T. Boullé, Ulcerations Profondes et Troubles Trophiques
Graves de la Paroil Abdominale Produits par les Rayon X Chez une Femme
Enceinte: Heuseuse Influence des Rayons Rouges, Bull. Soc. Obstet. Gynec.
(Paris), 4: 251 (1901).

2. L. B. Russell, The Effects of Radiation on Mammalian Prenatal Develop-
ment, in Radiation Biology, Vol. 1, pp. 861-918, A. Hollaender, Ed., McGraw-~
Hill Book Company, Inc., New York, 1954.

3. R. Rugh, Vertebrate Radioblology (Embryology), Annu. Rev. Nucl. Sci.,9:
493-522 (1959).

4. C. D. Van Cleave, Irradiation and the Nervous System, Rowman and Little-
field, Inc., New York, 1963.

5. S. P. Hicks and C. J. D'Amato, Effects of Ionizing Radiations on Mammalian

Development, in Advances in Teratology, Vol. 1, pp. 196-250, D. H. Woollam,
Ed., Logos Press, London, 1966.

6. L. Jacobsen, Low Dose X-Irradiation and Teratogenesis, Acta Pathol.
Microbio, Scand, Suppl.,193: Supp. No. 1 (1968).

7. L. B. Russell and W. L. Russell, An Analysis of the Changing Radiation
Response of the Developing Mouse Embryo, J. Cell, Physiol., 43: Suppl.

No. 1: 103-149 (1954). .
8. S. P. Hicks, C. J. D'Amato, and D. L. Joftes, The Nature of the Radio-

sensitive Cells in the Nervous System Studied with Tritiated Thymidine,in
Effects of lonizing Radiation on the Nervous System, Symposium Proceed-
ings, Vienna, 1961, pp. 199-205, International Atomic Energy Agency,
Vienna, 1962 (STI/PUB/46),

9. R. Rugh, L. Duhamel, C. Somogyi, A. Chandler, W. R. Cooper, R. Smith, and

G. Stanford, Sequelae of the LD/50 X-ray Exposure of the Preimplantation
Embryo: Days 0.0 to 5.0, Biol, Bull, 131: 145-154 (1966).

10. T. T. Job, G. J. Leibold, and H. A. Fitzmaurice, Blological Effects of
Roentgen Rays. The Determination of Critical Periods in Mammalian De-
velopment with X-rays, Amer, J. Anat., 56: 97 (1935).

11. S. P. Hicks, C. J. D'Amato, and M. J. Lane, The Development of the Mam-
* malian Nervous System. I. Malformations of the Brain, Especially the

Cerebral Cortex, Induced in Rats by Radiation. Il. Some Mechanismsof the
Malformations of the Cortex, J. Comp. Neurol., 113: 435-470 (1959).



994 SHORE ET AL,

12. R. Rugh, The Impact of Ionizing Radiations on the Embryo and Fetus,
Amer. J. Roentgenol. Radium Ther. Nucl. Med., 89:182-190 (1963).

13. J. G. Wilson, Differentiation and the Reaction of Rat Embryos to Radiation,
J, Cell, Phystol., 43, Suppl. No. 1: 11-37 (1954).

14. R. Rugh and E. Grupp, Exencephalia Following X-irradiation of the Pre-
implantation Mammalian Embryo, J. Neuropathol. Exp. Neurol., 18: 468-481
(1959).

15. C. H. Smith and M. L. Shore, Impaired Development of Rat Liver Enzyme
Activities at Birth After Irradiation in Utero, Radiat. Res., 29: 499-504
(1966).

16. M. T. Wagner, dr., Influence of Gamma Irradiation {n Utero on the De-
velopment and Functional Adaptation of Selected Enzymes in the Beagle,
Ph D. dissertation, Colorado State University, 1967.

17. J. de Vellis, O. A. Schjelde, and C. D. Clemente, Protein Synthesis and
Enzyme Patterns in the Developing Brain Following Head X-Irradiation of
Newborn Rats, ¢, Newrochem., 14: 499-511 (1967).

18. D. B. Duncan, Iultiple Range and Multiple F Tests, Biometrics, 11: 1-42
(1955).

19. J. W. Littlefield and E. B. Keller Incorporation of C'4’—Amino Acids into
Ribonucleoprotein Particles from the Ehrlich Mouse Ascites Tumor,
J, Biol. Chem,, 244: 13-30 (1957).

20. G. A. Bray, A Simple Efficient Liquid Scintillator for Counting Aqueous
Solutions in a Liquid Scintillation Counter, Anal. Biochem., 1: 279 (1960).

21. A. S. Weisberger, S. Armentrout, and S. Wolfe, Protein Synthesis by
Reticulocyte Ribosomes. I. Inhibition of Polyuridylic Acid Induced Ribcso-
mal Protein Synthesis by Chloramphenicol, Proc. Nat, Acad. Sct. (U. S.), 50:
86-93 (1963).

OPEN DISCUSSION

GLASSER: Dr. Shore, do your irradiated mothers experience an

anorexic period?

SHORE:I really cannot tell you. We cid not make such a measure-

ment,

GLASSER: What is the incorporation of !{C phenylalanine into the
dam?

SHORE: We concentrated strictly on the fetus. We have done

studies on the effects of radiation on liver enzyme synthesis in adult

and adolescent rats. We found effects that parallel the slope we found

here,

MAHLUM: Have you looked at incorporation at earlier times after

radiation to account for the difference in the weight that you see in the

24-hr period?

SHORE: Yes, we have, and this is what has led us to these in-

teresting lines of thought.   
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HOW X RAYS BLOCK LIMBREGENERATIONIN
SALAMANDERS AND A METHODFOR
REINSTATING REGENERATION

5S. MERYL ROSE
Tulane University, New Orleans, Louisiana
 

ABSTRACT

Evidence that limb regeneration falls in salamanders after X Irradiation because
nerves fall to make proper contacts with the epidermis is reviewed. This
failure to make proper contacts results in a failure of the flow of information
between cells. X-rayed cells are capable of regeneration and take an active
part in it if the communication system is restored by grafts of norma) tissue.

It has long been known that X irradiation in the dosage range from

2000 to 7000 R prevents limb regeneration in salamanders,’ We are

just beginning to understand how this is accomplished,

Salamanders are the highest forms in the vertebrate sezies that

can regenerate perfect limbs, If a distal part is removed, for example,

the forearm and hand, the distal part of the stump transformsto the

missing part, Any part of the limb can form the missing distal struc-

tures,

When a part is missing, the distal part of the stump loses struc-

ture, i.e., fibers and skeletal matrix dissolve and muscle fibers break

up. The remaining cells become embryonic in type. The blastemathat

they compose resembles an embryonic limb bud and like a limb bud

grows rapidly.? Within 12 days to a month after amputation, the new
pattern of the missing part of the limb can be Seen. Clearly there

must be some kind of communication between cells if they can respond

to something missing and cooperate to regenerate the missing struc-

tures,

Two observations indicate that X rays block regeneration by de-

creasing communication between cells, First, ifa plece«w nb skin is

grafted to the tail of a salamander and the tail ampv‘ated through the

graft, the regenerate is a tail, If the tail is X-rayed before receiving

995
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normal limb skin, the X-rayed tail does not regenerate. In addition,

the tail does not suppress the regeneration of the limb skin, which can

then transform to the distal part of a limb,°+!
The second observation is that X-rayed tissues do not lose struc-

ture and dedifferentiate appreciably. They behave as though nothing

were missing.

We are beginning to understand how X rays block regeneration,

First of all it is not by blocking cell division.® As many epidermal

cells divide in X-rayed limbs as in normal limbs.® Thefirst clue is

that limbs fail to regenerate after either X-irradiation or denervation,

and they fail in the same way.! The limbs do not undergo the series of

changes leading to new structures,

The nerves by their presence and position determine whether and

in what direction morphogenetic information will travel, If one grafts

or deviates nerve bundles in worms or salamanders, a new axis of

morphogenesis is established.’ For example, a piece of ventral nerve

cord of the annelid, Clymeuella, grafted under and at right angles to

the dorsal skin causes an outgrowth, The nature of the outgrowth,

whether it be head or tafl, depends primarily upon the region in which

the outgrowth occurs. A piece of anterior cord grafted to the anterior

part of the body causes an outgrowth that becomes a head. Anterior

cord grafted to the posterior part of the body also causes an outgrowth,

but the posterior region causes it to becomea tail.? The nerves set up

axes along which information can travel. The region where the new axis

is located is no longer controlled in the original pattern but is free to

transform to the most distal structure not present along its new axis,

Axes of control were demonstrated in the salamander limb by the

interference resulting when two axes interacted when placed at an

angle to each other.'® If two limbs were sewed together after the skin
between them had been removed, both regenerated whole handsafter

amputation when the limbs lay parallel. If the angie between them was

30°, some of the fingers in the medial position did not regenerate, At

60° only the most lateral fingers regenerated, and at 90° all or almost

all regeneration was suppressed, Monroy” reasoned that the inter-

ference was linear in nature and that wherever lines crossed morpho-

genesis could not occur.

Figure 1 shows regeneration of control doubled stumps (neither

limb irradiated) and of experimental doubled stumps (right stumpir-

radiated), Part a of Fig, 1 shows that, when the control limbs were in

a parallel position, there was no interference from the longitudinal

lines of control and both stumps regenerated normally, When the

stumps were at an angle, the more central lines intersected, central

structures were lost, and only the lateralmost regions, where there

was no interference, were able to regenerate, At very wide angles even

§
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CONT:tOLS EXPERIMENTALS

  
PARALLEL

 

 (a) wibe (b)

Fig, 1—-Regeneration of control doubled stumps (neither limb irradiated) and
experimental doubled stumps fright stump irradiated). [From J, C. Oberpriller,
J. Exp. Zool., 168: 427 (1968).]

the most lateral lines intersected, and no regenerate was produced,

Part b shows that, when the experimental stumps werein a parallel

position, a single hand was produced, apparently from the unirradiated

limb, which was still exerting its longitudinal control, When the stumps

were at an angle, the same phenomenon is seen. The regenerate that

forms is produced by the unirradiated stump; the irradiated limb

neither regenerates nor exerts any interference on the regenerating

Mmb,

Jean Oberpriller'! reasuned that, if X rays do obliterate lines of

control, an X-rayed limb sewn to a normal limb at an angle would not

interfere with the regeneration of the normal limb, This proved to be

true (Fig. 2), This tells us that X rays destroy the operation of linear

Oo stnel be ' iee
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Fig, 2—Regeneration when two limbs were grafted together at a wide angle and
both hands were amputated. The right limb, which had received an X-ray dose
of2000 R, failed to regenerate a hand and did not interfere with the regeneration
of a hand on the unirradiated left limb. [From J. C. Oberpriller, J. Exp. Zool.,
168: 4129 (1968}.]

morphogenetic controls. How this is done is being studied. The first

results have been obtained.

The studies are based on the fact that X-rayed limbs can recover

regenerative ability if normal limb tissues are grafted to them,!?.!3
Skin that has not been X-rayed or just the epidermis!‘ covering an

X-rayed limb can cause the regeneration of a perfect limb, The ques-

tion has been whether the graft of normal tissue provides all the cells

for regeneration or whether the graft in some manner enables the

X-rayed tissues to participate,

One can study an early step in the failure of X-rayed tissues to

regenerate by providing them and norrial limbs with tritiated thymidine.

In both the normal and the X-rayed limbs, the epidermis picks up

tritiated thymidine and epidermal cells continue to divide, as can be

seen On autoradiographs, The X-rayed limbs can function for many

years, but regenerative ability does not return, It can return, as noted

above, if the limb is provided with a normal epidermis, Then, as part

of the series of steps in regeneration, the internal X-rayed cells of

muscle, connective tissues, and nerve sheath do make new DNA and

proceed to regenerate,

The last question is what the normal graft does to reinstate re-

generative ability. A comparison of normal stumps, X-rayed stumps,
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and X-rayed stumps covered with normal epidermis indicates that in the

normal stumps nerve fibers grow into the epidermal wound epithelium

covering the distal end of the stump.'**'* There the nerve endings
make a synaptic junction with the epidermal cells.'’ In limbs witha
normal nerve supply, this intimacy of nerves and epidermis isa

prerequisite for regeneration, ” The nerves making this contact are

afferent nerves, In the event that all afferent nerves are removed and

the limb regenerates with an increased efferent supply,” the contact

between nerves and epidermisisnot necessary for limb regeneration, ****!
Presumably in this case contact between efferent nerves and other

tissues performs the function necessary for limb regeneration,

In X-rayed limbs after amputation, the nerves fail to enter the

epidermis and regeneration fails, When the X-rayed limb stump has

normal epidermis at its tip, nerves do enter the epidermis, and the

internal changes necessary for regeneration occur, A reciprocal ex-

periment has been performed, If the limb nerve still attached centrally

is dissected from the limb, put to the side, and shielded during ir-

radiation of the limb and then is replaced in the limb, such a nerve

will make contact with the irradiated epidermis, and Iimb regenera-

tion will occur,”? If either the epidermis or the nerve is not irradiated,

it can make contact, and the trophic nerve function is performed, This

trophic function apparently permits the flow of morphogenetic informa-

tion between cells, Without that flow after denervationor X-irradiation,

a limb does not begin to regenerate. Further research is necessary to

Jetermine whether in other cases where trophic function has been

decreased by irradiation it could be restored by normal grafts.
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EFFECTS OF X RAYS ON THE DIFFERENTIATION
OF GASTRULAS OF AMPHIBIANS AND
ON THE DIFFERENTIATION OF THE FEATHER GERMS
IN THE SKIN OF CHICKEN EMBRYOS

M. REYSS-BRION
Laboratoire d’Embryologie et de Tératologie duC.N.R.S. et du Collége de France

ABSTRACT

X-ray irradiations of the ectoderm of young gastrulas of amphibians and of the
skin of chick embryos show that the tissues that are differentiating are very
radiosensitive but that the inductor tissues are able to support very strong

doses of X-rays.
Autoradiographic and biochemical studies point out a fall in the DNA syn-

thesis in the tissues after trradiation.

I have irradiated in toto young gastrulas of an amphibian urodele,

Pleuvodeles waltlii (Michah.), with various doses of N-rays. After a

dose of 1170 R, the embryos are deprived of a nervous system in 95%

of the cases, Higher X-ray doses kill all embryos.

To find which anlage is affected by X-rays, I have irradiated ei-

ther the reacting ectodermal field or the inductive chordomesodermal

field with 1170 R (Fig. 1). Following irradiation of the ectoderm, the

differentiation of the ectoderm into nervous organs is inhibited in 86%

of the cases and remains incomplete in the others. Following irradia-

tion of the chordomesoderm, the inductive potentialities of the dorsal

blastoporal lip are active in 100% of the cases. This property is re-

tained even after very strong doses of X-rays, e.g., 150,000 R (Fig. 2).

These results indicate that at the gastrula stage even very strong

doses of X-rays have no important effect on the inductor, while very

low doses are able to suppress the differentiation of the competent

field,

In order to study this point further, I irradiated the ectodermal cap
of young gastrulas with lower doses of X-rays (1050, 800, 300, and

150 R),
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blastoporal lip, either normal or X-rayed.
Fig. 2—Percentage of structure induced in a fragment of ectoderm by a dorsal

NORMAL 1170 R 30,000 R 150,000 R
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Fig. 1—Result of irradiation with 1170 R on the young Pleurodcle gastruia.
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RESULTS

Measurements of the treated embryos 3 days after irradiation,

show that the size of the treated embryos decreases when the intensity

of the irradiation increases (Fig. 3). The findings from histological

 

 

 

 

  3|
Fig. 3—Effects of irradiation of the ectodermal cap (3 days after irradiation).
(1) Control; (2) 1050 R; (3) 800 R; (4) 550 R; (5) 300 R; and (6) 150 R.

sections of the anterior brain, posterior brain, and trunk of these em-

bryos are summarized in Fig. 4.

After doses of 150, 300, 550, and 800 R, spinocaudal structures

remain normal though a little reduced. They begin to disappear after

1050 R in 50% of the cases.
In contrast, the archencephalic and deuterencephalic structures

begin to disappear very early. After 550 R, they are very rudimental

and never develop sense organs; after 800 R, in 82% of the cases they

are not differentiated; after 1050 R, they are always absent (Fig. 5).
So, the loss of competence of irradiated ectodermal cells toward in-

ductors occurs according to a determined sequence: the deuteren-

cephalic and archencephalic structures are the first to disappear, then

the spinal cord,!
I have checked these findings using another model system for

tissue interaction, a system less complex than the whole egg and one in
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Fig. 7—Results of the reassociation of normal dermis and normal epidermis.
Magnification, 240%,
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which the inducing and responsive tissues can be easily separated and

can be obtained in quantities sufficient for biochemical studies. I chose

the chick embryo skin.

METHODS

The dorsal skin of chick embryos at the stage of feather-germ

differentiation, that is, around 7 days of incubation, is spread out on the

medium culture following the method of Wolff and Haffen,’ then it is

irradiated and cultured for 5 or 6 days. Under these conditions, the

dose of X-rays (60 kv and 8 ma) which suppressesthe differentiation of

the feather germsin 90% of the cases is 1000 R (Fig. 6).
The two components (dermis and epidermis) were separated by

trypsin, irradiated separately, and finally recombined.

RESULTS

In the control, after recombination of a normal epidermis with a

normal dermis, normal feather germs are obtained in 100% of the cases

‘Fig. 7). The same result is obtained with recombination of irradiated

epidermis with normal dermis, but only in 95% of the cases (Fig.8).
After recombination of a normal epidermis with an irradiated dermis,

the explant shows no signsof feather germs in61% of the cases (Fig. 9).

In 39% of the cases someare present, but they are very small,
Consequently it can be concluded that in thisinteractive system ir-

radiation of the dermis {s responsible for the inhibited differentiation.

On the other hand, the epidermis is very little affected by X-rays.

The next step was to try to relate these observations with changes

in the metabolism of skin cells, Hence, the possible changes in the nu-

cletc acids and protein synthesis were explored by autoradiographic

and biochemical techniques in collaboration with Y.. Kong and J. M.
Kirrmann.!

Autoradiographic Studies

Incorporation (10 to 100 pCi/cullture medium) of thymidine (CH;-T).
In the controls, there is a heavy incorporation of thymidine in dermal

cells at the site of feather germs. In the irradiated explants, 2 to 3 hr

after irradiation, cells are less heavily labeled thanin controls and are
randomly distributed. After 4 hr some recovery seemsto take place.
In both cases, only traces of the label were found in the epidermis,

(Fig. 10).
Incorporation (10 to 100 Ci/culture medium) of uridine (5-T).

Uridine is uniformly taken up by the epidermal and dermalcells, and
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(a) (h)

Fig. 10— (a) Incorporation of tritiated thymidine in a control (after 2 hr). (b) In-
corporation oftritiated thymidine in an irradiated explant (after 2 hr),

there are no differences between controls and irradiated explants. In

spite of the fall of the DNA synthesis, the RNA synthesis does not stop.

Incorporation (lo to 100 pCi/culture medium) of D-L leucine

(4-5-T). The uptake of leucine very much resembled that of uridine,

but the cells are more heavily labeled. In some explants (controls or

irradiated), however, the epidermis remained unlabeled in these con-

ditions, suggesting periods of low protein synthesis (Fig. 11).

BEST AVAILABLE COPY
Quantitative Determinations

The first quantitative determinations seem to confirm the obser-

vations, In the controls, thymidine is actively incorporated during the

first 4 hr after administration. After 20 hr the total quantity of thymi-

dine Incorporated decreases. The pattern of incorporation is the same

in the frradiated explants as in the controls, but there is an inhibition

of 20%, which ceases after about 20 hr.
The incorporation of urldine and of leucine increases in the con-

trols as in the irradiated.

When we measured the same incorporation with higher doses of

X-rays, we found that: incorporation of thymidine decreases strongly
between 0 and 1600 R; incorporation of uridine increases till 1200 R,

and decreases between 1200 and 1600 R; incorporation of leucine de-

creases very slightly when the X-ray doses are greater than 800 R.   
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different doses of irradiation.

Between 800 and 1200 R, which are doses acting upon differentia-

tion, only the DNA synthesis is notably affected (Fig. 12).

scusson BEST AVAILABLE COPY

The fact that irradiation of the inductors does not affect their in-

ductive capacity suggests either that the active factors have already

been synthesized and stored in the cells or that synthesis goes on

despite irradiation.

If we assume that the inductive substance is a protein, this could

also mean that the phase of protein synthesisis not very radiosensitive.
However, irradiation of the responding cells prevents their differentia-

tion, which, in normal tissues, is always accompanied by a definite in-
crease of the DNA synthesis, This may suggest that the primary target

of the irradiation {s the DNA synthesis ofthe differentiating tissues.

Far reaching conclusions should not be drawn from these frag-

mentary results, We know too little about genetic information in the

cells of Metazoans to make further hypotheses on this subject.
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oe OPEN DISCUSSION

SCHJEIDE: Let me make a remark, It has been found that the bone

matrix which has been completely decalcified can serve as an inducing

agent for formation of bone by surrounding mesenchymal cells. Nothing

is being secreted by the dead bone matrix, and the present thought is

that it merely presents a surface which the mesenchymal cell rec-

ognizes and that this is enough of a message. In your case do you see

any secretion from the inducing tissue of chondroitin sulfate or col-

lagen?

REYSS-BRION: No secretion.

LINDENBAUM:I cannot help reacting to the suggestion of some

esoteric inducing factors for collagen. The idea of a dead matrix in-

, ducing the later formation of bone apatite I think should not be thought

: of as having anything to do with biological systems.

oe SCHJEIDE: Well, if you irradiate the bone very heavily to cause

derangement of the matrix proteins, you do not get induction. And on

the other hand, a sponge will not induce bone. The information con-

tained in a dead bone matrix may not be the true message, but itis a

‘io message that results in the production of normal calcification.

: LINDENBAUM:I think its a semantic difference, but I’m object-
ing to the use ofthe word “message,”—unless you want to call a chemi-
cal reaction that produces something out of something else “a mes-

sage.”
SCHJEIDE: I take the opposite view.

BEAUMONT;Is there any evidence of a transfer oflabeled RNA or

protein from the donors dermis to the epidermis?

REYSS-BRION: We do not have any evidence of transfer of ma-

terial because the two tissues were not separated at the final incuba-

tion,

_
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EPILOGUE

MELVIN R, SIKOV
Battelle Memorial Institute, Pacific Northwest Laboratory,
Richland, Washington

In the prologue, Dr. Noonan pointed out many of the differences be-

tween the format and scope of this symposium and the one held in

Oak Ridge in 1953. The interest in this field is indicated by the impres-

sive number of reports published in the intervening years; there are

over 1000 literature citations in the papers of this symposium. Of

greater importance, however, has been the increased sophistication in

approach and in interpretation evident in the studies reported upon in

the past 4 days. These studies clearly reflect the conceptual advances

that have been made in the past several years. The roles of improved
instrumentation and more-definitive approaches to problems of micro-

dosimetry are particularly evident.

As we have seen, the measurementof the cross-placental transfer

of radionuclides has becomehighly quantitative, and the available data

extend over a wide variety of species, including man. In addition to the

determination of radiation doses in experimental animals, suffictent

information was available, for a few nuclides, toallow estimation of the

radiation dose to the human fetus following exposure of pregnant

women, Our progress beyond the descriptive stage is illustrated by the

studies on the dynamics of transfer as well as those in which it has

been possible to separate the role of the fetus from that of the placenta.

The metabolism of inorganic elements by the neonatal organism
and the changes which occur during maturation have long been neglected

areas of research. Ths amount of quantitative data obtained recently in
a variety of species is most impressive. The mechanismsfor these

age-related differences are also being elucidated through studies on

the role of diet and on the binding of radioactive nuclides at the tissue

level,
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1014 SIKOV

Studies of factors that influence the response of the perinatal

animal to radiation include studies to evaluate the role of genetic

factors and of immunologic competence in the response of the neonatal

animal. Other studies have indicated the relevance of usually ignored

factors, such as season of the year.

Relatively few investigators have been interested in the long-term

effects of radiation on the intrauterine or neonatal animal. Many of the

groups involved in this area of research are represented at this

symposium, We have seen that the differences between the late effects

of irradiation of the perinatal animal and of the adult provide clues to

the unique nature of the response of the immature animal to radiation.

Studies with radionuclides have also pointed out differences and have

raised several, yet unanswered, questions about the mechanisms of

effect. -
Renewed interest in the effects of continuous or fractionated

irradiation was evident. Although many of the studies reported were

descriptive, this interest may signal coming advances since comparable

studies in the adult led to some of our more useful working hypotheses

on the mechanism of radiation effects. As an indication of the under-
standing that may result, studies combining split-dose techniques for

irradiation of the cerebrum with quantitative end points have suggested

that partial recovery occurs in the ‘fetal brain. Many morphological

studies are still being conducted, but there is a distinct trend toward

elegance of approach. The increasing use of the electron microscope
to investigate the ‘finer details of many of these morphologic changes

has been evident. We also saw the improved understanding that has
resulted from the use of fine beams of X rays or protons delivered to

narrowly defined areas of the brain. Much of the current work is

involved: with elucidating the mechanisms responsible for morphologic
changes described in earlier studies, ”

The increasingly quantitative approach contrasts markedly with

earlier work, For example, growth is being measured as an increase
in DNA rather ‘than in total weight. The effects of radiation on cell
proliferation are being subjected to definitive scrutiny through the use

of tritiated thymidine labeling. At least one group has carefully
measured the size of important functional compartments, which has
allowed them to propose quantitative explanations for age-dependent

differences in radiosensitivity.

The emphasis on quantitation also encompassesthe physiological

and biochemical changes that result from irradiation during the

perinatal period. Reports included measurements of enzymeactivities

as well as protein, DNA, and RNA content. A few laboratories are
carrying this a step further and are attempting to use such data to

define the effects at the molecular level.
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I have spent the last several minutes pointing out contrasts be-

tween what transpired at Oak Ridge 16 years agoand at the present

meeting, and I am afraid that these differences may have obscured one

very important similarity. It is apparent that underlying the many

experiments with radiation and radioactive materials there is a basic

desire to understand the mechanismsand processes of normal develop-

ment. It is clear that we have made substantial progress in this

direction and that the recent advances in technique and concept should

accelerate this trend.
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Cataract, 290, 496-498, 614, 986

Cattle, 9-23, 153, 156, 225, 592-593,
598, 613, 641, 944

Centrioles, 931
Cerebrosides, 882-884
Cerium, 217-226, 567-576, 643
Cesium, 97-120, 153-160, 191-205,

662, 702, 706, 725
CFU, 606-607, 609-610, 626
Chicken, 341-356, 927, 932-933, 942
Cholesterol, 882-884
Choline Acetylase, 897
Choline acetyltransferase, 887-898
Chromosome, 372, 388-390, 463, 702,

707, 955
Cleft palate, 615, 619
Cobalt, 419-437
Colchicine, 358-360, 363
Collagen, 1011
Cortisol, 864-865, 935
Cytolysome, 328-329, 336, 338

Deer, 117-120
Development, stage of, 14, 27, 31-32, 46,

50-51, 53, 57, 78, 80, 82, 84, 91-92,

94, 147, 150, 153-160, 201, 215,

217-226, 251-262, 316-319, 321, 330,

357-364, 369, 376, 381-391, 384-

387, 395-406, 409-417, 441, 444-445,
492, 511-515, 583, 585, 589-690,
603, 614-619, 621-628, 637-447,
658-659, 667-670, 758-764, 769-777,
857-875, 891-892, 921, 977-5982,
988-991

Distribution, radionuclide, 31, 45-62,
69, 28-29, 123-125, 155, 202, 208-
211, 219, 279, 544-548

Dog, 157, 191-205, 395-406, 487-492,
497, 499-601, 504, 529-641, 543-
565, 638, 644, 676-684, 877-886

Dose, radiation, 73-87, 89-96, 105-
116, 231-232, 235-238, 280, 352,
360-363, 366-368, 372, 362-391,
409-417, 425-428, 450, 494, 496,
§18-519, 520, 531-534, 5671-573,
581, 592-598, 607-609, 661-662,
669, 786, 788, 948, 1003, 1008

INDEX

Ear, 269, 655-657

Edema, 104, 159, 256-257, 261, 559,
594, 819

EDTA, 210, 213-215

Egg cylinder, 49-50, 327, 336
Electron microscopy, 329, 334-336,

498, 505, 788-791, 799, 823-839,
869-870, 1014

Encephalocele, 770
Endoplasmic reticulum, 327, 329,

498, 806, 814, 818, 826, 829-830,
832, 927

Endotoxin, 358-360, 362-363
Epilepsy, 655-657
Erythrocyte, 39, 275, 277, 358-359,
363

Esterase, 675, 978-980, 982
Estrogen, 216, 929, 932, 942, 953

Excretion, fecal, 12, 15, 219
urinary, 12, 15, 64, 141, 284, 531

Exencephaly, 240, 652, 770, 986
Eye, 51, 53, 59, 62, 158, 247, 250, 269,

346, 493-510, 590, 614, 617, 640,
652, 655-657, 760, 764

Fallout, 105-116, 163-171, 661-673,
693-717, 719-729, 731

Femur, 92, 94

Ferritin, 39, 43

Fertility, 157, 422-424, 435, 457, 459,
464-465, 470, 473, 591, 594-596,
598, 601, 640-642, 644

Fetectomy, 25-44, 150-151

Food consumption, 185, 440-445, 644,
988-992

Foot, 255, 346, 590, 761

Gastrointestinal tract, 20, 51, 217-226,
285, 344, 377, 434, 440, 533, 559,
625, 638, 664

Glucose, 630-635, 934
Glutathione peroxidase, 972
Glycerol phosphate dehydrogenase,

675, 861, 864-865, 872, 977-980, 982
Glyceryl trioctanoate, 630-635
Glycerol trioleate, 630-635
Glycogen, 767
Glycolysis, 926-927
Goat, 102, §92-593, 596-598, 601, 641
Goiter, 55
Golgi! apparatus, 803, 814, 825-826,

829
Gonad, 377, 456, 514, 691, 598, 640,

727, 731, 943, 963
Gonadotrophin, 935, 944, 946-947, 949,

951, 953
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Growth, 926, 1014

bone, 447, 528-529, 537, 561-562,
577-579, 581, 584, 642-645

brain, 817, 893
neonatal, 274, 365-379, 519-520

postnatal, 191-205, 429, 437, 440-
443, 450-451, 464, 469, 519-520,
525, 532-533, 559, 577, 594, 597,
666-667, 727

prenatal, 231-232, 246, 253, 269,
386, 986, 988

thyroid, 426-427
Growth hormone, 934, 968
Guinea pig, 45-62, 97-104, 504, 944

Hair, 664, 672-673

Hamster, 639
Head, 247-248, 269-270, 290, 350,

401-402, 404, 453-474, 547, 557,

590, 639-640, 645, 684, 744, 819,

933, 937-938, 996

Hearing, 308

Heart, biochemistry of, 927
minerals in, 17-18, 66, 209, 286
morphologic abnormalities of, 158,

270, 325, 329, 331-332, 354, 402,

553
weight of, 218, 284, 286, 377

Hematocrit, 267-268, 359, 362-363

Hematopoiesis, 28, 38-39, 85, 265,
357-364, 440, 475, 527, 551, 562,

603, 611, 626, 638-639, 664

Hemosiderin, 39, 43
Hexobarbital oxidase, 900-904, 907=

908
Histone, 930-931
Human, 63-71, 73-88, 163-171, 381,

389, 492, 497, 577-588, 651-659,
661-673, 675-717, 719-729, 731-732,
944, 955-961, 970 .

Hydrocephalus, 290-291, 295, 401,
425, 469-470, 615-616, 619, 755-767,
770-771

Hydroxyprogesterone, 969
Hypercapnia, 787, 792~793, 795
Hypophysectomy, 944, 949-950, 966,

8
Hypophysis, 216, 285, 377, 456, 460-

461, 473, $14, 525, 874, 934

Hypothalamus, 456, 473
Hypothermia, 454, 787, 792-793, 795

Immune response, 484-485
lodine, 45-71, 73-87, 117-120, 153

160, 365-374, 488, 490, 492, 645,
662, 669-670, 702

Iron, 9-23, 25-44, 73-87, 104, 216
Isocitrate dehydrogenase, 861, 863-

865, 927

Kidney, 920, 936
function of, 67
minerals in, 17-18, 141, 209, 212,

214, 286
morphologic abnormalities of, 344,

401, 425
tumors of, 446-447
weight of, 18, 94, 284, 286, 377

Labeling index, 272-273
Lactate dehydrogenase, 327, 329-330,

332, 336-338, 861-862, 864-865, 872
Lead, 123-125, 127

Learning, 302
Lecithin, 882, 884
Leg, fracture of, 521-524, 547, 569
growth of, 158, 442-443, 581-582,

643

minerals in, 134
morphologic abnormalities of, 247-

249, 256-257, 402, 425, 534-537,

§52-555, 559, 590, 618-619
regeneration of, 995-1000

Leukocytes, 266, 275-276, 358-359,

362-363, 389, 538-539, 551, 665, 926
Life-span, 409-417, 425, 446, 521,

643-644

Linear energy transfer (LET), 574
Lipid, 629-635, 858, 860, 866, 877-

886, 923-925, 928, 932
peroxidation, 935, 963-974

Litter size, 55, 58-59, 232, 234, 236-
238, 269, 284, 382, 424, 590-592,
594, 771, 902, 988

Liver, biochemistry of, 38, 474, 625,
899-911, 927-928, 932, 934-937,
970, $77-982, 986

minerals in, 17-18, 27-29, 44, 51,
13, 139-141, 155, 209, 211-213,
215, 219, 224, 286

morphologic abnormalities of, 158,
344-345

radiation dose to, 75-80, 85
tumors of, §12-513
weight of, 18, 29, 265, 284, 286,

377-378, 920-921
Lung, 284, 286, 377, 434, 512-514, 851,

653, 920, 970
Lymphocytes, 264, 267, 278, 389, 478,

482, 484-485, 549, 622-624, 664-665
Lysosome, 328, 332, 334-335, 338-339
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Magnesium, 186-189
Malate dehydrogenase, 833, 836, 861-

862, 864-865, 927

Malic enzyme, 861, 863-865
Mammary gland, 434, 512, 514
Melanocyte, 499
Membranes, fetal, 19, 246, 344

nuclear, 328, 788, 791, 826-827
Mercury, 137-143, 145-152
Metabolism, 73, 105, 184, 207-216,

440, 568, 578, 629-635, 645, 817
Microcephaly, 256, 285, 386, 594, 617,

619, 755-756, 759, 761-763, 765-
766, 770-771

Micrognathia, 386
Micromelia, 386, 616, 619
Microphthalmia, 290-291, 386, 494,

594, 615, 617, 619-620, 759
Microsome, 927-928, 932, 934
Milk, 102, 106, 108-109, 111, 119-115,

164-167, 169-170, 179, 702, 710,
712, 714, 726

Mitochondria, 327, 329, 334, 806, 816,
818, 826, 829-833, 836, 870, 923-
924, 927-9286, 938, 987, 992

Mitosis, 368, 495, 498, 600, 617, 621-

628, 824-825, 827, 855, 926, 932,
971-972, 996, 1014

Monkey, 389, 944, 955-961
Mortality, neonatal, 400-401, 475-486,

$19, 527, 651-659, 719-729, 934
postnatal, 360, 364, 403, 409-417,

425, 442, 444, 456, 475-486, 519,
521, 593-594, 603, 637, 644, 651-
659

prenatal, 55, 67, 157, 254-285, 269,
333, 341-356, 395, 403, 206, 592,
697, 614-615, 702-715, . 6, 902

Motor response, 302, . 10, 73¥-754
Muscle, 119, 124-125, 134, 209, 211-

213, 247, 927, 936, 970
Myelin, 861, 869, 671, $78, 884-886,

923, 935
Myelocele, 770

Neptunium, 153-160
Nervous system, biochemistry of, 880,

887-898
function of, §21, 739-754, 996
growth of, 601
minerals in, 61 |
morphologic abnormalities of, 301,

384, 386, 639, 652, 655-657, 730-
754, 756, 769, 779-797, 829, 1001

Neurology, 149, 291, 454, 470, 621,
639, 684, 742-752, 858

eeee

Nicotimamide adenine dinucleotide,
965

Niobium, 217-226
Nucleic acid, 320, 371, 375-379, 625,

859, 866-873, 889, 913-914, 925-926,
929-931, 937, 955, 998, 1006, 1008,
1010, 1014

Nucleotus, 498, 830
Nucleus, biochemistry of, 923-925,

928, 951, 992
DNA of, 265-264, 810-811, 871
Morphologic abnormalities of, 327-

329, 332, 334, 371, 478, 788, 791,
802, 819, 824, 827, 830, 871, 921

Nutrition, 169, 173-190, 233, 246, 531,
645

, Olete acid, 928

Oocytes, 315-316, 318-321, 593, 597,
642, 943-961

Ovary, 313-324, 434, 437, 460-461,
513, 591, 593, 597-598, 641, 943-961

Oxtdative phosphorylation, 926
Oxygen, 921-922, 924, 931

Palmitie acid, 928
Partition, radionuclide, 14-16, 20, 85,

189, 286
Permeabllity, 344, 349
Phagocytosis, 123, 225, 502
Phenylalanine, 985-944
Phosphatidy! ethanolamine, 883-884
Phosphatidyl serine, 883-884
Phosphorus, 9-23, 177-179, 571-572,

574
Placenta, 12-19, 25-44, 49-51, 61-62,

64, 67, 97-106, 108, 121-135, 147-
148, 150, 155, 239, 406, 548

Plasma, 25-44, 49-50, 100-102, 117-
119, 138, 141, 349, 352, 532

Plutonium, 135, 153-160, 567-576, 643
Polysomes, 806, 829-830
Potassium, 11, 97-104, 107-108, 731
Pregnancy, 14-15, 28
Pregnant mare serum, 945-946, 949-

951, 953
Progesterone, 969
Propylthiouracil, 47, 65-58, 372
Prostaglandin, 968-969
Prostate, 216, 590, 594
Protein, 375-379, 832, 858~860, 923-

925, 931-934, 942, 980-981
binding of mineral to, 43-44
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incorporation of amino acids into,
860, 866, 985-994, 1006, 1008,
1010

plasma levels of, 349

Rabbit, 61, 121-135, 153, 157, 497,
$02-503, 639, 927

Radlation, continuous, 263-282, 419-
437, 589-602, 621-628, 641, 1014

fractionated, 387, 251-262, 779-797,
1014

recovery from, 355, 779-797
Radical, free, 921-922
Radiotoxin, 471-473

Radium, 11, 121-135, 183-190, 496,
732

Radon, 125, 731
Regeneration, 995-1000
Relative biological effectiveness

(RBE), 447, 574
Retention, radionuclide, 12, 17, 20, 22,

27, 38, 78, 173-182, 191-205, 207
226, 518-519, 563

Reticulo endothelial system, 123
Ribosomes, 498, 785, 811, 816

Rosctte, 256, 295, 297, 617, 756, 758-
766, 782-783, 785-786, 788-789, 793

Ruthenium, 217-226

Salamander, 995-1000
Selenium, 137-143
Seminal vesicle, 590
Serine dehydratase, 675, 980-982
Serum, 30, 923-925, 928, 932
Sex ratios, 424
Sheep, -23, 43, 117-120, 153, 156-

157, 183-196, 243-250
Skin, 209, 211, 434, 446-447, 664, 672,

970, 995-995, 998, 1005-1006
Skull, 560, 878, 937
Sperm, 460, 462, 464, 468-470, 473,

592, 697, 641
Spermatogenesis, 423, 640
Sphingomyelln, 883-884

617, 639, 759, 641-855, 887-898
Spleen, CFUS In, 609-611, 626

in wasting disease, 476, 484-485,
644 ,

morphologic abnormalities of, 478,
481-485, 551

radiation dose to, 75, 78-80, &§
radioprotective effect, 475-478, 638
weight of, 265, 284, 286, 377-378,

594

Stearle acid, 928
Steroid, 874, 964
Strontium, 11, 89-96, 97-104, 145-160,

163-171, 173-182, 185-189, 3913-324,
517-527, 529-541, 543-565, 574,
643, 662, 702, 704-708, 710-715,
425-729

Succinic dehydrogenase, 833
Sulfur, 9-23, 216
Swine, 9-23, 18, 43, 89-96, 173-190,

592-593, 598, 641, 727
Syndactylism, 616
Syndrome, hemorrhagic, 246

wasting, 476, 478, 484

Tall, 256-257, 260, 290-291, 425, 442-
443, 472, 484, 590, 614, 744, 761,
934, 995-996

Teeth, 163-171, 522, 524, 590
Temperature, body, 454
Testis, 284, 286, 423, 437, 455, 459-

461, 470-471, 590-596, 624-626,

963-974
Testosterone, 965-967, 969, 971-972

Thorium, 11, 121-135, 731
Thoron, 731
Thorotrast, 121+135
Thrombocyte, 267-248, 275-276, 351,

354, 644
Thymidine, 263-282, 321, 368, 625,

810, 841-855, 859, 869, 926, 998,
1006, 1008, 1010, 1014

Thymus, 92, 95, 265, 284, 286, 377~
378, 431, 476-481, 484-486

Thyrold, 733
function of, 59, 63-71, 487-492
hormones of, 59, 64-65, 67-68, 70,

81-86, 488-490, 645, 669-670,
929, 934

fodine in, 48-49, 51, 54, 61, 63-71,
73-87, 117-119, 365-374, 487,
662

morphologic abnormalities of, 55,
157, 285, 368-371, 666-670

radiation dose to, 73-87, 159, 673
tumors of, 373, 446-447, 666-670,

. 675-680
weight of, 369-372

Thyroid-stimulating hormone, 51, 55,
62, 489-491, 645, 669

Thymus, 512-513, 622-623, 644
Tinea capitis, 877, 885
Tocopherol, 967
Tongue, §53
Transfer, cross placental, 25-44, 74-

75, 81, 86, 97-104, 117-135, 137-
143, 145-160, 216, 530

nt
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Tritium, 153-160, 263-287, 725
Tryptophan pyrrolase, 874
Tumor, 444-446, 644, 651, 659, 675-

692, 719, 971
brain, 298-299
eye, 494
hematopotetic, 85, 430-435, 511-

515, 563, 623, 655-657, 686-690,
694-702, 719, 725, 728, 733

kidney, 446
liver, 511-515

Vasculature, blood, 159, 261, 298, 545,

325-356, 545, 841, 845-853, 874

Viston, 302, 308

Water, body, 920
consumption, 440-443, 445, 644

Weight, 369-370
birth, 57, 234, 238, 265, 284, 520,

590, 594, 614-615, 617, 714, 727,
body, 109, 177, 186, 274-275, 359-

360, 363, 376, 378, 414, 426-432lung, $11-515 , 363, 376, 378, 414, ,
manamary, 434, 611-518 440-443, 450, 456-457, 464-468,
ovarian, 434, 511-515 §19-520, 545, 566, 637, 644, 890
skeletal, 446, 539-540, 548, 559- browa 988

eee eee S71, 573-574, $78, 582-. embryonic, 56, 158, 201, 252, 936
skin, 446 ovarian, 460
synovial, 85 placental, 158, 239

thyrold, 373, 446, 666-670, 675-680 thyroid, 369-370, 372
vasculature, 654-657

Tumorigenesis, 444, 447, 511-515, Xanthine oxidase, 27, 30, 39
563, 574, 584, 675-692, 720, 728,
942

Tyrosinase, 931-932 Yolk sac, 26-29, 31-32, 35-38, 135,
339

Yttrium, 706
Uranium, 731
Urethan, 511-515
Uridine, 869, 1006, 1010 Zinc, 9-23, 145-152, 207-216, 662
Uterus, 155, 946-947 , Zirconium, 217-226
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NU CLEAR Nucleor Science Abstracts, a semimonthly journal that provides
the only comprehensive abstracting and indexing coverage of the

international literature on nuclear science and technology, is a
major publication of the U. § Atomic Energy Commission,
Division of Technical Information. It covers (1) research reports

SCIENCE of the U. S. Atomic Energy Commission and its contractors; (2)
research reports of other government agencies and their con-

: tractors, universities, and industrial research organizations; and
(3), on @ worldwide basis, translations, patents, conference

AR STRACT5 papers and proceedings, books, ard articles appearing in technical
and scientific journals,

indexes covering subject, author, corporate author, and report number are included in
each issue, Semiannual, annual, and multi-year cumulations of these indexes provide s
detailed and convenient key to the world’s nuclearliterature.

NSA is avaiteble on subscription from the Superintendent of Documents, U. S.
Government Printing Office, Washington, 0. C. 20402, at $42.00 per year for the
semimonthly abstract issues and $38.00 per year for the cumulated-index issues.
Subscriptions are postpald within the United States, Canada, Mexico, and most Central
and South American countries. Postage is not paid for Argentina, Brazil, Guyana, French
Guiana, Surinam, and Gritish Honduras, Subscribers in these countries and in al! other
countries throughout the world should remit $52.50 per year for the semimonthly
abstract issues and $47.59 per year for the four cumulated- index issues.

NSA 1s also avaliable on an exchange basis to universities, research Institutions, Industriat
firms, and pubtishers of scientific information; inquirles regarding tha exchange provision
should be directed to the Division of Technical Information Extension, U. S$. Atomic
Energy Commission, P. O. Box 62, Oak Ridge, Tennesses 37830,
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