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Table 3 

IN VIVO RELATIVE INCORPORATION OF HC-Phe INTO "C-Phe 
A.LF, OF FETUSES FROM STARVED SHAM• AND X-IRRADIATED RATS 

(g) 
Relative In-

(c) 
10·1 dls/mln/g fetus cor~ratlon 

{b) x of I C-Phe 
Number fetal (di (el Into 1'C- Phe 

(a) per weight, iec-Phe icc-Phe (f) A.I.F. 
Treatment Litter Jitter me A.I.F. A.S.F. (d) + (e) (dl/(f) 

Starved and R 12 1511 28.8 S5,8 84.4 0.341 
•ham s 12 137 26,8 Sl.4 78.2 0,343 
Irradiated T 12 144 30,8 57.8 81!.4 0.348 

u 10 131 27,3 54.9 82.2 0.332 
v 14 135 19.9 36.7 56.6 0.352 
w 11 135 23,0 40.l 63.1 0.365 
x 11 154 30.3 44.2 74.5 0.407 
y 14 121 . 20,7 39.6 60.3 0.343 

x 0.354 
S.E. 0.010 

Starved and z 11 125 21.1 49.5 70.6 0.299 
irradiated AA 13 104 24.0 51.5 75.5 0.317 

AB 14 lUI 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 S6,3 0.325 
AE 12 120 21.6 45.8 67,4 0.320 
AF 11 120 11.4 27.6 39.0 0.292 
AG 13 138 26.4 46.5 72.9 0.362 

BEST AVAILABLE co2i- x 0.322 
S.E. O.OJO 

analysis of variance of the data in Tables 2 and 3 showed statistically 
signlflcant 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 addltlve. 

The multiple-range test11 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 uC-Phe incorporation in the starved ir­
radiated group was signlflcantly lower than the incorporation observed 
in any of the other experimental groups (p < 0.05). Thus, these data 
indicate tJiat, in the fetus present in its intrauterine environment, X 
radiation causes a small but signlflcant decrease in the incorporation 
of 14C-P.he into 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 x c, 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 14C-Phe into the 
A.I.F. in fetal cell-free systems. Since precursor 14C-Phe was main-
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AH 11 216 33.l 
~ 8 229 34.3 
AK 9 140 32.2 
AL 12 146 34.1 
AM 12 143 44.3 --x 35.7 

S.E. 2.1 

AN 14 196 20.8 
AO 10 201 22.2 
AP 12 111 30.1 
AQ 12 110 15.8 
AR 10 102 29.1 
AS 8 116 23.0 -x 23.5 

S.E. 2.1 

AT 10 214 
AU 11 253 
AV 9 138 
AW 11 132 
AX 8 143 

AY 9 219 
AZ 9 194 
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BB 7 109 
BC 12 lOo 
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tained constant in the cell-free systems employed in these studies, 
incorporation is expressed as 14C-Phe incorporated into theA.I.F. 

Incorporation of 14C-Phe into the A.I.F. in fetuses of the fed group 
was reduced by irradiati.on (p < 0.05). Similarly, irradiation decreased 
uC-Phe incorporation in the starved group (p < 0.05). Thus, the data 
indicate that in all cases fetal incorporation of 14C-Phe into the A.I. F., 
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 14C -Phe in the fetus, 
irradiation causes a still further decrease in the incorporation of 
14C -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 x 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.I. 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 
consequence of 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
a nd 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.I.F. Studies currently in progress are investigating the effect of fetal 
irradiation on cytoplasmic, nuclear, and mitochondrial protein synthesis. 
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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 irr3.diated 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. 
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OPEN DISCUSSION 

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

SHORE: I really cannot tell you. We did not make such a measure­
ment. 

GLASSER: What is the incorporation of 14C 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 pat'allel 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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Tulane University, New Orleans, Louisiana 

ABSTRACT 

Evidence that limb regeneration falls in salamanders aner X Irradiation because 
nerves fall to make proper contacts with the epidermis Is reviewed. 1'hls 
failure to make proper contacts results in a failure of the now of information 
between cells. X-rayed cells are capable of regeneration and take an active 
part In it if the communication system Is restot'ed by grafts of normal tissue. 

It has long been known that X irradiation in the dosage range from 
2000 to 7000 R prevents limb regeneration in salamanders. 1 We are 
just beginning to understand how this is accomplished, 

Salamanders are the highest forms in the vertebrate se::-ies that 
can regenerate perfect limbs. If a distal part is removed, for example, 
the forearm and hand, the distal part or the stump transforms to the 
missing part, Any part o! the limb can !orm the missing distal struc­
tures. 

When a part is missing, the distal part of the stump loses struc­
ture, i.e., !ibers and skeletal matrix dissolve and muscle fibers break 
up, The remaining cells become embryonic in type. The blastema that 
they compose resembles an embryonic llmb bud and like a limb bud 
grows rapidly. 2 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 regenPration by de­
creasing communication between cells. First, if a piece "' nb skin is 
grafted to the tall of a salamander and the tail ampu~'lted through the 
graft, the regenerate is a tail. It the tall is X-rayed before receiving 
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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.3 •~ 

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. 5 As many epidermal 
cel!s divide in X-rayed limbs as in normal limbs. 6 The first clue is 
that !in~bs fail to regenerate after either X-irradiation or denervalion, 
and they !ail in the same way. 7 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 
m-.)rphogenesis is established. 8 For example, a piece of ventral nerve 
cord of the annelid, Cly111c11e/ln, grafted under and at right angles to 
the dorsal skin causes an outgrowth. The nature of the outgrowth, 
whether it be head or tail, 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 become a 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. 10 If two limbs were sewed together after the skin 
between them had bef'n removed, both regenerated whole hands after 
amputation when the limbs lay parallel. If the angle 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 waft suppressed. Monroy10 reasoned that the inter­
ference was linear in nature and that wherever lines crossed morpho­
genesis could nc.t occur. 

Figure 1 shows regeneration of control doubled stumps (neither 
limb irradiated) and of experimental doubled stumps (right ~tump ir­
radiated). Part a of Fig. 1 shows that, when the control 11..nhs were in 
a parallel position, there was no interfe:.-ence from the longitudinal 
lines or 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:rOLS EXPERIMENTALS 

1-ifl 
PARALLEL 

ACUTE 

(a) WI E (b) 

Fig. l-Regeneratlo11 of control doubled slumps (neither limb irradiated) a11d 
experimental doubled stumps (riglzt slump irradiated). (From J. C. Oberpriller, 
J. Exp. Zoo!., 168:421 {1968)./ 

the most lateral lines intersected, and no regenerate was produced. 
Part b shows that, when the experimental stumps were in 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 
limb. 

Jean Oberpriller11 reasvned that, i! 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 
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Fig. 2-Regeneration when two limbs were grafted together at a wide angle and 
both hands rrere amputated. The right limb, which had received an X-ray dose 
of2000R, 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: 419 (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. 12 • 13 

Skin that has not been X-rayed or just the epidermis14 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 r.raft 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 norr.1al 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 
saen 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 ab1lity. A comparison of normal stumps, X-rayed stumps, 
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and X-rayed stumps covered With normal epidermis indicates that ln the 
normal stumps nerve fibers grow into the epidermal wound epithelium 
covering the distal end or the stump. is, ic There the nerve endings 
make a synaptic junction with the epidermal cells. 11 In limbs with a 
normal nerve supply, this intimacy or nerves and epidermis ls a 
prerequisite !or regeneration. 11 The nerves making this contact are 
afferent nerves. In the event that all aUerent nerves are removed and 
the limb regenerates with an increased l'fferent supply, 11 the contact 
between nerves and epidermis is not necessary for limb regeneration. :o, :s 
Presumably in this case contact between e!ferent nerves >lnd 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 h:ls 
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 att>lched centrally 
is dissected from the limb, put to the side, and shielded during ir­
radiation of the limb and then is replaced ln the limb, such a nerve 
will make contact with the irradiated epiderml.s, and limb regenera­
tion will occur. 22 If either the epidermis or the nerve is not irradiated, 
it can make contact, and the trophic nerve !unction is performed. This 
trophic function apparently permits the flow or morphogenetlc informa­
tion between cells. Without that flow after denervation or X-irradlatlon, 
a limb does not begin to regenerate. Further research is necessary to 
Jetermine whether in other cases where trophic function h:ls been 
decreased by irradiation it could be restored by normal gr.arts. 
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IN THE SKIN OF CHICKEN EMBRYOS 
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ABSTRACT 

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

Autoradlographlc and biochemical studies point out a fall in the DNA syn­
thesis in the tissues after Irradiation. 

I have irradiated in toto young gastrulas or an amphibian urodele, 
Plem·odeles t('(t/tlii (Michah.), with various doses or ~:-rays. After a 
dose or 1170 R, the embryos are deprived or a nervous system in 95% 
or the cases. Higher X-ray doses kill all embryos. 

To !ind which anlage ts 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 or the ectoderm, the 
di!!erentiation or the ectoderm into nervous organs ts inhibited in 86% 
or the cases and remains incomplete in the others. Following irradia­
tion or the chordomesoderm, the inductive potentialities or the dorsal 
blastoporal lip are active in 100% or the cases. This property is re­
tained even arter very strong doses or X-rays, e.g., 150,000 R (Fig. 2). 

These results indicate that at the gastrula stage even very strong 
doses or X-rays have no important e!!ect on the inductor, while very 
low doses are able to suppress the dirferentiation or the competent 
field. 

In order to study this point further, I irradiated the ectodermal cap 
or young gastrulas with lower doses or X-rays (1050, 800, 300, and 
150 R). 
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Fig. 1-Result of irradiation with 1170 R 011 the young Pleurodcle gastrula. 
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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 

1mm 

· ·· · <~~tm~;~r~::?>~~~t~!. 
I 

l 

6 
Fig. 3-Effects of irradiation of the ectodermal cap (3 days after irraaiation). 
(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 1C50 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. 1 

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. 4-Results of localized irradiation of the ectoderm of young gastrula. 
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(a) (b) 

Fig. 6-Seven-day-old chick embryo skin cultivated for 5 days. (a) Control. 
(b) Irradiated with l 000 R (no feather germs). 

Fig. 7-Resulls of lM reassociation of normal dermis and normal epidermis. 
Magnijlcatlon, 240X. 
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which the inducing and responsive tissues can ue easily separated ~d 
can be obtained in quantities sufficient for biochemical studies. I chose 
the chick embryo skin. 

METHODS 

The dorsal skin or 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, 2 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 suppresses the differentiation of 
the feather germs in 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 or 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 some are present, but they are very small. 

Consequently it can be concluded that in this interactive system ir­
radiation of the dermis ls 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 metabollsm of skin cells. Hence, the possible changes in the nu­
cleic acids and protein synthesis were explored by autoradiographic 
and biochemical techniques in collaboration with Y .. Kong and J, M. 
Kirrmann. 1 

Autoradlographlc Studies 

Inco1·poralion (10 lo 100 µCl/culture medium) of 1!1ymidine (CHa-T). 
In the controls, therA 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 than ln controls and are 
randomly distributed. After 4 hr some recovery seems to take place. 
In both cases, only traces of the label were found in the epidermis. 
(Fig. IO). 

J11co1·poration (10 lo 100 µCi/culture medium) of uridine (5-T). 
Uridine is uniformly taken up by the epidermal and dermal cells, and 
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Fig. 8-Results of lhe reassoclalion of normal dermis with irradiated (51,000 RJ 
epidermis. Magnification. lBOX. 

!', ·,,.' 

Fig. 9-Reaulta of the reaS6oclallon of Irradiated (1000 R) dermis with normal 
epidermis. No feather germs. Magnijicallon, 1801<, 
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(a) 

Fig. JO-(u) /11corf>Oralim1 of lriliatedthymidine;,, a control (after 2 hr). (b) lll­
corporati011 of lriliatctl lhy111idi11e iii w1 irradiated expla11l (after 2 hr). 

there are no differences between controls and irradiated explants. In 
spite or the fall of the DNA synthesis, the RNA synthesis does not stop. 

/11cor/10mliml (10 lo JOO µCi/cu/lure 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 or low protTAVAiLl°BJCE COPY 
Quantitative Determinations BES 

The first quantitative determinations seem to confirm the obser­
vations. In the controls, thymidine ls actively incorporated during the 
first 4 hr arter administration. After 20 hr the total quantity of thymi­
dine incorporated decreases. Thi:: pattern of incorporation is the same 
in the irradiated explants as in the controls, but there is an inhibition 
or 20't, which ceases alter about 20 hr. 

The incorporation of ur1'1ine and of leucine increases in the con­
trols as in the irradiated. 

When we measured the same incorporation with higher doses or 
X-rays, we found that: inctJrporatlon 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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Fig. 12-!ncorporallo11 of thymidine (TdR), urldlne (Ur), and leuclne (Leu) at 
different doses of irradlatio11. 

Between 800 and 1200 R, which are doses acting upon differentia­
tion, only the DNA synthesis is notably affected (Fig. 12). 

DISCUSSION 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 synthesis is not very radiosensitlve. 
However, irradiation of the responding cells prevents their differentia­
tion, which, in normal tissues, ls always accompanied by a definite in­
crease of the DNA synthesis. This may suggest that the primary target 
of the irradiation is the DNA synthesis of the dl!!erentiating 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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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 ls 
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 chondroltln 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. 

SCHJEIDE: Well, i! 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 it ls a 
message that results in the production of normal calcification. 

LINDENBAUM: I think its a semantic difference, but I'm object­
ing to the use of the word "message," -unless you want to call a chemi­
cal reaction that produces something out of something else "a mes­
sage." 

~CHJEIDE: 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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EPttt>GUE 

MEL VIN 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 measurement of the cross-placenb•.1 transfer 
of radionuclides has become highly quantitative, and the :ivailable data 
extend over a wide variety of species, including man. In addition to the 
determination of radiation doses in experimental animals, sufficient 
information was available, for a few nuclides, to allow 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. Th;, amount of quantitative data obtained recently in 
a variety of species is most impressive. The mechanisms for 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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Studies of factors that infiuence 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 !he adult led to some of our more usetul working hypotheses 
on the mechanism of radiation effects. As an tndication 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 
eleganc'e 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. Fo'r example, groWth is being measured as an increase 
in DNA rathe'r 'than ln 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 radiosensltlvity, 

The emphasis on quantltation also encompasses the physiological 
and biochemical changes that result from irradiation during the 
perinatal period, Reports included measurements of enzyme activities 
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 ago and 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 mechanisms and processes o!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. 

••••••• .. ~- .. ~--·-~ .......... _ •• r _,,_,.._.,_..__ • ..,. ___ ...,,... _____ ._, ..,, •• - • 

LIST OF PARTICIPANTS 

[Partlcipants who presented papers are not included in this 
list, They are listed in the Contents) 

ALPEN, Edward L. 
U. S. Naval Radiological Defense 

Laboratory 
San Francisco, Calif. 

ANSPAUGH, Lynn R. 
Lawrence Radiation Laboratory 
University of California 
Livermore, Calif. 

•BIBB, W.R. 
Division of Biology and Medicine 
U. S. Atomic Energy Commission 
Washington, D. C. 

BOEGLER, F. 
Institute of Biology 
'Munich, Germany 

BRAMLET, Roland C, 
The Long Island Jewish Hospital 
Queens Hospital Center Affiliation 
Jamaica, N, Y. 

BRAZLEY, L. C, 
u. s. Atomic Energy Commission 
Richland, Wash. 

BROOKS, Frank T. 
U, s. Atomic Energy Commission 
Division of Biology and Medicine 
Washington, D. C. 

BUKO, Lorant 
University of Connecticut 
Storrs, Conn. 

CASARETT, Alison P. 
New York State Veterinary College 
Cornell University 
Ithaca, N. Y. 

'• 

•sanlos chalrm&D• 

•CASARETT, George W. 
Department of Radiation Biology and 

Biophysics 
University of Rochester 
Rochester, N. Y. 

CURNEW, R. D. 
Colondo State University 
Colorado Cooperative Wildlife Research 

Unit 
Fort Collini'!, Colo. 

DATTA, Surlnder P. . 
Unlverelty of Wisconsin-Parkside 
Kenosha, Wis. 

FOX, Marian c. 
Division of Technical Information 

Extension 
U. S. Atomic Energy Commission 
Oak Ridge, Tenn. 

FUQUA, P.A. 
Hanford Environmental Health Foundation 
Richland, Wash, 

HAMPTON, James C. 
Department of Anatomy 
Northwestern University Medical and 

Dental St"hool 
Chicago, Ill. 

HOWLAND, Joe W. 
University of Rochester 
Strong Memorial Hospital 
Rochester, N. Y. 

HUNTER, Jehu C. 
National Institute of Child Health and 

Human Development 

1017 



1018 LIST OF PARTICIPANTS 

National Institutes of Health 
Bethesda, Md. 

LINDENBAUM, Arthur 
Division of Biological and Medical 

Research 
Argonne National Laboratory 
Argonne, Ill. 

MAWHINNEY, B. S. 
Radiation Research Laboratory 
University of Iowa 
Iowa City, Iowa 

MAY, Harolcl 
Argonne National Laboratory 
Argonne, Ill. 

MAYES, Mary G. 
Southwestern Radiological Health 

Laboratory 
Public Health Service 
Las Vegas, Nev. 

MINAMISAWA, Takeru 
National Institute of Radiological 

Sciences 
Chiba-Shi, Japan 

NOAH, R. F. 
U.S. Department of Agriculture 
Riverton, Wyo, 

PALMITER, C. C. 
Federal Radiation Council 
Washington, D. C. 

ROBERTS, Joan M. 
University of Detroit 
Detroit, Mich, 

ROBISON, W11liam L. 
Lawrence Radiation Laboratory 
University of California 
Livermore, Calif. 

Battelle·Northwest Laboratory 

ROSARIO, Ben 
Northwestern University Medical School 
Chicago, Ill. 

*RUGH, Roberts 
Radiological Research Laboratory 
Columbia Univ irsity 
New York, N. 'f. 

SHARP, Joseph C. 
Division of Laboratories and Research 
New York State Department of Health 
Albany, N. Y. 

SNYDER, Walter 
Health Physics Division 
Oak Ridge National Laboratory 
Oak Ridge, Tenn. 

STANNARD, J. N. 
School of Medicine and Dentistry 
University of Rochester 
Rochester, N. Y. 

TAMPLIN, A. R. 
Lawrence Radiation Laboratory 
University of California 
Livermore, Calif. 

van der SMISSEN, E. 
Southwestern Radiological Health 

Laboratory 
U. S. Public Health Service 
Las Vegas, Nev. 

WILSON, W11liam 
U. S, Air Force 
Kirtland Air Force Base 
Albuquerque, N. Mex. 

*YAMAZAKI, J, N. 
· University of California- Los Angeles 

Medical Center 
Los Angeles, Calif. 

AMSTER, Robert L. 

BAIR, W, J. 
CATT, D. L. 

CLARKE, W, J. 

CRAIG, D. K. 

CROSS, F. T. 

DILLEY, J, V. 

FOSTER, R. F. 

FRAZIER, M. E, 

HESS, J, O. 

HONSTEAO, J. F. 

HORSTMAN, V. G. 

HOWARD, E. B. 

HUNGATE, F. P. 

KILLINGST AD, N. Kay 

KORNBERG, H. A. 

MANZEL, D. B. 

PARK, J, F. 

•Session c:halrma11. 



l 
i 

I 
I I 

LIST 01'' PARTICIPANTS 1019 

PARKER, H. M. 

PETERSON, Gary R. 

SMITH, V. H. 

SOLDAT, J. K. 

SULLIVAN, M. F. 

TEMPLETON, W. L. 

THOMAS, J. M. 

TOMBROPOULOS,E.G. 

WACHHOLZ, B. W. 

WEHNER, A. P. 

•THOMPSON, R. C. YOST, D.R. 

•Session chairman. 

INDEX 

Absorption, radionuclide, 13-17, 19-
20, 30, 84, 217-226 

Accumulation, radionuclide, 19, 31, 
35-36, 163, 186 

Acetylchollne, 887-888 
Acetylcholine esterase, 888, 897, 900-

909 
Acid phosphatase, 352, 833 
Actinomycin D, 866 
Adrenal, 285, 377, 473, 874, 946-947, 

972 
Adrenocorti.-:otropic hormone, 968 
Alkaline phosphatase, 447, 578, 580-

581, 584, 586 
Arnaurosis, 494 
Americium, 153-160 
Aminotriazole, 372 
Amniotic fluid, 66, 68, 70, 91, 93, 118 
Amphibian, 995-1011 
Androgen, 935, 963-974 
Androstenedione, 965-972 
Anemia, 553 
Ankyloais, 614, 616 
Anoxia, 27-28, 30, 39, 922 
Ascorbic acid, 965 
Audiogenic seizures, 652 

Barium, 145-152, 186-189 
Behavior, 289-312, 712 
Beryllium, 145-152 
Bladder, urinary, 70, 81, 83 
Blood, 117, 124-125, 138, 140, 203, 

209, 357-364,414, 664-665 
Body burden, 17, 20, 38, 50, 105, 107-

108, 111, 113-114, 186-187, 212, 
532-533, 548, 551, 559-561, 662 

Bone, 285, 1011 
growth of, 440, 442, 447, 519-520, 

551, 560-562, 564, 567-588, 642-
644, 666, 920 

minerals in, 91, 98, 124, 134, 155, 
158, 165-167, 181, 189, 209, 211-
212, 219, 519, 529-541, 544-547, 
560-562, 567-588, 706, 732 

morphologic abnormalities or, 224, 
231-233, 235, 237, 247, 292, 297, 
522-524, 529-541, 544-547, 551, 
553, 557. 936-937 

radiation dose to, 518-524 
tumors of, 434, 446-447, 567-588 
turnover of, 169, 211-212, 214 

Bone marrow, 545, 547, 551 
increase in, 559-560 
llpoperoxidation in, 970-971 
minerals in, 123, 132-133, 559-560 
mitosis in, 265, 267, 272-273, 278, 

475, 485-486, 553, 603-612, 625-
626, 639 

radiation dose to, 38, 93, 431, 702 
Brain, 250, 617, 913-915 

biochemistry of, 216, 857-875, 877-
887, 899-911, 927, 930, 977-981 

growth of, 284, 286-287, 291, 293-
297, 299, 377, 601, 877-887, 937-
938 

1021 

morphologic abnormalities of, 256, 
259, 261, 269-270, 291, 296, 342-
343, 346, 386, 401, 404, 559, 614, 
639, 739-767, 769-777, 779-797, 
799-822, 869-870,~20, 1003-lu04, 
1014 

strl\Cture of, 739-767, 769-777, 
7~'9-797, 799-839 



1022 INDEX 

Cadmium, 145-152 
Calcium, 9-23, 97-104, 145-152, 164-

165, 168, 177-179, 186-187, 189, 
216, 530-531, 540-541, 561, 571-
572, 574 

Caprylic acid, 630-635 
Carbohydrates, 629-635 
Carbon, 629-635, 731 
Carbonic anhydrase, 216, 900-908 
Carotenol, 923-925 
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 
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postnatal, 191-205, 429, 437, 440-

443, 450-451, 464, 469, 519-520, 
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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 
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Immune response, .C84-485 
Iodine, 45-71, 73-87, 117-120, 153• 

160, 365-374, 488, '490, .C92, 645, 
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function of, 67 
minerals in, 17-18, 141, 209, 212, 

214, 286 
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401, 425 
tumors of, 446-447 
weight of, 18, 94, 284, 286, 3i7 

Labeling index, 272-273 
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332, 336-338, 861-862, 864-865, 872 
Lead, 123-125, 127 
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5o3, 920, 970 
Lymphocytes, 264, 267, 278, 389, 478, 

482, 484-485, 549, 622-624, 664-665 
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923, 935 
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function of, 521, 739-754, 996 
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384, 386, 639, 652, 655-657 f 7311• 
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929-931, 937. 955, 998, 1006, 1008, 
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Nucleus, biochemistry or, 923-925, 
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Morphologic abnormalities or, 327-

329, 332, 334, 371, 478, 788, 7!Jl, 
802, 8111, 824, 827, 830, 871, 921 

Nutrition, 169, 173-190, 233, 246, 531, 
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642, 943-961 
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513, 591, 593, 597-598, 641, 943-961 
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Oxygen, 921-922, 924, 931 
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l'artltlon, radionuclide, 14-16, 20, 85, 

189, 286 
Permeablllty, 344, 349 
Phagocytosls, 123, 225, 502 
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Phosphatldyl ethanolamlne, 883-884 
Pho.sphatldyl 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 
Poly1ome1, BOS, 829-830 
Potal!llllum, 11, 97-104, 107-108, 731 
Pregnancy, 14-15, 28 
Pregnant mare serum, 945-946, 949-

951, 953 
Progesterone, 969 
Propylthlouracil, 47, 55-58, 372 
Prostaglandln, 968-969 
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Protein, 375-379, 832, 858-860, 923-

925, 931-934, 942, !)80-981 
binding of mineral to, 43-44 
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Incorporation of llmlno acids into, 
860, 866, 985-J94, 1006, 1008, 
1010 

plasma levels of, 349 

Rabbit, 61, 121-135, 153, 15i, 497, 
502-503, 639, 927 

Radiation, 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 
Radlotoxln, 4 71-4 i3 
Radium, 11, 121-135, 183-190, 496, 

732 
Radon, 125, 731 
Regeneration, 995-1000 
Relative biological effectiveness 

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

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

Retlculo endothelial system, 123 
Ribosomes, 498, 78b, 811, 816 
Rosette, 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, 5!10 
Serine dehydratase, 675, 980-1>82 
Serum, 30, 923-925, 928, 932 
Sex ratios, 424 
Sheep, fl-23, 43, 117-120, 153, 156-

157, 183-190, 243-250 
Skin, 209, 211, 434, 446-447, 664, 672, 

970, 995-996, 998, 1005-1006 
Skull, 560, 878, 937 
Sperm, 460, 462, 464, 468-470, 473, 

592, 597, 641 
Spermatogenesls, 423, 640 
Sphlngomyelln, 883-884 
Spinal cord, 52, 291-292, 297, 386, 

617, 639, 759, 841-855, 887-898 
Spleen, CFUS In, 609-611, 626 

ln waatlnc disease, 4 76, 484·485, 
644 

minerals ln, 17-18, 43, 209, 286 
morphologic abnornaalltles of, 478, 

481-485, 551 
radiation dose to, 75, 78-80, &5 
radloprotectlve effect, 475-478, 638 
weight of, 265, 284, 286, 377-378, 

594 

Stearlc acid, 928 
Steroid, 874, 964 
Strontium, 11, 89-96, 9i-104, 145-160, 

163-lil, 173-182, 185-18!.l, 313-324, 
5li-527, 529-541, 543-565, 574, 
643, 662, 702, 704-708, 710··715, 
i25-729 

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

592-593, 598, 641, i2i 
Syndactyllsm, 616 
Syndrome, hemorrhagic, 246 

wastln~, 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, 267-21l8, 275-276, 351, 

354, 644 
Thymldlne, 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 

Thyroid, 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 

lodlne 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 
Tlnea oapltls, 877, 885 
Tocopherol, 967 
Tongue, 553 
TrRnsfer, cross placental, 25-44, 74-

75, 81, 86, 97-104, 117-135, 137-
143, 145-160, 216, 530 
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Tritium, 153-160, 263-287, 725 
Tryptophan pyrrolase, 874 
Tumor, 444-446, 644, 651, 659, 675-

692, 719, 971 
braln, 298-299 
eye, 494 
hematopotetlc, 85, 430-435, 511-

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

kidney, 446 
llver, 511-515 
lung, 511-515 
mammary, 434, 511-515 
ovarian, 434, 511-515 
skeletal, 446, 539-540, 548, 559-

560, 563, 571, 573-574, 578, 582- •, 
583, 585 . 

akin, 446 
aynovtal, 85 
thyroid, 373, 446, 666-670, 675-680 
nscutature, 654-657 

Tumorlgenesls, 444, 447, 511-515, 
563, 574, 584, 675-692, 720, 728, 
942 

Tyrosln .. e,931-932 

Uranium, 731 
Urethan, 511-515 
Uridlne, 869, 1006, 1010 
Uterus, 155, 946-94 7 

Vasculature, blood, 159, 261, 298, 545, 
325-356, 545, 841, 845-853, 874 

Vision, 302, 308 

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

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

590, 594, 614-615, 617, 714, n1, 
body, 109, 177, 186, 274-275, 359-

360, 363,376, 378, 414, 426-4~2. 
440-443, 450, 456-457, 464-468, 
519-520, 545, 566, 637, 644, 890 
934, 946, 988 

brain, 881 
embryonic, 56, 158, 201, 252, 936 
ovarian, 460 
placental, 158, 239 
thyroid, 369-370, 3i2 

Xanthlne oxldase, 27, 30, 39 

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

Yttrium, 706 

Zinc, 9-23, 145-152, 207-216, 662 
Zirconium, 217-226 
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