
Table 1. Incorporation of I^i-iododeoxyuridine 
into DNA after irradiation, The figures represent 
percentages relative to incorporation into un- 
irradiated controls at 20 hours after injection 
of the iododeoxyuridine (three to five mice per 
tabulated number). 

tissue. This precipitate contains the 
DNA together with most of the tissue 

proteins. Analysis of various organs 
revealed that the amount of acid- 
insoluble radioactivity reached a maxi? 
mum within an hour after injection of 
labeled iododeoxyuridine. The acid- 
soluble radioactivity after this period 
was primarily due to the presence of 

iodide, resulting from degradation of 
the labeled compound. By 20 hours, 
almost all the body radioactivity was 
insoluble in trichloracetic acid. Of the 

radioactivity lost from the body, over 
95 percent was excreted in the urine, 
largely as iodide. 

The unirradiated animal, 21 hours 
after the injection of labeled iododeoxy? 
uridine, retained an average of 8.3 per? 
cent of the injected dose. The retained 

activity was proportioned 41 percent to 
the gastrointestinal tract (none of this 
was in its contents), 21 percent to the 
skin (about half of this represented con- 

taminating iodide), and 15 percent to 
the bones (including bone marrow). 
Only 2.7, 2.3, 1.7, and 1.1 percent 
were present in the skeletal muscles, 
liver, thymus, and spleen, respectively, 
While the rates at which radioactivity 

40 
HOURS 

Fig. 1. Disappearance of total radio? 
activity in mice after injection of I131 
iododeoxyuridine. Tracer was given 2 
hours after x-radiation. "O" dose curve 
shows unirradiated controls. Three to five 
mice per point. 
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disappeared from the various organs 
were quite different, the preponderance 
of radioactivity in the gut and the 

steepness of the decline from this com? 

partment after 40 hours largely account 
for the shape of the curve for whole- 

body retention. 
Since the extent of incorporation of 

labeled iododeoxyuridine in the intact 
mouse could not be determined until 
after the degradation products had been 
eliminated, the amount of radioactivity 
present at 20 hours was chosen as a 
measure of incorporation. Table 1 
shows that the incorporation was a 
function of the irradiation dose and of 
the time between irradiation and in? 
jection. Maximum inhibition of iodo? 
deoxyuridine retention for any given 
x-ray dose occurred approximately 6 
hours after irradiation and was already 
close to maximum 2 hours after irra? 
diation. Recovery, in that iododeoxy? 
uridine retention returned to normal, 
began within 24 hours after administra? 
tion of 52 r, but was not yet complete 
even 48 hours after administration of 
624 r. 

The inhibition produced by the 
larger doses is even greater than the 
graph indicates, for an iodide retention 
curve would approximate that for 
labeled iododeoxyuridine after adminis? 
tration of 624 r, and in fact, over 80 
percent of the radioactivity "incorpo? 
rated" when the labeled compound was 
given 2 to 24 hours after 624 r of 
radiation was found in the skin, largely 
as iodide (4). The greatest inhibition of 
incorporation was suffered by the gas- 
trointestinal tract, and the greatest re? 
covery, 48 hours after irradiation with 
624 r, also occurred in this organ, little 
or no incorporation then being observed 
in the spleen, lymph nodes, or thymus. 
These results parallel those recently re? 
ported by Nygaard and Potter (5) for 
the effect of x-rays on the incorporation 
of thymidine-2-CM into the DNA of rat 
intestine, thymus, and spleen. 

Irradiation given 2 hours after the in? 
jection of FMododeoxyuridine pro? 
duced a small depression in the curve 
for retained radioactivity, and irradia? 
tion given 24 hours after injection pro? 
duced barely detectable changes in the 
shape of the retention curve, indicating 
that early death of labeled cells can ac? 
count for only a fraction of the inhibi? 
tion observed. The maximum inhibi? 
tion observed 6 hours postirradiation 
(Table 1) may result from inhibition 
of mitosis and the resultant depletion of 
the proliferating pool, since this inter? 
val is close to the generation time for 
the rapidly proliferating cells of the gut. 
However, inhibitions observed at earlier 
times (Fig. 1) obviously cannot be so 
explained and must therefore represent 
either a slowing of DNA synthesis with? 
in cells or a less efficient utilization of 

label because of altered cell perme- 
ability or increased pool size of DNA 
precursors. 

In any event, the sensitivity of 

iododeoxyuridine incorporation in mice 
to as little as 10 r of precedent x-radia- 
tion suggests the possibility of develop? 
ing this technique as an index of radia? 
tion injury in man after either acciden- 
tal or therapeutic exposure. Of course, 
the possible mutagenic effects of labeled 

iododeoxyuridine, either from the com? 
pound itself or from its radiation, must 
be considered in any such study (6). 
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Fallout Radioactivity in 

Cattle and Its Effects 

Abstract. The levels of strontium-90 
and cesium-137 in cattle grazed on the 
Nevada Test Site and elsewhere in Nevada 
are similar to those in cattle from other 
parts of the country. Gastrointestinal 
absorption of the relatively large amounts 
of radioactive cerium-praseodymium, ru- 
thenium-rhodium, and zirconium-niobium 
present in the rumina is very small. Zinc- 
65 made its first appearance in samples of 
muscle and liver in November 1958 and 
has persisted in later samplings. There has 
been no evidence of biological damage to 
date, either histologically or grossly. 

In 1957, the U.S. Atomic Energy 
Commission authorized a project (I) 
to determine what effects, if any, the 
radioactivity produced in atomic bomb 
tests at the Nevada Test Site was hav? 
ing on cattle grazing in areas heavily 
contaminated by fallout as contrasted 
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Table 1. Strontium-90 in grazing animals and in people. 

NTS, Nevada Test Site; DV, Delamar Valley, Nev.; KC, Knoll Creek, Nev. 

with cattle, at a distance, grazing on 
more normal pastures. Accordingly, 50 
head of Hereford cattle, born and 
raised in the Delamar Valley just east- 
northeast of the Nevada Test Site, were 

purchased in November 1957; these 
animals were then grazed within the 
test site itself and comprised the maxi? 
mum radiation exposure herd. A co- 

operative program was inaugurated 
with the University of Nevada to main? 
tain two additional herds located at 
distances of 75 miles east (Delamar 
Valley, Caliente, Nevada) and 300 
miles north (Knoll Creek, Contact, 
Nevada) of the test site. Twice yearly 
(May and November) five animals from 

each herd were killed. Samples of bone, 
liver, muscle, thyroid, milk, rumen con? 
tent, and feces were collected and radio- 

assayed; a detailed autopsy was per? 
formed on each animal, and tissue sec? 
tions were examined for histopathology 
(2). Film badges in small leather 

pouches on the neck chain of each ani? 
mal were replaced bimonthly. Results 
of radioactivity analyses are summar- 
ized in Tables 1 and 2. 

Considering the Sr90 data first, it is 
clear that there are only small differ? 
ences in the ratio of Sr*7Ca among the 
three herds and between these cattle 
and grazing animals from other parts of 
the Northern Hemisphere. In fact, the 

Table 2. Gamma-ray emitters in cattle. (N.D., not detected.) 

: NTS, Nevada Test Site; DV, Delamar Valley, NeV.; KC, Knoll Creek, Nev. f Local purchase. 
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Nevada values are among the lower 
ones. The Southern Hemisphere value 

(Chile) is the lowest, which is con? 
sistent with world-wide fallout patterns. 
The values for human bone are less 
than those in any of the grazing ani? 
mals, because of discrimination against 
strontium in moving up the food chain 
to man. 

Milk samples also have Sr??/Ca ratios 
close to the values for nearby Western 
states. The Nevada, Utah, and Arizona 
values are all similar and are less than 
the 1958 national average of 8.2 /x/xc/g 
(4), which is what one would expect if 
most of the Sr90 fallout comes from 
the stratospheric reservoir and is in? 
fluenced on the local scale by rainfall 

patterns. The Sr??/Ca ratio in milk is 

consistently lower than the ratio for 
bone in the Nevada cattle, the milk-to- 
bone ratio averaging about 0.2. Prob? 

ably the milk-producing organs are bet? 
ter at rejecting Sr00 than the bone; 
Comar (5) reports that in cows the ratio 
of Sr^/Ca is 0.11 in milk and 0.18 in 
the skeleton. 

The Sr^/Ca ratio in the rumen and 
fecal samples, reflecting the Sr^/Ca 
ratio in the feed shortly before slaugh- 
ter, is higher than the bone values by 
something like an order of magnitude. 
In addition, these ratios are affected 

markedly by local fallout patterns and 
hence show larger fluctuations. Thus, 
the large Sr??/Ca ratios in the 1957 

samples is probably due to the Plumb- 
bob test series (spring and summer of 
1957 at the Nevada Test Site); there 
was a reduction in the values in the 

spring of 1958 (a period of no testing). 
The most striking feature of the re? 

sults on y-emitters is that the tissues 
contain so little radioactivity, in spite 
of the fact that the rumina contain 

relatively large amounts of the interme- 
diate-lived fission products commonly 
found in dust and dirt. In Table 2, only 
Zr97Nb95 values are listed; Ce14VPr141 
values are similar, while Ru10YRh106 are 

generally lower by a factor of 10. These 
are nonphysiological elements, and ab? 

sorption through the gut wall is very 
small. Cesium-137, while certainly pres? 
ent, is swamped and not observed in 
the rumen contents, but is the main 
fission product in the samples of muscle 
and liver. It is significant that the Cs137/ 
K ratios are quite similar to those for 
commercial beef from widely separated 
locations. This means that the Cs137 is 

corning mainly from the stratosphere, 
as was the case with Sr90, and not from 
local fallout. 

Fisson product levels in the rumen 
contents and fecal samples from the 
Nevada Test Site herd showed a 
marked correlation with Nevada atomic 
bomb tests. The test series occurred 

during the spring and summer of 1957 

(Plumbbob) and in the fall of 1958 
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(Hardtack II), and the fission product 
levels in the Nevada Test Site herd were 
much higher in December 1957 and 
November 1958 than between tests 

(May 1958). The other two herds 
showed little change. This shows the 
effect of the relatively intense local fall? 
out on the test site itself from smaller 
nuclear devices; this would be much 
more important for short-lived and in- 
termediate-lived fission products than 
for the long-lived ones (such as Cs187 
and Sr90, the concentrations of which 
are not elevated in any of the three 
Nevada herds). 

It is interesting that a new radio? 

activity, Zn65, makes its first appearance 
in the November 1958 soft-tissue sam? 
ples and remains present in the May 
1959 samples. Zinc-65 is not a fission 
product, but is formed by neutron in? 
teraction on stable zinc. It has been 
detected in the general food supply 
(9), it is well absorbed from the gas- 
trointestinal tract, and body retention 
is high (10). The amounts observed in 
the samples of liver and muscle were 

comparable to the Cs187 content. 
External y-ray dose and bone plu- 

tonium levels are trivial; the same was 
true of thyroid I181 levels with the ex- 
ception of the Nevada Test Site herd 
soon after Hardtack II, when levels 
were of the order of the human maxi? 
mum permissible level. 

All reports from the Armed Forces 
Institute of Pathology indicate nothing 
significant from microscopic pathologi? 
cal examination. To date, no gross ef? 
fects have been observed. The repro? 
duction rate is normal, the animals are 
in a satisfactory state of nutrition, and 
there has been no increased incidence 
of any diseased condition. 

M. A, Van Dilla 
Los Alamos Scientific Laboratory, 
University of California, 
Los Alamos, New Mexico 

G. R. Farmer* 
U.S. Atomic Energy Commission, 
Las Vegas, Nevada 

V, R. BOHMAN 
Department of Animal Husbandry, 
University of Nevada, Reno 

References and Notes 
1. This work was performed under the auspices of the U.S. Atomic Energy Commission. 
2. J. H. Harley, New York Operations Office, 

Atomic Energy Commission and Radiochem- 
istry, Inc. (Sr90); M. A. Van Dilla, Los 
Alamos Scientific Laboratory ('y-emitters); L. Van Middlesworth, University of Tennes- 
see (1-131); K. H. Larsen, UCLA (Pu); Armed Forces Institute of Pathology (histol- 
ogy); G. R. Farmer, major (VC), and E. L. 
Johnson, captain (VC), stationed with U.S. 
Atomic Energy Commission, Las Vegas, Nevada (autopsy). 

3. Annual Report, Lamont Geological Observa? 
tory, Columbia University (1 October 1958- 
30 September 1959). 

4. W. H. Langham and E. C. Anderson, Hear? 
ings before the Special Subcommittee on 
Radiation of the Joint Committee on Atomic 
Energy, 86th Congress, vol. 2, pp. 1067-1169, 
5-8 May 1959. 

7 APRIL 1961 

5. C L. Comar, ibid., pp. 1280-1298. 
6. U.S. Atomic Energy Commission, New York 

Operations Office, Health and Safety Labor? 
atory Reports HASL-10 (January 1958) and 
HASL-42 (1958). 

7. A. Morgan and J. E. Wilkins, Biochem. J. 
71, 419 (1959). 

8. J. L. Kulp, A. R. Schulert, E. J. Hodges, 
Science 129, 1249 (1959). 

9. M. A. Van Dilla, ibid. 131, 659 (1960); G, K. 
Murthy, A. S. Goldin, J. E. Campbell, ibid. 
130, 1255 (1959). 

10. M. A. Van Dilla and M. J. Engelke, ibid. 
131, 830 (1960). * Present address: Fort Leavenworth, Kan. 

18 August 1960 

One-Trial Interhemispheric 

Transfer of a Learning Engram 

Abstract. By using spreading depression 
to decorticate temporarily one hemisphere 
in rats, a learning trace was established in 
the opposite functional hemisphere. Spon? 
taneous transfer of the engram from the 
trained hemisphere to the untrained hemi? 
sphere does not occur when both hemi- 
spheres are functional. If, however, the 
animal was allowed to make one rein? 
forced response, complete transfer of the 
engram to the untrained hemisphere oc? 
curred. 

We have been investigating (I) the 
use of spreading depression to decorti? 
cate temporarily one hemisphere and 
thereby to localize a conditioned per? 
formance to the other hemisphere as first 
described by Bures (2). This approach 
derives from the work of Sperry and 
his co-workers (5), who showed a sim? 
ilar localization of learning engrams 
in the split-brain preparation. In our 
technique, cups were implanted chron? 
ically around small holes drilled through 
the skull of male albino rats, one 
over each hemisphere. The dura was 
left intact. Plungers fitted into the cups 
prevented dehydration of the brain. 
A small pledglet of cotton soaked with 
25 percent potassium chloride was 
placed in the cup on one side to pro? 
duce repetitive cycles of spreading de? 
pression restricted to that particular 
hemisphere. These spreading depres- 
sions inactivate the cortex for 3 to 4 
hours (2). 

The rats were given 1-hour daily ses? 
sions of operant training with one 
cortical hemisphere depressed. Under 
these conditions the functional cortex 
was exposed to bar-press conditioning 
under a continuous reinforcement 
schedule for food (4). In Fig. 1 the 
depressed cortical hemisphere is shown 
schematically, for each day, by cross- 
hatching. 

On the first two days (Fig. 1), oper? 
ant level scores were obtained, that is, 
measures of the animal's basal predis- 
position to respond without any train? 
ing. On the 3rd and 4th days, the ani? 
mal was reinforced for every response, 
and the increased rates indicate the 
animal had learned. The engram was 

shown to have been established in the 
cortex that remained functional during 
training, when this trained cortex 
was depressed by spreading depression. 
This is shown in Fig. 1, for spreading 
depression was produced in the trained 
cortex on day 5, and the animaFs re? 
sponse rate deelined to a basal level. 
It should be noted that the responses 
on day 5 were not reinforced, and thus 
they were obtained under extinction 
conditions. On day 6 the trained cor? 
tex was again functional, spreading 
depression was initiated on the un- 
trained side, and the return of a higher 
rate of responding coinciding with the 
functional return of the trained cortex 
indicates that the engram was not 
impaired by the presence of spreading 
depression on the previous day. 

The procedure of trying the trained 
side and the untrained side under con? 
ditions of reinforcement and extinction 
was carried out on the same animal 
over a number of days (Fig. 1). On 
days 5 and 9 the amount of responding 
of the animal under extinction with the 
trained cortex depressed is shown. As 
has been noted, this performance does 
not differ from the operant level per? 
formance prior to conditioning. These 
extinction scores are in contrast with 
the score obtained on day 11, when 
the trained cortex was functional dur? 
ing extinction. The presence of an en? 
gram is shown in that hemisphere by 
the retention of learning in extinction. 

This use of extinction tests as a re? 
tention measure of learning shows more 
rigorously the presence of a unilateral 
engram than does Bures's use of speed 
of learning scores, that is, the number 
of trials required to reach a criterion 
of conditioned performance. This op? 
erant technique is also flexible in terms 

Fig. 1. Unilateral learning obtained by use 
of spreading depression as a technique 
of temporary decortication, The shading 
indicates the hemisphere depressed. The 
first two days give the operant level of 
responding before conditioning. Subse? 
quent days show the increase in respond? 
ing during training. On days 5, 9, and 11, 
responses are made during extinction. On 
days 5 and 9 the response level when the 
trained cortex is depressed is shown to 
be low as compared to day 11 when the 
trained cortex is functional. 
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