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b .'12'48‘ o PBARMACOLOGY AND TOXICOLOGY OF URANIUM

(1) Summary 1 Groups of male and female rats were given intra-
perltoneal injectlons of an aqueous solution of uranyl nitrate hexahy-

. drate (50 mg/ml) .The doses were chosen to give a bxgh mortality in

. adult'rats. Maxe rats-recetved 128 mg/kg, female rats received 200
"mg/kg. The.24--and 48-hr mortalities were recorded. :
2. .The rats eelected varled in age from 21 days to 6 months. For
“'the most part groups of 50 males ‘and 50 females were studied.
" 3. The youngest rats’ were’ more susceptible than those 1 to 3

- months of age The older rats were more suscepttble than the wean-

lings. ..
_‘ 4. Although the variation in age in the 24-hr mortallty is quahta-
tively slmﬂar to the varlatlon of mortallty with age in the feeding ex-

,,,,,

different -The reason Ior the resistance of the 1-month-old rat is not ’

known, . )

. 3..EFFECT OF A SINGLE i)'oss or URANYL NITRATE
By W. L Downs, Ellmtt A, May‘nard ‘and Harold C. Hodge

3.1 'Short-term Feeding. Test. From the careful feeding studies ~
* of rats given a diet contalning 2 per cent uranyl nitrate-hexdhydrate

- (reported in this volume’), it was apparent that simultaneously with
the fall in body weight there was a sharp voluntary reduction in Iood

intake. 'I'hls reduction in appetite almost without exception began :

on the 2d day ‘after the rats were given the uranium-contatnmg diet
l.e.,'the rats ate the customary amount of food on the 1st day they
were given the 2per cent uranyl nitrate hexahydrate diet, 'I‘hereaiter ,
for a period of several days, sometimes for more than aweek the
intake was one-third to one-fifteenth of their customary 1ntake. At
the end of this period of voluntary restriction, when the appetites in-
creased ‘the body welights, after a lag of a day or two, also began to”
increase, Since the deaths, if any, occurred on the 4th to the 14th
days i.~., during the period of restricted dietary intake, it was evxdent

) "'that the largest dose of uranium had been received on the 1st aay. A

‘ze

To test the importance of this lst day’s uranium dose, a serles of
Ieeding experiments was conducted in which rats were given the diet
"containing 2 per cent uranyl nltrate hexahydrate for only 1 day,
Thereafter they were returned to the etock ration {Purina Fox Chow
with meat ecrapa) but ‘were observed for body \welght and mortality
during the succeedlngmonth Rats of “four ages’ have been studled in

. this’ Iashlon, namely, 1-, 2-, 3- and G-month old rats. The reason

for selectlon of these age, groups was that the 30- day-old rat had been

: shown to be hlghly resistant to uranlum poisoning, the B-month—old
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A., .

rat hlghly susceptible, and the 2- and 3-month old rats neither highly.
" resistant nor, highl; susceptible, although more like the 6- month- old '

young adult

vG;

- {a) Aged 30 Days.\ 'I'wo experiments were carried out with 30- day-u

old rats. In each case the experiments were planned to lnclude ob-
] rvations of effect on. reproductlon' therefore the rats were placed

' ‘cages in palrs of- one male and one fémale each. Fifty ma.les and
females were mated in each- control and experlmental group;
t.s a total of 100 male.and 100 female rats were observed As may

bp ‘ seen from 'I‘able 20.9, the morta.llty 1n these animals was so low asg

1

_“Table 20. 9—Summary of Growth Gains after 1 Week and Mortality tn Co.n'trol and
Experlmenta.l Rats Gtven a Single Dose of Uranyl Nitrate l!euhydrute and
"Then Observed for 1 Month

Av, welght galn, g Av. mortality '

o Male Female Male - Female
7,--Age © ;' Control -Exptl. Control Exptl. Co_nlrol Exptl. Co’n.lrol Exptl,
} Group 1 32 24 28 20 0/50 1/50 0/50. 1/50

‘Growp2 -, 29 4 24 16 2/ 0/50  0/50.  2/50

b2 months  + - 22 1 0 13 T -10 0/25 2/25 ' 0/25 . 1/25

{9 weeks) . . , SRR .
‘b3 months ] -30 4 -7 1/24  3/25 0/25 - 1/2%
‘1. (98 days) ) B .

b6 months 1 -28 3 -22 0/25 2/25 0/25 . 4/25

Inental rat, and one female experimental rat died. In the second group
w0 control male rats and two experimental female rats dled Itis

- imcult to attach any signiuca.nce to’ such a low mortallty, especlauy
'k hen it is compared to the hlgher values (12 to 21 per cent) observed

‘When rats were given the 2 per cent uranyl nitrate hexabydrate diet

‘for the entire month,

There was a sma.ll translent weight loss (see Figs. 20,11 and 20. 12) C
I‘he maximum welght loss of experlmental male rats was 16 g, and

hat. of the females was B g; but at the end of the 4- week period the

Fats weighed only 3 g less than their controls, The growth- depressing
pifect, not of large order at any time, had disappeared by’ the end of
fhe 4-week period of observation. This recovery is in marked con-
‘krast to the severe weight loss at 30 days when rats were kept on the

F\) be negligible. In the first group no control rats, one male experi-

ma.les nctually outweighed thelr controls by 6 g, wherea.s the female .
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2 per cent uranyl mtrate hexnhydrate diets M:Lles weighed 40 to60 g
- less-and females 30 g less than the respective control groups..

(b) Aged 2 Months, Two groups of male and female rats, 25 in each
group, at the age of 9 weeks were given the diet containing 2 per cent
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.Fig. 20, ll—Gl:OW{h cur;el for male ra'(n of various ages fed a dletary level of 2 per

cent uranyl nitrate hexahydrate for 1 day. One hundred 30.day-old rats and 25 each of
5!- 98-, and IBO-day-old rats were used ‘O, control rats; 6, experimental rats,

uranyl nltrate hexahydrate for 24 hr During the following month none

- of the control rats died; two of the males and orie of the femalesin the
experimental groups died, This mortauty was considerably less than

had occurred when rats of this age were maintained on the 2 per cent
uranyl nltrate hexahydrate diet for 1 month but is comparable with
the mortalities in the preceding experiment on 1-month-old rats,

Body welights decreased a little in.the first week, but the weight
was mostly regained in the succeeding period of 3weeks during which
the animals were observed. Maximum welght depression compared to
the controls was 12 g for the males and 24 g for the females. At the

.o~
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end of the 3-week period the male rats still weighed 12 g less than
the corresponding controls, and the female rats weighed 5 g less than
their respective control group. ' '
(c) Aged 3 Months. Groups of 25 male and 25 female rats 98 days
old were given-the experimental diet for 1 day and were observed for

240
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Fig. 20,12—Growth curves for female rats of varfous ages fed 2 dietary level of 2per
cent uranyl nitrate hexahydrate for 1 day, One hundred 30-day-old rata and 25 each of
63-, 96-, and 180-day-old rats were used, O, control rats; 0, experimental rats.

1 month,.. None of 25 female and 1 of 24 male control rats died. A
small mortality among the experimental rats was observed; 3 of 25

males and 1 of 25 females died. This mortality was much like that of -

the 2-month-old rats described above.

The loss of body weight was fairly large and was only partly re-
gained in the 1-month period. The weight loss of the male rats was
particularly striking (the maximum difference amounted to 42 g),
whereas with the females it was only 14 g. At the end of the 4-week
period the experimental male rats still weighed 15 g less than the
corresponding controls, and the experlmental female rats weighed 8 g
less than their control group,’

(d) Aged 6 Months. Groups of 25 male and 25 female rats,é months
old, were fed the 2 per cent uranyl nitrate hexahydrate diet for 1 day

and were observed for 1 month. The mortality among the control rats

was zero; in contrast, 2 of the male and 4 of the 25 female rats died.

This may indicate a slight increase in susceptibility in the older ani-

‘mals,
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: Altho_ugh the body-weight losses were large (see Figs. 20.11 and

. 20 12) and more protracted than those of the preceding ‘experiments,
.. ‘most of the lost weight was regained by the end of the 4-week period.,

The ‘maximum 'welght loss amounted to 50 g for the male rats and
30 g for the female rats; however, at the end of the 4-week period the
males welighed only 16 g less than the controls and the females

: '_weighed only 2 g less than their controls, .
* - The mortalmes were uniformly small in these experlments ie.,

less than 10 per cent, except in the case of the §-month-old females,

“whose mortality was 16 per cent This 18 in"sharp contrast with the

. mortality found (68 to 76 per cent) when the uranyl nitrate was pro-

vided duriqg_g}e_ entire 1-month period for .rats of this age. It can
hardly be doubted that the ‘extra uranium taken during the period of

. -voluntary dietory restriction sharply increased the mortality, even

though- the total dose taken after the 1st day was not large. It has

- been shown that uranium in the blood strﬁeaﬁm ‘is rapidly excreted via
‘the kidney; therefore, even though the added doses were relatively -

small, the repetition of insults might have been sulfficlent to have a
major effect on survival.

The growth curves (Figs. 20.11 and 20.12) do not exhibit the regu-
larlty or ‘the severity of depression seen in the experiments in which

‘uranyl nitrate was present in the diets during the entire 30-day

perlod (see Figs. 20,8 and 20.9), Itis mteresting, however, to see

" how simllar the response to a ‘single dose is. The change from prac-

tically no effect on body weight in the 30- -day-old rats to a slight ef-
fect In the 2-month-0ld rats to an abrupt major depression in the
older rats {s exactly the same pattern of change that was found when
the diet contained 2 per cent uranyl nitrate hexahydrate during the

entire month, The'effect of a 24-hr feeding reproduces to a surpris-

ing extent the whole response seen during a 30-day feeding period on

: "the 2 per cent urgnyl nitrate hexahydrate diet. -
" (e) Summary. 1. A’ series of feeding experiments was conducted

in which rats were given diets’ containing 2 per cent uranyl nitrate
hexahydrate for only 1 day and thereafter were ma.intalned on the
stock ration for a period of 1-month, :

2. 'The rats varied in age from 1 to 6 months at- the time the 1-

" month experimental "period was begun, Foxj the’ most part groups of

" 25 male and 25 female rats were studied,

3.- The mortalities observed were uniformly low, but in most cases

they wére slightly larger in the experimental groups than in the con-
trol groups.  The mortalities were much lower than observed in the

_ ‘rats of comparable ages maintained for the duration of 2 30-day pe-

riod on diets containing 2 per cent uranyl nitrate hexahydrate (see

. -
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. Sec. 2. 1).! ‘Evidently the morta-lxty arises from the extra uranium In-

gested on the 2d and subsequent days of the experiment,

4, The growth curves of the 1-month-old rats showed only a slight
depression as compared to the growth curve of control rats, The
older ‘rats exhibited a tendency toward a drastic weight loss over a

period of a week or more witha rapid increase in weight in the last -
. 2 weeks of the.experiment. This response was similar to that of the ~

rats of the same age maintained on the 2 per cent uranyl nitrate

- ‘hexahydrate dfet but was notably milder in degree.
3.2 Breeding Experiment. In an extensive experiment reported .

eariier,' two large groups of male and female rats (a control and an
experimental group) were. maintained on a. 2 per cent uranyl nitrate.
hexahydrate dlet for a period -of 1 year so that the effects on repro-
duction could be observed, The experimental diet was provided for a

period of 7 months, after which the animals were replaced on the :

stock ration for the balance of the year. While the animals were on
the experi:aental diet, a notable reduction in growth occurred, and a
serlous interference. with reproduction was found: (1) Fewer experi-
mental females had litters; (2) the litters were smaller in number;
(3) the cestrous cycles were Irregular.’

The 2 per cent uranyl nitrate hexahydrate diet undoubtedly inter-
fered with _nutrition and perhaps with appetite; thus loss in fertility

should possibly be ascribed partly to malnutrition or undernutrition. .

Partial inanition has long been known to interfere with and to reduce
normal reproduction. Two types of experiments m‘ght have been

instituted: - (1) The growth of the control group might have been kept

equal to that of the experimental group using paired feeding tech-

niques; or (2) the administration of uranium might have been con-'
trolled sothat no depression of growth ensued. The second alternative

was chosen. To discover whether uranium administration might In-
fluence reproduction in the absence of depression in body weight and
in rats whose nutrition was comparable with control rats, an experi-
ment was carrled out in which the rats were given access to the 2per
cent uranyl nitrate hexahydrate diet for a single 24-hr period only.

Fifty male and 50 female rats and the. same number of litter-mate .
control animals were selected on the basis of body weight, making"

groups practically identical in average weight. At weaning the experi-
mental group was given a diet containing 2 per cent uranyl nitrate

- hexahydrate for a ;lngle 24-hr period. Thereafter the stock ratlon of
Purina Fox Chow and water was supplied ad lib, to both control ‘and
experimental animals. The rats weré kept in pairs, one male and one.

female in each cage. Male rats were removed from the cages near

the end of the gestation period, The litters were removed at birth,
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L and the rata were remated Observatmns were made as to body
) weights, number of females having litters, number of litters, and
- ‘ number of offsprlng per litter. . - .
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Fig. 20,13 —Growth curves of male and female rats (S0 per group) lollcwing a llngle;
34-hr feeding of uranyl nitrate heuhydra\e {2 per cent In diet), O, control rats; @, ex-
perimental rats. -

N S

_ The growth curves were pracucally identical for the males and for
" the females (see Fig. 20.18) of the two' groups. The rats grew well
and gave no indication of abnormality other than the slight and tran-
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sient depression described In Sec, 3.1a, The average body weights

- differed occasionally, bya. few grams’ during the 10-month period of °
_observation but the'differences were 80 small that they are meaning-

less, It is obvious that. the nutrition must have been generally similar
for the control and for the experimental groups. Cert:unly it would

2100 -
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Fig. 20.14 —Interference with reproducrtlon following a single 24-hr feeding of uranyl”
nitrate hexahydrate (2 per cent in diet), O, control rats; e, experimental rats,

be difficult to say that any realdifference in nutrition existed between

the control rats and the experimental rats. The program therefore
wasg successful in producing.rats at the age of 10 months in which an
exposure to uranium had occurred but inwhich over almost the entire
period of experimentation the nutrition had been comparable\to t.hat

of the control group.

Consequently it i{s surprising to note the clearly established and -

increasing interference with reproduction shown in Fig. 20.14, where
the number of offspring born to control and to experimental groups is

plotted against the time in months, Forty-three of fifty control female‘
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'rats ‘had one or more lmers, ‘44 ot the 50 experimental rats had one
or more Iitters. Thus the initial 24-hr uranyl nitrate feeding did
' not reduce the number of litter-bearing females. This is in marked
4 | TR contrast with the earlier breeding experiment! in which 43 of 50.con-
1 B trol female rats had lltters ‘but only 30 of the experimental female
. - rats had litters;
31 The number of litters shows a small ditterence the control female
| . rats had 252 litters up into the .10th month, whereas the experimental
female rats had. 233 litters in the same period. This difference of
‘19 litters amounts -to a ‘decrease of about 7 per cent in the experi-
mental rats and again is'quite small in comparison with the decrease
R " found in the earlier breeding experiment in which the control female
B¢ S rats had 306 lifters during 7 months and the experimental -rats had
L only 174, In this case the decrease of 132 litters amounted to a 43 per
!“!' cent reduction in productivity of the experimental group, The differ- - -
ence in number of litters in the control groups produced per month ** - i
i in the two experiments:may be attributed tentatively to differences Coen
itk . *in the time of year at which these experiments were conducted. The.
ﬂl single-dose experiment Was carried on in the winter, when the breed-
[ LA ~ing rafe is lower than in the summer as illustrated by the earlier
| 1| S, ‘experiment, : :
B The number of offspring shows a greater percentage difference be-
" tween the control and experimental groups than was seen in the num- :
ber of litters. The control female rats in 9 months had a total of 1958
- offspring; the experimental female rats had only 1725 offspring. This
difference of 233 offspring represents a reduction of about 12per cent
in the experimental group. Again, these differences seem small when
compared ‘with the results of the earlier breeding experiment, The
control rats had 2726 offspring at the 9-month period; the experi-
mental rats had only 1407. This was a difference of 1319 off{spring.
a.nd represented-a 48 Jper cent decrease in productivity. . - .
" Another comparison which might be made is that of the average -
11 litter size during the 7-month experimental period, Table 20.10 T
FH -~ shows this figure for the rats that had earlier been fed continuously
ﬁd AL © . as well as for the animals given the single 24-hr feeding.
-  The number of offspring per litter was the same for the experi-
" ‘mental groups in each case, but the control rats had fewer offspring
per litter on the single feeding test so that the difference between
control and experimenta.l groups is less in this study. |

(a) Pathology. 'I\wenty male rats and 10 females were sacrmced
and tissue sections were taken {or histological study. Twenty control

male rats were also examined at the same time.
HUr .
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" The most common finding In the kidneys of these rats was mild
chronic interstitial nephritis cha.racterized by scattered small inter-

“stitial - accumulauons of chronic inflammatory cells associated in

most instances - with’ localized tubutar ‘constriction and increase in
connective tissue., This type of change was observed in' 5 of 20 con-
trol rats, 7 of 20 male experimental rats, and 4 of 10 female experi-
mental rats, These changes did not conform to the usual damage seen
in uranium poisoning,

. lele 20, lO—-Average thur Slze for 7-month Period

Averaze number o! o"sptlng per litter

Control Experlmenul )
group group Difference
Rats fed 2% UO;(NO;); 6H,0 .2 . 7.8 1.4 .
continuously for 195 days T
Rats fed 2% UO,(NO,),.6H,0 8.4 1.9 0.1 "

for one 34-hr perlod

A few of the experimental Tats showed blue-staining casts (pre-
sumably calcium) in the collecting tubules of the medulla. Although
these casts showed no apparent relation to the chronic inflammatory
changes and although they have not been observed previously in
animals exposed to-uranium compounds, they may represent calcifi-
cation of casts collected in thope tubules during the acute stage of
renal injury early in the experiment.

Atrophic changes were observed ina few cases in both control and

experimental rats. The number of tubules involved was very small, -

and the changes were described as mild,
Some pulmonary disease was observed in two of the control and in

two of the malé experimental rats, Reticulum-cell sarcomas involv- -

ing the abdominal lymph nodes were present in one male experimen-

tal rat and in two control rats.
(b) Summary. 1. Fifty male and 50 female rats were given access

to a diet.containing 2 per cent uranyl nitrate hexahydrate for a single

24-hr period and thereafter were maintained for 10 months on the
stock ration. Equal-sized groups of control rats were observed dur-
ing the same period, '

2, The rats were kept in pairs, one male and one female in each
cage. The male rats were removed from the cage near the end ‘of the
gestation period, The litters were removed at birth, and the rats
were remated,
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3 There wa.s no 1nterference in growth assoclated with the slngle
dose of uranyl nitrate,
4. A single 24-hr feeding of uranyl nitrate did not reduce the num-

B ber of females bearing litters. The experimental female rats had a

small.reduction in the number-of luters but a larger reduction in the

" total number of offspring

5. It.1s concluded that,under the circumstances of this experiment,

: 'uranium adm!nistrauon adversely affected the reproductive functions

in the absence of a severe derangement of nutrition.
. 4. ONE;YEAR FEEDING 'I'EST: SERIAL STUDY OF
) URANYL NITRATE

By Elllott A, i{zymrd, Thomas B. Barnett, W, L. Downs,
Willlam F. Neuman, and Harold C. Hodge

‘4.1 First 3 Months, ‘ Groups of male and female rats, 25 in each .

group, were placed soon after weaning on diets containing O (control
groups), 0.1, 0.5, and 2.0 per cent ura.nyl nitrate hexahydrate. As
may be seen from Flg 20.15, the animils on the lower doses grew
approximately ag well as the control rats. The rats given the 2 per
cent diet showed a serious depression of the body welghts during the
15t week but thereafter recovered and resunmied growth at a rate not

.greatly different from the growth rate of the control animals, At the

end of 3 months the male animals weighed 78 g less than their control
group, and the females welghed 22 g less than their control group,

In addition to the rats removed for sacrifice to provide material
for histological examlnation, afew male and female rats died during
the 3-month period. All the deaths were confined to the 2 per cent

groups and to the first 2 Weeka of the feeding per.iod 2 males and 10 |

females died (see Tables 2011"5nd’ 20.12).

4.2 Three to Six Months, Other'groups of 25 male and 25 female
rats were studled for a longer period. In Fig. 20,16 are given the
average body-weight curves of the groups of male and female rats
fed on dlets containing the same percentages of uranyl nitrate hexa-
hydrate as stated before; the test continued for 3 to 6 months. In the
case of the male rats fed 0.5 per cent the average body weight wase
15 g less than that of the control group at the end of the experiment.
Otherwige all the growth curves for rats on the lower gdietary per-
centages are practically coincident. The growth depression of the
2 per cent groups evidenced in the first 3 months was continued
throughout the period of 22 weeks, at which time the males welghed
about 130 g less than their control group and the females about 17 g
less than their control group.

Al




	Button2: 


