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The acute radiation syndrome presents a 
symptom complex that is dose dependent. In 
the lower lethal dose range for the primate. 
the metabolic damage is expressed in 2 phases, 
an initial phase of predominantly alimentary 
dysfunction and a later phase associated with 
the catabolism of body tissues. I n  both 
phases. nitrogen balance becomes negative. 
but little change in the total daily urinary 
nitrogen excretion takes place until as an 
antemortem event. the daily urine nitrogen 
excretion may be greater than during a pre- 
radiation control day.: Some qualitative 
change in the nitrogen partition occurs and 
amino acid excretion is increased. This in- 
crease has been stated to be due to the radia- 
tion injury sustained by the animal( l ) .  This 
paper presents a study of the urine amino acid 
nitrogen excretion of 4 whole body irradiated 
monkeys and of the 2 survivors (after physio- 
logical recovery) when sham irradiated and 
given the same dietary intake as in their radia- 
tion experiment. 

Material and method. Adult male im- 
ported Rhesus monkeys ( M .  mulatta) , tuber- 
culin tested and separately housed, were 
placed in a metabolic cage. Their body 
weights varied from 6.8-12.4 kg and they 
were in robust health. They were fed by 
hand on Parkes “41” rat cubes and hand 
watered, so an excellent estimation of food 
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and water intakes was possible. After a con- 
trol period, the animals were whole body ir- 
radiated or sham irradiated and the urine 
amino acid nitrogen (amino N) and total 
nitrogen (total N) excretion followed until 
death or obvious recovery. The urines, 
voided into flasks with toluene as a preserva- 
tive, were collected at  the same time each day 
and analyzed for amino N by the copper titra- 
tion method(2), and for total N by a semi 
micro method (3). Several urines were sub- 
jected to paper chromatography( 4) .  Radia- 
tion factors. One animal was exposed to X 
irradiation, 240 Kv, HVL. 1.2 mm Cu with 
stepped Cu/A1 filter, F.S.D. 150 cm, dose- 
rate 9 r/min. and the other 3 to gamma radia- 
tion (Cow, 1.3, 1.1. Mev.) dose-rates 13-15 
and 103-105 r/min. With both the X and 
gamma irradiation, the radiation procedure 
was arranged so that the dose received was 
relatively homogenous throughout the animal 
( 5 ) .  Measurement of dose-rate was made 
with a Victoreen 100 r dose meter at various 
selected positions that the animal would sub- 
sequently assume. Thiopentone anaesthesia 
was given for the X irradiation(6). 

Results. The daily urine amino N excre- 
tion of the 4 irradiated animals is shown in 
Table I. Since amino N is but a part of the 
total urinary N excretion, total N excretion 
is recorded as well. The values for the 4 ani- 
mals during the control period were in close 
agreement, with the exception of monkey C ,  
a smaller animal. 

Immediately following radiation, only mon- 
key C showed an amino N excretion greater 
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TABLE I. Daily Urine Amino N and Total N (in Parentheses) Excretion, g/day, in 4 Monkeys 
after a Single Exposure. Animal G-two exposures to whole body X and gamma irradiation in 

lower lethal dose range for  the primate. 

,--Son-survivors--, ,--Survivors--, 
Monkey C G A E 
Dose 500 r x 460 r y 480 T y 480 T y 

Pre-irrad. (No. days) 
Mean 
Range 

Days 
post-irrad. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14  
15 
16 

6 
.02 (1.98) 
.017-.022 

(1.52-2.48) 

.038 (2.54) 

.031 (1.10) 

.03 (2.58) 

.034 (2.16) 

.022 (2.37) 

.028 (3.48) 

.08 (3.90) 

.08 (3.81) 

.053 (1.76) 

.042 (3.28) 

5 

.064-.124 
(4.1424.645) 

,092 (4.37) 

.08 (2.90) 

.076 (2.88) 

.076 (2.60) 

.072 (2.58) 
,088 (2.26) 
.065 (2.28) 
.088 (2.04) 
.119* (3.31) 
.16 (3.20) 
.163 (3.88) 
.098 (2.55) 
.lo3 (3.14) 

5 
.094 (4.42) 

.O 79-. 11 3 
(4.24-4.52) 

.079 (3.60) 
,097 (3.89) 
.lo4 (2.88) 
.113 (2.87) 
.113 (2.87) 
.087 (2.27) 
.085 (2.13) 
.064 (1.49) 
.083 (1.898) 
.083 (3.20) 
.099 (2.48) 
.098 (2.49) 
.089 (2.80) 
.088 (2.79) 
.094 (2.52) 
.O72 (3.40) 

4 
.078 (2.94) 

.072-.084 
(2.64-3.23) 

,072 (2.17) 
.08 (2.10) 
.089 (1.70) 
.079 (1.23) 
.075 (1.15) 
.084 (1.99) 

.lo4 (1.15) 

.112 (1.65) 

.123 (1.58) 

.154 (2.40) 

.133 (2.06) 

.154 (2.62) 

.lo (3.31) 

.065 (3.22) 

.077 (3.70) 

.111 (1.109) 

* Day 1 after 2nd irradiation. 

than in the control period. By the end of 
the first week all values were within the pre- 
irradiation range, but the amino acid index 

amino N 
x 100) had increased slightly. 

With the onset of severe terminal catabolism 
in animal C and animal G (after the second 
exposure), the amino N values were higher 
than during the control period. One survivor 
only, animal E, excreted significantly more 
amino N than before irradiation and this oc- 
curred during N retention at  the end of the 
second week. 

Table I1 records the results of the sham 
irradiation experiment. The mean control 
values of both animals were slightly higher, 
perhaps associated with an increase in weight 
since irradiation ( 1 2  months previously). 
With the identical dietary intake as in their 
irradiation study, monkey A lost more amino 
N and total N than after irradiation. Mon- 
key E on the other hand, gave an opposite re- 
sult losing more amino N and total N after 
irradiation. 

Two dimensional chromatograms were run 
on the urine of monkey A. Normal monkey 

urines were found to contain 2 amino acid 
groupings: glutamic acid/glycine and taur- 
ine/glutamine in descending order. After 
irradiation slight quantitative increase was 
demonstrated on days 4 and 5, but the only 

TABLE 11. Daily Urine Amino N and Total N 
(in parentheses) Excretion, g/day, i n  2 Monkeys 
Sham Irradiated and Given the Same Dietary In- 

takes of Their Irradiation Experiment. 

Monkey A Monkey E 

Days pre-sham irrad. 3 
Mean .112 (3.77) 
Range .lo&. 12 

(3.46-4.10) 
Days post- 
sham irrad. 

1 ,112 (3.28) 
2 .09 (2.80) 
3 .091 (2.80) 
4 .112 (3.62) 
5 .114 (3.42) 
6 .084 (2.10) 

.057 (3.68) 
8 .096 (3.06) 
9 .lo4 (2.65) 

10 .122 (3.20) 
11 .122 (3.20) 
12 .126 (3.88) 
13 .127 (4.56) 
14 .13 (4.84) 

n 

3 
.12 (3.61) 
.103-. 154 

(3.364.00) 

.076 (3.80) 

.078 (2.23) 

.068 (1.94) 

.065 (2.82) 

.073 (2.21) 

.074 (1.65) 
,067 (1.55) 
.076 (2.82) 
.053 (2.42) 
.06 (2.503) 
,072 (2.78) 
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qualitative difference was the appearance of 
small amounts of leucine for 9-10 days. 

Discussion. Amino aciduria has been de- 
scribed in man following accidental over-ex- 
posure to ionising radiation ( 1,7). Two le- 
thally irradiated men excreted increased 
quantities of urine amino acids during the 
first week, the peak excretion being on the 
sixth day, when values about 3 times the nor- 
mal were excreted. Three other males and 
one female, much less severely irradiated. also 
showed increases during the first week. In 
these reports urine amino acid excretion was 
estimated by paper chromatography and the 
pattern of the amino acids changed from the 
four acids, glycine, taurine, serine and ala- 
nine, excreted in normal human urine to some 
14-15 in the irradiated. In spite of the pau- 
city of data given in these reports, radiation 
injury appeared to increase urinary amino 
acid excretion, the cause for this increase not 
being determined. I t  was obvious that the 
increase appeared quickly after the exposure 
being detected on the first day although the 
amount excreted was not proportional to the 
dose received. 

Amino aciduria is a sign of hepatic and 
renal injury, but there is no evidence that 
radiation injury in doses given in this study 
affects the function of the liver and kidney 
(1,4,7). In primate radiation injury it has 
been suggested that the amino aciduria may 
be due to failure of peripheral utilization of 
amino acids( 7 ) ,  but since little difference 
exists between the amino acid excretion in the 
irradiated monkey and the monkey fed iden- 
tically with its irradiated self, dietary intake 
must be a factor as well. Very little evidence 
can be adduced that radiation injury per se 
in the lower lethal dose range causes the re- 
ported amino aciduria. So the increased val- 

ues of urinary amino acids should be re- 
garded properly as a reflection of the aberra- 
tion of protein metabolism usually associated 
with the response of the healthy primate to 
fevers, infections and trauma (8,9). 

The daily urine amino N ex- 
cretion of 4 monkeys was followed before and 
after whole body irradiation with doses in the 
lower lethal range. In 2 non-survivors, there 
was little change in the daily quantity ex- 
creted until terminally. In 2 survivors given 
the same food intakes as in the irradiated 
study and sham irradiated, the daily urine 
amino N excretion during the first week dif- 
fered but slightly from the values after ir- 
radiation, but in the second week more amino 
N was excreted after irradiation in one ani- 
mal and less in the other. It would appear 
that amino aciduria in primates irradiated 
with doses in the lower lethal range is in- 
separable from the natural response of the 
overall protein metabolism associated with 
any injury. 

Suminary. 
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