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ABSTRACT

~ The effect of whole-body radiation on a few groups of albino.rats by different doses
(1200¢, 600r, and 300r) of gamma radiation from a Co8® source has been ‘studied, mainly in
the excretion pattern of the nitrogenous end-products in the urine, with the hope of finding
out any indication of derangement in the pathway of protein metabolism in the body. In the
600r and 300r groups free ammonia, urea, uric acid and creatinine increased following irradia-
tion within 24 hours and came down to normal values within 2nd and 3rd week. In the
1200r group & second rise oceurred in the excretion of free ammonia and urea following the first
rise. As for the amino acids no significant change was detected except in the 1200r group
where the excretion of glutamic acid, glycine, a-alanine, valine and phenylalanine was increased.
No increase of taurine was observed but the excretion of total sulphur was significantly
increased. The large increases in the urinary output of free ammonia and totel sulphur are the
most important observations of the present work and it will be of interest to direet further
investigations as to the causes of such increase.

INTRODUCTION

Effects of high energy radiation on biological systems are complicated and
extensive all over the tissues of the body. Following total body exposure to
ionising radiations, various degrees of damages are known to occur in almost all
the tissues in animal systems and even may result in death. Analysis of biologieal
fluids, particularly of urine, reveals quantitative and qualitative changes 'in the
excretory products as a result of exposure to radiation: these data may be of
significance in studying the changes induced in the various organs and’ tissues
due to radiation damage. ‘ : - .

 Although the exact mechanism of radiation damage is as yet obscure, the
response of the living organism as a whole is dependent upon the dosage employed.
If animals are exposed to severe dosage of radiation, apart from immediate effeets
of shock and tissue destruction progressive delayed effects continué to occur
resulting in death. These delayed effects are particularly noted in the case of
protein metabolism; tissue break-down goes unchecked without any net synthesis.

In the present investigation, urinary excretory pattern in albino rats has been
noted following exposure to moderate, large and excessive dosages of gamma radia-
tion, with a view to studying the departures from normal pattern and also to find
out the peculiarities, if any, of the irreversible changes occurring within the
organism, when exposed to lethal dose of radiation.

As the fotal nitrogen excretion in urine was noted to be increased in an earlier
experiment by the authors (Das, Dutt and Mukherjee 1957), the major end products
of protein breakdown have been recorded in this work in terms of urea and NH,.
Among the different products of purines and other non-protein nitrogenous consti-
tuents studied, emphasis has been laid only to uric acid and creatinine excretion.
Apart from these, urinary amino acids have been estimated, as excessive increase
of a large number of amino acids in urine was reported to occur following accidental
exposure to ionising radiation (Jasterlik and Marinelli, 1955). Such rise was also
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known to occur in animals after exposure to x-irradiation (Kay ef al., 1954). Apart
from these taurine and total sulphates have been estimated. Kay et al. studied
taurine cxcretion following x-irradiation and noted significant increase (Kay ef al.,’
1957). Barron et al. showed that sulphydryl containing enzymes are particularly -
inactivated by X-rays and it is due to the oxidation of the -SH linkages by the
highly oxidising free radicals produced by the radiolysis of water, present in bio-
logical systems, (Barron et al., 1949). The major end product of these enzymés
is taurine. From the same consideration, changes in sulphur excretion should
also- appear significant. ‘
In order to remove extraneous factors as far as possible and to ensure uni-
formity of results, animals were given ample time to acclimatize themselves with
the experimental conditions. Regular analysis for a considerable period - was
done prior to exposure to radiation; same procedure was maintained following
irradiation until the pattern came back more or less to normal or resulted in death.
During the experimental period no unnatural conditions, such as fasting. salt res-
triction etc., were permitted. '

EXPERIMENTAL

30 rats—all females weighing between 120 gm. and 180 gm. were divided into
5 groups of six rats in each group. The rats of each group were kept in two
metabolism cages—3 in each cage. Urine samples from each cage were collected
under a layer of toluene every 24 hours. Urine samples of each group were mixed
and filtered into a 100 ml. volumetric flask and diluted upto the mark. All the
analysis were done with this dilute urine. : :

Urinary creatinine was estimated according to Saffir’s modification of Folin’s
method (Hawk et al., 1954). The colour developed was measured photometrically
at 520 mu. Urie acid was measured according to the method of Christman and
Ravwitch (Christman et al., 1932). The colour produced was measured photo-
metrically at 700 mu. : :

The urea content was estimated by the modified urease method as outlined
by Van Slyke and Cullen (Hawk et al., 1954). Urinary free ammonia was estimated
by a modification of the method suggested by Ma and Zuazaga (1942) for the
micro-kjeldahl determination of nitrogen. 1 ml. of the urine sample was
taken in the distilling flask of a microkjeldahl apparatus and steam was passed
through it without the addition of any alkali. The distillate was absorbed in
2 percent boric acid solution and titrated with standard HCl solution using a mixed
indicator consisting of 1 part of methyl red and 5 parts of bromo cresol green.
 The inorganic sulphate content of the urine was measured by precipitating
the sulphate as benzidine sulphate by shaking 2.5 ml. of the diluted urine with
benzidine solution (Hawk et al., 1954). The precipitated benzidine sulphate was
made free from acid by repeated washing and centrifugation with 90 percent acetone
saturated with benzidine sulphate. The washed precipitate was then dissolved
in boiling water and was titrated- against standard NaOH solution. In case of
total sulphur all the sulphur content in the urine which is not present as sulphate
is oxidised to sulphate by the method of Benedict (Hawk et al., 1954), and the total.
sulphur was estimated as sulphate according to the method referred to in the ease
of inorganic sulphate. :

. Th‘e amino acids including taurine were separated and estimated by two
dimensional paper chromatographic method using water-saturated-phenol and
a mixture of n-butanol-acetic acid-water (4 :1:1) as the two solvents. - The spots
were developed, dried and eluted and the ninhydrin colour densities were- phato-.
metrically measured according to Kay et ab (1956). = - - '

- ~Prior to_chromatography the urine samples were desalted, as otherwise, the
salt' present-in the urine gave rise to serious trailing. The desalting was- carried
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out by passing 10 ml. of the slightly acidified urine sample through a column 15 cm.
in height and 1.5 cm. in diameter of “IR-120”. The resin bed was then washed
with 100 ml. of distilled water (CO,-free) at the rate of 6 to 8 drops per minute.
The effluent contained all the taurine and the acidic peptides. The amnio acids
were all retained by the resin which were subsequently eluted by means of 50 ml.
2N ammonia followed by 50 ml. of distilled water for another fraction. Both these
fractions, one containing the whole of the taurine and the other the rest of the
amino acids were evaporated to dryness and the residues were treated with 1 ml.
of distilled water each to extract all the amino acids. The extracts were centri-
- fuged and 0.1 ml. of the supernatant from each fraction was applied to paper for
chromatography. Two different chromatograms were prepared for the taurine
fraction and the amino acids fraction.

After taking normal readings for seven days 3 groups of the rats were exposed
to gamma radiation from an about 20 curie Co%® source. The doses given to the
three groups were about 1200r, 600r and 300r respectively. The rats were put
individually into small wire cages to restrict their movement. The cages were
fixed on a wooden platform along the circumference of a circle of proper radius.
The source was then placed at the centre of the circle by means of a remote control
mechanism. Two groups of rats were not irradiated and were kept as control.

REsvLTs AXD DISCUssIoxR

The normal excretory pattern of the rats, as studied in groups of 6 animals,
showed similar characteristics. The 24-hour sample of urine, however, showed
some degrees of fluctuations of the different constituents from day to day and
therefore a mean value was accepted as the standard one. The amino acid pattern
of all the groups showed the presence of identical spots, some of them appearing
regularly such as glutamic acid, glycine, alanine, valine and phenylalanine. Apart
from these, presence of aspartic acid, lysine, tyrosine, methionine, leucine and
hydroxyproline were identified; but they appeared either irregularly or in very
small amount and as such they were neglected.

The animals exposed to 300r behaved almost normally. Those exposed to
600r showed epilation, lassitude, anorexia, and emaciation; the condition improved
at the end of 2nd week. Intraocular tension and proptosis developed in all the
animals exposed to 1200r and 600r. All the animals exposed to 1200r. died within
the first post-irradiation week. In this group, animals became extremely feeble,
averse to food and refractile to external stimuli; epilation was extensive, convul-
sions also occurred. Morbid anatomy following post-mortem examination showed
massive haemorrhage in brain, stomach and small intestine, acute dilatation of
stomach and small intestine was also noticed. Blood examination 24 hours after
irradiation showed leucopenia and erythropenia in all the groups after radiation;
however, the fall of the leucocyte and erythrocyte counts was proportional to
dosage.

Urinary analysis showed that urea, free NH,, uric acid and creatinine increase
following irradiation (Figs. I, IT, III and IV). This increase took place in the
immediate 24 hours following exposure and came down on the 2nd or 3rd day.
In the cases of 300r and 600r groups a second increase was observed which persisted
during the first post-irradiation week, but gradually came down to normal during
the second or third week. In normal animals the amount of free ammonia was
persistently very small, but a peculiar phenomenon was noted in irradiated animals,
when considerable amount of free NH; occurred in urine and the amount was roughly
proportional to dosage.

The 1200r group differed considerably from the other two groups. In this
group following a transient rise in the 24 hours lmmedlately following irradiation,
urea and free ammonia came down as was noted in other groups; the fall was more
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marked in this case. The uric acid level after coming down, persisted to show
low values, as compared to normal. However, from the 3rd/4th day urea and free
NH,; excretion gradually continued to rise till death supervened.

The two peaks in these excretory curves conform to the immediate and delayed
changes in protein metabolism resulting in tissue destruction; however the signifi-
cance of free ammonia is obscure. It may be that the ammonia pool of the
system, notably glutamine, is deplenished giving rise to the free NH; in urine.
It would be interesting to study the concentration of NHj in different tissues
following irradiation and also to correlate between the amino acid nitrogen levels
in blood of irradiated animals with the NH-urea excretion in urine. Such experi-
ments are now bheing carried on in this laboratory. In any case, it seems that
urinary ammonia excreted comes from a highly labile compound which is easily
decomposed by steam,

Another peculiar feature noted was the excretory pattern of taurine in urine.
There was no significant rise in taurine level in the urine of the irradiated rats,
although inorganic sulphates increased and the increase was roughly proportional
to dosage (Figs. V and VII). Although evidences suggest that SH-containing
molecules are converted to taurine in liver and a few other organs. such as kidney
and spleen, the excretion may not invariably take place as such. It is known that
taurine is present widely in animal tissues and its chief metabolic product is
Inorganie sulphate in urine. In another series of experiments with X.rays, taurine
increase was noted by the present group of workers, which was not very high and
also did not persist for a significant period of time (Das, Dutta and Mukherjee, to
be published). It appears that a more reliable data should be the excretion
of inorganic sulphate and total sulphur indicating the level of SH-containing
molecules and other sulphur containing molecules respectively. In the present
work such data are consistent, with the expected scheme of events. In moderate
and severe exposure, these sulphates are increased in urine but gradually come
down and attain normal levels. While in the group exposed to 1200r, these excre-
tion curves swing upwards till death (Figs. VI). =~

Regarding other amino acids. persistently excreted by the irradiated animals,
only the 1200r group shows significant increase of glutamic acid, glycine, a-alanine,
valine and phenylalanine (Figs. VIII, IX, X, XTI and XII).

A comparative study of the excretory pattern of the groups exposed to
different degrees of radidtion damage shows certain common features. There is
an initial rise in the major nitrogenous excretory products in urine which take
place within the first 24 hours after radiation. This is presumably due to the
immediate tissue destruction. This rise comes down within normal limits within
2/3 days. But soon after a more gradual increase of the nitrogenous excretory
products takes place which gradually tend to come down within the 8th or 10th
day. But where extremely severe dosages are employed. this sccondary rise has
no tendency to come down and death occurs at” the peak of the excretion curve.
Further work regarding the detailed mechanism, responsible for the changes noted,
is being conducted at present in this laboratory.
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