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Objectives of the Problem

To study the induced abnormalitiss in the internal distribution of body
fluids anrd renal damage resulting from varying dosages of x-rays,

Progress
A, Materials and Methods

(1) Radiation procedures

X-irradiation penerated at 140k.v.p. at 7ma (HVL = 4,5 mm.al,), by a
Westinghouse unit with a Machlett tube was employed., Radiation was
administered in divided doses, 50% of the total dose given dorsally and
50% ventrally, Dose measurements were made prior to and following the
exposure of each group of animals with a Viectoreen condenser r meter.

Dose rates varled between 28,0 and 34.0 r per minute at an anode distance
of 35 centimeters, The animals were irradiated in a triangular aluminum
cage which contained three compartments with perforations cn the sides for
ventilation, Control enimals were sham irradiated and were placed in

the aluminum cage for &s long a psriod of time as the irradiated animals,

(2) Exverimental animals

Mature hooded female rats of the Syracuse strain weigning between 190 -
22C grams were used in all experiments. Animals were selected on a basis
of growth curves in order to obtain healthy snd infection free animals. A
total of 84 rats were used. When the animals were not in metabolism
cames they were housed in individual rat ocages,

(3) Experiments conducted

(a) 500r Irrediated Rats And Pair-feg Controls

Twenty-four rats weighing approximately 210 grams were divided
into 2 eroups of 1?, The animais were then paired according to body weight,
One group received 5C0r total body irradiation while the control group
was sham irradiated. Followines exposure to the x-rays, the rats were
placed in individual metabolism cages for an 8 hour period daily for 28 days
to collect urine, While not in the metabolism cages the rats were placed
in separate cages where they were allowed free access to fcod and water,

The food intake of each irradisted rat was measured daily, and its pair-fed
twin recelved an equivalent amount of food the following day.
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The animals were woeighed daily prior to the start of the urine
collection period and urine volumes were recorded at the end of each 8
hour period Ecth tha irradiated and control animals were aliowed water
ad libltum while in the metabolism caess, Urine was collscted in 50cc.
praduatsa cylinders, Paraffinized wire-mesh screens, placed over the col-
lection funnels, prevented the contamination of urine samples with feces,
The metabolism cagas, scresens, and collection funnels were washed down
dailv witn distilled water. An aliquot of sach urine sample was then
analysed in the flame photometer for sodium and potassium,

When one of ths animals died during the course of the experiment,
the adrsnals were immediately removed and weirhed. The pair-fed twin of
such an animal was sacrificed and an autopsy performed the following day.

On day 23 the surviving animals were sacrificed and the adrsnals removed
and weighed,

(b) 1000r Irradiated Rats And Pair-fed Cocntrols

Twelve rats welching approximately 200 grams were divided into 2
groups of 6, The experimental procadure employed was the same as that
in experiment (a), with the excaption that the irradiated group received
1000r, Sinc3 this doss is 100% lethal, the sxperiment continued until
the death of the last animal,

(c) 1000r Fasted Irradiated Rats and Fasted Controls

Twelve rats weighing aporoximately 215 wrams were divided into 2
proups of 6, One group recaived 1000r total body irradiation while the
second eroup was sham irradisted. Both ersups were placed in metabolism
ceces immediately following exposure where they remained for 96 hours,
at which time the experiment was terminated. Neither group had access to
food but were allowed water ad l1ibitum, During this period, body weight,
water consumption, urins voiues, and urinary Ma and X values were
determined daily. Adrenal weights, both wet and dry, were taken at the
end of the expsriment, Dry weichts were obtained by placing the adrsnals
in an ovan at 110°C and drying to constant weirht,

(d) Serum Na And K Values Following 100Cr

Thirty-six animals wore usaed in this study. Flectrolyts values
ware determined at 2, 24, 48, 72, and 96 hours post-irradiation, Blood
for analysis was drawn undar ansesthesia by direct heart purcture,
Adrenal weiphts of all animals were recorded,

B, Rasults
Experiment a) 500r Irradiated Rets Apd Pair-fed Coptrols

Body weights prior to irradiation and at the time of
death or sacrifice are recordad in Table I. Daily chansss in body weight
as well as fvod consumption are presented graphically in Figure I, A
steady decline in body weight following 500r irradiation was observed
reaching the lowsst points at 3 and 6 days post-irradiation, Weight loss

in the pair-fed controls followed a similar pattern but was never as great
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as that demonstrated by the irradiatsd group., A ssecond and much less
sevare perlod of weight depression occurred in both groups from day 8
through day 20, Both groups exhibited a steady increase in body weieht
for the romalndsr of the test peried,

Daily values for urinary Ne 2nd K (total m,Eq.) are
shown in Flgures 2 and 3 respectively., Two periods of increassed Na
excretion occurred in the irradiated group., The first was seen from
days 6 - 10 and the second on days 21 throuvh 24, The elevated Na
values can not bs due to an increased urine output foir the urine

volumes of the irradiated rats on days 6 - 10 ard 2?1 - 24 were actually
lowsar than the controls,

Following an initial riss in urinary K in the irradiated
group on the first day post-irradiation, deily K values generally
paralleled each other., An unexplainable sharp rise in urine K was observed
on day 20 in the control group 2nd s similar situation waa seen in the

irradiated group on day 22, Daily urine vclumes for both groups are
presentad in Figure 4.

Adrenal weights, expressed as mg,/100 grams body welght
are listed in Table I, Thera can be 1little if any doubt that the adrenals
are called upon for increased hormonal production following irradiation,
Attention is called to the two animals that died following 500r irradiation
(Experimentals #3 and #6). The adrenals of surviving irradiated rats,
although almost always larger chan their pair-fed twins, were not nearly
as lerge =28 the above two animals illustrating the additionel stress that

must 5s placed on the adrenals when n rat is dying from the effects of
500r total body irradiation,

Experiment b) 1000r Irradjated Rats And Pair-fed Controls

Body weights prior to irradiation and at the time of death
or sacrifice, daily weight changas, food consumpticn and adrenal weights of
both groups are recordsd in Table II, All of the irradiated rats were dsad
by the end of five days. The daily weight loss in the irradiated animal
wus always greatsr than in the pair-fed twin, Irradiated rats at this
dose level docrease their food intake sharply with complete anorexia on
days 3 and 4. Adrenal hypertrophy, Table II, in the irradiatsd zroup was
vary evident at this dose level, The adrenals of the control animals are

also larper than normal. This is probably duse to the stress of decreased
fcod intake,

Electrolyte veluss for urinery Na and K are prasented
graphically in Figures 5 and 6 respectively., Urine velues for both groups
are also listed in order that electrolyte excretion can be compared with
urine output, Very little dif'ference 1s evident in urinary Na values for
the irradiated and control groups, A¢ first sight this may seem odd since
Na loss appearad to be prominant in the 500r irradiated rats. However, the
changes in metabolism followine 1000r are undoubtedly much more savere
and may be quite diffsrent than those changss occurring in 500r irradiated
rats, Urinary K in the irradiated group is sisnificantly higher on the
first day post-irradiation end reaches its lowest point on day 5,
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Experiment ¢) 1000r Fasted Irradiated Rats And Fasted Contrclg

Since weight lonss in the irradiated rats was grsater than
the pair-fad controls in both experiment (a) and (b), it was decided to
check the weight changes in fasted irradiated and fasted non-irradiated
rats, It has been reported that weight loss in such animals is essentially
the same (Nims and Sutton, Am., J. Physiol., Vol., 171:17-21, 1952). A
possible sex difference may exist for they used males while females were
employed in this study, The changes in body weight of fasted irradiatad
and fasted controls are recorded in Table III., It can readily bs seen that
welght loss in the former is much greater than the latter, Consequsntly
the loss of weight following irradiation does not appear to bs solely
dus to the anorexia the animals exhibit,

Electrolyte values for urinary Na and K are presented
graphically in Figuros 7 and 8 respectively, Urine volumes for both
groups are also listud beneath the graphs. As in experiment (b) little
change in Na loss takes place, This is true on day I even when the
irradiated rats excreted more than twice as much urine as the controls,
Urinary K loss appears to be prominent following 1000r total body
irradiation and is significantly higher than that of the controls on
dsy 1 and 3. Adrenal weights rascorded in Table III reaffirm the marked

adrena% hypertrophy observed in the irradiated rats of experiments (a)
and (b),

Experiment d) Serum Na And X Velucs Following 1000r

Elactrolyte values for serum ars recordad in Table
IV, The sarum potessium remained eszsentially unchaneed while serum
Ne showed a significant increase at only one time, i.,e. 2 hours post—
irradiastion, A progressive incrsase in adranal weights (Table IV)
was obsserved, even as early as 2 hours post-irrediation,

C. Conclusiong:
The atovs data suggest the following conclusions:

1. The weight loss in rats receiving 500r and 1000r total bhody
irradiation can not be due to anoraexia alone,

2. Although the 1oss of Na in rats receiving 500r total body
irradiation is significantly proater than the pair-fed controls this

does not appear to fipura significantly in those animals receiving
1000r,

3, Potassium loss is increessd significantly in the irradiated
rats on the first dsy post-irrsdiation in both 500r and 100Q0r eroups,
although it is grsater in the latter groups,

4. Marked adrenal hypertrophy was obssrved in all experiments,
An incrsase in adrenal weight was recorded as sarly as 2 hours post-
irrediation,
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5. No change was found in serum K following 1000r total opody
irradiaticn while serum Na was temporarily elevated signifieantly
at 2 hours post=irradiation.

D. Other Informatiop
1, Publications,

Paper to be prisented at Federation meetings this April,
2. Graduaste students on contract,
a) One (1) full time research assistant.
b) Two (2) technicians on hourly basis,
3, University furnishes the following support,
e) One (1) full time animal caretaker,
b) Secretarisl help,
4e No major difficultiss encounterad,
5. Immsdiate plans for the future,
a) Repetition of experiments reported,

b) 500r frsted rats and fasted non-irradiated controls,




Body weiphts and adrenal weights in 500r

TABLE I

and pair-fed controls

Animal iginal Final Remarks Adrensl Weight
Weight Weight mg/100 gms of body weight
Experimental #1 212 217 v 22,58
Control 210 218 0 eme—- -_— 24,31
Experimental #2 204 206 e 21,84
Control 205 204 ———— 21,57
Experimental #3 214 157 Deag_on day 20 64,96
Control 215 176 Sacrificed on day 20 23,86
Experimental #4 205 200 ——e 31,00
Control 200 206 ————— 21,36
Experimental #5 203 205 ————— 28,78
Control 200 29 e —_— 22,01
Experimental #6 200 161 Dead on_day 17 62,11
Control 203 166 Sacrificed on day 17 33.73
Experimental #7 200 206 —————e 24,75
Control 202 205 ————— 21.95
Experinental #8 202 206 e 22,81
fontrol 200 208 ———- 19.23
Experimental #9 210 218 _ —emmmea 28.89 .
Control 208 222 ————— 18,47
Experimental #10 200 208 ——m———— 25,48
Control 205 208 ————— 23.07
Experimental #11 210 2ly  mm——ee- 21,49
Control 208 213 eeeee - 21,59
Experimental #12 200 198 ———— 25575
Control 203 210 —— 19,52




TABLE II

Body welights and adrenal weights in 1000r irradiated rats and pair-fsd contrcls

Wgt, loss in grams/day

Animal Body Wgt. 1 2 3 4 5 Body Wgt; Adrenals Wgt.*
Pre-x-ray at death mg/100 gm
Experimental #1___ 196 =13 =22 =35 =52 — 144 55455
Control 201 -6 -16 -23 =39 -— 162 31.48
Experimental #2___206 =19 =15 =24 =25 =36 170 45429
Control 204 -9 -4 -18 -23 =25 179 31.84
Experimental #3___190 =12 =13 =23 =30 =42 148 73,65
Control 190 -6 -10 -16 =21 =25 165 40,61

Experimental #4___205 =7 =13 =26 =32 =45 160 71,25
Control 212 0 -5 =17 =22 =29 183 32,24
Lxperimental #5__ 197 =11 =18 @ =29 =42 = —== 155 46,45
Control 196 -6 =11 =22 29 == 167 34,73
Experimental #6___196 -9 =13 =23 =30 =43 153 54425
Control 201 ~6 <11 =19 -26 =30 171 31.58
Av, Experimental_198,3 =11,8 =15,6_ =26,6 =35,1 =41,5 155,80 5704
Av, Control 200,6 = 5.5 - 9,5 =19.1 =26,6 =27,2 17i.1 33.74
Mean Food Intake =~ 5.0 4.8 0 0 18 —— ——
in Grams

*Adrenal weights based on body weight at time of desath



TABLE III

Body weights and adrenal weights in 1000r fasted irradiated rats and fasted controls

Wgt, loss in grams/day

Animal Body weight 1 2 3 4 Body weight mg/100gm
Pre-x-ray et death
Experimental 1 209 =20 =30 =90 =55 _ 124 59.74
Control 210 -17 =26 =34 =43 167 26,94
Expsrimental 2 229 =21 =32 =49 =61 168 Lhab4
Control 228 ~13 =22 32 -39 189 25,92
Experimental 3 221 -22 =34 =46 =56 165 45446
Control 224 =14 =23 =27 -36 188 29,25
Experimental 4 207 =22 =30 =39 =47 160 41,87
Control 200 =17 =25 -35 =40 160 30.63
Experimental $ 210 =21 =28 =39 =4l 166 45,18
Control 211 =14 ~21 =27 =31 180 22,22
Experimental 6 215 -18 =30 =42 ~52 163 40, 48
Control 211 =17 =22 =31 -38 173 34.68
Experimentel Average 215 -20,6 =30,6 44,1 =52,5 162 46,23

Control Averags 214 -15,3 =23,1 -31,0 -=37.8 176 28,27




Table IV,

Serum Ns and serum K (m,Eq,/L) following 100GOr

Post-irradiation

Group Controls 2 hours 24 hours 48 hours 72 hours 96 hours
Serum Na 146,9 153.6 145.7 146.5 141.1 143.9
Serum K 6.5 75 6.0 6.6 5.9 6.2
# of aninals 6 b 6 6 6 6

Adrenal weights
mz/100 grams body weight  23.56 24,83 29,29 30.18 40.39 51,09




Food intake —— grams/day
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Qbjectives of the Rroblen

To study the induced ebnormalities in the internal distribution of
body fluids and renal damage resulting fron varying dosages of »-rays.

Progress
A. Materials and Methods

(1) Non-pregnant intact rats

Mature hooded female rats of the Syracuse strain weighing approximately
220 grams were used in all experiments, They were fasted for 18 hours
prior to x-radiation but were allowed water. Rats received tgtal body
x-radiation at one of three dose levels, 500r, 600r or 700r (* 5%).
Unless otherwise stated, the data presented here will refer to rats that
received 600r cr 700r, The radiation factors were 140 KVP, 7 ma and a
sufficisnt thickness of aluminum, which included the cover of the cage,
was used to produce a radiation quality corresponding to a HVL of 4.5 mm,
of aluminum, Intensity of the beam was approximately 30r per minute in
air at an anode distance of 35 cm. In order to equalize the tissue dose
throughout the whole body, half of the total dose was delivered to the
dorsal and ventraol sides of the rat. Dose measurenents were made at the
center of each cell of the cage prior to the exposure with a Victoreen
condenser r meter. The aluninum cage was triangular and contained three
compartments with perforations on the sides for ventilation. The top
and bottom were 0.83 iwane thick, while the sides were 3,15 mn. thicke.

The cage was placed on & Masonite shelf for the dorsal expcsure and to
insure uniform backscatter for both ventral and dorsal cxpesures a
corrcsponding plece of Masonite of similar thickness was placed on top
of the cage while the radiation was entering the ventrzl portion of the
rat.

Diuretic tests were conducted after x-radiation as follows: day O
(immediately after radintion), 1, 7, 14 and 30. In the 500r group tests
were only made 30 days after radiation. Prior to the diuretic test the
animals were fasted 18 hours. At the end of the fast, one dose of
distilled water amounting to 4 ml. per 100 sq. cne of body surface was
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warmed to 100CF, and administered by stomach tube. The dose for a 220
gram rat was 13 ml, with the body surface calculated according to the
formula of Benedict {1938). The rats were then placed in individual
metabolism coges and urine excretion recorded at 30 minute intervals
for a period of 180 minutes. Electrolyte determinations were made of
the urine collected for the periods cf 0=90 minutes (first collection
period) and 90-180 minutes (second or terminal collection period), At
the terminal collection period the rats were anesthetized with ether
and blood samples from the tail were obtained for hematocrit deter-
minations. Four to five ml. of blood for electrolyte analysie was
then drawn under mineral oil by a direct heart punscture Tnd immediately
centrifuged for 10 minutes. Sodium and potassium values+ were
deternined by an internal standard flame photometer. All animals were
weighed prior to and every day after radiation. Blood pressure
determinations were taken every second dey wita a Metro photoelectric

o e

tensometer.

The following data for each series of pon-pregnant rgts is as

follows:

Diuretic rates (percentage of administered water

excrated),

electrolyte analysis of seruwa and of the 90 and 180 ninute urine
sanples, systolic blood pressures, and hematocrits,.
S_gr_igg_;Controls.e..............l2females
wMCnoaooocoooo-cooo.o?»@fﬁfﬁﬂl@ﬁ‘
12 animals x-radiated at 600r
12 aninals x-radiated at 700r
ﬁﬁﬂgﬁ_}MI...o...-..-.......24females
12 aninals x-radiated at 600r
12 aninanls x~radiated at 7C0r
Mm'].nonnoooooooo-ts.owfem&les
21 animals x-rodiated at 600r
19 eninals x-radiated ot 700r
cries Mll............--....451‘623&163
18 animals x-radiated ot 600
27 animnls x~radiated at 700r
SGIQGS(DDQYBO....-............55femalos
18 animals x-rodiated at 500r
20 aninals x=radiated at 600r
17 aninals x-radiated ot 700r

(2) Pregnant intact rots

Pregnant females werc exposed to x=-rays for a total dosage of

LThe tern "concentration" of the electrolytes indicates m Eq/l.

while "excretion" or "loss" refers to totoi n Eq.
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250r at 12 days of pregnancy. These rats were then subjected to one

of the tests described below. Nom=pregnant, x-rayed rats served as
controls,

A diuretic run was conducted as follows: Animals were starved
for 2 hours prior to the stiart of the run. Distilled water warmed to
body temperature was given via stcmach tube. The dose was calculated
on the basis of 3 ml, for every 100 sq, cm. of body surface and two
deses were given onc hour apart., Trine was cocliected for three hours
after the second water dose. At hourly intervals urinc samples were
teken for No end K analysis. Since the bladders were emptied by
suprapubic pressure prior to the first water dose, thc urine put
out between the first and second doses was added to that excreted
during the hour following adninistration of the second water dose.
Three hours after the sccond water dose the animcls were sacrificed,
henatocrits were taken and heart blood drawn for Na and K deter-
ainations on the serumes In the pregnant aninals the fetuses were
exanined for gross defects which might have been induced by x=rays.

Since tho diuretic run descrited above precludes the subsequent
usc of the same aninnls, a socond type of urine collecticu mecthod was
utilized. Experinental and control aniiwcls were placed in netabolisn
cages for four hours each doy from the day of radiation to the day
of delivery. This enabled us to follow any urine electrolyte changes
on a day to doy basis for each animal. Four hours was used as the
collection period, for no satisfactory method of feeding the animals
in the metabolis:a cages could '« devised., Of the scveral methods
tried, none prevented food particles from falling into the funnel.
The collections were made between 1000 and 1400 each day on the
theory that this would be about the niddle four hours of the day-
light period ond the meteabolic activity night be nost easily compared
over o ten day period.

B. Results
(1) Non=pregnant intact rats (3 tables and 4 graphs)
(u) Diuretdc Rateg

There was a narked increase in the diuretic rates in all
of the x-radiated animals during the first 120 minutes of the collec-
tion period with the exception of the two day 14 series (Wable 1).
The diuretic rotes of the doy 1 and 30 (600r and 700r) was consistently
higher then the controls and other experinentel series fron the
beginning of the water tests. However the total percontage of water
excreted in 1380 nminutes by tho experincntal rats wos not significantly
different from thet of the controls.

(b) Serun Blectrolvios
Table 2 shows that the serun sodiun levels of all radiated

animals were incrensed, but only, in the doy 30 scriea was this in-
crease significent. The serwa potassiun concentrations (Table 3) of
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aninals that received 600r or 700r were depressed on ggya 7 and 14 but
were within the normal range in the other three series. There wos

no consistent pattern as trend in the sorun electrolyte concentra-
tions of the experinental groups.

(c) lJrine Electrolvtes
2ediun

The rate of sodiun excretion of the control and day O
series was greatost during the second 90 ninute or terninal
collection period (Table 2). The day 1, 7, 14 and 30 scries,
given 700r, showed the greatest sodium loss during the first 90

ninutes. However, thore was no specific trend in the sories that
received the lesser dose.

The sun of the total m Eqs of the first and second collection
poriods wns greater than the controls at the three radiation dose
levels in 0ll the series with the exception of day 14 (Graph 1).

In the series receiving 600r the sun total 1oss? of the
sodiwn=-ion during the 180 ninute collecting pericd progressively
increased as the time after radiation increased with the exception
of the day 14 Series (Greph 1)s The aninals that reccived the
higher dose followcd a sinilar pattern, nemely, sodiun loss incrcascs
with posteradiation time. The greatest single sodiun loss during any
collection period wes observed during the terminal period of day 30,
500r group. This sun totol loss of the ion for the two 90 ninute
periods was the greatest of all tho experiaiental series. Indications
are that if there had been o 100 per cent survival in the cther

two day 30 serics, 600r and 700r, a sinilar high sodiun excretion
would have been observed.

Potossiun

The loss of polcssiun of the post x-radiction series that
received 600r followed the sane genercl pattern as the series that
received 700r (Graph 2). The pattern consisted of three phescss one,
a narked increase in potassium excretion on day 0; two, an abrupt
decrease to nornal levels in the day 1, 7 and 14 series; and third,

8 sharp rise on day 30. The total loss for the scrics that received
500r or 600r wns consistently higher than those that reccived the
700r doses.

() Besk x=Radiation Chavacteristicg of Svracuse Strgin of Rats
(1) Mortality and Growth Rates (Tauble 1 and Graph 3)

A series of nortality and growth rate experimenis were
conducted to evaluate the biological effeccts of c single totel body
exposure of x-radiation at three different dose levels. The aninnls
lost approxinmntely 15 grans during the 18 hours pre-radiation
fasting pericd. Food was restored immediately following x~radiation

2Henceforth will denote tho amount of electrolyte loss during the
entire 180 nminutes,
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and by day 1 thoro was approximately a 4 gram body weight gain. This
was followed by a slight weight loss on dgys 2 to 4, after which there
was a snall progressive weight increase tc day 30 in those enimals
that survived. When there was a progressive daily weight loss the
animals died. The percentage weight increase from the pre-radiation
fasting period to day 30 for the 500r, 600r and 700r groups was

9.6, 4.3 and 4.8 percent respectively.

The percent survival for the radiated aninals wes as
followss day 14, at 600r and 700r, 71 and 90 percent survived respec-
tively while at day 30 only 78 and 58 percent respectively survived.

Thore were no deaths in the dgqy 30, 500r group or in the non-
radiated controls.

(i1) Hematocrits (Table 1)

The progressive docrease in the hematocrits through day 14
in 211 of radiation series that received 600r or 700r was followed by
a slight increasc,

(iii) Blood Pressures (Graph 4)

Systolic blocd pressures wore taken every second day for
a period of thirty days on two series of rats that had received 600r
or 700r. Although thore werc wide variations in some individual
roadings on any given day, each series followed o general depression-
recovery pattern for each dose level, The majority of these individual
variations were characterized by temporary elevated blood presswres
of considercble magnitude, but subscquent readings werce well within the
average figures of their experimental group. It should be pointed
out that the transient elcvated pressures observed in the individual
aninals were probably duc to manipulation procedures or excitability
of the rat on a specific day.

The average blcod pressures of both the x=redicted series
of rats werc charzcterized by two depression-recovery periods. Three
days after radiation thore was a precipitous fall in blood pressures,
followed by a period of recovery. This first recovery period lasted
fron day 7 to 13 in the 600r series and fron day 9 to 17 in the 700r.
The second decline in systolic pressures continued to day 19 and dgy
23 in the 600r and 700r scries respectively, efter which there was a
steady increase through day 30. The lowest pressurcs rccorded were
on day 23 of the aninals exposed to 700r. Whenever the systolic
pressures fell bolow 100 :m. Hg the animals died within 18 hours.

(2) Pregnant intact rats

(2) Diurctic Rates

The percentage of water excreted for each 30 minute period
is shown in Table 4. These are generally lower than the diuretic rates
found for non-radiated aninals for thce first 30 to 60 ninutes aftor
the second water dose. After the first hour most groups excrete about
the same total percentage of water,
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(b) Sexum Eloctrolytes (Table 5)

In tho pregnant radiated animals there is a tendency for the
serun sodium to fall and thon return to noraal levels. The opposite
holds for the non-pregnant radiated group where the tendency ie for
the serun sodiun to increase and then return to normal, Insufficient
figures are avallable for a complete statistical anclysie of the serun
sodiuns, but the high values of the non~pregnant group are significantly
different from the low valuos of the prognant group (p = .02).

The serun potassium remains within normal limits in the non-
prognant radioted aninals but in the pregnant group it is almost 200%
of nornal at 14 days (2 days post-radiation). It then gradunlly falls
to normal lovels by 18 days (6 days post-radiation), The high point

of 11.1 at 14 days is the highest serun potassiun scen to date in this
laboratory.

No explanations con be offered for thesc serun sodiun and
potassiun values,

(c¢) Urine Eiectrolytes (Table 5)
Sodiun

In both the pregnant and ncn-prognant groups there is evidence
of a dumping of sodiun ianto the urine toward the end of gestation.
Exanination of Table 5 shows that there is more than twice as nuch
sodiun in the urine of the pregnant as in the urine of non-pregnant
aninals on the 22nd day (10 days poste~radiation). An increase in
sodiun excretion a few days prior to delivery is seen in normal
pregnant aninals,

20 gagsigp

The potassiun excreted by the pregnant radiated aninals
shows a progressive increase from the 14th day to the time of delivery.
This increese is shown by the centrol animals up to the 20th day,
but there is a drop in the potassium excretcd on the day of delivery.

(d) Hematoerit (Table 4)

The decline in hematocrit values follows tie rotiern set by
arinels receiving 600r and 700r. This decreasc is nov renu’red in the
pregnant radiated aninals even by the time of delivery (10 days poste
radiation). In the controls, the henatocrit velues reach their low
point at 14 doys (2 days post-radiation) and by 18 days (6 days post-
radiction) they have rcturnocd to the normal values. Tho continuing
lower readings for tho pregnant radiated animals are probably the
result of the anemia of pregnancy rather than of radiation damage.
Bond (!'48) has found that in pregnant rats the henatocrit is 40.0 ou
the 13th - 14th day and 38.6 on the 2lst - 22nd day. His values
agree well with those presented here.



(¢) Ectuses

Fetuses were exaiined for gross malfornations which night
have resulted fron: exposure to x~rays. None were found in the 250r
groups although ncifornations were found in fotuses fron three pregnant
fenales exposed to 500r.

That a dose of 250r nas no effect on the embryoe is unlikely.
Of 76 embryos exanined 8 days cfter radiation, 71% were judged to be
viabie while 29% were dead or resorbed. .Ten days after radiation 41%
of 49 embryos were alive and 59% were dead or resorbed, These per-
centages for dead or resorbed fetuses are in fair agroenent with the
figure of 46.4% given by Dr. Jases Wilson ('51) for fetuses cxanined
after irradiation with 200r at ten days of pregnancy. The studics of
Dr. Wilson are not strictly comparable with ours, for different nethods
and times of exposure have been used,

Ce Conclusions
Our data support the following conclusionss
Nen-preognant anlagls

(1) no significent changos in tho diuretic rates at the LDy,
dose level indicate there is nc dancge to the kidney
tubules,

(2) there is an apparent progressive dysfunction of the adrenal
cortex (zona glonerulasagrat all 3 dose levels, as evidenced
by the excecssive electrolyte loss by the day 30 series.

(3) the serun sodiun and potassiwa concentration levels renained
within the linits of the non-radiated controls in spite of
the high renal wastoage.

(4) o revaluation is needed of the doy 14, 600r and 700r series

in that there was a complete restoration of electrolyte balance

and blood pressures,
(5) a progressive decrcasc in hematocrits through day 14 wes
followed by a slight recovery.

El) diuretic rates indicate no danage to kidney tubules.

2) serun sodiun and potassiun values are displeced but return
to norncl by the tine of dolivery.

(3) urine eclectrolytes are higher following radiation with
even 2507,

(4) the nuuber of dcad and rosorbod enbryos indicate that
this dosage has a delecterious effect upon enbryonic
developnent.

It is apparent from our data that there is a sufficient quantity
of cortical hormone availoble to the kidney tubule to naintain nornal
diuretic rates through dgy 30, but an insufficicnt emount to maintain
clectrolyte balance, Our present dota does not lend support to the
fact that a full blown adrenel corticel insufficiency was presont.
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It is suggestcd that the secretory tissues of the adrencl cortex e
hibit different degrees of radiocsensitivity.
(3) Publications
One publication ready for press.
(4) Other Infornation

(a) Analysis of present data indicated the need of the following
changes in procedure.

(1) X¥=-radiation doses above the LDg, (700r) level to the

kidney per se.
Dﬁg) Increcase the urine collection periods fron 3 to 8
hours in both the non=prognent and pregnant cninels.

(b) No changes in personnel since 1 Septenber 1952, activation
date of contract.

(¢) Groducte students on contract.
(1) One El) full tine resenrch cssistant.
(2) Two (2) tochnical assistants on hourly basis for
elcctrolyte anclysis, x-ray and blood pressurc detesiiinations.
(d) Two senior investigotors, full tine during suiier.

(c) University furnishos the following support.

gl) One (1) full tine aninel caretcker,
2) Secretarial help.

(£f) No major difficulties encountcred.
(5) Addendua

A supplenentary rcport will be forth coning (1 Sept. 1953)
of work in progress during July and August.



*TABLE I ~ Showing diuretic rates and hematocrit
determinations for control and irradiated

rats:
DAYS POST NUMBER ©OF PER CENT WATER EXCRETED IN PERCENT
IRRADIATION ANIMALS HEMATOGRIT MINUTE SURVIVAL
30 @0 90 128 150 180
Controls 12 43.4 0,0 12.5 44,1 69,2 81,3 87,1 100%
Dose - 500r
30 days 18 40,9 1.4 29,5 56,3 73,0 8,2 83,9 100%
Dose - 600r
Day of 12 43,3 0.2 3.1 64,9 74,4 79.4 85,6 100%
ti
?gd%x?‘s.on 12 1620 508 3800 67-3 ’77.0 81.10 89.5 100%

9
7 days 21 38,2 0,0 26,2 55,4 73.5 81,4 85.4 100%
1/ days 12 36,0 0.0 5,9 38,4 65.2 78,6 86,0 %
30 days 14 39.9 4.9 31,1 55.2 75,0 85,5 92,2 78%

Dose - 700r
Day of 12 43.4 1.4 31,5 60.6 72,4 74.9 80.8 100%
Radiation
18 hrs, 12 2.3 4.1 34.2 63,1 73.2 81,1 87.7 100%
7 days 19 37.7 3.5 27.3 54,0 72,0 78.6 85,4 100%
14 days 18 34,5 0.2 19,8 52,5 72,5 849 87.5 90%
30 days 10 39,9 3.7 35.8 64,6 79.5 87,6 90,6  56%

#NOTE: Revised



Table 2

ELECTROLYTES
Sodium
DAYS POST
IRRADIATION SERUM URINE
First 90 minute Second 90 minute
Collecting period  Collecting period
Total mEq
pEg/l, Totsl mEa  mEg/l, Total mFq QO - 180 mip,
Controls 138.6 4.8 .030 6.6 .N32 062
DOSE - 500r
30 days 146,2 16,5 J141 59,2 « 204 e 345
D 0OS E - 600r
Dsy of 142.5 Le5 .038 27.3 .063 101
Radiation
18 hrs, 14442 ic,7 2094 19,7 .052 146
7 day‘s 110306 11607 .111 3203 0078 nl
14 days 140.9 7.3 032 8.8 031 "
30 daya 14622 905 0081 27‘3 ow .193
DOS E - 700r
Day of 145.3 6.9 057 26,0 066 .123
Radiation
18 hrs, 145.3 11,5 .097 18,1 «050 o 147
7 days 142,.4 12,5 094 19.5 LS .139
1‘ day’ 13909 6.9 0045 606 o029 .074
30 days 146,7 12.3 <114 24. 6 . 075 .189



Tuble 3

ELECTROLYTES
Potasaium
DAYS POST
IRRADIATION  SERUM URTNE
Firat 90 minute Second 90 minute
Collecting period  Collecting period
Total qEq
ofq/l, Total mPq  mEq/l, Total mEq QO = 160 min,
Controls 6.1 9.1 .052 8,0 042 004
DOSE~ 500r
30 days 6,2 12,3 .093 19,3 ,064 .157
DOSE .-~ 600r
Day of 6.0 6010 0051 36.1 .08\') « 140
Radiation
18 hrs, 6,0 5.5 .05C 18,0 042 099
7 days 542 9.0 0067 18,1 047 o114
14 days 5.3 8.9 047 6.9 0L .N3%
36 days 6.0 10.6 +084 184 .081 « 165
DOSE-~- 700r
Day of 5.4 9.2 . 069 37.9 .090 .159
Radiation
18 hrs, 6.3 5.9 049 12,7 .037 .086
7 days 5.2 8.3 «055 11,9 ,032 .087
14 days 5.6 10.6 +063 8,6 07 100
30 days 5.8 7.5 052 17.6 <064 J116
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Table 4

DIURETIC RATES FOR FOUR GROUFS OF RATS AND HEMATOCRIT VALUES

FGR RADTATED PREGNANT AND NON-PREGNANT RATS
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Table 5

ELECTROLYTES
SODIWM
Serum
Non-pregnant, non-radiated 140
Pre t ate
Day of Days Poat- Urine
Pregnancy Radiation Seryg, Tot, mFg,
14 2 14N,0 « 066
16 4 138,2 « 095
18 6 136.1 «141
20 8 138,2 o142
22 10 142.3 «591
POTASSIUM
Serum
Non-pregnant, non radiated €.0
Pregnapt, Radiated
Day of Days Post- Urine
Yregnancy Radiation Serum Iot, mEq,
14 2 11,1 121
16 4 8.6 «132
18 é 6.1 » 148
20 8 5¢3 .160
22 10 6.1 2243

Urine

Tot, mFg,

«120

Non-pregnant, Radiated

Urine
Serum Tot, mFa,
14be .093
14.3 .132
138,6 0245
142,1 <204
Urine
Tot, mEq,
<134
Nop-pregpait, Radiated
Urine
Serym Tot, mEqg,
6.79 ,102
6.6 145
S5el .163
54T «137



Graph 1 Sodium
Sum total m £q., loss of sodium durirg 180 minutes
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Graph 3

Total m Eq,
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Total m Eq,

Potassium

Sum total m Eq. loss of potassium during 180 minutes
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Graph 6

BLOOD PRESSURE OF X~-RADIATED ANIMALS
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