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'll!E MOVEMENT OF SODIUM AND POTASSIUM IN ~E TISSUES OF 'IHE RAT 

FOLLOWING ACUTE RADIATION INJ'CJ.RY USING N~22 AND K42 .9 43 AS TRAc:ERS1 
., 

John z. Bowers.9 M.D.* and Kenneth G. Scott.9 Ph.D .• 

From the Crocker Radiation Labora.tory and the Division of ·Radiology.9 
University of California School of Medicine, Berkeley and San Francisco, Calif. 

January 1951 

Ionizing radiations cause chemical changes ilr cells which iire 

'POOrly understood. This includes direct effects upon the IlUclear;atid ' 

cytopl8sm1C ·coneti tuente of celle, 'as well ·a.e ··.irldirec·t effectS WhiCh·· ·a·re· · · ·. ~ 

caused. by the formation of active radicles in the water of living systems'. . ' 

The sum of these effects re-sults in the response or the biological ·syEitemi:! 

to' ra.diation and is most evident in tissues which are sensitive tci radiation 

injury. Radioactive tracers have been used in these studies in order to 

.estimate the relative change in electrolytes of the whole tissues of the·· ·' .· 

rat.following x-ray irradiation. 
,. 

The hemopoietic tissues, lymphatic tisaue.9 the germinal epithelimn 

and the mucosa of the gastro-intestinal tract are said.' to be radiosensitive. 

Other tissues and organs are considered to be' less senei tive to radiation · 

injury ( reeponai ve) -- the lung.9 liver 9 kidney .9 and adrenal glands; while a 

third or resistant group includes the pancreas 9 caroiac muscle$ .. smOoth and 

striated muscle)) bone and nerve tis·aue ( 1.9 2.93). As a result of this' speCific. 

*Uni 'Versi ty of Utah School of Medicine .1' SaJt lake city, Utah 

l This work was performed under Contract #W-7405-eng-48 with the Atomic 
Energy Commission. 
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injury to tissues and organs a collect~pn of his:~opath~logi?al and physiological 
-. :, ·, 

manifestations of radiation injury develop~- ~hi9:h: lnp~ude leu1cope:nJa'.s>. a:qq, , ·.· 
' , ·, • ~ • '·"• \>' • ';~ ,' • ~, j, •: :'.·~·"I: ·.',_.•·~· • .·, ,,,' 1' ~~ '. ··: ''(, •', -~ .. :. ·',·: • {•, -~' •·'!.'1' 

agranulocytosis)> thrombopenia~ nausea)l vomiting.s> dlarrhea.s> and dehydration 

(4,5s6). 

Several investigators have studied certain aspects of the alterations 

in electrolytes following irradiation. Thus Behnett et al (7) reports that 

a mid-le.thal dose of radiation to rats produced a marked retention of radio-

active sodium with as much as 2 percent of. the total dose. shit:ting .i:qto the .· 

intestina.l tract. and slllfiller s]lifts into the kidney. and spleen. Serum~ so\iium 

levels rose to a maximum, (4-5 mill,:f_equivalents) a.t three to four days post-

irradiation. An increase of extracellular fluid volume was also .noted," · Kohn 

also reported. a rise in pla.sma sod.ium of approximately, 3 milliequivalents (8). 

Painter found a significant expansion _of sodium. space for the total animal at 

five da;;:s after irradiation associated with a~ expansion of sodium spac:e in 

the ga.stro-intestinal tract (9). Edelmann (10) found tlia.t irradiation of rats 

at. 500~ 800 and 1000 r with x-rays caused an increase ~n the.urinary excretion 

of sodium., potassium and chloride on the first and f.ifth days. after exposure., 

Polyuria and polydipsia. also occurred at these t;tm~s. 

A number of~ other reports have mentioned various isolated alterations 

in blood electrolytes following ir:rad.fat.ion. :rnvestigatprs have repor;ted a· · 

. rise in blood. sodium level ( 11) while others have'. reported a fall. 1~ t~is level 

{12). Moon (13) states that rs.diation sickness is associated with an increase 

in blood potassium; and i.t is generally agreed that in irrad.ia~ed animals and 
. . . 

humans 9 there is a fall in urinary chloride excretions 9 a fall in blood chlorides 

and a rise in tissue chlorides (l4 9 15). 
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Several of the manifestations of acute radiation injury a:re known 

to be associated with aignlficapt deviations in electrol~tes on the basis 
:. •.' 

of studies in other diseases. Dia.rrheal states have for many years been 

associated with loss of salt and water and more recently Darrow {16) and 

others have demonstrated pronounced depletion of intracellular potassium. 

Somewhat ~imilar depletions of intracellular potassium have been reported 

to occur in vomiting and dehydration ( 17). 

The experiments reported here were designed to determine the 

~1 terations in sodium anq pota.ssium content of the various organs and tissues 

at v~.rious time intervals after total body irradiation. We were also inter-, 

ested to follow the excretion of these t1..ro cations in Urine and feces, 

particularly in view of the extensive damage to the mucosa of the gastro-

intestinal tra.ct. Studies of electrolytes should not only demonstra.te 

changes in tissues which are known to be sensitive to radia.tion and to 

show histopathologica.l qhanges, but might also indicate a more transient 

injury to other less sensitive tissues. 
'1, 

ME'IHODS: 

Slonaker rats weighing approximately 250 grams were fed a synthetic 

diet, which is complete for rats P conta.ining 24 percent purified casein" 

64 percent sucrose" 8 percent hydrogenated vegetable oil, 4 percent_salt 

mixture, and added vitamin concentra.tes. Potassium content was 6.9 milli-

grams per gram and sodium 3.45 milligrams per gram as determined with the 

flame photometerjl and by estimation from the dieta.ry ingredients. 
' ' ~ ' ' ,. 

Radioactive sodium (Na ) with a half-life of2.6 yearsjl prepared 
._.: 

on the .60-inch cyclotron of the Crocker La.boratory was kindly supplied for 

these experiments by Dr. Joseph G. Hamil ton. Two microcuries of the radio-

isotope, a "tracer" dose, was injected subcutaneously into the experimental 
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animals at least twenty-four hours before ·the start of each exper:!.mento The 
; .. ~. -

rad.io-::.:8otass.i:um, :used ,in .these etwlie,s ~a13 prep,E).red ·by_ boiiibaraing, a::t:gop:~J~h ' . '· .. · .. · .. ' ..... ·· :· . ·. :· .. _·,.~··4~:· ··:.·:l; .. _~ .. ,,.,.,::--~'·":.~:';''·'··:••· •' 
alpha parti?les from the cyclotron resulting in K and K 3 o I_n order to 

use radio-potassium as a tracer9·_it was necessary :to give from,50 to 175 rep 

to the control group as well as to the x-irradia ted animals o. When desired!> 
' c i . 

urine and feces were separated irJ a modification of a ra.t holder suggested 

to us by Professor W o Oo Reinhard to This device permits accurate separation 

of urine and feces in the face of diarrheao A complete separation and 

collection of feces in a. diarrheal rat is difficul tp but we believe that 

the figures that we have accumulated are~ in general 9 reliableo The animal 

holders used gave precise· separation of excreta and the only losses were 

from the drying of the liquid stools on the holdero Following collection 

and measurement of volillne ;~ the excretions were dried. at 100°C o for ,24 hours 

and then ashed in the muffle at 500-6oO~Co for a similar periodo At the time 

of sacrifice j) the animals were anesthetized with ether and heart ns blood· 

withdrawn into a syringe containing hepa.rino The animals were then sacrificed 

with additional ether and the various tissues cleanly removed o The corit~mts 

of the gastro-intestinal·tract were separated and the tissues washed.:carefully, 

in Tyrode 9 s solution after which they were blotted dry .on. filter papero All 

. 0 
tissues and organs were weighed wetso dried at 104 Co.9 re-yeighed~ and ashed, 

in the muffle o Aahed specimens were. assayed for radioactivity by conventiqnal 

G.Mo counting procedures' a.nd calculated as percent of the, .?-dministered dose ... 

per cc of urine .9 per gram of feces 9 or per gram of tiseu.e o _'I'he .specimens were 

then re-dissolved in N/10 HCl and determinations for potassiUm were carried. 

out on the flame photometer (Beckman) using external sta._ndards of potassiumo 
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Irradiation dosage was verified with ~ Vict.o;reen r meter placed in a. 

paraffin phantom. Control animals were placed under t'he x-ray machine for 

a time period similar to that for the experi~ental animals and ip the same 

holder. The dose rate and amount of filtration varied with the experiments. 

-
Experiments 1 and 2 were designed to determine the effects of total 

body irra.diation at a.pproximately an L.n.
50 

and an L.D.100 level on the 

excretion of sodium and potassium .in urine and feces. Dose was 710 r ... 215 KVp 

15 m.a., 1 m.m Cu filter and .5 m.m Al filter 9 and rate 77.4 r per minute 

in Experiment 1. In Experiment 2 the dose was 1370 r 9 210 KVj) 15 m.a. 9 1 m.m.; 

Al and 0.5 m.m. Cu filter, with a rate of 100 r per minute. 

Experiment 3 was designed to determine the effects of total body 

irr-adiation at approximately an L.D. level on the sodium space a.nd the sodium 
. . 50 

and potassium content of various organs and tissues. The animals received 

880 r, 215 KV, 15 m.a. 9 with 1.2 m.m. Aland 0.5 m.m. 'cu filter and were tl:en 

serially sacrificed at 0 time (9 rats).s> 24 hours (8 rats), 48 hours (9.rats), 

72 hours (8 rats), 96 hours (5 ra.ts), 120 hours (5 rata) .9 and 9 da.ys (6 ra.ts). 

Tnree rats were retained as control animals and sacrificed on the fifteenth ·day. 

Sodium space was determined for the various organs .and tissues by a modification 

of equations proposed by Manery and Bale 9 and Painter. 

X . 0.93 
0.95 

x 100 =·sodium space for organ or tissue 

In Experiment 4, 15 control.s> and 15 irradiated rats were used to study 

the fate of potassium following x-ray. The animals were given 880 rat the 

same rate and filtration as in Experiment 3. The animals were divided into 

3 groups and sacrificed at 21~.9 48 9 and 72 hours after irradiati~n. The radio~ 

potassium was administered 24 hours be·rore the animals were sacrificed. 
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In E:x;pe;riment 1 after recei.ving 710 r,9 . t}te rats f3howed a fa:;Ll of 
:': ' ' .. , /('·,! : ,•. ·, J :_·j:··1·\·.:. 1 .. t! 1~;:~·~·,:\-- ·~;:,''i'i\··~~-..:: ·I·'.':.:·.. '_:;. ___ :·~;.~~ ._;, 

food and water intake with in 24 hours o (See Table L) Diarrhea oc-~urr,ed on 

the third day and persisted until the seventh dayo Th~ stools. we_re tarry on 

the fou:rth and fifth days o After the seventh day~ the stools became quite 

bulky and were semiformed containing la.rge amounts .of mucuso One of the six 

animals in this experiment died on the ninth day after irradiationo, Figure 1, 

shmvs the urinary and fecal excretion of sodium plotted. as the percent of the. 

dose of the radio-sodium administered per gram of fec.es or per mL .of urine. 

It can be .seen that beginning with the third. day after irradiation~ the exqre-

tion of sodium from the rats via the feces per gra.m was many times greater 

than in the control groupo This effect was observed to continue until·.the 

ninth day following irradiation. The loss of sodium in, the urine wa~ depressed 

below the normal level during the period of high fecal outputo As the apparent 

r 
irradiation damage to the intestinal tract subsidedl> the urinary excretion. 

increased to values greater than normaL until the 15th day after irradia.,tion 

at ·which time they returned to normal values 0 The aJmarent high fecal output. 

of sodium appears to be rela.ted more to a reduction in stool weight rather than 

to an excessive·loss of sodiumo 

Figure II shows the total fecal ~nd. urinary excretion of sodium and 

potassium as determined with the flame photometero A reduction or urinary 

sodium and pota.ssium output was observed which reached a maxi~um at 4 days 
. ' ' 

after irradiation end then gradually returned to the levels initially c15served. 

prior to irradia.tiono It must be pointed outp ho'\oiever 9 that the reduction of 

sodium and potassium output is in part related to the reduced intake of these 

electrolytes sinc'e during this time period the animals ate less food than they 

"=.-
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normally would. Even with the diarrhea observed)> the total fecal output of 

sodium arid potassium remained relatively constant. Any iarge variation in. 

sodium and potassium output from normal after irradiation was accomplished 

by the kidneys. 

In Experiment 2.s> the dia.rrhea appeared within 48 hours after irradia-

tion. The stools were tarry. Food and water intake were promptly reduced. 

Urine volume fell slightly. The ratio of Na/K in the urine and fece~ w'as 

estimated from flame photometer analyses of sodium and potassium. The major 
; •' 

change was observed in the urine where the ratio dropped from 0.74 at 0 days 

to 0.28, 0.18~ 0.37 at l.s> 29 and 3 days after irradiation)> respectively. The 

ratio 't.,ras reversed on the 4th day after irradiation and was 2.50. It must be 

pointed out that the animals v1ere moribund at this time. Na/K ratios on 

normal animals were observed for similar time periods and experimental condi-

tiona. They were observed to be 0.78.s> o.67.s> 0.50.s> o.65.s> and 0.81 on 0 to 4 days.s> 

re!'lpectively. Similar measurements carried out on feces were less striking. 

W.hen approximately the ~.n. 50 level of x-ray was administered to 

rats and in the case of this 880 r.s> alteration of sodium space a.s studied 
,. ; ~1 

22 
with Na was observed in tissues which ;.rere radiosensitive. In general.s> 

the change in sodium space was composed of two components following irradiation. 

The first was a. reduction in sodium space which occurred in the first 48 hours 

following irradiation. This was followed by an expansion of sodium space 

beginning genera.lly at the third day following irradiation and reaching a 

maximum between the 4th and 9th day. For example Jl the reduction of the sodium 

space in lymph gland was 22 percent of normal on the second day following 

irradiation)> and on the fifth day poet irradiation was observed to be three 
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times greater than norrnr:1.l. Similar;. but less pronouJlced effects;> were 

Observed' in the gastro- ~ntestinal gract9 Spleem and gonads follOvling X-ra:J 
. . 't '', ·. . . - .,~ 

irradiation. ·· T.t;ief:le data are s;ummarif>~d in Table IL · ·~ , ·, 

Other ore.-ans of the 15a,me rats shmdng relatively little change of 
/ 

sodium space are l:l.sted in Tab~e ,III.~~ which include kidney j) hearts- lu...1g.~~ 

liver, bra. in;> skin_;~ skeleton9 muscle.~~ and eyes. The plasma. values for 0 .~~ 1, 

2, 3,. l+ 9 59 and 9 days after irradiation were observed to be 1.2.9 1.3, 1.2, 

L3,~~ L3:> 1.2~ end L5 percent of the dose of Na22 administered prior to 

irradiation per gram of plasma. No significant alteration of plasma. sodiun1 

level 1·ms obscn"V'ed following irradiation. This ma.y be explained in part by 

the abili t.y of the kidney to Ill£lintain equili briump and by the fact that the 

radiation insensitive tissues such as nru.scle contain the bulk of the total 

.sodium in the body and l:'·eca.use of this; sodium variations were limited to 

tissues which represent less than 20 percent of the total body weight. In 

e.ddi tion to the above 9 an expamJion or retraction of sodium space could be 

accomplished by a change in the '!!later content., or of the total organ weight. 

Z.ieasurementa of the 'VIe.ter content of several organs e.nd tissues are given in 
l 

Table IV. Very little variation in '"ater content was observed. 
. 22 
The Na 

orc~p,ns listed. in Tsbles II and. III. For this reasonp any change ii1 to~i 

org~n veight would not ""'nter into t..i-:le calculation. However, the 'eft'ect' of 

irradie.tion upoh total organ weight was determined aml these data are 

presentee. in Ta'ble V o Some reduction oi' organ 1veight was ol'.serveP, ano_ · in 

general >ias consistent with the loss of ·weight of the ani.mals follO'\-Jing 

:lrr-acl:latio:n, and. is u:ndou"btedly mostly related to a reduction of food. and 
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Similar studies to the ones just described were carried out for 

lp 2~ and 3 days after x-ray irradiation using radio-potassium i~stead of 

redio~eodium. Owing to the relatively short half-life of the isotope a.vail­

able9 it was necessary to administer the potassium tracer 24 hours prior to 

the time the animals we:re sacrificed. This time period was considered to be 

the point at which almost complete equilibrium could be attained between the 

tracer and the other potassium in the body. Owing to the short half-lifep 

doses of radio-potassium had to be administered which delivered appreciable 

radiation to the control animals. The animals sacrificed at 19 2.9 and 3 days 

in the control group received a calculated dose of 50.9 85.9 and 175 rep.? 

respectively. The animals composing the irradiated groups received a. total 

radiation of 882.9 901.~~ and 991 combined rand repns for the same time periods. 

22 
Tissues which were shown to be ra.diosensi ti ve using Na .as an 

indicator suffered a reduction in their potassium content and/or uptake 

and/or exchange when compa.red to relatively non-irradiated normal tissues. 

Tissues shown to be relatively non-radiosensitive maintained potassium levels 

which were normal or almost normal. These data are summarized in Table ·vr. 

DISCUSSION~ 

Tissue Cha,ngee: It is interesting to compare our reeul ts w1 th existing .concepts 

as to the sensitivity of lymphatic tisaue 9 spleen9 germinal epit}lelium9 and 

gastro-intestinal mucosa to radiation injury as compared with other tissues 

and organs in the body. The rapid and pronolinced loss of potassium from the 

organs containing these tissues,\) with the exception of the gonad and, germinal 

epithelium.? is obvious. However.? quantitative interpretations of this loss on_ 

the basis of the relative sensitivity of these tiaeues are ma.de difficult by 

the fact that several of these organs are composed of insensitive 9 as well as 
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sensitive tissues. The early lose of sodium 'rr6til:'t:h~·sd'~en:~iti~e tissu~s is 

difficUlt t~ '~~lain~ ~;xc~pt ·as ~n ~~ffo~t' t~ '~itifut~:':o~:~6tf6' ~·q\hfii;film 1fh;: ': "· ;' ,-:·, 
.. 

the face of. extensive potassium lose and the formation of osmotically active 

chemical fragments within injured cells ae would accompany the 'breakdown of 

large protein moieties. Probably this loss of sodium from the tissues accoUnts 

for the swelling of cells which is a characteristic rna.nifestation of radiation 

injury. The subsequent expansion of sodium space in these tissues should 

represent the penetration of sodium into cells which have been severely damaged. 

Probably the potassiU!!l levels in l;ymph '~odes and spleen would have fallen· even 

lower had there not been extensive hemorrhage ·in these organs. 

' 
Further inspection of the results reveals that alteration in· electro-

lytes are not restricted t9 sensitive tissues.~> b·tit that less pronolli"lced decia-

tiona a.ppear in lunge.~~ kidney)) and heart. In gene.ral9 these organs shbw a loss 

of potassium which is most pronounc~a 48' to 72hmir~ after the rac1ia:tiori. injury · 

. ·'' 
occurs. Since these losses were evident before diarrhea ensued 9 it mighi be 

assumed that this is a manifestation of radiation injury.' 

Perhaps the injurious effects of radiation are now localized more 

or less specifically to so-called sensitive tissues.9' but while the charie;es 

are more pronounced and are nirreversible" in th~se tissues; other tissues·· 
. . ,· .· . 

show a less. pronounced and "reversible". radiation injury. 

In recent years, there has been.increased emphasis on the rble.of'bone 

in sodium metabolism since large stores are 'present there and it has been 

suggested that sodium in the bone reservoir is not easily available in circum­

stances of sodium depletion. Our date suggest that sodium can .mc;r'3 fhto borie 

for "stockpiling". 

, 
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Urine.ry and· Fecal Loss~ Loss of diarrheal stools .on the animal holders affects 

~he accuracy of th~ figures bn quant~tatfve loss of electrolyte, but severe~ 

facts are obvious and interesting. In the diarrhea of acute radit:ttibn injury· 

there is a sharp rise in the concentration of sodium and p~tassium in the 
. . . . 

stool, which is generally in.proportion to the severity of the injury. This 
J 

is not. surprising in view of the extenei ve cellular destruction in the gastro­

intestinal mucosa with lose of intracellular potassium into the lumen 9 as well 

ae the movement of pote.ssium out of cells in more remote segments of the. body. 

In a.ddi tion.s> large amounts· of extracellular fluid with a high sodium content 

~ppear in the bowel. 

Data. on the urine indicate the ability of the kidney to cone~rve 

eoaium in the face of impaired intake and excesei ve fecal loss •. In the case 

' of pota.eeium, however, renal defensive ability is not so apparent. · The ability 

of the kidney to retain sodium so promptly and significantly suggests that 

adrenal cortical function was not depresse¢1 at these dosage levels. 

SUMMARY: 

Acute radiation injury is characterized by heavy and early losees of 

potassium from sensitive tissues (irreversible injury).s> and lese pronounced 

but significant losses from a number of other tissues (reversible injury). In 

sensitive tissuee.s> there is an early loss of sod1um9 but subsequently a penetra.-

tion of sodium into damaged cells, as indicated by an expansion of sodium space. 

There are no characteristic o:r significant cha.nges in the water content of the 

various organs demonstrated in these experiments. The data indica. te · tha.t 

' ' ' 

pota.eeium may move out of radiosensitive tissues following irradiation. 
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TABLE I 

AVERAGE DAILY FOOD AND WATER INTAKE AND URINE OUTPUT 
IN RATS RECEIVING 710 r TOTAL BODY IRRADIATION 

Water In (ml) Food In {gms) Urine· {ml) 

Irradiated Control Irradiated Control Irradiated Control 

22.8 16.6 22.1 21.0 8.8 7.5 

19.5 23.0 18.7 17.2 13.0 10.7 

18.0 22.2 7.8 17.0 16.0 12.3 

10.5 23.5 3.1 18.0 12.3 14.8 

5.84 27.8 1.6 20.7 11.2 16.6 

5.02 16.5 1.0 19.0 '10.1 14.1 

4.0 22.7, 5.0 17.0 7.8 ..• 19.8 

7-5 19.2 5.6 16.0 7.1 12.5 

12.5 24.6 11.3 17.0 8.9 13.5 

11.65 19.6 11.3 19.9 8.6 15.0 

14.5 19.8 16.0 18.7. 11.9 ,, 13.2 

16~4 20.7 17.0 16.2 10.9': 12.'1 

18.15 16.6 17.4 15.5 11.5 11.08 

12.6 13.8 13.4 18.7 9.75 7.8 

17.1 22.4 16.2 18.4 11.9 12.4 

11.1 11~. 4 18.0 17.0 10.65 13.7 
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TABLE II 

DEVIATION 0~ SODIUM CONTENT IN PERSfT OF NO~MAL IN TISSUES OF RATS ON A 
PER GRAM WET WEIGHT BASI$ USING Na . AS A TRACER AND .ADMINISTERED 1 DAY 

PRIOR TO IRRADIATION Win! 880 'r X~RAY_-
, •. · .. ·.: · .;; :· -~ · . -.-.:· '~.: ; • ....... ,·. t · .• -k~ ·.~---~-.:·:, ..• /;.:'.'r ._: ._:;;~ .. ~:~~-: -~-!;, :· 

Organs Showing Relatively Large Alteration in Sodium Space 

Days after Irradiation 
Organ 0 day 1 day 2 da.y 3 day. 4 day 5 day 9 day 

Lymph nodes -42. 58. 9.3 70. 100. 323. 176. 

Small intestine 36. 33. 22. 62. 76. 67 ·- 27. 

Large intestine 50. 28. 24. 58. 76. 50. 24. 

Stomach 50. 28. 26. 33. 79. 77. 37. 

Spleen -37 0 35. 46 .. 37. 6L 54. 18. 

Gonads 51. 48. 39. 21. 50. 36. 43. 

TABLE III 

Organs Showing Relatively Small Alterations in Sodium Space 

Days after Irradiation 
Organ 0 day ::). day 2 day· 3 day 4 da.y 5 day 9 day 

Kidney 52. 63. 62, 56. 6o. 45. 68. 

Tie art 45 0 49. 37. 35. 37. 47 0 49.' 

Lung 53. 35. 55. 6o. 52. 64. 68. 

Liver 40. 38. 44. 35. 39. 40. 36. 

Brain . 42. 49. 42. 42. 64. 63 • 54. 

Skin 55. 33. 42. 46. 44o 47o 36. 

Skeleton 96. 120. 114o 96o 120. ll2o 95. 

Muscle 25. _24. 27. 25o 23o 23. 27o 

Eyes 20. 86. 86. 72. 75. 9L 90. 

Controls 
15 day 

41. 

44. 

54. 

27. 

45. 

Controls 
15 day 

62. 

40. 

59. 

37. 

44. 

52. 

104. 

25. 



~ ; . 

Organ 

Spleen 

Lymph nodes 

Sm. Intestine 

Lg. :):ntestine 

Stomach 

Gonads 

Liver 

Kidney 

BJ?e.in 

Hea.rt 

Lunge 

TABLE IV 

PERCENTAGE WATER CONTENT OF VARIOUS ORGANS AND TISSUES 
OF; RATS FOLLOWING ACUTE WHOLE BODY IRRADIATION OF 8So ·J:. 

0 day 1 day 2 'days 3 days 4·da.ys 9 days 

76.5 70.5 73.7 71.7 70.2 77.5 

59.1 53.5 62.7 59.5 

78.6 76.7 83.1 77.4 79.6 84.1 

71.7 75.0 79.0 77.9 77.6 84.8 . 

73.9 75.4 79.5 80.6 80.4 $1.6 

83.1. 85.1 84.8 84.7 82.3 90.3 

70.0 . 72.9 73.4 71.0 69.9 76.1 

77·5 75.0 77.3 75.0 71.8 . 80.3. 

77.2 77.1 78.4 77.3 77.7 80.8 

73.7 69.4 79.8 76.9 73.8 80.1 

71.5 76.2. 75.7 73.1. '72.7 84.6 
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TABLE V . ' 
' ~-'' 

·~ 
' . ' . ~. .: . ' ' . . . ' 

VARIATIONS IN THE. WHOLE .ORGAN WEIGHT OF THE RAT AT VARIOUS TIME 
'· •.. ,PERIOD~ FOLLOWING .WHOLE ;BQDY X-RAX :IRRADIA'n9.;N OF 880 r . , , .. ;t, 

Organ 0 day 1 day 2 days 3 days 4 days 5 da~e 9 days . 

Averoini toWto 214.1 210o0 222o75 216.7 204.1 209o5 . 21)o6 

Aver.Final ~-It. 214.1 ·210.0 21L5 188o2 172.0 172o0 150.1 

Aver. \<lt o Lose . 1 1 25 -'- o- 28o5 32.1 37o5 63.-5 

Spleen .522 o466 o422 .331 .344 o177 .;o4 

Small intestine 4.74 4o53 4.,o6 3~08 3o42 3.49 4.18 

Large intestine 2o)9 2.69 2.46 2~05 L62 L73 2o08 · 

Stomach 1.34 lo475 L.33 . 1;,36 1.45 L24 1.09·· 

Gonad 2.17 2.28 2.25 2o01 L92 L99 L80 

Liver_ 8.12 8.68 8.59' 7.59 5o64 5.32 7.33 

Lungs L64 L84 L78 1.475 1.;282 L27 

Kidney 2.01 1.875 1.95 L67 L58 
I 

L53 L58 

J 
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TABLE VI 

DEVIATION OF POTASSIUM CONTENT IN PERCENT OF NORW.L IN TISSUES OF RATS ON 
A PER GRAM WET '\-lEIGHT BASIS USING RADIO-POTASSIUM AS A TRACER ADMrNISTERED 
24 HOURS PRIOR TO SACRIFICE OF ANIMALS AND :FOLLOWING X-RAY IRRADIATION 

EQUAL TO 880 r 

Relatively Radiosensitive Tissues 

Days Following Radiation 
Tissue 1 2 3 

Lymph nodes 38. 66. 62. 

Small intestine 83. 59 0 65. 

Large intestine 98. 77. 82. 

Stomach 94. 8L 84. 

Spleen 91. 84. 90. 

Gonads N* 93. 93. 

Thymus 37. 70. 
J 

Relatively Radioinsensitive Tissues or Fluids 

Kidney N 91. N 

Heart N 90. 94. 

Lung N 82. 85. 

Liver N N llL 

Brain N N 87. 

Skin N 87. 92. 

Skeleton 94 •. 66. 78. 

Muscle N N N 

Red cells 115. 92. 94. 

Plasma 133. N 133. 

Percent of Potassium Excreted 
Normal Irrad .Normal Ir:rad .Normal Irrad. 

Urine 9.7 10.1 6.7 

Feces 0.5 0.5 0.8 

*NOTE~ A deviation of less than ± 5 percent is given as norma.L 
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