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L E G A L  N O T I C E
This report was prepared as an account 

of Government sponsored work. Neither the 
United States, nor the Commission, nor any 
person acting on behalf of the Commission:

A. Makes any warranty or representa
tion, express or implied, with respect to the 
accuracy, completeness, or usefulness of the 
information contained in this report, or that 
the use of any information, apparatus, meth
od, or process disclosed in this report may 
not infringe privately owned rights; or

B. Assumes any liabilities with respect 
to the use of, or for damages resulting from 
the use of any information, apparatus, meth
od, or process disclosed in this report.

As used in the above, ‘‘person acting on 
behalf of the Commission” includes any em
ployee or contractor of the Commission to 
the extent that such employee or contractor 
prepares, handies or distributes, or provides 
access to, any information pursuant to his 
employment or contract with the Commis
sion.
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G E N E R A L  S UMMARY

STUDIES OP TEE PHYSIOLOGICAL EFFECTS OF POLONIUM UPON TEE METABOLISM Of 
LABOKATOKY ANIMALS

Btndy or tto  to e m r y  of Fwlwalos from the Blood of Koto

Tbo 1 m l of poloniua In blood of raU  Injected tl th  7.4 alcrocurlM of polonluo 
per kilosTM of body weight m  folloved for norw then eight months. There u in in itia l 
drop in poloniua concentration with tine, followod bp a period of o m ra l  woebe during 
ohich there i t  actually a alight lncreate in concentration. At late tlae lntenrali there 
is again a drop in concentration with tlae. Poloniua was detectable in the blood of tbete 
ra ts  for a t least 31 weeks.

A Study or the V srU tloos is  the Aaewat o f ■edaeftac Sagan P ro m t la  the Blood of
Pelooloa-Injected la ta

A s ta tis tic a l analysis of the data shewed that there i t  a elgnlflctn t increase 
In the blood-sugar level of poloniua-injected rata. However, tbete atodica ahowed that 
the detenlnatlon of blood-eugar levels has no reliable diagnoctic value for poloniua 
intoxication.

Twenty-Day LDeo Deteraiaatioaa for Different Species o f Uhoratory Aataels part I.
Studies oa Dogs

This experlaent gave a rough workim figure of about 70 aicrocuriea of polonloa 
per kllograa of body weight as the twenty-dap U>eo ln d°E*.

Twenty-Day LDSo Deteraiastloas lipoa Laborstorp A aissls Part II . Sarvtval Studies oa 
Babhits

In the dosage range froa 85.1 to 23.1 aicrocurles of poloniua per kllograa of 
bodp weight, the survival tlae ranged froa 8 to 180 daps. Orer th is range the survival 
tlae  was roughlp proportional to the dose given.

Efrect of Be pea ted Injections o f Polonloa Upon taboraterp Aalaala. P ilo t Study

The data Indicate successively diminishing fecsl excret.lon of poloniua per unit 
tine with each net Injection. Urinary excretion was sore ln harmony with the Increasing 
body burden. The experlaent provided s basis of fset and experience for subsequent 
aultlple-dose studies.

Efrect o f tapes ted In je c t iv e  of Colonial Upon Uhoratory Asiaala. Mala Study

Since th is  experlaent is ln the very ea rlies t stages only ths plan of experiment 
Is given here. Rats w ill receive 10 biweekly poloniua injections totaling 7.2 aicrocurles 
of poloniua per kilogram of body weight. Tiaaoe saaplesand poloniua assay saaples art being 
taken Heaatological data are also being obtained.

- 5 -



Cl laical TMU of U» Kidney Fsactloa of to loa lm ia jec ted  Spragwe-Dawley h l a

Thi* cxporiaont is  in the very early stage. hence no data ars presented. l%o 
Injection levels. 9.8 end 4.0 aicrocuries of polonlua per k ilocru  of body weight were 
need. The study t i l l  be divided into three aain sections. (1) c lin icsl patholocy. (2) 
b Is tope t hoi of y snd (3) beastolocy.

Aa Adaptation of the ntmolsilfoaphthaleln Test for Estiaatiog Renal Fonctloa for
Use oa ta ts

The technique of Oerashty and Rotntree for the clin ical deterainstions of the 
function of the collectlnc tubules of the kidney has been codified for use on ra ts . The 
aodified teat hss been used successfully In this laboratory yielding reproducible results.

A Modification of Ohlssofi s  Rlcroaethod for the Deteralastioe of Blood Ursa
Nitrogen la Bsu

The aodificstion involves alterations in the blood staple sire , preparation of 
reagents, and a change in the technique for s pec tropho tone tr ie  analysis.

THE EFFECTS OF POLON1UI UPON CELL IETABOLISI

Growth aad Call Division Cbaages

The observation that poloniup exerts s  greater effect upon yeast c e ll divisions 
than upon yeast ce ll growth, resulting in the forastlon of large cells, has been extended 
to the bacterlua K. coll. Within the range of polonlua concentrations used i t  appears that 
the growth of this orgsnisa is  affected even less than Is the growth of yeast. However, 
c e ll division is again Inhibited, thus, large ce lls  are formed.

Oxygen Effect oa Poloalua Injury

The effect of polonlua upon yeast cell growth Is narkedly reduced when otygr 
Is excluded froa the cultures. However, there Is l i t t l e  difference in the effect of 
polonlua on cell division; large cells are s t i l l  produced.

Nitrogen Coapooad Studies

The data show that large Individual ce lls  contain increased mounts of various 
nitrogenous constituents. Thus, the Increased c e ll size sectioned above Is not caused by 
asre ester swelling. On a to ta l aass basis, Basil Increases in total nitrogen snd protein 
nitrogen appear in large cells  in each run. Acid-soluble nitrogen levels, however, are 
lower than in control ce lls . Several constituents of the acid-soluble nitrogen fraction 
are loe also. Aside-nitrogen and anaonia-nitrogen levels are lowest in comparison with 
controls. Although no actual reduction in the saount of any of these constituents occurs, 
aside-nitrogen is a t the point where l i t t l e  or no Increase aay occur afte r exposure of 
the cells to polonlua. The low aside levels found in large cells are In d irect contrast 
to previous aessureaents. No coaplete explanation is  yet evident.

- 6 -
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HEMATOLOGICAL AND PATHOLOGICAL E F F E C T S  O P POLONIUM ON U M OBATOEY ANIMALS

Hematological and Pathological Stud lea on Sprague Daw ley BaU Injected latravenomaly 
•I th  Varying Amoomta of foloaimi

Thin report present* the corplet* histopathologlcal exaainatlon of akin, brain, 
eye lyaph nodes thynus. thyroid, pancreas, adrenals, and lungs of ra ta  which have been 
Injected with 23 or 2 alcrocurles of polonlua per kilogrma of body weight.

No abnorwalltles were seen In e ith e r  the epiderais or derais a t  e ither injection
level.

Lywph nodes of ra ts  lnjecxed with 23 alcrocurles of polonlua per kilograa of 
body weight show degenerative changes as early  as three days post-injection. There was a 
loss in the nedtua sired  and snail lynphocytea and an Increase in nuclear debris. Pro
gressive atrophy and degeneration of the lyaphoid tissue occurs with tia e  and there was 
no regeneration of the tiss-ie in these ra ts . At the 8 alcrocurles per kilograa of body 
weight dose level, lyaphoid changes did not show up until about seven days post-injection 
The changes observed were less severe and were variable froa anlaal to  anlaal and even 
froa node to node In the sane anlaal. Regenerative changes were aeon in aany anlaals 
beginning a t about 56 days. All ra ts  sacrificed  froa 70 through 305 days post-injection 
revelled bosk type of regenerative changes with restoration of soae of the nodes to 
alaost normal lyaphoid ac tiv ity .

The adrenals showed collagenous degeneration of the zona re ticu la ris . Degen
eration was s lig h t a t  thp 8-aicrocurie level and moderate to  aarked a t  the 23-«icrocurie 
level

The thymus of rata from both in jection  levels underwent progresslvw atrophy 
with tlae. Proa 244 days p-mt-Injection onward in the 23-alcrocurie an laals and froa 
305 days onward In the 8-microcurle level an iaala, only connective tissue  was found In 
the area of the thymus. At the 8-alcrocurle level there was a transien t partial regen
eration in the period from 70 to 98 days post-injection.

No hiatopathologlcal changes were found in the eye sections mt e ither dear
level.

No hlstopmthologlcal changes were found in the brain sections of ra ts  a t either 
level. Only Azure II-eosin , bemitoxylin-eosln, and Masson a Trichrome sta in s were used

No hlstopathologlcal changes were seen in tlie pancreas of ra ts  a t e ither dose
level.

There was no consistent pathological change In sections of thyroid gland that 
could be a ttribu ted  to  the action of polonium Changes In thyroid architecture caused 
by the pressure of forceps in handling the tissues are discussed.



I

*

»

r 6t

*

*

The lungs of the controls and both injected aeries of n U  showed snail sam ple 
cystic arete or punctate nodules in the visceral pleura In later aacrificea the lungs of 
polonius Injected rata ahoved leas cellular In filtra tion  into the lesions and there vaa 
a core consistent finding of large vacuolated lipoid-like cells than In the lungs of the 
control rata Otherwise the lesions in the lungs of Control and polonius*injected rata 
shooed the sane histopathologlcal picture.

The Mini bus Effective Dose of Polonium causing Heaatologlcal aad Pathological Changes
Is Kata

s

Only the experlaental plan Is given Tho injection levels te re  used 0 9 and 3 5 
Jicrocuries of polonlua per kilograa of body weight The rats in each injection level 
were divided into a pathological and hemtological group 8erial aacrificea and frequent 
heaatologlcal dam nations will be carried on for a t least 52 weeks

\  Study of Spontaneous Lung Lesions la Sprague-Davley Rata

It van concluded that in ters titia l pneuaonltls probably of a viral origin is 
ejvioaic in rats of the Sprague-l>avley strain  Lung lesions seen in injected rats my vary 
froa aild infection with but a few sparse lesions to extensive lesions involving a large 
portion of the lung tissue The etiology of the pneumonitis has not jret been deteruined 
Sprague-Da*ley rats with a nonspecific pneumonitis that are injected with polonlua re
vealed only a loaa in the cellular content of the lesion The lung lesions previously 
described in NUI-381 as characteristic for that dosage of polonlua were incidental to 
the polomuu and secondary to a previous lung infection.

A Kidney Function Study on Polonlua Injected Rats II. Miatepnthologlcal Study of
Antaala froa a Pilot Experiaeut

There la a relationship between the aaount of hydronephrosis present the amount 
of abnorml fat in the glomeruli and proxiual convoluted tubules and the nuuber of fat 
casta in the collecting tubules or the kidney with the percentage excretion of phenolsulfon- 
phthalein dye by that kidney The liver and spleen were also exaalned in these rats
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STUDIES OP THE PHYSIOLOGICAL EFFECTS OF POLONIUM 
UPON THE METABOLISM OF LABORATORY ANIMALS



f r t f U m  f t t l *  h  Study a l  i h r  B re w e ry  of h .lm 'luw  I u m  th e  Blood a l  8*U  

H r * - " !  B y  »  » U ik o m  B I  Bmvim 9 f  Jw lle y .  amd L V Talley

*nr* /tour B y  B « f i l e r  « P Jo l le y  »»d l  II T a l l* ?

INTBIftl'CTION

Thla p ilo t itturljr wax undertaken lo further th* understanding o f the polonium 
d is tr ib u tio n  In the organs of Sprague Dmwley rats. The experiment In a lso  considered 
Important bn « p rerequisite for skin adsorption i‘i ^ r i w n u  where the aaouuta of polonium 
absorbed through the akin Into tin* blood In expected to be small It was found prev iously1 
that the polonium recovery from ra t urine Increased sharply to  a peak at rive day* poat- 
In jection  and then declined very sharply un til a plateau aaa reached

DKTAILKP Rt.PORT

Twelve rat* *l* m ica  and a i t  female* were ijuhI in th is  experiment One ra t of 
each sex wa* designated «*s a c a r r ie r  control and bun in jected  with the phosphate buffered 
sa line  c a r r ie r  solution The other five ra ta  of each ac t were injected via the caudal 
vein « i th  7 4 a ic ro ru riss  of polomuai per kilogram of bodv weight a* measured in duaav 
in jec t ton solutions Blood stab le*  o f 0.4 m ill i l i te r  to re  taken froa the raU  bv cu ttin g  
Ihu t ip  of th e ir  ta i l*  Sample* were co llected  a t in te rv a ls  o f 1 4 6 24 and 48 hour* 
pmt in jec tio n  al weekly in te rv a ls  for <be neat 13 week* then m«f:ts?nthly u n til the con 
elusion  o r the experiment at 35 week* The blood sample* were- heparin.zed and two 0 1 
m i l l i l i t e r  aliquot* ter*  chemically digested and the polonium content meaaun I

A graphic represent m: ion of the average polonium concentration in the bltxsl of 
10 ra ta  (five  cute and five female) is  given in Figure 1 where time in hours is  p lo tted  
semi logarithm ically  against pit Ionium concentration expressed in 10 *  a ic ro ru n es  per 
m i l l i l i t e r  of whole blood The lower curve represent-* an average of one cmle and one 
female control animml and thus the enrve is the equivalent of a blank in other types of 
analyse*

It w ill he noled from Figure l that therm is a very rapid stra igh t line  decrease 
In the blood polonium concentration fro a  4 hours to  16B hours rone week) During th is  
period the concentration dropped from approximately ?3 to  8 3 x 10 mtcrncurt* prr s t i l l  
l i t e r  of whole blood Frv* th is  p o in t there is s  s lig n t increase in the blood polonium 
concentration  to  a nattmua at l MR hours <U wweksi post tE jection of 11 5 x 10 * micro 
cu r ie  of polonium per m i l l i l i te r  of whole blood The I 6B0 hours (10 weeks) of slowly 
increasing  in Ionium ronren tta t ion in the blood la very d if fe re n t froa the usual lie ha v tor 
of radioisotopes present in subacute toxic amounts in the rodent bodv The concentration 
of such m aterials in the blood generally  drops continuously and in a more or leas regular 
manner w ith time In fact in the case of fir 89 the blood level drops in such a regular 
fashion thmt i t  is  an unbroken s tra ig h t tine on a logartthm ir plot 1 This is uu*  for 
both ra ts  and tabbit* containing radioactive strontium

After the It week point there  is again a more or le t*  stra igh t *1 tw> decrease in 
polonium concent ra tion  to  about 7 5 x 10'* microcurie of poionlua per mi l l i l i t e r  of shole 
blood mt 3.804 hour* post In lec tio n  After th is  point there  la a downward curvature in the 
lirs- t o  the end of the experiment at 5 880 hours (35 »eek*j post in jection At th is  t lac 
the.blo.xd contained 0 8 x 10 * mlcrocmriw per 1 0 m i l l i l i t e r  This is  essen tia  H y the saw  
as the control valet of 0 2 x 10 '*  m icrorurie per 1 0 m i l l i l i t e r  of whole blood

10



TV 1m t t to  point* on t v  etperiaenUi curre in Figure 1 represent a* m r« f»  of 
three min* and o v  f « l »  u  t v  r»»t of tV  eiperlaenU l anlast* had died V  that tie*
TV flnnl point n *  determined on * I 0 a l l t i l l t e r  aliquot rn tV r tten tV  usual 0 1 
a l l  11 l i te r ,  giving n auch U iger sample, and a nor* accurate analysts. At tV  conclusion of 
tV  experiment tV  row mine an Ian la sere aneriflcnd and Manor sample* mere taken for 
hlstopathologtcal ntudjr

I t la Interesting to  speculate cooctmln* tV  cause of tV  peculiar step* of tV  
blood-poloaltin concentration curve of Figure l ,  On* a ttrac tiv e  etplaaatlon Is that there la 
an eicretory  disfunction. a t laaat for polonium, during tV  168 to l,t48hn« r poet- la jec ttu i 
period Thus poloolua aob H ired  froa body depots mould land to pi la «ip in tV  blood (tor 
piece of evidence recently obtained support* th is  view. Twin on anlsa la receiving coat* 
rabls do«en or polonium shoe sow  evidence of reduced Sidney function a t the e o rltn a t teat 
period tao seeks <336 bourn) post*Injection * Additional evidence asy v  obtained froa a 
study of tV  correlation of polonlua concent rat Iona In blood and urine.

TV acatlar of individuals asking up tba average point* recorded In Figure 1 la 
shown In Plgura 3. In tV  in te rest of brevity only four a rb itra rily  selected tinea acre 
graphed.

As another tea t of the consistency of tV  data, a ll  ten Individual* »ere graphed 
in  the B anner of Figure 1. TV graphs are nut presented in thin report because they can  V 
accurately suaaarlxed in tV  follaelng single sentence Every rat ahoeed the aaaa shape of 
curve a lth  minor varlatlona in slopes

In conclualon, th is  experiment has deaoaetrated that in subacute -dose eiperiaeatn 
i t  la possible to take repeated blood samplings over a span of sore than eight months 
u n til tV  levels of polonlua in the blood approach or reach control vatora Further i t  
has been learned that the technique of digestion plating, and counting xaall saaple* of 
blood la practical. However th is  method baa recently been supplanted by an equally p rac ti
ca l but stapler method of d ire c t blood-aawar assay.4

froa Figures 1 and 3 i t  can be seen that in th in  eiperlaunt tV  biological life  
of polonlua In the blood of ra ta  Injected a lth  7.4 alcpjcurles of polonlua per ktlograa of 
body weight eas appro*iaately 8 900 hours (35 seeks).

REFERENCES

1. Dev Is U  Jolley  » P.. Quart Rpt Biol V s Mil 443 p 34 April 1 1950
2. Anthony, V.. U throp, R , and Pinkie. R ., Rad lotos Icily of injected Br 89 

fo r Rata. Rice, awl Rabbits Part II V tabollsa and Organ Distribution MDOC 13qj August 
25 1947.

3. Unpublished data th is laboratory
4 Davis R.R. 4 Quart Rpt Rlol. V s. MLM 52? p 19 January 2, 1951.
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Problem T i t l e  -  A Study of tte  Variations in the Amount or Reducing Sugars Present in 

the Bicod of Polomioa* Injected Bata

Report By -  I. I .  Davis, V. P. Jolley, sad L. I. Talley

1for* Done By -  i .  E. fitter. *. P. Jolley, sad L. I Talley

INTRODUCTION

Early experiments in th is laboratory comlatently shoved restricted nutritional 
effects follovlng polonlur sdninlstration to Sprague-Dae ley ra ts . Subsequently an in
anition experiment1 was conducted shore i t  sas found that starvation produced histological 
and heaatological effects very s ia i la r  to those found in polonium-treated rats. In an 
atteapt to further evaluate th is nutritional syndrone. attention was focused upon the 
blood-sugar levels of toe laboratory anlnals. Kohn* noted a 40 per cent increase In the 
blood-sugar level of guinea pigs a fte r to ta l body irradiation vith X-rays. In vies of these 
findings the present experlaent sas designed to study the variations in the aaounts of 
reducing sugars In the blood streams of. polonium-injected ra ts  and to determine i f  these 
variations sould have diagnostic significance.

DETAILED BEPOBT

A total of 36 rats, divided into three groups of s ix  sales and six fenales each, 
sere used in th is experiment. Three ra ts  of each sex in each group were designated as 
carrier controls and received an injection of phosphate-buffered, saline, carrier solution 
The remaining rats of each group (three aales and three females) were injected via the 
caudal vein vith 7.4. 21.4. and 33 mlcrocurles of polonium per kilogram of body weight, 
respectively. The rats were fasted 24 hours prior to injection, and the fasted weights 
were used to deteraine the injection volumes.

Tests were run on three normal male and three normal female rats to establish a 
normal range for the blood-sugar levels in th is experiment. These tests shoved the mean 
fasted, blood-sugar level to be 86 allllgrams of glucose per 100 a l l l i l l te ra  of blood.
These values agree with those of Mann* for the 11star s tra in  of rats.

The modified Somogjl method4 was used to determine the amount of reducing sugars 
present in the blood samples. A standard glucose curve was plotted from the analyses of 
the standard stock solutions. The method of analysis used on these standard solutions was 
the same as that used for the analyses of the unknowns.

All experimental animals were fasted for 16 hours prior to testing, and then 
venous blood samples were obtained by slicing off the extreme tip  of the rat’s ta l l  and 
drawing 0.1 m illilite r  of whole blood into a standard blood alcroplpette The samples 
were transferred to a precipitating volution, and the pipette was rinsed several times 
with the precipitating solution. The saaples were then immediately analysed for the sugar 
content. Analyses were run one day post-injection, then weekly for the f ir s t  30 days, and 
then seaimonthly until the conclusion of the experlaent.

The blood-sugar curves shown in Figure 1 for the three groups of poloniua- 
injected animals tend to follow the general pattern of the control, blood-sugar curves. 
Each curve plotted represents the average values for a l l  the rats In that particular 
group. The blood-sujar levels of the injected ra ts  were sligh tly  higher than the control 
rats. This la particularly true for Group II (21.4 aicrocuries per kilogram of body



weight) and Group III  (33 aicrocurles per kllograa of body weight). The ra ts  of Group I 
(7.4 aicrocurles per kllograa of body weight), however, had sligh tly  lower blood-sugar 
levels than the controls, although they followed the sane general trend as the controls.

Groups II  and I I I  were not carried to  the termination of the experiment because 
of the death of the polonlua-injected ra ts . As each of the injected ra ts  died, In any 
group, i ts  corresponding control ra t  was sacrificed . The experlsmnt ran for a  to ta l  of 
285 days. During the la s t 125 days of the experiment the blood-sugar deteralnations were 
run on only three polonium-injected and three control ra ts . Additional blood-sugar de
terminations oade since the la s t  report*bave shown no further variation,

I t  has been concluded froa these date that the determination of blood-augar 
levels a t various Intervals following polonlua in jection has no reliable diagnostic value. 
However, a s ta t is t ic a l  analysis of the data shows th a t there is a sign ificant increase In 
the blood-sugsr level of polonlua-injected Sprague-Dawley rats.

8BPCRCNCE8

1. Cowden. R.N.. and Norris, 0. L , Quart. Rpt. Biol. Res., KMI-442. p. 62. 
April 1, 195a
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Problem T i t l e  -  Twenty-Day LD8o D eterm inations for D ifferen t S p e c ie s  o f laboratory
Animals 1. - Studies os Dogs 

Report By -  1. K. Davit tod I . F Jolley

Vork Done By -  I  I. Davit tad V. F Jolley  *

INTRODUCTION

Animal biological research Is  concerned with the over-all understanding of the 
effects of polonluo upon the physiology of laboratory anioals, and the extrapolation of 
these findings to  huoan data. In accordance with th is  plan, research vork la progressing 
from work on alee and ra ts  through rabb its  and cats to dogs.

As In the past, one of the f i r s t  probleas of laportance to  be solved is  that of 
that constitu tes a lethal dose of polonium for the animal. Accordingly, a small dosage 
experiment on dogs was undertaken. Proa th is  experimental survey1 a dosage range of 40 to 
60 alcrocurles of polonlua per kilogram of body veight was established. ^

The present 20-day polonlua IDao experiment on dogs was completed as the culmi
nating experiment for th is  series of dog studies.

DETAILED REPORT

Twelve dogs of mongrel ancestry and of both sexes were selected  from the labo 
ratory colony. These dogs were selected  for their generally excellent health and the 
length of time they had been in the stock colony. Their body weights ranged from 8 700 
to 14.750 grams and the 12 animals were divided equally into four general weight groups.
One dog from each of these four weight groups was used to  make up the membership of each ' 
of three In jection levels of 64 5, 77 1. and 89.8 mlcrocurles of polonium per kilogram 
body weight. \

The dogs were injected via the cephalic vein in the righ t fore-leg with polonium 
in buffered physiological saline. The in jection volumes ranged from 0.50 to 0.94 m illi
l i t e r  of so lu tion  depending upon the dog’s weight and its  in jection level.

The dogs were caged in individual cages their food and water consumption was 
measured and th e ir  body weights weTe recorded. The curves derived from plotting the 
average food and water consumptions of the dogs in each of the three dosage levels had 
essentially  the same slopes for the f i r s t  two weeks A composite food consumption.curve 
representing a l l  three injection levels was parabolic, s ta rtin g  a t  an average daily food 
consumption ot a l i t t l e  more than €800 grams per dog per day and dropping to zero con
sumption a t 14 days. The water intake composite curve indicates th a t  an average of 1.160 
m illi li te rs  of water per dog per day was taken in. This consumption fe l l  to about 140 
m illi l i te r s  a f te r  two weeks post-Injection. At th is time, the water consumption curve 
showed a small abrupt rise  to 225 m il l i l i te r s  per dog per day. This is  probably caused by 
two factors, f i r s t ,  by th is time the three sickest dogs had died and secondly, since a l l  
of the remaining dogs had stopped eating, there resulted a s lig h t compensatory increase 
in water intake. Perhaps the most s tr ik in g  feature of the food and water consumption data 
was the fact th a t .the dogs in a l l  In jection  levela behaved the same. That la, regardless 
of the dosage the dogs decreased th e ir intake and finally  quit eating a t about the same 
rate and time. Similarly their consumption of water paralleled one another. Too few points
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•ere obtained on body weights to  enable a body weight curve to  be plotted but data on 
the per cent of the original or in jection  weight lost by the dogs during tbe course of 
the experl went are given in Table I Also Included in thia tab le  are data on tbe individual 
dosages of poloniua administered to  the dogs and the nuaber of days they survived.

In a l l  cases, the deaths of tbe dogs were preceded by a passage of a stool of 
c lo tted  blood soaetiae within the f in a l 12 hours Cbwplete blood counts were taken a t  
weekly in tervals starting  with the day of injecty»n The beaoglobin, hematocrit and 
red blood c e ll  counts shcaed no aarked changes ft,he white blood ceil counts tended to 
decrease as the survival t ia e  lengthened However, in a l l  12 dogs the white blood 
ce ll counts decreased treaendously Table I gives the per cent decrease in these ce ll 
counts for the 12 dogs.

lack of & {petite Cutaneous ulcers developed and refused to  heal All of these sywpiaaa 
were tbe saw* as have been observed in other animals that had been given poloniua

Tbe data froa th is  experiaent indicate that the poloniua 20-day ID»0 for Jogs 
lies  soarwhere between the low and wlddle levels of in jection Th? data do not lend 
theaselves to  s ta t is t ic a l  proof because of the deaths of a l l  of the high-level dogs 
before there were any deaths in the low level Essentially th is  le f t  only two dosage
levels th a t could be used In the calculations and th is did not weet the c r ite r ia  used 
in the s ta t is t ic a l  analyses However a working figure for the U)M value is taken as 
the midpoint between tbe low and alddle injection levels, and Is found to  be about 70 
■lcrocurles of poloniua per kllograw of body weight

IEFEIENCE

1. Davis R K ani Jo lley  * P . Quart Rpl Biol Res , MLM 527 p 16 
January 2 1951

The general appearances of tbe dogs just prior to  th e ir  death were 
There was narked loss of hair, loss of body weight *nd muscular asthenia
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TABLE I

SUMMARY Of DATA ON THE 1 0 ®  FOR POLONIUM INJECTED INTO DOGS

OOQ
NO

2
‘ 3
9

t o

5
'8
11
12

h»0JV»CWMt
OOSAGC

C tke Bit
64 7
64 4
64 5 
64 5

77 6 
77 0 
77 2 
76 6

. 90 0 
90 I 
69 6 
«9 6

Avt OOSAGC 
frr CKOjp

64 5

77 I

69 ft

Average
. AVERAGE Survival

AftCHT LOSS Survival Time Bv Decrease

HffiGMt LOSS B1 Group 7 I K Group i M B C
{ P e r  C e n t ) ( P t r  C e n t 1 f l h v s t M h y s l I P t r  C e n t )

2ft 0 18 99 6
29 0 19 9ft 5
37 0 33 0 21 ' 1 98 5
38 0 25 * 97 5

30 0 18 99 2
19 0

?7 0
13 99 0

19 0 2* 19 99 6
39 0 24 99 5

20 0 11 86 9
18 0 12 J5 5
28 0 24 0 16 14 99 1

. 28 0 1<i 99 7
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Problem Ti tle  TwentyDay ID so Determlnatloom Lpon Laboratory Animals It * Sarv.vml

Refort By „ ft I  Bsvia «  P Jot t ry  and V T Eockbold

Horb Done By - B N  Covdea. |  k Datl a « p J o l l e y  and C LUardl

INTRDSUCTIOD

Dosages of toxic substance* in laboratory investigation* arc frequently baaed on 
U)»o values Tbr establishment of a poloniua IDootn several species is important to  the 
undertaking of the research prograa of this laboratory Not only does this value furnish 
a concrete dosage H a lt but a lso  enables' estivation of acute and sub-acute dnsea

'Preliminary studies on the polomus 20 day LDB0 for rabbits eere undertaken 1 8 
to  es tab lish  • dosage range a ith in  which further eitensive determinations could be made, 
After observations for the experimental 20 day period acre completed, i t  was deemed 
advisable to  continue observing the remaining rabbits In thin manner, survival time could 
be obtained.

DETAILED DEPORT

Eleven, young adult m le  New Zealand white rabbita tere injected via the 
m rginal ear vela with poloniua doses ranging from 23 l to  85 1 slcrocurles per kilogram 
of body weight. The animals were then csged separately and observed for a 20-day period, 
food (V ita lity  All Purpose rabbit pellets) and water were allowed ad libitum. By 20 days 
three rabbits had died These rabbits had received 85 l. 61-4 and 51 3 mlcrocuries of 
polonium per kilogram of body weight and had died on the 10th 15th and U th post-In
jection days, respectively. On the basis of these findings the dossge ring** for an 
extensive 20-day IDR0 study w ill be centered around the higher dossge levels

The surviving rabbits were then maintained in the same surroundings and on the 
same d ie t for the purpose of co llecting  data for a survival study. The dosage level and 
the number of days post-injection that \’he animals lived is shown In Tabl- I. When the 
in jection levels were plotted against survival time beyond 70 days a nearly s tra igh t- 
line relationship  was found to  e x is t within the lim its of dosages employed (Figure 1).

These animals exhibited the sane symptoms of rad iation  sickness as have been 
observed in other laboratory animals (rats dogs) that succumbed because of poloniua 
adainLatratlon There vas marked anorexia loss of weight lack of in terest in surroundings 
and In the terminal stages they had a bloody stool and lnflarmatlon of the mucous membranes.

No conclusions are drawn from these data but they are presented here for 
academic in terest to show that the toxic effects of poloniua upon rabbits are very sim ilar 
to thor.e observed for ra ts , ca ts  and dogs

DEFERENCES

Studies on R abb its

1. Davis R K Quart. Rpt Biol. Res.. MU 493. p 47. October 9. 1950 
2 Davis. R K. . and Jolley. W. P. Quart Rpt Biol. Res . MU 527. p. 16

January 2. 1951.
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Animal  No

1

2
3

4

5

6
7
8

to

9

11

TABLE I

RELATIONSHIP BETWEEN SURVIVAL AND DOSAGE LEVEL 

OF POLONIUM- INJECTED MALE ,NEW ZEALAND RABBITS

MlCNOCUftIES or 
Polonium P i n  

K ilogram Body Weig h t

23 1 

26 9 

32 8 

36 6 

45 9 

50 8 

51,3 

56 2 

61 4 

64 5 

85 1
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Problem T itle  Effect* of Repeated Injections of Polonium Upon Laboratory An Inals. Pilot 

Study

Report By -  R. R. Darla, and V. T. Rockkold

Vork Ihne By -  D. H Cowden. J  L Cron. I  I  Daria, D.R.KtUr, F .IG la s i V.F.Jolley, J. M i d i
V T.BoeUMld, end L H Tilley

I

INTRODUCTION

All the information on the toxic effects of polonlua upon aninal tissues that 
have beer collected to date were obtained fros experiments employing single doses. Those 
studies were obviously necessary for many reasons. However, i f  polonlua tolerance levels 
based on actual experience are to be sot up. Btudies of nultipie exposures to  low levels 
of poloniun constitute the next forward step in the biological research program.

A pilo t experinent was set up that Involved four successive injections of poloniun 
into albino r%ts, and a preliminary description was given in a previous report 1 The pilot 
experinent was designed to give an approxinate idea of the trends of urinary and fecal 
excretion of polonlua, its  various levels in the blood relative to the tine of injection, 
and other pertinent data necessary for the Successful operation of a full-scale nultiple- 
lnjection experinent.

DETAILED REPORT

TVenty, feaale. Bprague-Dasley rata of unifora body weight (about 250 grans) were 
paired according to  their body weight, and the pairs then were separated into two groups 
of ten rats each. The pairs were so aatched in weight that the two nenbers received identi
cal injection volumes. An exception occurred in the case of three rats where their weight 
differences caused a difference of 0.01 m illi lite r  In the injection volumes. Pour biweekly 
dosages of 4.88 4 38 4.48 and 4.69. nicrocuries of polonlua per kilogram of body weight 
were injected via the caudal vein into both aeries of aniaala. This dosage rate produced 
actual dosages per ra t that averaged 1.18, 1.18. 1.17, and 1.21 nicrocuries of polonlua for 
each successive injection, respectively. Iaaediately after receiving the f irs t injection the 
rata were placed in individual metabolism cages so that separate urine and feces collections 
could be nade. To prevent food particles sp illing  in the urine collection beakers, and to 
produce a hard, dry feces the rats were fed a specially-prepared wet-nash diet This diet 
contained a ll the necessary dietary requirements plus Cellu-flour to give the necessary 
bulk *

Daily urine and feces collections were recorded, cbealcally digested and analysed 
for their poloniun content Blood samples for polonlua assay were taken one hour before and 
one hour afte r injection rroa.all rats and dally thereafter, fron one matched pair of rats. 
These blood aaivles were analysed for polonium concentrations by the d irect blood-sneer 
asuay technique *

The body burden of poloniun was calculated by subtracting the amount of poloniun 
recovered in the excreta from the amount injected into the ra t. The aawunt of polonium 
renaming in the body of the rat a t the end of the two-week period was corrected for decay 
and this residual amount plus the amount, given in the new injection gave an estimate of the 
amount of polonium in the animal, (body burden) following each injection. One member fron

T



each of two watched pairs was sacrificed  Just prior to  each in jection period. Since the 
animals were matched, and the poloniun recovery from the excreta and blood was comparable, 
the polonium content of the carcaas of the s ^ r if lc e d  animal was aaaumod to be referab le 
to  that remaining in the body of i ts  unsacrificed Bate The disagreement between the ana
lyzed carcass content and the estimated carcass content varied from 1 per cent to 18 per 
cent.

The polonium recovery from the urine, feces, and blood of the experimental ra ts  
is  graphically represented In Figure I. The graph shows th a t a euch greater quantity of 
the injected polonlua la excreted In the feces than in the urine. The polonium recovery 
from the feces during the two-week Intervals represents spproxlnately 20 per cent of the 
Injected dose with a trend toward a decrease in the percentage of recovery as the body 
burden increases. The fecal polonlua excretion reached a peak on the third day post- 
injection for the third and fourth in jection periods. Whether th is  phenomenon indicates 
a decreased detoxifying action in the llvor or not is  unknown a t  present. However, the 
per cent of the body burden of polonium excreted in the feces during each of the succeed
ing post-in jection  periods diminished according to  the following schedule: 22.6 per cent. 
18.2 per cent. 17.6 per cent, and 9.4 per cent. The corresponding figures for polonium 
excretion in  the urine were: 1 25 per cent, 1.47 per cent. 1 82 per cent, and 0 96 per 
cent.. Here the trend appears more in  harmony with the Increased body burden. 81nce the 
fourth post-in jec t ion period was only one week in duration, the polonium excretion figures 
for th is  period are low.

Prom these excretion data i t  s e e n  that the mechanism for excreting polonium by 
way of the feces is  more adversely affected by repeated polonium insults than the mechanist 
for I ts  excretion via the urine, Due to  the rela tively  short duration of this experiment 
and i ts  necessarily modest scepe, the relationships of these excretory mschanism to  time 
and the extent of the body insu lt a re  unknown.

REFERENCES

1. Davis. R. I. and Rockhold, I .  V., Quart. Rpt. Biol. Res.. MJI-527. p 17 
January 2. 1851.

2. Davis. R. K , Quart. Rpt. Biol. Res , HLM-370 p. I t .  July 1. 1949.
3. Davis, R. K . Quart. Rpt. Biol. Rea , HUi-527 p. 19, January 2, 1951.
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RECOVERY OF POLONIUM FROM URINE,FECES AND 
BLOOD OF RATS FOLLOWING MULTIPLE INJECTIONS 
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Problem Ti t l e  • E ffects o f  Repeated In je c tio n s  o f  Pol on liar Upon Laboratory Antonis.
■sin Study.

Report By -  B. I . Da*Is, sod *. T. Beckbold

Vork Done By -  D. I .  Cewdsm. I . 1. Cron, I. K. Davla. D. B. I tte r , P. I . Qlama. V. P.
Jolley. J . Beadle iso, V. T. Bockhold. sad L. H. Talley

INTRODUCTION
The exposure of personnel In this laboratory to polonlus often is  in tersltteo t In 

nature. Repeated injections of polonlus Into laboratory on leal* offers a nethod to study 
such exposures. Further, lnforsatlon regarding the effects of repeated exposures of labo
ratory aniaala to polonlus via the injection routes la necessary before su ltlp le  skin 
exposure to polonlus and continuous polonlus inhalation studies can be adequately evaluated 
A previous experlsent in the fors of a pilot study has been reported.1 The present expert- 
sent has been designed fro® the data gathered fros the pilot study.

The nethods of calculating polonlus decay with respect to dosage and the leneral 
plan of this experlsent sre the ease as those used in the earlier pilot experlsent. However, 
a such larger nusber of anlsals is being used in th is  sain study.

DETAILED REPORT

Youna, adult, Sprague-Davley rata, (60 sales and 60 fesalea) sere divided into 
five body veigbt groups per sex. One rat fros each of these groups was placed m a se- 
tabollss cage so that 12 cages of rats per sex sere set up; body velghts per cage sere 
almost identical. The average total weight for each of the 12 cages of sale ra ts  was 
1507 i 4 grass and for each of the cages of fesalea vas 1007 t  3 grass. This s la lla rlty  
in the total body velghts within the sexes sade the polonlus injections the sase for each 
cageful of rats.

The ra ts  were housed In groups of five in the colony-type cages. Specially 
constructed Lurite trays * rem its  separste collections of urine and feces. A specially 
prepared vet*sash d ie t>fl la fed the rata to  prevent thes fros spilling rood into the 
collection trays and to produce a sore compact feces Food and eater are given ad llbltus, 
and their consumption aeasured.

The experlsent Is designed to run for 20 seeks with each ra t receiving a biweekly 
Intravenous injection of a theoretical two aicrocuries of polonlus per kllogras of body 
weight. Urine and feces collections are being « d e  on the f irs t  day post-injection and 
every other day thereafter during each injection period. The excreta collect Iona are 
weasured. cheslcally digested, and analyzed for polonlus Blood aaaples for hematological 
studies and for polonlus analysis are being collected three tines weekly during each 
collection period. The polonlus concentration of the peripheral bl6od is  assayed by the 
direct blood-ssear technique8.

One cage of Mile and one cage of fesale rata are being sacrificed Just prior to 
each injection. Tissue sasples for histopsthological exaslnation sre taken fros the organs 
of the aalsala a t that tise . The remainder of the organs of the rata fros each cage are 
pooled and velgbed. After weighing, the organa, carcass, and debris are digested separately 
and analyzed for their polonlus content.
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f. I
Two cages each of m le  and fenale ra ts  w ill remain a t the end of the 20-week 

Injection period. By comparison of the polonlua recovery data from these ra te s  of rats 
with that of the previously sacrificed cages of ra ts , the body burden of polonlua can be 
calculated for each in jection  period.

To date the ra ta  have received three of the ten biweekly polonlua injections 
to ta ling  7.18 nlcrocuries per kilogram of body weight for the Males and 7.25 alcrocuries 
per kilogram of body weight for the fem les Pour cages of rats (10 Males and 10 feaales) 
have been sacrificed. Tissue samples have been taken and prepared for study, and the 
remainder of the organs have been stored for d igestion. No polonlua recovery figures, 
hemtological data, or physiological data are complete enough for presentation a t  th is  time,

REFERENCES

1. Davis, R. K. and Rockhold, V. T., This Report, p. 23
2. Davis, R K Quart. Rpt. Biol. Res., Mil-370, p. 11. July 1, 1MB.
3. Davia, R. R.. Quart. Rpt. Biol. Res.. Mil-537, p. IB, January 2. 1951.
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Problem T itle  -  Cl laical Testa of tbe Kidney Fraction of Polonlua-Injected Sprague-

R eport By -  1. M. Cowdea u d  L. B Talley

Vork Done By I N  Cowdew I  P Jolley  lad L I  Talley

INTRODUCTION

Hie interrelationship between the histopatbolofical daaage and the physiological 
function of tbe kidney of the albino ra t. which has been subjected to  polonlua poise dng, 
has been under investigation by this laboratory. Previous reports 1 9 have shown that the 
tine of the appearance -of histopathologlcal changes Is relatively constant and has l i t t le  
relationship to polonlua dosage, but the extent' and severity of kidney daaage is proportion
al to the dosage. I t stewed that soae correlation sight exist between tbe ability  of the 
kidney to eliainate nitrogenous wastes and tbe survival tiae of the ra t folloeing varying 
degrees of body inenlt by polonlua. Accordingly investigations were undertaken to test - 
tbe level of the blood urea nitrogen in polonlua-injected rats as a aeasure of the extent 
of tbe dange to  the gloeerular f iltra tio n  syatea. A phenolsulfonphtbalein excretion test 
will aeasure the extent of the daaage to  the tubular cells of tbe proxiaal convoluted 
tubules.

DETAILED REPOST

Two injection levels, consisting of 9 79 and 4.04 alcrocurles of polonlua per 
kilograa of body weight, were used. A to ta l of 114 rats were used, with each injection 
level consisting of the following

1. Sixteen rats (laalesand 8 feaales) aade up the Clinical Pathology Group
2. Twenty rats (10 Bales.and 10 feaales) aide up the Hlatopathology Group.
3. Fourteen rats (7 sales and 7 feaales) aade up tbe Heaatology Group

The heaatologlcal carrier control rats w ill consist*of the ease seven wales and seven 
feaales for tbe two heaatologlcal injection leveln.

Pre-injection red blood cell counts, white blood cell counts, and heaoglotoln 
deters! nations were taken on tbe hens to logy group, as well as the percentage excretion 
of phenolsulfonphthaleln dye and blood urea nitrogen deterainationa on the clinical 
pathological group These la tte r  teats on the clinical pathology group of rats are being 
done a t biweekly intervals until a change froa noraal Malta are found, and then at 
weekly Intervals until the death of the anlwal or teralnatUm of the experlaent

The red blood count, white blood count and the hewogloMn la tera l nations are • 
being done a t aronthly intervals on tbe heastological groups of ra ts  until the terwlnatlon 
of the experlaent.

The se ria l sacrificing of ra ts  of the histopathologlcal group will depend s a w  
what on the clin ica l pathological picture of the clinical pkthology groups pf rats and on 
the peripheral blood picture of the heaatologlcal groups of rats. An arbitrary schedule 
has been aet up calling for a serial sacrifice  of two injected rata a t 60 day* post- 
injection and then two rats (one aale and one femle) a t aonthly intervals until 330 days 
post-injection.

Dawley la ta
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The kidneys o f ra ts  o f the hematological’ and c lin ic a l pathological groups tha t die 
during the course o f the experiment as s e l l  as the kidneys o f the ra ts  o f these two groups 
that survive u n t i l  the tera lnation o f the experiment s i l l  be used fo r  hlstopathological 
study.

The kidneys o f a l l  rats o f the elght>mlcrocurle level tha t die o r are s e r ia lly  
sacrificed w i l l  be saved and stained w ith hemotoxylin and eoein, glycogen, and fa t stains. 
Only kidneys w i l l  be saved from rats o f the e lgh t-a lcrocu rle  leve l.

Various organa w i l l  be saved from the ra ts  o f the three-m icrocurie level as 
follcws: heart, lungs, thyroid, l iv e r ,  spleen, lymph node, stomach, and in testine  (duodenum 
and ileum), gonads, adrenals, and kidneys. Only the kidneys w i l l  be ro u tin e ly  embedded and 
sectioned fo r s ta in ing  w ith hemotoxylin and eoein, glycogen, and fa t  s ta ins . The other 
organs w i l l  be saved fo r  future reference and study.

Bone narrow sections w il l  be taken a t every other s a c r if ic e  period o f ra ts o f 
both the e ight-m icrocurle  and three-a icrocurie  levels.

RCrCKKNCEg
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D H C L A B S I P I K D

Problem T it le  -  An Adaptation of the Phenolsulfonphthalein Toat for Estimating Renal 
Function for m e oo Rats

Report By -  V. T. Rockboid and L.  I .  T a l ley

llbrA Bone By -  L. R. Talley

INTRODUCTION

The technique of Oeraghty and Rowntree1 for the c lin ic a l determinations of the 
function of the collecting tubules of the kidney haa been modified for use on albino rata 
The nodlfied te a t haa been used successfully in this laboratory yielding reproducible 
results.

DRTAILED REPORT

Because of the snail size  of the ra t relative to  the human. i t  was f i r s t  necessary 
to nodlfy the c lin ic a l technique to reduce the quantity of phenolsulfonpbthaleln dye that 
had to be Injected into a rat to  run the ten t. By experimentation I t  warn found that 0.5 
ni 1111 ite r  of a  solution containing three a illlg rana of phenolsulfonphthalein per m ill i l i te r  
of solution waa Most satisfactory . This dye solution vas prepared by dissolving three grans 
of phenolsultonphthalein in 700 n l l l i l i t e r s  of d is tilled  water. The aaxinun color intensity 
vas produced by adding two nor m l sodium hydroxide dropvlae u n til a Bordeaux vine color is 
developed.

To insure adequate clearance of the dye during the co llection  period, i t  vas 
necessary to  Induce diuresis. This vas accomplished by b ila te ra l subcutaneous injections 
of a to ta l of 20 a l l ! i n t e r s  of a normal physiological saline solution. This treatment 
yielded excellent renal flow,

In a normal excrotlon te s t  the ra ta  are injected with the physiological saline 
solution and then receive an intramuscular injection of 0.5 m il l i l i te r  of the phenol* 
sulfonphthaleln dye solution. The ra ts  are  then placed in individual lmmoblllcation metabo
lism cages for tvo hours, and the excreted urine is  collected, At the end of the collection 
period complete emptying of the bladder vas brought about by lig h t anesthetization with 
ether. To insure collection of a i l  of the excreted dye the abdomen and pelvic regions of 
the ra ts, and the collection cages, are vashed with a stream of d is t i l le d  water*

The urine samples are quantitatively  transferred to  250-mi 1111 ite r  volumetric 
flasks. Tvo drops of tvo i.oraal sodium hydroxide sre added to  produce maximua color and 
the solution is  diluted to volume. Aliquots of the solution arm then transferred to  
standard cuvettes and the optical density read in a spectrophotometer a t a wavelength of 
&20 ailltmtcronm.

A standard solution vas prepared by placing one-half the amount of Injected dye 
(0 25 m il l i l i te r )  in a 2 5 0 -a llll it te r  volmetrlc flask following the addition of tvo drope 
of tvo normal sodium hydroxide, the standard was diluted to  volume and the optical density 
read a t  the same wavelength as the unknown.

The per cent of the phenolsulfonphthalein dye excreted In the two-hour collection 
period was calculated  according to  the formula:

» tiii l. r » i m>

^  Z f
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Optical density of the unknown 
optical density of the standard x 0.50 ■ per cent of dye excreted

Twenty Sprague-Da* ley rats were used to determine a nonnal d istribu tion  curve for 
the recovery of phenolsulfonphthalein dye from ra t urine by th is  technique. These data 
showed an average recovery of e0‘. 5 per cent of the dye in a two-hour collection period.
The- range was froia 45.8 per cent to 69.5 per cent. This technique has been used and reported 
previously*

This modified kidney function tea t has proven satisfacto ry  in th is laboratory for 
use on ra ts  The sain  modifications of the original test Involves: a change In the amount 
of phenols.ilfonphthalein dye injected, a method for inducing d iu resis , and application of 
the urine co llection  method devised In th is  laboratory.
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2. Cowden, R. N., Davis, R. It., and Talley, L. H., Ruart. Rpt. Biol. Res.,

MU-527, p. 9. January 2. 1951.
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Problem Title -  A Modification of Ohlsaon a Rlcroaethod for the Deteraioation of Blood 
Urea Nitrogen in Rata

Report By -  V. T. Eorkhold and L. H. Taller

thrk Pone By -  L. H. Taller
I. >

INTRODUCTION

The technique of Ohlaaon1 as devised for c lin ica l determination of blood urea 
nitrogen has hc<en modified for use in  like teats on albino ra ta . This wxliflcatlon as 
herein reported involves a lte ra tio n s  in the blood sanple size  preparation of reagents 
and a change In the technique for apectrophotonetrlc analyses.

DETAILED REPORT

Blood 8aaples were taken from the ta ils  of rats by s lic in g  off the extreme t ip  of 
the t a l l .  One-tenth of a n i l l i l l t e r  of whole blood was drawn in to  a standard blood pipette. 
The blood sanple was placed in a 15-eailllliter centrifuge tube containing four ml 1111 i te rs  
of a molybdate reagent, and t|>e p ipette  was rinsed several tin e s . The nolrbdate reagent was 
prepared by nixing 10 a l l l l l l t e r s  of 10 per cent NasMofa and 6-5 grans of potasslun su lfa te  
and d ilu tin g  to  500 a i l l i l l t e r s  with d is ti lle d  water. One drop of a urease extract was then 
added to  the blood-molybdate mixture, mixed thoroughly, and allowed to stand a t room temper
ature (25° i  0.5) for 30 minutes. After standing, one ■ l l l i l l t e r  of precipitating solution, 
(40 m il l i l i te r s  in H?60* diluted to  300 a ll  11 l i t e r s > was added to  remove the excess urease 
The solution was then nixed and centrifuged a t 2 5Gd revolutions per nlnute for 10 minutes, 
and the supernatant decanted. One m il l i l i te r  of one per cent gum acacia (freshly prepared 
weekly) and 2.5 a i l l i l l t e r s  of Nessler’ s solution were then added to four a i l l i l l t e r s  of 
the supernatant, and the optical density was read immediately on the spectrophotometer a t 
a  wavelength of 440 Bill lalcrons. A blank solution was run with each deteraination.

The volume per cent of urea nitrogen was then calculated from
Optical density of unknown 
Optical density of known Urea nitrogen (ng./lOO a l.) i (

where the known is a  standard so lu tion  i  urea which contains 20 milligram of urea nitrogen 
per 100 m il l i l i te r  of solution.

DISCUSSION

Thia modified technique for blood urea nitrogen determinations in rats has proven 
very sa tisfac to ry  In th is  laboratory. Experimental findings employing the technique have 
been reported.9 The major modifications in the technique were those which would render the 
determinations suitable for use on laboratory animals.

Of necessity, and to  allow repeated samplings, the blood volume required for the 
determination has been reduced. »e have found that repeated blood samples are easily  ob
tained by Bllcing a very th in  piece from the tip  of a r a t 's  t a l l  and drawing the blood 
sample from the wound. This method of sampling warn used for weekly blood samples for a  
period of 35 weeks on one group of ra ts .

«e have also made s lig h t modifications in the preparation of the reagents. 
Ohlsaon’a technique used urease tab le ts  for the preparation of the urease extract which

U W C L A 8 6 I F I R D
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M *"** « | tmto**tn* la tto  onto* to ll*  l« ottor* tto ImAocyt** too* nodular for 
• A im  t i l l  toil** tortim l

to tto  toll* to** UOtotito toy farttor r*t*a*rativ* ctoa**a m  to** *ith tto 
Itototito to %m» aolal** <to*t«ltl«i tomiMt **«t*r* to tto  atoallary port too to tto  nodo* 
ttot* I* « *ftto*t* m eat to otl«**d Hood n u n  mut*#***  loan *ttottc ft****
•f* #**•

to  tto  m i  m W aJto lto*  to# to* to tto tmt n u  aacnttcto  ato»a a*lMor**0 
Itoto Mtol«* f l i t  * m  to lto lf « t l» U i  Tto ImA atooa of tto totor tto** rata tto* 
tftfltol* n m iu m  tor tto amt to ft ttor* la Iona or nodal* formation ntth <m «u * frwfc 
f m r c im  into tto ttof* a im aa  Ttor* tr* aaa> w n t o t o  containing tltnrod blood 
# u m  m in o r totot* to** w to  ata* tbictoning of tto cnpaal* and atroaa.
4 to* of tto  limb a*to» *tot prtaary nodal* formttaa f it*  to occasional tototic rigor*
•to 1UU* m m  tomrrtog* A f*t of tto  lm *  *o4*« tto* only cord* of ImAotd colli to 
tto to**tl*f* a m  of tto tm *  onto. Tto ImA onto* of oa* rot ttoa U li vorlnbi* docroa 
of totttflaau la tto  * u m »

tto fi*i«t*ttoi«toot girt art «f tto 1mA nod** of rata oneriftc*d 111, l i t ,  and 
t t f  «u* (« M « )* < lio  I* • tailor to tto  rata *arriftc#4 at M Am * po*tlaj*ctloo Tto 
I m t  anton of of* af itoo* r*t» abo* local i»«d oroaa of rofoaoratUo chnng*. Tto ottor 
tto** rata *to» ta  *»trv«*U variable totro* of atrogto *»d bftofUbta of tto ImA nod**

lata m rlftcad  |*t day* foot*lajoattoo aboa •a *Ur*toljr variable biatopatho* 
logical M*tor* of tto In to  atooo Ttor* or* localtato *m i  of aarbto otropto *tth a 
fw of tto notoa ntoitog too* In to  w4«l*a coautrim to t 11 f*r*la*l c*ot»n U til*  or 
to aitoU* art it it)  la «**a, Ttor* art *oa> aacroptog** loadod « ltf  altered blood r l iw n t .  
»*d awtoar totola Tto *«o*«l* and rtllca lar atroaa aboa nor* pronounced colUftnou* 
«*fN»ratlto ib »oaa of tto I m f  nod** aad ootorata to  aartod lncn*u* in fibroblaattc 
t v ^ l l w  tio*o* ta aaw or tto ImA aod**

tot* McrtUeod *t 111 aad H I toy* peat• tnjaetloo oho* n r** prlairy nodoUa 
It tto lm *  aod**, bat Util* or ao alloota to »**o Tto lytpb nod** or* Markedly 
atrofAld and tto  rcmlaiag tmtocytoa or* lo cord foraatlon

•

Tto t r n  nod** or r*U aacrlfloed 10ft day* pool lnjact ton aho* aartod atrophy 
fat ttor* la a «rtod variation la tto fiatouatfolotf of tto 1mA nod*« froa tto d lffm a t 
rata M*nrtf#d a* **11 u  rroa 1iff*r*ni 1mA nod** of tto aaa* chain la a «h*n rat. A 
f** of tto 1mA aotoa *toa aaa 11 prtaary aodulaa aith a rara altotlc rigor* or 1mA 
coHo containing a«*tl avdloo aad largo lyophocyt** Hoaorar, for tto Most part, tto 
M  tod** *to« copaala* thletowd a lU  flbroblaatlc and coiloganoua connect U* ttaau* 
a tt l  tratocala* dipping Uto tto aadallary porlioa of tto glaad. Tto raticular •trxm  la 
tblctoaod to col log* homo d*g*o* rollon nod ohonomrlto ribrobloatlc prollUrotloo in aany 
tanUacon toai of tto 1mA ooto* aboa franh toaorrtog* alU  ftw  ttbrln thread* through* 
not tto Impb alia*** Ttor* art noiur MorotAago* UU*d » rb  trytbrocrtaa, altered blood 
ptgorat and aaclanr dafrlo In cn»* Inotaoc* a 1mA nod* al»*r lobul* foraatlon »ith 
oaiUfNma and flbroblaatlc coarwctiv* tlaouo a*parntlng tto  imAotd tloau* into aer*rol 
Uoiat*d o ll t lo a .
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t .  The degrw of lyaph nod* atrophy fro* tbe Injection of I  sic roc or !*•
P*r k llegraa of body weight varies with tloo U  a l l  n U .  A' a gives tlwe there I t  1 U0  
considerable variation froo aulas! to  aolwaland o tto  fro* node to  node to the i i m  an im l.

S. There U  k ttt I t  alcruacoptc change in tbe lymph nodes of rata  sacrificed  froo 
k through 4 days post injection

I .  The lywphoadea of tbooo aniwals sacrificed 1 through 5« day* po*t injection 
•hoa variable degrees of lyaph ood« destruction u  wan Heated by a low* in the wediua and 
( a l l  iyaphocj te s  rfducttoo in th# f i i t  and ac tiv ity  of the caralnai c«nUr, increased 
altered  blood plgsent In tb« awerophage* increased connect tv* tissue proliferation. edewa. 
and collagenous degeneration

4. froa M day* through 404 daya post-injection the lyaph nodes auoe variable 
degrees or re ten# ration aowetiwev wore airbed in ooa ra t than in another.

$ degenerative change* m j  be en tirely  local Iced within a lyaph node. One area 
aay a bow asrked atrophy and coaolete absence of a lyapbold atroaa aloni with bwaorrbace, 
and other localised arena aay a bow a lso s t coapltte re feneration to  a noraal appear ins 
lyapbold architecture

*. All rata aacriflced froe 70 through 304 days post-injection reveal now type 
of regenerative changes with reatoration of aowt of the nodes to  alnowt noraal lyapbold 
ac tiv ity

Adrenal (•  pC \ |  | . « . )

Tbe only specific chance seen in the adrenal* through 300 daya U a alight 
collagenoun degeneration of tbe atroaa of tbe soon re ttco la rla ,

Adrenal a (S3 UC./hg. » .« .)

from the 7tb through tbe 2Sth poet-injection day there la • moderate congestion 
of the adrenal* with a light to  woderate d ila ta tion  of tbe sinusoidal cap lllarlee and of 
tba vein* of tbe aedullary portion of tbe aland. On tbe 42nd poet - Inject ion day tbe 
adrenals of one of the aacriflced r .U  show narked collagenous degeneration In tbe inner 
aapect of tbe cons re ticu la ris

One of the two rata aacriflced  at 70 days post-injection ahowe woderate co lla 
genous degeneration of the re ticu la r  mtroas of tbe zoos re ticu la ris .

The adrenals of both tbe rat* aacriflced at 84 days post-Injection shoe woderate 
collagen*** degeneration of the re ticu la r  itrowa of tbe inner part of tbe zona re ticu la ris  
with a lig h t collagenous degeneration of the atroaa of tbe aedallary portion of tbe gland. 
There is  a a light proliferation of connective tissue fibroblasts.

On th# I24tb and 344th poat-ln jtc tloa  daya there la parked collagenous degen
eration of the acta re ticu la ris  ho other changes are noted with bemtozyUn-eoaln. 
azure Il-eoein, or Hassons trlchroae stains.

Thywas (Control la ta )

Noraal histological changes were studied on n control group or rata to  detersine 
the Involutionary changes that sigh t be found over the period covered by th is  experiment
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C Z  1
The rat* w r* 90 days of age at lb# beginning of the experiment, which lasted for 300 days, 
■akin* the controls and Injected rat* of the 8-slcrocuries-p*r-kllogra»-of-body-wtl|fet 
level 390 days of age a t the tlae of the final aacrifieea. there were non-Injected controls 
as veil aa controls Injected with the carrier solution. The thymuses froa both these con
trol (troupe shoe s very gradual atrophy, ao that a t 300 days post-Inject ion (390 days of 
s*e) there Is s  considerable loss of asall lysphocytea frov the  cortex. Hoetver, sltoala 
la e t l l l  evident, and the cortei and medulla ahos normal structural relationships In voat 
Instances. A fee lobules do shoe loss of lyvphocytes and increased col lagoons degeneration.

TIorM ( |  u C ./I*  1 9 )

Tissue sections of the thymus froa rsts sacrificed 1 day post-Inject ion revealed 
no consistent hlntopathologlcal change Rata sacrificed on the third post-inject ion day 
shoe an abundance of asst ce lls  In the capsule end Interlobular septa of the thyaua. A fee 
lobules shoe hemorrhage into the glandular tissue, and there la s alight Increase in 
nuclear debris in the sedulla. The thyaus froa one of the four rats sacrificed shoes these 
changes such sore markedly than do the thyaueee of the other three sacrificed rats

On the eevenU post-injection day teo of the four rats sacrificed shoe a aoderate 
atrophy with a gradient of change in the lobulea froa near noraal to sarktd depletion of 
the lysphocytea The sore atrophic areas also shoe sore nuclear debris, beaorrbage. and 
proliferation of connective tissue fibroblasts. The other teo rats sacrificed shoe alaoet 
no real thyaic tissue.

On the Uth post-inject ion day there la aome thinning of the cortex, and i t  
appears "pitted" under lot poeer aagnlf lest ion. This p itting  is caused by the large 
vacuolated aacrophagea which can be seen in the reticular itroaa. The aedullary portion 
of the glnnd is relatively wider, and the nuclear debris is  a t 111 extracellular In position.

Rata sacrificed on the 14th post-injection dty show the saae hlstopstbological 
changes as the li-day sacrifices, except that one of the rata shows an almost coaplet© loss 
of cortical lysphocytea in one of the thyslc lobules with such more pronounced atrophy of 
the entire thyaus

By the 21st and 28th post-inject ion days aost of the nuclear debrl* is within 
■scrophages.

Pros the 42nd through the 56th post-injection days there is a gradual atrophy 
with thinning of the cortex. There la an increase in nuclear debris with a concoaltant 
Increase In the karyorrhexls and karyolynia of lysphocytea. and no s lto ttc  figures are 
discernible Basil foci of hesorrbage are scattered through the glsndular tissue These 
changes are sore pronounced in sow sacrifices than in others, and In the sase thyaus 
there Is s  gradient In the ratio  of dassge between adjoining lobules.

On the 70th and 84th post-Injection days there is a soderate regeneration of the 
thyvus in a ll sacrifices. There are some alto tlc figures elth  an increase of snail lyvpho
cytes In the cortical arcs* and In the medulla, ao that the underlying stroma la more 
d ifficu lt to see Most of the nuclear debris Is within the macrophages

Tso of the rata sacrificed a t 98 days poat-injection show regenerative changes 
as seen In the thysuses of rats sacrificed a t 84 days poat-injection. The thymines of the 
other two rata sacrificed a t this time show only atrophic changoa.

!



In subsequent sacrifice*  on the 112th, 128th. UOth, i« l* t, «nd Iliad  post-Injection 
« k j r «  the th y ra  shoes a gradual atrophy with Iom of r a i l  lymphocyte* f r a  the corte i 
end of medium end Urge lymphocytes f r a  the medulla There U a cm duel increase in 
fib rob lastic  connective tissu e  and collagenous fiber* , and th is  la probably Ip pert a 
re la tiv e  Inc rent* cawed by the aarhed contraction of the reticu lar • t  row attendant * to 
atrophy.

On the 238th poet* in jection day there la a  very mrked atrophy of the th y ra  
with Inversion of the cortex and w dulla la  sow lo b u le . Sow thyaw tiaaue la r a h  
■ore atrophic than other* at the iu h  period of aac rif lce . and the lobuloa of a fee a hoe 
gradient* f r a  inveralon of the cortex and w dulla to  alaoat norm! appecrlnc lobule* in 
the a aw  thyatc tisane (Figure 1), Other lobules shoe a coaplate lost of lyapbocytea e lth  
the etrow contracted to  fora aolld or thin cheeta of lyapbocytea Sow lobule* shoe thin 
aheetaof lyapbocytea. There la an lncreaat In connective tiaaue fibroblaata and collaienoua 
fibers, although again th is  la in part re la tive  to  the wrhed atrophy of the th y ra .  Many 
of the blood veaaela ahoe a roderate hysllntzatton of th e ir  walls. Many aaat c e lls  are 
preaent In the connective tiaaue of the ctpeule and a tro w  of (he (land.

No recognisable thyaic tiaaue was found in  the Injected rata a t S06 daya pent-
Injection

T b y ra  (S3MC/hg B « )

No consistent hlalopathologlcal changes were noted on the f i r s t  poet-injection 
day. On the third poet-in ject Ion day there are a fee em it#  red areas of hewrrbage There 
is a a ligh t Iocs of is a l l  lyapbocytea froa the cortex of a  fee of tba lobules which ex
poses sow  of the underlying re ticu la r s trow . Thera la a 'a lig h t amount of ex tracellu lar 
nuclear debris In the w dulla . The w dullsry blood vessels ahoe aoderste congestion

Rata sacrificed on the 7th and 11th post-InjectIon days shoe n noderate atrophy 
with narrowing of the cortex and a loss of m i l  lymphocytes. Mxny werophagea are present, 
especially  In the co rtica l portions. There la haryorrbexla and karyolysla of sow  of tbw 
lymphocytes, and wny show peripheral cluaplns of the nuclear chromatin. There is a moderate 
aaount of nuclear debris, moat of which Is ex tracellu lar in poeltlon Azure Il-eomln slain* 
ahoe a sarked Increased In the nuaber of aaat ce lls  In the cnpeule and Interlobular con
nective tiaaue. Mitotic figures are rare, and H aw aii's corpuscles are prominent.

On the 14th day the lymphocytes shoe narked peripheral cluaplng of th e ir  nuclear 
chrow tln , and no a ito tlc  figures are seen The s tro w  of the gland la r a h  more prominent, 
especially  a t the Inner aspect of the cortex where the snail lyapbocytea are almost en
t i r e ly  absent. There are sono large lymphocytes in the medulli., but the medium aimed 
lymphocytes are exceedingly rare The nuclear debris are leas conspicuous a t th is  t iw  
because they have been phsgocytlzed by the large aacrophagei.

On the 28th day post-in jection the thymus of one of the sacrificed ra ts  shears 
the so-called Inversion of the thymus. There la a so lid  sheet of ep ithelia l c e lls  wklng 
up the cortex, and phagocytic ce lla  can be distinguished by their vacuolated cytoplaan 
and darker, wrinkled nuclei. Toe re a r t  a few thin abeeU of lymphocytes In the medullary 
area (Figure 2), but no m itotic figures are even There la a aarhed collagenous degen
eration of the capsule sol of the connective tissue surrounding the blood vassals aa w l l  
as a d iffuse collagenous degeneration of the re ticu la r  a tro w  of the cortex and w dulla
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<*Vr Mcrlfte4M do oot »bd thin la tew lw  of t v  cortes and m della. bet •  fee of tV lr  
W ales oboe (Hi* tendency TV thywua of tV** later sacrificed n U  U r« w « tu U i 
l iV  thoee of tV  14 day sacrifices.

TV thyeo* of om of tV rata sacrificed 41 days past-inject toe »how w ild  
•Vets of atrowl cell* etth » r W  collsgenow degewmtioe ond tV  presence of now row 
n ot cell* TVr* or# may f it  cell* m  n II m  i * abundance of fibrin threads ■errouedlw 
tod operating IV atrophic lobules. Sow pleats cells t v  enwsbed V  IV  fibrin threads 
tad collagenous cooMctlro titan*

By tV  MU tod Mth poet-injection days tVr* t v  solid »V «u  of atroaal 
collt ale* elth fronowoad collage*** V » n i u i t  Nat oella surround sad H fn n U  tV  
atrophic lobule* TV aacraphagea tro vary proatuent tt  this t lw  tad com tat or large 
colIt olih t  ncaolated. frothy cytoplaaa and t  darker nucleus than ttat of tV  atrowl 
collt. TV nucleolus it proalnent, and too* of ttasae cell* t v  grouped tototVr in tn 
Minor arrangewnt. Son* of t v  wcrophagc* appear to V  undergoing change* stellar to 
tbo forsatloe of Httnairo corptuclee, TV v t v  vfracM U i n n l N  tad debris tn torn 
of tV  Macrophages, thlla other* a bo* engulfed nuclei, (ftguw 1.)

By tV  fttb tnd 134th poet-InjectIon teyt tV  histopathologic* l picture tn tV  
saw as on tbi p vt too* aacrificoa escept that H titilT t rorpoaclot iho* slightly tor* 
hy» Uni cat Ion. Bow blood vassal* aa well at tV  cell attfcrane of t  fear of IV  aacro- 
phage* ahoa alight hyallntratlon

In all subsequent aacrlflcea through 344 dtyt poet* Inject ion. only connect t v  
tissue van found In the area of tV  thyaut.

Byo (• tad 23 \£., /kg. •  *,)

Ho hlatopathologlcil changes t e v  found In tV  eye aecttona atudM on v ia  at 
the Injection lete lt of 8 alcrocurltt per kllograa of body wight and 23 alcrocurlte per 
kllojtraa of body wight

Brain (• tad S3 ikC./kg. 8. 1.)

No hi*topathological chance* tew  found tn tV  brain aecIlona of rota froa elthar
tV  l-alcrocur lea -per- k 11 og va-of« body - wight Injection 1m l or tV  23 adcrocurtea *r-ktlo*r*e 
of-body-eelght Injection lew l. Only Aaura II-eosln, heantoiyltn-eoatn, and Btaaon’a 
trlehrow atalna eera used. Special atalna for tV  staining of nerro cello and proctaaea 
should be used for conclusive proof of tV  valataace of naurologlcal tisane to the alpha . 
radUtIona of polonlua.

Pancreas (U  i* ./kg . » ■•)

Ho hlatopatbologleal change* aw seen In tV  panewaa of rata through 344 daya 
poat-Injection.

Pawraw (I pC./kg. •  «.)
trail Patbelegteel bescrtptlaa • Ho gross chances of IV pane vaa eew noted 

through 30ft days poet-injection.

- 48 -
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•tsiee«tMie*te«t W**fl»«le* * fee kmopatWlotfUal <immm w m  *et*4 throw* 
rn  t t t t  m  *i*e*tl«* fell awfeer tIA «%tefe w» ale* »k»« )r<iiw M
deg«*wrattve cm**** at IH Wart, lyaph nodes. H r , i I m  •  « r M  ra|ii«iM «i W«*a- 
m u « «  of m v  pucrM lH  Male*. TW u te r i* *  Ur Um «  and u*  h m m U m  u m «  
a armed tag tin Hood im m Ii  eto« terWd e*llng*«e«e degenerating TW aimer «#U« U 
■Ml « rw  or* poll owl m tea le r e |lh  « low to tw  Minor n m ugeMeat of IW celts TW 
W**wat nMrtM* of IW Minor cells oWt mt%M collage*** n itw r tU M  to v m i*i  
• roMloo If f  M<« In IW w il t .  * «  IW WMffeitto ewtouw* m m \u  own U IW Wm I 
oom of IW Minor c*lU «tU Weal oty tie  m ale  stain U iH««t, TW omIooU of tW Wool 
©«IU »r* faint or *nUr*ly absent. in i M il at IWm  cells »W« perlptoral eluwtag of 
IW nooltor chroeaUa TW intercalated docu iw  dilated I fe* of Un m i l ,  mterloWUr 
orwrloo oho* narked hyaline d*«*w ratios nil togegerattvs (tan*  occurs ttoWCfemt so** 
of IW ••coodori loWiloo o»l to of •  patchy nature In m l  otWr lobules of tW pancreatic 
•wtloo TW toloodi of Ungertons oho* m  atoomellUei There or* localised areas of 
loflMMiiorx cell wfiUrottoo thick gives tW iw « n « «  of o chronic Mil*# pancreatitis

Thyroid (« «m  ts  ye, /%«. i  •  i

•roo# WMorlftioo • TWr* or* no trooo pathological changes noted to IW thyroid 
lit*} throve* 34d dor* to on* troop and through 345 deya pael-UJectlon l* onotWr troop of 
rot*.

tiltofotW lottin t Wmvioiim  * TWr* *m  no coMlolonl htatopetbologlcal 
change In sections of thyroid $Und tWI could W ottrlhttiod to tW notion of polonies 
TWrc W on* cowl*Wot chow* noted In tW thyroid ilond of both control end injected 
tttlmW thot l* cawed by preaaur* fro* IW application of tissue forceps In IW Wad l mg 
of tinny* durint tW preparation of tW turn* for oocttoolni. Cosprveaion of tW thyroid 
■lend reculU ta dlilortloo of tW glandular eie«*nta to such nn eitent tWt ente-aortee 
pathological cWn«e» any W nlauWted

TWr* In n *nrk*d dtatortton or tW noronl thyroid architecture In M l  of tW 
•nortflced rata, for the Most part tW loWa »ho* Marked atrophy *tih a Iona of IW acinar 
atructur* of tW eland In *any areaa. Bern of IW Mint conutn colloid «tth a lart* 
nunber of pyknotlc noclol In tW luaan TWr* &• deegueaetlofl of tW epltto lial lUtnc 
cel la; nlth haryorrheita of aow of th* colla. Bom areaa appear to W undartotne necrotic 
chant** TWae ctoage* appear to Involve a large nuaber of acini or • aolttary aclnua in 
various lobes, and appear to W aore extensive la the antanln sacrlficed later In the 
•xperlaent. Azure II-cosIn stains shoved tW preoaneo of watrew anal calls in tW Inter- 
follicular connective tissue. Vecoollwtlo* and atrophy appears aore Marked In the thyroid 
or the rata Injected with polontua but no natty sections froa control rata (figure 4) 
shoe nlaoat the sane degree of atrophic d la tort Ion and degeneration tW t these changes 
can ba attributed for tW eoat part to pressure Sow of tW Mini froa both control and 
polontua Injected mte nhoe hyperplaata of tW epitheUal lining c*lla to tWt tWr* la 
little  or no colloid In tW Ivalnn and the tpttW lloa appenrn to W stra tified  TW Inner 
pert of tto  lobe nhoea degenerative change n th  loan of acini tore tWn doe* the perlpWry 
aWr* tW acini are ofian Urge and filled t i th  colloid. 8*11 locallt*d areas of degen
eration vlthln large sect Iona of tlaaw (figure ft) la oft*n difficult to tiplain. but the 
appearance la a taller to those changes teen In thyroid gland tlaau* following pressure

*»
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Umm (••ft tfUi* / t m u t

* * * * *  N M rU ilN  • n *  «NM* tMAlatUOt Of U0 I'M* of U>U « • ! « !  and 
la j tc te  rata w i t W  *w ll. Ml Up I t t ja t te  i m i  or < U «r.u  $ * i* u u  aodute I t  Um 
Uaearal pltarm t e a t  t e l a *  w r» >n i «»i I t  Um aajarlty of tb t aacriflood r»U but 
Um of Injury ota variant* Tht e j a tu  at ta t w i t  probably * rvoolu tte of th t
■admlar » r» «  tht t e lo t  npfwarm to b* t  chroalc todtou I a t e  H ot I t tht rat coloaj 
• t r ia l  aacrlfttwa of I t t  33-*Urocurlt I tv t l  of rtU  throoib atd day* poit>Ujt«Moa tad 
• f  th t l - a u m t r l t  l*wl of n u  throat* 30ft day* p a t t l a t e U a t  tatom tbt chronic aaturt 
of Um Um  t e l o t  1TM lo ti aacttoa* trm  it*  r tU  of vtrlou* a tr ia l  a ac rtfte a  ta r t 
•U latd a l i t  t r t c t l  a »U lt tad ttraa • at* in. but ao •llo to tica l -^r«atlaa could bt foaad

■ M ita tita la t te l i t t t r i t t t u a  Tb* latioaa t t r t  pruotat aU roacoptelly I t  
•karat tv t ry Im Uact Mur or Um 1 to Umm to r t cyallc tad coaaiattd of « peripheral 
vacuolate arta a l t t  aU ktcU tlc tun* tuauo t l  th t m r« it or Um cyut OtlMf ktalota 
•b o te  coanolthat lot t i l t  i a l l  r o t e  calk itf lk ir t ilo t . various tltod  lymphocyte ta  
ooctaloaal to t lto o t11 tad la r t t  a t i l t  o u t  a ckttr aacktat tad a frothy, craaalar 
cytoptea that i t  ra t It Um tpptaraatt or t  uacrophtf* TVr* t r t  auttroua i i t r i m i t H  
•r j th ro c y te , fibrin tb r te a , tad Mteatoaa fluid tb* t t r r o te ta c  akvtoktr tact art 
aU ltc la tle . TIm«* teloon tpptar to uadtrto or«aaiiatloa « IU  coUaftnoua dtfataralioa 
of Um alraoU r atroat tad Um cy ttle  pitM  ka probably a rotoU tloo of MU Ualoo

I t  la l t r  aacrifleta tht luat* of po te iualB Jtcttd  rata ahot t e t  ctkluUr 
Infiltration into Uw Italoat and lh*rv ka a to rt coatUUnt find lag of tlM lari* vacuo 
l a t e  lipoid-1 Um M ill than la Um luaca of U t control raU  Oth* r a te  Um IttloM  In 
Um kuna* fokkovltc a tria l aacrkflca of both coatrol and poloatuakajacttd rata a Sot Um 
u m  hlatopatboloctet picture. Tbla koat In tht c tllu la r la fk ltraU  la Um lura kttloot 
of polonium la j to te  rata ta probably cauatd by tbt action of poltrolon on tht e tlla  in Um 
mum taantr In thlch ttM polooloa doatroyt Um lymphocyte of th t ptribronchlal lymph 
nodate

No olhtr hUtopatboloflcal chant** art nottd to tht t a w  of rata from tkthtr 
tbt « or 33 alcrocurit injection tout it

■’•asr'- 49
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noun i

Thymus of polonium  in je c t e d  rat (43B) s a c r if i c e d
20 OAYS POST.INJECTION.
NOTE: ALMOST COMPLETE ATROPHY OF GLAND.
(Th i s  photograph i s  u n c l a s s i f i e d . )

fig ur e  2

Thymus of polo nium  injcc teo  rat
236 OAYS POST*INJECT1 ON.

(66A) SACRIF

NOTE 1 ADJACENT THYMIC L06ULES SHOVING GRADIENT OF 
DEGENERATIVE CHANSt. (IOOX)
(Th i s  photograph i s  u n c l a s s i f i e d . )

%

2 . |



%

thymus or p o l o n i u m  i n j e c t e d  hat  (76B) s a c r i f i c e d
SS OAYS POST*INJECT I ON,
NOTE.: LOSS OF LYMPHOCITES. LARGE MACROPHAGES.
NASSAU'S BODY. (400X)
(Th i s  photograph  i s  u n c l a s s i f i e d . )

Th y r o i d  of Control  rat d i e s )
NOTE: DEGENERATIVE CHANGES OF ISTHMUS OF THYROID
GLAND. (100X)
(Th i s  photograph  i s  u n c l a s s i f i e d . )

1



M ount  5 Iap

t h y r o id  or p o l o n i u m  i n j e c t e o  rat  (B2B) s a c r i f i c e d
244 OAYS POST*INJECTION.
NOTE: SMALL DEGENERATED ACINUS NEAR CENTER OF
LATERAL LOBE OF G L A N D ,  OOOX)
(Th i s  photocraph  i s  u n c l a s s i f i e d , )

)
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froklm  Till* * TV liM am  IftotU ** 9mm K  N lM lia  Cvatat *Mt«lncft*«l M i 
r»tJ»)««U»l dM tM  la f e u

ty -  I.I.IW M . t .M I lM , M l  t  M flU M

Vr* ilM h  -  I.U €«M «. M -C«4n . M  ««*» « M a rti. I  lirtlM M , iW N im ,
Mi I . I  HM

M T M O C V IM

liU m iH  at a* lea v*e bee* eoapleted on IV  lenatolnaical Mi paUolegleal 
cVagea 1* rtU  e tu r t  I t  tatraveaoaa polotlai U jw tiM i of I I I  Mi W • t* f« w l«  
of poloaioa p«r lltogra* of trail micH  TV coactuiiai atodiaa art preo#*t#4 It Ula 
report. To sapp learnt tVae data. e tp irtam * eere initiated to find IV i i m o J injeeiei 
done of polos too that t i l l  eaaae detectable VnaUl apical out paUalo«»oai t t u p *  Til* 
ufonaiion la eipeetod to  to v#o aaeral la tea lost lag lea* tern ala*** aai mlttpW 
donate «tperU»nte u i  m  m  i U to m u m u Mn  valid p*ro«M»| tolerance* V  tla  Vnlt* 
ntrtico oivuioa

p it a iu p  ispttY

A total of 3M yonaa. t i t  it., mt-«m 0**1 rot* c«aprt**d net! of t v  polooita 
Injection level* and tV tr  r e s u l t*  control* Tie rata to sack tajectlea level **re 
divided Into a pathological ani a VaatologUat troop TV tto injection level* tor* 9 9 
and I  S aierocarlta of point!to per Hlograa of lo ir

Tie patholoflcal troop constated of JO sale aai JO feaako rat* per injecting 
l m l .  Tie control rata for Ula troop eer* aade op of 11 a*U and IS feaale at** injected 
control rata anl a ll aalo and a it  feaalo rata injected t i l l  carrier ftolutioa aatr TV 
poloolua*injected rata *»re sacrificed oa a acVdale of tiro# aalo and tire* feaale rat* at 
4 dam poat* iaj*ctlea and ilea  a t le e e l tat area la Hereafter for 13 eeeka Control rata 
t i l l  be sacrificed oa tie  m m  aeledale aa tie poloaiea- injected rata At tfeo tta* of 
aaerlfioe, tlaoaa aaaplea of thyroid lite r. «pl**n I n r t  none*, kidney. *4r»*al, a*4 
gonad t i l l  le anted and processed for Hat op* Ural ogl cal study To deck for boor ( mot 
Incidence, whol# body, doroo-teatral X rnr photographs of tie polo* tun-lajurted rat* are 
be tut taken prior to tlMtr aaerlfioe Boat ear roe Meant and sections fro* t ie  tibia of 
a ll polentaa-injected aai too control raUaro take* nt end ancrifice pined , * „

TV leoatoloticol group constated or eight ante *ad eight t*m\» pol»«lM~ Injected 
rat* for tael injection level tad t v  mm  au*Vr of control rata injected t i n  IV  earner 
aototloa. Coapteu pre-Injection heastology. eoaatettat of erythrocyte, leukoeyte, and * 
differential coonta. V iator r it and Vaotlolln deteroiaatton, «wre Ule* on a l t  rata TV 
poat-injection Vvtology conatnted of leukocyte and differential count* at i,4,Y,t4.3l. 
and SB dam pout* Inject too OonpWte blood count* m il V take* at 10 oeoka post* inject ign 
and tbe* at i-veek intervals thereafter for M teek* At tV  Urn l anti on of tV  eipenneat. 
tV  aarvtvtag rota la tV  Vantology group f i l l  V  aacrtflced and uned for butopatloloaleal 
•tody

Currently, tV  taperivnt la I* tV  Btl pool inject ion eeek m data ore available 
for present at ion In te rn  reports «U1 V published aa tV  daU becooe available
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Problem Title A fclwdy of SpowLaaeowa bang Lesions in Sprague-Daw ley Kata 

K tfe r t  By B n  CawAea, ». T I k I I oU , u d  t  K. rip f

kvr* Ibn e  By •  L Cwwdea, B. h Cewdwa. p. K QUsa. J  lead let bo . 6 L Korria,
u d  « s. n » r

imttoctiBN
U nt lea loo* had been §e«n and previously reported 'tn rata  injected with 35 

alcrorurtea of poloniua per kilogram of body weight Theae lesions were f i r s t  attributed 
to polool*» damage alone, but la te r Inveaclgatlona revealed lesiona of the saws type ip 
the lunca of control raU  • Further Invest igat Iona of the laboratory rata revealed grosa 
coni ta t  nation of one croup of experimental animals* with thin a awe type of lung lesion, 
necessitating thw termination of the experiment. This Investigation waa instituted to 
atody the etiology of the lung lesiona and to investigate whether the lealons were 
endemic in the Sprague-Dawley s tra in  of ra ts  used in th is  laboratory.

B K T A 1U 0 BKPGBT

Twenty-four rata were selected froa th'' laboratory colony and divided into two 
croups of 12 rata each One group received an intravenous Injection of 33 1 wicrocurles of 
poloniua per kilocraa body w ight, and the other group served aa control anlaala Two con 
tro l and two poloniua injected rata w re  sacrificed  and autopsled a t 1,3.7,11.14, and 15 
days post injection Gross examination of the organs waa wade, and tissue section:! of lung, 
liver, and spleen were taken for hlstopatholoclcal study

In addition, tissues froa 12 ra ta  used in an e a rlie r  experlnent,4 0 where they had ' 
been user ificed i t  four-hour intervals, were also  examined further to investigate the cause 
of theae spontaneous lung lesions. Theae ra ts  had received an intravenous injection of 31 0 
wicrocurles of poloniua per kilogram of body weight, and tissues froa these ra ts  had been 
preserved The lung tissues of the ra ts  that were sacrificed a t Tour-hour intervals, 
through • 48-hour period, were sectioned and exaained hlatopathologically for the presence 
of lung lealons and for signs of the development of the lealons

Gross Kxaalaatloa • Grosa etaalnallon of the lungs of the rata  In the 33 1- 
alcrocurle se rie s  revealed either nodules the size of a pin head or cystic  areas in 
both the control and the poloniua-injected rat*  These lesions had the stuae gross ap
pearance as those reported previously 4 Six of the control ra ts  and ten of the poloniua 
injected rats were found to have theae lung lealons The lungs of one control ra t ex
hibited evidence of a more advanced disease than did the lungs of any of the Injected rata.

Btwtopatkeloglcal gxaalsatioa - Examination of the tissues, stained with 
hematoxylin easIn froa the ra ts  injected with 31 0 wicrocurles of poloniua per kilograa 
of body weight revealed lealons in a ll  of the lung tissues froa the 12 rata  studied. These 
lealons were located on the periphery of the lung and consisted of a f i l t r a te  containing both 
lywphocytlc and an occasional eoalnophliic c e ll and a few of the lesions contained lipoid 
cel la. There waa l i t t l e  or no progressive chance in the lesions through the 48-hour post
injection period covered by th is portion of the study Ifcny of the lesions were cystic, 
and others showed a round ce ll in filtra tio n  The lungs froa one r a t  showed th is  change 
to be rather extensive, involving a great portion of the lung, whereas the lesions in the
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o tte r  11 ra ts  showed only aln iaal chances. The examination of sections stained with Masson's 
trtchroso s ta in  cave no additional inforsatlon. No alpha tracks were seen In autoradiographs 
of these lung sections.

Tissue sections sim ilarly  prepared froa the lungs of the control ra ts  and the ra ts  
injected with 33.1 sicrocurles of poloniua per kilo*raw of bod; weight revealed the sane 
type of lesions. The tissues froa the ra ts  sacrificed in the la t te r  part of the eiperlaent 
showed that the lesions contained less ce llu lar In filtra te  and had peraltted the fib ro 
b lastic  p ro liferation  and connective tissue spaces to  be aore proainent.

• Seaaary of Ofcservatloa •

1. In te rs t i t ia l  pneumonitis probably of v ira l origin is  endealc In ra ts  of the 
Sprague-Dailey stra in .

2. Lung lesions seen in injected rats way vary froa a lld  Infection, s lth  but a 
few sparse lesions, to  extensive lesions Involving s Urge portion of the lung tissue

3. The etiology for the pneunonitls la as yet undeterained.

4. Sprague-Da*ley ra ts  with a non-specific pneuaonltls that are Injected with 
poloniua reveal only a loss in the ce llu la r content of the lesion.

5. The lung lesions previously described in WJI-381 as characteristic  for that 
dosage of poloniua are incidental to  the poloniua and secondary to  a previous lung Infection
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Problem Ti t l e  -  A Kidney Function Study on Polonium -InjecU d Rat* II  lifts topattioloc le a l  
Study of Animals Iron m P ilo t  Experiment

Report By ~ B N Co«dm B K Zlpf

IbrA Done By - 0 l  Cowdeo, B N Cowdea. L H Talley, J leadtclno. and I  E Zlpr

INTRODUCTION

Hlstopathological changes in the kidney of the albino rata caused by intravenous 
polonlun injections have been studied and reported x.t by th is  laboratory. To evaluate 
and correlate the observed histopathological changes and physiological functions of the 
kidney of polonium-Injected rata an experlnent was instituted to study the functions of 
the rat kidney by Beans of clinical te s ts  The data collected froa th is f irs t snail, 
kidney-function study has boon reported and is Part I of the present report The present 
report covers the histopathological examination of various organs taken from the rats 
sacrificed during the course of th is experiment

DETAILED DEPORT

Methods

Thirty-four Sprague Dawley ra ts  remaining from a previous experlnent4 were 
used for these studies The rats were three months old at tbe tint* of injection of 8 9 
19 7, and 29 7 microcurles of polonium per kilogram of body weight respectively The 
phenolsulfonphthalein kidney function te sts  were started 175 days post-injection At 
about 225 days post injection th* polontua injected and control enlnala were sacrificed 
and nutopsled Tissue sections from the kidney liver and spleen were taken and routinely 
stained with hemotoxylin eostn and Hasson s trichrome stains Frozen sections from kidney 
and liver were stained with Oil Red ’'o" for demonstration of fat

Hlaioattheloglcal Description - Tissue sections of the kidney stained with 
hematoxylin eosin revealed a noderate destruction of the nost peripheral aspects of the 
cortical zone of the kidney The cortical zone of the kidney consists of the aalpighlan 
corpuscles proximal convoluted tubules distal convoluted tubules thick segments of the 
ascending 11b*) of Hanle h loop and the arched collecting tubules The proximal convoluted 
tubule ia the longest and aost convoluted segment of the nephron and it  forms a major 
part of the cortical area The proximal convoluted tubule is lined by a single layer of 
low columnar or pyraaidal cells which contain round basally located nuclei and granular 
eosinophilic cytoplasm The basal portion of the cell has a d istinct striated appearance 
caused by the arrangement of the basal cytoplasmic granules in rows These epithelial 

. lining ce lls  of the proximal convoluted tubules are also characterized by a brush border 
which la a narrow finely stria ted  zone which lines the free surface of the cell This 
brush border undergoes rapid post mortea change

The greatest change seen in the kidneys of the rats Injected with 8 9 microcurles 
of polonium per kilogram of body weight and sacrificed 225 days post loiectlon is confined 
to the proximal convoluted tubules The epithelial lining cells  of the yioxlnal tubules 
f ir s t  appear to lose their brush borders This condition is apparent in many of the 
proximal tubules Any specific proximal convoluted tubule may show a section of epithelial 
lining ce lls  in which the brush border is absent, whereas the remainder of the cells may 
have the brush border intac.t There is also an increased granularity of the cytoplasm
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which is  most narked in the section of the cjrtoplaaa nearest the lumen of tht tubule 
Some of the epithelial lining c e lls  shot edenatous changes with projections of the 
cytoplasm into the luaina of the pros Inal convoluted tubules ftfcny of these lining ce lls  
also show large, bizarre nuclei The nuclei ire  irregular in shape and may be two to 
five times the size of the nuclei of a norml epithelial lining cell. Many of the tubules, 
especially those adjacent, to the capsule aay be lined by one or two of these large 
atypical ce lls  in which the cytoplasm is markedly thinned out aa if .in an apparent attempt 
to line completely the wall of the entire proximal tubule

Some of the kidneys show moderate destruction of the proximal convoluted tubules 
while others show a more marked destruction The proximal convoluted tubules, the d ista l 
convoluted tubules, and the collecting tubules a ll shew dilatation which vary in the 
degree and in the number of tubules Involved Many of these dilated tubules contain an 
acidophilic staining material. There Is apparently an Inverse relation between the degree 
of hydronephrosis present in a given kidney and the per cent excretion of phenolsulfon* 
phthalein dye previously observed with the same kidney and its  pair.

The malplghian corpuscles shot l i t t l e  histopathologlcal change a t 225 days post- 
injection Hmy of the glomerular tufts are distended with biood There is some enlargement 
of Bowman s space which may be caused bv a shrinkage of the glomerular tu ft A few glo
merular tu fts  show lyrallnlzation but this is not a consistent finding in the routine 
section

The blood vessels especially the arteries show l i t t l e  change in their walls 
There la evidence of a slight rf?gree of lntlnal proliferation in the saaller arterio les 
and In the afferent glomerular arteries This proliferation does not appear to encroach 
a great deal on the size of the lumen. The afferent a rte ries  of these kidneys do not show 
the degree of intInal thickening of their walla as described by other investigators *

The tissue sections of kidneys prepared by the frozen section technique and 
stained with Oil Red 0" show fat deposits in the epithelial lining cells of the proxlmil 
convoluted tubules These fat deposits in the proximal tubuler. are f irs t noted in the 
peripheral aspects of the cortex Fine droplets of fat appear in the basal portions of 
the ce lls  In the proiival tubules the ceils that show the most severe destruction the 
fat droplets appear as globules The kidneys flow the rats that show the lowest per cent 
output of phenolsulfonphthaleln dye also show the greatest amount of fat in the proximal 
convoluted tubules The large bizarre epithelial cells show l i t t l e  or no fat

A plausible hypothesis may be that the sequence of events in the histopathologlcal 
change of the epithelial lining ce lls  of the proximal convoluted tubules la an in itia l 
cloudy swelling of the cell cytopiasw followed by fatty degeneration of the cytoplasa 
The.cell swells and fat appears in the luaina of the tubules The cell nuclei show changes 
in morphology which appear to be attempts at regeneration The cell nuclei are elongated 
and the cytoplasm spreads over a greater surface of the wall of the proximal convoluted 
tubules

There Is an occasional glomerulus which contained fat ana again the rat 
kidney that showed the largest amount of fat in the glomeruli also showed the lowest 
percentage excretion of phenolsulfonphthaleln dye Fat casts were present in the 
collecting tubules and consisted of columns of fat fillin g  the luaina The fat casts 
were also wiore prevalent in the collecting tubules of the kidneys from the ra ts  that 
showed the lowest per cent excretion of phenolsulfonphthaleln dye
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The tissue  sections of the kidneys of ra ta  Injected with 19 7 ■lcrocurlcs of 
polonium per kilogram of body weight show sore pronounced changes than do the kidneys of 
the ra ts  of the 8 9-mlcrocurle level In moat instances the brush borders are completely 
lost, the basal s tr la tio n a  of the ep ithelial lin ing  c e lls  of the proxissl convoluted

• tubules are absent and the convoluted tuoules and collecting tubules show more dilatation
, * Numerous acidophilic casta are present In the co llecting  tubules There are sore bizarre

9 * giant nuclei in the ep ith e lia l lining ce lls  of the proitmal tubules and many of these
tubules she* complete Toss of their lining epithelium More of the glomeruli show hya- 
lin ira tlon  and many of the glomerular tu ft*  show vacuolization of th e ir  endothelial cells

* The arteries shoe a s lig h tly  more marked Intimal pro liferation  than la Been In the a rteries 
of the kidneys from ra ts  injected with B 9 microcuries per kilograa of body weight

The fat found in the lining ce lls  of the proximal convoluted tubules, the fat 
in the glomeruli and the fat casts in the co llecting  tubules show the same relationship 
to  the per cent excretion of phenolsulfonphthaietn dve as was found in the rata  of the 8 9 - 
mlcrocurie injection level namely the lower the per cent dye excretion in a given kidney 
the greater is the abnormal content of fat in tha t Sidney

The two ra ts  that were sacrificed and autopaied from the 29 7-mlcroeuries-fwr- 
ktlngraa-of-boriy-aeight injmctlon level showed less pronounced changes in the kidneys than 
those found in the 19 7-aicrocurles-per-4ttlograa-of-body-welght level The hydronephrosis 
was not as narked and the abnormal fat content of ttwr gloweruli and proximal convoluted 
tubules was not as pronounced The percentage excretion of phenolsulfonphthalein dye was 
also higher which therefore shows the name relationship of percentage of dye excretion 
to  kldrey damage as was found on the other two in jection levels

Summary of ftidmey Observations
1 There is  a relatione1 ip between the amount of hydronephrosis present the 

amount of abnormal fa t in the glomeruli and proximal convoluted tubules and the number of 
fa t casts in the collecting tubules of the kidney with the percentage excretion of phenol 
Kuirnnphttutlein d>e by tha t kidney

2 The targe bizarre ep ithelial lin ing  c e lls  of the proximal convoluted 
tubules show l i t t l e  or no fat

Liver

Both hematoxylin wosin and Oil Red "O” s ta in s  were used on the live r sections 
froa the 15 rats injected wtth 8 9 microcuries of polonium per kilogram of body weight 
The liver sections from 20 per cent of these ra ts  show mn> large bizarre liver cord 
ce ll nuclei These c e lls  show peripheral clumping of the nuclear chromatin and appear 
to  be ce lls  undergoing attempted regenerative changes Another 20 per cent of the liver

• * sections show no Urge liver cord cell nuclei The other 60 per cent show a rare or
, * occasional Urge bizarre liver cord c e ll nucleus

Liver sectlonc stalced with Oil Red ”0” fo*- the identification of fat show a
• variable picture The live r section* from only one ra t showed marked amounts of fat within 

the liver cord ce lls  and th is  was eair.lv in the c e lls  at the periphery of the liver 
lobules Liver s e c tio n  from three of the sacrificed ra ts  showed a moderate increase in

• fat content In the cord c e lls  adjacent to tt* cen tral vein The liver sections froa the
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rest of the sacrificed rats showed only si ight accumulations of fat in the liver-cord 
oells. These accumulation* vere at or only a lightly above the aaount found in the livers 
of control rata of the saae age

The liver sections of 50 per cent of the rats froa the lQ.7-»icrocuries-of- 
polonium-per-kllograa-of-body-aeight injection level shoe aangr Urge, bizarre liver- 
cord cell nuclei These nuclei shoe peripheral draping of the nuclear chroaatln and 
appear to be undergoing attempted regeneration Tverty-five per cent of the liver sections 
froa the sacrificed ra ts  shoa only a rare, large liver cord cell nucleus and 25 per cent 
of the liver sections shoe no large liver-cord nuclei.

Liver sections stained with Oil Red "0" shoved a Barked aaount of fat In only one 
of the eight ra ts  studied The other seven livers froa the retaining ra ts  shoe moderate 
to alight aaount of fat in the liver-cord ce lls  The large bizarre liver-cord cells show 
l i t t le  or no fat

The liver sections froa both ra ts  that had been injected with 29 7 aicrocurlea of 
polonlua per kilogram of body weight shoe aany large bizarre liver cord cell nuclei 
There is also a moderate aaount of fat present in the liver cord cells  The fat deposition 
is vainly in the cord cells abutting on the central vein of the liver lobule

Spleen

The spleens froa the rata of the 8 9-alcrocuriea-per-ktlogTaa-of-body-weiibt 
injection level she* soae lyaphoid activ ity  The hlstopathologlcal changes are the saae 
m those observed in rats injected e ith  eight aicrocurlea of polomua per kilograa of 
body weight

The spleens froa the rata injected t l th  19 5 and 29 7 alcrocuries of polomua per 
kilograa of body weight show alaoat coaplete atrophy
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