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INTXRIM BEPOBIP ON TWO-YXAB EltPEBIMEX'I!AL IXHALATION STUDIES 
asl BeSO4 A!C A LEVEL OF 4 crg Be/m3 

BY 
~ ~ -.. . ,. Robert Boot, C. J. Spiegl, H. 1E. Stokiwzer e t  al. 

Abstract 
--I-- * ,  

- .-.i -:? 

!The f irst year (50 weeks) of the proposed two year  BeSO4.6HoO miat 
Y -:Ai 

expoeure, a t  a desired concentration of 4 Crg Be/$ ha8 been completed. -.Bb 

overall ,  spectrographically determined, concentration f o r  the first year wan 

3.g pg Be/m3, with an extreme range of 2.1 - 8..8 pg Be/m3. 

doc 

rat groups. 

than that of the control rat group (64%). 

- .. - . .., 113 

. .-.-.-e- - 3 .  

The d m a l  Qta 
I 

not indicate any poeitive resu l t s  with the possible exception of the 

The mortality of erpoeed rat group (86%) was s l ight ly  bigher 
I . '. 

-'I .: 

-";a 

-. - :.x . .  

Although data are incomplete in the two-year study of-the effeotag 

of a l o w  level  of BeSO4 in the atmosphere, it seems advisable t o  reportifhb 

trends apparent a f t e r  one year's (50 weeks) exposure. 

Concentration & Methods Samplinq: During the  first 50 weekr; 

of t h i a  experiment, a concentration of BeSO4 miat was s a t i s f a c t o r i l y  main- 

tained at an atmospheric leve l  of 3.8 pg Be/m3 with an extreme rangeyof1''' 

f rom 2.1 t o  8.8. Our goal of 4 crg Be/m3 average f o r  the period of 2 year6 

thus appears t o  be eaeily attainable.  . .:.: 

!the primary standard f o r  concentration is spectrographic analysis. 

Two 3-hour samples are  collected on f i l t e r  paper during each 6-hoar*day-' 

at an air-eampling r a t e  of 14 liter-minute and are analyzed f o r  t o t a l . B e : i  

content. 

A.very ueeful  secondary method has been developed t o  obtain approxi- 

mate concentrations rapidly and thus t o  permit adjustment of the aerosol.. 

generating uni t  for hour-to-hour control. Sample8 are col lected during - * -  

30 minutes of each hour by impingement of chamber atmosphere (2.1 cubic. 

UR 01847 
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feet/min) at sonic veloci ty  on a metal p la te  coated with a water soluble 

resin. 

metrically f o r  Be by a method u t i l i z i n g  the formation of a Be naphthazarin 

The sample is then eJuted with d i s t i l l e d  water and analyzed colori- 

o r  alkanin lake (1). The me- of the colorimetric determinations was 2.0 

e Be/xn3 with a range of 1.0 t o  2.9.' Compared t o  spectrogra@ic methods, . 

the eff ic iency f o r  this method was only about 56%. but nevertheless the 

recovery was su f f i c i en t ly  constant f o r  the purpose of rapid chamber control. 

L. ,-x3 
- 

'*.770 . .  ._ - ~ . .  . .  

- .  - .  - a ,  

Animal Data: - 
negative or inconclusive. 

show a difference between experimentals and controls ;  but even i n  this case 

the difference is questionable becaucre it must be remembered that this 

Clinical  c r i t e r i a  of tox ic i ty  thus far are e i the r  

Only mor td i ty  statistics for the rat appear t o  -- %.a 

. . L  , e--- 
. -  - -  

species approaches the termination of its average l i fe -epm in about 18 t o  

20 months. In a gruup of.64 r a t e  exposed t o  BeS04, 52 died (81$), whereas 

26 of 40 control rats died (65%). 

control dogs; and 3 of 16 rabbits 88 compared . -  with 4 of 12 control  rabbits.  

In no cane could death be uneqylvocably a t t r ibu ted  t o  the e f fec t s  of Be; 

One dog of 5 died during exposure, not 

There i s .  no sign thus f a r  of typ ica l  acute Be poisoning. 

Cl inical  biochemistry and hematology are negative. Eistologic.  ex- 

._ aminat ions  of tissues arenot yet complete. ._ ..= 

Discussion: Experimental diff  i cu l t ies  i n  producing and control l ing 

an atmosphere containing the  extremely small concentration of 4 l~lg Be/m?,i 

i n  the form of Be2301 m i s t  a r e  being adequately handled and should preeent 

no fur ther  problems during the rest  of the test .  

The animal results of the past year ,  completion o f  the  data i n  pro- 

cess, and the use of a sui table  animal replacement schedule b i n g  the next 

. year w i l l ,  it I s  -believed, give answers t o  -the questions propounded at -the 

start of th is  2-year experiment. 

I 1 3 0 i . 1 3 ;  
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2) Do any chronic lesions develop i n  animals &ring a period of-- 
. - I . " -  I ' -. __ . _--.. . . .  

inhalation of Be that represents a considerable part of the life wan? 
. . . . . .  ~ . .  . . . . . . . . .  * . . . - .  . .  - . . . . . . .  .- . . . . . . . .  -. . . . .  . * . . - I .  . _..., .;.;-.:*>L4 .:4, 

3)  What l e  the pattern of tissue deposition, and bodily retention;- 

does a dynamic equilibrium of intake and excretion become established u b n  
. . . . . . . . . . .  . . .  d . ;:< 1 __ J.: . : .; i - z , < . y  ' -.;'.-:-T>XS 8a'ob. 

the intake is conatant but not acutely overwhelming? 
. . . .  . ....,. . I $axi? 

. . . .  . -. - . I  . . .  T. - ;  __.__iu : . I  1 ,' . X.!.? :', . .-::':? .->& f .::-:.; SiillJ - .  

*i;a: -e{' . . -  .. ~ .. .̂ ,.. .- - # ., ~- . . . . . .  

. . . . . . . .  . . . .  . . .  - c  . . . . . . . .  i ,J .3 Ojnf . .  L 

. -  . .1 .-. 

. . . . . . .  . .  . . . . . . .  . i . .  .-i. . . .  . .  . . . . . . .  . . . . . .  .,.jrG.; J L  mob 
I I .  . .- ... 

. - .  . . I  . L, . - - .  . . . . . . . . . .  .... - .  . i.-: "._ 23 .4iii67 . .  . . .  

. . .  ;.''24X . . . . .  I . . . . . .  ~ ,, .,; ;-:: _ .  _ . . . .  . .  

I I 3 0 1.1 3 -1 
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EXCBETIOB OF RADIUM BY DOGS AliTER A S1NGI;E I N T ' R A m U S  IHJECTIOH 

John B. Hush 
bY 

Abstract 

Two adul t  dogs received 50 pc radium as an intravenous injection. 

h i l y  urine and f e c a l  samples were collected and analyzed. I t  was found that 

- . - dogs excreted respectively 45.7 and 46.5 per cent of the dose during the 

first 10 days. 

Background: In the  course of preparing two dogs with radium burdens for 

use i n  other experiments i t  was decided t o  co l lec t  and analyze da i ly  urine and 

feces samples. 

below. 

The measurement o f  the radium content o f  the samples i s  reported 

Method: Two adult  beagle dogs each received 50 pc radium chloride 

solution as a single inject ion i n  the jugular vein. 

the inject ion solution was adjusted t o  pH 6.0. After the first inject ion an 

amount equal to  that injected was taken up i n t o  the syringe and discharged 

into a bo t t l e  containing 20 ml of 5 per cent HC1. 

were designated as the dummy injection. 

dose i s  based on analysis  of this solution and i s  equal t o  97 per cent O f  the 

value calculated f r o m  the  a c t i v i t y  o f  the radium stock solution. 

Immediately before us8 

The contents of the bo t t l e  

The value of  50 pc accepted a e  the 

Each dog was placed i n  a metabolism cage and dai ly  urine and feces  

Subsequently samples were collected f o r  a period o f  12 consecutive days. 

BpOt samples were collected as tabulated i n  the results.  

in to  a glass  b o t t l e  containing 25 m l  of 3.0 N HC1. 

from the s ta in less  s t e e l  b o t t l e  tray and traneferred t o  tared pyrex beakers 

containing 200 m l  3.0 8 HC1. 

The urine drained 

The feces  were scraped 

UR 01850 



7.  

The t o t a l  urine volume was measured and a sui table  a l i q u t  w a s  

digested with 10-25 ml concentrated €BO 

transferred t o  a deemanstion f l a s k  and analyzed for radium by the deemanstion 

The clear  digested sample w a s  
3' 

method (1). 

The f e c a l  sample atood i n  ac id  f o r  24 hours and then was homogenized by 

mechanical s t i r r i n g ,  weighed,. and an al iquot  (ca 25 gm) was transferred t o  a 

tared Kjelbhl flaak. The weight of  the sample wae determined by reweighing 

the remainder i n  the beaker and checked by weighing the Xjeldahl flask plua 

sample. 

- . .  

The sample was digested with the concentrated n i t r i c  and perchloric 

ac id  technique (1). An al iquot  of the digested sample was measured f o r  radium 

according t o  the same techniques used f o r  the digested ur ine samples. 

Results: The resu l t s  a r e  presented i n  table 1 (page 8 ) and Figures 

1 and 2 (pages 9, 10). The data agree with those obtained by Norris and 

Kisieleski (2) using rats i n  the sense that the experimental points fa l l  along 

a s t r a igh t  l i n e  on a log-log p lo t  as shown i n  Figures 1 and 2. The rat 

excretion was about 37 per cent of the dose a t  10 days as compared with 

45.7 per  cent dose and 46.5 per cent dose f o r  dogs No. 151 and 153 respectively. 

Bib l i o  graphs 

1. Hursh, J. B., and Gates, A. A. , Nucleonics, 2, NO. 1, 46 (1950). 

2. Norr i s ,  W. P., and Kisieleski ,  W . ,  Cold Spring Harbor Symposia on 
Quantitative Biology, Vol. XIII, 164 (1948). 
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STUDIES ON THE QUAIJTITATNE SEPARATION OF F'Rc1TEIN BOUND X O D m  FRrJM I O D I I E  

W. B. Mason, S. Coco aad K. Knight 
by 

Abstract 

Citrated plasma obtained from a patient on the fourth and fifth days after 

administration of 10 mc. 1-131 for hyperthyroidism has been used to stuw the 

separation of protein bound iodine from iodide. The data indicate 93% (Us3) of the 

plasma activity to be due to labeled PBI. 

precipitation with cold 5-15$ trichloracetic acid, with acid ZnSO4 + NaOH, with 
CuSO4 + NaOH, or with CuSO4 + m&W04 results in no appr.eciable loss in PBI. 

cipitation with !&GO4 + NaOEt, with N%WO4+ H2S04 or with trichloracetic acid at 

room temperature appears to be incomplete. 

Separation of proteins by dialysis, or by 

. Pre- 

The most satisfactory separation of F'BI 

,from iodide is by dialysis. Iodide is easily removed from the trichloracetic acid 

precipitate by washing with cold &-lo$ trichloracetic acid, but after four washings 

the loss of PBI amounts to approximately 8$. There is little loss of PBZ when the 

Zn(0H)z or CuW04 precipitates are washed with water, but after four washings some 

105 of added iodide remains. 

A n  excellent opportunity for evaluating various procedures for the separation 

of FBI from iodide recently arose due to the necessity of performing phlebotomy on a 

patient receiving 1-131 for hyperthyroidism. 

on the fourth day after oral administration of 10 mc. 1-131. 

Roughly 170 ml of blood were removed 

The following &Sy an 
. 

additional 460 m l  were removed. In each instance, the blood was drawn into a regular 

Baxter Bottle containing 2.94 gm dextrose, 1.64 @;m sodium citrate, 0.60 gm citric acid 

and 120 m l  water. Due to differences in dilution, 'the clear supernatants had different 

absolute activities, but were otherwise indistinguishable so far as the present experi- 

ments were concerned. 

gamma counter recently developed by the Medical Physics Section for measuring the 

activity of solutions contained in 25x150 mm test tubes. 

present study would have been impossible. 

Activity measurements were made with the aid of a sensitive 
- 
- 
a 

xz 

L' 
Without this instrument the 

i 

L*J 

Based on the Poisson distribution for counting rates, the standard ,deviation 

U R  01855 
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. . . _. ._ A”. . 

(oQ) for the data reported in the following sections is roughly 3 .  

I. Dialysis: 

Dialysis from a cellulose sausage against a slow stream of distilled water 

(0.09 I/1) resulted in a 7% loss of activity in two hours. 

sections, precipitation with various reagents carries down 92-9346 of the initial 

activity. 

As shown in subsequent 

It may therefore be concluded that some 9346 of the plasma activity represents 

labeled FBI. . .  
- - .  

Dialysis for 2 hours removed 90% of the activity due to added iodide containhg 

. 1-131 as iodide. Removal of iodide is roughly first order with respect to iodide . 

concentration. 

Data are summarized in Table 1. 

- .  Table 1 
Percentage Initial Activlty After 

. .  Dialysis For 
30 60 90 120 180 

min. min. min.  min. min. . .  - - - - -  Contents of Dialysis Sac 

I .. -- .- 
-- 3.00 m l  plasma (Bottle I) 93 93 96 -- 

duplicate 91 97 92 -- 
-- 93 93 3.00 m l  plasma (Bottle 11) -- . -- 

duplicate _ _  96 -- 93 91 

3 .OO ml plasma 375y iodide* 51 -- 19 13 -- 
duplicate 44 -- 17 5 -- 
3.00 m l  plasma, 0 . l l y  iodide* 45 25 15 7 -- 
duplicate 52 32 21 13 -- _ .  ’ - 

* Activity measurements corrected for activity due to labeled PBI 

11. Trichloracetic Acid: 

Precipitation from cold (5-8Oc) trichloracetic acid in concentrations of 5- 

Precipitation l5$ give results in good agreement with those obtained by dialysis. 

is incomplete with cold trichloracetic acid in concentrations of 2-1/2$, 17-1/29 a d  

2 6 .  Precipitation at room temperature is nearly complete from 5$ acid, but incomplete . .  

from 10%. 

acid, but the loss of activity totals 84 after four  washes. 

The precipitate may be washed equally well with cold 4-104 trichloracetic .. 
Slightly more activity 

is lost when the precipitate is washed at room temperature with 5% acid. 
is rapidly lost when the precipitate is washed with water, or with cold 1-24 

Activity 

I 1 3 0 IJ ii 4 UR 01856 
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1 3  * 

trichloracetic acid. 

The i n i t i a l  precipi ta t ion carr lee  down 12-2a of -added--iodide, 

but t h i s  can be nearly completely removed by washing with di lute  trl- 

chloracetic acid. 

Eqta  are summarized in Table 11-A and Table 11-B. 

22-25 

22-25 

22-25 

5-8 

5 -8 

5 -8 

5 -8 

5 -8 

5 -8 

5 -8 

5 -8 

5 -8 

5 -8 

5-8 

5-8 

T r  ich lora  c e t i c  

i t a t i o n  Sol. 

5 0 

5 5 

7 

dup 1 ica t e 

dup 1 ica t e 

10 LO 
duplicate 

2 1/2 - 
5 - 
5 1 

5 2 

5 4 

T a 
7 1/2 6 

12 1/2 LO 

17 1/2 - 

10 - 

15 - 

23 - 

Table 11-A 

Percentage of In i t i a l  Act ivi ty  in 
Super- Precipi ta te  a f t e r  being washed 
natant a l X 2 x 3 x 4  - - - X - - 

- - 
- 

- - 
7 

4 

7 

3 

3 

3 

5 

5 

5 

5 

7 

9 
No$es: I n i t i a l  a c t i v i t y  meaenre-ent made on 3.00 ml plaama and 12 ml water 
in  a 25x150 mm Pyrex t e a t  tube, and 15 ml t r ich lorace t ic  ac id  having twlee 
the  desired final concentration added S l O W l Y  with conetant m i x i n g .  
hour, eolution centrifuged and supernatant aspirated into a eecond t e a t  
tube f o r  a c t i v i t y  measurement. 
waeh solution. 
ml wash solution. 
B 0 I.U t 1011s. 

' 

After 1. 

Precipi ta te  waehed with 15 m l  portions of 
Activity of precipi ta te  meaeured a f t e r  reauspemion in. 15 

Refrigerated centrifuge (5°C.) used f o r  work with cold 



Table 11-B 

T r  i c  h lorace t i c  
Acid Conc. ($2 
Precip- Wash Temp, - (C.) 

22-25 

22-25 

5-8 

itation Sol. 

10 10 
duplicate 

- 

3 10 
duplicate 

10 8 
duplicate 

Iodide Percentage Iodide Remaining 
Added After Precipi ta te  Washed 
(Y 1 o x L x 2 x 3 x 4  - - - x 

0.11 12 6 4 2 -  
13 4 4 1 -  

11. 18 4 2 0 -  
18 4 2 1 -  

0.16 22 10 6 4 3  
21 9 5 4 3  

- Notes: Ini t ia l  a c t i v i t y  measurement made on 3.00 m l  phtrma and 12 m l  
water in a 25x150 mm Pyrex tes t  tube, 
of 1-131 (as  iodide) added and the solution made uniform. 
chloracetic ac id  havine twice the desired final concentration added 
s l a t l y  with constant mixing. After 1 hour, solut ion centrifuged and 
supernatant removed by aspiration. Precipi ta te  resuspended in 15 ml 
waeh solut ion f o r  a c t i v i t y  measurement. Centrifugation, asp i ra t ion  
an& a c t i v i t y  measurements repeated, using 15 m l  portions of wash 
solution. 
solutiona. 
FBI. 

Iodide containing a known amount 
15 m l  tri- 

Refrigerated centrifuge (5'C.) wed for work with cold 
Measured ac$iv i t ies  corrected f o r  a c t i v i t y  due t o  labeled 

111. Zinc and Copper Hydroxides: 

Precipi ta t ion from an acid zinc solution w i t h  sodium hydroxide 

gives r e su l t s  comparable t o  those obtained wi th  t r ich lorace t ic  ac id  

and by dialysis.  The precipi ta te  undergoes no appreciable lo80 in 

a c t i v i t y  when washed four times wi th  d i s t i l l e d  water, The i n i t i a l  pre- 

c ipi ta t ion,  however, car r ies  down 3 6 4 @  of added iodide, and t h i s  le  

incompletely removed by subsequent washing w i t h  water. 

cedures f o r  precipi ta t ion wi th  zinc hydroxide give lees sa t i s fac tory  

Two other pro- 

reqults,  perhaps due, i n  part a t  least ,  t o  t h e  r e l a t ive ly  large amounts 

of c i t r a t e  and dextrose present in the plaama. Precipi ta t ion with 

copper hydroxide appears t o  be complete. 

Delta a r e  eummarized in Table 111. 

UR 01858 
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Table I11 

Iodide Percentage I n i t i a l  Actlvity 
Added 
0 Note Procedure 

A Acid ZnSO + MaOH -- 
- 

dup 1icat)Q 

After Pr&ipi ta te  Washed 
o x l x a 3 x 4  - - - X - 
92 93 90 -- 91 
aa 92 94 -- 95 

B Acid ZnSO4 + NaOH 11 36 18 12 -- 8 
8 duplicate 40 20 11 -- 

C ZnSO + NaOH 
dup 4 ica te  

D ZnSo + NaOH 
dup 4 ioa te  
dupl ioa t e  
duplioate 

E CuSO4 +.NaOH 

a4 80 . 7a -- -- . 
82 a2 77 -- -- 
81 67 66 66 -- 
75 69 71 73 -- 
80 74 73 -- 
a0 74 -- 

-- 
-- -- 

-- 94 92 a7 -- 
91 -- 92 -- -- 

Noteg : 

ZnSO,,'&O and I25 m l  0.25 I? &so4 per l i t e r '  made uniform in a 25 x 
150 ERU pyrex test tube and 3.0 ml 0.75 I?I?aOB added elowly with con&ant 
etlrt.lng. 

removed by aspiration. 
resuspended in 15 ml d i s t i l l e d  water. 
portions of d i a t i l i a d  water. 

- 
A. 3.00 m l  pla- and 24 r n l  acid ZnSO4 solut ion (12.5 @I 

50.0 ml.ac€d ZnSO solution requires 6.72 m l  NaOH t o  the 

Activity measurements made with precipi ta te  
phenolphthalein end point. 2i olution centrifuged and the supernatant 

Precipi ta te  washed with 15 m l  

B. Procedure same as in A, except add iodide containing 1-131 
(as  iodide) t o  serum and make uniform before adding ac id  ZnSO4 solution. 
Activity meaeurements corrected fo r  ac t iv i ty  due t o  labeled PBI. 

C. 3.00 m l  plasma, 21 ml d i s t i l l e d  water, and 3.0 m l  ZnSO4 
solution (100 
NaOH added slowly with constant rn i r l rn.  
quires 11.0 ml NaOH t o  the phenolphthalein end point. 
procedure same as In A. 

~ n s 0 4 0 ~ 2 0  per l i t e r )  made uniform and 3.0 ml 0.5 IY 
10.0 m l  ZnSO4 solution re- 

Balance af 

De 3.00 m l  plasma, 15 ml d i s t i l l e d  water, and 2.0 m l  ZnSO4 
solution (100 @n ZnS04°7H20 per l i t e r )  made uniform and 2.0 ml 0.5 N 
MaOH added. 
phenolphthalein end point. Balance of procedure aame aa in A, 

10.0 ml ZnSO4 solution required 10.8 m l  NaOH t o  the 

E. 3.00 m l  plaema, 21 ml d i s t i l l e d  water, and 3.0 r n l  C S O 4  
solution (10.0 gm C S O ~ * ~ H Q O  disaolved In 90 m l  HzO) made uniform and 
300 ml 0.50 N MaOH added slowly with constant mixing. 
cedure same as In A. 

Balance of pro- 
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Iv. Tungatic Acid and Copper Tungetate: 

Precipi ta t ion of PBI with copper tungstate is cckplete and there 

is l i t t l e  loss when the precipi ta te  is washed with watero 

precipitation, however, carr ies  d a m  42-43$ of added iodide, 

with water reduces t h i s  t o  23$, but 11-& remains a f t e r  four washings. 

The i n i t i a l  

One washing 

Precipi ta t ion with tungstic ac id  appears t o  be s l i gh t ly  l e s s  complete 

than with copper tungstate. The prec ip i ta te  can not be washed wi t& 
. . .  

water. 

Data are eummarized in Table IV. 

Table IV 

Note 

A 

- 

B 

C 

Iodide 
Added 

(Y 1 
CuSO + Na2WO4 -- 
dupl 4 cate 

CuSO + Na2W04 11 
dupl 4 cate  

PerceQtage Ini t ia l  Activity 
After Precipi ta te  Washed 

4x 6x 

93 -- go -- 91 
94 -- 92 -- 91 

43 22 16 12 -- 
42 24 18 11 -- 

Notes: 
A. 3.00 ml plasma, 21 m l  d i s t i l l e d  water, and 3,O ml CuSO4 

100 m l )  made uniform in a 25x150 mm Pyrex 
' 

Na2W04 (6.0 lVa2WO4o-O per 100 ml) added 
slowly with constant mixing. 
removed by aspiration. 
resuspended in 15 m l  d i e t i l l e d  water, 
portions of d i e t i l l e d  watero 

Solution centrifuged and the supernatant 
Activity meaeurements made with prec ip i ta te  

Precipi ta te  washed with 15 r n l  

Bo Procedure same a8 in A except Iodide containing 1-131 
(a8 Iodide) mixed with eerum and water before CuSO4 solut ion added. 
Activity measurements corrected f o r  a c t i v i t y  due t o  labeled €31, 

3.00 ml plaema and 24 m l  d i s t i l l e d  water made uniform and 
1.5 m l  Na2WO4 solut ion (LOO gm Na2WO *2%0 dissolved in 1 l i t e r  H20) 
slowly added with constant mixing. 4.5 ml 0.66 B H@O4 added dropwise 
with constant mixing. Balance of procedure Bame as in A. 

C. 
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. . .  

V. Summary: 

C i t r a t e d  plasma obtained from a pat ient  on the fourth and fifth 

days a f t e r  administration of 10 mc. 1-131 f o r  hyperthyroidiem has been 

w e d  t o  study the separation of protein bound iodine from iodide. 

The data indicate 93$ (a-3) of the plasma a c t i v i t y  t o  be due t o  

ldbeled PBI. Separation of p r o t e r n  by dialysis,  or  by precipi ta t ion 

with cold 5-15$ t r ich lorace t ic  acid, wi th  acid ZnS3 + FlaOE, with 

CuSO4 + NaoH, or with CuSO4 + lVa,W04 re su l t s  in no appreciable lose 

in FBI. 

t r ich lorace t ic  aaid a t  room temperature appeare t o  be incomplete. The 

moet sa t i s fac tory  separation of PBI from iodide i a  by dialysis.  

Precipitation wi th  '&SO4 + MOH, with Na2W04 + %SO4 or  with 

Iodide 

is  e a s i l y  removed from the t r ichloracet ic  acid prec ip i ta te  by washing 

with cold 4-1@ t r ich lorace t ic  acid, but after four  washings the  108s 

of FBI amounts to, approximately 8$. 

the Zn(OH)2 or  CuWO4 precipi ta tes  a re  washed wi th  water, but a f t e r  

four washings eome 1 6  of added iodide remains. 

There is little loss of PBI when 
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TEE PEEVENTION 
m 

OF KIRPBDIATION 
RABBITS BY MEAmS 

by 
Y. A. Steadman and A. 

Abstract 

INDUCED WPHIGLYCEMLA 
OF INSULIH 

J. Grimldi 

The hyperglycemia produced in rabbits by whole b o w  x-irradiation 

reaches a maximum i n  about 4 hours a f t e r  the start of the i r radiat ion.  

For a dose of 2000 r the plasma glucose, which is normally about 130 mg 

per cent, is elevated on the average t o  a value o f  320 mg per  cent with 

occasional values over 500 mg per  cent. 

subcutaneously, 5 un i t s  a t  the start of the i r rad ia t ion  and 5 uni te  more 

i n  3 burs, the rise i n  plasns or c e l l  glucose is prevented from occurring 

in pract ical ly  every instance. 

t o  prevent the hyperglycemia f o r  lower doses. 

When regular insu l in  i s  injected 

Smaller amounts of  insul in  a re  suf f ic ien t  

Background: In a previous Quarterly Technical Report Thompson 

and Steadman (1) presented data on the temporary rise i n  blood glucose 

levels in the r a b b i t  following whole body x-irradiation. The magnitude 

o f  the dose administered varied f r o m  65 t o  2000 r. 

delivered by a Picker Industr ia l  X-ray machine operated a t  200 kv peak 

and had a half-value-layer of 1.6 mm of  copper. 

red b lood  c e l l  glucose concentration uas  observed t o  occur almost immediately 

a f t e r  the start o f  the i r rad ia t ion  with a maximum elevation i n  about 4 hours. 

Thereafter, the hyperglycemia subsided about as rapidly as i t  arose and i n  

24 hours the blood sugar l eve l  waa back to a normal value. 

The radiation w a s  

An increase in plasma and 

For a dose o f  

1000 r, f o r  instance, the plasma glucose leve l  changed, on the average, 

from a normal  value of about 135 mg per cent t o  a d m u m  a t  4 hours of 

about 300 mg per cent. The magnitude of the hyperglycemia increased with 
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the dose o f  i r radiat ion.  However, there was considerable individual 

variation i n  the response t o  i r rad ia t ion  and occasionally very much higher 

values (500-800 mg per cent) were found, especially i n  subsequent experimente ' 

with doses above 1000 r. In some of the instances of large hyperglycemia the 

animal succumbed immediately. 

I t  is, therefore, possible that an  extreme hyperglycemia following 

i r rad ia t ion  may have some significance in the explanation of the so-called 

i n i t i a l  shock state and ear ly  deaths i n  animals such as the rabbit. 

The appearance o f  hyperglycemia i n  other laboratory animals -8 -  

found by Kohn (2) to  develop more slowly and apparently to be not as eevere. 

He found that with rats, I r rad ia ted  with 600-900 r, the plasnra g l u m e s - l e v e l  

rose t o  210 mg per  cent i n  2 to  3 d a y s .  Guinea pfgs behaved much the 8ame. 

Proseer, Painter ,  and Swift (3) determined In a few dogs that a dose of  .: 

350 r produced i n  5 to 9 days a slow increase of only about 20 mg per cent 

above the n o m 1  value. 

Since the importance of insu l in  i n  carbohydrate metabolism is w e l l  

known, and i t  has been s ta ted  (4) that the administration of insulin w i l l  

prevent or reduce a hyperglycemia f r o m  whatever cause, i t  was o f  i n t e ree t  t o  

determine whether the hyperglycemia induced by i r rad ia i ion  a l so  could be 

prevented by the use of insulin. Farthermore, should the lipemia which in 

the r a b b i t  frequently appears on the  f i r s t  day after I r rad ia t ion  be r e l s t e d  

to the previous disturbance in carbohydrate metabolism, then a stud7 Of the 

e f fec t s  of insulin might have some bear ing  on the explanation of the elevation 

o f  l ip ids .  

Nethods: In order t o  t e s t  the effect8 of insul in  administration ths 

experiments mentioned above (1) were first extended considerably in order  t o  



have more animals  in the control se r ies  and t o  obtain a b e t t e r  evaluation 

of the magnitude o f  the hyperglycemia as a function of the dose of i r radiat ion.  

The methods used were essent ia l ly  as described i n  the previous report ,  and 

the ea r l i e r  r e su l t s  have thus been incorporated into the present data. 

In the conduct of the f i r s t  experiments two par t icu lar  procedures 

were used which require additional comment, namely, the U s 8  of anesthesia 

and the shielding of the head. I t  w a s  found i n i t i a l l y  that, with the rabbi t  

fastened t a  an animal board and i r radiated with small  doses (50-100 r ) ,  the 

r i s e  i n  blood glucose wae much higher than was expected from extrapolating the 

values obtained f o r  higher doses t o  a zero dose of i r rad ia t ion ,  that is, the 

threshold dose f o r  elevated glucose appeared t o  be very low. Subsequently, 

i t  was found that some animals exhibited a considerable hyperglycemia merely 

on being t i ed  t o  the board without being i r radiated.  Therefore, in order t o  

have a re l iab le  determination of the effect  of small doses not complicated 

by the e f fec ts  of alarm stimuli ,  the procedure of anesthetizing with nembutal 

was ins t i t u t ed ,  which proved t o  be sat isfactory.  However, f o r  a fundamental 

study o f  the e f fec ts  of insul in  i t  did no t  seem advisable t o  give insul in  

and nembntal a t  the same time and thus t e s t s  were made without nembutal f o r  

the higher doses of i r rad ia t ion ,  The resu l t s ,  t o  be given l a t e r ,  show that 

with high doses of i r rad ia t ion  the use of nembutal i s  not nece6sary, the 

magnitude of the hyperglycemia found i s  not signif icant ly  affected by the 

presence or absence o f  the anesthetic. 

As s ta ted  before, the head and neck shield was employed because, 

otherwise, many of  the animals receiving doses of 1500 t o  2000 r developed 

a nasal discharge in the f i r s t  day or two and died of suffocation, which 

trouble unduly interfered with the course o f  the experiment. The secretion 
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would dry up around the n o s t r i l s  and along with material piCged up f r o m - t h e  

bottom of the cage gradually would seal off the nasal passages. Apparently 

the r a b b i t  has not learned to breathe through the mouth i n  such an emergency. 

Tram subsidiary experiments on i r rad ia t ing  only the head i t  was concluded that 

i r rad ia t ion  of the head made l i t t l e  contribution t o  the hyperglycenria following 

whole body i r radiat ion.  More recently, however, the nasal  discharge hazard 

has been eliminated somewhat by cleaning away the secretion per iodical ly  and 

by placing the animal on a wire mesh f loo r  away from the bedding. Ths 

measurements t o  be given below show that the @tude of the &erglyceda 

is  easent ia l ly ' the  same whether the head is shielded or not. . -  

Glucose determinations were made on a pre-irradiation sample obtained 

a day or two before the i r rad ia t ion  and on samples taken at  2, 4, 6, and-24 

hours a f t e r  the start of the i r radiat ion.  'phe duration of the i r rad ia t ion  

w a s  approximately one hour f o r  each 1000 r. 

hear t  puncture using heparin as the anticoagulant. 

Blood samples were 0 b t a i n e d . b ~  

Both plasma and red blood 

c e l l s  were separately analyeed. ._ - . 

Measurements of the plasma t o t a l  l i p i d  were a l s o  made on the samea 

animals on samples W e n  at  one and two days aa  a continuation of  the 

experiments of  Steadman and Thompson ( 5 ) .  

- .i * 

I t  i s  intended, however, that the 

l i p i d  studies w i l l  be discussed in a separate report. . , ... : :' .A 

Admini s t ra t ion  of Insulin :>.s -k&:',4 

l'he ra t ionale  f o r  the treatment with insul in  for the purpose of  

preventing the hyperglycemia was arr ived a t  from a consideration o f  the work 

of Scott and Fisher (6). llhey found with fas ted  rabbi ts  that the subcutaneous 

inject ion of 2 un i t s  o f  regular insul in  per kilogram produced a bypoglycemia 

which w a s  f u l l y  developed In 2 hours (plasma leve l  of 50 mg Per Cent), 'bat  the 
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e f fec t  o f  the insul in  had ebout disappeared by 6 hours a f t e r  the injection. 

With the inject ion of the same amount of protamine-zinc insul in  the maximum 

depression of the blood sugar occurred at about 2.5 hours and the e f f ec t  

l as ted  f o r  about 10 hours. 

After some i n i t i a l  experiments using varying amounts of e i ther  type 

of insul in  administered by subcutaneous inject ion i n  the hind leg and injected 

a t  different  times re la t ive  t o  the start of the i r rad ia t ion ,  i t  w a s  found 

that the hyperglycemia could be prevented i f  the regular insu l in  were 

administered a t  the start of the i r radiat ion.  With the higher doses of 

i r rad ia t ion  the hyperglycemia could be controlled more effect ively by increas- 

. . .  

ing the insul in  dosage and by giving a second inject ion a t  3 hours a f t e r  

the f irst .  

the plasma glucose, but i t s  a b i l i t y  compared with the regular insu l in  was 

The protamine-zinc insu l in  seemed t o  have some ef fec t  i n  lowering 

small. Consequently, the insul in  studies were carried on principal ly  wi th  

the use of the regular insulin.  Since al l  of the rabbits were about the 

same i n  weight (7.5 t o  9 pounds) the i n s u l i n  dosage was the same i n  each case. 

The dose was 2.5 un i t s  f o r  the 1000 r i r r a d i a t i o n  dose end f o r  the 1500 r and 

2000 r doses 5 units were injected at the start o f  the i r rad ia t ion  and 5 uni t s  . 

more were injected 3 hours l a t e r ,  The preparation used was Insulin Squibb, 

40 units per cc, made from zinc-insulin crystals.  

was a l s o  made by the same company. 

"he protamine-zinc insu l in  

Results and D i S C U S S i O n :  The data on plasma glucose levels  following 

d i f fe ren t  i r rad ia t ion  doses f o r  the control rabbits and the insulin-treated 

animals a r e  presented i n  the main i n  summary form as averages for each experiment. 

The number of a n i m a l s  i n  each experiment i s  given and the conditi'ons of the 

experiment a r e  designated. However, the individual r e su l t s  f o r  a l l  of the 
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animals in  a se r i e s  a r e  shown i n  two instances t o  i l l u s t r a t e  the typical 

individual variation. 

From table  1 (page 27) i t  i s  seen that the hyperglycemia bas a maximam 

a t  4 hours and that the magnitude of the r i s e  i n  glucose increases with the 

dose. 

elevation versus r dose. 

were not anesthetized i s  indicated by a d e l t a , A ,  and i t  i s  observed t o  fall 

on the curve for the other experiments showing that with re la t ive ly  high doses 

of  i r rad ia t ion  i t  i s  not  necessary to anesthetize the animal when detenminlng 

the e f f ec t  of i r rad ia t ion  on the blood glucose levels. 

The accompanying graph, f igure 1 (page 2G, shows a p lo t  o f  the nmximwn 

!be maximum value for Experiment 3 wherein.the animals 

A comparison of Experiments 3 and 4 shows that shielding the head gives 

r e su l t s  which a r e  not s ignif icant ly  different  from i r rad ia t ion  of the  whole 

body. 

that anesthesia i s  not  important as a depression of alarm stimuli when 

re la t ive ly  high doses of  i r rad ia t ion  a r e  employed.. Table 2 (page 28 gives 

the resu l t s  f o r  the individual animals i n  Experiment 6 which was f o r  a dose 

of 2000 r ,  the head being shielded and the animal not aneathetized. Although 

the simple numerical average gives the &mum glucose elevation as occurring 

a t  4 hours, an inspection o f  all of the individual data,  including as w e l l  

the 500,  1000, and 1500 r values, indicates that the maximum ef fec t  may be 

sh i f t ing  somewhat toward an e a r l i e r  time as the dose i s  increased. 

Also a comparison of the data from Experiments 5 and 6 indicates further 

In table 3 (page 29) i s  presented the r e su l t s  obtained with insu l in  

treatment. 

( m e r i m e n t s  ’7 and 8) there i s  the indication from the s l i g h t l y  elevated 

values on the s ix th  hour that the insul in  i s  losing i ts  e f f ec t  by this time. 

The individual data and a few resu l t s  obtained with single doses of insu l in  

With the single inject ion of insul in  a t  the start of the i r r ad ia t ion  
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with 2000 r show th i s  insufficiency more strikingly. When, however, the insulin 

doaage is prolonged there seems t o  be pract ical ly  complete protection. 

The individual values f o r  Experiment 10 a re  given in  table 4 (page 30). 

With one exception,the Bo. 969 value a t  the second hour, the hyperglycemia is 

under control and i n  many instances a hypoglycemia was produced. It m y  have 

been that one or two of the animals in the experiments died i n  hypoglycemic 

shock but the evidence is mainly circumstantial. 

below 50 mg per cent but died unobserved during the night without any other 

apparent a u 8 e  of death. 

have been seen i n  any of the experiments when i r radiat ion was involved.‘ 

They had plasma sugsr level8 

On the other hand, no convulsions due t o  hypoglycemia 

Since a hypoglycemia has been produced i n  several instances with the 

insul in  a f t e r  the fourth hour ,  it i s  postulated that the l i ve r  glycogen muet 

have been depleted during the f i r s t  4 hours and W&8 the source of the eIc6eS 

plasma glucose because ordinarily a demonstration o f  hypoglycemia by insul in  

i s  effected with a fast ing animal. As a matter of f a c t ,  Bother (7) meaeured 

the glycogen content o f  the l i v e r  i n  the r abb i t  following i r radiat ion and 

found i t  t o  have been markedly reduced. I t  seems plausible therefore that the 

i r rahiat ion causes, somehow, a mobilization of the l i ve r  glycogbn into glucose 

and that the normal supply of  insul in  i n  the animal i s  not suff ic ient  to  

prevent the rapidly developing hyperglycemia although it is effective i n  

restoring the blood glucose to normal levels in  24 hours, othemiae there- 

w o u l d  be a perlllanent elevation 88  l n a d i a b e t i c  individual. 

. 

The average .values f o r  the insulin-treated animals a re  a l s o  plot ted 

in figure 1 (page 26) f o r  comparison. 

with insulin and Irradiated with 2000 r dose without anesthesia and without 

a head shield. 

Three other animals were also t reated 

The hyperglycemia was a l s o  prevented. This t e s t  serves a e  
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a check on the procedure in the case o f  whole body i r rad ia t ion .  

b lood  c e l l  glucose levels i n  the above experiments with insu l in  were s imi la r ly  

found t o  be maintained a t  a normal level .  

course of the hyperglycemia induced by whole body x-irradiation seems to be 

well i n  accordance with i t a  properties o f  reducing hyperglycemia caused by 

other  conditions or agents. 

The red 

Thus the e f f ec t  of the insu l in  on the 

The e f f ec t  of the insulin administration on the appearance of the 

lipemia i s  not as def in i te  o r  as marked. 

the t o t a l  l i p i d s  but the va r i ab i l i t y  of the data obtained i n  the above 

experiments cbes not permit a re l i ab le  conclusion as yet. 

There seems t o  be a reduction In 

The present experiments were not v e e  well adapted to proving whether 

or not the use o f  insu l in ,  with the resu l t ing  absence o f  Werglycemia,  ha8 

a beneficial  e f f ec t  on the c l i n i c a l  appearance or early mortali ty of the 

animals. 

and with the large doses of i r rad ia t ion ,  par t icu lar ly ,  there w a s  a high incidence 

of death within 2 days due t o  damage from the heart punctures. 

This i s  because several  blood samples were taken i n  a short t i m e ,  

In these. cases 

of  ear ly  f a t a l i t y  a severe hemorrhage into the pericardium o r  the chest 

cavi ty  was found which presumably was related to  a long blood-clotting t ime .  
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TABm 2 

PUSMA GLUCOSE IN MILLIGBAMS PER CIEllTll 
200 XVF X-RADIATION HVL 1.6 MM COPPER 

(Controls - meriment 6 - 2000 r)  

hima1 Time After Start of Irradiation ia Hours 
NO. Pre- I rrad. 2 4 6 24 

953 

955 

958 

959 

962 

966 

970 

974 

976 

982 

137 

115 

160 

122 

122 

120 

135 

162 

107 

142 

360 

264 

2 l O  

222 

230 

340 
256 

365 

273 

415 

375 
286 

214 

202 

236 

305 

a6 

540 

385 

160 

272 

152 

135 

234 

230 

260 

510 

218 

106 

80 

105 

104 

214 

190 

145 

94 

130 

Average 132 294 307 241 130 
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PUSHA GLUCOSE IB MILLIGIiaMS PER CEaP 
200 PCVP X-BBDUTIOB HVL 1.6 MM COPPER 

(Insulin Treated - Experiment 10 - 2000 r) 

Animal 
NO. 

Time After Start of Irradiation i n  Hours 
2 4 6 24 Pr e- I r rad. 

954 

956 

957 

960 

961 

965 

969 

973 

975 

981 

149 . 

107 

117 

131 

110 

119 

120 

187 

110 

173 

116 

102 

130 

140 

82 

104 

248 

126 

118 

135 

110 

50 

135 

67 

85 

160 

86 

120 

118 

86 

54 

140 

53 
102 

129 

123 

95 

117 

121 

51 

56 

145 

59 

121 

97 

118 

Average 132 130 104 100 96 
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PRCYITCI'IOR OF THE-X IRRADIATED DOG WITH 
by 

M. Coulter and R.  

EXTERNAL ABDOMINAL SHIELDING 

Miller 

Abstract 

Sixteen adul t  dogs t h a t  were survivors of 525 r 1 M E V  x-irradiat ion were 
. 1 -  

exposed 3 months l a t e r  t o  525 r of 250 KV x-irradiation. 

t h e i r  e n t i r e  abdomen shielded with 1/8 inch lead during exposure. 

One-half of the dogs had 
- .-_ 

None of the 

shielded dogs died, while all. of the control dogs 

i r rad ia t ion .  The WBC count f e l l  i n  the customary 

. .  ._  
were dead by the  23rd day a f t e r  

fashion i n  the control dogs, but 
_. - . ~ .. 

none of the shielded dogs developed WBC counts of 

t h a t  abdaminal shielding 

of t o t a l  body radiat ion.  

Lead shielding of 

survival r a t e  of animals 

shown t h i s  t o  be t rue  i n  

will s t i l l  protect  a dog 

- - -  

l e s s  than 1500. 

t h a t  has survived a previous LD 90 

It i s  evident 

... 

/e . .  

the exteriorized spleen during exposure increases- the ,  

exposed t o  a l e t h a l  dose of x-irradiation. 

mice, rats and guinea pigs (l,2,3). 

Jacobsorhas 

A previous r e p o r t  from 

t h i s  laboratory indicates  that lead shielding of the exter ior ized spleen was e f f e c f i m  

in reducing x-irradiation mortal i ty  i n  dogs (4). .- 

It was f e l t  that external shielding of the whole abdomen might provide-a more 

p rac t i ca l  approach t o  the prevention of the acute radiat ion syndrome. 

t h i s  method, one could determine the t o t a l  cumulative dose of i r rad ia t ion  from 

repeated exposures which a shilded animal could survive md study the  hematologic 

changes acc0nrpT-g repeated doses. 

Further , -vi th  

In t h i s  study 16 adult  dogs which were survivors of 525 r 1 MEV x-irradiat ion 

were re-exposed 3 months l a t e r  t o  525 r of 250 KV x- i r radiat ion.  

dogs had t h e i r  en t i r e  abdomens shielded with 1/8 inch lead during the exposures. 

Animals were radiated i n  pa i r s  comprised of one non-shielded and one shielded dog. 

The dogs were anesthetized and l a i d  on t h e i r  backs during the radiat ion.  

One-half of the 

Results: None of the shielded dogs died, while all of the control dogs were 

dead by the 23rd day post-radiation. The gross pathology i n  the control  dog8 that 
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died was typicdl of t h a t  found i n  the acute radiat ion syndrome; severe hemorrhage of 

the lungs and/or gas t ro- in tes t ina l  t r a c t  being the predominant cause of death. 

The average white blood c e l l  count of the dogs a t  the beginning of t h i s  

experiment was lower than t h a t  obtained before the dog had received any radiation. 

The average count was approximately ll,OOO when the dogs were received in to  the colony 

and approximately 7,000 before the 2nd radiation; which was 3 months a f t e r  the first 

radiation. 

incomplete 3 months after the f irst  exposure. 

Therefore, it may be possible t h a t  hematopoietic recovery was s t i l l  
. . .  

Following the second exposure, the white blood c e l l  count f e l l -  t o  lower l e e 1 8  

in the control than i n  the shielded dogs as shown in Graph I (page 34). None of 

the shielded dogs had a white blood c e l l  count below 1500 i n  the post- i r radiat ion 

period. There was no s ignif icant  difference in the p l a t e l e t  values between the 2 

rl groups, Graph I1 (page 34). No s igni f icant  differences i n  the hematocrit values 

were noted between the groups for the first 9 days post-radiation. From t h i s  t i m e  

on the values were much lower i n  the control  group. 

mortali ty i n  the control dogs occurred. 

During t h i s  period the greh tes t  

Discussion: This method of external  abdominal shielding does not give one 

any defini t ive data regarding the mechanisms and organs involved i n  the protection 

afforded the animal. 

abdominal organs, is shielded. However, it w i l l  be of prac t i ca l  i n t e re s t  t o  determine 

Using t h i s  technique,'some ver tebral  marrow, as well as the 

how many exposures t o  a large dose of x-irradiation a dog can sumdve. It is planned 

t o  re-expose the survivors of t h i s  study a t  approximately 2 t o  3 months in te rva ls  

t o  the same dose of x-irradiation and t o  protect them with abdominal shields.  

f i 3 t ) b b ; i  
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PrelFmlnary Report on some Clinical  Features of 

the Radiation Syndrom Complicated by Induced Infection 

Miller, B. W. and Coulter, M. P. 

A preliminary study of the  e f f ec t s  of induced sepsis and peri-  

t o n i t i s  in t he  radi&ed ( m y )  dog is presented. 

infected died and the m r b i d i t y  r a t e  was very high. 

hematocrit did not r e f l e c t  the preeence of infection. 

of  terminal unreetrained growth of bacter ia  in the blood stream ocpurred. 

100% of the animals 

The WBC count, and 

A high incideace 

The gross pathology of the  animals w i t h  sepsis  showed changes indis t ing-  

uishable from those of the uncomplicated rad ia t ion  syndrome except f o r  the 

severe hemorrhages i n  the kidney cortex. This anatomic a rea  wag much 

more extensively involved than usual. The value of  a prophylactic broad 

spectrum ant ib io t  i c  is discussed. 

The h u m  radiat ion casualty is apt  t o  suffer concomitant 

infect ion as a consequenoe of  wound^, burns, epidemics, o r  from dormant 

pre-existent foc i  of infection. The purpose of  these s tudies  is t o  

determine some of the c l i n i c a l  and pathologic features  of t he  rad ia t ion  

syndrome when combined with infections of various types. 

A .  Induced seps is  : 

Methods: A group of mongrel dogs c o n a i s t i q  of 12 males and 13 

females was divided and t r ea t ed  a8 follows: 

(1) 9 dogs : X-irradiated plus intravenous staphylococcus aureus 

intermit tent ly  post- i r radiat ion.  
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( 2 )  9 dogs: radiated corrtrols. 

( 3 )  7 dogs: injected as in group (1). No i r rad ia t ion .  

X-ray factors :  250 Kv 15 ma planocomex aluminum f i l t e r  with 0.5 

mm copper, 7.6-8.0 r/minute, 450 r t o t a l  dose. 

Bacteriologic factors  : 4.5-18.0 x 1O1O bacteria* were injected into 

a jugular vein on the 2,6,9,l3 and 16th days following i r rad ia t ion .  

One CC of blood was drawn fo r  cn l tme  before 'the bac ter ia  were injected 

and 1 cc of blood was obtained f o r  culture 24 hours l a t e r .  Colonies 

were counted 24 hours a f t e r  the pour plates  were made. 

Hemtology : 

3 control  hematocrits and white blood counts were eecured. 

These determinations were repeated on the 2,6,9,13 and 16th days poet- 

radiat ion.  

The white blood count was determined 1/2, 1,2,3,4, and 24 hours 

a f t e r  the first two bac ter ia l  injections (2  and 6th &ye) i n  4 radiated 

dogs and 4 non-radiated animals. 

Path 3 logy: 

Autopsies included an examination of a l l  organa but the brain.  

Sect iom were taken f o r  microscopic study but have not yet been reviewed. 

EgC'e: - 
Made used were Am, AVL, AVF, and two precordial leads: one from 

the  3rd interspace ju s t  t o  the left; of the sternum alcld the  other wae 

in the  5th interspace i n  the  mldclavicular l i n e .  

obtained. 

until a l l  the  infected radiated animals had succumbed. Then D ' s  were 

3 control  recorde were 

Following the clay of i r rad ia t ion  a l l  dogs had daily 

secured every other day on the radiated controls.  

* Staphylococcus aureu8, American type cul ture  col lect ion #8O1 
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Results : Mortality: 

Treatment No. of  dog6 t rea ted  # died Dsy of death 

9 6 - 18 -- Radiation + sepsis  9 

Radiation 9 3 7, 13, 27 

Bacteriology : ... 

A l l  do@ receiving the  intravenoas bacter ia  had posi t ive .-_ blooct _- 

cultures during the experiment. 4 of the radiated infected animal6.had 

500 colonies o r  more per cc of blood, usually jnst before ba th ,  wMle 

only one control  had more than 200 colonies (500) .  . 3 radiated infeited 

dogs died 36-60 hours after their last blood cul ture  had been obtaiaed. - -- 

The poss ib i l i t y  exists that t h e i r  colony count would have been higher 

had the  blood been cultured at  a time closer t o  t h e i r  baths. '.L 

ESmatology : 

(a) Hematocrit: There was a gradnal linear b c l i n e  in the  hearettocrit 

levels  beginning the  6th day post-irradiation (Graph I). The valuea of 

the  infected non-radiated animals f e l l  too, so that until the 9 th  dar, 

at leas t ,  no difference could be found i n  the hematocrit levela for any 

of the three groups. However, there was no summation of depressant 

e f fec ts  in the  dogs who were both i r rad ia ted  and infected.  

(b)  , WBC: - . The ueual exponential decline i n  white blood c e l l  counts 

of both the  radiated controlrr and the radiated infected animals was 

demonstrated (Graph 11). No difference between the  two group6 was 

detectable. 

Neither the  infected controls nor the infected radiated dogs 

displayed a leukopenia o r  leukocytosis within the first four hours of 

the Inject ion of t h e  bacter ia .  The infected controls did have a marked 
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- -  

leulrocytosis 24 horns l a t e r ,  which was not displayed by the radiated in-  

fected animals (Graph 111). 

EKG: - 
The table 8UImrariZes the  mrkedly posi t ive findings-. More subtle 

changes w i l l  be reported after f'urther s tudies  of the recorda obtained 

have beem-=de . 
I E G  c h w s  Radia%ed-infected dogs Radiated dog8 Infected dogs 

S - T displacement 4/9 3/9* 6/7 

Increased QRS time 2/9 0 0 

* 2 of' these b g e  hadgross  pathologic changes of severe infection. 

Pathology : 

All but one infected radiated dog had very marked hemorrhages in 

the  rem1 cortex, a finding t h a t  is rare i n  radiated animals i n  which 

8epsit3 has not been induced. me gross cardiac lesion8 in t h e  radiated 

and Infected dugs were no more extenalve than they are In non-septic 

radiated animala. 

B . Induced pe r i ton i t i s  : 

Msthoib: A group of 12 mongrel dogs w e r e  divided and t r ea t ed  a s  follows: 

(1) 6 animala were i r rad ia ted .  on t h e  7th day a f t e r  i r rad ia t ion  

an intraperi toneal  inject ion of staph aureus w a s  given. 

(2)  6 non-irradiated dogs received staph aureu8 as did those 

animals i n  Group I. 

(These animala had survived a previous t o t a l  body i r rad ia t ion  (350 r L D l O )  

administered two months previously. ) 

X-ray factors :  

dose r a t e  was 8.2 r/minute . 
Same a0 dog8 In  the eepsie experiment except t ha t  the  

Bacteriologic Factors: Sams as i n  sepsis  experiment except t ha t  5.28 x 

lolo bacter ia  were injected in to  the lef% upper quadrant of t he  abdomen 
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imtead of the  I . V .  inject iuns.  Blood cultures were taken before inject ion 

and &, 1, 5, 24 and 48 hours a f t e r  inject ion.  

of the  serosa l  surface of the gut were obtained at  poet m o r t e m .  

Heart 's  blood an& cnlttlres 

Hemato logy : 

2 control  white blood counts were obtaine& on each dog. %is determina- 

t i o n  w a s  repeated following radiat ion on the  eame schednle as the  blood cal- 

. .. tures. 

Pathology: 0. 

Poet-IllorCem exams were done on the  animals as in  the  sepsis  experiment. 

Results : m r t a l i t y ;  

Treatment # dogs t r ea t ed  # died m y  of Deetth 

Radiation + per i ton i t i s  6 6 1,1,1,1,*;% 

Per i ton i t i s  6 0 -e-. 

* GrOBE pathologg showed no per i ton i t i s .  Blood cul tures  _showed t h a t  2 were 
probably indected I.V. while pathology showedthat 3 were injected In to  
the rectum mnscles . .- 

Hematology: 

Graph IV shows the WBC counts of the 2 groups of dogs on the  

7th day post- i r radiat ion following the Intraperitoneal in jec t ion  of- 

staph aurew. 

Pathology : 

Chan&m i n  a l l  radiated animals were typ ica l  of the usual path- 

ology found i n  the  radiat ion syndrome except that the four animals in 

which I . P .  inject ions were accomplished , showed erytherra of the 

en t i r e  bwel serosa, w i t h  bloody f l u i d  f ree  within the  abdomen. The. 

one a n i m a l  had gangrene of the terminal ileum. The animal which w a s  

presumed t o  have been injected intravenously ehowed no gross evidence 

of pe r i ton i t i s .  Another dog had a hemorrhagic necrosis of the muscle8 
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and subcutaneous t i s s u e  covering the l e f t  side of  the abdomen and lower 

chest suggesting t h a t  the intended I.?. inject ion had ac tua l ly  been 

deposited i n t m c u l a r l y .  

of  pe r i ton i t i s .  

Discmaion: 

This dog had no pass pathology indicative 

Aureoqcin has recent ly  proved in our  l a b o r a t o r g t o  be in -  

effect ive in t he  treatment of the ancomplicated radiat ion syndrom in 

dogs (1) . The increased l e t h a l i t y  of the  syndrome when infect ion is 

superimposed, as shown above i n  the  studies on induced infection, points 

out the benefi t  t h a t  may come f'romthe prophylactic aee of a broad 

spectram an t ib io t i c  f o r  the human victim of an atomic catastrophe. .  

Thae, oven though euch a drug m y  not decrease the mortali ty of the 

pure bred rad ia t ion  disease, it m y  prevent the superimposition of in- 

fection, the  sever i ty  of which is  heightened when the  host has been 

i r rad ia ted .  

w i l l  reduce t h i s  induced infection - radiat ion mortal i ty .  

Experiments are now under way t o  determine if an antibiotic 

The presence of infect ion in these experimnte was not re f lec ted  . 
. 

i n  the white blood count even on the eecund day. post - i r radiat ion.  

hemtocr i t  w a s  equally unrevealing. 

radiated dogs was s i m i l a r  t o  t h a t  of non-infected radiated dogs. .These 

findings suggest t h a t  the  sign6 of infection might be maeked by the  

radiat ion sickness t o  so- extent, and that delayed recognition of in- 

fection would compromise the individual 's  chances for ourvival. 

The 

The gross pathology o f  t h e  sept ic  
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swmnary: 

A preliminary study of the  effect0 of incfnced sepsis and per i -  

t on i t i s  i n  the radiated (LDjO) dog ls presented. loo$ of the  a n h t i b  

lnfecteddied,  and the  morbkdity rate wa8 very high-. The WBC, and- 

hemtoc r i t  did not r e f l ec t  the presence of infection. A high incidence 

of terminal unrestrained growth of bacter ia  i n  the blood stream 

occwrred. 

indistinguishable from those o f  the  uncomplicated rad ia t ion  syndrame 

The p o s e  pathology o f  the animals with sepsis showed changes 
I 

except fo r  the severe hemorrhages in  the kidney cortex.  This anatomic 

area was much more extensively involved than usual. The value of a 

prophylactic broad spectrum an t ib io t i c  is diecussed. 
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STUDIES FU3LATIVE TO THE PHAGOCYTIC A C m T Y  OF LEUKOCYTES IN IRRADIATED DOGS 

M. Ingram and M. Adams 
by 

Abstract 

A convenient i n  v i t r o  method of studying the phagocytic a c t i v i t y  of leukocytes 

by incubation whole heparinized blood with saccharated i ron  i s  described. ' 

Preliminary interpretat ion of s tudies  r e l a t ive  t o  the phagocytic activity of 

leukocytes of i r rad ia ted  dogs and i r rad ia ted  dogs t rea ted  with Pyromen after exposure 

indicates tha t :  

1. I r rad ia t ion  with 300 r produces a decrease i n  phagocytic a c t i v i t y  of 

leukocytes one week a f t e r  exposure. This e f f ec t  i s  not observed i n  momem t r ea t ed  

dogs exposed t o  a l i k e  dose. 

2 .  Phagocytic ac t iv i ty  re turns  t o  normal before the beginning of hematopoietic 

recovery a s  indicated by leukocyte counts. 

3. The magnitude and direct ion of post-exposure trends of the leukocyte 

counts are similar i n  the two groups of dogs. - - -  
The phagocytic a c t i v i t y  of leukocytes i s  generally considered t o  be of 

cent ra l  significance i n  combatting infect ion and t i s sue  damage, and in clear ing away 

debris, whether it be produced by normal wear and t ea r  or by sudden trauma.. In. this 

respect there has been considerable speculation regarding 1) the e f f ec t s  of whole 

body i r rad ia t ion  on phagocytosis and 2:) the possible contribution of a l t e r ed  

phagocm ac t iv i ty  t o  the ,general picture  of radiat ion induced damage and subsequent 

recovery. The present report  i s  intended primarily as a description of a convenient 

method for  Cirect study of the phagocytic ac t iv i ty  of leukocytes. Certain.preliminary 

observations which have been made i n  i n i t i a l  experiments a re  presented b r i e f ly .  - 
- 

Methods of studying phagocytosis generally fit int'o one of three categories, klf 
cz3 
c- 
6i= namely 1) his to logica l  studies i n  which t i s sues  are  observed with special  regard f o r  

the presence of phagocytes containing debris or  injected material, 2:) studies  of the 
7 c 

f a t e  of Injected par t iculate  materials which may or  may not be labeled with radio- 
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active isotopes and which axe known t o  be readi ly  phagocytized, and 3) studies of 

phagocytes incubated with bacter ia  or similar ua r t i c l e s ,  as i n  the opsonocytophagocytic 

t e s t .  The method described i n  

t o  be unusually well sui ted t o  

blood ce l l s .  

Specif ical ly  the method 

t h i s  report  belongs i n  the th i rd  category and appears 

d i rec t  evaluation of phagocytic a c t i v i t y  of white 

consists of incubating f resh ly  drawn heparinized whole 

blood with saccharated iron* which i s  readi ly  taken up by granulocytes and monocytes. 

This material  has several  advantages of which the most notable a re  1) low tox ic i ty  

f o r  leukocytes, 2) the r a t e  and extent of uptake are  not influenced by p r io r  spec i f ic  

-. 

. 

sensi t izat ion of the animal t o  the phagocytized substance, and 3) the presence of 

saccharated i ron i n  the c e l l s  may be beaut i fu l ly  demonstrated by the Prussian Blue 

reaction. 

The procedure i s  carr ied out a t  3 7 . 5 O  C. i: approximately 0.lo C.  A water bath 

equipped with an e l e c t r i c  s t i r r e r  and cold water cooling co i l s  as well as e l e c t r i c a l  

heating u n i t s  and a thermoregulator permits maintenance of the temperature within . .  

these limits. 

rubber stopper. 

stopper and f i t s  in to  the chuck of an e l e c t r i c  s t i r r e r .  

s t y l e t  a l so  runs through the stopper and i s  long enough t o  reach the bottom of the-  

f lask .  

permit excape of air when blood i s  injected in to  the otherwise closed system. 

The react ion vessel i s  a lOcc volumetric f l a s k  with a snu&y f i t t i n g  

A so l id  glass  rod runs from the bottom of the f l a s k  through the 

A long #20 needle with 

A second short  #20 needle without s t y l e t  i s  inser ted through the stopper t o  ’ 

Before a run i s  made, the water bath i s  brought up t o  the desired temperatme 

and observed f o r  a period of time suff ic ient  t o  assure the observer t h a t  temperature 

i s  maintained within the desired limits. 

holding the volumetric f l a s k  i s  lowered so t h a t  the flask i s  immersed approximately t o  

the cal ibrat ion mark in the  water bath. 

During t h i s  warm-up period the s t i r r e r  
I 

A small 5cc b o t t l e  containing dried heparin 

* The commercial preparation Proferrin, kindly supplied by Sharp and Dobme C O . ,  

has been used i n  these studies. 
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and a measured amount of saccharated i ron is also suspended i n  the 

water bath.  

venous blood is drawn quickly using a syringe and needle which have been 

When the temperature has s tab i l ized  a t  37.5' C . ,  lOcc of 

previously warmed t o  body temperature i n  a hot a i r  oven. 

is  immediately discharged into the heparin-saccharated i ron  bo t t l e  

which in  tu rn  is held i n  the water bath where mixing i s  accomplished 

by ro ta t ing  the bo t t l e  by hand i n  the  horizontal  plane for  30 seconds. 

This blood 

The mixture is then aspirated into a second wamned syringe and trans- 

fered quickly t o  the volumetric f l a s k  through a long needle. 

is replaced, t he  s t i r r e r  holding the f l a sk  s ta r ted ,  and s e t  a t  the  low- 

ee t  speed indicated on the rheostat  control d ia l .  Blood can be sampled 

a t  any time by stopping the s t i r r e r ,  removing the s t y l e t  and at taching 

a s y r i w e  t o  t h e  long  needle. 

seconds. 

The s t y l e t  

The sampling procedure requires 13-20 , 

The equipment and procedure a re  i l l u s t r a t e d  i n  Figures I and 11. 

Coverslip blood smears are pulled from the  blood sample asp i ra ted  

*om the  f lask .  These smears are  l a t e r  s ta ined by immersion f o r  

approximately 12 seconds i n  a mixture of  equal par ts  of f reshly prepared 

lo$ potassium ferrocyanide and lo$ HCL a t  55-60° C .  

o f  basic fuchsin i n  95% e thyl  alcohol is  used as a counterstain.  

basic f'uchsin staine nuclei deep pink, erythrocytes and cytoplaam 

of leukocytes pale pink. The ingested i ron is ident i f ied  by the  v iv id  

Prussian Blue color which makes even sin@ granules of ingested Iron 

stand out sharply. 

, 

A 0.3$ solut ion 

The 

Cells which contain i ron a re  classed as "marked", those which do 

not as "unmarked". In  reading smear8, the  lymphocytes a re  conaidered 

t o  be non-phagocytic, a l l  other leukocytes as phagocytic. Leukocytes 

a re  c lase i f ied  as 1.) marked phagocytes, 2 . )  unmarked phagocytes, o r  

3 . )  lymphocytes. The extent of phagocytoeis is then expressed as the  

percent of phagocytes which contain ingested i ron.  
f f 3 f j  1: ;; 2 
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Preliminary observations u t i l i z e d  the blood of  a dog with 

20,000 - 30,000 leukocytes per cubic millimeter. 

cc  of saccharated i ron was found t o  be suff ic ient  t o  mark a large per- 

Three ten ths  of a 

centage of the phagocytes i n  lOcc of t h i s  blood i n  ha l f  an hour of 

incubation. mrger amounts of saccharated iron resu l ted  in  negligible 

increases i n  the  uptake. 

saccharated iron/lOcc blood has been used i n  alll experiments car r ied  

Accordingly, t h i s  proportion o f  0.3CC 

out t o  date. 

Although interpretat ion of the r e su l t s  of i n i t i a l  studies of 

phagocytic a c t i v i t y  of the  leukocytes of normal and i r r ad ia t ed  dogs is 

not yet completed, cer ta in  interest ing observations can be =de on the 
' 

basis o f  a preliminary survey of  r e s u l t s .  Representative preliminary 

data &om an experiment u t i l i z i n g  four dogs are presented i n  Table 1. 

In t h i s  experiment, 4 dogs received whole body exposure t o  300 . . .  i 

r of 250 Icvp x-rays. Two of the dogs received 2 micrograms of Pyromen* 

i . v .  three times a week. The other two dogs received no Pyromen. 

Phagocytosis studies on each dog's blood were done once a week fo r  4' 

weeks, and one last run was made s h  weeks a f t e r  exposure. These 

studies consisted of e e r i a l  s a q l i n g  of incubated blood-saccharated 

Iron preparation over a period of 40 minutes. 

c laes i f ica t ion  of lOOO-lemkocyte8 f o r  each dog f o r  each in t e rva l  

The protocol ca l l ed  fo r  

sampled. Table I, however, represents only the final in t e rva l  ( i  .e 

a f t e r  40 minutes incubation) and the figures are subject t o  moderate 

* momen i s  a non-protein bac ter ia l  component which, among other effects, .  

is  believed t o  stimulate the reticulo-endothelial  system. The Pyromen 

fo r  these experiments has been supplied through t he  courtesy of the 

manufacturers, Travenol Laboratories, Inc . 
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revis ion since in  some instances fewer than 1000 c e l l s  have been 

c lass if ied . 
The more noteworthy aspects of r e su l t s  obtained t o  bate a r e  as follows: 

1. Phagocytic ac t iv i ty  of the leukocytes of heavily i r rad ia ted  dogs 

is  depressed t rans ien t ly  during the first post-exposure week. 

Phagocytic a c t i v i t y  returns t o  approximately normal level8 two 

weeks after exposure dsspite the  f a c t  that leukocyte counts 

remain markedly depressed until much later and are s t i l l  below 

normal six weeks after exposure. 

The post-exposure administration of 0.2 cc of Pyromen three tlmes 

a week appears t o  have prevented the post-exposure depression of 

2 .  

3 .  

phagocytic ac t iv i ty  of b g  leukocytes. 

The post-exposure administration of 0.2 cc of Pyromen three times 

a week did not al ter the direct ion or  magnitude of the  t rend  of  

leukocyte counts during the poet-expoeure period. 

the production of granulocytes appears t o  have had no higher 

p r io r i ty  i n  Pyromen-treated dogs than i n  untreated dogs. 

4. 

Specifically; 
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Table I 

Leukocyte Phagocytic Activity =pressed 
as $ of Pre-exposure Phagocytic Activity 

(Pr0li-y Survey Of R e s U l t 8 )  

Te-. - 
Ixposure 

4 

100% 

1 wk ,, - 

63$ 

107% 

2wka , 4 wks 

1114 
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Table I1 

Phagoc;Ytic Activity of Leukoc;gtes of Dradiated Dogs 

I 
$ granulocytee* 

Phagocytic a c t l v l t p  
Pre -exposure 

$2 granulocytes 
1 Wk. poet- 
exposure Phagocytic a c t i v i t y  

I 
$2 granulocytes 

2 WkIil . post- 
exposure Phagocytic a c t i v i t y  

1 
$ wanulocytee 

3 WkR post- 
exposure Phagocytic a c t i v i t y  

$ granulocytes 
4 wks post- 
exposure Phagocytic a c t i v i t y  

I 

84% 

63k 

64% 

108% 

83% 

lll$ 

wadiatid + Fyromen , 
I 123% 

75% 
121% 

* AB determined on routine d i f fe ren t ia l  WBC counts. 

** Expressed as $ of  pre-exposure phagocytic ac t iv i ty ,  or 

$ phagocytes containing ingested iron after 40 minutee 
incubation during post-exposure period 
$ phagocytes containing ingested i ron after 40 minutes 
incubat ion during pro -exposure per io d 

x 100 
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Figure 1. 
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EFFECT OF RUTIN ON TRE X-IRRADIATED DOG 

M. Coulter and F. Furth 
by 

Ab s t r ac t 

A group of 24 nonnal dogs were exposed t o  450 r of 250 KV x-ir radiat ion.  This 

dose has been producing a mortali ty of 60-70$ i n  dogs in  t h i s  laboratory. 

were divided in to  four groups of 6 animals each. 

The dogs 

- - Group Mortality 

I Controls 

I1 Rutin, 50 mgm t . i .d .  o ra l ly  f o r  1 qeek pr ior  t o  radiat ion 83Q 

83$ I11 Rutin, 50 mgm t.1.d. o ra l ly  f o r  4 weeks post-radiation 

I V  Rutin, 50 mgm t . i .d .  o ra l ly  fo r  1 week pr ior  and 4 weeks post-radiation 83s 

There was no signif icant  differences i n  the r a t e s  of mortal i ty  or  i n  the post 

mortem findings between the groups. 

- - -  
One of the major factors  contributing t o  the mortali ty of the acute radiat ion 

syndrome is 811 hemorrhagic diathesis .  

production of t h i s  hemorrhagic tendency including bone marrow depression with r e su l t -  

ing thrombocytopenis, hyperheparinemia, and loss of vascular in tegr i ty .  

Several fac tors  may play a ro l e  i n - t h e  

There i s  confl ic t ing evidence i n  the l i t e r a t u r e  regarding the effectiveness 

of the "Vitamin P" cumpounds i n  protecting animals exposed t o  ionizing radiat ion 

from t h i s  bleeding tendency. 

F ie ld  and Rekers (1) report  a mortali ty of 60$ i n  control dogs exposed t o  

350 r of 250 Kv x-irradiation. 

e f f ec t  on mortali ty,  whereas i t s  administration of 1 week pr ior  t o  i r rad ia t ion  reduced 

the mortali ty i n  6 dogs t o  33$, and when given fo r  1 week pr ior  and 4 weeks post- 

radiation reduced the mortality i n  27 dogs t o  114. 

t h i s  therapy was ineffective; the mortali ty in  5 control dogs being &$ and i n  4 

dogs t rea ted  before and af te r ' rad ia t ion  with rut in ,  75%. 

Rutin administered following the i r rad ia t ion  had no 

When a dose of 450 r w a s  used, 

UR 01901 



Sokoloff has reported a reduction i n  mortali ty i n  r a t s  exposed t o  800 r x- 

i r rad ia t ion  when vitamin P substance was administered i n  a dose of 5 -/day for 30 

days (2).  The control mortali ty w a s  80% and i n  the t rea ted  animals lo$. 

In t h i s  laboratory a group of 60 rats were e‘xposed t o  750 r of 250 KV x- 

i r rad ia t ion .  

and 4 weeks post- i r radiat ion.  

t reated animals. 

One half  of the r a t s  received 5 mgm r u t i n  ora l ly  da i ly  f o r  1 week pre 

The 28 day mortali ty w a s  47$ i n  both control and 

However, the incidence of diarrhea post-radiation was markedly 

diminished in  the rutin t rea ted  rats as compared with the controls. 

been noted frequently with an t ib io t i c  therapy of the  i r rad ia ted  rat ( 3 ) .  

The e f f e c t  has‘ 

. 

Kohn and h i s  associates have reported on the f a i l u r e  of ru t in  t o  protect  rats 

exposed t o  LD 50 of 250 KV x-irradiat ion (4), and Cronkite has reported on the 

ineffectiveness of t h i s  drug i n  protecting mice which had been exposed t o  l e t h a l  

doses of ionizing i r rad ia t ion  (5). 

In view of the confl ic t ing reports  concerning the effectiveness of  tami in P 

compounds i n  the therapy of the acute radiation syndrome, it was decided t o  repeat  

the studies on dogs as done by Field and Rekers. This i s  a preliminary report  and 

we are  aware t h a t  the number of dogs used i n  t h i s  study i s  too small t o  be 

s t a t i s t i c a l l y  s ignif icant .  
- 

- 
A group of 24 normal dogs were exposed t o  450 r of 250 KV x-irratliation. This 

dose has been producing a mortali ty of 60-70$ i n  dogs i n  t h i s  laboratory. The dogs 

were divided in to  four groups of 6 animals each. 

Group 

I Controls 

I1 Rutin, 50 mgm t . i . d .  o ra l ly  f o r  1 week pr ior  t o  radiat ion 

I11 Rutin,  50 mgm t . i .d .  o ra l ly  f o r  4 weeks post-radiation 

83$ 

83% 

I V  Rutin, 50 mgm t . i . d .  o ra l ly  f o r  1 week pr ior  and 4 weeks post-radiation 83$ 

There w a s  no s ignif icant  differences i n  the r a t e s  of mortality between the 

groups. Minimal subcutaneous hemorrhage was noted, with no apparent difference 

between the groups. The white blood c e l l  and p l a t e l e t  counts and the hematocrits 

UR 01902 



59. 

declined i n  a similar manner i n  each of the groups. Gross pathological findings 

revealed no differences in  the extent of hemorrhage between the groups. As typ ica l ly  

seen in  t h i s  syndrome, those dogs dying a t  the end of the f i r s t  week post-radiation 

frequently showed severe pulmonary hemorrhage while those dying i n  the 3rd and 4th 

weeks frequently had severe gastro-intestinal hemorrhage. 

Discussion: Rutin therapy had no beneficial  e f fec t  on the i r rad ia ted  dogs 

in  t h i s  study. It should be pointed out tha t  Field and Rekers found no striking 

benefit  from t h i s  drug when the i r radiat ion dose was 450 r. 

previously In t h i s  paper, t h i s  dosage was chosen as it has been found t o  produce 

an LD 60-70 in t h i s  laboratory during the past  3 years. 

However, as noted 

Further studies with t h i s  

drug and larger  groups of dogs are contemplated. 
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A METHOD FOR COMPLEX% EXTRACI!ION OF EMBEDDING MAIIERIAL FROM 
TISSUE SECTIOZPS FOB TEE EUCTBDB MICBOSCOPX 

by 
Michael L. Watson 

Ab s t r a c t  

A method f o r  complete extraction of embedding material  f r o m  butyl 

methacrylate embedded sections f o r  the  electron microscope is described. 

The extraction is carried out i n  the microscope by electron bombardment a t  

high beam in t ens i t i e s  made possible by removing the condenser aperture. Little 

or no dis tor t ion  due t o  the method o f  extraction is obaerved. Extraction is 

not the resu l t  of simple heating bu t  may be due t o  a depolymerization resul t ing 

from electron bombardment. 

Shrinbge normal t o  the section occurs and i s  greater  i n  some tissue 

components than in others. 

possible an estimate of the re la t ive  water contents o f  d i f fe ren t  t issue 

components, 

I t  i s  suggested that this observation may make,'  

Background: Claude and N l a m  (1, 2) reported on a study o f  embedding 

materials which might be removed f r o m  t issue sections by sublima%ioa,;:and tin 

t h i s  work recognized the necessity f o r  and d i f f icu l ty  o f  removal o f  embedding 

material without distortion. 

An obvious method f o r  removal of embedding material consists i n  

extraction with a suitable solvent, Surface tension e f f ec t s  dur ing  drying and 

possibly during the dissolving introduce# serious d is tor t ion  a0 pointed ou t  

by H i l l i e r  (3).  

Pa r t i a l  sublimination in the microscope o f  paraffin-celloidon and of 

butyl  methacrylate has been noted (4) .  Under ordinary conditions, however, 
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clearing i s  incomplete. In this laboratory near d i r t  p a r t i c l e s  on butyl  

methacrylate embedded sections,  i t  has been observed that there  i s  of ten 

complete c lear ing on exposure to the electron beam with l i t t l e  or no 

distor t ion.  I t  w a s  thought that heat developed by the p a r t i c l e  due t o  

electron absorption was reponsible f o r  the extraction. 

an incandescent tungsten filament in vacuo removed the embedding material 

adequately ( 5 ) .  However, this often introduced d is tor t ion  Whichde. p%Wtmably due 

t o  boil ing of the p las t ic .  

Exposure of sections t o  

The presence of d i s tor t ion  in many sections 

cleared by simple heating and i t s  absence I n  eectione cleared by the  electron 

beam near d i r t  par t ic lee  suggested a difference in the mechanism of clearing. 

Since incomplete extraction occurred on exposure to operating beam 

i n t e n s i t i e s  in the microscope, i t  appeared that gradual changes took place 

i n  the p l a s t i c  during exposure t o  the beam which prevented a l l  of i t  from 

being extracted. Accordirgu, much higher beam in t ens i t i e s  were tried. ' 

Remval of the condenser aperture f r o m  the microscope (ECA EMU-=) increased 

the avai lable  beam intensi ty  by about 100 times. Exposure o f  sec t ions . to  

the highly intense beam resul ted i n  almost instantaneous removal o f  embedding 

material. Li t t le  or no dis tor t ion  could be detected on comparison w i t h . .  

unextracted sections (figures 1 and 2, pages 63 and 64). . -_ .  

Methods: To carry out this type of extraction the condenser aper ture  

i s  remved*. The specimen is placed in the usual posit ion.  The condenser 

current is set at maximum before turning o n  the beam. This is necessary 

becauee re f lec t ions  of the beam apparently from the objective pole-piece 

+The microscope should be mnitored for excessive x-ray production. O U r  
microscope produced about 80 m r  per hour at 4 inches f r o m  the viewing chamber 
with the beam a t  cross-over when the condenser aperture was removed. 
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make i t  d i f f i c u l t  t o  control the illumination on the specimen if cross-over 

is below the specimen. 

for clearing. 

of the filament is brought in to  focus in about one-half a second. Before 

t h i s  focus i s  reached the section should clear. The condenser current i s  

immediately returned to maxiwun. 

With the microscope i n  operation an area i s  selected 

The condenser current i s  reduced a t  such a r a t e  that the image 

_.. - - -_  

Clearing occurs a t  lower beam intensi ty  i n  the middle of a square and 

i s  most sat isfactory with 100 mesh rather  than 200 mesh specimen grids.  

Silica-coated colloidon substrates  a r e  used t o  provide adequate strength 

f o r  the extraction process. 

the m i n i m u m  amount of silica required. 

sections a r e  much more ap t  to  tear than th in  ones. 

A cer tain amount of trial i s  neceea ry  t o  f i n d  

Experience has shown that thick 

Results: figures 1 and 2 (pages 63 and 64) show views of a section. 

before and after electron extraction. 

barely v i s ib l e  in the unextracted section a r e  easily seen i n  the same 

section a f t e r  extractian.  

It i s  apparent that minute d e t a i l s  

dn important advantage o f  complete electron extraction over p a r t i a l  

electron extraction l i e s  in the f a c t  that the section may be e f fec t ive ly  

shadow-cast. 

epithelium a f t e r  shadowing. 

normal .to the substrate has occurred since some s t ructures  which or ig ina l ly  

extended beyond the limits o f  the section cast shorter shadows than others. 

These include the nuclear wal l ,  the c e l l  wall, and the microsomes. The 

mitochondria are about three times as high as the microsomes. Thus we are 

offered the poss ib i l i ty  o f  estimating re la t ive  water contents OF tissue 

Figure 3 (page 65) shows a view of the male rat germinal 

I t  i s  apparent from this p ic ture  that shrinkage 

components on the basis of' their re la t ive  shrinkage on electron extraction. 

I l 3 a ; j q u  
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Figure 1. A portion of  the alveolue o f  the rat before removing 
the embedding material. Det8il6 are ra ther  hazy and 
contrast  i s  poor. l O 5 O O ' X .  
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Figure 2. The s a m e  f i e l d  a s  shown i n  figure 1 after extraction 
by e lectron bombardment. I n  the original p r i n t  the 
640 A banding of col lagen fibers can easily be made 
out ,  whereas i t  cannot be seen at a l l  in figure 1. 
10500 x. 
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Figure  3. A view of t he  male rat germinal epithelium. A 
por t ion  of a young r e s t i n g  spermatid l i e s  on the  
l e f t  and on the  r i g h t  is a port ion of the S e r t o l i  
cytoplasm. 
nuclear wall a r e  c l e a r l y  ViBible. 
shadow-caet w i t h  uranium a f t e r  ex t rac t ion  of  t he  
embedding material. Rela t ive ly  g r e a t e r  shrinkage 
of microsomes (m) over that o f  mitochondria (M) 
in a d i r ec t ion  normal t o  the sec t ion  is apparent. 

Detai l8  o f  the spermatid c e l l  wall and 
This sec t ion  wae 

29200 X. 
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Electron extraction has been i n  use in this laboratory f o r  about a 

year wi th  sa t i s fac tory  resu l t s .  

due t o  inadequate extraction o r  due t o  d i s t o r t i o n  arising from the extraction 

method. 

No trouble i s  experienced with poor resolut ion 

3. Hil l ie r ,  J., Paper delivered before the 8th Annual Meeting of the Electron 
Microscope Society o f  America, B t r o i t  (September 1950) 

4. Hil l ie r ,  3. , Muid, S. * and Smith, A. , Paper'delivered before the 8th 
Annnal Heeting of the Electron Microscope Society of America, I)etroit 
(September 1950). 

5 .  Watson, M. Bioch. e t  Bioph. Acta (in press) .  
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S NXW MICROTOME FOR THIIP-SECTIOBIIPG EOR ELECTRON MICROSCOPY 
bY 

Michael L. Watson 

Abstract 

A new microtome is described f o r  the cut t ing o f  th in  sections f o r  the 

electron microscope. 

ly rotating shaft. 

member supporting the h i f e  which is bent by stretching a re la t ive ly  f l ex ib l e  

The specimen is mounted on an ann attached t o  a constant- 

The advance mechanism f o r  the knife consists of a stiff 

spring attached t o  i t .  Very reproducible motion i s  claimed. . Ribbons w i t h  

a thickness o f  lees 

Background: 

electron microscopy 

0 
than 300 A have been obtained. 

A conventional microtome adapted f o r  thin-sectioning f o r  

i n  t h i s  laboratory proved inadequate where extremely 

thin sections were desired. 

operation was designed and b u i l t .  

A simplified mechanism more reproducible i n  

Description: The t issue block i s  mounted on an arm attached t o  a 

rotat ing shaft. 

The shaft rotates at constant speedand end-play i s  sa t i s f ac to r i ly  controlled 

by a disk attached to  the r o t o r  and turning in a spring-loaded thrust bearing. 

Details may be  Been i n  f igures  1 and 2 (pages 68, 69 ). 

The cut t ing face i s  perpendicular t o  the axis of the shaft. 

The knife i s  mounted with i t s  cutt ing edge perpendicular t o  the axis 

of the r o t o r .  

which are i n  turn attached t o  the base-plate of the microtome at the i r  ends 

(see figure 3, page 69). 

s t r i p s  due t o  t he  tension on the feed spring attached a t  the i r  center l ine.  

The tension on this spring i s  varied through a worm-gear coupling t o  the r o t o r .  

Relative motion of the two ends of  the feed spring i s  a function of the 

I t  i s  supported a t  the centers of  two pa ra l l e l  brass s t r i p s  

The knife i s  advanced by bending of the b ras s  
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, . .. 
.._. , - . ... , . : .&j 

Figure 1. An ove-all view of the microtome. 
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Figure 2. The t h r u s t  bearing i e  dlaasseabled t o  show the 
thrus t  plate .  

Figure 3. A view o f  the motor coupling to the microtome. 
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E lgui e 4. Traneverse sections of epem t a i l s  in the male germinal 
epithelium of the rat. U r a n i u m  shadowed a t  an angle 
of 5:i. 29200 x. 
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s t i f fnes s  of  the brass s t r i p s  and the character is t ics  of the spring. On the 

u n i t  described the re la t ive  mot ion  i s  about a million t o  one. amping o f  the 

h i f e  feed i s  necessary t o  prevent vibration and i s  obtained by the use of an 

oil-soaked cotton s tuff ing i n  the feed spring and oil-soaked blot t ing paper 

between the brass  s t r i p s  and the block supporting the h i f e  holder, 

The specimen arm i e  ecrewed onto the end of the rotor-shaft which i s  

s p l i t  to permit f r i c t i o n  adjuetment. 

to  the knife may thus be obtained. 

compression against  the brass knife-mounting s t r i p s  opposite the feed spring. 

'The degree of compression i s  controlled with a thumb screw. 

A coarse se t t ing  o f  the specimen re la t ive  ~- 

For f i n e r  adjustment a spring is held i n  

The motor  dr ive coupling (figure 3 ,  page 69) is designed t o  reduce 

Tbe r o t o r  i s  tralfsmission of longitudinal vibrations to the rotor shaft. 

driven a t  about  60 r p m .  

Results: The microtome has been i n  use i n  this laboratory f o r  about  

e i x  months. 

favorable conditions i n  which sectio.ns were too thin for t i s sue  de t a i l s  t o  

be readily seen i n  the microscope without complete removal of embedding 

material and shadow-casting. 

which contain rather  dense f i b r i l s  were made. Shadow-casting and subsequent 

measurement of the shadows indicated a thickness of about 180 A. Allowing 

f o r  shrinkage during the extraction o f  the embedding material we estimate 

that the i n i t i a l  section thickness was probably lese  than 300 A. 

Using a glass knife w e  have been able to cut  ribbons under 

Cross-sections o f  sperm tails (figure 4, page 70) 

0 

0 

The constant motion o f  the r o t o r  allows much grea te r  reproducibil i ty 

of motion of  the specimen re la t ive  t o  the  h i f e  than can be obtained with 

reciprocating mechanisms. The type of  advance used eliminates a l l  o f  the 

trouble experienced i n  conventional microtomes with s t a r t i ng  f r ic t ion .  A 

microtome o f  t h i s  type i s  relat ively simple and easi ly  b u i l t .  
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