
STATUS VER I FI ED U NCLASSi FI E 5 
LlC RELEASE 

3-l-9.r 
Date 

A 

THE 

UNIVERSITY OF ROCHESTER 

ATOMIC ENERGY PROJECT 

I 0 RO,CHESTER, NEW YORK 

I 

I 



"- 

s document coneiets of 124 M e a .  
r 71.f 130 c o p l e e . x i e a  B. -- - -  

Health and Biology 

!l3E UIUVERSl'IT OF ROCHESTW 
A k u ~ L c  Energy PhJect 

P. 0.  ax 287, Crittenden-Station 
Rochester 7, New York 

Contract W-7401-e11g&9 

* * *  

~~~~ 

July  1, 1948 to September 30, 1948 

CLdSSl Fi ED DC I:: 1: 2EEdT ROOM r SANDlil LAGORATORY 

Submitted by: H e w  A. Blair, 
Mrector 

Report Received: 10/15/48 
Series B Issued: D~~ 1948 

UR 00769 



.- 

R E S T R I C T E D  

3 

Health and B i o l o w  

Standard Mstribution 
.. 

cops Ea 
1-10 
ll 
12-13 
14 
15-22 
23-26 
27-30 
31 
32 
33-38 
39 
40 
41-44? 
43-44 
45-47 
J+8 
49-50 
51 
52 
53 
54156 
57-a 
69 
70-71 
72 
73.87 
88 
89-33 
94-95 
9699 

..- 



. .  

Health and Bio- 

~- 

Internal M B trlbut Ion (Rocheeter ) 

Library 
ID?. A. E. Doady 
Dr. H. A. B l a i r  
Dr. W. F. Bale 
Ilr. J. B. Hursh 
Dr. L. I,. Miller 
Ilr. T. R. Roon8n 
Dr. IC. S R 7 n  

Mr. G. A. Boyd 
Dr. H. C. Hod@ 
Dr. H. E. Stoldnger 
Ilr. F.. A. Smith 
Dr. W. F. Iiemnan 
me E. M a y a a r d  
Dr. J. K. Scott 
Ik. A. Rothatein 
IYr. J. W. H o w l a n d  
Mr. H. Mermagen 
IF. L. R.  Bennett 

Dr. D. R. Charlee 
Dr. L. E. Yorrng 
Dr. G. B. Mider 
W. J. 0. W i l m  
Dr. W. L. .Bradford 

Dr. W. B. Maeon 
Dr. L. T. Steadman 

Mr. F. W. Bi&P 
Dr. J. E. Starmard 

Ilr. M. Bm 1- 

Dp. J. T. P m  

copy m. 
100.101 
102 
103 
104 
105 
106 . 
107 
108 

125 
1.26 
127 
128 
129 
130 

UR 00771 



. ._ 

I e  

11. 

III. 

v. 

-ION OF P R O G R A M ~  ~ R O B ~  COES .......:.e............ 75 

PROGRAM AND PRO- COZ&S ..................................... 8 %  

., ,+p* .-+-. . . :.-. . -- . ,. 

REsEARCHANDsEErmccE ACTIVITIES ............................... 
PROGBAM X.R. 

Problem 

Problem 

Problem 

PRcKsAM u. 
Problem 

Problem 

Problem 

PROGZIAM Be. 

. . . . . .  

_ I  BIOIXXTICAL EFpEcfs OF R3PmCRIPAT, RBDIATIOB 
l.4: (X-RAXS m RAYS) ........................ 

X.R. 1 . o e e e . . 14 - ? .IS ._ 
I, . 

XoR.2 e .. e e e. e e 

X.R.7 a o m  e e e e e e e a o s  e e e e e e i e e e e e 0 e. e 043:. 

UFMIW o o e 0. e . o e 0.45' 

:. .~ 1 ,  * 

'. i 
- . -  

u.1 o e . . e e e . e e .45- 

Problem B e o l  ..................... o......ee.......~o.5~~ 
Problem Be.3 ...................... .....e......~~~...56 
Problem Be,4 ........................................ 66 

Problem Be.5 66 

Problem Be.6 68 
........................................ 
........................................ 

'UR 00772 
" . 



.Page m. 
PRCGEUM Th. THORIUM .................... ........o..00.Q.72 

ProblemTh.3 ........................ ..0.............72 
PROGRAM F. FUJORIIE .......... oo0....o.00.0.0...0..o...75 

Problem F.3  .............................. 0...0.....07~ 
Problem F.4 ..................o.oo~~..oeo...o.o.o.o..7~ 

PRoGRlMS,M., SPECIALMATERIAIS o o . O . . . O . . . . O . . . . . . . . ~ o o . . ~  

Problem S.M.3 . O O O O O O . . O . . . O o O . . . o . . . . O o O . . . . . . . . . . . o . ~  

PRo(zRAM I.S. IsmoPEs 0 . 0 0 0 . . . 0 . . . o . . 0 0 . a D . 0 0 . 0 . 0 . . . o . . o . 9 ~  

Problem I.S.1 ....................................... 91 
Problem I.S02 ....................................... SS 

Problem I.S.3 ....................................... 107 

HEAILPH PHYSICS ............................. 113 

I32 PRm0.s. OUrsIIE m c E s  ........................... 
PR- H.Po 

113 Problem H.P.1 ....................................... 
PROGRAM caso smcm cLR!?IcAL sERVIa ................... ug 
P R W  I O N .  INSTRWlQATION ............................ 122 

Problem 1 .N . l  ....................................... 122 

, .J I .  

-.- I 

.+! 

. UR 00773 



6 .  

The scient i f ic  work presented herein ha8 been coded a t  the pX'O€pIE 

and problem levels accordfng to  the scheme given on Pages 7 and 8. 

the report a l l  cuntributians t o  a given pmblem have been assembled to0 

gether wi thcnr t  regard to author or to the admhfstrative organization ex- 

cept that the number of the section vhich did the  work t8 prefixed in each 

case. 

off icer  can be appmached for Inforntatiun about paStiCRhr work. 

does not imp ly  elthwr azrkktorap, m scient i f ic  credi tvhich will appear 

only In final reparts isaued from this Prodect. 

specific scientific pzwblem l a  be- reported herein, the cumulative 

work of special s d c e  units is not given separately. 

t ions appear or are implied in the reports on problems In which they par- 

In 

By using this number, it can be f& on Page 12 w h a t  admlnletratire 

T h i s  

Since only progrees in 

Their contribu- 

tic lpated. 

It ehoald be ncrted that the Quarterly Technical Reporte of The 

7Jntverslty of Rochester A t d C  mrgg Project do not attempt to  describe 

proCp.ese in all of tk6 resamh progmm bat only in thoee iawhlch eomre 

eignificant reaults b v e  been achieved. 

. UR 00774 



ZXEWdECIOR OF PROGRAM AllD PR0BIE;M COIES 

The scientific work at The U'nlversity of Rochester Atoslic Energy 

Project has been coded at the and problem levels, The p v ,  In 

general, indicate broad f ie lds  of Investigative or service actlvitlerr w h i l e  

the problem ladicate d i d s l u m  of these fields. A l t h m &  no conaletent 

mthod of d i r t e l a n  into problems w a s  possible, an attmt w a s  made to 

achieve a ncrtaral cllyieian in the mnse that each problem would encongam 

a eubject normally written up and generally considered as a unit. The 

program on chemical toxicity of uranium, for  erample, ha8 been broken down 

into probleme according to  the dlv le lon~  c w  employed by toricologl8te. 

The problem codee are not related directly to  the admlnlstrative or= 

ganization of the ProJsct. Caneeqwrhly, the amRlest admlDletratlve d t ,  

the esctlan, may work on m e  than one of the coded problems. ConvereslY, 

more than one section may work on the 8 8 m ~  coded problem. The administrs- 

t ive  organization w i l l  be ignored In this qr;larter* report of 

research and eervlce act ivi t ies ,  all material being aseembled,according to 

the program and problem codes. The contribution of each section to a 

&aarterly Technical Report w i l l  be prefired by the eectton d e r ,  hcnremr, 

to peFmit reference to  the admlhlatrt5tive *orgMzatton i f  necessary. 

It hae not been possible to  code the problems Bufflciently braadly 

to avoid a l l  orerlappirrg. cases in  w h i c h  various parts of a given in= 

veetlgation might be coded differently, the whole work was coded a c c o w  

to i t e  pr lmipa l  eubject matter as long as the minor mbjects were rela- 

t ively unimportant. Otherwlse, the work was divlded under appropriate 
b 

code e. 

f 3 i - j  
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8. 

I. ZR. BIOLOGICAL EFpEcrS OF EXFERML RADasTIOB (X-BAYS AHD RAns) 

X.R.1 Tolerance Stadies ( 6 8 0  leVelS, th8, gro86 
and hiSb-patholog+) 

X.B.2 Mechanim of Effects (pfrysiolcglcal and biochemical) 

X.R.3 Therapy (msacntres agalnet radiation effects) 

X.R.4 H m b l o g s  

X.R.5 Genetics (hiErtogenetics) 

X.R.6 E m b r y u w  . _  

X.R.7 Bacteriology and Tnbnnnnlogy 

.CL I.B.1 Fla8h Bmps 

111. R.M. B1OIAIGICA.L EFFECJ!S OF RADIOACTIW MElTwIAIS (COmrA(;T, -ION, ETC. ) 

R.M. 1 

R.M.2 Radon 

R.M.3 Thoron 

R.M.4 Miecellaneans ProJect Metals 

Iv. IJRAmuM 

U . 1  Physical and Chemical Froperties 

U.2 Toric Effects (description of acute and chronic toXiclty) 

TJ.3 Todc m t s  (respiratory; oral; e m ;  eye; parenteral) 

* UR 00776 



u.4 Fate (diEtrthtion and excretion) 

IJ.5 Mechanfem of Toxic Effects 

0.6 Methods of Detection of Poi-, PrqPhyLari~, Trsa;t.. 
msnt and Protection 

Be22 T d c  Effects (deecription of acute and chronic tOriclty) 

Be.3 Toric Lippits (reeplratory; oral; egin; eye; parenteral) 

Be.4 Fate (dietribation and excretion) 

Be.5 Mechanlslll of T d c  Effects 

~ e . 6  Methods of DetectIan of ~ o i a o a ,  Prophylarie, qpeat- 
msnt and m t e c t i o n  

n. !rh. TBloBmM 

Th.l Pbyeical and Chemlcal Prapertiee 

Th.2 TOXIC Effects (description of acxrbe and chronic t a d c i t y )  

Th.3 Tozic m t a  (reeplmtory; aral; &in; eye; parenteral) 

Th.4 Fate ( d i a t r i b u t i a  and excretion) 

Th.5 MechaniEpIL of Toric Effect8 

Th.6 Methods of Detection of PoieOning, Propbylsrle, Trea t -  
ment and Protection 

VII. F. Eu)I)BIlE 

F.1 Phyeical and Chemical Propertlee 

F.2 Torlc Effects (desrriptlon of acnte and chronic tcs lc l ty)  

F.3 TOXIC Limits (respiyatorg; oral; skin; eye; parenteral) 

. UR 00777 
, .  



10. 

F.4 Fate, (distribution and excretion) 

F.3 Mechanism of Talc Effect 

F.6 Methods of Detection of Poisoning, Prophyla.d.8, Treat- 
mapd and Protection F 

1: ." 
. .  . . --. 
. '+,' .- VIII. S,M. SPECIAL MATERIAIS i- 

1 .e. 
? ;, 

,I*? 

t *  

.;+-A S.M.l Phyeical and Chemical Propertlee 

S.M.2 
... 

Toric Effecte (deecriptlan of acute and chrorx!.c toxicity) 

S.M.3 Toric W t a  (respiratory; oral; ekin; eye; parenteral) 

S.M.4 Fate (dietributian and excretion) 

S.M.5 Mechanlam of Toric Effect 

S.M.6 Method8 of Detection of Poieoning, Prophylaria, Treat-. 
ment and Protection 

Ix. I.S. ISOTOPES 

I.S.l Tracer Chemistrg 

I.S.2 Radioautography 

I.S.3 Therapy 

x. O.S. m1lE SERVICES 

X I .  P,H. PROJECT HEALTH 

=I. H.P. HEXECH PHYSICS 

H . P . l  Research and Development 

H.P.2 Service 

. 

. .  _. . 
',.. ? 

, .. . *  
, .,. 

, .  . 

:. 
.a 
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I . H . 2  Service _ .  - 

I.X.3 Instntmsntatlon for Outside O r g a n i z a t l o ~  

. UR 00779 
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ORGArmzATIOW 

I. DIVBIOE OF RADIOUXX AND BIOPHYSICS (3100): W i l l i a m  F. Bale 

11. 

111. 

section - Section code 
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320 

3130 

3133 

3 140 

3150 

31a 

3161 

3170 

3171 
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Tracer Ch0mlstrg 

Radiation Physiology 

Radiation Animala 

Radiatian Chends t rg  

Spectroecopy 

Radiation Mechanics 

Electron Microecope 

Radiation TOricology 
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BIOLOGICAL EFFECTS OF EXTERNAL RADIATIOR (X-RAYS AND CmE) 

Problem Code: X.R. 1 (Tolerance Studies) 

Section Code: 3130 

CoIQarison of Histopathological Effects of Radiation in Adult and We- 

R s t s  SubJected to 800 r A c n t e  T o t a l  Body X-Radiation: 

Background: Previous work in  this laboratory has sham that ra te  weigh-  

1% 50 grams (weanlings) had a mean e l v a l  tims of approximately 3 days, 

a8 campared with approximately 10 W S  for a d u l t  rats, after ~ J L  acute do80 O f  

800 r whole body x-radiation. T h i s  difference in  survival time betweenvan. 

l ing and a d u l t  rats tended generally t o  decrease a8 the d o q e  was lncreaeed. 
. .-. i 

* .  
It becams of interest ,  therefore, to inveBtigate possible difference8 

' in histopathological effects between weanllw and adult rats with a doeage . 
i- 

I -&+ 
that produces a marked difference in survival time between the two groaps. 

To this end the followlaq3 preliminary experiment was carried out. A 

general summary of the resul ts  is presented. _- 

Method: Fourteen adult and twelve weanling male albino rats were 
- .  

Jected to  an acute dose (800 r) of t o t a l  body x-radiation (unfiltered) given 

at the ra te  of 70 r per minute and with a target skin dietance of about 23 

inches. 

control tissues, and were not radiated. 

. n o  adult and two weanling male a l b b  rats were sacrificed for 

The weights of the adult experimental rats before radiation w e d  

*om 320 t o  458 grams, with a mean of 380 grams. The weights of the wean. 

ling experimental rats before radiation ranged f r o m  52 to @t grtW3, W i t h  a 

mean of approximately 57 grame. 

- ,- 

* 

-2 

)I 

. UR 00782 



15. 

Hietopathological stadlee vere made on selected organ8 taken from r a t e  

EaCriffced a t  variotle interpale of tims after radiation. In the adult 

gmup, two radiated rats were sacrificed on the let, 2nd, 3rd, hth, 6th, 8th, 

were sacrificed on the l e t ,  2nd, and 3rd me after rerdiatlon, and one rat 

on the 4th &q. Hvet weanling rats died during the night between the 3rd 

and 4th d 4 e  and were not suitable for study.  No death6 occurred rlfhin 10 

days in the adult groap. 

O r g a n  -lea taken ruutinely for hietopathological e e c t i o a  Md 

nodes (cecal), spleen, liver, teetee, stomrach, dmdemrm, JeJanam, ilemn, 

colon, femral bone IUEKTOW (ahaft and d i s t a l  end of the femur), and ssraplee 

eamplee of llrer were fized In alcohol-fomalln and stained for  glycogen 

w i t h  Beet carmine. Other ~ m ~ l e s  of liver were fixed in 10 per Cent for- 

malin and staiaed for fat w i t h  Sudan m. 
I 

Remlte: cantrol and radiated weanlI43 r a t s  8huued l i t t l e  or PO 

stainable fat in the liver. 

stainable fat in hamatic cells. 

Control adult r r r fe  revealed Bmall aploll~lts of 

The amunte increased slightly In radiated. 

adults on the l e t  and 2nd poet-mdlatlon me, became moderate or moderately 

marked on the 3rd day and in one rat OD. the 4th &as, and decreaeed there-er, 

the adu l t  rate on the 10th day &awing l i t t l e  or no etainable f a t  in the 

liver. 

UR 00783 
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ma. 

3rd and 4th  days In weadling rats and on the 4th and 6th d a ~ s  In adult rats. 

O n e  adul t  rat OR the 8th dsy, and one on the 10th m, revealed marked re- 

duction of glycogen, while their adult  partners a t  these times shcffed no 

slgnlflcant reduction In l i ve r  glycogen, 

lobules were those mainly affected i n  t h i s  respect. 

Marked and mderate reductions in glycogen content were found on the 

The portal regions of the hepatic 

The stormach revealed no marked and consistent changes. Mitoaes 

appeared depressed during the first two ms a f t e r  radiation, and a few of 

the' radiated weanling r a t a  revealed mall. nnmbers of degenerate m u c ~ e s l  epi- 

t he l i a l  cells ,  one adult rat eacrlficed on the 2nd day ahowed a mmU. nrrmber 

of dqenerate epi thel ia l  ce l l s  and mild acute ~c0aa. l .  inflarmnatlae, and 

another revealed a msl l  number of cystic glands. One adult rat on the 6th 

d a ~  ehaved mild aubmucoaal ht3mxT~es in the pyloric region of the stanetch. 

mOn-specific changes In the inteetines conaieted of bacter ia l  W e C -  

t ion and marked mucosal necrosis in the emall intestine of ane radiated 

adult rat sacrificed on the 8th  b y ,  and mild inflammation and submncoaal. 

hemrrhage in the large intestine of one radiated adult rat sacrificed on the 

6th day. 

Radiation changes in  the intestines consisted generally of early de= 

preesion of mitotic act ivi ty  and subeequent swelling and distortion of baeal 

gland cel ls ,  followed by frank degeneration, necmsis, and deequamtlon of 

basal epi thel ia l  cells,  formution of ncystlcn glands w l t h  dlsorgaaiza~on of 

the mucoeal pattern and relative decrease in arpount of mucosal epithelim, 

and finally, return of mitotic act ivi ty  and regeneration of epithellmn, The 

intestines of weanllng and adult r a t e  were essentially or  practically ncmzd- 

on the 4th poet-radiation day. 

i i 3 6  1115 UR 00784 



In general, the proximal  portion^ of the  i I l t 8 8 t l ~ l  t r ac t ,  Such a8 duo- 

denum and jejunum, 6howed greater change than mre distal portions of the 

t r a c t  such as the Ileum and colon. 

Intestinal change6 were often m i l d l y  or moaerately greater In  degree and 

extent i n  the weanling rats than In  the coqarable adult rats, and progreesed 

more rapid* i n  the former. 

The effects  of radiation in the hemopoietic organ8 Involved chiefly the 

destruction, ceesatlon of production, and decreaee in number of parenchynmstous 

cells,  w i t h  atrophy or reduction i n  size  of the organs. 

Hypoplaeia and atrophy of the lymph nodes and spleen were very marked 

in radiatedweanllng rats by the 3rd day, but were generally never m e  than 

moderate in degree in  a d d t  rats, with eome indication of regeneration In the 

l a t t e r  animle on the 6th, 8th, and 10th days. 

hderately marked extramedallary hematopoiesis was found In t he  epleen 

of control weanling r a t e .  

mrkedly reduced In nwdber along w i t h  the lymphocytes by the  3rd post-radiation 

day, when the bone marruw was also almoet extremely hypoplafJtic. 

control r a t e  and adult radiated rats sacrificed In t h e  first 6 b y s  after 

radiation revealed no appreciable ertramedullary hematopoiesie in the  epl9en. 

Adult bone mmow did not reach the stage of almost extreme hypoplasia unt i l  

about the 6th day. 

found In the spleen of adult radiated rats, and t h i ~  increased t o  a moderate 

degree by the 10th day. Also, considerable regeneration of bone.marrow 

elemsnts was evident, beglnning In the marrow of the femoral shaf't, in adult 

rats on the 8th and 10th post-radlation days. 

of bone marrow wae m i l d l y  greater In w e a n l i n g  r a t s  than i n  adults.  

In the radiated weanling r a t e  them ce l l s  were 

The adult 

On the 8th day, foci of extramedullary hematopoiesis vere 

A t  comparable times, hypoplasia 

UR 00785  
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18. 

Altered blwd pi@, .apparent4 bemoalderln, was present i n  small and- 

moderate amunts in the spleen of adult control rate and adult radiated rats 

sacrificed on the le t  and 2nd post-radiation days. The em0rmt;e of t h i s  pig- 

ment increased t o  moderately marked and &irked degree13 on the  3rd and 4th 
-1 

post-radiation days, the increaee being largely apparent and r e l a t ive ' t o  

decrease in ,the s i z e  of the spleen. After t h i s  tlm, when the spleen tended 

t o  return toward n o m 1  elze the  B1IDtlTl[ts of hemosiderln apgmXi*tedthose 

found in  adult control spleens. 

the spleen of control weanling ra ta ,  but  t h i s  pigment was not found in r8diated 

t 
slaall d e  of b81~061&3rin klere fotmd in 

weanling rat spleene. 

Hemorrhagic manifestations were found i n  lsnrph nods8 and fenaorrtl bone 

marrow. Bone marrow hemorrhage a relatively e a s v  change, appqent  on 

the 3rd day, and was moderate In degree In weanling pparrow and om elsght 

In adult m o w .  Hemorrhage w a s  preceded by congeet1oXI. On the 4th 

bone marrow hemorrhage in both grow6 was mild. The rate s&crlflced after thie 

time, a l l  adulte, revealed no appreciable narrow hemorrhage, but congeetion 

continned t o  the 6th day. 

only In adults, especitilly i n  maqy of those sacrificed on tke  6th and _-I- -. 
- 

thereafter, ranging In degree from slight t o  marked. 
-.- 

Testicular ckagea follmdng rerdiation involve&, cHefly.*e d e w i o n  
z <  

and bscreaee i n  number of qpermatogonia and s p e m t o c  BB, and degensrrvtion 

O f  spermati&. A t  comparable tinass, thst I s ,  within the first 4 d E V  af%r 

radiation, the t o t a l  tes t icular  change w a s  comiderably @-eafer in W m w  

ra te  than in  adult rats. . . -  

Adult control r a t a  had normel and matare testes. Weanling co-1 rat8 



had normal bat ~TEUEL~UZW teetee whose rather ansrll eeminiferone tnbdlee were 

et111 moderately lacking i n  relative numbers of s p e m t l d s  and contained PO 

spermstozoa . 
Degeneration and decreaee i n  namber of apemtogonia proceeded rapidly 

in the teetes  of w e e n l i n g  radiated rate, them cel le  being nrarkedl.~ decreased 

in number by the 2nd b y .  

the 3rd day. 

of epermatocytee and mny of theee cella became degenerate. 

ra te  only  emall rmpibere of spenrPxtocytee b e c m  de-h and they were not 

decreased In number appreciably. On the 3rd and 4th post-radiation b y e  de- 

generate epermatlds were rather ntllllerotz~ i n  weanling r a t  teetes, but were rare 

at all tinea i n  adalt r a t  teetes .  

In adult rats a comparable stage w e  reachedby 

In the  weanling ra te  there were mild redactlone in the nambere 

In the adult 

S- and Msoueeion: Pathologfcal change8 compatible Kith the 

effects of x-radiation were produced in the stomaoh, small intmtine,  large 

intestine, epleen, lymph nodes, bone nrsficrrp, and teetes of both weanling and 

adult rate subJected t o  800 r acute t o t a l  body x-radiation. 

Hepatic glycogen was markedly depreaeed In amOnnt, eepeclally i n  portal  

reglone of the  lobulee, in  both wean lw and adult ra te .  

occurred more rapidly in weanling8 than In adnlt r a t s .  

This depreseion 

There wa8 co~lfjiderable increese i n  the amorUrt of stainable fat  In 

hepatic cel le  of adalt ra te  after radlatioa, followed by a dscreaee. 

rata dld not show each an increase. 

Weemling 

Radiation ckmgee in the stomach -re minimal, and m signlflcant dif- 

ferences between aitrxlt and weenling rate were found. 

!&e lnteetinal, hemopoietic, and testicular changes were cowidemably 

greater in weanling ra te  than i n  adult rate a t  comparable times af te r  radla- 
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t lon,  theee c h q a  generally ~ T O ~ B E J ~ I I ~  more rapidly i n  he f0-r map. 

Inteetinal change was at  a maxixxtun on about the 3rd poet-radiation day, 

af'ter which, i n  a period of 12 or  more hours, a l l  weanling rats not yet sac- 

r i f iced  died, with but one exception. 

the 4th day and revealed practically normal lnteatines, a8 did all adult rats 

sacrificed on tha t  day and thereafter.  

This exceptional case was sacrificed on 

The spleen of weanling rats showed considerable ertramadullary hema- 

topoiesis which disappeared following radiation, along with the parenchymatous 

bone marrow elements. Not only dfd the  adult rats survive the period of maxi- 

mmn Intemtiaerl change, but after the  bone mm-uw becasre v e m  hypoplastic, on 

about the 6th day, extramedullary hematopoietic ac t iv i ty  begun in the spleen 

and regeneration of bone m o w  element8 began in the femoral shaft.  Regen- 

erat ive ac t iv i ty  was noted in lymphatic t issues  also on t h e  6th day and 

thereafter i n  adnlt rats. 

Hmmrhage, apparently a relat ively late nnMifeetation of radiation 

damage, vas observed i n  the lsmph nodes of many of  the adnlt rats sacriftced 

after the 4th day. 

It would appear tha t  the vulnerable tissues studfed were generally more 

sensit ive i n  weanling rats than i n  adalt rats t o  x-radiation a t  the doeage 

level employed. 

The data s w e e t  also the poesfbillty of differences fn  the mods of 

death for weanling rats as compared with adalt r a t s  a t  this dosage. 

the adult rats died spontaneously within the 10-day period of the  experimbnt, 

however, and no definite conclusions may be drawn un t i l  far ther  investigatlone 

have been made. 

sequent t o  analysis. 

None Of 

Hematological and body weight data w i l l  be reported eub- 
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Problem Code: X . R . 2  (Mechanism o f  Effects) 

Section Code: 3150 

baeurenaents on the Blood PLaenret Proteins of Irradiated Rabblte: 

B a C k g I W U I l  d: The present experiments were carrfed out as part of e &?en- 

era1 inveetigation in i t ia ted  for the pmpoee of dete-dng whether anY Big- 

nificant changes i n  the  organic constftaents of' blood plasma due t o  whole bow 

x-irradiation could be detected by speotrophotomstric measurements. 

there are a nnmber of organic componenta in plamm, it is  apparelrt that BO- 

amount of chemical separation IS desirable before optical  measurements are 

made. 

organic raterial and measurelaents both chemical and phyeical have been made on 

the different protein fractiomt a f t e r  irradiation, but the results of' m ~ a e  

inveetigatiom are  not i n  close agreement. The release of t o r i c  subatawes 

&om t issue breakdam following irradiation and in t r a m t i c  ehock has been 

frequently postulated on the baeie of phyaiological reeponsee but the chemi- 

c a l  df3tection and identification of euch mterlals har, not been very satis- 

factory, at leaet i n  the eenee that the radiation and traumatic ehock em- 

Since 

The protei- in the plasma c o q r i s e  a relatively large part of the 

dromee hewe not yet been completely erplafned. 

One of the m e t  important coneiderations in condncting measurement8 
. .  on the plawre constitnenter i n  amall animals l e  the queetion of the optllhnm 

time for  sampling became of the limited number of blood samples tha% q be 

taken without seriously influencing the courm of the experinasfit. 

cation of the probable t i m e  of maxirmmr effects due t o  radiation may be Ob- 

tained *om the varione biochemical findings i n  blood that have been reprbed.  

For the present purpose, the observations m y  be roughly divided Into two 

Soma Indi- 

categoriee, those made dur r a sublethal dose 

p 13r - j  1 5 0  
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of radiation, and those =de during the acute etage and immediatelg pre~6-  

the death of an aninis1 which hae received a lethal dose. It hae .b&ome c=-- 

tomry, however, to consider the  biochemlcal effects  in the  latter categoly-- 

a8 not being primwily due t o  radiation bat t o  secon- syatedc effects :  

brought about by Infection o r  other causee. 

Same of the  enpposedly in i t ia l  changes tha t  have been observed and : 

blood clot t ing t h e  (1) In rabbita become prolonged a t  2 t o  3 daye after 

irradiation; t h i s  is amrlbed t o  the’release of h e p i n  or  heparln- l fb  cub-.. 

etancee &om the tissues. The welgtrt lose (2) in rabbits becomea greatest 

k& .:. < ’- a 

: 

a t  about 3 days and thereafter, and m y  be taken a6 8 mugk indicatlon of-the 

occurrence of t issue injary.  he red oe l l  eedimentation rate (3) for d ~ g e  

increases rapim at 4 t o  5 a y s  and IS 80Cribed t o  some as yet  undeterndmd 

factor in the s e d .  

;’.; 
An incream in plawps histamine ( 2 )  in rabbits -.been 

noted within a few hours but the t i m e  of maximum increase has not been de- 

termined. A temporary decrease of about 25 per cent in the plawla albumin and 

globulin a t  1 t o  2 days af ter  irradiation In d o e  has been reported by patg- 

( 4 ) .  

phoretic methoda but no O b 8 e r ~ a t i 0 1 ~  aeem t o  have been made a f t e r  i r radiat ion 

Such changes I n  dogs were not found by Mtmtz, et a1 (5) using eleotro- .- 
. _ _ t ’  .. 

un t i l  the 7th b y .  

From these reports and from the resalts of t he  experfmerrte deeeribed 

below, it 10 concluded that the optimum time for  M n g  measurements on p18mm 

proteim in par t i cda r ,  and on changes in p l a m  composition in general, l e  at 

. 

about 2 &ye after a sublethal dose. Furthermore, under t hem conditiolrnr any 

changes obsemed m y  be m r e  readily asaoclated wtth primkry effect8 of 

radiation rather than t o  secondary ef fec ts  developing after 1 t o  2 weeb.  

- 

‘ I  _--. 

“3. 
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Euwever, rnmewrments In the acute le thal  period ehoald also be mad~ and the 

changea, which i n  general are nore drsmatlc, m y  ad=Wo=Rr be compared 

Kith the sablethal changes. 

In the follaaing experlmente on m~aBiP.bmeTTt6 of  p l B m  protelne bePore 

and after total body irradiation, four convextlooal protefn fractiom were ob- 

talned by a naodlfied preclpitatfon method emplosing dialyeis. The amount8 of 

protein were evaluated both by nitrogen detenrminstlona and by spectrophoto- 

I s  lneerted into the heart and about 12 cc. of blooit I s  rexmved l l ~ l l ~ t l 4  A.anr 

the lef't eide. 

discharged into a 25 ml. Erlemmyer f'h6k and gently evlrled. 

The needle l e  removed f l u m  the ssringe and the blood l e  ekwly 

!Be blood 18 

then centrifuged In a pdnrrted centrlfage tube for 1 bur and the t o t a l  

volume of blood and cella are rworded. The pUszar is remved an& the C e l l 8  

1. The separations should be =de in each a way as  t o  avoia denaturation 

o r  other changes fromthe normal state  in the animal body. 

2. The precipitating reagent should be one that does not Interfere with 

the subeequent nitrogen &terminatton. 
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24. 

3 - The method should be applicable t o  samples of plasma as slnall as 

3 ml. 

4. Bwides being reproducible, the method should yield fractions whose 

protein wltxes in t o t a l  equal the protein value of the plaslpa. 

It i s  believed tha t  these objectives have been attained. 

The metbd employe the buf'fered phoephate reagent of Butler and Mont- 

gomery ( 6 )  and a dialysis teuhnique modified  ram Mli~setlrin (7) e The reagent 

is 3 .O M RH$04-g2BpO4 buffered t o  pH 6.5 prepared by adding 408.3 8 

-04 p r e v i o u a l y w  and dried at lOOOC t o  a 1 l i ter  volumetric flask and 

adding IQO and 375 ml.  of 4 .oO- If KOH and diesolvlng w i t h  heat. Solution I s  

cooled, made t o  volum and f i l t e red .  

' In W&mkin's dialysis procedure the protein solution is placed in a 

suitable vessel within which is an immersed cellophane bag containing the ea l t  

solution f o r  precipitating the protein. "he bag is rotated at slow speed =til 

equilibrium is reached and the protein is precipitated. In the present method 

the dialysis is carried out w i t h  the protein solution inaide the rotat ing cello- 

phane bag which is immersed in a bath containiq the phosphate solution. 

advantage in t h i e  arrangement is that the emall velum of sample is more ea8ily 

and more quantitatively bandled. 

both sides of the membra& has been reached. 

room temperature which varies somewhat fYom time t o  t i m e .  

ture hae not been deemed eesential aince Butler, B l a t t ,  and Southgate (8) found 

temperature r-es as excountered here t o  be without influence on the amunt 

of protein precipitated. 

The 

Dialysis is continued until  equilibrium on 

The process is carried out a t  , 

Con6tant tempera- 

The equipment coneiets of stirring devicee which ro t a t e  at 15 t o  20 

r.p.m. and t o  which the dialysis bags are attached. vessele are  
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300 m l .  t a l l  form, l ipless  pyrex beakers and contain 220 %. o f t h e  phoephate 

reagent. 

evaporation. 

ing 19 mm. In diameter and are weighted wlth a stainlese e tee l  pendant. 

- 
Beakera are covered Kith watch glasses having a center hole t o  reduce 

The dialysing bags are prepared from cellophane dialyzing tub- 

The procedure here described divides the plaema proteins into four 

groups o r  f'ractions. 

0s lower solubility. 

l i n .  Fraction I11 consist8 of pseudoglobulin and some eqlobul in .  Fraction 

IV containa the albumin and some pseudoglobulin. 

te ins  l a  according t o  Butler e t  al (8). 

be obtained by employing wre dlalyslng solutione in which the Increments of 

Po4 concentration were smaller than those given here. 

Rraction I contains fibrinogen and some of the globulin 

3kaction I1 coneists of euglobulin and 80m pseudoglobu- 

This gronpiG of the pro- 

M o r e  fraction8 than them four could 

In practice, 3 ml. of plaenra are diluted v l th  9 ml. of 0.75 M PO4 s o h .  

In the f i ra t  fl-actionation, dialysis winst 1.07 and tramiferred t o  the bag. 

MPO4 is begun as soon as possible af'ter collection of the blood sample and 

proceeda fo r  24 hours. The precipitated fibrinogen is separated by centrl- 

f@ng and dissolved i n  0.1 M solution. 

The supernatant is dia-ed for  18 hours a @ m t  1.53 M PO4. The e m o -  

b u l b  precipitate is separated by centrifnglng and. dissolved in water. 

The supernatant from Fraction 11 is dialysed for 18 hours a@;aimt 

2 -46 M PO4. 

t ion.  

water. 

The pseudoglobulin or  Fraction 111 € 8  s e p t e d  by s a v l t y  filtra- 

It is  dissolved f r o m  the f i l t e r  wlth  numerow wnall quantities of 

Mltrat ion is necessarg became the densitlea of the liquid and pre- 

c ip i ta te  are so nearly the same tha t  centrif'uging does not brlng down the pre- 

c ipi ta te .  

The supernatant is dial~wed for 48 hours againat 3 .O M PO4 solution and 

i I 3 6  I Vi 
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albamin o r  Eraotlon IV is removed also by f i l t ra t ion.  

The quantity of protein i n  each fraction ia determined From the nitro- 

gen by a micro-Kjeldahl procedsre wing EgO a6 catalyet. 

as equal t o  the nitrogen divided by 0.16. 

by d e t e m h h g  the t o t a l  p l a s m  nitrogen and subtracting the non-3protein 

gen. The is determfned i n  the fi l trate after precipitation of the p 

proteins as- 2.5 per cent trichloroacetic ercfd. 

Protein Ie-eetbLted 

Tfie pLsema protein is calculated 

As an example of the application of the ;&.actionatton method dosoribad. 

above, there are presented in Table 1 bel& the reetiltg from the elmnlianeow 
^. 

Test 
NO. 

1 

2 

3 

4 

5 

6 

Av . 
* 

fraotionation of 6 samples &om the same epeoimen of plasma. 

noted that the t o t a l  protein in the fraction6 is on the arerage 88 per-oe& Of 

the plawra protein. 

It m y  be 

In practice the protein fraction recoveries hwe often 

been higher than this .  

TAB= 1 

PLASMA PRmm FRAcTIom 

6.40 

6.34 

6 34 

6.27 

6 38 

6.46 

in+ 

II 

0.62 

- - 

4 
Recovery 

~ 

86 

85 

92 

88 

88 

89 
88 

c., .; , . , ,. , .'; , . . "... . .., . . ..fk2 . ' , .- 
. i .: . . .  .. 

1.78: 
. -. 

1.71' 

1.55 

3.39 

1.62 

1 .'65 

,i I 
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As 8 comparison v i t h  other methods, it m y  be observed from Table 1 

that the albumin t o  globulin r a t io  is 1.63 f o r  this animal. 

(9) give the value 1.48 for  the rabbit  determined by electrophoretic means. 

Amon and E d s a l l  

In Table 2 below is shown the  per cent of the plasm protein fotmd in 

Teat 
no. 

1 

2 

3 

4 

5 

6 

Av . 

-- 

each fraction of the same plasma as given in Table 1. 

TABLE 2 

PER CENT OF TOTAL PROTEIN IN EACH F’RACTION 

Fraction I . Fraction II 
Fibrinogen I Euglobulin 

7 -34 

5.24 

7.04 

4.4% 

6.34 

6.24 

Fraction 111 
Pseudoglobulin 

Fraction IV 
Albumin 

51k 

The ultraviolet  abeorption spectra of each plasma and i ts  f’ractiona were 

obtained with a Bausch and In& medium quartz spectrograph and sector photo- 

meter. The plasmas and the Agctions obtained i n  solution &om the above pro- 

cedure were suitably diluted with water t o  @ve protein abgorption curve8 such 

that the optical  density at  the maximmn of abeorption a t  2770 A was between 
* 

l.O’and 2.0. The density of the minimum i n  the protein curve a t  2530 A WBB 

ale0 measured and the  r a t i o  of density of the maxirmzm of the absorption band t o  

the density a t  the minimumwas calculated. This r a t io  is a rough indication 

of the character of ‘the protein sanrple because it i s ,  dFfferent fo r  different 

1 1  3 0  1 q 
J 
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protein8 and is altered if some other  material having light absorption l e  pl.eS& 

i n  the protein sample. 

sample is reprodnclble vlthin lese than 5 per cent. 

The determination of  these optical densities on a given 

The optical demity of the marfmmp of absorption also varies Kith the 

I r' 
type of protein but the wavelengths of the marim and minima of the banda a m  

very nearly t.fie e a m  for a l l .  

of the amoIlIlt of protein preaent, it is  found preferable In finalyzing the M a  

t o  calculate the absorption per unit of weight of the protein in  each 8ample. 

This flgnre, called % i n  the folfowing, ahoald be a constant for each pratela 

if the character of the e q l e  does not change. 

Although the opt ica l  density is an lndi&lon ::- 
r - 1  

If is also found that protein measnremenCe on successive blood samples 

A.om a mrmal rabbit show variations which m y  be ascribed t o  the effects of 

blood sampling and t o  other @ysiological changes occmring A.om time t o  time 

Therefore, in the conduct of those inveetigationa on irradiated animale a oom- 

panion control rabbit wae selected for each irradiated -1 and blood a q l e e  

were taken and measurements were =de simultaneously on the p a i r  of animrnls. 

The resul ts  are thtu presented in t e r n  of a comparison betpeen*the ixTadiated 

rabbit  and its control. !Three quantities are conefdsred, tEe protelnveight,  

the optical density per unit weight (%), and the r a t i o  of mxxina~n to minimtzm 

demity o f  the protein abeorption curve. 

- 

The radiation was given t o  an adult msle rabbit Wng on its back, - ,  

target t o  sk3w-dista,nce being 50 cm. A single dose wae, with oqe exception, 

1000 r from a tube operated a t  100 W w i t h  8 f l l t ra t fon of 0.5 mm-Cu and 

1 .O mu Al. 

about 28 - the  dme was repeated. 

doses whereas tvo others, No. 6d, and No. 608, have died af ter  tu0 and three 

Thte single d o ~ e  it3 not le thal  f o r  the rabbit .  A t  Intervals of 

One aainal, Bo. 600, harr eurvlved SIX 

1 I T O  t 5 - l  



29. 

doses reepct ively.   his price- gives an opportnnity f o r  repeat meamre- 

I I B ~ X  on the eame aninrsl  during the sublethal period and then j u t - b e f o r e  the 

death of the animal. 

menta. 

Blood samples were taken at varioue times f o r  the mearmre- 

Resttlts : 

Gross Clinical Observations: In anlml  no. 600, which has snrPived 6 

irradiatiom, slight w e i g h t  losses have occurred fo l lowing  each exposme w i t h  

a weight incraase talc- place thereafter. Follovlng the laat  irradiation i n  

each of the animals  that died, the weight loss continued un t i l  death and. 

amountedto about 25 per cent of the start ing weight. Death was apparentlg due 

t o  the effects of Irradiation and occurred 22 and 30 days respectively after 

the last irradiation. 

recognizable diseaae could be found. The henaatocrit f e l l  f r o m  41 per cent ’ . 
At autopsy no evidences of bacterial  infection o r  other 

t o  18 per cent i n  one animl. Common findings of loss of hair  and skin injury 

were seen. 

Weights of Protein *actions: In Table 3 (Page 30)  is shown the day . 

and the t i m e  after Irradiation (~1-~6) that the eamples were taken on animal 

Ib 600 and its control No. 599. For a standard size sample of plasma,. 3 ml., 

the r a t i o  of the weight of protein in each fraction compared with the control 

I s  l i s t ed  i n  the four columns of fractions. 

that there is considerable verrlatfon in the r a t i o  values but that the chsngea 

It is apparent from these data 

a f t e r  irradiation are not paxticularly large or  on the whole remarbab- con- 

s i s ten t .  However, there is aome indication t h a t  in the samples taken 1 

2 days a f t e r  Irradiation there is a r i s e  in the flbrinogen and a f a l l  in the 

albumin. A decrease in albumin i s  in agreement Kith the flndlnga of Davg (4) 

i n  do-. An increase i n  fibrinogen hae been reported by Ham (10) but meaeure- 
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jampl€ 
NO. 

1 

2 

3 

4 

5 

6 

9 

10 

11 

12 

13 

14 

15 

- 

I 

16 

17 

19 

20 

21 

22 

23 

Radiation 
W Y  

- 
R-1 .7 

R-2.48 

R-3.118 

114.161 

R-5.189 

~-6.217 

Sample 
Time 

- 
5 rd.n* 

4 a. 
10 a. 

24 a. 

5 min. 

~24 d. 

53 a. 

3 hrs. 

2 a. 

7 a*  
42 d. 

1 a. 
9 a- 
15 d. 

2 d. 

13 d. 

27 a. 

2 a. 
20 a. 

ribrlno - 
gen 

- 
0.50 

- 
0 =79 

0.52 

0 *77 

0.51 

o .92 
1.17 

2.40 

0 .oo 
1.22 

1.81 

0 *77 

0.85 

1.08 

1.04 

0.44 

-1.60 

0 -97 

Euglob - 
tllln 

- 
1-55 

- 
0.88 

0.47 

0 -59 

1.03 

0 *55 

0.54 

0.63 

2.06 

- 
0.62 

0 .g1 

0 0 7 5  

0 3 6  

0 -93 

0.84 

1.15 

0.94 

- 
1.17 

- 
0.66 

1.01 

0 0 9 9  

0 057 

0 -99 

0 .g1 

0.72 

1.18 

- 
1.01 

1.10 

1.34 

1.07 

1.07 

0 *97 

1 *29 

1.18 

The weight of the proteln in each fraction divided by the 
CorreapondAng value fo r  the control a n l x ~ l .  

* 

Albnmin 

- 
1 .oo 
- 
0.76 

1.23 

0.69 

1.11 

1.14 

1.13 

0 .m- 
0.94 

1.02 

1.18 

1.15 

1.08 

0 -95 
1.28 

l(27 

0.86 

1.07 

..’ 
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mart8  on fibrinogen af ter  x-imadlation have not been very extensive. 

behavior in the globulin is  also men i n  other results (4). 

Variable 

ABsorption Spectra Meamemnts: In Table 4 (Page 32) as8 shown +he 

meaaurem&e by absorption sp-ectra on the same pair of  anlmle. 

t i on  per unit weight of protein is given as a r a t i o  a-*e contro 

values axe not depends~ on t he  recovery in-the protein Agctione or  oa-@6 

weight of the protein but pather are an tndication of the c m t a n c y  of c 

ter of a protein fraction. 

no appamxrt dependence on i r radiat ion and the ohanges in the  albumin in par- . 

The abeorp- 

There is some var iab i l i ty  here alS0, but t 

tictl lar are ver$ slight. 

t o  the 

before 

plaf3IDa 

baarsementa on the r a t io  of optical  density at  the mxlmnm of the band 

density of the  minim~l of  the  band are  even  In Table 5 (Page 33). As’ 
* -  -.. .. . ,. the contparison against the control is l i s ted .  The values are f o r  2. 

and haw the distinction of being maaurements on the t o t a l  comtitu- 

ents of the plawra rather than on proteim only. 

The ultraviolet  absorption spectrum of plagxua is principally that of 

the  protelna since other constituents are preaent i n  e m l l e r  amounts or  have 

smaller speclflc absorptions. 

often a t  1 o r  2 b r a ,  which may indicate 80- tramitory change i n  conrponente 

other than proteine . 

The b t a  in Table 5 show some variation, more 

_ .  ba8arements in the Acute Period: Mxmwements similar t o  the above 
c _ _  - 

were mde on antmala No. 604 and No. 608. In the early periods the blood . .+,. 

samplkg-~as ~~lrrre scattered than fo r  NO. 600 and 110 data were secured a t  1 

. .  
t o  2 daya af ter  Irradiation. No r e m r h b l e  changes were found. However, 

i n  both after the  last irradiation changes were noted which incremed , . 

i n  magnitude nnt i l  death. The fibrinogen increeeed, the euglobulin inureaaed 
- . _I_.. 



- 
saargle 

TlBt3 - 
. a - .  

5 -* 

hi,. 

10 d. 

$4 L- 

5 -* 

3 d. 

i o  a. 
24 d, 

53 a. _. . 

3 hrs. 

2 a. 

7 a0 

42 a. 

1 a. 
9 d. 

15 a. 

2 a. 

13 a. 

27 a. 

2 de 

20 a, - 

Fibrizm- 
gen 

I 

0.82 

0.89 

1000 

1.03 

1.26 

0.89 

0.93 

0.83 

0.94 

1.00 

1. og 
- 

0.67 

0.75 

1.54 
0.84 

0.65 

1.18 

1.07 

1.13 

0.74 

=Ob - 
ulln 

- 
- 
- 

1.09 

1.46 

1.04 

1.22 

1.45 

0.46 

Lo4 

1.04 

0.63 

0.59 

1.11 

1.47 

0.80 

08 95 
0.80 

1.01 

0.39 

0.90 

Pseudo- 
globulin 

- 
0.82 

05 91 

1.31 

0.98 

0.87 

0.32 

1.19 

0.70 

0.87 

0-  97 
1.08 

0.89 

- 
0.69 

0.69 

0.68 

0.75 

0.79 

0.53 

0.87 

0.90 

Albranin 

i 

1.11 

- 
0-89 

0.88 

1.11 

0.80 

- 
0.87 

0.89 

0.91 

1.01 

0.86 

1.00 

0.06 

1.00 

1.12 

1.06 

0.86 

0.94 

1.00 

0.92 



1 

2 

3 

4 

5 

6 

7 
8 

9 
lo 

ll 

12 

13 

14 

15 

16 

17 

19 

20 

21 

22 

23 - 

R-1.7 

R-2.48 

R-3. 118 

~-4.161 

R-5 189 

R-6.217 

7 

S m l e  
Tlme - 

5 -0 

4 a, 

10 a. 

24 d. 

5 min. 

3 a* 
10 a. 

24 a. 
53 a* 
3 hrs. 

2 a. 

7 d. 

42 d. 

1 d. 

9 d= 

15 d. 

2 a. 

13 a. 
27 a. 
2 a. 

20 a. 
7 

'lama No 600 
'laama No 599 

1*1 

0.9 

1.6 

1.1 

1*1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.2 

1. 7 

0.9 

1-0 

1.2 

1.2 

1.0 

1.6 

1.0 

1.0 

1.1 

1.0 
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and then decreased samewhat, the pseudDglobalin marked4 increased, and the 

albumin deCre86ed. ~ h e s e  Sindings a r e  similar t o  the t m i t c r r y  changes in 

the snblethal period, Table 3, and ale0 8gree with the changes in -6 (5) 

in the acute period wherein It was faand that the albumb decreaeed to slmoet 

half and the globulin-fibrinogen umeeolved peak in the electrophoretic pat- 

tern incretaeed. mo ch8ngee are obeerved in the character of the pia- such 

as noted in Table 5. 

SIInumry: 1. A re l iable  plaem8 protein fractlanaflan method appllcable 

to 3 m l  samples I s  described. _.  

indicate that transitory changes in the protein fractions af'ter a Bubiethsl dose 

are eimilar t o  the change8 in the acute period. There i s  an Increase in 

fibrinogen, and decrease In aXmmln, and an increaee in BODP~S of the globaline 

part1cuI.arl.y In the acute period. 

1. 

2. 

3. 

4. 

3. 

6. 

7. 

8. 

9. 

10. 
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Problem Code: X.R.2 (Mechanim of Zffects) 

Section Code: 3350 

PrelMaary Studies on the Role of the Adrenal in the Radiation SyrubXa3: 

- 

The e l d l a r i t y  between the post-irradiation state and the alamn- 

adaptatlon 

physlologs group at  the Chicago Project. 

i n  adrenal size and C h o l 0 8 t 0 r 0 1  content i n  the rat a f t e r  ionizing radiation, 

of Selye has been pointed out by both Selye and the-- 

T h i s  l a t t e r  group has studled changes 

and their  findings are conslBtsnt w i t h  those changes i n  adrenal function as: 

sociated with the alrtrmgdaptatlon syndmme. 

ear ly  Rhqlp fall  in  the adrenal cholesterol content a few hours poat-radla9 

Briefly, they have shown an 

t ion followed by a padud.  increase in size and cholesterol content over the 

next 3 to  5 days, af te r  which time a gradnal decline In size i s  noted. They 

have not reported changes In m r t a l l t y  by the u8e of supplemntary adrenal 

cortical hormone. Since it is a well-lmown and often repeated observation 

in endocrine research that by.varglng the timing of the administration and 

the size of the dose almost complete reversals of hormone action can be- 

demnstrated, lt seemed of Interest t o  investigate in  this laboratory-certaln 

of auch procedures w h i c h  mlght poaeibly alter mortality and at the 88388 time 

thrcm more light on the role  of the adrenal cortex in the post-irradiation 

', 
. \ .  

. 

8yndrome. 

As a preliminary study, a groap of 16 rats were given 1.0 cc of UpJohn 

adrenal cortical extract ~ubcataneously 1 hour pre-radiation and 0.5 cc Wa6 

injected in the aame manner on each of the next 3 days. 

t h i s  would block or reduce the increase In adrenal s ize .  A blocking effect 

of t h i s  tspe has been described by Sayers and Sayers for the adrenal hyper- 

It wae hoped that 

. - .----. _-- I 



trophy which follows cold and other form of stress. The composite curve 

for 3 such experiments i n  which the results were essentially the same are 

ahoM in Figure 1. 

receiving ACE l oa t  weight rapidly af ter  the 2nd post-radiation m. 
died at an ea r l i e r  time and also had a higher mortality than the other groaps. 

In the control group there w a s  a 50 per cent survival in contrast t o  a 20 per 

cent s u r v i v a l  of the treated rats. 

intest inal  t r ac t  hemrrhages, 

(50 ACE -8 and 48 untreated controls.) The 8 J l h d S  

They 

Several &owed subcutaneous and gastro- 

To be certain t h a t  the increased m r t a l i t y  seen i n  the treated a n i m d ~  

was not due to handling a t  the time of injection, a fourth group of 16 animal8 

wae given ealine i n  the same aDlMlllts beginning 1 hour pre-radiation and con- 

tinuing for 21 days.  

ie ehavn on Figure 2. 

than the controls. 

showed a 25 per cent survival. 

Their mortality together with that of their  controls 

These animal8 actually lost weight a t  a slower rate 

In this experimsnt both the control and saline rats 

In a second experiment an attempt w a s  made to cause a pre-radiation 

adrenal hypertrophy by subjecting the a h t a l e  to a moderate strees prior t o  

radiation. 

hours on each of 5 ndghts immediately precedbg radiation. 

StreeS caueed no weight lose and growth wae not interrupted. 

16 rats and controls were studied. 

i n  both  group^, they m e  sham as a single composite curve in  Figure 3. 

control ra te  shared a 46 per  cent mu-vlval, whereas one group of atreee animals 

an 87 per cent and the other s t ress  group a 57.5 per cent survival. 

T h i s  was done by placing the rats in a cold r o o m  a t  4% for 2 

This amount of 

W o  group8 of 

Since the control m r t a l i t y  was the same 

The 

T h a t  a pre-radiation strees need not necessarily be the aftermath of 

a repeated Illoderate physical exposure i n  sham i n  a third experiment where 

UR 00804 
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40. 

\ 

the mortality wae markedly decreased by the probable acute strees reeulting 

fmsn the admlnlstratlon of a single Injection of 300 mgs/kg. of phloridzin 

In pmp&.iene glycol 6 hours pre-radiation, or e-ly by the injection of 

propylene glycol as ahown in Figure 4. 

eolvent for phloridzin.) 

(Propylene glycol was used as the 

While this protective action of propylene glycol, 

with or without phylorldzin, may be a r e sa l t  of the same mechanism as t ha t  

follarlng cold stress,  i ts exact nature is unknuun and is in the process of 

investigation. In these groups, the control anlma.ls showed a 50 per cent 

Burviva1 in  contrast to a 91 per cent m l v a l  i n  the phloridzin r a t e  and 

an 80 per cent aurvimtl in those animals treated w i t h  propylene glycol. 

Since these studiee seemed to indicate that those procedures which 

commo4y cause adrenal hypertrophy also produce a beneficial effect  in re-  

duclng radiation mortality, it vae decided t o  investigate the possibi l l t iee  
A 

the r a t e  1.0 cc of Am at 72 hours post-radiation and 0.5 cc blly for 21 

days. The control amimala shoved a 2 per cent survival, while the treated 

rats showed a 75 per cent survival. O n l y  one variation in the tims of dose 

has been tr ied,  namslyjbeginning treatment 24 hours post-radiation. In the 

single group studied, the mrtality was similar t o  that seen i n  the pro- 

radiation experiment wi th  a 5 per cent eul-vival of the control and a 27 per 

Cent eurvival of the treated rats, (Flgure 5) No variation8 In dose have been 

studied, nor have other ACH preparations been etudied. 

All rats used in these experlmente were females of the Wietas Bfrain 

weighing betueen 125 - 175 grams, except in the phloridzin, glycol erperhwnt . .  

where male wistar rats weighing 200 - 250 grama were used. All experlmental 

, 
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rat groups, m e t h e r  with a control group of Identical numbers, were radiated 

simultaneously a t  the uniform d0-e of 6 25 r, the mid-lethal dose previously 

determined for the Wistar strain. 

Problem code: X.R.7 (Bacteriology and I]nmrmology) 

Section Code: 3442 

P r e l w  Studiee to Determine the Effect of the R a t e  of Inoculation on the 

White Blood Cells. in  Mice: 

Groups of standard three-week-old Swiss mice were infected w i t h  virulent 

Hemphllus pertuseia intracerebrally, Intranasally, and Intraab-, 

Total and differential  white blood c e l l  counts were carried out on a representer- 

t ive  member of the mbJect8. 

_ -  

Highest counts (51,980) were obtained in  mice 

Infected intranasally wi th  0.25 bi l l ion  organisma. Mice infected by the Intra= 

cerebral method showed. increases i n  the total C O w l t 8  (41,175). I n o m t i o n  

by the Intraperitoneal method, in this group, r e d t e d  in C O U n t B  0- Sliehtu 

above the normal range of ll t o  15 thousand. 

Conclusion: Inoculation of mice with He pertufIsis by the intracerebral 

and intranasal routes resulted in similar Increases of the white blood counts 

as w e l l  a s  the mortality rate.  

resu l t s  close t o  those obtained i n  the control group of subjects. 

Inoculation by the intraabdominal route .gave 

Effect of X-ray Irradiation on Experimental Murine Pertussis: 

(1) Influence of Irradiation on immunized mice: Standard groups of 

mice were actively inmumized with btraabdcrminal injections of a euepeneion 

of 2 b i l l ion  organisms of Phase 1 H. pertuseis per cc. 

the tes t  groups received a single exposure of 200 r. 

Eleven b y 6  later, 

Two"'day8 a f t e r  the 



x-ray treatment, a l l  groups were challenged w i t h  intracerebral injectiOIlS 

of the same organim fram the growth of which the lnmunizing vaccine wae 

prepared. 

Reenlts of this experiment In t e r n  of the 50 per cent endpoint 

mortal i ty  dose were as follows: 

Immnlzed: Group I No x-ray treatment - 14,2 m. (dose of organhm8) 
Group I1 X-ray treatment - 3.9 m. 

G m p  III Do x-ray treatment - 0,49 m 
Grow IV X - r a y  treatment - 0.86 m, 

Nbn-immnimmnnlzed: 

Conclusion: x-ray treatment appeared t o  decrease protection in the 

inam.ln.1zed mice when given eleven d q s  after active 5Inmnnkation. 

The influence of new drugs on experimental m i n e  pertuseis is also 

being determined. 

of 1 mg for  three days, 0.1 mg one day, gave 4 50 per cent endpoint of 3 1  

In the original erperiment, a u r v c i n  given in a d o w e  

. 

million organisms. 

three days protected 50 per cent of mice wainst more than 500 million 

PolyqxIn B, given in doses of 100 microgram8 daily for  

organiams. 

protected 50 per cent of the mice against 37.2 million organlmne. 

0.2 gm per kilogram of M s u l  given daily for  three days 

Strepto- 

mycin given as 1000 micrograms daily intraabdominally for three days protected 

50 per cent of the mice against m e  than 500 million organlams. 

IIO f a t l l i t i e e  with Streptaqycin. 

an M.L.D. of 5.6 million organiame. 

There were 

The infection in the control mice produced 

In a repeat experiment,. the controls did not react,  and another ser ies  

is projected. 
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Problem Code: U.l (Physical and 

section code: 3210 

PRoGEtAM u. 
lJmuasm 

Chemical Properties) 
. . - . . - - - .. . . .. .. 

S.lllmpllng and Meaearemsnt of Aeroeols: UO3-P&icle Size Studies: - 
~ .. >.. 

A aeries of 51 cascade Inpactor samples were taken on atmoapheroa9of .- 

an mhsl  erposare chamber in which aeroeols of different par t ic le  aizee.weret 

being dispersed during the pre-erposare teat- period. 

that a concentration from 10 to 15 mg/d could be maintained with lar60.m. 

with mall. particlea of U03. 

to 0.4 micra with a geometric atandard deviation avew- close to 

larger size q e d  fram 1.5 to 2.0 micra with g e m t r i c  slandard dev 

The resu l t s  

- .  
The amaller size U03 3?articles m e d  -0.3 

rangin& fram 2.0 to 2.8. 
. .  

A series of 16 Cascade Impnctor samples were taken on atsoospheree of 

the particle-eize chsmber during the subsequent animal erpoaare period from 

7/12/48 to 8/2/48. T h i s  atmaphere contained a fine particle size dust - _ _  . . .--.- - 

median value of 0.29 micra with a range fmar 0.23 t o  0.34 micra were obtained. 

The particle-size -8s were thua m h a t  lower than the corres- elzea . , ..- * .  

of urmlum dioxide (0.45 micra). 

of being atspical as were the uranium diaride aerosols; this r e d %  was expected 

became the uranium t r io r ide  had been freehly precipitated. 

I - - - - _- 

A 
s - 4  I 

The size dlatributiane were normal mtead .. . _ _ _  ‘-i. . 

The average valse 

for  the geametric standard deviation w a s  2.5 with a range f r o m  2.3 to 2.7. 

The conslatency of reeul ts  indicated t h a t  the aspirator method of d i e p e r S i D g  ljtlB- 
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Problem Code: U. l  (Physical and Chemical Properties) 

Section Code: 3220 

Uranium Campler: 

Reinvestigating the pola3.ogrerphy of uranyl ion in citra.%e medim, it 

has been found that uraniwn catalyze8 the destruction of citric acid under 

. _  
the influence of light. The coneiderable wide varistion p0LarograpfiiC 

reealt8 in earlier stadies may be attributed to the variable amount of deskRC- 

tlon of citrate ion, 
t 

Much of the earlier work has been repeated enqSl0gl.W . 

f'reshly-mans solutions giving a mch improved precision. 

Problem Code: U.1 (Physical and Chemical Properties) 

Section code: 3260 

Dissociation Canstante of Various Uranium CoI@lexes: 

M u m  is known to inhibit sugar &tabolirrm of yeast by camplexlng 

with certain groups on the surface of the cell. The diesociation constant 

of the yeast-uranlum complex is very emall,  i.e., of the order of 3 x 10-7 

(see Rochester Reports TJR-8 and UR-17). 

ability of various substances is c-ed with that of the yeast cell groups 

in the hope that same light may be thrown on the nature of the latter. 

In the present report the c o w ? l e ~  

After a number of methods Were tried, the follarlng procedure was 

adopted: 

containing 10 mg of cells per ml of suspension. 

fluid was taken for analysis: 

test were added and each time, samples of the supernatant were analyzed for 

A fixed BmDunt of uranium was added to a mspenslon of washed ye8Et 

A aample of the 8upezTJa-t 

Then various concentrations of subetances under 

Uranium. In the case of the phosphorylated compounds, molybdate was added to 

UR 00814 



inhibit t h e  cell Burface phosphatases (detailed report in preparation). 

enal.yses were mnde by isotope technique, using U 

W U B !  

gurd an alpha cOURter m e r  
233 

electrophting on silver foil (see Rochester Report UR-17). 

Redistributian of araniam between cells and mpernatant is ahown in 

Figure 1 (me 48) for different concentrations of varioue aubstBnces. T b -  

dissociation constant of the aranitrm ccanplex w i t h  each mbstance can be ap- 

proxlmatelg calculated fram the concentration of that substance n e c e s m  to 

keep 50 per cent of the aranimn in the SupemrataSt. 

The calculated constants m e  given in Table 1 ( m e  49). The . .  equation 

used in these CalCaLations vas derived -the Iav of Mass Action and far 

the paxticnlar condition of t h i s  experiment could be simplified in the 

where 5 = dissociation constant of yeast-uranium complex 
= dissociation constant of substance X with Uranium 
g concentration of yeast cell groaps 
z concentration of substance x 

' 

y 
x 

The dissociation constants varied f r o m  @eater than 10-3 to l eas  than 

6 I 10-7. The ester and ortho-phosphate ccanplexes have high cone~ts. 

Polyphosphates and metapho~phates have very low constants. 

diphosphate and citrate are intermediate. 

e1mila.r t0 that of yeast is hexametaphosphate. 

this campotuld hae recently been Bhclwn to be intimately connected w i t h  carbo-- 

hydrate mstabolism? 

Proteine, h m s e  

The only substance with a cOnet€UIt 

It is interesting to note that 

* 
JQ-, K w n ,  R e a r ,  and Spiegelman, Arch. Blochem., - 18, 387, (1948). 
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Msaocia%ion Constan%s of V&om Caglexes of U d m  at pH 3.5 

yeast surface groups* 2 to 5 x 10-7 

Heramstaphoephste 6 x 10-7 

Inorganic pymphosphate .. 4 x10-6 

Adenosine triphosphate 5 x 10-6 

Inorganic metaphoephate 8 x 10-6 

Adenylic acid 1 x lo& 

Hexose diphoephate 3 x 10-4 

Citrate 3 x10-4 

Inorganic orthopbqhate 7 x lo& 

Inorganic triphosphate 6 x 10-6 

Bovine serum albumhi* 

Egg albums# 

3 x 10-5 

8 x 10-5 , 

Alpha glycemphorrphate 1 x 10-3 

Beta g4COrophoQhat0 1.5 x 10-3 

Glzzcoee 1 Phosphate 1.5 x 10-3 

Maleic acid 1 I: 10.3 

+For calculatlane, see Rochester Report aR-17. 
%laxity calculated on the  basis of free carboqyl 

4. - .. .. - 
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Problem Code: U.3 (Toric Limits) 
L 

Section Code: 3210 

The Relation of Particle Size of 00, b T&Clty Follovlng Inhalation by 

Rabbits and R a t s t  

A series of four etadies to determine the effect  of particle Size of 

U02 aerosol op the retention, dietribation and t o x l b i t y  in animals haa bean 

completed. The series tested was: 

c l e a r 4  

inhaled 

Average Aeroeol - Teat particle Size Coqxtntration 
mg U%/=3 

I ~~ 22 

Mass Median 
Particle Size 

P 
0-45 

Iv Iarge 80 

Cumparison of cllnical  chemical responses of rabbits In all foar etadies 

indicated that toxicity increaeee BharpJy-ae the particle size of the 

duat decreased be- 1 p .  In particnlar, it was indicated that the 

concentration of urinary protein in the r a b b i t  was a l m e t  e n t i r e l y  8 -tion 

of the mass of inhaled particlee below 1 u in size, and was l i t t l e  if at all 

related to the t o t a l  concentration of all sizes. 

--- ----- 

Tisme analyses and result0 of histologic examinations of t issues frolp 

erperiments I and 

maes-madian part ic le  eize, no evidence of hletopbthologic dnJna@ was faand i n  

the rat. 

and moderate in 1. 

are now completed. A t  80 mg/m3 concentration and 2 p 

In the rabbi t ,  tspical renal tubular ne~r0818 was el l@ In 3 Of 16, 

A t  this eame concentration (80 m g / . )  but at maseJllsdian 

'UR 00818 
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slight to moderate. 

TI8sue analyses dld not indicate any sigdflcant correlation between 

part ic le  size and errnottat of uranium in femur or kidnay of ei ther  epeciee. Ih 

the lung, however, deposition of araaium from dust of 0.45~ msee-median size  

YCLB of the order of ten timbs as great a8 that frap dust of appraidmstely 2.0 - _  p 
masslsladian sics at the same erpotmra concentratim 

deposits in the tissue8 of az&nale of the ccrpnpleta aeries are fuund In  Table I 

(Page 52).  

proportional to the concentration of sizes below 1 p in the erpoears atnrO6phere 

and bear l i t t l e  relation to concentration of the dulet aa a whole (Pig.re 1 -- 

Mean vslass of m u m  

The deposits of taranlmp in the lurrgs of both species are roaghly 

Page 53). 

The Effects of Ezposure of Rabbit6 and Rate 'to lahrrlatlon of Wdrsted Do3 at - 
Pravlme studies* of Inhaled ap2 duets of different pSrblcle elze hare 

ahown that retention, distribution and t o d c i t y  of e w e  altered w i t h  m e  

in part lc le  size. &I associated cause of this pheMmenon was the insolubili ty 

of the tJ@ duet. It now beccxee of interest to detarrmine whether mch sffoots 

e t i l l  .obtain with R &tun duet of intermediate eolubllity. UO3 was eeleoted 

because of l t e  special property of being relatively ineoluble in water but ap- 

preciably eoluble in body flaide. 

Rabbits and r a t e  were eaosed In  a chamber t0 an aeroeol of UO .2%0 3 
(E$O4*lQO, W ( O H ) z - % O ) .  use of this bhte Instead of UO was nacessltsted 3 
* Reported in Rochester Report I@. UR-21 and UR-38. 
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Deposition of 00, In Tissues of Rabbits and Bate 

Mlc- of U'ranlum per Gram of Wet T i s s u e  

Mass-Mediea Particle Size, p 

Exposure Concentration 
(a sizes) mg/d 

Concentration.of sizes 
below 1s (approx.) mg/d 

Exposure hours 

LUlE: Rabbit 
Rat 

Rat 
KTcIE;IEp: Rabbit 

FEMUR: Rabbit 
Rat 

I - 
0.5 

22 

19 

140 

76 21.80 
305 1233 

1.0 1.2 
2.0 3.0 

1.8 2.2 
1.2 4.0 

III 
1.0 
- 

30 

2.6 
3.2 

4.0 
3.1 

Iv 
2.0 
- 
00 

14 

192 

46 
157 

1.1 
1.2 

2.7 
1.9 

I 

c 
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by a combination of circumet'ancee: 1) a dry dust feed dispersing dusts of graded 

particle size has not been developed, and 2)  U03 in aqueous suspensian grad- 

takes up water, the end product be- the dihydrate, the stable hydrate under 

ordinary amspher i c  conditions. The U 0 3 * 5 0  a e r o b l  was produced by natconiza- 

t iom of a water suspension of the compund by meam of the aspirator feed that  

had been used in previorsly reported U02 particle-size studies, At t4I [ [P tB t0 pre- 

pare a euspension of imitable particle size by grinding U03 i n  aQueoue Buerpension 

were not successful. A mapemion of the desired par t ic le  size was finally pre- 

pared by dissolving uo3 in hydrochloric acid and reprecipitating with M H .  

After repeated washings a pure suspension of UO '250 was obtained, the only % 

pur i ty  present in more than a trace be- sodium. 
3 

About 1 per cent of l@ rermainsd. 

Ten rabbits and 24 rats were exposed daily for 22 calendar day6 (16 erpo- 

m e  days or  96 cumulative exposure burs) t o  I J O ~ * ~ + O  a t  a mean concentration of 

3.6 mg/d a t  a par t ic le  s ize  of 0.3 )I. 
of urinary protein in two of ten rabbits near the end of the second week and a 

The only toxic effects  observed were traces 

a l i g h t  but definite growth reduction in the rats during the first and second weeks. 

Problem Code: u.4 (Fate) 

Section Code: 3201 

m45 Adsorption: 

Using radioactive calcium, it has been ShOKn by in v l t r o  studies that a . -- 
Bizable fraction, that i s  1/4 to 1/5, of the to t a l  calcium of bone may enter into 

an exchange reaction with calcium ions in a oolution.to which the bone is  erpoeed 

for a period of two weeks. This l ab i l i t y  of bone calcium is exactly anabgoW, 

even numerically comparable, t o  the phosphate exchange previously described. These 

studies are basic to the probleans of explaining the bone depo6ltlOn of uradum, 

beryllium, and perhaps other iom. Bane rmsy act like an ion eXChaDge 
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Problem Code: 

Section Coda: 3220 

Be.1 (Physical and Chemical Properties) 

Analytical Procedure: 

Because of the llifflculty in obtalnbg alkanin (the color agent prebnt 
5 .- 

~ . "7 

In alkanet root), attempt6 have been =de at the synthesis of q U i ~ ~ L z a r h ,  a 

structural aoalogue of alkanet, 

to show that this compound w i l l  be equivalent to pure alkanln as an agent for 

the quantitative determination of beryllium. 

has been made of the mechanism of color formation when beryllium I s  mixed with 

Sufficient aynthetic material. has been obtaipad 

In the meantime, an investigation 

anthraqninone cmpounds. 

The dissociation of this caxplex is extremely law; t h e  complex is not aoluble in 

water or solvents; and, when formed in solution, ueual4  remains colloidal. 

the results of direct analyses and x-ray diffraction studies it appears that 

beryllium is preaent as a hydroride, but due to the fact that the casrplex shave 

Beryllimn combines with dye in a 1:1 xwlecular rstio. 

Fram 

a definite combining ratio, the reaction cannot be considered as the fonnatiOn 

of a "laken. 

provide the basis for obtaining important information regarding the efficacg of 

various ccanplexing substances of biological eQnIficance. 

This Information, though seemhgly of an academic nattlre, may 

Qualitative studies on the isolation of beryllium usil'lg f l ~ s l l l ~ ~  

have been undertaken. 

Solution Chemistry: 

Conductivity titrations of beryllium a.nd va.rlous physiologically 

important compounds have continued. Approximate solubility mea6urements have 
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been made on a rrnmber of beryllium hydroride preparations. 

beryllium to  pass a mambrane when present in various madla has been studied 

ut i l iz ing an ul t ra f lXt ra t ian  apparatuf3 of our o m  design. A beginning has been 

made on the study of the state of aggregation of beryllium hydroxide in v'ariaaa 

eolutione utilizing high apeed centrifugation. 

The ab i l i ty  of 

Problem Code: €10.3 (TOXIC Limits) 

Section code: 3210 

The Inhalation Toxicity of Beryllium Sulfate Hexahydrate Mist in AnhaJ-6 at a 

Concentration of 10 mg/d for 95 ~ays: - 
The acute toxicity of beryllium has been studied i n  8 species of animal8 

exposed d a l l y  for 95 days (426 exposure hours) to  an aerosol of berylliam &fate 

hexahydrate a t  a concentration of 10 ng/m3 and a t  a mist particle size (size 

mass-medlan) of 1 . 3  micron. 

studies t o  which successively lower concentrations of t o r i c  agent have been 

employed in  an a t t e q t  t o  establish beryllium concentrations producing border- 

l ine or  no t a r i c  response. 

produced t o  the lung i n  a l l  species exposed; in another a t  50 mg/m3, a =derate- 

ly severe response had been produced i n  m e t  but not a l l  speciee. Specifically, 

the rabbit at  50 mg/m3 showed lesiona most l ike those of human lungs in the acute 

phase. 

ser ia l  histologic examination ha6 been performed, ehawed t h a t  lung injury was 

produced in certain of the more susceptible species, the cat, dcg, monkey, and 

rabbit, but this reepanse developed nore slowly, requiring approrimate4 0- 

monthis erposure before f 'ully developed lesione appeared. 

This study i s  the thi rd of a series of inhalntloll 

~n previous study a t  100 q / m 3  injury had been 

The present study a t  10 mg/d (0.4 m& Be/&), i n  which m r e  detailed 
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Whereas, at the higher concentrations, the overall mortality appmXlIILated 

30 per cent ea inmany species attained values as high as 100 per-cent, at the 

10 mg level, overall mortality w a s  reduced t o  14 per cent v i th  only ‘a single 

Bpecies, the rat, shawing an appreciable mortality (50 per cant). Wreover, 

a t  t h i s  level, the weight loss that in the previous studies has been general 

89)ong the majority of erposed Rnlmals, was IIOV noted only in the JnWkey and me, 
-- 

did not occur In the cat and rabbit, and galne were noted in the goat, gaiPea 

plg,  and rat. Similarly, biochamical constituents that  had given evidence of 

eevere toxic reaponse at  the higher levele, namely, changes In protein of the 

urine and possibly those of the serum, now shaved only doubtful chaDgee In afl 

occaslonal meder of a epecies. 

a possible trend toward depressed blood phosphorus in the rabbits with no con- 

There w a s  noted, however, a t  the 10 mg level 

comlttant change in  blood calcium. 

third week in dogs and rats exposed a t  the 50 mg level, still  was observed at 

the 10 mg level. The augh t  thrambocytosis in rabbits and rats a t  the higher 

The leubcytoais that w a s  rather 9la3.ked the 

level w a s  not seen at  the 10 mg level, although a alight decrease I n a ~  have 

occurred In the red blood count of dogs, and there was a questionably increased 

f’ragility of the red blood ce l l s  in the rats. Ser ia l  histologic eZaminatlone 

performed on 4 of 8 species shared pubmnary injury in 3, namely, the rabbit, 

monkey, and dog. 

injury marked by distortion of lung architecture, edema, congestion, and mOnocytic 

These animals examined a f t e r  the first 3 weeks shared pUhXEU’Y 

infi l tration; animals sacrificed at the 95th thy, hmever, shaved a C h m n I C  

response in which the pulmomqy exudate was changed Amn a monocytic to 8 

phagocytic character and a thickening had occurred in the alveolar walls. 

other outstanding characteristic of the response at  the 10 mg levelwae the increase 

All- 
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in severity of the pulrmuu'y inJ e.g., in the cat 

lung, effects were minimal at  the 73rd day but had became mderately severe by 

the 95th day. This chmge In character of the lung lesion waa noted ala0 in 

the N ,  monkey and rabbit, althot@h3lDt a t  the same interval of expomre, 

a U  species exposed t o  date, the rabbit, m, cat, and monkey ahar pllbI0- 

changes most closely resembling those seen in man in the acute phase folloWiZrg 

beryllium exposure. Moreover, the rabbi t  showed a remarkably f ine  correlation 

between pnlmonarg disease and duration of exposure. Rating the degree of lnng 

injury from 1 t o  3+, indicating progreseive injury, animals e&sed from 30 to 

66 hours s h e d  a 19 response; fkmn 96 to  132 hours, a 2+ reeponae; and fram 

336 t o  408 burs, a 39 reeponse with an occasional Indlvidnal sharing minor 

Of 

variations. 

exposure became typical only after several weeks of erposare and then was m3nhal.  

On the other hand, lung pathology in the rat follmiag berylllum 

in degree, and i n  the guinea pig that injury found during the first 6 weeks of 

expome tended t o  disappear by the 95th day. The goat showed no changes of 

content shared surprisingly that the lung of the rat contained the m a t  beryllimn 

per gram of fresh tissue, the & m a  pig next i n  order, the dog least; the anuunts 

species. These amounts of deposition do not accordingly correspond t o  the 

histologic response, although differences i n  deposition are not great. These 

resul ts  would indicate either that once beryllium has entered the lung, the 

amunt is  of lesser consequence i n  producing injury or  that species vary peat ly  

i n  the EUsCeptibllity t o  the amDunt deposited. 

the VEW~OUE tismes decreased in ammt i n  the following order: 

lymph nodes, l iver,  tooth, kidney, and femur. 

Depoeition of berylliwu anrang 

l-, pIlhlX3XYBZ'Y 

No accumulation of beryllium 
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occurred In either the lung or  femur of the monkey a t  dag 19 over %bat foapd 

at day 5. 

Aerosol i n  R a t s :  

Industrial ezposures to bergllimn a r e  c m w  not t o  beryllium 

but Include mirtnres of other potentially toxic agents, 

the manufacture of bergllium, hydrogen fluoride (HF) or other soluble 

have been ahown not only t o  be present Kith the beryllium but t o  exis t  In 

several. hundred fold greater than that of beryllium (Rochester Repart M-lm). 
Toric exposure6 have been eham t o  occur amcmg p lan t  personnel at site6 w h e n ,  

these nired exposares existed. 

determine whether 

tion, 

In  ~ a m e  proceseee 

The study described b e l w  waa p e r f o m d  to 

had a potentiating effect  on beryllimn poisoning by 

The rermlts obtained i n  rats confirm t h i s  hypothesis. 

Elghty rats were exposed in groups of 10 and 20 each t o  either b 

sulfate or  t o  HF, separately or i n  combination, on alternate aaJTs or  dsily for 

one mnth, a period of sufficient duration to determine ccanpletely the effect 

of expoeure. 

10 %/m3. 

M-1844) 

concentrations of HF were approximately 7 =/I$, a concentration that bad been 

The cancentration of beryllium sulfate hexahydrate ap 

T h i s  concentration had previously been establ ished (Rochester Be 

as g i w  50 per cant mortality in rats in a period of 3 weeks. 

a ,2 ,z;-~,.-.. previouely 6huw-n (Rochester Report soon to  be lseued) t o  produce ei ther  in- 
-:%% @. 

consequlsntial changes i n  ra ta  or  no response at all. 

The 20 rats that were submitted to both agents were eqosed ond.ternate 
I ,  

- .  r day8 for  6 hours, first t o  the beryllium aerosol and then to the HF gas for a 

t o t a l  exposme period of & hours for each. T h i s  procedure w a s  adopted p & u  
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because of expediency* and partly because a definite iirterpretatian of $UX5Cologic 

resul ts  would be made m e  certain if erpoenre to each agent w a s  lees  than that 

of the controls on the reasoning that i f  mmta l i ty  occruTed fKlm reduced ezpo8nrS 

{lowered C.T, values), t h e  

(EF certainly wa0 not lethal a t  the C.T. ValU86 eqloyed). 

preammbly would have potentiated berylllam toxicity 

Serving a8 ‘&role 

for t h i s  study were 4 additional groups of rata; one group of 20 wae orposed 

iiaiu to  HF at concentratione appporimatiq 7 %/m3 (124 exposure hotwe), another 

. 

group O f  20 r a t e  YBB &posed h i 4  to b e ~ l l i ~  &fate hezabgdrate XI&& at ap- 

proximately 10 me;@, and third and fourth gruup of 10 rats each were erpoeed on 

alternate days to the above concentratlane of either E@ or  beryllimn sulfate. 

The weighted mean concentration of beryllium sulfate hexahydrate daet 
- 

for the entire o n e a n t h  study wae 9.2 mg/m3 with a standard deviation of %7; 

similarly the weighted mean concentration of HF gas wa6 8.5 mg/d with a -8- 

deviation of 4.9. G ? X t V b 0 t r i C  analysid of f i l ter  paper duet ~amplee xith an 

occasional check by the spectrographic method wae used for the determination of 

beryllium concentration i n  the atmomhere; analysis for fluoride was made on 

chamber-air Bsmples absorbed in O.OO> norm1 gl)H and t i t r a t ed  directly W i t h  

chrame a z u r o l S  according to  t h e  Torton method (Rocheater Report  M-1694). 

The toxicologic finding8 were clear-cut and uneqtllvocal. RecniLts Of 

mortali ty,  weight responee and histologic exmnlnatian all were C O n s i S t e n t  for 

any given group and were eharply different between the group exposed to the two 

agents as canpared with the gm-8 erposed to the agents separately far the 

was not resorted to  because a mixed exposure would present analytical diff%dLtb~ 
for determining one constituent i n  the preeence of the other. An erpoeare Chamber 
w a s  available and in operation wi th  an atmmhere containing beryllirrm sulfate 
a t  10 mg/m3 a t  the time the study was planned. 

A simultaneous expoeure to  both beryllium sulfate and HF as a mixed aeroeol * 



expome t i m e .  A s  for mortality, precisely the same number of rats died 

that were exposed to both agents on alternate d a y s  as died fYom beryuum 

sulfate alone with daily exposures. bkrtality began on the l 3 u l  and 10th 

days In each group, respectively, but both groups reached the identical rate 

of mrtality on the 20th day (40 per cent), and ID -re deaths occurred there- 

after. Thus, the same mortality was pduced frmn one-half the total e ~ p o ~ m r e  

to beryllimn plus HF aa was produced by double the m u n t  of exposure to beryl- 

lium alone. No deaths occurred in rat groups erposed to El? alone daily, or t0 

beryllium sulfate alone on alternate days. One rat of a gronp of 10 exposed 

to HE' on alternate days died; hawever, from 6 o m ~  Csuse unrelated to the eXgOf3We. 

Substantiating this evidence of potentiating toxicity of El? for berglliumwere 

the weight-response data. 

pre-exposure mean value8 were the 883118 2 p u p s  showing the 40 per cent mprtallty. 

- 
The only rat gronpe to s b w  weight chaoges laVer than . - 

Plots of the weights of the other 3 grovpe never dipped below this pre-eqofmre 

mean and 2 groups showed progressive increase in weight upon continued ezpogare. 

SLmi la r  evidence mbstantiating the main conclusion was obtained fKlan histOlo&ic 

examination of the &s dying from exposure and those sacrificed at it6 

termination. 

Rats exposed to beryllium &fate showed minimal to moderate pulIrK)w dieease, 

Rats erposed to HF ehawed IIO changes attribukble to expoEmre. 

and those expoeed to the combbation of both beryllium and fluoride showed 

pnlmonary changes similar in  character and degree to those exposed d8iU to beryl- 
. .  

l i u m  alone. Erposnre to beryllium on alternate d a p  reeulted in definite p - q  

lesions In only a few instancee, &ne in a few caeee end equivocal effects in 

the remainder. 

Thue, it may be definitely stated that since pulmonary injury and as- 

eociated effects were as great in ra te  receiving one-half the e m s u r e  of beryllium 
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eulfate when HF-exposure w a s  supermoeed (md under co4dition6 that either agent 

alone produced no changes) as the effects produced by ra ta  receiving twice the 

exposure of beryllium sulfate alone, that HF has a potentiating effect  on beryl- 

l i um action in  the body. 

Problem Code: Be.3 ( T d c  Limits) 

Section Code: 3230 

Intraperitoneal J2jection, Beryllium Oxide SU8penSiOnS: 

Some months ago a group of 10 male r a t e  (aged 30 -8) were injected 

with a -ne suspension of beryllium oxide (fluorescent grade) w h i c h  had been 

made up four months previously. 

4 of 10 were dead i n  24 hours, and. 8 of 10 in 3 weeks (See Table I - Page 63). 

Other groups were given various doses of t Freshly prepared beryllium &de 

mapension anh ehcrwed no such lethal effects. 

aging of Buspensions of beryllium oxide ought t o  be observed. 

number of ea l ine  suspenalona of fluorescent grade heryllium oxide were made up. 

Administration of th le  fresh mepension (concentration approrimately 50 mg/d)  

was =de, intraperltoneally, at  a dosage level of 2000 m g h  t o  ten male rat8 

50 d a p  old. 

suspension a f t e r  it had aged lmnth;  a third group received the 8u~pepBion 

after it had aged 2 mnths. 

of a drastic increase i n  toxicity (See Table I1 - Page &). 

The nrortalities fmrm this group were startllIIg: 

It seemed that the resul ts  of 

Therefore, a 

A second group of 10 rats received the same treatment with the 

Emly results of this experiment show 130 evidence 
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64. 

, P* < P e 

Cate of 
Ind e c t lon 

~ 

7/28/48 

8/27/48 

9/28/48 

50 -days 

50-days 

24 m ~ .  
0110 

0110 

0 /10 

Weeks + 

8- - 2 
cays 

0110 o/io 2/10 3/10 

1/10 1/10 

- 
14 2 1  - 

* 

Intraperitoneal Toxicity of BerylliUIn oxide i n  R a t s :  

In a breeding experiment a group of twenty-five female r a t a  (weanllngs) 

were injected intraperitoneally wi th  a single dose of beryllium oxide (S.P. grade) 

a t  a level of 1000 mg/kg; a aecond group of twenty-five w a s  Injected w i t h  the 

B a m e  d o q e  of fluorescent grade beryllium oxide; the third p u p  wa8 left un- 

treated as controls. The male r a t s  were not injected. The rats were paired 

(one pa i r  t o  a cage) a t  weaning. mta on l i t t e r  production are summarized in 

Table 111 below. A m a l l  reduction i n  the number of l i t t e r s  may have taken 

place and the t o t a l  number of pups is  reduced by about 20 per cent. There ~eema 

to be m difference i n  the effects on reproduction by the two grade8 of beryllium 

oxide. 
TABU 111 

Total Mumber Total Mumber 
of Li t ters  of mps ssE!EsY 

(at  end of 8 months) 

Control6 (no injection) 118 1014 

Be0 (ref'ractorg grade) 96 794 

Be0 (fluorescent grade) 101 761 

NOTJ3: When the death of a rat i n  one group OCCUTB, Its 
littermate brothers or sister8 are prevented from 
matim. 
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Berslllum Oxidee : P i l o t  Experiments on the O r a l  Toxicity In IbgS of - 

In a prelimlmry experimant t o  measure the oral toxicity of the beryllium 

oxides, 3 dogs were used. 

second dog (No. 983) was fed beryllium oxide (Bruah S.P. Grade) at  a doeage 

level of 10 g / k g  of body weight; the third animal (Mo. 1063) wae fed beryllium 

oxide (Clifton fluorescent) at a doaage level of 10 g/kg of body weight. 

One a d m a 1  (No. 6 4 3 )  was fed normal. b g  chow; the 

The beryllium oxides were added t o  baeic dog chow and mixed thoroughly 

Into a maas, placed on a food pan framwhich the dog w a s  permitted t o  feed a t  

w i l l .  The 10 g/& doaage level wae offered for  two days and when it was noticed 

that the dogs ref'used the food, the doeage level was decreased to 5 g/kg of body 

weight, a level apparentiy tolerated. 

duration of the experiment (62 days).  

negative; there were no significant weight change8 (See Table IV below). 

T h i s  regimsn was maintained for the 

G r o s s  observationa on these dogs were 

Dates of 
Weighing 

6/16/48 

6/24/48 

7/7/48 

7/29/48 

8/6/48 

8/13/48 

8/27/48 

7/16/48 

Welghte of me Fed Beryllium Oride 

Controls Be Oxide (S.P.) Be Oxide (Fluor) 

11.3 12.2 14.1 

11.6 12.3 13.7 

11.7 12.2 14.0 

11.6 12.1 14.3 

11.8 12.5 14.4 

11.8 12.5 14.0 

12.1 13.1 13.8 

11.6 . 13.2 13.3 
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Problem Code: Be.4 (Fate) ' 

Section Code: 3220, 3250 

Distributlon and Excretion of Beryllium Using Be7 as a Tracer: 

During the past three manthe, the work on the distribution and excre- 

t ion of soluble beryllium using Be 

first time we have had isotope of sufficient activity to  carry out a large 

as a tracer has continued. T h i s  l a  the 7 

number of experiments with one sample. 

were duplications of prevlous work and were confirmatOry. 

Because of this, 8ome experimsnts 

It has been shown 

that the distribution and excretion are affected by the aMxult of beryllium 

administered to the anhml. 

tion following intravenous adminlstraWon i s  much faster i n  rabbits haviIIg 

acid urine than in  those with an alkaline urine; this ale0 seem to al ter  ~ame-. 

A l s o ,  It has been shavn t h a t  the urlnarg 8 X G r 8 -  

w h a t  the deposition of beryllium i n  the organs. 

In the bones i n  growing rats than i n  a d u l t  rats. 

More beryllium is  depoeited 

Problem Code: 

Section Code: .32lO 

Be.5 (Mechanism of Toxic Effect) 

Changes i n  Blood Lipid Ratios as an Index of Beryllium Poisonlag: 

I It has been sham previously i n  these report8 tha+ the lntravenotl8 

Injection of BeS04.41$0 into rabbits altered the r a t io  of phoaphollpld to free 

cholesterol concentration i n  the red ce l l s  t o  an extent greatly outaide the 

probability of error, or  of individual variation. 

exposed to  the same compound by inhalation gave reeults that were definitely 

encouraging although not 80 conclusive (Rochester Report m-38). 

t ional lmestigation, the concentration of these l ipids  has been measured 

AP ezperimsnt with dog8 

AB an addi- 
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the red ce l l s  of dogs injected intravenously with BeSOq-k$O. 

figurea were available concerning the intravenous dosage of this cnmpotlnd re- 

quired to produce t issue damage or death i n  doge, the acquisition of such d a b  

Because no 

became an added objective. 

Five mature d&s, 8.2 to 10.5 kg Fn weight, were in3ected with gradtlated 

The ccanpound ambunts of BeS04*4E$l via the femral vein of the r ight  rear  leg. 

w88 dissolved i n  d is t i l l ed  water at a concentration of 10 lng/ml and wetted 

a t  doeage levels of 0.5, 1.0, 2.0, 4.0, and 8.0 n&g of bo* weight. 

represents 0.25 to 4.0 mg of beryllium per xmlmal (average weight, 10 43). 

T U 8  

In a few days, deep ulceration of the leg w a s  observed i n  two @e, even t b x h  

the injection had been made very carefully into the vein. Aside f'romthe 

ref'tieal of food by two dop and a general malaise for  two me following the 

administration of BeSOk-b&p,  however, 110 ontoward systemic effects were 

observed. 

of body weight killed 5 of 6 rabbits, although t h i s  species is approximately 

comparable t o  the dog i n  rate of mortality when exposed by inhalation. 

experlment suggested that for intravenous adznlnlstration of SeSOq*4%0 

By contrast, the intravenoas injection of 2 rag. of this campoand/3rg 

Thla 

-6, 

a doaage greater than 8 mg/kg of body welght may be used and that a dilute mlU- 

t ion be given by intravenous drip. 

Phospholipid and free cholesterol analyses were Ilpsde on the red cel la  

fram 25 m l  of blood taken fram each dog immsdiately previous t o  the injection 

and on the 4th, 7th, 14th, 2 l s t ,  28th, and 42nd days following. In gem&, 

t r ipl icate  or quadruplicate determinatione were made and a total of 107 liPld-- 

parti t ions and 214 separate analyses were carried out. 
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A 6  in the previous inhalation experiment with dogs, the ratio of 

phospholipid to free cholesterol concentration in the red cell decreased in 

all animals by the 4th day after inJection. The chalIges, however, were Eonall 

and were not followed by the constant dmnward trend noted previously in dogs 

continuously exposed to the compound; changes noted in this experiment were 

cyclic i n  nature. 

Although abnogaalities in the ratio of phospholipid to free cholesterol 

i n  the red cell were not of sufficient magnitude to be conclusive, one fact 

wae of Interest. All dogs ahmet invariably showed parallel changes. Thie - 
apgears to indicate a commDIl caueatlve agent acting similarly on all az&nale 

and that individual variatiom of the phoopholipid to free cholesterol ratio 

within the red celle of amy one animal m t  be less than the changes obeerrred 

in this experiment. 

than uniformly parallel. 

gestive, since the degree of reeponse elicited was in no Way correlated with 

the amount of Bes04*4%o admlnietered. The dosages used in this experiment 

wereapparently not sufficient to produce clearly-definitive toxicity as the 

remlt of a single indection. 

Otherwise, the ratio changes would hare been rapdaap rather 

It is felt, hovever, that these data are merely aag- 

Problem Code: ~ e . 6  (MethoaS of Dstection of Poisoning, Prophylaxis, 

Section Code: 3210 
Treatment, and Protection) 

Rutin as a Prophylactic and Therapeutic &ent In Beryl l iam P o l e o a b g  in Ibg6t 

One of the greatest needs in the current beryllium exposare problem l e  

that of an effective prophylactic or therapeutic agent. Attempts t0 f'dlf3l.l 

this need were focueed on rutin, a plant flavonol, because of its p a r t k "  
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chemical configuration and physiologic properties. 

perties is its ascribed capillary antifragility action. 

One of these latter pro- 

This action &auld 

prove beneficial in beryllimn poisoning which is chtmacterized in part by 

hemorrhage and edema of the lungs. 

value In beryllium poieoning la its phenolic structure permitting complex forpreG 

tion with beryllium. 

employing rutin a s  the analytical reagent has been developed in this labma- 

(Rochester Report soon to be ls8aed). 

A second property of potential beneficial 

ndeed 821 especially eensitive microcolorimStric miethod 

Further evidence on the potential ef= 

fectiveness of rutin in beryllium disease was A.cmi&ed by an erperlmant in 

which beryllium combined with Berm was shown to be capable of remmal by 

dialysis in the presence of rutin; removal of beryllium f r o m  the 8 e m  proteine 

did not occur in the absence of rutin. There wae thus a number of indiCatianS 

that rutin might prove effective a8 a therapeutic or prophylactic agent h the 

treatment of beryllium poisoning. 

Accordingly, an inhalation erposure expeylment was performed empbm 

10 dogs, 5 of which received dally by capsule 100 mg. of rutin In 2 divided 

doses for 2 weeks prior to the beginning of exposure to beryllium Bulfate 

at a concentration of 25 ~ $ 3 .  A closely similar graap of me, 8ome of which 

were litter mates of those in the untreated group, received the regular diet 

without rutin but received the exposure to the beryllium sulfate siEzltansaaely 

with the treated dogs. Exposure to berylllmn sulfate mist was continued biu 
for 6 home for a period of 35 days. mng this tlme, rutin wae admlnietered 

daily, at firat in 100 mg amounts, l a t e r  (duri% the last 2 weeks of the experi- 

ment) in 300 mg dai ly  dosea. 

There was m significant difference in the weight response of the animal6 

of the 2 p u p a  at the termination of the beryllium sulfate exposure. Ihrw 
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the course of expome, however, animals receiving no rutin showed a decided 

loss i n  weight fKrm the first t o  the third week, but a f te r  t h i s  period the 

weight of the 2 groups was essentially indistinguishable. 

mortality in the control and treated g r a t p s  were not ramashable. 

the beryllim-exposed group died, one on the l'7th, and the other on the 35th 

~B,Y of exposure; but one of the 5 rutin-treated dogs died on the 22nd day of 

exposure, 

ru t in  treatment was not considered significant. 

Differences in 

Two dogs of 

TMs difference though indicating a possible favorable response to 

Inaemnch as rutin has been claimed to maintain the integrity of the capil- 

lary w a l l ,  a special attempt w a s  made to determine differences in the amount 

of edema or hemrrhage in the lungs of the dogs receiving rutin compared with 

those of the coqtrols. No such effect w a s  observed; rather the lungs of the 

animals receiving rutin ahaved acuwwhat more edema than the controls. 

the character of the inflaxmtory response w a s  similar in both groups and no 

difference in the degree o r  extent of the pulmanars  lesion^ could be dermonstrated. 

Rating the degree of injury fram 1 t o  4, indicating progreesive change from 

mild t o  extensive pulmonary involvement, of 3 beryllimn.erposed but not rutin- 

PctFthernnre, 

treated animals, 2 each eave a l+ and 2+ reaction and one, a 4+ reaction; of 

the four FyllmFLls examined in the rutin-treated group, no anlmal showed a 1+ 

response, one each W e d  a 2+ and a 4+ response, and two shared a 39 response. 

Thus, ru t in  instead of inrgroving the condltion of the pUlln0mu-y lesion From 

beryllium did appear to have exacerbated the condition. Further evidence bear- 

hg out t h i s  observation was RuaiBhed by spectrographic analysis for b e r y l l l m  

content of certain tissues of the exposed and treated dogs, 

analyses appeared t o  show that rutin, rather than ridding the tissues of beryl- 

Results of these 
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lium, tended to prevent ellmlnation of this element. Amounts of beryllimn in 

the lung, bone, liver, and kidney were for the beryllium-exposed a n h a l e  

respectively 4.9, 0.56, 0.24, and O . o 8 B / g .  

rutin-treated dogs, values of beryllium were correspondingly 5.6, 0.72, 1.2, 

and 0.09. 

were found in the rutin-treated dogs. 

For the sams tissues of the 

Thus, in each tissue smewhak higher avewed values for beryllium 

It i s  therefore concluded that fram the bases of histologic evaluation 

and results of spectrogra,phic analyeis of the tissue6 for beryllium that.ratln 

is ineffective either as a p&phylactic or as a therapeutic agent in the treat- 

ment of beryllium inJury in dogs. 
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PROGRAM Th. 

THORIUM 

Problem Code: Th.3 (Toxic Effects) 

Section Code: 3210 

Acute Toxicity of Inhaled Thorium Nitrate Dust: 

A series of 3 pilot experiments has been completed inwhlch 85 laboratory 

animals, ccmrprising 6 species, were exposed to thorlam nitrate tetrahydrate 

dust. The purpose of t h e m  experimsnt~was to determine whether acute toxtc 

effects are produced by inhal8tion of thorium nitrate at relatively hl@ con- 

centrations. 

with regaxd to sex, 10 male guinea pigs, and 3 rabbits were exposed 6 hours 

dally for a total of 68 hours during 11 calendar 

of thorium nitrate dust in the chamber was 91 rng/d. 

of thorium nitrate dust was 79 */m3 in the second experiment In which 3 rab- 

bits and 20 male hamsters were exposed 6 hours daily dur- 10 calendar b y e  

for a total of 60 hours. In the third experiment, the mean concentration of 

thorium nitrate was 92 mg/d; 4 female dogs were exposed 6 hours dally during 

10 calendar days for a total of 60 hours in thle experimsnt. 

In the first experiment, 25 female mice, 20 rats, equally divided 

The mean concentration 

The mean concentration 

The overall mean concentration of thorium nitrate duet in these erperl- 

ment was 87 

pared from material purchased fram the m o o d  Chemical Company. 

of the'Mayxood product was analyzed spectrograpfifcally by the National Bureau 

6 mg/d. The thorim nitrate was dispereed as a dry  dust pre- 

A sample 

of Standards and was reported to contain 47.28 per cent of thorimn dioxide by 

weight. 

therefore, was 36 

The overall mean concentration of duEt as thorium in these erperlmente, 

2 */I$. Since the thorium nitrate had been processed =re 
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than two years q o ,  it coiz s of mesothorium. The duet 

was prepared for dispersion i n  the chamber by grindlng it twice tbmugh a Banta7i~ 

Micropulverizer. 

mill 

qaite hygroscopic. 

The ground thorium ni t ra te  was dispersed by nmms of a ball- 

feed, using dry nitrogen fo r  aspirating since the material proved t o  be 

The concentration of thorium n i t ra te  dust- in the chamber was folloved 

by taking f i l t e r  paper dnat samples periodically. 

the concentration of dust in the chamber was calculated f rom theaxeight of the 

sample and the knuun mupling rate. 

quantitative chemical analysis employing the ne~ly~developed colorimetric 

method In which thorium I s  detected through the formatian of a colored camplex 

with carminic acid. 

tory agrement with the chamber dust concentrations determined graVimetrically. 

The samples were weighed anit 

Fotlr Bpot eanrplea vere taken daily for 

The reerilte obtained by chemical analysis were In  satlafac- 

In each experiment, the period of exposure w a s  preceded by a 2-week 

condltionlq period during which the Rn.lnvhs were placed in  a chamber which 

was held at the 8- temperature and relative humidity as the exposure chamber, 

but which c o n t a a d  no thorium nitrate dust. 

t h i s  avylnnr 6 honrs aaily for 10 days. 

the period of exposure, the m s  were weighed a t  echeduled Intervale, and 

blood'and urine m l e s  were taken for determination of the blood mpIp, blood 

urea nitrogen and urinary protein, and blood aamplee were taken for hematologic 

The anha,ls were condltlansd in 

Wing both the conditioning perlod and 

study. 

There were no deaths m n g  any of the animals during the period-of 

erpoeure. 

of 2 dogs which are being held f o r  further observation. 

only species i n  which toxic sigm were observed during the exposure period. 

A l l  of the anlxnals were sacrificed terminally with the exception 

The dogs were the 
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Beginning on the 3rd  b y  of exposure, the dogs were nauseated. Retching, 

gagging, and, occasionally, vomiting, were observed periodically. -There 

were 110 significant changes in weight amng any of the anIndL8 and anorexla : 

was not observed even in the dogs. The cl inical  chemical determlnatians reveal. 

ed m significant changes in blood IWN, blood urea nitrogen o r  urinary protein. 

a t  any time during the exposure period or  during the period of observation fol. 

loving exposure in the 2 dogs which were held for  t h i s  purpose. 

findings were negative except in the w e .  

cytosis at aom~ time dnrlng the exposure period of immediately thereafter. 

The hematologic 

A l l  of the dogs exhibited leuko- 

The 

average Increase in the w h i t e  blood c e l l  count for all 4 animals was 50 

cent. 

duals. 

occurred durlng the second week of expome, whereas in the 2 -8 that were 

held for  observation, the peak of the response was observed during the f l r e t  

week following expoeure. 

count w a s  observed after the peak had been attained. 

held for  further observation follawing exposure, the reticulocytes dieappeared 

entirely from the peripheral circulation for  a period of 2 weeks beginning about 

one month after the termination of exposure. 

of reticulocytes, a very low white blood ce l l  count of 6000 wae recorded for 

this animals. These findings were no t  associated with any change .In the red 

blood c e l l  count. 

13 per 

The peak of the response occurred a t  different times In different indivl- 

In  the 2 animals which were sacrificed, the higheet leukocytic count 

In 3 of the anlmals, a decrease in the white c e l l  

In  1 of the 2 a n h a l a  

Coincident with the disappearance 

Gross pathologic findings on the anlmils which were sacrificed terndnal- 

ly indicated moderate pulmna.ry damage of hemorrhagic nature in a few of the 

anlmals; i n  most, however, the lungs were grossly normal. A l l  of the other 

organs presented a normal appearance in a l l  of the admaI.8. 
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75. 

Problem Code: F.3 (Toxic L imi t s )  

Section Code: 3210, 3230 

Acute and Pilot  Feeding Studies: - -  

The ingeetion experiment with weanling and mature r a t e  at dietary levels 

of 0.1, 0.2 (mature r a t e  only), and 0.4 per cent sodium fluoride was tezmrinated 

a f t e r  83 day81 duration; suitable control8 were also included. Because of the 

high mortality in the weanling mts, urinary fluorlde excretion was followed 

only In the mature rats. The reeulte obtained, together with the blood fluoride 

content8 are l i e ted  in the f0-m table: 

Time on Met8 - 83 

Per Cent NaF Mean urinary Blood Fluoride 
in  Met Fluoride, mg F/1 pg F/100 ml 

Control 0.16 
0.1 1.60 ’ 

0.2 3.38 
0.4 5.25-9.10* 

* Range of four determinatione. 
Insufficient number of survivors for  adequate 

blood samplee. 

It ie eeen that a two-fold increaee In dietary fluoride resul ts  In an 

approxbately two-fold increase i n  man urinary fluoride excretlon, and in a 

2.5-fold increaee i n  blood fluoride. 
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Problem Code:, F.4 (Fate) 

r Time on M e t w  Level MOrtal%jJ. 
n e t  I?@, Per Cent Male Female 

3 months Cantrol 015 315 

Section Code: 3210 

. 6 months 

Protective Action of Fluoride in UPanhIIl PoIsOnhg: 

A s  reported last quarter, t h e  ingestion of 15 p p  F in t h e  d r l l l k h g  

water of rabbits appeared to offer measltre of protection agalnst the 

0.2 115 415 

Control 116 b76 

0.2 416 i 515 1 

toxlc effects of uranyl nitrate adminislwred intraperitoneally. These observa- 

tions have been extended now to include data on rats fed a stock diet contain- 

ing 0.2 per cent sodium fluoride for interrrals of three and elx mmths. 

protective effect of the ingested sodium fluoride was noted, -ever, w h e n  

2.5 mg u/&, as uranyl nitrate (21-d.a~ dose) , was injected intraperi. r c  - 
hmeally; on the contrary, t h e  mortality was slightly greater in those andmd.13 

receiying sodim f luoride in the diet. 

months than after six mnths. 

a r e  more susceptible to acute uranium poisoning than are younger rats. 

also been lolam that male rats require larger doses of Uranium than female6 

to produce death. 

m0 

The mortality wa6 lese  af ter  three 

It has been lnvlvn for same tims that older rate 

It ha6 

The results obtained are sham in the follming table: 

Mortality in Sodlum-Fluoride-Fed Rats Follmlng 
Intraperitoneal InjectIan of Uranyl Nitrate 
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PROCRAM S.M. 

SPECIAL MATERIALS 

Problem Code: S.M.3 (Toxic Limits)  

Section Code: 3210 

Experimental S b d m d  chamber: 

Although many of the problem involved i n  the  maintenance of d u d  

atmospheres of constant camposition with respect to concentration, distri- 

bution, and par t ic le  size have been recognized; the d l f f l c n l t h 3  Inmlved 

i n  the i r  solution and urgent need for t d c o l o g i c  data have been so great . 

that l i t t l e  progress has been made i n  their  solution and admittedly imperfect 

experiments have been accepted. 

as great as 20 per cent and particle-size variations of two-fold have been 

characteristic of some of the best  studies to date. 

Thue, variations i n  aeroml CO~Centr€itiOnr, 

An examination of our experience has shown that very l i t t l e  was known 

about the behavior of various dusts i n  the atmoephere and that the problem 

involved both the nature of the feed and the exposure chamber i tself .  The 

introduction of the aerosol-type feed solved one of these p r o b l m  by U S -  

persing both rsolutions and wrspensions with consietent results. mer 
properly controlled conditiona, uniformity of the atmosphere, p&i-lY 

w i t h  respect to par t ic le  size were shown for  example in the u r a n l ~ m  dloxlde 

size studies. 

present chamber w a s  a l so  sham to be of considerable value. 

The elimination of dead apace and excessive turbulence in the 

During the past year, work has been in  progress on the design and 

construction of a new ty-pe of dust e x p o m e  chamber. 

designated the experimental standard chamber because of the uses to which 

This  u n i t  has been 

1.T 
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it may be put. These Include the 

of known composition for the camparative testing and calibration of various tspee 

of sampling instruments, the study of the mthods of producing aerosol atamspheres 

of constant composition, as well as a study of the behavior of aemml atmapheres. 

During the past quarter, work has been completed on the Installation of this 

chamber and ita accessory control equipment. 

pheres have been investigated with respect to concentration, distribution, and 

concantratian maintenance. The results to date have been very encouraging and 

the eigPifican& of several factors such as feed, operata pressures, chamber- 

air flow and the Bpecific nature of the material to be dispersed have been 

Several raqedfinding pilot atms- 

recognized. 

The design of the chamber illustrated in Figure 1 (Page79), although 

representing a radical departure fram conventional typea, is based on aero- 

dynamic principles, naodified by the practical limitations of space and available 

materials. The construction is  in the form of a vertical cylinder with Inlet 

and outlet regions mdified to give a m i n i m m  of turbulence and maxlmal Uniformity 

at any point within the cylinder section. 

18. in diameter, 6 high, constructed of galvanized iron and cbated with a cor- 

The miring chamber is a cylinder 

rosion-resistant paint. 

and diametrically opposed. 

A i r  and feed inlets enter this chamber tangentially - 
The result% turbulence thoroughly &e8 the con- 

centrated aerosol with the diluting air. For the present etudieB, wmmol units 

of the tspe described previously as the wstalnless steel submerged aerosol Unitn 

were ueed a s  feeds. 

pressure produced by a 300 ft.3/min. I.L.G. centrifugal fan. 

The air entering the chamber is under slight positive 

The air I s  

filtered and adJusted to temperature by meam of an automatically controlled 
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S l i d e  Valve 

Air I I  7 Top V i e w  

Luclto - 
window 
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2 
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Y I \  
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! 

Aero s o l  
Feed 

Inlet 

3’igure 1. 
Experimental Standard 

Chamber (Assembly Drawing) 
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ref'rigeratiDg unit. After m k n g ,  the air stream within the ahamber enters a 

converging section where straightemkg vanes give it a vertical  l inear flw. 

This section terminates i n  a, t&oat 6. i n  diameter. Mrectlg beyond the throat, 

the air stream i s  under negative pressure produced by a rotocline a t  the exhaust 

end. 

the time the main chamber is  reached. 

The stream distributes I t se l f  uniformly within the plexiglass d m  by 

The main chamber section i s  constructed of stainless s teel ,  forming a 

cylinder 3 f t .  i n  diameter and 3 f t .  high having a calculated volume of 20 fi3 

of 0.57 m30 

section. 

at  equidistant positions and numbered counter clockwise from 1-4 starting at the 

l e f t  side of the door. 

A curved'door, 19 x 3 3 ,  i s  f i t t e d  to  the front side of the ma- 

Four luci te  windows measuring 3 x 30. are se t  into the outside w a l l  

windm No. 2 has 3, 1 1/2n 8amplj.q ports numbered from 

1 to 3 From the tup of the section down. 

of the chamber, whereas 1 and 3 are 6 each f r o m  their  respective ends of the 

cylinder. 

Sampling port Eo. 2 I s  a t  mid position 

The chamber i s  exhausted through a conical section of stainless steel 

leading into a 2n exhaust pipe which i n  turn is  connected to  a I20 ft3/min. 

rotocldne e 

A l l  internal surfaces of the chamber were buffed m t h  and a l l  f i t -  

tlngs were adjusted t o  the contours of the internal w a l l s  t o  prevent the 

occurrence of local areas of turbulence. The construction design was also 

modified to permit the removal of various sections fo r  any future changes. 

The control equipment fo r  the charmber I s  mounted on a panel board 

'located approximately 4, behind the rear section i n  order t o  permlt easy 

acceas of the windows from all sides and simplify operatiom. The present 



equipment is conventional inc ludiq  .air and nitrogec feed Tressme lines,  pres- 

sure regulating valves and meters, and 2 high-rate and 1 lov-rate rampling 

manometers. 

exhaust pipe t o  measure air  velocities. 

kerosene m R t e r  haplag a aE r w e  equivalent t o  1 t o  250 ft3/&. was adopted. 

A t  t h i s  ra te  the velocity through the chamber i s  2.03 ft3/min., represent- 

an air change of once every 2 112 minutes. 

In addition, a p i to t  tube wa6 located in  t h e . f i r s t  section of the 

Readixlgs are taken on an inclined 

Several pre1Mmx-y studies of the flaw characteristics within the 

chaniber were made by introducing phosphorous BmDke. 

but distribution condithns were observed visually. 

No samples were taken 

A n  initial period of f r o m  

5 t o  10 minutes was required to produce visual uniformity within the entire 

chamber. After this period uniformity was maintained for the entire period 

of testing. 

change i n  design is contemplated. 

)?low characteristics appeared to  be satisfactory and no lrumediate 

Several types of p e l b i n a r y  range-finding eqeriroents were made t o  

determine the operatiw charccteristics of the chamber and the Cer080l feed. 

TheRe included tho maintenance of atmospheres of oil and also of oodlum chloride 

neroeols. 

volat i le  hamogeneous l i q u i d  and did not involve the additional prablems of 

Oil was dispersed because it represented the ?rotatype of a non- 

aqueous solutiam (see fo l lowix  paragraph). 

inexpensive inmcuous pro to typ  of a water-soluble metal salt. The results 

given i n  the f o l l o w i ~  paragraph for concentration and diotrlbution 8tUdle8 

Sodium chloride was used e8 

are ty2ical of those obtained and are ;resented t o  indicate the direction and 

progress of these studies. 

011 Aerosols: For production of an oil aerosol, No. 20 grade motor o i l  

was dispersed by a stainless s tee l  submerged aerosol unit  haviw 0.040. orifice6 
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of b t h  l iquid d ir jets. The unit was mounted i n  a one l i t e r ,  round-bottom 

flask a8 described previously and the oil level wae set a t  1. below the je ts .  

This particulas unit wae l a t e r  found to be improperly adJusted and operating 

at  a level of on3.y approximately 50 per cent efficiency. 

reaults obtained, however, were the same as those a t  conditiom of maximal 

The nature of the 

efficiency. For the distribution and concentration studies, shmltaneaue 

f i l t e r  paper samples were taken through window No. 2 at  position 2 and 3. 

The samplee at  position 2 were fixed at  a distance of 1 1/2n within the 

chamber. 

and provided a comparative measurement of the distribution Uniformity at the 

lower level of the chamber. 

Samples taken a t  poeition 3 varied with respect t o  the distance 

An average e8mplixq ra te  of 14.3 l i ters per minute 

was ueed end concentrations were determined gravimetrically with an analytical 

bdance sensitive t o  0.1 mg. 

The reeults l i s ted  i n  Table I (Page 83) are typical of a ContinUOUB 

exposure for 3 hours at  11 pounds feed pressure. Simultaneous Bamples were 

taken a t  1/2-hour intervals a f te r  a.llaring a period of 15 minutes fo r  equl- 

l i b r i u m  to  occur within the chamber. 

f i l t e r  paper weights increased From 7.9 t o  9,lmg. 

centrations and distribution value8 obtained wi th  m a t  previous tspes of 

chamber atmospheres shows remarkable comietency. 

position, the value of 54.0 %/m3 obtained with the first sample indicated 

that equilibrium near the sides of the chamber wa8 not achieved within a period 

In the 8ampllng time of 10 mlmtee, 

A camparison of the con- 

For the fixed sampling 

of 1/2 hour. 

t ion  within the limits of maximal error of the analytical msthod (9 .346) .  

With respect t o  the eamples taken a t  varying positions, resul ts  ehow that 

The rest of the values a t  t h i s  position, however, show a V a r i a -  

equilibrium toward the center of the chamber is reached more rapidly thaa at 
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g.30* 

9.45 

10.15 

10.45 

11.30 

E. 15 

TABIZ I. 

Oil Aerosol Concentration and M stribution Study 

at a Feed Pressure of U lbs/in? 

FIXED SAMFLIp;x3 P O S ~ I O N  
Distance Within oncentration 

%in3 - 
-- 

54.0 

59.2 

39.2 

59.2 

58.5 

chamber 
Concentration 

" S t a r t  of experiment. 

ZIIPC POSITION 
Metance With- 

Chamber 

in - 
-- 
25 

25 

34 

20 

I2 
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F-.. y , I  

ned for  both the f i r s t  and the sides. Thus, the value of 5 

second aamgles a t  poeitions 2p within the chamber. The variatione between the 

distribution aamplee and the corresponding ones taken at  fixed positians a t  the * 

Same times shawed that the uniformity of distribntian was in the order of RllftlVtl- 

cal  error. 

had been obtained were negligibly small arnd i n  the order of twice the 8.lldJtical 

-1 variations f h m  the to t a l  mean 59 mg/d after equilibrium 

error (or 2. e). 
from 20 to  90 

Similar results were found at a of concentration levels 

representing reepective range of feed pressures from 6 t o  

15 pounds. 

Figure 2 (page 85) shows a plot of the chamber concentration against the 

pressure in pounds per square inch. 

of a t  least  4 samples a t  varying poeitions taken from data collected on 2 con- 

The determiaationa reported are the averege 

secutive ,exposure days. 

maintained over a m e  i n  p r e s ~ ~ l r e e  of from 2 - 30 poande. 
A concentration range of f r o m  616 - 27.5 m g / J  w a e  

The plot f3hOUS that 

above preseures of 8 pounds a linear r e l a t ionMp between concentration and 

preeeure exists for the particular aemsol feed eystem. For the entire rme 

of data, the average va;riation from mean values of each point was less than 

2 per cent. 

and at values above 25 pounds, the largest  percentage deviation be- 7.2 per 

The extreme variations occurred a t  the low pressure of 5 pound6 

cent at 30 pounds. 

taken at varying positions i n  the chamber In comparison with those taken at  

In terms of distribution, the variation of the samgles 

fixed poeitions showed an average percentage deviation of 2.7 per cent, the 

extreme variations again occurring a t  5 pounde and above 25 pounds. The 

average percentage deviation values for the range between 8 and 15 pound6 

were a l l  below total average valuee. The maximel percentage deviation was 

founa t o  be 6.6 per cent at  30 pounds. 

UR 00852  



280 

260 

240 

220 

200 

180 

160 
(c\ 

\ 
a 
3 140 
d 
4 

2 12c 

2 10( 

do 

4 
+, 
rb 
k 

Q) 
0 

0 8( 

6 

& 

2 

Figure 2. Experimental Standard Chamber -- Oil Aeroeol Atmospheres -- 
Chamber Concentration a8 EL Function 

of S’eed Pressure 



86. 

The critical nature of the feed pressure was the most significant finding 

of this study. 

tration was found to be 1.2 mg/d/pound of pressure, 

regulating devices were not better than +, 1/2 pound, an error in the order of 

t 0.6 mg/m3 could be expected. 

of 1.2 per cent. 

of the feed pressure and the analytical errors a r e  eufficient to eqLain all 

The rate of increase above 8 pound8 pressure of chamber concen- 

Since t h e  available pressure- 

At a 50 mg level this is eqdvalent to an error 

At pressures within the range of 8 - 20 pounds, the Bummation 

variation8 in concentrations found. 

level were attributed to We pressure-regulating valve and a 1% in thle Bystem. 

m e r  variations at the 5-pound preeetlre 

At pressures above 20  pound^, the larger variations are explained in term6 Of 

liquid-level variations. Several preliminary tests have shown that the exact 

level of liquid above the Orifices of the aerosol nozzle le of critical nature 

In term8 of concentration. At higher concentratione, the rate of output of 

the feed was sufficient markedly to change this level during a single 8tUW. 

In addition, excessive turbulence created at the higher presauree within the 

feed container caused continuous variation of the set level. 

Sodium Chloride Aerosols: For production of sodium chloride aerosols, 

10 per cent aqueous solu%Iona of sodium chloride were dispersed by the eane 

feed as that used for oil. 

sure and liquid level, a third factor was found to be of importance in malntaln- 

In addition to the hewn variables of feed pres- 

1% concentration levels. Individual teste w i t h  the feed showed that the 

case of solutions, water waa rernoved at a more rapid rate than the EolUte- 

Thus, both the concentration of the feed materlal and the concentrations within 

the chamber progressively increaeed. small variations of solution concentra- 

tion a8 measured by specific gravity were found to cause marked changes in 

chamber concentration. In addition a direct relationship between particle 
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size and the initial solution'concentration was found with concentrated solu- 

tions resulting in larger particle sizes. 

of liquid l eve l  of variation and the changes in solution concentration, a con- 

stant levell- appa,ratus, illustrated i n  Flgure 3 (-6 8s) was designed for 
the feed. 

developed ty-pes having O.O27n orifices for the liquid and air Jete. 

paratue operates as a continuous circulating system activated by an autoslatic 

modermlc syrl@e pump (Brewer AutoDnatlc Pipetting Machine). 

contlnuously pumped into the feed container f r o m  a level  1 3/4- above It8 baee. 

A n  overflow opening set at the height of the top of the amoeol unit U O W e  

e x c e ~ s  llquld to flow off by gravity. 

capacity reeervior (4 liters) through a 2 1 ~  glass air-trap. 

~n order to eliminate the problem 

The aerosol unit used for this apparatus vas one of the mre recently- 

The ap- 

The SOhltiOn 18 

The liquid then return6 b a lksrge- 

W B i q  the COnEtant leveling apparatus several studies similar to t h e e  

made with oil were made with salt aeroeole. 

conditione were the same as for the oil aerosol stadies. 

The sampling rates and chsmber 

The results listed 

in Table I1 ( m e  89) are  typical of a continuous e ~ o s n r e  for 6 1/2 hour6 at 

20 pound0 feed pressure. 

1-hour intervals after allowing an initial period of 30 mimxtea for eqailibrimn 

to be reached. 

~imultaneaua samples were taken at approximate4 

The sampling time was 20 minutes and a range of filter paper 

weight increases of from 2.6 to 3.5 mg was obtained. 

A l t h o u g h  variations In concentration and distribution values obtained 

in this study were larger than those obtained with oil aerosols, the marked 

consistency is still Outstanding. 

Concentration of 10.4 mg/m3 was obtained, with a range In  values of from 9.6 

to 11.1 mg/m3. 

with the m~~imal value being 7.7 per cent. 

For t h e  fixed sampling position, a mean 

The average percentage deviation from the mean was 4.3 per Cent 

For the dlstribu~lon dah, the 
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Sodium Chloride Aerosol Concentration and Distribution Stuw 
a t  a Feed Preesure of 20 l b s / d  
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average percentage deviation between the samples taken 6inniLtaneously a t  fixed 

and variable position w a s  3.8 per cent with a rage i n  variations from 1-0 to  

8.1 per cent. 

for  all samples of 10.3 mg/m3 was the same as t ha t  found for  +,he sa3apleS taken 

a t  the fixed position (4.3 per cent)., The average andy t i ca l  error was of the 

The average percentage variatiom w i t h  reaTect to the total mean 

order of i 3 per cent, indicating that most of the variations could be at t r ibuted 

t o  t h i s  factor. 

Similar resu l t s  were obtained for concentratian ranges between 2.4 and 

30 n?g/m3. It w a s  found, however, that the 4 litsr resem2r did not completely 

solve the problem of solution concentration by more rapid removal of water than 

solute, 

the development of more adequate methods of feed p r e s m e  regulation. 

Further work is in progress on the solution of this pmblem and i n  

Problem Code: S.M.3 (Toxic Limits) 

Section Code: 3230 

Intraperitoneal Injection of Zirconyl Mitrate: 

ZirCOqyl Nitrate (Source: R G ~  and H a a s )  when injected intraperitoneally 

i n  ra ta  (group of ten) has given an ~ ~ 5 0  of 225 q for rats of 190 grame 

average weight, or  an L E O  of approximatsly 1185 mg/& of body weight. 
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ISMlOPES 

Problem Code: 1,S.l  (Tracer Clzemistl-;y) 

Section code: 3KO 

Studies in Protein Metabolism in  the IDg Us- Ca-Labeled DL-usine. - I. The 

In V i P O  C O ~ P e r s l O n  of Lysine to Glutamic and Aspartic Acids: 

Background: The internediary metabolic fa te  of th0 carbon chain of 

L-bBine is not knawn. A brlef note by Bormok, H . ,  et a1 (1) reports the 

probable conversion of ( 414 labeled lysine to  @=aminoadipic acld by guinea 

pig l iver in vitro. 

The l a e t  quarterly report (Rocheeter Report UR-38) presented data ahow- 

ing that L-glutamlc acld, isolated from the l iver  of a dog p r e ~ o u s l y  fed 

(-C14-DL lysine, bad about 17 per cent of the C14 ac t iv i ty  of the I,-lysiae on 

a millimolar baeis, Wkswiss the L - a q a r t i c  acid f r o m  the ssms l i ve r  had about 

3 per cent of the c14 act ivi ty  of an equimolar amount of L-lysine from the eame 

l i ve r ,  On thls basis alone, it appears very  1rnlikely that the dicarbolrylic 

acide' C14 act ivi ty  arose entirely f x m  a Co2 aeeFmilaticn reaction (2) where- 

by C02 rgacts vi th  p,,,ymvate t o  produce c.xslcacetate, and ultimately glutamic 

and aepartic acids. 

BY eslective degradaticm of glutamic acid w l t h  ninhydrin it i s  poseible 

t o  determine exactly the C14 activity of the C(-carbcqyl group of g l u m C  

acid. 

group and it i s  t h i e  carbowl which has bsen proved to arise f'rom CO, a s s h i l a -  

t icn ( 3 ) >  

Thus, ninh,ydrin releasee the C02 of the carbog1 group G( t o  the ~UIIID 

Hsnce, q y  act ivi ty  remaining af te r  ninhydrin treatment met - 



^. . 

Relea80d by 
Total Ninhydrin 

Glutamic Acid .399 0 077 

Aspaztic Acid . l l O  .82 

Glutamic Acid .323 .080 

Aspartic Acid ,18 125 

078 
LIVER 

PLASMA 

b I 

Likewise, ninhydrin releases the CO2 from both - carbogla  of aepaz.tic 

acid, and makes possible the assignment of C14 activity t o  the cwboxyl groups 

Released fman 
Ninhydrin Residue 

.251 
‘ .241 

0 01 

.226 

.01 
4 

or the 

plasma 

inner two carbon atame of aspartic acid. 

Method: The glutamic and aspartic acids were imla t ed  from l iver and 

protein hydrolysates as glutamic acid hydrochloride and copper cispartate 

by methods previously described. 

Weighed amonnte of the amino acids were placed in  the reaction flak - 
of the cl4 aseay apparatus (4) and treated w i t h  ninhydrin by the method of 

Christeneen, et a1 (5). A f t e r  waahing through with nitrogen the carbon dioride 

released by ninhydrin, the residue in the reaction flask was evaporated to dry- 

ness a t  30 - 35OC and subJected t o  a eeparate C14 assay In the uenal nvlnnnr. 

Remits: The reeults of the above reactions are given in  Tab18 1 below 

along with the t o t a l  C14 act ivi ty  of the amino acids determined on separate 

samples in the ueual way. 
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Mscussion: Table 1 ahavs that only about 20 per cent of the c14 act ivi ty  

of the glutamic acid ( I )  i-lated fromboth l iver  and plsems proteins w8e derived 

frcnn the COOH group G(to the amino group, and indicates tha t  a C02 assirailation 

reaction could account for only this portion of the activity. 

1 COOH 1 COOH 1 COOH 

m2 4 COOH 4 c H 2  
5 "COOH 5 5  

I II I11 

The ninhydrin reaction does not distinguish between carbons 1 and 4 of 

a q a r t i c  acid (11). =ever, since a-st a~ the $4 act ivi ty  was released 

by ninhydrin it means that 110 eignificant act ivi ty  i s  referable t o  carbane 2 

and 3 of aspartic acid which are knmn to  be derivable from carbons 3 and 4 of 

glutamic. T h i s  leaves only carbons 2 and 5 of glutamic acid as the locus of 

8% leas t  80 per cent of the C14 activity. To have a direct conversion of ac t iv l ty  

from carbon 6 of lyeine (1x1) to  carbon 2 of glutamic i s  extremely unlikely. 

Thue a l l  t h e  evidence points to the direct conversion of the carbon chain of 

lysine to that of glutamic acid, Kith carbon 6 of lysine becaning carbon 5 of 

glutamic acid. 

The exact rtiechanism of this conversion is  open to  speculation, alnce 

nD k m w n  reactions can account for  it. Because the ornithine of arginine 
* Indicates the position of C Ik 
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, I  , *  i 

: itiw 
fro% the sam t i s m e s  has the same order of act ivi ty  a s  the glutamic acid (6) 

it appears very unlikely that ornithine could have been the glutamic acid 

precnrtm= It 8881118 more probtible that both are desivable flxm a co~mpon pre- 

curor. 

a precuraor, but we have found no evidence to support this notion. 

The G(4no-adip ic  acid described by B m d ,  e t  al (1) may be mch 

It w i l l  be noted that the toted. & act ivi ty  as determined directly on 

the adno acids, particularly glutamic, exceeds the sum of the ninhydrin re= 

leased and nlnbydrin residue act ivi t ies .  

discrepancy is referable to losses of Ca02 occurring durlpg t h e  evaporation 

of the ninhydrin reeidue solutions. Christensen (5) has pointed out that 68 

It seema likely that much of thie 

much as 15 per cent excees of Co2 may be releaeed frcrm g l u W c  acid of the 

ninhydrin treatment i s  prolonged. Thie i e  eeeentially what occurs during the 

prolonged evaporation of the ninhydrin 

the dried residue for $4 aesey. 

S v :  Glutamic and aspartic 

proteins of a dog fed (-C14 Labeled DL. 

reeldues prior t o  the wet oxidation of 

acids isolated frcm~ l i ve r  and plasppa 

lyeine have radioactivity which can be 

accounted for only on the bas i s  of a direct  conversion of the carbon chain of 

lysine to  that of the dicarboxylic acids. 

1. Bar-k, Ho , et al; J. Biol. Chem. 173, 420 (1948) 

2. Wood, H. B., and Werkmn, C. H.; Biochem. J. 30, 48 (1936). 

3. Wood, H. G., V e r b ,  C. H., EemingwaY, A., and Nier, A. 0.; J. Blol. them. 
E m s ,  E. A., Jr,, and S l o t h ,  L.; 3. B I O l .  Cha. 

- 
- 

139, 365,377,483 (1941). 
'IJ6, - 301 (1940) and - 141, 439 (1941). - 

4. Bale, W. F. (Uhpubliahed) 

5. rnietensen, B. E., West, E. S., and Mmick, K, P., J. Biol.Chem. - 137, 735 (1941). 

6. Part II, The Conversion 

r -5 I E 1 TI t7 i.. i. s 
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Problem Coder I.S.1 (Tracer Chemistry) . 

Section Code: 3x0 

Studies i n  Protein Metaboliam i n  the Cog U s i n g  C14-Labeled DL-Lysim. 11. The 

Conversion of Lysine to Arginine: 

Backgroand: The last quarterly report (Rochester Report UR-38) presented 

data &wing that the C14 act ivi ty  of the basic amino acid fraction ( lysine, 

. arginine, and histidine) of l iver  protein f r o m  a dog fed f -$4-labeled DL 

lysine, could not be accounted for  on the basis of C14 act ivi ty  in lysine alnnn. 

Furthermore, it has been long recognized that the a d u l t  dog and rat could 

produce emwh arginine t o  maintain nitrogen and weight balance In the absence 

of dietary arginine; however the exact metabolic precursors of arginine haye 

not been defined. 

We have isolated arginine fYom l iver  and plasma proteins of a dog fed 

(-C14=-labeled lysine, as arginine maoflavlanate, T h i s  amino acid ha8 been 

found to  contain c14 activity not only i n  the guanidine moiety, but a l a  in  

the carbon chain of the ornithine moiety. 

Method: The basic amino acid fraction obtained f’rcoh the protein hydro- 

lysate with the aid of the ion exchange resin Amberlite IRC-50, i s  treated w i t h  

excese flavianic acid a t  PH 4.5 and the precipitated flavianate i s  converted to 

the momflavianate by dissolving w i t h  the a id  of a few drops of concentrated 

ammonium hydrazide, and reprecipitating near the b o i l i q  point by adding 20 per 

cent hydrochloric acid t o  bring the PH t o  4-4.5. 

reprecipitation wae repeated twice again with the addition of about 15 mg Of 

I,-lysine to wwaeh outn any contaminant of radioactive lysine, and then repeated 

a t  leas t  once again (without added lysine). 

T h i s  process of solution and 
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The crystalline monoflavianate was then assayed for  C14 activity. 

Another portion vas treated with aqueoue barium hydroxide to  remove most of 

the flavianic acid. 

a 10 per cent solution) wae added t o  the eolution of arginine, and the mir- 

ture was heated i n  a sealed tube for 18 hours a t  100 - l&OC. 

of barium carbonate wae f i l t e red  off,  washed with water, alcohol and ether, 

and assayed for c14 activity. The mmalnlng alkaline solution was treated 

with excess paratoluenedfanyl chloride i n  ether with s t i r r ing  and a crystal- 

l ine  diparatoluensulfonyl derivative ,isolated and recrgetallized a t  least 

twice f rom dilute ethyl alcohol. 

no depreesion of melting point when mixed with a specimbn prepared i n  identical 

A n  excess of crystalline barium hydroxlde (enough to make 

The precipitate ' 

T h i s  derivative had mp 171-172 and &awed 

Liver 

Plama Protein 

fashion from an authentic specimen of arginine, 

derivative w a s  then assayed for C14 activity. 

The diparatoluenedfaqyl 

0 175 0 0 7  0 10 

., 172 .08 0 0 7  

Resalts: The table below preeents the data obtained from the ar@Iline 

monoflavianates i so la ted  fram liver and plasma proteins: 

C14 Activity i n  Volts*/Minute/Milllmol 

*Volts/min x (1.88 I 104) = dieintegrations/minute 
Volte/min x (8.54 x 10-3) e microcuries 
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It is clear that the act ivi ty  present in the ornithine moiety represents 

a Large or major portion of the total act ivi ty  present In the original arginine 

and is of the ~ ~ m d  order as the act ivi ty  found i n  the glutamfc acid fram the 

same t issues ( l iver  protein glutamic acid .399 vol t s /min/miWl ,  PLaenra 

protein glutaadc acid .323 volte/min/millimol). Beduse these ambo acids have 

act ivi ty  of the 8e~me order, it appears unlikely tha t  the ornithine act ivi ty  was 

derived from a conversion imolvlng glutamic acid and proline such as described 

by Sheunln and Rlttenberg (1) 

It seem =re Ubly that the arginine carbon chain w a s  derived flmm 

lysine ( l iver  lyelne, 2.39 volte/min/mlllimol) by a more direct metabollc path, 

po55ibU frcan the ~ a m b  procureor a8 glutamic acid. 

The finding of conversion of the carbon chain of lyslm to  tha t  of 

arginine represents the first definite identification of an amino acid as a 

metabolic precursor of the carbon chain of arginine (1.0. oraithins), and W 

represent a major metabolic pathway for the fornration of arginine in the abeence 

of dietary  arginine, especially when the diet contains only the essential amin0 

acids, 

The act ivi ty  In the gaanidlne lrpiety l e ,  of course, referable to the 

incorporation of carbcm dioxide in the Bgnthesie of urea through argininS an 

noted by others (2), 

Summry-rr: Arginine has been isolated as the nwmflavianate fram hydro- 

4 lyeatee of l i ve r  and plaema proteine, obtained fram a dag fed (-6 olabeled 

DL lysine. The activlty of the diparatholueneBulfoqylornithine obtained from 

(1) Shemin, DO and Rittenberg, Do, J. B i o l .  chem., 

(2) Blluva, A. M., Wilson, D. w., J. BIOL chem,, 



R E  S T B ; I  C’.k 

degradation of the arginine i s  bea t  explained by a conversion of the m b o n  

chain of lysine to that of arginine. 

This may represent a major metabolic pathway for the forma;tion of 

asglnine in the absence of dietary argmm. 

Problem Code: I.S.2 (Radioantograpby) 

Secticxl Code : 3130, 3140, 3171 

Autoradiograpbe of Ca Incorporated in ulrlividaal Blood Cella: 

Backgruund: Since it has been demonstrated (1) that the alpha-carbon 

atom of glycine labeled w i t h  cl& l e  i ncmpmted  into the  hendn and globin 

moietiee of hemoglobin, it was thought that the incorporated Ca i n  an U Y L  

dual blood c e l l  could be dmmn8tssted by an a b d i o l g r a p h .  

Method: To this end a &e rat weighing 120 grarma was given a total 

of 3 pc of glycine containing Clk In the alpha-carban a&. The specific 

act ivi ty  of t h l e  glycine wae 1.83 pc  per mg, The glycine was ZbamlnIateJred 

by mane of three intraperitoneal InJections of o m  each, given at  hour4 

intervdls. Blood wae taken frum the tail veins 25 hours after the f i r a t  

InJectIon, wae diluted with serum made fram dag blood, and wae smeared direct- 

l y  on an metman - emriLeicm. 

methyl alcohol. After an erpoeare period of 67 d a ~ s  the emulsion plates were 

developed In Kodak D-19 and cleared, and the cella were stained with Wrightfe 

 he anears were dried i n  air and f ired  in 

~~~ 

T U B  -le of glycine wae kindly eupplled by 
W v e r s i t y  of California. 

B. M. Tolbert of the dc 

(1) AX-, K. Carnet t ,  G., wters, R., 1poonan, T., and sdt-umn, IC,; 
Fed. Proc,, I 7, 2 (198)  and J. Blol.  Chem, (In Prees). 
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a ta in .  The blood ~ m e a r s  were made sparaely cellular to insure CleaFnZt, vi l l -  

defined autograph8 and mlnimal. c e l l  clumping. 

In order to prove that the autograghs are not the result of chsanical 

fogging, eimilar fanears of b a d  f'rm a control rat were erpoeed under idantical  

C O n d i t 1 ~ ~ ~ 8 .  

I 

The exact detail8 of the technique for preparing blood 61~61)a on 

a photographic amnleion will be described in another paper (2). 

Recnrlt: The photamicrographs on Pegs 1Do. 6hcrv aUtOradioigraph8 remlting 

from beta emieelone f r am Cl4 incorporated into blood cells. 

Mecueeion: In photcrmicrograph 1 it can be eeen that the silver gralna 

are  non-uniformly dietributed, be- concentrated focally about certaln indivi- 

dual cella to form autoradiographe. other celle, euch ae the erythrocytee 

in t h l e  partlcnLar f ie ld ,  produced no autoradiographe. In order to make the 

aUtoradiographe prominent at  this IrI€I@flcation (&bo) the nrS plat0 fhna W h i c h  

thl8 photomicrograph wae made wae developed for a longer time in D-19 than that 

ueed for photcPnicrographs 2, 3, and 4. 

of the beta radiation effects, but obscured cellular detail.  

between the autoradiographs on the b e t  platee, and i n  a l l  regions of the 

control platee, a r e  relatively very miU in PLrmber per anit area and randaanly 

dietributed, ae is extraneous background fog. 

T u 6  proc@ure enhanced the vle ib l l l ty  

Silver graine 

The identifiable cel le  on the t e s t  plates include lymphocytee, poly- 

Altbaagh %hie technique l e  not morphonuclear leucocytes, and erythrocytes. 

at preeent completely quantitative, it is apparent that the percentage of C e U S  

of each t y p  aesociated w i t h  definite autoradiograph8 declines in the order: 

(2) Boyd, G., Williams, A., and Caaarett, G. (To be published). 
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AUTORADIOGRAPHS OF G I 4  INCORPORATED I N  INDIVIDUAL BLOOD 
CELLS OF A R A T  AFTER INJECTION WITH GLYCINE LABELED IN  

THE a -CARBON ATOM 

" .' ..-.,***%m$q . -  . .-_ . . r. < *-v .%.<? 

, 2 5 5  I , 
- 

3 
. . ~  , ._ *..;., ., .. ri-r 

2 
I 
1 
I 

I 
.- 

I 
I 
1 
I 

*.:'.pJ'. .. . . 

- - 
t % J  CELLS WITHOUT AUTORADIOGRAPHS ARE ERYTHROCYTES. 440X 

1. F IELD OF T E S T  BLOOD SMEAR ILLUSTRATING NONUNIFORM DISTRIBUTION OF 
SILVER GRAINS AND CONCENTRATION OF GRAINS AROUND CERTAIN CELLS. 

'-2 

r.c 
h-, 2. LYMPHOCYTE.  9 5 0 X  

-f 3. POLYMORPHONUCLEAR LEUCOCYTE. 9 5 0 X  

4. ERYTHROCYTE. 9 5 0 X  
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lsmphocytt3t3, po3ymrphormclea.r leucocytes, erythrocytes. One possible erplana- 

t lon for  this phenamsnon l ies  in the difference in the rate of formation 

the three types of ceU under consideration. Although the exact l i f e  spans of 

circulatiag rat blood ce l l s  are not known, it l e  agreed that the erythrocyte 

has a much longer l i f e  span than the leucocytes, and it I s  probable that the 

It I s  to be expected, therefore, that the percentage of new cells of each %spa 

In the circalatlng blood of a normal rat at a given time would decrease in the 

order mentioned above e 

Thus, m a t  of the lsmphocytes are associated Kith a-rrtoradiographs. The 

polymorphonuclear leucocyte8 are associated in several cases with autoradio- 

graphs, despite the fact that these are the least  nup~usrous of the three c e l l  

t y p e  i n  the rat blood. 

under o m  erperlmental conditiom, despite their  relatively large numbers in 

the circulating blood, 

The erythrocfies rarely produced an autoradiograph 

The grain concentration, i.e., number of s i lver  grains per unit area 

In the autoradiwraphs, which is a meaeure of the relative amounts of C l4 

incorporated In the celle,  varies i n  each ce l l  categorg, 

each tspe which reveal no CUc incorporation detectable by this technique. 

Of the ce l l s  which yield autoradiographs, however, the concentmtion of s i lver  

grains i s  generally greatest in the case of the lymphocytes. 

There are ce l l s  of 

Photomicrogrsph 2 

represents approximately the average grain concentration i n  autoradiographs 

associated with lymphocytes. The maxbnm grain concentration in autoradio- 

graphs aseociated with polymrphonaclear leucocytes, represented in Photoo 

micrograph 4, i e  less than that of m a t  of the deflnlte autoradiographs given 

by leucocytes. 
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The concentration of si lver  @ns appears t o  be higher in the case 

of those ce l l s  containing relatively larger amunts of nuclear material, 

4 seem reasonable t o  assume that the ce l l s  w h i c h  ehow the presence of $ 

incorporated the labeled materials i n  their  proteins. 

Ab-, e t  al ( 3 ) ,  glycine is a specific precursor for  -me of the nucleic 

acids of yeast, nxch of the ($4 act ivi ty  may reside in  the pUrins moiety of , 

the nucleoprotelne. 

in lymphocytes, t h i s  offers a possible erplaantion for the variation i n  grain 

It 

have 

Since, according t o  

Inaamuch as the concentration of nucleoproteins is highest 

concentration amng the three c e l l  types. 

It is  probable that glycine is Incorporated into the hemoglobin of the 

red cell i n  the bone marrow and not in the circulating blood. T h i s  contention 

I s  impported by in vl t ro  studies of London, e t  al (4) which showed that the 

synthesis of hem fram glycine does not occur t o  a detectable er tant  In aormal 

human peripheral blood incubated w i t h  glycine labeled w i t h  I'll?, and by the 

finding t h a t  rabbi t  bone marrow hnmogenates Incorporate appreciable amDunts 

of C14 labeled alpha-carbon of glycine i n  hemin within 3 hours of incubation ( 5 ) .  

-- 

The present exper-fmantestrongly suggest, therefore, that the red blood cell6 

asaoclated w i t h  autoradiographs are ce l l s  whlch were recently formed and intro- 

duced into the circulating blood within the 25 hour period of the expermnt .  

(3 )  Ab-, B. , Hammersten, E., and Shamin, D., J. Biol. Chem., - 173, 429 (1948). 

(4) London, I. M., Shemin, D., and Rittenberg, D., J. Biol. chem., - 173, 797 

( 5 )  Al-, K. I., and Salmon, K. (To be publiahed). 

(l948) 
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103. 

Problem Code : I e S .2 (Radioautography) 

Section Code: 3171 

Technique for Making Autoradiographs of Individual Blood Cells: 

Backgroand: The production of autoradiographs of individual blood ce l l s  

with abaolute registration of the ce l l s  and the images of the beta par t ic le  

paths requires the making of permanent smears of the blood on the emulsion. 

T h i s  raises three major problems. 

containing gelatin, imbibes the fluid of the blood and malres 8mnaring with good 

distribution of blood cella difficult .  

of a thickly populated anear. 

a blood c e l l  can penetrate a photographic emlaion for several micra, the 

range increasing with the energy, the ce l l s  must be widely separated to prevent 

overlapping of the autographs. 

the blood with dog serum. 

One i s  t h a t  of smearing on the ermrlsionwhich, 

A corollary to  this difficulty i s  that 

A s  beta particfee f r a m  an atamic nUClt3Us w i t -  

Both of these problema were solved by d i l u t l q  

Since the blood cella were taken through the photographic developer and 

f i red before staining, the third major problem was t o  determine the solution 

concentratlone which would not change the staining properties of the ce l l s  or 

injure the c e l l  walls by o m t i c  pressure. 

Eastsnan Kodak D-19 developer and a 10 per cent solution of eodium thiosulfate 

T h i s  was accampliahed by using 

(hypo) 

While we were able to find conditions by which single c e l l  autographs 

could be made, w e  do mt w i s h  t o  imply that they are optirmrm. 

made a t  this tims more as an indication of the general approach instead of 

f i n a l  method. 

graphic development, which are  di f f icu l t  t o  report quantitatively, it should 

T h i s  r epod  IS 

Since this work involvea both the arts of etainin& and of 

' UR 00871 



sUpvb 0- 88 a lfuiae ffor oth-trs to learn the technique by experience, 

Description of Method: The amear w a s  made in the following m r :  A 

amall drop of anrmonimn and potassium oxalate solution w a s  put in the canter of 

a watch glass and approximately 6 drops of blood were added and mlxed thoroughly. 

Hemoglobin-free dog sermn, which had been stored in the deep freeze a t  about 

-15OC and allowed to  thaw Just p i o r  to  use, was added until 8 l i t t l e  over 

twice the volume of blood plus oxalate Bolationwas reached. 

of blood and serum were not accurately measured. 

Instructor, the guide being the distribution and the separation of cells desired 

on the photographic plate. 

The proportlaas 

Experience was the beet 

For higher-energy beta pasticles a greater dllutlan 

is needed t o  give greater separation of the ce l l s  i n  order to prevent the mer- 

lapping of the autographs. 

Several mirmtee after the mrum was added, 8omb of the blood ce l l s  formed 

reversable clumps -- they did not c lot  -- and set t led out of the mixture. The 

diluted blood w a 8  s t i r red Just prior to taking a drop for ~ m a a r i n g  on the plate 

in order t o  break up 8am4 clmps and to b r i w  others into easpenerion. Very few 

clumps were found when the emear was exmlned microscopically. 

The suspension of blood ce l l s  was taken into the dark room to be mueared 

on the photographic platee. 

and a Wratten Series 11 safelight with a 10 w a t t  bulb was used a t  a distance 

of about 18 inches froanthe working space. With the photographic plate lyhg 

flat  on the table, an oiptimmn angle of the eye t o  the plate -.be found by 

which reflection makes possible the observation of the anoaring process. 

The usual dark room precautions were observed 

Eaetman Kodak IopB plates were used t h u g h o u t  the work. These have 

er t remly low background fog and of a l l  plates teated are the mst sensitlVe 

I .  
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for  their  grain size to beta pasticles.* The emulsion thichmss xas.6 micra. 

Thicker emnlsions can be used but t h i s  increases the probability of excessive 

surface grains on development and increases the fixing and washing time. These 

factors can be detrimental, as w i l l  be discussed later. 

A drop of di lute  blood w a s  picked up with a flat, wire spiral. The drop 

was larger than one ueed for  ordinary emearing since the serum does not spread 

as readily mer the earmlsion as It doeB over glass due to imbibition by the 

gelatin. 

The smear was made on the emulsion in the usual manner by placing one 

end of a glass slide against the photographic p la te  at an angle over the drap 

and between it and the center of t he  plate, The thickness of the Bmsar,  and 

hence the mean d i 8 t a I I C e  between the celle, m a  controlled by the angle of the 

elide: The m e  acute the angle, the greater the mean distance.* After the 

slide Is drawn back into the drop permitting It t o  m e a d  along the e a e ,  it 

18 pushed forward. To eliminate scratches, a ~~noth-edged'glaee el ide Was 

used and pushed with as l i t t l e  downward preeeare as poesible. 

The smears were a i r d r i e d  and then fixed by flooding with absolute methyl 

alcohol for  Wo minute. They were again air-dried before sealing without a 

dessicant i n  light-tight boxes. 

expoenre period. 

These were placed i n  a refrigerator for the 

The platea were developed i n  D-l9 for two minutes at  20%; rinsed in tap 

water for one half mixmte, fixed i n  f reehly made 10 per cent eodimn thiosulfate 

~ o l u t i o n  for  6 minutee, washed for 4 minutes in tap water, and dried i n  air 
~ ~ ~~~~~ ~~ 

Data obtained in this laboratory and t o  be published soon. 

Lillie, B. D. , Histopathologic Technique, p. 204, The B l a k i s t o n  Co. 

* 

P h i l a .  ,1946. H 

9 

r 
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before staining. To develop weaker la ten t  imsgee, i .e.,  la tent  I q e e  with 

lower potential of d e v e l o p n t  to vicxibility, and thus increase the number of 

vlsable grains per beta particle,  the smear-artograph Vas, i n  some c8BeB, 

developed by first soaking for five minutes i n  water follpwed by 25 minxltee 

in dilute s i 9  (I part  D-19 t o  3 parte of water). 

The blood ce l l s  were stalned with W r i g h t c  8 stain. Thie was first f i l t e red  

with No. 42 Whatman f i l t e r  paper to remove the e amount of precipitate, 

which might be comsed with photographic grains i f  allowed to s e t t l e  on the 

surface of the amnlsion. A cover s l i p  waa eealed on with Permarnoant. 

C m n t e :  Phyeiological saline w a s  t r i ed  as a diluent. However, 6allne 

amears on the emaleion shuwed many mre iaured leucocytes than meare  using 

The photographic-fixing step l a  the  most c r i t i ca l  I n t h e  technique. Two 

variables which influence flxlDg, viz., the nature of the s i lver  b&de grain 

and the emulsion thiclmsee, were conatant for  our erperimsnt. The f O l l P e r  W i l l  

probably be held constant by the mamf'acturer. The thicknee6 of the 0muleiop, 

harever, depend6 upon the c u e t a e r ~ s  request, and the above f ixixlg conditione 

shonld be considered only for emnlsions of 6 micra. We do not bow how they 

ahould be changed for thicker emriLslons. 

In order t o  obtain the best resul ts  w i t h  staining, there must be a care- 

ful balance among VELP~OUEJ factors, mch as the concentration of the sodium 

thiosulfate concentratlone -1 per cent to 35 per cent were teeted. 

35 per cent solution cleared the 6 p emuleion i n  about one millute while it took 

the 1 per cent solution 90 minutes to  clear. Both extremes damaged the celle. 

A 10 per cent solution cleared the plate In 3 to .3* minutee, leaving celle In 

The 

a satisfactory condition for study. 
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AB 1% is, the a& photographic procedure to  f i x  for  twice the length 

of tlme required for clearing, our f i r e t  work waa done by f l x b g  for 6 mintltes 

and washing for 4. Longer waehing can take the place of a poZ’tion of the fix- 

ing a f t e r  clearing. We now fee l  that it l e  bet ter  to fix un t i l  clear and then 

wash for 20 to  30 minntee. 

for  emuleione of 12 t o  15 micra In thic3mees. 

It l e  probable that th ie  rule would be eatlafactory 

However, we have not fully e r p m d  

this and merely suggest It ae a @de for future inrproVement of the technique. 

Problem Code: I.S.2 

Section Code: 3220 

PWtitiOIl-Chromatography Of Lipide: 

Uslag  P32 as an analytical agent the partition qhrOmatoigrapby of phos- 

pholiplde has been studied. 

Solvent mixtares which permit a eeparation of at  leas t  seven chemically different 

lndlvldual phospholipide on a micro scale. 

t ions are  being hydrogenated to permit an even better separation. 

It has been poaeible t o  select those BOlVeIItS or 

Currently, the phospholipid prepara- 

ProblemCode: I.S.3 9 

Section Code: 3llO 

Effect of X-radiation on the Uptake of Iodine: 

Backgroluld: The eensitlvlty of the thymid gland to injury by radiation 

IB a matter of eome Interest i n  view of the preeent widespread use of 1131 

the treatmsnt of hyperthyroid dlaeaee as well as malignancy of the thyroid. 
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108. 

In order to obtain information on this matter, experiments are being dons in 

which r a t e  receive x-radiation and at varying intervals pod-mdiation, t m i d  

fbnction l e  tested by administering 1131 and studylI43 uptake. Since t h i s  work 

was Ini t ia ted,  Bender (1948) has reported etadies shcffbg that the -en con- 

sumption of r a t e  wae unaffected by local doses of 50 t o  5OOO rOentgepS of X- 

-8 

radiation admlnletered to the thyroid. 

e th iLat ion  of the B.M.R. of rabbits (Talcayama, 1947), fnCmaSed aCtlVlty Of 

the thymid of @ma pQs (Topentin and Watrin, l933), and l i t t l e  or ID effect 

on thyroid act ivi ty  of rabbits ( Z l m M . t d g ,  B8- and D e V b Z ,  1936), I10 effect 

on dogs (Walters, Anson, and Ivy, 1931), and no effect 

Probatein and Galineon, 1937). 

resu l t s  obtained with an x-ray dose of 1000 r. 

Earl ier  results had variauely r e m e d  

gainea pigs (EClrert, 

The r e m  that follons i s  c o n f b d  t0 the  

Work in progrees at other dose 

levels will appear In future reports. 

Method: Male and fau8J.e albino r a t e  w e r e  uzse~d. They varied in weight - 
frcma about 200 to 300 gram. A total of 53 were used, of which 11 

were controls. The control r a t e  were handled the same a8 the experm- 

r a t e  except that they were not irradiated. 

The x-lrradiatlanwas casried out a t  15 ma,  250 K.V. w i t h  an alwntbmm 

plua copper f i l t e r  such that the half-value l a y e r  was 2.15 mm of copper. 

tube dietance wae 38 an. 

wae shielded with lead except for an area about 2.5 QD, In diameter directly 

The 

 he r a t e  of irradiation was 42 r/mln. The anlnal 

above the thyroid. 

Measurements with an r-chamber were made which ahdsled l i t t l e  or no 

scattered radiation to  other parts of the rat, e body. 

the r a t e  were anesthetized with rmibut~~l. 

Wing the Irradiation 
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109. 

The rats were fed on a synthetic iodine deficient d ie t  ( l e s s  than 1p 

I per gram d ie t ) ,  and maintained on this &let for at-least 18 d g s  before 

sacrifice. With the object of increasing the prelhnkary lodlne depletlcm of 

the gland, .four daye before escrifice one-half unit of thyrotropic hormane 

was Injected lntrape;ltoneally, and equal dosea were given on the two succeed- 

ing d a p  allaving one d q  of r e s t  before sacrifice. 

that t h i s  dose of thyrotropin was too  mall t o  be effective, but In order t o  

Later lnfonnation ahwed 

keep candi-tions the wane, the above procedure continued throughout t h e  experi- 

ment. 

on the da,y of sacrifice, a amall dose of 1 ~ 3 ~  (3.5 t o  8,uc) wae InJected 

In to  the tall vein. 

tbyrold glande dieeected out. 

Faur hours l a t e r  the Fm.IRIR1a were sacrificed and the 

Samples of blood and m U s C l 0  were also collected 

for analysis. 

Analyses were made by hamogenlzing the t issue (muscle as well as thyroid) 

i n  a blender with the addition of a few m l  of KI c o n t a i w  sol. a t  pH 12 - 13. 

T h i s  was made up to  volmne and a Bllitable 6m.U allquot was deposited ae mall 

droplets on a s i lver  f o i l  and evaporated to &pees. The beta emiselon of 

the eample fo l lwae  then counted in a calibrated G-M counter. 

A W h e r  aliquot of the hmmgenized thyroid as w e l l  as the blood Was 

dialyzed in a contlnnoae flow apparatus and counts were made on this dialysate 

and the undialyaable material. 

Reeults: The results of the thymid uptake are preeented in Table I 

(Page Uf)). 

iodine b e e ,  the r131 In the thyroid wa8 m e  than 95 per cent in the buund 

form, (i.e.,  non-dialyzable). 

It waa fnrtfrer found that a t  four hoar6 af ter  administration of the 

The contrary was t rue with regard to  the blood 
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ll0. 

Effect of lo00 r of X-radiation on 1131 Uptake of Thyroid 

at Varioue Times Post-Radiation 

(Controle) 

5 

7 

9 

11 - I2 
16 

20 - 25 
35 

51 

No. 
Rats 

11 . 

5 

7 

6 

2 

17.1 f 6.P 

24.0 2 8.7 

14.4 t 4.0 

12.3 f 7.0 

16.4 10.9 

20.3 2 7.3 

11.8 t 4.4 

12.8 f 2.2 
I * 

The e m r a  calculated are  standard deviations. 
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which showed mre than 95 per cent of the iodine 1.31 i n  the inorganic or 

dialyzable form. 

Diecusalon: Early r e d t e  in t h i s  eqerirnent seemed to  ehow a decreaae 

in 1131 uptake at  about seven m e  w i t h  a ccmrpensatory increaeed uptake at 

about sixteen m e .  On the basie of the mre complete data available nuw 

and in view of the large variation between individual  experimente as shown by 

ths  large standard deviations, It appeare that 1000 r of local x-irradiation 

has l i t t l e  o r  no effect on the uptake of 1131 by the thyroid gland of the rat. 

Further work at higher x-ray b e e  levels is planned. 



112. 

Problem Code: Done 

Section Code: 3310 

1. (a) 11-76 industrial film badges from Brookhaw3n, Columbia, 

and the University of Rochester Physics Department. 

(b) 144 radon atanspheric analyses (Dr. Hvreh) 

(c )  25 uranium dust analyses (Dr. Smith) 

(a) 567 beryllium duet analyses (m. Steadman) 

(e) 171 fingenrint analyees (Dr. Harvey and I&. Hay) 

( f )  4 beryllium B o i l  a n a l y s e s  (w. SteadzPan) 

California, 

( 6 )  8 uranium liquid amdyses (m. Steadman) 

(h) 26 fluoride liquid analyses (Dr. Smith) 

(1) 17 SO4 liquid analyses (Dr. Thcmrpmn) 

16 analyzed for Be (Dr. Steadman) 
108 analyzed for  U 
70 m l g z e d  for F 

(Dr. smith) 
(IE. Smith) 

2. Receiving, allocating of -le6 for analyela, tabul8tiq3 and report- 

ing of results, as w e l l  as providing sample containers for  the above p q p l e a  

was performed by this section. 



PROGRAM H.P. 

Problem Code: H.P.l (Research and Development) 

Section Code: 3320 

Badground: In order t o  t ee t  the method outlined i n  the last Quarterly 

Technical Report, concerning measurements of scattered X-ray radiation, g6-0 

t i c  iwest igat ion w a s  c d e d  out in cooperation w i t h  41  employees (physlclana, 

techraiciane, and cler ical  permmel) in the Departsrsnt of Radiology of The 

University of Rochester School of Medicine and Dentistry. 

Methods: Special film badges were distributed weekly which were carried 

The badge6 contained a dental pack- by the personnel during each working day. 

%ed Eg type IC film equipped with a dual filter of .I2 and .24 mm copper, 

leaving three separate areas for density meaeurements. Films were developed 

each week rather than every two weeks, eince it was desired to  find the ac- 

curacy of the lower sensitivity limit for this tspe of film. 

radiation intensi t ies  were plotted and the graph reveals linear re lat ion between 

these quantities in a density range of O-.7 for the three regions on the films, 

(a) direct exposure, (b) erpoeure thraPgh .E mm Cu, and (c) erposure through 

.24 mm Cu. 

density values recorded on the ordinate represent densit ies fromwhlch the . .  fog 

density has been eubtracted. 

"Bw and these represent characteristic curves of the film when erposed to 100 

and 280 KV x-rays, reepectively. such families, it wae poselble to dif- 

ferentiate grossly the radiation quality of the monitoring films. 

Densities verm6 

T h i s  graph le ehuwn on Figare I (Page 114). On this figure, the 

TKO families of lines are shown marked "A" and 

T h i s  1s 

. I  
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115 

accomplished by the fac t  toring f i l m  will 

l i e  on a line paral le l  to the ordinate if this film was exposed to  a quality 

of radiation similar t o  that of a characteristic family of curves. (see 

Rochester Report UR-38). 

Table I (Page Ils) shcrws the accunmlated doeages of the eqosed personnel. 

Fram thie  table it is 8een that the quantities of radiation received have not 

approached the tolerance of .1 r per 8 working &We. 

Since the values recorded in Table I constitute 0- the resulte of film 

density measuremsnts in t e r n  of radiation received, and since 

values appear unduly low, a spot check of the values was made w i t h  calibrated 

ionization chsmbers in form of pencil chambers during a period of two weeks. 

These chambers were worn sirmxltaneously with the film badges and the i r  ~ka-8 

recorded dal ly.  A Aurther check was made by means of integrating protexb3ters 

located at  fixed positions and COsDgarison made with film density readings f’ram 

of these 

film at the eane positions. 

vestigated for  wavelength dependence and af’ter that were calibrated by me- of 

The pencil chambers and the proteximeter were la- 

the standmd r chamber. These calibrations were performed fo r  100 and 200 KV 

unfiltered x-radiation. 

I l lustrat ive data are given i n  the Tables I1 and In: (PageIl7). As 88811 

from Table 11, the pencil chamber readings were =de d a l l y  and sunnnated at the 

end of the e l x  working days, The fair comparison of r values as read by ioniza- 

tion chamber and film badge seem to  indicate the validlty of the method. 

Measurements with the proteximeter were also made daily. However, due t0 the 

position of the instnunents within the exposure rocrme, (6 feet f’rom scattering 

center) the quantities recorded are greater than  those of operating pereonnel. 

1 t 3 0 2 4 s  
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

100 
100 
200 
200 
100 
100 
100 
100 
200 
200 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 

- 

mtlndber 
of Weeke 

20 
9 
la 
17 
17 
14 
16 
16 
13. 
16 
I2 
19 
18 
6 
4 
I2 
3 
19 
6 
19: 
19 
20 
14 
19 
6 
14 
3 
14 
13 
18 
21 
7 
19 
14 
19 
16 
7 
11 
ll 
15 
ll 

Total 
"F 

0485 
.io5 
.160 
.io5 

1.455 
.265 
0500 
.060 
* 385 
.290 
045 
305 
-280 
175 
,000 
.Ooo 
.010 
195 
.245 

395 
125 
195 

2 345 
,005 
055 
,095 
.050 
0 035 
035 
,225 
0005 
* 160 
0045 .a0 
075 

.io5 

.010 

.Ooo 
175 

.080 

.280 

300 
030 

.060 

.015 
0 9  
-045 
0 9  

,020 
.160 
.015 
,020 
,090 
0110 
050 
.OOo 
0 000 
, 010 
,045 . Loo 
095 
095 
035 

8045 
400 
005 
0025 
.os5 
SO25 
.O20 
.Q40 
-045 
,005 
035 

.020 

.320 
, 010 
.060 
, 005 
.om 
060 
.030 

W F  geri: 
3. week 

.024 . o l l  
-009 
.oo6 
,085 
.019 
, 031 
.004 
030 
,018 
,004 
.016 
.015 
0029 
.OOo 
.000 
,003 . 010 
.041 
.015 
0021 
.006 
.014 . I24 
,001 
.004 
,031 
.004 
-003 
.002 
.010 
.001 
-008 
-003 
.036 
,005 
0 015 
.001 
e o 0 0  
.ol2 
.og 

Kv 
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DeLyfl 
W O r n  

1 
2 
3 
4 
5 
6 .- 

1 week 

1 
2 
3 
4 
5 
6 

1 week 

1 
2 
3 
4 
5 
6 

1 week 

w 

moteximeter 

.a6 
030 
.010 . 065 

“F 

pencil 
chamber 
“F 

Film 

0023 
.m8 
.013 
0070 

“F 

.003 
*005 
.010 
-007 

’ ,003 
, .006 
.034 

.008 

.e3 

- 

Film 
”F 

- 
.031 

,085 

.041 
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IF 
PRocRAEd C.S. 

SPECIAL cLImcAL SERVICES 

. Problem Code: mom 

Section Code: 3312 

Eqerimental results reported prev,Jusly had shown failure of one 

patient w i t h  chronic beryllium poieoning to retain e1e;nfficant amoants of 

nitrogen under the influence of testosterone propionate. 

t ion  for  this failure to store nitrogen is that hepatic disease which mey be 

aesociatedwith beryllimn poisoning prevented the acceleration in f%p'f&eRIs 

of body protein umally brought about by testosterone propionate. Far this 

remon a patient with early cirrhosis of the liver was given testosterone 

propionate and the nitrogen, calcium and phosphorous balances were determined. 

The purpose of the experiment was t o  determine vhether or not l i ve r  disease 

of a mild degree would prevent the protein anabolic effect  of teetostemme. 

was a 46 year old white female with a hie- of 

One possible eLplana- 

The patient, E.M. 

chronic alcoholi8m of six yearst duration. 

hospital on three  occasion^ during the past six years, prinrarily becauee of 

peripheral neuritis. 

evidence of a mild active hepatit is  wat3 present. 

study the pa t ien txae  not ljaundlced but had a 1 - 2 4  cephalin flocCnlatlOn, 

a thymol turbidity ranging f'ram 18 - 34, and a bromsulphalein retention of 

5 - 10 per cent. 

sidered typical of cirrhosis and was partitioned as fouxlws: 

She had been admitted to the 

On a l l  occaeions the l i ve r  was felt  t o  be enlarged and 

At the time of the present 

The electrophoretic pattern of the plaama protein6 w a s  Con- 
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The patient w a s  considered to have a cifihoeis of mild degree. 

placed on a d ie t  containing approximately 2500 calories, containing a dally 

intake of 10.50 @m. of nitrogen. 

She was 

The nitrogen balance data are tabulated in 

Table I (Page 121). 

one ahodid note that the first nine W S ,  (periods 1 and 2), m 

control periods. 

given daily. 

In  Periods 3 and 4, 25 mg of testosterone propionate were 

period8 5 and 6 are post-control periods. 

From the d a t a  i n  the table one notee a good storage of ni+ixxxen 

dur- the control period and under the influence of testosterone proplona~ 

a large increaee in etorage occurred. 

protein anabolic effect  of testosterone propionate and it 

that l iver  dieease of the t y p  which t h l e  patient had did not inhibit  the 

Thle ehauld be considered a d 

be concluded 

above effect. 

Of interest  were the ser ia l  electrophoretic patterns which follcn: 

8-30 Albumin 2.68 8-9 - Albumin 3.21 8-19 - A l b a  3.09 - 
41 1.47 c ( 1  * 45 O ( 1  38 

o(2  * 70 c ( 2  67 o(2 67 

89 B *90 B B 96 
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A comparison of these patterns taken a t  appmximately ten-day 

intervals reveals several rather unusual flndiags. It is apparent that 

the albumin and ganm globulin progressively decreased throwhout the 

emerimental period. T h i s  fl- is somewhat unexpected i n  vier of the 

large storage of nitrogen. According t o  the figures of Allison and others, 

approximately 1 gm of serum protein should be stored when 30 gm.8 of tiean0 

protein a r e  stored. One explanation I s  that the effect is one of S h p h 3  

dilution since it is lrnown that testosterone progionate caxses retention 

of sodium and chloride. However, other possibil i t ies need to be caneidered. 

The decreaae of gamma globulin may have been due to  impraved hepatic Arpc- 

t ion result- fram the die- regimen. 

serum albwu3.n may man that while she was unable to manufacture 88372313 

The findlDgs in regard to the 

albumln in a normal manner she was st i l l  able to accelerate syntheses of 

tissue protein. Needless to.say, much additional information i s  required 

to establish whether the data obtained in th i s  patient are  significant and 

If so w h a t  the eqlanat ion may be. 

The calcium and phosphorus balances done on t h i s  patient will be 

given In a subsequent report. 



TABIE I 

1 

4 

5 

6 

8/9-10 
l O - l l  
u.12 
12 -13 
13 -14 
14 -15 

15-16 

17-18 

18 -19 
19-20 
20-21 
21-22 
22-23 
2324 

16-17 

24425 
25-26 
26-27 
27-28 
28-29 
29-30 

30-31 
31-1 

9/1 -2 
2-3 
3 A  
4 -5 

5-6 
6=7 
7-8 
8-9 
9-10 
10-11 

10.50 
100 50 
10.50 
100 50 
10.50 
10.50 

10.y3 
10.50 
10.50 

10.50 
10.50 
10.50 
10.50 
10.50 
10. 50 

io. 50 
10.50 
10.50 
10.50 
10.50 
10. 50 

10.50 
10. 50 
10.50 
10.50 
10.50 
10.50 

io. 50 
10.50 
10.50 
10.50 
10.50 
100 50 

6.55 
6.50 

6.47 
6. 97 

5.89 

5-77 

6.46 

7.05 

6.43 

4.46 
4.51 
3 . 9  

6,39 

E 

loet 
3.69 
3.52 
2.75 
3.87 
4.35 

3.56 
4.66 
loet 
4.94 
6,oi 
6.14 

7.14 
8.01 
7.84 
8. Q 
8.44 
7.39 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 

1.26 
1.26 
1.26 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 

1.26 
1.26 
1.26 
1.26 
1.26 
1.26 
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I B ' I ! R ~ ~ A T I O N  (SPECTROSCOPY, ElX@I1ROR MICROSCOPY, X-RAY AmD 
MUCLEAR RADIATION lEI'ECl!ORs, X-RAY DIFJEUICI'IO~, EIECI'RONICS) 

Problem Code: 1 . N . l  (Research and Development) . 
Section Code: 3 l6 l  

Prepasation of a Rugged Film for M o u n t i n g  Materials for  Electron Microscopy: 
1 

Background: There has been routine and ecrms.tlmes special examination . 

of dusts, powders, and other materiale submitted for  electronmicroscopy. 

Considerable work wae &ne with beryllium oxide, and this is being recorded 

In a separate paper under the probable t i t l e  of n T d c i t y  Studies of Beryllium 

Oxide of Various Gradesn. 

It has always been ob.lsious that the specken supportbg fihm of col- 

lodion, Ebrmvar, etc., which are almost universally used, leave much to be 

desired when the i r  instability in  the electron beam I s  considered. 

films often contain many nn#ll holes and when eter i l izat ion of the filmccovered 

screena is essential, as in the culture of living ce l l s  on such films, heat 

or chemlcal s ter i l izat ion procedures are f a i r ly  destructive, 

IbI'mar 

Si l ica  (Si02) I s  often used in the production of replicas in electron 

microscopy. 

stand high temperatures and appears to be structureless in the electron microscope. 

It seemed t o  be desirable t o  attempt t o  devise a method whereby silica 

It is extremely stable under electron bombardment and will with- 

f i lms  cauld be produced on a large scale and handled with ease w i t h  which Col- 

lodion films on water can be manipulated. 

Method: The technique of preparing collodion f i l m s  has been discussed 

in  a previous report, but a brief revlev will be given here. A drop of a 
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2 per cent solution of Parloillon i n  amyl acetate I s  allowed to  fall an the 

surface of clean d is t i l l ed  water i n  a suitable container. When the solvent 

evaporates after a few seconds, the film is either picked up on a specimen 

screen or the water is withdrawn and the film allowed t o  sett le on the specinaea 

screens, and after drying I s  used in the usual manner, It waa hoped that silica 

f i lms  could be prepared on the surface of the liqUId and thereafter handled by 

the methods used for  collodlan, Ijtxmmr, stc. 

nee8 can be produced by v a w  evaporaticn fram a heated filament and will 

deposit on surfaces prepared for it. 

In the vacuum chamber and the silica f i l m  deposited an It. 

were excellent In every other mepect, it w a s  found that there w a ~  contaminatim 

of the speclmen screen by the mercury and th i e  method had to be discarded. 

Octo11 was snbetltuted for mercury but it was difficult t o  remove traces of 

the o i l  Amn the epecimen screen afteriiards. It was finally decided to try 

to  uae collodion films0 a strpport for the s i l i ca  during its forrnatioa and 

subsequently diesolve the collodion leaving the silica. 

t o  be very mccesefdl, 

Si l ica  films of snitable thick- 

Accordingly, a ash of mer- wae placed 

Although the films 

This msthod has proved 

A much more dilute solution of collodion is employed than is necessary 

for the usual specimen eupport. 

support ordinary specbens but l e  useful e0 serve as a base for the depositIan 

of silica. When the ccxposlte f i l m  is examined in the electron mlcroscope, it 

is  found that it w i l l  withstand any available beam inteneity w i t h  l i t t l e  dsmrsge, 

intensi t ies  tha t  would instantly destroy the ordinary collodion or Ztmuvar film 

and moreover the very thin collodion component i s  invisible or diff icul t  t o  

detect. 

The very thin film formed is  much toa light t o  

The double film is, therefore, often used without any f'urther treatment, 
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The collodion can be ramoved, however, by suitable solvents, These fllme can 

be s ter i l ized In the autoclave, by dry heat or other methods, m d d l l g  them very 

Buitable for use in tissue culture work. 

at one time on a single glass sl ide 80 that large numbers c8.n be prepared w i t h  

ease. The permanence of the film and the re lat ive simplicity of the method 

makes it possible t o  produce a lssger nrmiber of usable specimsnmoan-be in a 

given period of tims than the older technique w i t h  collodion alone. 

A dozen or mme screens may be coated 
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