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FOREWORD 

This i s  the th i rd  annual report  since the formal unif icat ion of two radia- 

t ion  projects  t o  create the US Atomic Energy Commission-sponsored Radiobiology 

Laboratory. The first project  began i n  1951 and was designed t o  define the l a t e  

e f fec t s  of acute and fract ionated doses of X-irradiation on female Beagles; only 

25 Beagles from t h i s  study remain. Fractionation of the dose had no noticeable 

e f fec t  when the t o t a l  dose w a s  100R; however, with a t o t a l  dose of 300R, there 

was an eight-day increase i n  survival  f o r  every day elapsing between the f i r s t  

and last exposure. Modest e f fo r t  is being expended t o  determine the ovarian 

e f fec t  of low-level fractionated exposure i n  pups p r i o r  t o  weaning. 

The pr incipal  emphasis continues t o  be on the second--and larger--project, 

which is devoted t o  the  e f fec t s  of hone-seeking radionuclides. Effor ts  i n  ce l l  

biology and biochemistry are continuing. Blood ce l l s  from Ra-226-treated dogs 

appear t o  manifest radioresistance.  The response of lymphocytes t o  i n  v i t ro  -- 
X-irradiation was l e s s  marked, and surviving c e l l s  showed greater  transformation; 

marrow ce l l s  incorporated twice as much DNA precursor per  c e l l  as did control 

c e l l s  a t  24 hours. 

Bones from older Beagles fed high levels of Sr-90 develop' a condition tha t  

we r e f e r  t o  as "pachyostosis" due t o  the  unexpected increase i n  density, th icker  

cortex, and decreased remodeling tha t  i s  observed. The ten ta t ive  conclusions 

are t h a t  the catabolic ac t iv i ty  i n  bone is affected t o  a greater  extent than is 

anabolic ac t iv i ty  during remodeling and development. Another unexpected finding 

was a decrease i n  the  mucopolysaccharide content of costa l  and a r t i c u l a r  car t i l age  

i n  the  skeletons of dogs t reated with Ra-226 a t  the  highest levels .  

We are following up our observation tha t  the  myelogenous disorders induced 

by radiostrontium are,  i n  f a c t ,  progressive stages i n  a leukemic response. This 

i s  being done by techriiques directed toward defining the pathogenesis i n  animals 

having a high probabili ty of manifesting the disease. In  addition t o  the  

Beagle colony, a small Marmosa mitis  colony has been established; developmental 

s tudies  on marmosa are  described i n  t h i s  report .  Three s t r a in s  of mice are  a lso 

being u t i l i z e d  t o  determine the age a t  which Sr-89 exposure is most c r i t i c a l  f o r  

leukemia induction. 

The increase i n  contributions t o  t h i s  year's progress report  r e f l ec t s  our 

increased s c i e n t i f i c  e f f o r t .  

. - 
L.  K.  Bustad, Director 
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I N  MEMORIAM 

I n  appreciation of t h e i r  f ine  contributions 
and cooperative s p i r i t ,  

we dedicate t h i s  issue t o  three of our associates 
who died during the past  year 

JUDY M. BOYDEN 
IRVING I. HERTZENWRF 

ROBERT P. STARBUCK 

A special  fund has been established a t  the  University 
i n  honor and memory of D r .  Irving I .  Hertzendorf, an 

outstanding postdoctoral fellow who was t rag ica l ly  k i l l ed .  
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BEAGLE X-I W I A T Z O N  STUDIES 

I n  4- t a  ebtain data that could fates he extrapolated t o  assess possPble 

late e f f e a s  of irradiatioa of h~wias,  Beagle dogs wera exposed ta single or 

fractionated whole-body X-irradiation as out lined i n  Table 1. 

Table 1. EXPERINESTAI, DESIGN HClR M&t2ZE-BOIYY X-IWIATIOW S71m 

sUb='q Expome* Total R Na. Dogs 

Control (sham-irradiated) 0 

25R a t  2&-day interval 
25R at  14-day interval 
25R a t  7-day interm1 
5DR a t  28-day interval 
SO!? a t  14-day interval 
50R a t  7-day interval 

> loo 

lOOR single 

7% a t  28-day interval 
75R a t  il-day internal 
75R a t  7-4%~ inthnral 

lSOW a t  Za-dajr infmtral 
lSOR a t  14-day i;nteml 
lSQQ at. 7-day inti=-1 
300R sfngle 

Subtotal 

* Radiation factors: 258 kvp, SO ma, Thaaaeus I1 f i l t e r  [HVL 2.65 lora CIA), 
ZMse ?.-ate, 8.5R/&n, bi la tera l  midline air dose a t  140-cm disttance. 
Female Begles, 8 t o  12  mtfis old when exposed. 

The Beagle dog w a s  chosen as an experimental subject because it has a 

relative1y long lifespan, a l ~ w  incidsnce of spontaneous tumrs of bane and 

blood-fotming argans, and is readily available; its shvzt hai r  and medium size 

we= also a&vmta~eovs. 

one oif the & j e c t i w  b f  tke stMy was t o  evalmte any deeremnt i n  work 

capacity, Reproduction was Milised as a measure of wo& potential S ~ C R  it 

is a natwal process of sa&ohioLogical interest  whi& requires enerw expen- 

diture and produces q m t i t a t i v e  data. Resalts of tbe experiments are  reported 

in  the succeeding papers. 

fn a limited study the effects on the o v q  of %O .D 30F4 exposum oh altar- 
nate days to  pups 2 to 42 days of a p  w i l l  be determined; the ovaries w i l l  he 

examined at 6 months ~f sge +be ths pmsmtlre DB fellieras. 



L. S .  k s e n b l a t t  T&e a* of %he sfjceak af X - ~ m a % x t i c s u c  cna sirrvGua2 
A. C. Andenen of  fenn2te BeagW i@@&$d. Su&&bCE &&q & 

3 yx d.wmz&&t.fl aSet.6~ %rPad%dGort wm irrverssZg mba- 
ted b 'CaksS, H-rag dm$. A22 im&&$ed aub 
sVe&~tmd f i f e ~ p m  sh&miag mb,at,iwe &o m . 
LZfmpca eho&e&~@ WZB Z ' M d s m t .  of totatcrt &t@$ad 
Cilira betwaen pire* rmd Zase aqmme TOP lOOR sub- 
p u g s  but a- w@iw c~meZatioh was obaewd antow 
SaUR oarbpoup. Gomprts q u & Z m  af mop* r&6 
fik the &$a :a? ant& 6h;he E e w t  6 yr of e d  t &on 
$ ~ q s i  d d w  tkesa pra&~io& 1:ke inerema i n  mor&2Lt.?l 
mt~8 tjas ibt.icaZ for $ha &me gmqa. 

.As of April 1968 t h m  wem 27 suxvivors of t h e  X-ray study, including 

8 control dogs. The present report updates the  resul ts  of the swviva l  st* 

t o  Jmuary X l ,  1968. Over a 6-yr peziob bq inn ing  i n  l a t e  1952 a t o t a l  of  

360 Beagles were entered in to  the  experiment; of these, 57 were sham-irradiated 

controls, 152 ~ e c e i v e d  a t o t a l  of  lMR, and 151 s t o t a l  of XIOR. Data re la t ive  

t o  nders ~f dogs and exposure regiatens am giwn nra p 1 of Ws repmt ,  

The analysths reported on here consist principally of l i fe- table  studies 

(curnulativie survival r a t e s t  and of studies tha? inublved the f i t t i n g  of Captpertz 

equations t o  observed m r t a l i t y  rates.  The cumulative survival ra tes  @f the  

individual sub$wups, d i n a t i o n s  o f  subgroups, and gmqm [QR, 180R. and 

300Q did not change! e,ppreciably fro@ chose observed last year /UCD 472-114, 

1967, p 7). The l a t e s t  cumlat ive surviv611 rate -rv;es for gmups are shwn 

i n  Fig. 1. The JOOR p ~ u p  has lower s p r v i v ~ l  rates than the cdntmls from 

the beginning, while those of the lOQR dogs are  s l i g h t l y  belaw c o n t r ~ l  vafues 

i n  %he beginning but bn not rea l ly  bis@ t a  d i f f e r  E P O ~  cantrols un t i l  a b u t  

10 yr post-irradiation. I t  was of interest t o  determine whether ahe early 

mortality observed rrmang the  i r radiated dogs w a s  dose-relatod. Ihe two mjor 

causes o f  d a t h  in the y m g m  h g s  were classif ied 8~ =Ute diseases-- 

infectious and am-infectious--and +eproduetive disorders, priiuarily dystocia 

m d  gmgrenow -titis. A compilatioa of  the basic data w a s  presented 1s t  

year (UGD 472-114, 1967, p 101. Foi decrths occurring dwtng  the fitst 2 y r  

post-irradiation, mortality was defini te ly related to  dose (Fig. 2 ) .  Heace, 
the wduced surariwl r a t e  of tha i r d a t e d  dogs3[in par t icular ,  the MaR 

group) r e l a t i b e  t o  contpols wu ld  not be s&@ t o  be independmt of  irradiation. 

In f ~ t ,  the. d&a appam t o  Ladieate the existmre of  ~ p a r g i s m s  between Lma- 

%is idea, i n  that deati%s at t r ib~afable  to  distemper accumed only anwn$ ir~szdi- 

at& Bogs a4 ~grr$mrrs rn-titis ma observed only ammg $iws given SOOR. 

2- !r 



The cumulative su rv iva l  r a t e  curves were recomputed u t i l i z i n g  da ta  only 
* - . . _.,; . . . . . ? ! '.. '..', , . .. . 

f o r '  dogs t h a t  had sb>i i , ied  t o  3  y r  p o s t - i r r a d i a t i o n ,  . . thus r u l i n g  . . out ea r ly  

I morta l i ty ;  d e  r e s u l t s '  (Fig. 3.) do not appear t o  d i f f e r  appreciably,  from . 
. . 

those 'shown e a r l i e r  (Fig. 1) when .the. da ta  f o r  t h e  higher ages. a r e  compared. 

Wh'en a l l  dogs were u t i l i z e d  ( ~ i ~ . '  1) , t h e  median suryi-val t imes  (MST) i n  years  

. p 'os t - i r radia t ion  were 11.6, 10.5, and 9;2 y r  f o r  the  OR,  100R, and 300R groups, 

respect ive ly .  For .the populations o f  dogs surviv ing . t o  3  y r  p o s t - i r r a d i a t i o n ,  

the  MSTs ' a re  s h i f t e d  upward by 0 .1  t o  0.2 y r .  Lifespan shor ten ings , ,  however, 

-were unal tered;  'they averaged 9% f o r  the  l O O R  and 19% f o r  the  300R groups 

r e l a t i v e  t o  con t ro l s .  

The assessment o f  - l i fespan shortening by the  use of  averages f o r  groups 

may be somewhat misleading. ..The experimental design (p 1) shows t h a t  t h e r e  

were s i x  f r ac t iona ted  exposure subgroups p e r  group. The i n t e r v a l  between 

exposures was e i t h e r  7, 14, o r  28 days and e i t h e r  2 o r  4  exposures were given. 

The t o t a l  p ro t rac t ion  o f  t h e  dose ( t o t a l  elapsed time) var ied  from 7 days 

(2 exposures, 7  days apar t )  t o  84 days (4 exposures, 28 days a p a r t ) .  When 

l i f e span  shortenings a r e  p l o t t e d  agains t  t o t a l  elapsed time t h e  r e s u l t s  shown 

i n  Fig. 4  a r e  obtained.  I t  i s  c l e a r  t h a t  a l l  subgroups have su f fe red  some 

shortening o f  l i f e span .  Among t h e  l O O R  subgroups t h e r e  is  no c o r r e l a t i o n  o f  

l i f e span  shor tening with t o t a l  elapsed time. Among t h e  300R subgroups such 

a  c o r r e l a t i o n  . i s  s t r i k i n g l y  evident .  The observed regress ion  c o e f f i c i e n t  
. . 

(b = .-0.17) ind ica tes  t h a t  . l i f e span  shor tening i s  reduced by 0: 17% by t h e  

addi t ion  o f  one day between f i r s t  and l a s t  exposures, wi th in  the  range s tud ied  

(7 t o  84 days).  Thus, an overa l l  d i f f e rence  of  77 x  0.17% . . o r  13% w a s  noted. 

I t  i s  a l s o  o f  i n t e r e s t  t o  note t h a t  the  two l O O R  subgroups t h a t  exhibi ted  t h e :  

. grea tes t  l i f e span  shortening were' each exposed a t  .l4-day i n t e r v a l s  (subgroups 

.3 and 6) .  The only 300R subgroups found t o  be above ' t he  regress ion  l i n e  were'  

those a l s o  exposed a t  14-day i n t e r v a l s  (subgroups 10 and 13).  Although t h i s  . 

observation does not j u s t i f y  the  drawing of a  c o n c l k i o n ,  it may i n d i c a t e  t h a t  

c e l l  synchrony a t  the  time of ' i r r a d i a t i o n ,  had a  prolonged e f f e c t  on su rv iva l .  

A number o f  attempts were made t o  f i t  Gompertz e q u a t i o n s . t o  observed 

morta l i ty  r a t e s .  The form of  t h e  Gompertr used was Y = aekt,  where k  i s  t h e  

r a t e  constant  o r ,  ' on a  semi-log s c a l e ,  the  regress ion  coe f f i c i en t  ,. represent ing  

the  r a t e  o f  change o f  mor ta l i6y ' r a t e s  r e l a t i v e  t o  changes i n  age. ,The  mortal- 

i t y  r a t e  i t  the  xth age  (; ) w a s  defined as t h e  number dying in' t h e  xth i n t e r -  
X . - 

val  r e l a t i v e  t o  the'number o f  dogs a t  r i s k  during t h a t  i n t e r v a l ,  and expressed 

i n  percent .  The f i r s t  attempts involved f i t t i n g  e i t h e r  a l l  o f  t h e  da ta  o r  a l l  

but  t h a t  f o r  t h e  f i r s t  3  y r  p o s t - i r r a d i a t i o n  by t h e  method o f  l e a s t  squares. 
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Fig. 1. Cumulative su rv iva l  r a t e s  f o r  
cont ro l  and X-irradiated 
Beagles. A l l  dogs surv%ving 
90 days p o ~ t ~ f i r s t - i r r a d i a t i o n  
a r e  included. Arrows ind ica te  
median su rv iva l  time f o r  each 
group. 
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A more d i r e c t  method, u t i l i z i n g  t h e  method of moments technique,  i n d i c a t e d  

t h a t  t h e  Gompertz equat ion f i t  only t h e  d a t a  of t h e  l a s t  6  y r  o f  each group. 
b The curves were then  p ro j ec t ed  back t o  t h e  o r i g i n .  The r e s u l t s  o f  t h e  l a s t  

named analyses  a r e  shown i n  Fig. 4.  

The m o r t a l i t y  r a t e s  c l a r i f y  t h e  r e s u l t s  o f  t h e  s u r v i v a l  analyses  (F igs .  

1-3) .  There i s  a  graded response t o  dose f o r  e a r l y  m o r t a l i t y  (1-3 y r  pos t -  

i r r a d i a t i o n ) ,  with t h e  300R group on t h e  high s i d e ,  immediately followed by 

a  s i m i l a r  graded response t o  m o r t a l i t y  (4-6 y r  p o s t - i r r a d i a t i o n ) ,  with t h e  

con t ro l s  on t h e  high s i d e .  A l l  groups show r e l a t i v e l y  low m o r t a l i t i e s  7-8 y r  

p o s t - i r r a d i a t i o n .  These r e s u l t s  may be explained on cons ide ra t ion  o f  a  

g e n e t i c a l l y  homogeneous popula t ion  exposed t o  s t r e s s  over  a  per iod  o f  t ime:  

l e s s  vigorous animals would d i e  e a r l y ;  somewhat more r e s i s t a n t  ones,  l a t e r  on. 

The p i c t u r e  i s  completed with t h e  imposi t ion o f  t h e  s t r e s s  due t o  X- i r r ad i a t ion  

and t h e  a t t endan t  synergisms. The f i t t e d  Gompertz curves i n d i c a t e  t h a t  t h e  

m o r t a l i t y  r a t e s  dur ing  t h e  f i r s t  8 y r  p o s t - i r r a d i a t i o n  e x h i b i t  components 

which a r e  not  Gompertzian, and it i s  p o s t u l a t e d  t h a t  t h e s e  components a r e  

t hose  d iscussed  immediately above. 

The growth parameters es t imated  by t h e  method o f  moments technique f o r  

each o f  t h e  t h r e e  groups were almost i d e n t i c a l ,  i n d i c a t i n g  t h a t ,  when t h e  

dea th  r a t e  i n  each o f  t h e  groups began t o  i nc rease ,  it increased  a t  t h e  same 

r a t e  f o r  each group. This may be  seen i n  t h e  lower r igh t -hand p l o t  o f  Fig. 5 ,  

where t h e  p a r a l l e l  na tu re  o f  t h e  t h r e e  curves f o r  t h e  l a t e r  per iod  i s  ev ident .  

The times a t  which t h e s e  curves l i f t e d  o f f  t h e  b a s a l  l e v e l  d i f f e r e d  by 1 y r  

f o r  t h e  300R-100R and 100R-OR comparisons. The d a t a  i n d i c a t e  t h a t  t h e  300R 

group became "ext inct1 '  a t  13 y r  p o s t - i r r a d i a t i o n  and t h e  l O O R  a t  14 y r ,  whi le  

t h e  c o n t r o l s  were no t  y e t  e x t i n c t  a t  15 y r  p o s t - i r r a d i a t i o n .  

The r e s u l t s  o f  t h i s  s tudy  tend  t o  confirm those  o f  s i m i l a r  s t u d i e s  pe r -  

formed on mice and r a t s .  However, t h e  Beagle d a t a  a r e  be l ieved  t o  s e r v e  as 

a  b e t t e r  model f o r  eva lua t ion  o f  i r r a d i a t i o n  e f f e c t s  on human s u r v i v a l ,  i n  

t h a t  g e n e t i c a l l y  homogeneous popula t ions  were exposed and maintained under 

condi t ions  more n a t u r a l  f o r  t h e  spec i e s  involved.  
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~ i ~ .  5.1 Observed m o t t a l i t y  r a t e s  f o r  each group, with ~6mper t ; ian  equat ion f i t t e d .  The f i n a l  f i g u r e  combines 
t h e  ind iv idua l  group'curves.  



A. C .  Andersen 

EFFECTS OF WHOLE-BODY X-IRRADIATION ON THE ABILITY OF 
FEMALE BEAGLES TO REPRODUCE . 

The reproductive ab i l i t y  of female Beagles exposed 
as young pups t o  a single midlethal dose of X-rays 
was impaired but not eliminated. These Beagles, 
up t o  6.9 y r  of  age, wemed an average of 17 pups, 
33% fewer than control dams. Fractionated irradia- 
t i on  was u t i l i z ed  t o  s t e r i l i z e  female Beagles; 
26 estrous cycles were exhibited by 7 females, a l l  
were i n f e r t i l e .  The ovaries a t  sacri f ice  revealed , 

no evidence of corpora lutea or corpora a lb i cms .  

. Studies a t  t h i s  laboratory give evidence t h a t  t h e  female dog (Beagle) 

cannot be s t e r i l i z e d ' b ~  a . s i n g l e  whole-body X-ray exposure (UCD 472-114, 1967, 

p 3-5) . Midlethal dose (290R) survivors ,  X-irradiated as pups (group B) o r  

p r i o r  t o  (group C) do show a reduction i n  t h e i r  p i p  production when 

bred on each successive est,rous period.  The reproductive a b i l i t y  o f  t h i s  

colony between 0.8 and 6.9 years  of age i s  shown i n  Table 1. 

Table 1. REPRODUCTION OF FEMALE EEAGLES* 0..8-6.9 YR OF AGE 
X-IRRADIATED AS PUPS' OR PRIOR TO PUBERTY 

Group . No. Fa i lu re  t o  , No. Pups . .No. Pups Pups .Weaned 
(No. Beagles) ~ i t t e r s  Conceive (%) Whelped We ane d pe r  Dam 

A 20 contro ls  135 25.  728 5.00 .2 5 

B 15 pups exposed . 94 2 2 383 2 46 .17  

C 22 prepuberty : 148 20 6 8 7 453 2 1 
exposed 

* A l l  were survivors  of  midlethal  dose (290R) of  X- i r radia t ion .  

Thus, r e l a t i v e  t o  con t ro l s ,  a single, X-ray exposure o f  pups from b i r t h  t o  

90 days of age lowered t h e  reproductive a b i l i t y  33%. A comparable X-ray 

exposure p r i o r  t o  puberty (7-9 months) showed l e s s  e f f e c t  (17%). These r e s u l t s  

agree with well  e s t ab l i shed  f indings i n  mice, i n  which r a d i o s e n s i t i v i t y  of  the  

, ovary var ies  great'ly depending upon age a t  exposure. However, s t e r i  li t y  'was 

not manifested i n  i r r a d i a t e d  female Beagles. Individual  records revealed 

f e r t i l e  es t rous  periods i n  a l l  dogs, and t h e  decrease, i n  reproduction by i r r a d i -  

ated dams was a t t r i b u t a b l e  pr imar i ly  t o  smal ler  l i t t e r  s i z e  and h igher  pup 

morta l i ty  t o  the  weaning age, as well  as t o  lowered conception r a t e s .  

Since reproduction i n  female Beagles could not be  d r a s t i c a l l y  impaired by 

s ing le  X-ray exposures a t  various ages, f r ac t iona ted  exposures were used. Seven 

out of 16 Beagles survived 50R weekly from b i r t h  t o  14 weeks of age (750R t o t a l ) ,  

and e s t r u s  occurred as shown i n  Table 2. 



Table 2 . .  AGE AT ESTRUS OF FEMALE BEAGLES GIVEN FRACT.IONATED 
X-IRRADIATION (50R FOR 14 WKS = 750R) 

Beagle 
No. 

Age (days) a t .  Mating 

Est rus  was determined by t h e  date  on which females would accept mating; a l l  

matings were i n f e r t i l e .  A gene t i c  d i f ference  i n  response is  indica ted  by the  

f a c t  t h a t  s i b s  18B and 18C continued i n  anestrus while s i b s  21B and 21C had the  

usual e s t r u s  cycles .  When t h e  dogs were s a c r i f i c e d  a t  4.5 y r  of  ,age, t h e  

ovar ies  were about one- th i rd  the  usual s i z e ,  almost devoid of  f o l l i c l e s ,  and 

corpora l u t e a  o r  corpora a lb icans  were not observed. Therefore, i n f e r t i l i t y  

could; be explained by a t r e s i a  of  developing f o l l i c l e s .  ' s tudies  are  current ly  

under way t o  t e s t  t h e  e f f e c t s  of  lower X-ray exposures on the  ovary. Pups from 

2 t o  42. days of age. a r e  being exposed on a l t e r n a t e  days (10R o r  30R) and the  

ovar ies  w i l l  be examined a t  6 months of  age f o r  t h e  presence o r  absence of  

f o l l i c l e s .  



PRENATAL DEVELOPMENT OF THE OVARY I N  THE BEAGLE 

A. C. Andersen The fol lming i s  a resume of a portion of a monograph 
M i r i a m  E .  Simpson i n  preparation: "Development of the Ovary i n  the Dog 

(Beagle)." Other parts o f  the work include: Introduc- 
tion, Post-natal Development, Estrous Cycle, Aging, and 
PathoZogy . 

The geni ta l  r idge was not found i n  embryos l e s s  than 7.0 mm i n  crown-to- 

rump (C-R) length. Nineteen embryos ranging from 4.0 t o  6.4 mm i n  C-R length 

(21 t o  26 days post-coitum (pc)) did not reveal gonocytes; hence the migratory 

aspects of these ce l l s  from the wall of the  gut and mesentery could not be 

studied i n  the Beagle. F i r s t  evidence of the geni ta l  ridge and enlarged 

spherical  ce l l s  (gonocytes) was found i n  embryos ranging from 7.0 t o  10.5 mm i n  

C-R length (28 t o  30 days pc). The geni ta l  r idge began immediately poster ior  

t o  the developing adrenal gland and continued caudally along the  dorso-lateral  

aspect of the  coelomic cavity for  1.0 t o  2.2 mm. I n  cross section,  the dense 

ce l lu l a r i t y  of the ridge contrasts with t he  loose connective t i s sue  of the 

adjoining mesonephros (Fig. l a )  . Histologically, the  geni ta l  ridge con- 

s i s t s  of a covering epithelium (mesothelium) and the underlying concentration 

of mesenchymatous t i s sue .  The surface epithelium i s  pseudostratif ied and becomes 

thinner medially and l a t e r a l ly ,  continuing as a single,  f l a t tened  layer of 

mesothelium l ining the coelomic cavity. Enlarged ce l l s  with sharply defined, 

l ight-staining cytoplasm (gonocytes) were not ident i f ied consistently i n  the  

geni ta l  ridge. 

In  the  10-mm Beagle embryo the geni ta l  ridge protrudes fur ther  i n to  the 

coelomic cavity. The central  portion increases i n  both height and width t o  form 

the undifferentiated gonad. The d i s t i nc t  gonadal mass rapidly enlarges i n  

embryos between 12 and 20 mm i n  C-R length. The gland consists of mesenchymal 

and epi thel ioid  ce l l s  with interspersed cap i l la r ies  (Fig. Ib).  Evidence 

of a "first ingrowth" w a s  not def in i te ;  there  is an indication tha t  gonadal 

enlargement occurs by pro l i fe ra t ion  of both ep i the l i a l  and mesenchymal ce l l s .  

The undifferentiated gonad is somewhat elongated and projects anter ior ly  and 

dorsally from the mesonephros, t o  which it i s  attached by a broad s t a lk  (Fig. Ib) .  

[Wilhelm Bischoff (Entwicklungsgeschichte des hundeeies, F. Vieweg und Suhn, 

1845) described a p a i r  of egg-shaped bodies (or gonads) without def in i te  

internal  s t ructure  i n  a 27-day-old dog embryo. By actual measurement of the  

i l l u s t r a t i o n  i n  Bischoffls t r e a t i s e ,  t h i s  embryo was 15 mm i n  C-R length, which 

compares both i n  age and s i z e  t o  embryos observed i n  t h i s  study.] Gonocytes were 

not found i n  undifferentiated gonads of 66 Beagle embryos e x w n e d .  



b:. Waff&@zigted N o t  p6ii.f Sy defiesd ~@=&:a& &pi::thel~m, 
broad s t a l k  and variation i n  c e l l  types. Erab%$o - G-R Ism; 
27 days pc; body w t .  0.47 g; H and f ;  1ZSX. 

c. Ovary. (A) co r t i ca l  r i m ,  (B) core, (6) mesovarium, (D) mesonephros 
Embryo - C-K 36 mm; 36 days pc; body w t .  3.3 g; H and E; 30X. 

d. Higher (100X) magnification of (A) co r t i ca l  r i m ,  (B) primitive 
tunica albuginea and (C) core of ovary shown i n  Fig. 



Recognition of the t e s t i s  precedes that  of the ovary i n  several  species 

including man (Witshi, Development of Vertebrates, W.  B. Saunders Co., 1956; 

van Wagenen and Simpson, Embryology of the  Ovary and Test is ,  - Homo sapiens and 

Macaca mulatta, Yale University Press, 1965). Testes were f i r s t  recognized i n  

the  19.0-m Beagle embryo (29 days pc) as a few cord-like s t ructures  within t he  

gland. Such cords were readily apparent by the l i gh t ly  s ta ining center and 

peripheral concentration of nuclei .  The ovary could not be recognized i n  

embryos smaller than 29.0 mm i n  C-R length (38 days pc). Three d i s t i nc t  zones, 

charac te r i s t ic  of the ovary, were noted: namely, an i r regular  thickening of 

the surface epithelium, which contrasted t o  the  underlying loose connective 

t i s sue  (primitive tunica albuginea), and a dense ce l lu la r  core. The core repre- 

sents the m a s s  of the or iginal  ovary. The super f ic ia l  zone is the def in i t ive  

cortex, which is commonly referred t o  as the "second ingrowth". The super f ic ia l  

zone of the ovary i n  the  dog does not have a def in i te  pa t te rn  i n  ear ly  stages of 

dif ferent ia t ion;  rather,  the  ce l l s  are  i n  close apposition t o  the  surface 

epithelium and extend in to  the gland as i r regular  c lusters  o r  strands of ce l l s  

[Fig. l c ,  Id).  

Jonckheere (Arch. Biol. (Fr) . 40: 357, 1930) described and i l l u s t r a t e d  the 

"second ingrowth", or  p ro l i fe ra t ion  of the  surface epithelium, i n  the ovaries 

of the  prenatal  dog. H i s  observations were made on a limited number of specimens 

whose ages were estimated, and no other measurements were s ta ted.  The present 

account u t i l i z e s  extensive, accurately dated material t o  describe the manner i n  

which the ovary develops i n  the  prenatal Beagle. As f e t a l  growth progresses, 

the ovary likewise increases i n  s i z e .  I n  the  60-mm fetus (42 days PC), the 

superf ic ia l  zone of the  ovary ("second ingrowth") appears as i r regular  c lusters  

of c e l l s  forming a co r t i ca l  r i m  (Fig. 2a). A t  t h i s  time an increasing 

number of enlarged, spherical  shaped ce l l s  (06gonia) become discernible (Fig. 2b) 

The r e t e  ovar i i  and associated s t ructures  of the  ovary are  qu i te  conspicuous 

and assume def in i t ive  character is t ics  (Fig. 2a). The r e t e  ovar i i  appears as 

i r regular  cords and tubules within the core and hilium. I n  s e r i a l  sections,  

cords of the r e t e  ovar i i  a r e  seen i n  apposition t o  the  mesonephros, from 

which it i s  generally considered t o  be derived. The hilum a lso  contains blood 

vessels which continue i n  t he  core and branch in to  numerous cap i l la r ies  within 

the primitive tunica albuginea. In  the  62-mm fetus ,*  the Wolffian and 

Miillerian ducts are distinguishable (Fig. 2a). 

* External features are recognizable i n  pups of approximately 50 mm; hence, the 
designation of fe tus  instead of embryo. 
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Fgg. 2.. Cortical lol2ul#tiafi and oogq.nia p ro . l l fe r~ ion  

a. %am. (A3 corWa3 .rim, CB) pTimitive , m i c a  albug$ne:?, BC.3 %GO%, 
cp3 'jpete &Wj, regi.&&~t~i &es,fjfi@&ros, .and (F) oe&@., &@9w 
points t o  & & v ~ ~ & ~ i n ~  fi,&r+ia. ~ & a a ~ k r o , s ,  lmes. left cii&ier 6s 
photograph, Fetus - :C-a,, 62 mi; 40 days pc; body wt.. 1R.8 g:; 
tt ,aria E'.; 2@,. 

b. Higher (350x1 magnification of cortex shorn i n  Pig. 2a. (A) cortical 
r i m ,  (B) primitive tunica albuginea, (C) core. 

c. Cortex of ovary revealing lobulation. (A), surface epithelium, 
( B l  lobule, (C) interlobular connective tissue and capillazy. 
Fetus - C-R 109 m; 43 days pc; body w t .  88.5 g; H and E; 40X. 

d. Cortmi of '  ovary shawing presence of oegonia (doubl'e asraws] and, 
pre$?a?p&@&3 eslls. Is2ngle ~arrowi . [A) surface ep+th,elim. Fesw - 
c-R. l:77 q; 58 ;lays ge; boay ~ t . ~  2 8  g.;. H .& 35gX.. 



In fetuses between 52 and 60 mm i n  C-R length. sex could be determined by 

location of the geni ta l  tubercle. The geni ta l  tubercle i n  the  female is located 

immediately ventral  t o  the anus; i n  the  male it i s  midway between the umbilicus 

and pubic arch. Ident i f icat ion of sex by posit ion of the geni ta l  tubercle was 

confirmed his tological ly  i n  20 specimens ranging from 52 t o  65 mm i n  C-R length 

(35 t o  45 days pc).  I t  was impossible t o  determine sex by t h i s  means i n  embryos 

less than 52 mm i n  length. Therefore, sex must be determined i n  younger embryos 

by histological  examination of the  gonads, the  t e s t i s  being ident i f iab le  i n  

embryos 19 t o  20 mm i n  C-R length (27 t o  29 days pc),  the  ovary i n  embryos 29 t o  

36 mm i n  length (34 t o  38 days pc) .  

Fetuses above 60 mm i n  length show a gradual increase i n  connective t i s sue  

f ibers  between c e l l  c lusters  of the  cor t ica l  r i m ,  and delineation of t he  core 

becomes l e s s  d i s t i nc t  due t o  i n f i l t r a t i o n  of  co r t i ca l  ce l l s  i n to  the primitive 

tunica albuginea. These processes are readily apparent i n  fetuses above 100 mm 

i n  C-R length. A t  t h i s  s tage an increasing number of blood vessels which stem 

from the mesovarium can be seen i n  the less  dense ce l lu l a r  areas of the  primitive 

tunica albuginea; lymph vessels were recognized i n  the 120-mm fetus .  Capillaries 

and extensions of connective t i s sue  surround ep i the l i a l  c lusters  except where 

continuity is maintained with the surface epithelium (Fig. 2c). This arrange- 

ment of c e l l s  denotes the  ear ly  formation of cor t ica l  lobules, which develop 

from epi the l ia l  ingrowths tha t  p ro l i f e r a t e  i n  the  periphery of the  ovary. 

As lobules and cords become more d i s t i n c t  i n  the  cortex, a variable but increasing 

number of oGgonia and pregranulosa ce l l s  become evident. Ob'gonia have a large 

spherical  nucleus and l i gh t ly  s ta in ing  cytoplasm i n  contrast  t o  the  smaller pre- 

granulosa ce l l s .  From about the 100-mm fetus  (42 t o  44 days p ~ ) ,  and throughout 

l a t e  gestation, the formation of cor t ica l  lobules and cords containing oijgonia 

becomes increasingly more prominent. By l a t e  gestation,  d i f fe ren t ia ted  co r t i ca l  

lobules and cords are  composed almost exclusively of oagonia and pregranulosa 

ce l l s ,  surrounded by connective t i s sue  and cap i l la r ies  (Fig. 2d). Mitoses are 

numerous, and necrosis of oagonia can be detected. The thickness of the  co r t i ca l  

r i m  has increased by l a t e  gestation,  and the primitive tunica albuginea is 

pract ical ly  obl i terated.  Pr ior  t o  b i r t h  there  is no evidence of  prophase meiosis 

o r  the formation of f o l l i c l e s .  



Throughout prenatal  development, p ro l i fe ra t ion  of  the surface epithelium 

i n  the ovary is often referred t o  as the Ifsecond ingrowth." Since the ovary 

increases in  s i ze  several  fold during prenatal development and the cor t ica l  r i m  

remains i n  the periphery of the gland, it is questionable whether the term 

"ingrowth" is applicable. To gain insight  i n t o  the manner i n  which the ovary 

develops, the gland and i t s  components were measured i n  30 embryos and fetuses  

ranging i n  age from 34 t o  58 days pc. Measurements obtained from a central  

section of the ovary were: (a) height of the ovary, @) overall  length of the 

ovary, (c) average thickness of the cor t ica l  r i m ,  (d) height of the core and 

(e) length of the &ore. To evaluate proportional changes during growth, the 

section of the ovary and i ts  components were considered as e l l i p t i c a l  and the 

area of each e l l i p s e  was computed (nab)*. It was determined t h a t  an abrupt 

change i n  growth of the  ovary occurs i n  fetuses between 64 and 109 m i n  C-R 

length; hence the e a r l i e r  growth ra tes  of the ovary and its components were 

compared with l a t e r  growth ra tes .  As shown i n  Table 1, the r a t e  of growth of 

the core during the ear ly  f e t a l  growth (C-R, 29 t o  64 rmn) exceeds tha t  of the 

co r t i ca l  r i m .  Hence, the cor t ica l  r i m  during t h i s  period i s  expanding and the 

pro l i fe ra t ion  should not be designated as an "ingrowth." As the ovary increases 

i n  s i z e  the f a s t e r  growth r a t e  of the core by pro l i fe ra t ion  pushes the cor t ica l  

r i m  outward and epi thel ioid ce l l s  (e i ther  singularly o r  i n  strands) from the 

cor t ica l  r i m  are  retained within underlying t i s sues .  In  contrast  t o  e a r l i e r  

growth of the ovary, fetuses above 109 mm i n  C-R length show a decided increase 

i n  cor t ica l  growth r a t e  (Table 1) .  This increase i n  co r t i ca l  prol i ferat ion 

largely accounts f o r  growth of the en t i r e  gland, because growth r a t e  of the core 

decreases, and, i n  f ac t ,  cannot be shown t o  d i f f e r  s ignif icant ly  from zero. 

Thus, it is only during l a t e r  stages of f e t a l  development t h a t  the concept of 

the  co r t i ca l  r i m  a s  an ingrowth could possibly be applied. Even then, however, 

the  term should be used with reservation, because the ovary i s  increasing i n  

s i z e  and cor t ica l  p ro l i fe ra t ion  is expanding outward. 

Table 1. GROWTH RATES OF THE PRENATAL OVARY AND ITS COMPONENTS~ 

Fetal  C-R Length Ovary Cortical  R i m  Core 
(m) b r 2 b r 2 b r 2 

Sb Sb Sb 

a Growth ra tes  determined by the equation Y = axb as given by Hwtley, where b 
is growth r a t e ,  sb = standard e r ro r  of b. r2  = coefficient of determination. 

* Analyses conducted by D r .  Leon S. Rosenblatt. 
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EXPERXMXSTAL DESIGN OF RaDIONUCLIDE MXICIN STUDIES 

Radium-226 Injection Series 

1 ( 8  Smimonthly IV Injections S tar t ing  a t  435 Days of Age) 

Treatment Multiple of Avg. Ugfinj. yg Ra-226fkg Number of Dogs 
Code 1 level Lifetime Sacr i f ice  

R50 162 12 1.25 30 - 5 - 
240 35 

Strontium-90 Iligestion Series 
(In utero t o  540 Bays of Age] 

Treataent Multiple of Avg. ~\Ci/day Diet Number ef Dogs 
Code 1 level  1.143 ST-SO/g Ca Lifetime Seerif ice  

noo 0 0.00 0.000 60 5 

DO5 0.3 0.03 0 .OOT 30 LO 

Strontkum-90 Injection Series 
[Single IY Snjection at  540 Days of Age?) 

Treatment Multiple of: 
Code 1 level  

pCi $~-9O/kg Number of Dogs 
Lifetime Sacr i f ice  

* This level  was computed t o  represent the  canine equivalent of  ten t h s  t h e  
Radiation Protection guide value f a r  man (0.1 yg Ra-226). 
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Sr-90/Ca RATIO AND CALCIUM AND PHOSPHORUS CONTENT 
OF BEAGLE DIET 

' R .  J .  Del la  Rosa The Sr-9O/Ca r a t i o  and the  Ca and P concentrations i n  . 
F i o r e l l a  Gielow s i x  dietary dose l e ve l s  have be,en maintained t o  wi th in  
Nancy Nix 20% of prescribed values for the  past 7 yr. The con- 
C .  'D.  Abrahams . , stancy of  the  die tary  Ca (1%) and P (0.7%) was sa t i s -  
Ade l i n e  Sant  os factori  l y  maintained by ' the  se Leetion of  natural feed 
J .  P. Wittmier products .' . . 

An e f f i c i e n t  procedure' f o r  prepar ing  d i e t s  f o r  t h e  continuous feeding  of  

Sr-90 t o  Beagles a t  cons tan t  Sr-9OL.Ca r a t i o s  has  been i n  ope ra t ion  s i n c e  1961 

(Della  Rosa e t  a l . ,  UCD 472-108, 1963, p 37; ' U C D  472-110, 1964, p 31) .  The 

prepared food c o n s i s t s  of  60% by weight of  dry k i b b l e ,  20% meat, 20% t a p  water ,  

p lus  d a i l y  requirements of  v i tamins .  The s t e p s  i n  food p repa ra t ion  and feeding  

inc lude :  mixing of  food conta in ing  t h e  rad ionucl ide ;  semi-automatic packaging, 

quick f r e e z i n g  and s to rage ;  thawing, warming, and feeding of d a i l y  r a t i o n  t o  

experimental dogs. Over t h e  p a s t  7 y r ,  a 2- t o  3-month supply o f ,  prepared 
, 

food has been maintained f o r  approximately 200 experimental dogs d i s t r i b u t e d  

among s i x  d i f f e r e n t  dose l e v e l s  c o n t r o l s .  

The mixed food w a s  packaged i n  i nd iv idua l  300-g p o r t i o n s .  Representa t ive  

packages were taken randomly a t  t h e  time of  packaging f o r  a n a l y s i s .  Sampling 

was done f requent ly  i n  t h e  e a r l y  years  (5 t o  10 samples/100 kg t o t a l  mix) and 

was reduced ( t o  2 samples/ 100 kg) as  ' r e p r o d u c i b i l i t y  was assured .  Fif ty-gram 

a l i q u o t s  of each package were d r i e d ,  ashed a t  650C f o r  8 h r ,  d i sso lved  i n  ho t  

d i l u t e  H C 1 ,  and made up t o  volume. Aliquots  were removed and analyzed f o r  Sr-90, 

Ca, and P us ing  methods previous ly  descr ibed  (Della  Rosa e t  a l . ,  UCD 472-108, 

1963, p 37) .  A l l  p e r t i n e n t  d a t a  were recorded on IBM work s h e e t s  f o r  .subsequent 

computer ana lyses .  Mean va lues ,  s tandard  d e v i a t i o n s ,  and computer p l o t s  of  a l l  

d a t a  f o r  t h e  7-yr  pe r iod  were ca l cu la t ed .  

Calcium and Phosphorus.. The constancy of  t h e  calcium and phosphorus is  

shown i n  Fig. 1. s i n c e  no at tempt  was made t o  a d j u s t  minera1 ,content  of  t h e  food 

by chemical supplementat ion,  t h e  .changes observed a r e  a t t r i b u t e d  s o l e l y  t o  

L v a r i a t i o n s  i n  n a t u r a l  m a t e r i a l s .  Thus, any "adjus,tment" i n  calcium-phosphorus 

content '  w& accomplished through Ca-P r i c h  i n g r e d i e n t s ,  such as bone meal and 

meat meal, i n  t h e  k i b b l e . p r e p a r a t i o n  (Sturdy Dog Food Co., San Leandro, C a l i f o r -  

n i a ) .  The mean value f o r  calcium i n  t h e  mixed food was 1%; t h a t  f o r  phosphorus 

was 0 .7%.  

Strontium-90. The r e l a t i v e  s p e c i f i c  a c t i v i t i e s  'of Sr-90/g ~a i n  t h e  mixed 

food f o r  t h e  d i f f e r e n t  l e v e l s  i s  shown. i n  F ig .  2. The Sr-9O/Ca r a t i o s  have 

been maintained t o  w i th in  10%'.of those  stat.ed i n  t h c  e x p e r i l ~ ~ e n t a l  des ign .  



Fig. 1. Calcium and phosphorus con ten t ,  means, and s tandard  
dev ia t ions  i n  prepared dog food. 
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Fig .  2 .  Sr-90/g Ca r a t i o s ,  means, and - s t anda rd  dev ia t ions  
f o r  s i x  d i e t a r y  l e v e l s .  



RETENTION OF SR-90 BODY,BURDENS ACQUIRED VIA 
GESTATION AND NURSING 

R .  J .  Della Rosa The retention of ,Sr-90. body burdens. a&u?:r*ed via gesta- 
Marvin Goldman t i on  and nursing was compared with that of dogs exposed 
L .  W .  Gilman for 18 months (main study).  I t  was expressed 53 f(ttin.9 

the data t o  two exponentials which indicate an ef fdct ive:  
ha l f - l i f e  of W0 dQys for the fast component and'GS0 
days for the s low component. 

I The f r a c t i o n a l  t r ans loca t ion  of  Sr-90 t o  progeny. during g e s t a t i o n  and nurs- 

ing  has previously been determined i n  a s p e c i a l .  s tudy of Beagles fed  'approximately 

I 12 Xi' Sr-90 per  day f o r  about 1 y r  during adulthood (Della  Rosa e t  a1 . , UCD 472- 

1 114, 1967). The loss  of Sr-90 maternal body burdens appeared t o  have been 

I dependent primari ly on l i t t e r  s i r e  and t o  some extent  on t h e  l e n g t h  of time from 

I acqu i s i t ion  of the  body. burden t o  breeding.. 

I1 The body burdens of t h e  pups a t  weaning were almost e n t i r e l y  a r e s u l t  of 

11 Sr-90 absorption and re ten t ion  during nursing,  accounting f o r  nea r ly  one- th i rd  of  

) , 

the  maternal losses  during l a c t a t i o n .  A s  much as 25% 'of t h e  m a t e ~ a l  body burden 

I was l o s t  during l a c t a t i o n ;  g e s t a t i o n a l  losses  were l e s s  than 5%. Thus, a dam 

1 inges t ing  Q12 yCi Sr-9O/day f o r  1 y r  might acquire a body burden of Q30 yCi Sr-90, 

of which 7 PCi might be l o s t  by the  combined inf luence  of  g e s t a t i o n  and l a c t a t i o n .  

Her li&*=r of four t o  f i v e  pups would, thus ,  have acquired body burdens o f  up t o  ' 

0.5 Ki  each. The re ten t ion  of body burdens of  one such l i t t e r  was followed by 

frequent  bremsstrahlung monitoring during nursing and a f t e r  weaning, a t  about 100, 
1 

. . 

175, 250, 350, 430,. and 570 days of  age. 

The retiention p a t t e r n  of Sr-90 i n  the  l i t t e r  i s  shown i n  Fig. 1 ,  I t  i s  

., expressed'by f i t t i n g  the  data  t o  two exponentials  which suggest . . an e f f e c t i v e  

h a l f - l i f e  of Q60 days f o r  the  i n i t i a l ,  f a s t  component and Q450 days f o r  t h e  l a t e r ,  

slow component. The time t o  reduce the  body burden t o  one-half of  the  maximum 

following 18 months of  continuous Sr-90 feeding i s  est imated a t  -5 t o  6 y r  
. 

(Goldman e t  a l . ,  UCD 472-113, 1966, p 31). This d i f ference  i s  a r e f l e c t i o n  of  

the  mineral k i n e t i c s  i n  rapid ly  . . growing bone compared t o  adul t  bone. 
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Fig. 1 .  Retent ion of  Sr-90 ,body burdens acqui red  
during . g e s t a t i o n  and nurs ing  . . . 
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COLONY STATUS AND CLINICAL OBSERVATIONS IN.SR-90 AND 
RA-226-TREATED BEAGLES 

.limy Hosein Production of Beagles for f u l f i  2 Zment of ' the experi-- 
~ a r i e  Bulgin . . mental design was campZeted.in 1967. Clinical obser- 

: .D.. H .  ~ c ~ e l v i e  vations probably attributable t o  irradiation were: ' 

leukemias i n  Sr-90 fed dogs; lameness, fractures; dental 
erosion and discoloration, and.ocular lesions 'in Ra-226 

. . 
treated dogs. Observations not r e k t e d  t o  irradiation 
were diarrhea, . epi Zepsy, heartworm incidence, and possi- 

' .  ble chlordane tox ic i t y .  There were '47  preweaning 
deaths and 21 postweaning d e a t h  for the year. 

The production' of Beagles f o r  fu l f i l lmen t  of  the  experimental design (p 15) 

was completed t h i s  year .  There a r e  a l s o  122 a n c i l l a r y  'dogs being . . used i n  spec ia l  

s t u d i e s .  . Few problems a r o s e .  i n  the  maintenance and observation of 847 .Beagles 

i n  indoor cages.and outdoor pens. 

C l in ica l  observations probably a t t r i b u t a b l e  t o  i r r a d i a t i o n  were mye logenous 

leukemias . i n  the  two highes t  ~ r - 9 0 - i n g e s t i o n  l eve l s  (Go-ldman e t  a l . ,  p 7 ? ) .  

Some dogs i n  the  th ree  h ighes t  radium leve l s  exhibi ted  lamenesses due t o  f r ac -  

tu res  i n  bones otherwise normal on radiographs; o the r  dogs showed o s t e o l y t i c  

les ions  without f r a c t u r e s .  . 

I n t e r e s t i n g  c l i n i c a l  observations apparently unre la ted  t o  radionuclide 

treatment included i n t e r m i t t e n t  d ia r rhea  i n  dogs housed i n  one indoor f a c i l i t y ,  

epi lepsy i n  11 dogs, one case of  d i r o f i l a r i a s i s  i n  a Beagle kenneled outdoors, 

and 10 cases of  poss ib le  chlordane t o x i c i t y .  

Diarrhea Cases . . .  . , 

Chronic in termi t tent . ,  sometimes bloody, d ia r rhea  was seen i n  more than 50% 

of the  animals. housed i n  an ind'oor f a c i l i t y .  Associated with .the d ia r rhea  was 

s l i g h t  depression, anorexia, and.sometimes .an elevated  body temperature. Spon- 

taneous remission, l a s t i n g  severa l  weeks, occurred wi th in  2-.3 days i n  a l l  cases .  

'' After  an exhaustive inves t iga t ion , .  a group G beta-hemolytic s t reptococcus ,  - 

t e n t a t i v e l y  i d e n t i f i e d  as -- S t r .  canis ,  was .found i n  5 o f  8 f e c a l  samples cul tured .  

The s igni f icance  of  t h i s  f inding has not been determined. 

Epilepsy Inves t iga t ion* . . 

Electroencephalography was performed on 11 . .Beagles, . with h i s t o r i e s  of convul- 

:; sions. and on 7 apparently normal dogs during t h e  summer of  1967. Paroxysmal 

a c t i v i t y ,  shown by, sp ikes ,  slow waves o r  combinations the reof ,  was found i n  5 of 

the  10 e p i l e p t i c  dogs from which s a t i s f a c t o r y  re'cords were obtained; t h e  . record 

* We appreciate t h e  work of Drs. T .  A .  Holliday and M .  J .  Gutnick of  t h e  UCD 
Veterinary School. 



o f  one e p i l e p t i c  dog was u n s a t i s f a c t o r y  because of movement and muscle a r t i f a c t .  

Two o f  t h e  7 con t ro l  dogs a l s o  y i e lded  abnormal records .  The a c t i v i t y  seen i n  

t h e s e  cases  was s i m i l a r  o r  i d e n t i c a l  t o  t h a t  observed i n  cases  of  human ep i l epsy .  

The absence of EEG abnormality i n  some e p i l e p t i c  dogs i s  not  s u r p r i s i n g  and i s  

c o n s i s t e n t  with human ep i l epsy .  The con t ro l  dogs from which abnormal recordings 

were obtained could be l a t e n t  e p i l e p t i c s  which may l a t e r  develop c l i n i c a l  s i g n s ;  

t h e  abnormal i t ies  could a l s o  r ep re sen t  f o c i  of abnormality which a r e  incapable 

o f  genera t ing  a  convulsion, .  b u t  may be  of value i n  determining t h e  e t io logy  of  

e p i l e p s y  i n  t h e  Beagle. 

Heartworm Examination 
. .  . 

' : During '1967, a 4-yr -o ld 'pro jec t -bred '  female dog was 'found t o  have a  micro- 

f i l a r i a l  i n ' f e s t a t i o i .  Thh cbndi t ion  was no t i ced  i n  a  survey us ing  r o u t i n e  ED'rA 

blood samples taken a t  7:00 a.m. f o r  complete blood counts .  D r .  M. '  Lavoipierre  

and d a t r i c k  ~ c ~ r k v e  of thk Department of v e t e r i n a r y  Mic~ob'iology i d e n t i f i e d  t h e  i 
p a r a s i t e  & ~ i r o f i 1 a r i . a  imin'itis, t h e  heartworm, which had been thought not  t o  

occur  i n  t h i s  of t h e  country.  Fu r the r  work by McGreve showed t h a t  t h e  

m i c r o f i l a r i a  could be  n a t u r a l l y  t r ansmi t t ed  t o  noninfected dogs b y . a  common. 

mosquito, which i s  found i n  l a r g e  numbers around i r r i g a t i o n  'canals near  t h e  

kennel .  ..There'fore, blood samplks from"al1 'dogs kenneled outs'i.de were taken ' 

d a i l y  betwben 5: 30 p.m. and 6; 30 p.m. and checked f b r  m i c r o f i l a r i a .  The maxiinal 

concentrati 'on of t h e  p a r a s i t e  ' i n  the .  b l o o d  o f '  t h e  dog occurs  a t  approximately 
. . 

6:00 p.m., t h e  usual  feeding time of  t h e  mosquito'. . . 

Using t h e  Knott technique,  1 m l  of blood was mixed wi th  10 ml. of formalin.  

The fo&a l in  lyse's t h e  red  blood c e l l s  and preserves  t h e  enabl ing  t h e  

t e s t  t o  b e  . r e a d  24-36 h r  l a t e r ;  tubes a r e '  c en t r i fbged '  and ' t he  s ed ihen t  is  

e x a i n e d  microscopica l ly .  A l l  m i c r o f i l a r i a  checks were negat ive .  

poss ib l e  I n s e c t i c i d e  E f f e c t s  

From ~ovemb.er 2 1  t o  December 22, 1967, f i v e  dogs d i ed  o f  a  condi t ion  mani- 

f e s t e d  by anorexia ,  p rog res s ive  dehydrat ion and emaciat ion,  and convulsions.  

Animals showing t h e  conditkon'were un re l a t ed  g e n e t i c a l l y ,  and cases  showed no 

p a t t e r n  i n  regard t o  r a d i a t i o n  t rea tment .  

post-mortem . l e s ions  included (1) t o x i c  g a s t r o e n t e r i t i s  ; (2) pass ive  conges- 

t i o n  of . l i v e r ;  (3); foca l  hemorrhages i n '  j o i n t  capsules ;  . (4)  pulmonary edema and 

hemorrhage inc luding  i n t e r s t i t i a l  pulmonary edema; (5) mild r e a c t i v e  hype rp la s i a  

o f '  lymph .nodes ; and (6) genera l ized '  emaciation and dehydrat ion.  



.To combat a  seasonal .  f l e a  i n f e s t a t i o n ,  a l l  dogs i n  t h e  ou t s ide  colony were 

given a  s e r i e s  of  t h r e e  o r ,  i n  some cases ,  f o u r  d ips  i n  1% chlordane s o l u t i o n  

between August and November; outdoor housing f a c i l i t i e s  were sprayed wi th  t h e  

same s o l u t i o n .  The subsequent appearance o f  t h e  les ions  descr ibed  above was 

l imi t ed  t o  dogs t h a t  were, i n  genera l ,  ."poor keepers  . I 1    ow ever, as  a  precau- 

t i o n a r y  measure, t h e  kennel f a c i l i t i e s  were steam-cleaned and t h e  dogs ba thed ,  

t o  remove a l l  t r a c e s  of  chlordane.  

Tissue samples from dipped and undipped ( in s ide )  dogs were analyzed f o r  

chlordane; r e s u l t s  were i n c o n c l u s i v e , - b u t  an i n v e s t i g a t i o n  i s  being made t o  

determine t h e  p o s s i b l e  r o l e  of  chlordane and/or s t r e s s  i n  t h e s e  dea ths .  

Pre- and Post-Weaning Losses 

During t h e  yea r ,  217 dogs were whelped and 121 Beagles d i ed  o r  were c u l l e d  

from t h e  colony. Forty-seven pups d i ed  be fo re  38 days of  age (weaning) ; t hus ,  

t h e  preweaning m o r t a l i t y  r a t e  f o r  t h e  yea r  i s  21.6%. The o v e r - a l l  preweaning 

m o r t a l i t y  r a t e  s i n c e  t h e  beginning of  t h e  rad ionucl ide  t o x i c i t y  s tudy  i s  ;20%. 

The preweaning m o r t a l i t y  r a t e  w a s  no t  a f f e c t e d  by admin i s t r a t i on  of Sr-90 dur ing  

t h e  g e s t a t i o n  and l a c t a t i o n  pe r iods .  

Of t h e  47 preweaning dea ths ,  12 were s t i l l b o r n ,  17 d i ed  wi th in  48 h r  a f t e r  

b i r t h ,  and 18 l i v e d  a t  l e a s t  two days. Approximately 50% o f  t h e  pups dying p r i o r  

t o  weaning showed no s i g n i f i c a n t  l e s i o n s .  A l l  o f  t h e s e  d i ed  wi th in  f o u r  days of 

b i r t h ;  post-mortem examinations showed presence o f  b i l e - s t a i n e d  mucus and gas and 

absence of i n g e s t a  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  F i f t e e n  o f  t h e  preweaning 

deaths  were caused by trauma e i t h e r  during p a r t u r i t i o n  o r  j u s t  a f t e r  p a r t u r i t i o n .  

Evidence of trauma a t  necropsy included ruptured  l i v e r ,  pulmonary hemorrhage, 

hernoperitoneum, hemothorax, and massive subcutaneous hemorrhages. Four animals 

d ied  a s  a  r e s u l t  o f  congeni ta l  anomalies. One was born wi th  a  c l e f t  p a l a t e  and 

d i ed  of  i n h a l a t i o n  penumonie. Another was born wi th  a  p a r t i a l  c l e f t  l i p  and d i ed  

of s t a r v a t i o n  d u e , t o  i t s  i n a b i l i t y  t o  nurse .  Two pups had u r ina ry  t r a c t  abnor- 

m a l i t i e s  a t  necropsy; i n -one  t h e  r i g h t  kidney was hypop la s t i c  and i n  t h e  o t h e r  

only one kidney was p re sen t .  

F i f t y  dogs were c u l l e d  a s  excess  progeny. One dog was cu l l ed '  f o r  f u r t h e r  

s tudy of  m i c r o f i l a r i a  of D i r o f i l a r i a  i m m i t i s .  Another two dogs from one o f  tfie 

indoor colonies  were cu l l ed  and euthanized i n  hopes t h a t  post-mortem f ind ings  

might be of value i n  diagnosing t h e  chronic  d i a r r h e a  mentioned e a r l i e r .  The 

al imentary t r a c t  mucosa was i r r e g u l a r l y  congested i n  both cases ;  h i s topa tho log i -  

c a l l y  t h e r e  was u n i f o r m . 1 0 ~ ~  of  luminal ep i the l ium i n  one case .  Cul tur ing  of t h e  

i n t e s t i n e  demonstrated no s i g n i f i c a n t  organisms. 



The causes of  t h e  2 1  post-we'aning dea ths  f o r  the '  yea r  a r e  l i s t e d ' i n  
. . Table 1. . . 

Table 1. CAUSE AND .NUMBER OF POST-WEANING DEATHS 

Cause of  Death Number o f  Animals 

Blood dysc ra s i a  1 

Anes the t ic  overdose 3 

C l o s t r i d i a l  sep t icemia  1 

Epi lepsy 4 

Leukemia 5 

0 s  t e o s  arcoma 2 

Poss ib l e  chlordane t o x i c i t y  5 



SERUM CHEMISTRY VALUES IN BEAGLES TREATED 
WITH SR-90 AND RA-226 

D .  H .  McKelvie Serwn chemistry values were obtained for Beagles labeled 
Susan Munn with Ra-226 betueen 14 and 18 months of age and those 
Susan Bentley uniformly labeled with Sr-90 from 3 weeks -- i n  utero t o  

18 months of age. No changes from control values were 
noted i n  the Sr-90 labeled dogs up t o  44 months of age. 
Ra-226 dogs showed s igni f icant  increases i n  phosphorus, 
BUN, amjlase, and transamirmse (SGOT and SGPT) values 
t o  44 months of age. 

Since t h e  beginning of t h e  main experiment,  rou t ine  serum chemistry ana lyses  

have been done a t  120-day i n t e r v a l s  on a l l  dogs. Tes t s  inc lude  ana lyses  f o r  

b i l i r u b i n ,  glucose,  c h o l e s t e r o l ,  t o t a l  p r o t e i n ,  calcium, c h l o r i d e ,  i no rgan ic  

phosphorus, blood u rea  n i t rogen  (BUN), u r i c  a c i d ,  c r e a t i n i n e ,  a l k a l i n e  phos- 

pha tase ,  amylase, and transaminases (glutamic o x a l a c e t i c  [SGOT] and glutamic 

pyruvic  [SGPT]). I n  add i t i on ,  serum p r o t e i n  e l e c t r o p h o r e s i s  was performed t o  

ob ta in  percent  values f o r  albumin and t h e  g lobu l in s .  The serum chemistry va lues  

were obta ined  by use of  t h e  au toanalyzer  (Technicon Corporat ion,  Yardsley, N . Y  .) . 
S u f f i c i e n t  d a t a  have been gathered t o  s t a t i s t i c a l l y  analyze values f o r  each dose 

l e v e l  up t o  44 months of age ( j u s t  over  2 y r  pos t - t rea tment )  . 
Figures 1-4 a r e  graphic  r ep re scn ta t ions  o f  mean serum chemistry va lues  f o r  

a t  l e a s t  20 dogs a t  each of t h r e e  dose l e v e l s  up t o  44 months of  age. The dose 

l e v e l s  a r e :  c o n t r o l s ;  R5 (1.25 pg Ra-226/kg o r  Q12 pg p e r  dog t o t a l  i n  8 semi- 

monthly i n j e c t i o n s  between 14 and 18 months o f  age) ;  and D5 (3.33 pCi Sr-90/g Ca 

o r  Q12 ~ C i / d a y )  i n  t h e  d i e t  from 3 weeks i n  u t e r o  t o  18 months o f  age. -- 
S t a t i s t i c a l  analyses  showed no s i g n i f i c a n t  d i f f e r e n c e s  i n  serum chemistry 

values between t h e  D5 dogs and t h e  c o n t r o l s  except  i n  BUN va lues  a t  44 months 

of  age, when t h e  D5 value was s i g n i f i c a n t l y  h ighe r  (P < 0.01) than  c o n t r o l s t  . 
The Ra-226 dogs showed some changes during and a f t e r  t h e  t rea tment  pe r iod ,  

inc luding  a s u s t a i n e d  i n c r e a s e  i n  i no rgan ic  phosphorus values beginning a t  24 

months of  age. A t  28 months of  age t h e  Ra-226 dogst  values were s i g n i f i c a n t l y  

h ighe r  than  c o n t r o l s t ,  P < 0.01. The s i g n i f i c a n c e  f o r  t h e  next  t h r e e  t e s t  per iods  

was P < 0.001; a t  t h e  44-month t e s t  t h e  va lue  was r e tu rn ing  t o  normal, bu t  

s i g n i f i c a n c e  was s t i l l  P < 0.05.. This  i nc rease  i s  poss ib ly  due t o  t h e  development 

of t h e  os t eoporos i ty  i n  t h e  bone i n  t h e  Ra-226-labeled dogs. I t  could be  due t o  

r e n a l  damage, however, s i n c e  t h e  BUN va lues  i n  t h e  Ra-226-labeled dogs were 

s i g n i f i c a n t l y  h ighe r  beginning a t  32 months uf age, when P < 0.10; by 40 months 

of age t h e  s i g n i f i c a n c e  was P < 0.005. 



Amylase values of the  R5 dogs were s i g n i f i c a n t l y  higher (P < 0.01) a t  36 

months of age, but  returned t o  normal t h e r e a f t e r .  No explanation is  noted a t  

t h i s  time. SGOT values increased a t  20 months of age (P < 0.05) and a t  24 months I 

of age (P < 0.001). The values then dramatical ly decreased and a t  32 and 36 

months were s i g n i f i c a n t l y  l e s s  than con t ro l s  a t  44 months of age (P < 0.005). 

The SGPT values were s i g n i f i c a n t l y  g r e a t e r  i n  the  Ra-226-labeled dogs a t  20 

months of  age, ind ica t ing  hepa t i c  damage during the  i n j e c t i o n  per iod .  The 

increase  i n  SGOT values a t  t h i s  time could be r e l a t e d  t o  the  l i v e r  and kidney 

damage. Since increased SGOT values a re  i n d i c a t i v e  of a  v a r i e t y  of  n e c r o t i c  

processes,  e l cva t ion  is  not pathognomonic f o r  any s p e c i f i c  e n t i t y .  The decrease 

i n  SGOT i n  R5 and inc rease  i n  the  cont ro ls  a t  the  36-month age period i s  

unexplained. 

Values of o the r  serum c o n s t i t u e n t s ,  including serum pro te in  percentages, 

were not s t a t i s t i c a l l y  d i f f e r e n t  between contro ls  and the  h ighes t  l e v e l  Ra-226- 

and Sr-90-labeled dogs. Additional t e s t s  t h a t  have been i n i t i a t e d  include l a c t i c  

.dehydrogenase, p ro te in  bound iodine ,  sodium, and potassium. Not enough da ta  have 

been accumulated a t  t h i s  time t o  compare values s t a t i s t i c a l l y .  
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Marie Bulgin 

RADIUM EFFECTS ON TEETH 

AbnonnaZly coZored teeth were observed among the high 
level d i m  dogs; the c a s s i a 2  teeth were most fre- 
quently affected. A f t e r  several months these teeth 
showed marked erosion. !&ere appeared t o  be a dose- 
tinre reZationship. 

During routine o ra l  examinations i n  August 1967, "pink" tee th  were seen f o r  

the  first time i n  11 Beagles i n  the  three highest  radium groups. The discolora- 

t i on  was seen most frequently i n  the upper carnassia l  (fourth premolar) tooth, as 

a def in i te  pink color i n  the  enamel s t a r t i n g  a t  the  gum l i n e  and diffusing down- 

ward toward the point of the  tee th .  None of the  tee th  was t o t a l l y  pink but both 

upper carnassials usually were affected. Occasionally canines, other premolars, 

o r  molars were affected. 

Four months l a t e r  16 more dogs were discovered with pink teeth ,  and the 

tee th  of the  previously affected dogs were showing various stages of erosion 

(Fig. 1). The pink color did  not appear t o  have progressed fur ther  but,  a t  t he  

gum l ine ,  where it was first noticed, t he  enamel and dentine had disappeared. 

Fig. 1. An eroded carnassial  tooth. 

Table 1. INCIDENCE OF ABNORMAL 
t o  be a dose-time relationship.  TOOTH COLOR 

The merage time f o r  the appear- 

ance of the condition i s  a f t e r  900 

days of age i n  the  R5 level  dogs, 

a f t e r  1200 days of age i n  the R4 

level  dogs, and a f t e r  1500 days 

of age i n  the  R3 leve l  dogs. The 

number and age of affected animals 

i n  each group are presented i n  

Table 1. 
r 

Age in Days When Number of Dogs 
Condition First Observed R50 R40 R30 R20 

900 - 1000 2 0 0 0 

1000 - 1100 0 I 0 0 
1100 - 1200 4 0 0 0 
1200 - 1300 5 6 I 0 
1300 - 1400 2 5 2 0 
1400  - 1500 I I 0 0 
I 5 0 0  - 1600 I 2 0 0 
1600 - 1700 0 0 2 0 
1700 - I800 0 0 I 0 - - - -  

Total Affected 15 15 6 0 
Total Dogs in Group 18 23 20 21 

Over 900 Days 

Total Dogs in Group 37 4 0  39 3 7  



PRELIMINARY OPHTHALMOLOGIC OBSERVATIONS IN THE BEAGLE 

Amy Hosein A special s t d y  on ocular changes with age i n  the BeagZe 
oxd one on changes with serial acbninistration of radium, 
begun a t  two different ages, were done to  provide a basis 
for evaluation of Ra-226-induced ocular changes. 

To provide a basis f o r  assessment of Ra-226-induced ocular changes i n  

experimental Beagles, two preliminary s tudies  were performed. 

In  the f i r s t  study, 24 Beagles t ha t  had not received any radionuclide were 

assigned t o  four experimental groups of s i x  animals each. Group 1 w a s  composed 

of dogs 4 t o  6 months of age; Group 2, of dogs 6 t o  12 months of age; Group 3, 

of dogs 1 t o  3 y r  of age; and Group 4, of dogs 3 t o  7 y r  of age. 

The pupillary responses i n  a l l  groups were normal. The i r i des  were variable 

i n  color i n  a l l  age groups. The pupillary margin of the iris (the co l la re t te )  

was tan  t o  dark brown and the stroma ranged i n  color from gold t o  very dark brown. 

The predominant color of the  tapetum i n  the eyes of Group 1 pups was purple- 

blue o r  lavender, with green-blue coloration of t he  dorsal area of the tapetal  

fundus. The non-tapetal fundus was deep brown i n  color.  

Very l i t t l e  purple-blue coloration remained i n  the eyes of the 6- t o  

12-month-old (Group 2) dogs, except a t  the  junction between the tapetal  and the 

non-tapetal fundus. The predominant t ape ta l  color w a s  yellow o r  yellow-green. 

A f ine ,  brown-gray s t ipp l ing  was present throughout the tapetal  fundus 

The tape ta l  coloration i n  1- t o  7-yr-old dogs (Groups 3 and 4) was 

essen t ia l ly  the same as  i n  Group 2 dogs: a deep brown pigmented non-tapetal 

fundus, a narrow blue or  purple-blue area a t  the  tapetal/non-tapetal border, a 

f ine ly  s t ippled green-yellow t o  yellow tapetum with a regularly shaped, pinkish 

op t ic  disc  lying usually jus t  within t he  ventral  border of the  tape ta l  fundus. 

No corneal, i r i d i c ,  lens,  vitreous,  t ape t a l ,  o r  r e t i na l  i r r egu la r i t i e s  were 

found i n  Groups 1, 2, o r  3. One dog i n  Group 4 had i r regular ly  shaped opt ic  

discs .  The tapetum i n  two other Group 4 Beagles showed a surface a l t e r a t ion  

consist ing of a coarseness o r  granular i ty ,  with absence of s t ipp l ing  and an I 
increased blueness of the tape ta l  area;  one of these dogs also showed b i l a t e r a l  I 
asteroid h y a l i t i s  . I 

In  a separate study, gross ophthalmologic changes were noted i n  s i x  Beagles 

which were given Ra-226 intravenously i n  e ight  semi-monthly inject ions ,  

receiving 1.25 ug Ra-226/kg body weight per  inject ion.  Three of the  Beagles 

received t h e i r  f i r s t  in jec t ion  a t  60 days of age; the  other three began a t  

120 days of age. 



The eyes were examined p r i o r  t o  t h e  f i r s t  i n j e c t i o n  o f  Ra-226, 1 t o  2 days 

before  each subsequent i n j e c t i o n ,  and p e r i o d i c a l l y  a f t e r  completion of  t h e  

i n j e c t i o n  s e r i e s .  Findings through 2 months p o s t - i n j e c t i o n  a r e  inc luded  here ;  

observa t ion ,  of t hese  animal's i s  cont inuing .  

Ocular changes occurred e a r l i e r  i n  t h e  dogs t h a t  were 60 days of  age a t  t h e  

beginning of  t he  i n j e c t i o n  s e r i e s .  Appearance of  s i m i l a r  a l t e r a t i o n s  i n  t h e  

o t h e r  t h r e e  dogs ' showed a  d e f i n i t e  time l a g  (F ig .  1) . 
0 - I n c r e a s e d  tapeta l  m - ~ e f i n i t e  tapetal  a - l r i s  depigmentation 

granularity a l terat  ion -present 

W : 4 

3 3 
C3 ' 2 
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cn 
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X Beag les  60 days of age a t  s t a r t  of injection ser ies 
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I 2 3 4 5 6 7 8 I W K .  IMO. 2MOS. - INJECTIONS ----------.r( POST-  INJ. 

Fig.  1. Incidence of a l t e r a t i o n s  i n  eyes of  s i x  Ra-226-treated Beag.les 

The f i r s t  d e f i n i t e  changes - - in i t i a l  depigmentation o f  t h e  i r is  and a  

suggest ion of increased  t a p e t a l  coarseness  and granular i ty- -were  seen  i n  t h e  

younger dogs a f t e r  t h e  seventh i n j e c t i o n .  One week a f t e r  completion o f  t h e  

i n j e c t i o n s  t h e r e  was a  d e f i n i t e  t a p e t a l  a l t e r a t i o n  and t h e  i r i d i c  depigmentation 

had progressed.  Also a t  t h i s  t ime,  increased  t a p e t a l  coarseness  was observed i n  

two of t h e  o l d e r  dogs.. (See p  34 f o r  s p e c i f i c  d e s c r i p t i o n  o f  o c u l a r  a l t e r a t i o n s . )  

One month a f t e r  completion of t h e  i n j e c t i o n  s e r i e s ,  d e f i n i t e  t a p e t a l  a l t e r a -  

, t i o n  was observed i n  t h e  t h r e e  o l d e r  dogs; one of them a l s o  showed i n i t i a l  i r i d i c  

depigmentation. Two months a f t e r  t h e  l a s t  i n j e c t i o n ,  i n i . t i a 1  i r i d i c  depigmenta- 

t i o n  was observed i n  another  of  t h e  o l d e r  dogs. 

Tapeta l  a l t e r a t i o n  i s  more advanced i n  t h e  younger dogs; however, much of 

t h e  tapetum .remains even i n  t h e s e  Beagles 2 months p o s t - i n j e c t i o n .  The choroidal  

pigment is  becoming v i s i b l e  i n  p a t c h e s t h r o u g h  t h e  remaining tapeturn bu t  t h e  

choroidal  ves se l s  a r e  not  .yet v i s i b l e .  Pup i l l a ry  responses a r e  normal i n  a l l  

animals.  A l l  s i x  dogs. bec.ailse of  t l i c i r  yout1.1, were d i f f i c u l t .  t o  r e s x r a i n  f o r  

ophthallnic examination; t h e r e f o r e ,  t h e i r  p h o t o s e n s i t i v i t y  was not  a sce r t a ined .  

3 3 



GROSS OPHTHALMOLOGIC OBSERVATIONS OF CONTROL AND 
RA-226-EXPOSED BEAGLES 

Amy Hosein Gross ophthalmologic e m i n a t i o n s  were made of control 
and Ra-226-exposed Beagles. I r id i c  and tapetal altera- 
t ions,  ohsexved i n  some control dogs, were much more 
frequent i n  Ra-226-exposed Beagles. Tapetal a2teratio.m 
appeared t o  precede i r i d i c  changes a t  the higher dose 
levels;  a t  the lower dose levels ,  the reverse was true. 

1 Alterations appeared earl ier  i n  Beagles receiving higher 1 
dose levels of Ra-226. 

Among the  e a r l i e s t  c l i n i c a l  a l t e r a t i o n s  seen i n  Beagles following the  j .ntra- ,  

venous Lnjection of'Ra-226 a r e  ocular  changes .which appear t o  be l imi ted  t o  the  I 
uveal t r a c t  (vascular  tunic)  of  the  eye. The uvea i s  composed of  the  i r is ,  the  I 
c i l i a r y  body, and the  choroid. The changes i n  the  four  h ighes t  l eve l s  of radium- i 
t r e a t e d  ,Beagles cons i s t  of i r i d i c  depigmerltatiorl and t a p e t a l  a l t e r a t i o n .  I 

The Normal Beagle Iris.  The normal Beagle i r is  i s  a s t r u c t u r e  cons i s t ing  

of a spongy, connective t i s s u e  stroma, muscular f i b e r s ,  and an abundance of  

vesse ls  and nerves.  The iris functions t o  regula te  t h e  amount of l i g h t  admitted I 
t o  the  i n t e r i o r  of the  eye. I t  is covered a n t e r i o r l y  by endothelium and I 
p o s t e r i o r l y  by r e t i n a l  pigment layers .  On i t s  i r r e g u l a r  p o s t e r i o r  su r face ,  the  I 
i r is  i s  deeply pigmented with heavy r a d i a l  s t r i a t i o n s .  The color  of the  I 
i r is  depends p a r t l y  upon t h e  var iable  pigment i n  the  stroma c e l l s  and p a r t l y  1 
upon t h a t  i n  t h e  c e l l s  of t h e  r e t i n a l  layers  (Magrane, Canine 6phthal'mology, I 
Lea and Febiger, 1965). I 

There i s  much.variat ion i n  the  pigmentation of  t h e  Beagle i r is .  Most I 
Beagles1 i r i d e s  a r e  of a brown t o  golden hue with t h e  c o l l a r e t t e ,  o r  pup i l l a ry  I 
border,  being darker than the  stroma. Some Beagles have i r i d e s  of only one I 
color ,  usual ly  dark brown. Some i r i d e s  appear t o  be etched with t h i n  blue-grey 1 
t o  grey-white s t r e a k s  a t  thk junction of  c o l l a r e t t e  and stroma. This may be I 
mistaken a t  f i r s t  glance as the  beginning of  i r i d i c  depigmentation (threadbare I 
i r i s )  seen i n  R a - 2 2 6 - t r e a t e d ~ e a g l e s .  Some Beagles normally have cqmpletely I 
unpigmented i r i d e s ;  i n  these  dogs the  tapetum i s  a l s o  absent and a red fundus I 
r e f l e x  due t o  exposed choroidal vesse ls  i s  seen.  Others normally have well- I 
defined areas  of v i t i l i g o  i n  one o r  both i r i d e s ;  t a p e t a l  changes may o r  may not I 
be associa ted .  ' 1 

a I r i d i c  Al te ra t ions  ' i n  ~ a - 2 2 6 - ~ r e a t e d  Beagles. The progressive i r i d i c  

depigmentation t h a t  has been obseryed i n  dogs a t  the  four highest  radium leve l s  

appears i n i t i a l l y  a t  the ' co l l a re t t e - s t romal  junction of the  i r i s  and extends 'both 
. : I .  



outward . 
. 

and inward toward, the  margin of  the  p u p i l .  In  t h e  e a r l i e s t  s t ages  of  

t h i s  change . . the  i r i d e s  take on a. threadbare appearance. The pigmentatipn . . pro- 

gresses u n t i l  t he  t r a n s i t i o n  i s  made from normal dark brown or  golden i r i d e s  t o  

i r i d e s  t h a t  a r e  a faded chalky blue-grey i n  appearance. 
. . 
The ~ o r m a i  Beagle Tapetum. Another component of  the  uveal t r a c t  i s  t h e  

choroid, whici; i s  located between t h e  s c l e r a  .and t h e  r e t i n a ,  extending from t h e  

c i l i a r y  body t o  the  opening f o r  the  o p t i c  nerve. The choroid is.composed mainly 

of blood vesse l s  and pigmented . t i s s u e .  . I t s  major function is '  t o  supply n u t r i e n t s  

f o r  the  r e t i n a ,  v i t reous ;  and lens .  

The tapetum i s  a r e f l e c t i v e  c e l l u l a r  l aye r  of  t i s s u e  s i t u a t e d  .behind the  

r e t i n a  between the  c h o r i o c a p i l l a r i s  and the  l a r g e r  vesse l  l aye r  o f  the  choroid 

.(op. c i t . ) .  I t  r e f l e c t s  l i g h t  t h a t  has already passed.through the  r e t i n a  and 

re tu rns  i t  t o  the  receptors .  The choroid absorbs any l i g h t  t h a t  passes through 

the'  r e t i n a  o r  t h a t  is  not r e f l e c t e d  by t h e  tapetum. The tapetum .lucidurn ( t a p e t a l '  

fundus) va r i e s  i n  color '  and i s  responsible f o r  the  fundus r e f l e x  seen when 

exposing a d i l a t e d  pup i l  t o  a point  l i g h t  source i n  a darkened room. The tapetum 

nigrum (non-tapetal .fundus) i s  dark brown with ch6roidal p igment ;  . . it surrounds. 

the  crescent-shaped t a p e t a l  fundus i n  the  dorsa l  quadrants and completely f i l l s .  

the  ven t ra l  quadrants.  

The tapetum lucidum i n  the  normal 'adult  Beagle i s  usually blue t o  blue-green 

a t  i t s  ven t ra l  border,  becoming more' green t o  yellow-green, and f i n a l l y  b , r i l l i a n t  

yellow, dorsa l ly .  .Seen uniformly over the  area  i s  a f i n e  grey-brown s t i p p l i n g .  

In  some normal Beagles, yellow-brown "donut-liket '  shapes a r e  present  wi th in  the  

t a p e t a l  fundus. The normal tapetum lucidum i s  highly r e f l e c t i v e .  

The pigment of the  non-tapetal  fundus of normal Beagles is  usually q u i t e  

dense s o  . t h a t  . uriderlying choroidal vesse ls  a r e  not v i s i b l e .  

The o p t i c  d i s c  i n  the  normal Beagle usual ly  l i e s  j u s t  wi th in  the  ven t ra l  

border of the  t a p e t a l  fundus. I t  i s  pa le  pink i n  color  with usually 4 o r  5 l a rge  

r e t i n a l  vesse ls  leaving ' the head of  the  o p t i c  nerve. I n  some Beagles, . . it is  

s i t u a t e d . f a r  do- i n t o  the  non-tapetal  a rea .  Sometimes it i s  surrounded by a 

"halo" of b r i l l i a n t  yellow tapetum lucidum. . . 

Tapetal a l t e r a t i o n s  resembling those charact ,er is . t ic  of e a r l y  Ra- 226-.induced 

changes have been observed i n  some contro l  Beagles i n  the  colony. The reason 

for . such a l t e r a t i o n s  i s  not known. Also, i n  some contro l  Beagles, the  tapetwn and 

choroidal pigment a re  absent ,  exposing the  choroidal c i r c u l a t i o n .  Such ~ e a ~ & s  

have been of no value i n  evaluat ing the  ocular  e f f e c t s  of Ra-226. 



Tapeta l  A l t e r a t ions  i n  Ra-226-Treated Beagles.  The Ra-226-induced t a p e t a l  

a l t e r a t i o n  observed i n  Beagles a t  t h e  fou r  h ighes t  dose l e v e l s  begins as a  s l i g h t  
i 

i nc rease  i n  coarseness ,  g r a n u l a r i t y ,  and blueness of t he  tapetum, with a  decrease 

i n  r e f l e c t i v i t y  and a  l o s s  o f  t he  f i n e  s t i p p l i n g  p a t t e r n  (mild a l t e r a t i o n ) .  The 

o p t i c  d i s c  appears t o  become l e s s  pink i n  co lo r .  The coarseness  and increased  

g r a n u l a r i t y  appears t o  be due t o  a  gradual  and progress ive  l o s s  of  tapetum. A s  

t h e  r e f l e c t i v e  tapetum i s  l o s t ,  patchy a reas  of  t h e  underlying choro ida l  pigment 

become v i s i b l e  (moderate a l t e r a t i o n ) .  The l o s s  of  tapetum progresses  gradual ly  

u n t i l  it is e n t i r e l y  gone; as a  r e s u l t ,  t h e  tapetum lucidum and tapetum nigrum 

look a l i k e .  'I'he choroid then  becomes p rog res s ive ly  depigmented u n t i l  f i n a l l y  

t h e  underlying choro ida l  c i r c u l a t i o n  i s  exposed (ex tens ive  a l t e r a t i o n )  . 
The mode o f  a c t i o n  by which Ra-226 induces such ocu la r  a l t e r a t i o n s  i s  not 

known. One sugges t ion  i s  t h a t ,  s i n c e  Ra-226 i s  r e t a ined  i n  t h e  pigmented por- 

t i o n s  of t h e  canine eye f o r  long per iods  and s i n c e  analyses  showed Ra-226, t he  

a l t e r a t i o n s  a r e  t h e  r e s u l t  of a  d i r e c t  r a d i a t i o n  e f f e c t  (Rehfeld e t  a l . ,  J .  Am. 

Vet. Med. Assoc. 136: 562, 1960). 

Gross ophthalmologic observa t ions  were made o f  Beagles t r e a t e d  in t ravenous ly  

wi th  Ra-226 and of con t ro l  Beagles. The Ra-226-treated Beagles rece ived  e i g h t  

semimonthly i n j e c t i o n s  of rad ionucl ide ,  a t  s i x  d i f f e r e n t  l e v e l s ,  s t a r t i n g  a t  

435 days of  age. The experimental  des ign  (p 15) shows t h e  amount (ug) o f  

Ra-226/kg t h a t  was administered a t  each dose l e v e l .  The radium dogs were compared 

wi th  Beagles . t h a t  rece ived  e i t h e r  Sr-90 i n  t h e  d i e t  t o  540 days of  age, a  s i n g l e  

i . v .  i n j e c t i o n  of Sr-90 a t  540 days of  age, o r  no rad ionucl ide ;  t h e  l a t t e r  t h r e e  

groups ' a r e  considered as. c o n t r o l s .  

I n i t i a l l y , t e s t  and con t ro l  animals were examined a t  6  months and 1 y r  of 

age,  a f t e r  t h e  fou r th  and e i g h t h  Ra-226 i n j e c t i o n s ,  3 and 6  months a f t e r  co'mple- 

t i o n  of  t h e  i n j e c t i o n  s e r i e s ,  and every 6  m o n t h s , t h e r e a f t e r .  The ophthalmologic 

examination schedule has s i n c e  been r ev i sed .  Ra-226-treated Beagles a r e  now 

examined a t .  6  months and 1 y r  of  age; a f t e r  t h e  fou r th  and e igh th  i n j e c t i o n s ;  

1,. 2,  3,  6 months, and 1 y r  a f t e r  completion of  t h e  i n j e c t i o n  s e r i e s ;  and 

annual ly t h e r e a f t e r .  . Controls  a r e  examined. annual ly s t a r t i n g  a t  6  months of  age. 

Examinations a r e  conducted i n  a  darkened room using a  pen - l igh t  and t h e  naked 

eye and, i n  some cas . e s , , a  b inocu la r  loupe. Af te r  d i l a t i n g  t h e  p u p i l  b y ' i n s t i l l i n g  

a  few .drops o f  a  mydriat ' ic ,  t h e  ophthalmoscopic examination i s  performed. 

. . 



Observations a r e  recorded i n  Table .1. In  cont ro l  dogs, cases of i n i t ' i a l  i r i d i c  

depigmentation and mild t a p e t a l  a l t e r a t i o n  were observed, but  a t  a  very low 

frequency. V e r y  few cases of ocular  a l t e r a t i o n s  were seen i n  dogs t r e a t e d  with 

Ra-226'at the  two lowest l eve l s .  

Ocular a l t e r a t i o n s  appeared sooner a f t e r  completion of  the  Ra-226 i n j e c t i o n  : 

s e r i e s  i n  the  h ighes t  l e v e l  dogs than i n  any o ther  group; i n i t i a l  t a p e t a l  changes 

were seen a t  1 month pos t ' - in jec t ion .  In  R4, R3, and R2 l e v e l  dogs ,. t he  f i r s t  '. 

changes were 'seen a t  8, 12, and 14 months pos t - in jec t ion ,  r e spec t ive ly .  

In  the  two highes t  radium lc?vels, t a p e t a l  a l t e r a t i o n  appeared t o  precede 

i r i d i c  changes. ' In  the  h ighes t  l e v e l ,  i n i t i a l  t a p e t a l  a l t e r a t i o n  was f i r s t  

observed a t  1 month pos t - in jec t ion ;  moderate t a p e t a l  a l t e r a t i o n  and i n i t i a l  

i r i d i c  depigmentation a t  6  months p o ~ t - i n j e c t i o n ;  and extens ive  t a p e t a l a l t e r a -  

t i o n  and i r i d i c  depigmentation a t  18 .and 2 1  months,. r e spec t ive ly .  

In  the  dogs t r e a t e d  with ka-226 a t  t h e  R2 and-R3 l e v e l s ,  i r i d i c  depigmenta- . . 

t i o n  appeared e a r l i e r  than mild t a p e t a l  a l t e r a t i o n .  No cases of extens ive  i r i d i c  

depigmentation o r  extensive t a p e t a l  a l t e r a t i o n  have .been observed i n  these  . two . 

. groups. ' 

. 



Table 1. OPHTHALMOLOGIC OBSERVATIONS 

Controls  ~ - 

Sr-90 Sr-90 

. . Inges t i on  I n j e c t i o n  
Dogs Dogs ROO R05 R 1  . R2 R 3 . ~4 R5 

To ta l  No.. Dogs Examined 208 39 4 4 2 9 2 1 2 7 36 40 4 4 

-. I n i t i a l  
I r i s  Depigmentation Presen t  

To ta l  Affec ted  4 
Mean Age F i r s t  Seen (y r s )  4.84 - - - - 2.19 - - 2.68 2.47 2.32 2.01 
Mos. P o s t - ~ r i j e c t i o n '  Ra-226 - - . - -  - - 8 - - 14 12 10 6 
Percent  Unaffected . 9 8  100 100 9 3 100 8 1 5 3 38 5 0 

Extensive Iris Depigmentation 
T o t a l  A f f e c t e d .  
Mean Age F i r s t  Seen (y r s )  - - - - - - - - - - . -- - - 

A. - 3.51 3.23 
:u=; . ----- - - - - - - - - . -- W .  Mos . ' P o s t - ~ n j e c t i o n  Ra-226 - - 24 

1 5 .  2 1. 
Percent  Unaffected 100 - 100 100 100 100 100 ' 100 8 5 7 0 

I 

Mild Tape t a l  A l t e r a t i o n  
T o t a l  Affec ted  4 ' 0 ' 4 2 2 6 2 1 10 8 
Mean Age F i r s t  Seen (yrs )  4.07 - - 3.75 2.42 2.42 3.08 2.58 2.18 1.58 
Mos. ' p o s t - ~ n j e c t i o n  Ra-226 --  . - - - - 11 11 19 13  8 1 
Percent  Unaffected , 9 8  100 9 1 9 3  9 0 7 8 42 75 82 

Moderate Tape ta l  A l t e r a t i o n  
To ta l  Affected 
Mean Age . F i r s t  Seen (y r s )  - - - - - - - - - - 3.04 3.45 3.41 1.98 
Mos . ' Pos t - In jec t ion  -Ra-226 - - - - - - - - - - 19 24 23 6 
Percent  Unaffected 100 100 100 100 100 - 96 92 58 7 3 

Extensive Tape ta l  A l t e r a t i o n  
To ta l  Affec ted  
Mean Age F i r s t  Seen (y r s )  
Mos. ' pos t - In j ec t i on  Ra-226 
Perce,nt Unaffected 



. URINARY HYDROXYPROLINE AS AN lNDEX OF 'BONE METABOLISM 
IN CONTROL, SR-90-, AND .FA-226-TREATED BEAGLES 

R. B. Baggs ' ~ ~ d r o x y ~ ~  l ine was measured i n  the urine of dogs fed 
R.. J .  Del la  Rosa..  Sr-90 or  injected with Ra-226, and corresponding con- 
L. S.  Rosenblat t  t ro l s .  In  controls,. the t o t a l  daily excretion. of -.hy- 

. . droqproline appears t o  be high Zy correlated wi th  
nitrogen excretion, and i s  determined primari Zy by 
urine. voZwne rather than hydroqproZine concentration. 

'. Stepwise linear regression equations 'have been deve l- 
. oped for .normal dogs, allowing eualuati.on of normaZcy 
of individuals ' hy droxyproline excretion. Most D5 
dogs appeq  t o  be .s l ight  Zy-to-markedly . less than 
normal; .RS dogs are more variab le . ' . - 

The organic  mat r ix  o f  -bone and t h e  'dermis o f  s k i n  ' a r e  compbsed l a r g e l y  o f  

co l lagen .  Hydroxyproline is . . found almost exc lus ive ly  i n  co l l agen ,  a t  a cons tan t  

l e v e l  o'f 13.5% rega rd l e s s  o f  mammalian source  ... (Newman and Logan, J .  B io l .  Chem. 

184: 299, 1950). The breakdown o f  mature co l lagen  and/or  col.lagen 'p recursors  

r e l e a s e s  . f r e e  hydroxyproline and 'hydroxyproline-containing polypept ides  i n t o  

t h e  blood; some of  t h e s e  substances subsequent ly appear  i n  the '  u r i n e .  

A pre l iminary  s tudy  on .hydroxyprol ine exc re t ion .  (vg hydroxyproline/ml 

b l adde r  u r i n e )  was performed i n  June-September 1966 u t i l i z i n g  18 Sr-90-fed dogs 

and 19 con t ro l  dogs. A s i g n i f i c a n t  d i f f e r e n c e  (P ~<0.05) between c o n t r o l  and 

Sr-90-fed .dogs was noted.  On. t h e  b a s i s  o f  t h e s e  d a t a  . a  l a r g e r  experiment was 

performed dur ing  summer 1967.1 

A t o t a l  o f  75 ~ e a ~ l e s  s e l e c t e d  from t h e  colony. were 'ass igned t o  t rea tment  

groups a s  shown below: 

Radionuclide 
Level 

Tot a1 

No-. 
Males - .  

10 
. . lo  

4 
4 .  
5 
4 - 

3 7 

No. 
Females 

. . . . 

10 
11 . . 
4 

4 ' . 

5 
4 - 

38 

The dogs were housed randomly i n  20 i d e n t i c a l  metabolism cages i n  a , 

thermostable  room and acc l imat ized  t o  t h e i r  cages f o r  3 days. A t o t a l  u r i n e  

c o l l e c t i o n  was then  performed f o r  48 h r ,  and t h e  fo,llowing parameters, were 

eva lua ted :  water  volume consumer p e r  48 h r ,  . u r i n e  volume pe r  48 h r ,  and body 

weight a t  end of  t r i a l .  . . 

The u r i n e  was mixed with an equal  volume o f  concent ra ted  HC1 ( r eagen t ) ,  

and de termina t ions  were made on d u p l i c a t e  samples, f o r  hydroxyproline . .  . 



concent ra t ion  (colorimetry)  ; calcium concent ra t ion  (flame spectrophotometry) ; 

c r e a t i n i n e  concent ra t ion  (AutoAnalyzer) ; and . t o t a l '  n i t rogen  (microKj e l d a h l )  . 
Differences between mean l e v e l s  o f  pg hydroxyproline/ml and o f  pg hydroxypro- 

l ine /day  o f  poo led . con t ro l s  were t e s t e d  a g a i n s t  t hose  o f  t h e  h ighes t  . level  

s t ron t ium and radium groups independent ly.  Simple t - t e s t s  i n d i c a t e d  lack  o f  

s t a t i s t i c a l  d i f fe rence . .  A two-way c o r r e l a t i o n  mat r ix  was then  cons t ruc t ed  f o r  

c o n t r o l  male and female dogs. Coe f f i c i en t s  ob ta ined  f o r  t h e  c o r r e l a t i o n  o f  

v a r i a b l e s  and vg hydroxyproline/day a r e  shown i n  Table 1. 

Table 1. CORRELATION COEFFICIENTS FOR INDICATES VARIABLE 
AND HY DROXYPROLINE EXCRETION (mg/day) 

Control  Cont r o  1 
Var iab le  Females Males 

(n = 21) (n = 20) 

mg ~ / d a ~  0.92 0..70 

Urine volume (ml) 0.88 0.68 

Body weight (kg) , 0.65 0.25 

Crea t in ine  (mg/100. ml) . -0.64 -0.34 

mg c rea t in ine /day  0.63 0,63 

Calcium (mg/100 ml) 0.41. . ' 0 ; 2 4 .  : 

K~~ count (uncorrected)  . : -0.39 -0 . O f 3  

Percent  n i t rogen  

Age .(days) 

The h igh  degree o f  c o r r e l a t i o n  between u r ina ry  n i t r o g e n  and.hydroxypro- 

l i n e  sugges ts  t h a t ,  i n  t h e  normal dog, connect ive t i s s u e  .(which conta ins  

. hydroxyprol ine)  i s  a s s o c i a t e d  wi th  t h e  dog's ' p r o t e i n  metabolism s t a t u s .  . ' 

The p a t t e r n s  o f  c o r r e l a t i o n  c o e f f i c i e n t s  involv ing  t o t a l  u r ina ry  output  

o f  hydroxyprol ine and o f  c r e a t i n i n e  a r e  remarkably symmetrical , even though 

each iS  ' t h e  e n d p o i n t ' o f  a very d i f f e r e n t  me t ibo l i c  parameter--bone and muscle, 

r e spec t ive ly . .  A schematic r e p r e s e n t a t i o n  o f  t h e  c o r r e l a t i o n  pathways o f  t h e  

variable 's  involved f o r  t h e  cont ro l '  ,females i s  shown' i n  Fig. 1. A s i m i l a r  
. . . ' _  .. , diagram cou ld 'be  cons t ruc t ed  f o r  t h e  ma.les. ' . 

The: d a t a  i n  Fig. 1 show t h a t  u r i n e  volume i s  nega t ive ly  c o r r e l a t e d  w i t h '  

bdth hydroxyp.roline,'  and c r e a t i n i h e  concen t r a t ions ,  a s  expected on t h e  ' b a s i s  

o f  d i l u t i o h .  Co, icentrat ions,  however, a r e  weakly cor re ' l a ted  with t g t a l '  'output .  



Urine volumes a r e  p o s i t i v e l y  c o r r e l a t e d  with t o t a l  ' output  ; concent ra t ions  and 

t o t a l  ou tputs  a r e .  p o s i t i v e l y  c o r r e l a t e d  with each o the r .  These l a t t e r :  f ind ings  

i n d i c a t e  t h a t  c r e a t i n i n e  and hydroxyproline a r e  r e l a t e d ,  perhaps through t h e  

general  metabolic r a t e  o f  t h e  animal. ' The t o t a l  exc re t ion  of c r e a t i n i n e  i s  

thought t o  be reasonably cons tan't ' ( ~ b f i e l i u s  and- Kaneko , C l i n i c a l  Biochemistry 

o f  Domestic Animals, Academic 'press', 1963) s i n c e  i t  i s  an endproduct o f  muscle 

metabolism and thus  determined by t h e  amount o f  muscle t i s s u e  i n  t he .  animal.  

our  d a t a  suggest  t h a t  t o t a l  hydroxyproline exc re t ion  i s  a l s o  reasonably con- 

s tan t . .  %us t h e  h i g h c o r r e l a t i o n s  o f  t h e  two to t a ' l  ou tputs  suggest  t h a t  both 

va r i ab l e s  r e f l e c t  a  s t a b l e  metabolic s t a t e .  Although t h e  r o l e  o f  u r i n e  volume 
' 

r e l a t i v e  t o  t o t a l  exc re t ion  o f  hydroxyproline and c r e a t i n i n e  cannot be  s a i d  t o  

be causa l ,  t h e  d a t a  i n d i c a t e  th 'at  t h e  h igh  p d s i t i v e  c o r r e l a t i o n  of  t h e  two '' 

metaboli tes  with u r ine  volume depends upon an unknown f a c t o r  t h a t  i n f luences  

u r ine  volume. 

Figure 1 shows a  lack  o f  symnetry i n  t h e  c o r r e l a t i o n s  between t o t a l  ou t -  

puts  and concent ra t ions .  The c o r r e l a t i o n  between c rea t ' i n ine  concent ra t ion  and 

to t a l . hydroxypro l ine  exc re t ion  i s  nega t ive ,  while  t h a t  between t o t a l  c r e a t i n i n e  

wi ' thhydroxyprol ine concent ra t ion  i s  nonexis ten t .   his incons is tency  i s  be ing  

inves t iga t ed .  

4 1 

, + .. . .-.- 

u 

. . . . 
Fig. 1. ~ n t e r r e l a t i o n s h i ~ s  'among u r ine  volume : 

. hydroxyproline and c r e a t i n i n e  exc re t ion  
f o r  con t ro l  female dogs. 



Correlat ion c o e f f i c i e n t s  o f  g rea te r  than '0.45 and k0.55 ind ica te  sig- 

n i f icance  a t  the  P c0.05 and P <O.Ol. levels ,  respect ive ly .  Much information 

can be deduced from these  coeff i .c ients .  In  general ,  t he  males a re  a more I 

var iab le  'group, as ind ica ted-  by t h e i r  lower co r re la t ion  coe f f i c i en t s .  

. A stepwise l i n e a r  regress ion  analys is  was performed i n  an attempt t o  
. . 

i d e n t i f y  which parameters were most d i r e c t l y  associa ted  with t h e  amount o f  

hydroxyproline excreted pe r  day. The following equations were generated 'for 

t h e  conf r o l  animals : 

Females 

pg hydroxyproline/day = -7714 + ' 3 3 . 7  (ml urina/48 h r )  + 125 

(pg hydroxyproline/ml) - '1 1 (mg% crea t in ine )  

+ 5.5 (mg creat inine/day) ~ 
R2 = 99%, Standard Error  = 407 pg hydroxyproline/day 

. .  
Males 

pg hydroxyproline/day = -6486 + 21.7 (ml urine/48 h r )  + 118 

, (pg hydroxyprol ine/ml) - 20.3 (mg% crea t in ine )  

+ 23.3 (mg creat inine/day) 

R2 = 96%, Standard  Error  = 827 pg hydroxyproline/day 

Males and ' Females 

pg hydroxyproline/day = -7711 + 28.0'(ml urine/48 h r )  + 122 

(pg hydroxyproline/ml) - 13.6 (mg% crea t in ine )  

+ 14.6 (mg creat inine/day) 
' . 

R~ = 97%, Standard Error  .= 680 pg hydroxyproline/day. 

2 
R , t h e  c o e f f i c i e n t  o f  mul t ip le  determination, ind ica tes  t h e  percentage 

o f  t h e  variance of . 'pg  hydroxyproline/day which i s  accounted f o r  by t h e  associ-  
2 a t i o n  'of pg hydroxyproline/day .with . t h e  o the r  var iables  l i s t e d .  . When R = loo%,  

complete determination is  i'ndicated. I t  i s  c l e a r ,  from these  equations t h a t  

almost a l l  o f  t h e  v a r i a t i o n  i s  accounted f o r  by t h e  four var iables  given. 

.. The equations i n d i c a t e  t h a t ,  t o  a sce r t a in  i f  a dog's hydroxyproline excre t ion  

d i f f e r s  from normal, it'. is  necess.ary t o  measure t h e  concentrat ion o f  hydroxy- 

p ro l ine  and c r e a t i n i n e  i n  t h e  co l l ec ted  ur ine  and the  volume o f  ur ine  excreted 

i n  48 h r .  

I t  was o f  i n t e r e s t  t o  u t i l i z e  these  sex-spec i f i c  equations t o  determine 

t h e  percentage o f  e r r o r  [ lbo  ( observed - p r e d i c t e d )  1, f o r  t h e  cont ro l ,  D3, 
observed 



D5, R3,, and R5 dogs. Since t h e  u r ine  volume (m1/48 ,h r )  was ind ica t ed  by the  
. '. 

I c o r r e l a t i o n  c o e f f i c i e n t  t o  be  of  g rea t  importahce i n  determining t h e  t o t a l  

i d a i l y  exc re t ion  of hydroxyprol ine,  it was p l o t t e d  a g a i n s t  t h e  percentage of  

I e r r o r  f o r  t h e  cont ro l ,  females (Fig.  2) , c o n t r o l ,  males, and t r e a t e d  dogs. The 

males exh ib i t ed  somewhat more s c a t t e r  than t h e  females. 

URINE VOLUME ( m1 I 4 8  HOURS1 
. . '. , 

Fig. 2 .  Percentage o f ,  e r roy  i n  hydroxyprolin.e~ excret i ,on a s  a  func t ion -  o f  
u r ine  v o i k e .  

I I f  t h e  app ropr i a t e  r eg re s s ion  equat ion  (by sex)  is  used t o  p r e d i c t  t h e  

, 

. 

80 

60 

40. 
a 
0 

E 20 
W 

a9 , '  

0 

-20 

-40 

-60 

Il t o t a l  .hydroxyproline exc re t ion  p e r  day f o r  t h e  Sr-90 and Ra-226 dogs, and t h e  

0 , 80 160 240 320 0 80 160 240 320 400 ., , ..O 80 160 240 320 400 
. . . . 

11 .percentage o f  e r r o r  is  ca l cu la t ed ,  some very impressive d e v i a t i o n s .  from 
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ttnormalcy," :i. e . ,  . p r e d i c t a b i l i t y .  by t h e  equat ibns  d f  normal dogs, develop. 
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I f  t h e  e r r o r  values a r e  ranked by inc reas ing  u r i n e  volume (Table 2 ) ,  t h e  h igh  
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11 e r r o r s  'are seen t o  o c c u r ' e s p e c i a l l y  i n  dogs with a' low 48-hr u r ine  volume. 

) I f  t h e s e  dogs a r e  excluded, t h e  p a t t e r n  o f  e r r o r s  i n  s i g n  and magnitude i s  
' 

- . . . . . . . a  . . . . . . . 

i s i m i l a r  t o  t h a t  observed . for  t h e  c o n t r o l s ,  except i n  t h e  h ighes t  - l e v e l  s t r o n -  
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. . . . - " " " " '  I 1 1 . 1  1 . 1  1 1 - 1  I I - ' 1  

i t ium group, f o r  which t h e  e r r o r s  a r e  gene'rally nega t ive .  Thus, t h e s e  dogs 

- 
- 
- 

: 8 - 
I P 1 . 1 .  I I ' . I  1 1 . 1  

I a p p e a r . t o  have lower bone metabol i sm-ra tes  than  expected' on t h e  b a s i s  o f  t h e  1. 
con t ro l  da t a .  - 

The very high (>SO%) e r r o r s  a r e  i n v a r i a b l y  a s soc i a t ed  w i t h ' a  low t o t a l  

u r i n e  volume; i . e . ,  t h e  r eg re s s ion  equat ion a s  s t a t e d  does no t  accu ra t e ly  pre-  

d i c t  t h e  t o t a l  hydroxyproline exc re t ion  o f  Ra-226 and Sr-90 dogs with a  t o t a l  

u r i n e  volume of  < Z O O  ml/day. I n  t h e  c o n t r o l  males t h i s  could be  due t o  t he  



. . 

Table 2. PERCENTAGE' OF ERROR RANKED BY URINE VOLUME (m1/48 h r )  

Urine (ml) ' % E Urine (ml) % E Urine' (ml) % E . ur ine  ' (ml) ' % E 

Males ~ 
~p ~ ~~-~ ~ -~ --- 

70 5 5 . 6 '  1 4 4 ,  12.7 125 13.3 7 0 9.1 ... 1 . 
8 1 '  - -55.7 150 -16.7 247 - 4.5 110 14 .:0 

192 - 1.0 180 - 2.1 2 75 7.1 155 -10 ;7 
320 2.9 262 '.- 3.5 ' 275 . O . O  230 - 6.0 

350 , - 4.1  

Females 

f a c t  t h a t  only 4 o f  t h e  20 contro l  males had a ur ine .  volume of <200 m l  and 

none had <lo0 m1/48 h r .  Of t h e  t r e a t e d  males, 10 o f  t h e  17 had <200 m l ,  and 

. 3 had <lo0 m1/48 h r .  I t  is these  l a t t e r  t h r e e  males t h a t  e x h i b i t  e r r o r s  >SO%. I 
 he con t ro l  females a r e  more predictab\le ,  with a l l  values being ? l o % ,  and I 

a l l  but  two 25%. Eight o f  t h e  21 female cont ro ls  had a ur ine  volume o f  <200 J 
I 

-m1/48 h r ,  presumably -due t o  genera l ly  smal ler  body s i z e .  However, i n  t h e  I 
treatment groups (R3, R5, D3, DS), t h e  g r e a t e s t  e r r o r  i s  associa ted  with t h e  I 
lower u r ine  volume. I 

I t  i s  apparent t h a t  some individual  dogs wi th in  t h e  treatment groups ex- I 
h i b i  t t o t a l  hydroxyp.roline excre t ion  p a t t e r n s  t h a t  a r e  a t  considerable variance 

' I 
with those  p red ic ted  by an equation derived from contro l  dogs. The assoc ia t ion  I 
of l a rge  e r r o r  with low ur ine  volume and t h e  h igher  incidence of  low ur ine  vol- I 
wne i n  Ra-226 and Sr-90 dogs i n d i c a t e  t h e  d e s i r a b i l i t y  of  inc luding some evalu- I 
a t i o n  of r ena l  function when measuring ur inary  hydroxyproline. These d a t a  a l s o  I 
suggest t h e  poss ib i l ' i t y  o f  some radiat ion-induced nephropathy. I 

A more soph i s t i ca ted  stepwise l i n e a r  regress ion  ana lys i s  now being per-  I 
formed includes a11 dogs with t h e  13  vari'ables considered. e a r l i e r ,  p lus  a body 1 
burden value. The importance of  body burden ( i  . e . ,  r ad ia t ion)  as  a determinant I 
of ur inary  hydrolj.proline w i l l ,  thus ,  be  evaluated.  . 



BIOCHEMICAL STUDIES ON BONE AND. OTHER CONNECTIVE TISSUES. 
, 

1. BIOCHEMICAL SURVEY OF THE-ORGA~IC MATRIX 
OF BONE AND CARTILAGE. 

I 

Huan-Chang C .  Tsa i  Collagen, neutral sugars, and mucopolysaccharides were 
R. J .  Della Rosa detemined i n  r ib ,  costal,  and articular cartilage of 
Nancy Nix Sr-90- and ~a-226-treated dogs. Hexosamines and 

heqronic  acid levels  were markedly reduced i n  the 
' 

cartilage of Ra-226-treated dogs;. t h i s  e f f e c t  appeared 
t o  be dose-rekted. A s l igh t  decrease i n  the neutral 

' ,  sugars was also observed. No such changes were seen 
i n  r i b  bone. Only preliminary data are avaiZabZe from 
Sr-90-treated dogs. . 

The purpose of  t h i s  study w a s  t o  determine t h e  e f f e c t  o f  ra 'dionuclide t r e a t -  

ment on the  biochemical composition of  t h e  organic matrix i n  bone and c a r t i l a g e .  

The organic f r a c t i o n  of compac't bone c o n s t i t u t e s  up to '359  of: t h e  dry f a t - f r e e  

weight.. Only a small  p a r t  of t h i s  i s  contr ibuted by t h e  c e l l s ;  the  remainder, 

impregnated with the  bone s a l t ,  i s  t h e  bone 'matr ix.  The organic matrix has 

two main  component,^: t h e  most prominent is  f i b r i l l a r  i n  na ture  and i s  chemic'ally 

a col lagen,  Between t h e  f i b e r s  i s  ground substance whose b e s t  charac ter ized  

components are  mucopolysaccharides (MPS) , a1 1 of which contain h e x o s h i n e s  . ' 
Reducing substances such as neu t ra l  sugars have been found i n  bone and c a r t i l a g e  

matrix. 

Radium-Treated Dogs. The following analyses were done on bone and c a r t i l a g e  . . 

of cont ro l  dogs and dog's receiving various l eve l s  of  Ra-226 as they became ava i l -  

able over t h e  p a s t  year :  (1) col lagen,  (2) carbohydrate (neu t ra l  s u g a r s ) ,  and 

(3) mucopolys accharides (hexos -nes and hexur0ni.c acids)  . 
Six  dogs with very low body burdens of radionuclide ( f ive  . . with Sr-90 and 

one with Ra-226) were used as con t ro l s .  Most of  t h e  dogs used were about the  

same age (27 months). One R5 dog was approximately , 4  y r  o f  age; two o f  t h e  

Sr-90 dogs were 20 months of age. Results a re  summarized, i n  Fig. I., a-d. 

Collagen. No differences were de tec tab le  i n  the  collagen content  of 

' c o s t a l  o r  a r t i c u l a r  c a r t i l a g e  o r  bone. . . 

' Neutral Sugars (carbohydrates) .  A minimal v a r i a t i o n  i n  neu t ra l  sugars 

was observed i n  t h e  biochemical composition o f  c o s t a l  and a r t i c u l a r  . c a r t i l a g e .  

No changes were. de tec table  i n  r i b  bone. 



Mucopolysaccharides (hexosamines and hexuronic ac ids)  . A marked reduc- 

t i o n  i n  t h e  content of hexosamines and hexuronic acids of c o s t a l  c a r t i l a g e  was 
1 

observed. These changes appear t o  be  dose-related:  there, was . l i t t l e  o r  no 
1 

d i f fe rence  a t  t h e  R2 l eve l ;  R3 being the  c r u c i a l  l eve l .  I n  t h e  R5 dogs, t h e  

concentrat ion of  hexosamines and hexuronic acids of  ' cos ta l  c a r t i l a g e  was about 

60% of cont ro l  values.  A s i m i l a r  t r end  was observed i n  a r t i c u l a r  c a r t i l a g e ,  bu t  

t o  a much l e s s e r  degree. Rib bone showed no changes i n  hexosamines o r  hexuronic 

a.cids . 
When c a r t i l a g e  and bone samples were taken l e s s  than one month a f t e r  t h e  l a s t  

i n j e c t i o n  of Ra-226, one each from t h e  R5 and the 'R4 l eve l ,  e s s e n t i a l l y  normal o r  

base l ine  values :were obtained. 

The preliminary da ta  presented here were obtained from mater ia l  from only a 

' l imi ted  number' of dogs ; however, . a  few t e n t a t i v e  conclusions can be  made : 

1. Costal  c a r t i l a g e  has t h e  h ighes t  concentration of  MPS of a l l  t i s s u e s  

sampled, and is metabolical ly ac t ive .  These s t u d i e s  can be extended 

. employing a r i b  car . t i lage  biopsy technique, with t h e ' o p t i o n  of  repeated 

sampling i n  the  same dog. 

2.  The changes . . i n  MPS content  of c o s t a l  c a r t i l a g e  suggest . , an age-treatment 

e f f e c t ,  with a time lag  f a c t o r  of perhaps severa l  'hundred days before 

biochemical changes can be measured. These changes f u r t h e r  ' suggest  . . an 

acce le ra t ion  of normal biochemical f%reakdownlf associa ted  with . aging. . 

. Few repor t s  on the  e f f e c t  of r ad ia t ion  on the  metabolism.of MPS -- i n  vivo 

a r e  ava i l ab le  i n  t h e  l i t e r a t u r e .  S-35 uptake s tud ies  have been reported i n  

epiphyseal c a r t i l a g e  of  mice a f t e r  high doses of  X-rays. '5-35 uptake s tud ies  

i n  v i t r o  and i n  vivo a r e  contemplated. -- -- 
Strontium-90-Treated Dogs. Data ava i l ab le  from S r - ~ ~ - t r e a t e d  dogs arb s t i l l  

' too few and -variable f o r  comment. Measurements i n  a l i f i t e d  number of dogs 

suggest only minor changes ' i n  bone and/or c a r t i l a g e  biochemistry. Further  s tud ies  

w i l l  be c a r r i e d  out  as, mater ia l  becomes ava i l ab le ,  e i t h e r  by r i b  c a r t i l a g e  biopsy 

o r  necropsy . 
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O-COSTAL CARTILAGE - RIB BONE a-ARTICULAR+ARTILAGE ( )-NUMBER OF DOGS 

CONTROL CONTROL R20 R 3 0  R 5 0  CONTROL CONTROL R20 R30 R50 
( 9 0 S r )  R 0 5  ( 90Sr )  R 0 5 .  

F i g .  1. Biochemical  composit ion o f  bone and c a r t i l a g e .  



BIOCHEMICAL STUDIES ON BONE AND'OTHER CONNECTIVE TISSUES. 
2. EFFECT OF Ra-226.ON THE MUCOPOLYSACCHARIDES OF CARTILAGE. 

Huan-Chang C .  Tsai  !The hexosamines of cart i lage were fractionated in to  
R. J .    el la Rosa galactosamine and glucosamine . An increase i n  
Nancy Nix glucosamine and a decrease i n  gaZactosamine content 

was observed i n  the highest-level  radiwn-treated 
dogs. 

Various connective t i s sues  contain d i f f e r en t  types of mucopolysaccharides I 

(MPS) , whose metabolism is affected by nu t r i t i ona l ,  genetic,  and pathologic I 

f ac to r s .  . Aging . has a profound e f f e c t  on these  compounds. In  human cos ta l  

c a r t i l age  ,, galactosamine increases with age and glucosamine decreases with age. 

The neutra l  WS such as keratosulfa te  increases with age, then remains constant 

a f t e r  maturity (Kaplan and Meyer, Nature 183: 1267, 1959). 

, As shown previous ly (Tsai e t  a1 . , p 45) , Ra-226 caused a reduction, of t o t a l  

hexosamines. In t h i s  study, the  hexosamines were f ract ionated i n t o  galactosamine 

and glucosamine t o  determine the  r e l a t i v e  changes i n  d i s t r ibu t ion .  

The r e su l t s  of the  f ract ionat ion of the  hexosamine of c a r t i l age  are  shown 

in'. Figs. 1 and 2. A decided trend i n  the  d i s t r i bu t i on  of these amino sugars is 

noted as a function of treatment level :  there  is  an increase i n  glucosamine 

content and a decrease i n  galactosamine of both cos ta l  and a r t i c u l a r  ca r t i l age  

a t  the  highest:levels of radium. Thus, the  Ra-226 e f f ec t  on ca r t i l age  produced 

not only a quan t i t a t ive  but  a l so  a qua l i t a t i ve  change of hexosamines. With age, 

there  is  a 'reduction of t o t a l  hexosamines and a lowering of the  r a t i o  of 

.galactosamine t o  glucosamine . These changes fu r ther  suggest . . the  pos s ib i l i t y  of 

an accelerated . aging . ef fec t  due t o  protracted i r r ad i a t i on .  Further s tud ies  are  

contemplated t o  provide an age vs . MPS curve from which one might define an 

age-treatment e f f ec t  i n  Beagles. 

A t  t h i s  s tage we have i n su f f i c i en t  data  t o  enable correlat.ion between the  

biochemical e f f e c t s  of radium on ca r t i l age  and t he  radiographic changes seen i n  

t he  bone of radium-treated dogs (Williams e t  a l . ,  p 63). Cart i lage,  . , r a the r  than 

rib-bone, is apparently more s ens i t i ve  as a t i s s u e  indicator  of biochemical . 
I 

I 
I changes, due p a r t l y  t o  i ts  higher concentration of MPS. Cart i lage ( a r t i c u l a r  ~ 
I and costa l )  may contain 20 t o  40 times more WS than r i b  bone. Also, the  bone 

s i t e s  showing radiographic changes have thus f a r  been taken i n  t o to  f o r  pathology 
I 

-- 
observations. Samples from pathological s i t e s  w i l . 1  be analyzed 'biochemically as 

they become available:  Further, r i b  ca r t i l age  i s  metabolically more active, . than 

other  ske l e t a l  s i t e s  a t  the  ages examined, as evidenced radiographically,  i . e . , .  . 
. . 

by dense lead l i n e s .  The decalc i f icat ion of new bone forming beyond these dense 

l ines  may be due t o  a defect i n  ground substance (osteoid).  

4 8 Pi 
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METABOLIC STUDIES OF BONE IN VITRO: PRELIMINARY REPORT 

R .  B .  Baggs The rationale and methods for i n  v i t ro  investigation -- 
R.  J .  Della  Rosa a of bone metabolism are presented. I t .  i s  suggested 
C .  D .  Abrahams ;, that ,  as Sr-90 spec i f ic  ac t i v i t y  i s  increased, the 

c e l l  density decreases, but the remaining ce l l s  may 
be more act ive  metabolically. I 

Bone as a  t i s s u e  may be divided i h t o  an organic and an inorganic phase. 

The organic phase may be  f u r t h e r  subdividedi i n t o  c e l l u l a r  and a c e l l u l a r  f r ac t ions .  

The acellu.l.ar f r a c t i o n ,  o r  matr ix,  cons i s t s  of a  formed f i b r i l l a r  moiety, collagen, 
I 

and an ,amorphous " f i l l e r , "  mucopolysaccharide . The biosynthes is  of the  organic 1 
matr ix is  a b a s i c  function of  the  os teob las t ,  t h e  inorganic  phase, o r  bone s a l t s ,  

being deposited secondari ly i n  the  p re -ex i s t ing  organic matrix. 

There i s  l i t t l e  p o s i t i v e  information t'o def ine  a s i n g l e  mechanism a t  the  

c e l l u l a r  leve 1 t o  explain the  processes of  formation, maintcnance , and des t ruct ion  

of bone. There i s ,  however, l i t t l e  doubt t h a t  the  os teoblas t -os teocyte-os teoclgt  

s e r i e s  i s  in t ima te ly  concerned. I 
The r a t e  of  remodeling of bone can be approximated i n  vivo by observing the  

-. - 
Sr-90 accre t ion-re tent ion  k i n e t i c s .  Up t o  3.5 y r ,  dogs with h igher  body burdens 

of  radionuclide e x h i b i t  a s l i g h t l y  increased turnover time (Goldman e t  a l . ,  

UCD 472-113, 1966, p 31). Accelerated r e p a i r ,  poss ib ly  due t o  radiat ion-induced 

i n j u r y ,  would inc rease  the  r a t e  of l o s s '  of  Sr-90. I f  any of  the  c e l l  s e r i e s  were 

more s e n s i t i v e  t o  r a d i a t i o n ,  it should .be  poss ib le  t o  note excessive o r  d e f i c i e n t  

matr ix  production, minera l iza t ion ,  o r  resorpt ion .  I n  addi t ion ,  the re  i s  unquanti- 

t a t e d  evidence point ing  t o  abnormal s h a f t  s i z e  and r e l a t j v e  hardnesb o f  t h e  long I 
bones ' i n  some dogs with'  h igher  body burdens ( ~ c ~ e l v i e ,  p 60) .  I 

I t  is the  purpose of  t h i s  on-going experiment t o  a sce r t a in .  i f  t he re  is  an I 
e f f e c t  of Sr-90 of ka-226 on bo*e c e l l '  v i a b i l i t y  o r  metabolism t h a t  can be measured I 
i n  v i t r o .  -- 

The metabolism of bone chips i n  v i t r o  i s  measured using oxygen consumption per  -- 
u n i t  .time as, an index of metabolic r a t e .  This is  a convenient parameter because 

both the  v i a b i l i t y .  and aerobic metabolic r a t e  of the  t i s s u e  can be measured d i r e c t l y  I 
The oxygen u t i l i z a t i o n  r a t e ,  o r  oxygen uptake ( p l i t e r  O.*/hr) i s  measured with a I 
Warburg constant  volume respirometer .  

Using . . the,  manometric approach, Flanagan and Nichols ( J .  Cl in .  Inves t .  44: 

1795, 1965) found a s i g n i f i c a n t  inc rease  i n  oxygen up take . in  bone of p a t i e n t s  
- , .  

su f fe r ing  from hyperparathyroidism. We have i n s t i t u t e d  a cooperative experiment 

with D r .  A. Heusner of t h e  Department of Physiological  Sciences, using a coulometric I 



method f o r  t h e  measurement of, oxygen cons.u,mption .(Heukner, . e t  a1 . , Med. Elec t ron  
8 .  

Biol . ,Engrg.  3 :  34, 1965).  The c e l l u l a r i t y ,  o r  c e l l  d e n s i t y ,  v a r i e s  g r e a t l y  
, . 

with in  any one bone. To c o r r e c t  f o r  t h i s , .  deoxyribonucleic  a c i d  i s  measured i n  

t h e  bone. sample (Webb and Levy, J .  Biol: Chem. 213: 10.7, 1955),' as t h e  amount 

of. DNA p e r  c e l l  i s  q u i t e '  cons tan t  f o r  a  given s p e c i e s .  The oxygen uptake va lues  
I .  ' 

a r e  thus expressed as  p l i t e r  02/hr/mg DNA. 

Data. a r e  be ing  col . lected on bone from t h r e e  groups of  animals : 

1. dog r i b  by .b iopsy ,  with p e r i o d i c  resampling . 

2.  dog r i b  by s a c r i f i c e  ( con t ro l ,  Ra-226, and Sr-90) 

3. mouse c a l v a r i a  by s a c r i f i c e  ( c o n t r o l ,  Sr.-90, X-ray) . 
The r a d i o a c t i v i t y  of ea&h sample of bone i s  r o u t i n e l y  determined. To d a t e ,  

d a t a  c o l l e c t e d  from any one group a r e  i n s u f f i c i e n t  t o  allow conclusions regard ing  

t h e  e f f e c t  of r a d i a t i o n  on bone metabolism. There. i s  some. i n d i c a t i o n  t h a t  as t h e  

r e l a t i v e  s p e c i f i c  a c t i v i t y  of Sr-90 inc reases  (pCi Sr-90/g dog bone) ,  t h e  c e l l  I) / 

dens i ty  decreases  (mg DNA/g dog bone) ,  b u t  t h a t  t h e  metabol ic  a c t i v i t y  p e r  c e l l  .:: ;.. 
:. ,., 

i nc reases  ( p l i t e r  02/hr/mg DNA). . . : ? .  . -;. , . .  . 



D. H. McKelvie .To study str&ctural alterations of bone resulting from 
Shi r l ey  .Coffel t  'irradiation from internal emitters such as Sr-90, a I 

, John Schwind 'microradiography system was developed. The bones are 
sectioned, polished t o  8 0 ~  and stored. Microradio- 
graphs are made using emulsion-coated glass s l ides; 
the resultant X-my . i s  easily studied microscopically. 

The method of t r e a t i n g  dogs with Sr-90 r e s u l t s  i n  uniform d i s t r i b u t i o n  of  

t h e  radionuclide i n  the  bone; consequent pa thologica l  e f f e c t s  on bone may r e s u l t .  

To adequately observe such changes, microradiography of t h i n  bone sec t ions  w a s  

necessary. A b r i e f  desc r ip t ion  o f  t h e  method and equipment used t o  produce t h e  

microradiographs follows : 

Acetone-fixed pie,ces of bone a r e  de fa t t ed  by p lac ing i n  f i v e  changes of 

acetone (3  h r  per. change) and t e n  changes of e t h e r ,  o r  by d e f a t t i n g  f o r  6 h r  i n  

an e t h e r  f a t  e x t r a c t  (LabCon Co; Kansas Ci ty ,  Missouri) .  They a r e  then d r i ed  

and embedded i n  Ward's Liquid Biop las t i c  (Ward's Natural Science Establishment, 

Inc .  , Rochester, N .Y .) . Embedded specimens a r e  trimmed t o  des i red  s i z e  and 

m o h t e d  with Duco cement on p l a t e s  (4" x 1.25" x 0 .2St') which a r e  

a t tached t o  t h e  t a b l e  of a Gillings-Hamco th in-sec t ioning saw (Hamco Machines, 

Inc . ,  Rochester, N.Y.). Specimens a r e  sec t ioned using a diamond edged jewelers '  

s l i t t i n g  sawblade ( d i m ,  4"; a rbor ,  0.5"; th ickness ,  0'.012"; 50 t e e t h / i n . )  

(Circular  Tool Co., Inc . ,  Providence, R.I.) '. Sect ions a r e  cut  t o  a thickness 

of 1 0 0 ~  t o  1 2 0 ~  and then ground t o  8 0 ~  between two g lass  p l a t e s  roughened with 

120-gr i t  al.uminum oxide. The grinding mate r i a l  is a mixture of levigated  alumina 
. . 

and 50% alcohol .  The sect'ion thickness is measured with a d i a l  i n d i c a t o r  

(L.S. S t a r r e t t  Co., Athol, Mass .) . The polished sec t ions  a re  r insed  i n  50% 

alcohol ,  d r i ed ,  and placed under a cover s l i p  glued t o  a microscope s l i d e .  

The s e c t i o n  i s  not  glued, s o  t h a t  it can b e  removed as needed f o r  micro- 

radiography. 

Microradiography i's done by means o f  an assembled X-ray u n i t .  The power 

supply is a Sorensen Model 1030-2041 high voltage u n i t  (Sorensen Raytheon Co., 

'Norwalk, ,Corm.), a t tached by means of  a 4 - f t  shockproof cable t o  a Machlett 

A-2 X-ray d i f f r a c t i o n  tube with tungsten anode; 1.0-mm sq  foca l  spot ;  2 windows, 

each with 0.5 mm beryl l ium; and a i a t e r  cooled jacket  (Machlett Laboratories ,  

Inc . ,  Springdale,  Conn.). The tube is  mounted upr ight  i n  a metal cabinet  with 

a mounting bracket  and an extension tube a t tached a t  each window pos t .  

Exposures a r e  made using two cameras, s p e c i a l l y  constructed o f  c a s t  aluminum 

and designed as shown i n  Figs.  1 and 2, i n  a modificat ion o f  a design furnished 



by D r .  Robert Rowland, Biophysics Divl.sion, Argonne National  Laboratory, Argonne, 

I l l .  The camera is  loaded wi th  Kodak type  649-0 emulsion-coated spec t roscopic  

p l a t e  (1" x 3") .  The specimen ho lde r  is  prepared by gl-wing a. t i g h t l y  s t r e t c h e d  

p iece  of 0.00025-inch t h i c k  mylar t o  the . . camera end. A p l a s t i c  washer with 

ex t e rna l  diameter . . t h e  same as t h e  i n t e r n a l  diameter o f  t h e s p e c i m e n  ho lde r  i s  
. . 2 f i t t e d  with . f i ve  successive-ly sma l l e r  i i e c e s  of  aluminum f o i l  ' (7 .0 mg/m ) 

2 .  
. . 

glued t o  one edge t o  form a d e n s i t y  wedge. The washer i s  then i n s e r t e d  i n t o  

t h e  po r t  opening of  t h e  specimen ho lde r  u n t i l  t h e  aluminum wedge i s  i n  d i r e c t  

contac t  with t h e  ,mylar .  The..specimen--an ' 8 0 ~  t h i c k  s e c t i o n  'of bone-- is  then  

glued t o  t he  o u t e r  su r f ace  o f .  t h e  mylar (Fig.' 3 ) .  The specimen ho lde r  i s  

a t t ached  by means of  a se t screw t o  the, p o r t  end -o f  the.  ex tens ion  t u b e  (Fig.  4 ) .  

The cameras a r e  placed over  . t he  specimen holders  a t  , .  t h e  . p o r t  (Fig. 5):. Exposures 

a r e  made a t  11 Kv and 16-19 ma f o r  5 mii. The cameras a r e  removed a f t e r  exposure, 
. . 

making s u r e  ' t h a t  no photographic p l a t e ' i s  i n  contac t  with t h e . p o r t  when t h e .  camera 
. .. 

is  removed from t h e  ex tens ion  tube .  ' ~ l i , d e s  a r e  developed i n  gr:oups of  40 o r  more 

i n  a s p e c i a l  con ta ine r .  Developing' . is  ..doii'e with Kodak Dl9 deve.loper and r ap id  

f i x e r .  * . . 
. ... . . -  . . 

. . 

* Appreciation is  extended t o  D r .  w.s . s . :~  ~ e e  o f  t h e  Univers i ty  of  .Utah f o r  h i s  
. . .  . . 

.advice on p repa ra t ion  of specimens. . 
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Fig.  1. Schematic drawing o f  microradiograph cameka : .. 
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Fig. 2 .  Plans for a microradiograph camera. 



Fig. 3 ,  $psimeit. boiders, de*:ity we3g.e and .specimens. 

Fig. 5 .  Power supply and X-ray tube with cameras i n  p lace .  
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BONE DENSITY EVALUATIONS BY MICRORADIOGRAPH SCANNING 

D.  H. McKelvie Density variations in.80 l . ~  bone samples were estimated 
Shirley Coffelt by microspectrophotometric scanning of microradiographs. 

fie technique was facilitated by  use of aZwninwn foiZ 
step wedges as density controls for microradiographs of 
the bone sections. 

I t  was observed tha t  dogs exposed, from b i r t h ,  t o  dai ly  i r rad ia t ion  from 

Sr-90 administered i n  the  d i e t  developed f l i n t - l i k e  bones t h a t  were d i f f i c u l t  

t o  f racture .  This finding prompted a determination of density var ia t ions ,  which 

was accomplished by the microspectrophotometric scanning of microradiographs t o  

observe variations i n  l i g h t  transmission. 

To quant i ta te  the  beam passing through the  microradiograph p la te ,  a s e r i e s  

of f ive  aluminum f o i l  s t ep  wedges was used as a control f o r  each microradiograph. 
#. 

The aluminum f o i l  weighed 7 mg/cmL. Figure 1 shows a microradiograph of a cross- 

sect ion of bone with the radiograph of t he  s t e p  wedge pa t te rn  tha t  had been taken 

simultaneously. 

A system for  scanning as shown i n  Fig. 2 was used. A Leitz-Femco Ameda 

Stage Drive (Femco, Inc., I rv in ,  Pa.) was attached t o  the  s tage  assembly of the  

microscope. The beam f o r  the 

scope was channeled through a 

Lei tz  microspectrophotometer 

(E. Leitz,  Inc. ,  New York) and 

then through a phototube t o  a 

photometer (Photovolt Corp., 

New York) and t o  a Linear/Log 

Varicord 43 (Photovolt Corp .) t o  

be graphed. Each specimen was 

scanned i n  comparable areas a t  

250X a t  25 p per  second. Eight 

2-m passes were made with a 

distance of 400 l.~ between each. 

The f i e l d  of l i g h t  reaching the  

phototube represented a c i r c l e  

of bone about 100 p i n  diameter; 

Fig. 1. Microradiograph of cross-section t h i s  i s  the approximate diameter 
of t i b i a  with density controls i n  of most of t he  la rger  haversian form of radiographs of aluminum . . 
s t ep  wedges. canals. Density w a s  recorded on 



Fig. '2.. Scsknn&pg ,System .fo? deilsity measitrefitnts 
f;rom &&&radiographs. 

a ,-gng; skeet of paper. Since each s l i d e  had its om standard i n  the 
. ~ 

Eom o f  rad'3ogsaphs, of the aLuminum wedges., each $ef of data fr6m one s l i d e  al'so 

Lne11uded a scan. of the  density varsances ,from the  w,edges. This al.lMe& fijrc . 

v@:@nce in thidcpdss of s T i @ ~  an-d+@r .e&&slon. .~~ . netarmination . ~ 
6% dens&kY' a$: 

~ ~ n f & ~ ~ ~  &ei&t :a8 &C 1 ~ K e s e  peak i@a$.ule~ ,~u.@s m u .  Lowest v.alues represe~red: 

&c@iqg o,F haversian canals and/or dther nanbone areas. Average peak densi.ti.6~ . 

were determined by s&ng al-l peak v&lues and f i ~ d i n g  the means (Fig. 3 ) .  

This system, ds s h . ~ ,  some %.n&eation qi? dewi ty  varia%T-. kje£$ne- 

B%It Q% apparatus . . i s  Vetng undertakM, p-zimmarily by c ~ l l i m a t i n g  tlie l i g h t   be.^ 
from beneath the stage of the  microscope. 



Fig. 3 .  A scan from a s e c t i o n  of  a  microradiograph represent ing  t h e  humeral s h a f t  of a Sr -90- t rea ted  Beagle 



"PACHYOSTOSIS" RESULTING FROM &IRRADIATION I N  BONE 
UNIFORMLY LABELED WITH SR-90 

D.  H .  McKelvie A study of microradiographs of bones from dogs i 
uniformly labeled with Sr-90 showed an increased 
percentage of nonactive osteons and decreased percent- 
ages of hypomineralized osteons and resorption cavities; 
medullary indices were lower than controls. Because 
the resultant bone i s  more compact, with a smaller 
medullary cavity, resembling the bones of pachyderms, 
the condition i s  termed r'pachyostosis. " 

Prel iminary gross observat ions were made on bones derived from Beagles I 
maintained from 3 weeks i n  u t e r o  t o  18 months of age on a d i e t  containing Sr-90. -- 
The overa l l  e f f e c t  was t h e  production o f  a " f l i n t l i k e "  consistency i n  t h e  bone, 

toge the r  with narrowing of t h e  marrow c a v i t y  and a poss ib le  inc rease  i n  dens i ty .  

Such e f f e c t s  a r e  n o t  t h e  same a s  those  seen with high l e v e l s  of X- i r radia t ion  I 
o r  from i r r a d i a t i o n  from nucl ides  such a s  Ra-226 deposi ted i n  t h e  bone by 

intravenous i n j e c t i o n s  a t  puberty and e a r l y  adulthood. 

An extens ive  s tudy was done t o  determine i f  t h e  uniform depos i t ion  of 

i n t e r n a l  emi t t e r s  such a s  Sr-90 has a d i f f e r e n t i a l  e f f e c t  on o s t e o c l a s t s  and 

o s t e o b l a s t s .  Thirty-two pups from e i g h t  l i t t e r s  were used. Four of t h e  l i t t e r s  

(18 pups) were maintained on 10 U C i  Sr-90/g Ca i n  t h e  d i e t  from 3 weeks i n  u t e r o  -- 
t o  5 months o f  age; t h e  remaining l i t t e r s  were con t ro l s .  The dogs were then 

s a c r i f i c e d  and t h e i r  bones were sec t ioned f o r  microradiography. 

The microradiographs were examined t o  determine the  medullary index 

(UCD 472-114, 1967, p 63) ,  which gives r e l a t i v e  a rea  of medullary cav i ty  t o  

c o r t i c a l  bone, and f o r  ana lys i s  o f  hypomineralized osteons (with o r  without 

enlarged haversian cana l s ) ,  r e so rp t ion  c a v i t i e s ,  and nonactive osteons (Fig. 1 ) .  

Percentages o f  such osteons and t h e  medullary ind ices  were determined i n  con- 

t r o l  and Sr-90-labeled humeri, femora, t i b i a e ,  and me ta ta r sa l s .  I n  Sr-90 dogs 

t h e r e  was a general  decrease i n  hypomineralized osteons (both with and without 

enlarged canals)  and i n  r e so rp t ion  c a v i t i e s ;  t h e r e  w a s  an inc rease  i n  percent-  

age of nonact ive osteons.  Since t h e  hypomineralized osteons and re so rp t ion  

c a v i t i e s  are i n d i c a t i v e  of remodeling, it was concluded t h a t  t h e  r e so rp t ion  

process had been depressed. This w a s  f u r t h e r  v e r i f i e d  by t h e  f a c t  t h a t  t h e  

medullary index was l e s s  i n  the  Sr-90-labeled bones a s  a r e s u l t  o f  depression 

of endos tea l  r e so rp t ion  and a consequent inc rease  i n  the  th ickness  o f  the  cor-  

t i c a l  bone. The r e s u l t  i s  t h e  formation of an average-sized bone with a nar -  

rower medullary cavi ty  and a denser  compacta. Densitometry of microradiographs 

a l s o  v e r i f i e d  t h a t  t h e  Sr-90-labeled bone w a s  more dense than c o n t r o l s '  

(McKelvie and C o f f e l t ,  p 5 7 ) .  This type of bone i s  not  unl ike  t h a t  seen i n  



elephants and hippopotami and i n  aquatic animals such as seacows (dugongs), 

whales, o t t e r s ,  and beavers (Jowsey, Cornell Vet. 58: 74, 1968). The condi- 
I t i on  is therefore referred t o  as  "pachyostosis" and characterizes bone uni- 

formly labeled with high levels of Sr-90. Figure 2 shows cross-sections of 

femurs from various animals as drawn by Foote i n  1915 (J. S. Foote, A Contri- 

bution t o  the Comparative Histology of the Femur, Smithsonian Ins t i t u t e ,  

Washington, D.C., 1916). 



2.  gom mineralized osteon with large canal 
3. Resorption cavity o r  porosity 
4.  Nonactive o r  normally mineralized osteon 

I - - -  _ -L - .: - 

Fig. 2. Cross-sections of femurs 
(B) hippopotamus, (C) mol 
(Taken from Foote.) 

ngrel dog, (D) spaniei  dog. 



RADIOGRAPHIC CHANGES IN SKELETONS OF BEAGLES ADMINISTERED 
SR-90 AND RA-226 

R .  Jean Romer Williams Pathologic changes i n  the skeletons of Sr-90 and Ra-226- 
R .  J .  Hanson treated dogs are compared. Only dogs a t  the highest 

Sr-90 dose level shm more than random incidence of 
i n j u q .  A dose-related pattern of i n j u q  persists i n  
higher levels of Ra-226-injected dogs up to  4 yr of age. 
hJo dogs a t  the highest level of radium have developed 
osteosarcornas; a third dog i s  believed to  have a similar 
osteosarcoma. 

Use of the code system previously described (UCD 472-114, 1967, p 60) was 

continued for  quanti tat ive evaluation of  radiographic observations of dogs 

administered Sr-90 and Ra-226. Routine annual ske le ta l  surveys were evaluated 

f o r  473 dogs i n  the  Sr-90 group and 278 i n  the Ra-226 group. In  addition, 43 

special  examinations were done. Comparisons of the  controls and dogs i n  each 

dose level  i n  the Sr-90 and Ra-226 groups were again made by calculation of an 

Index of Injury, per attained age, f o r  each level .  

One radium control dog showed per iosteal  and endosteal changes i n  the r ad i i ,  

ulnae, and t i b i ae  a f t e r  18 months of age; these lesions were s imilar  t o  those 

seen i n  the radium-treated dogs. 

No lesions were noted i n  strontium-injected dogs a t  the highest (S4) level.  

However, the long bones of 2 of the  28 dogs i n  the 52 group showed minimal 

lesions which are apparently unrelated t o  the radiation his tory.  

The strontium ingestion group showed only random evidence of injury.  There 

might have been an increase i n  bone lesions by 4 y r  of age a t  the  highest dose 

level  (D5); these dogs showed an Index of Injury of 2.3, which i s  s imilar  t o  tha t  - 
L w T 

of the R2 level .  (Of the or ig ina l  D5 p i l o t  study dogs over 4 y r  of age, none has 

developed a s ign i f ican t  ske l e t a l  lesion.)  

The radium-injected dogs show the same pat tern of injury described l a s t  

year: trabecular coarsening of the d i s t a l  femora; multiple areas of endosteal 

cor t ica l  sc le ros i s  and thickening i n  the  long bones (especially d i s t a l  t o  the  

knees and elbows); f a i r l y  frequent per iosteal  reaction i n  long bones; ear ly  

f ractures  i n  the  r ibs  and spinous processes of vertebrae (mainly thoracic);  and 

s p i r a l  fractures i n  femora and, occasionally, humeri, the l a t t e r  developing 

ra ther  l a t e .  The rib-end changes referred t o  as "lead lines" l a s t  year have 

developed very poorly calci f ied new bone beyond the dense l ines .  A t  the higher 

levels there has been a surpr is ing development i n  many of the humeri and some 



other long bones tha t  showed ra ther  exuberant perioqteal  reaction: they show 

a tendency t o  "heal," with marked improvement i n  the appearance o r  even conrplete 

return t o  normal. This fac tor  may help account f o r  the  apparent dip  a t  3.5 y r  

i n  the R5 curve i n  Fig. 1. Many of the oldest  dogs i n  t he  two highest-level 

radium groups show a peculiar type of dental  caries (Bulgin, p 31 J as well as 

tooth root abscesses and loss of some teeth.  

Fig. 1. Comparison of Index of 
Injury with age i n  Ra-226 
dogs. 

0-Numb*r of dws in baoh oob group 

A few of the oldest  dogs i n  the  highest radium group have shown tumors, two 

of which are proven osteosarcomas. One of these w a s  a nasal tumor t h a t  extended 

in to  the maxilla; i n  the other case nearly h a l f  of the  pelvis  disappeared due t o  

an increasing os teo ly t ic  les ion with obvious s o f t  t i s sue  extension and e i the r  a 

secondary or  a metastatic les ion i n  one radius.  A ra ther  large os teo ly t ic  lesion 

in  the  ulna of a t h i rd  dog is a suspected osteosarcoma, 
The incidence of the various types of lesions seen i n  the  radium-injected 

dogs i s  shown i n  Figs. 2 t o  4. Generally there  is increasing injury with age, 

the higher dose levels showing e a r l i e r  onset and greater  incidence, both i n  

numbers of animals and bone areas involved. Therefore, t he  Ra-226-injected dogs 

show a dose-related pat tern of injury,  whereas the  Sr-90-injection and ingestion 

groups s t i l l  have a notable paucity of ske le ta l  lesions iden t i f iab le  by 

radiography. 
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Fig. 3. Skeletal lesions i n  Beagles 
treated with 0.42 pg Ra-226 
per kg per injection (R4) . 

Fig. 2. Skeletal lesions i n  Beagles 
treated with 0.14 pg Ra-226 
per kg per injection (R3). 
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Fig. 4. Skeletal lesions i n  Beagles 
treated with 1.25 pg Ra-226 
per kg per injection (RS]. 



BONE-SEEKING RADIONUCLIDE EFFECTS AS DEMONSTRATED BY 
SCINTILLATION CAMERA SCANNING 

Marvin Goldman Total body scintiZZation cmnera scanning has demonstrated I 
D. C .  Van Dyke* the distribution ofSr-00 and Ha-826 i n  BeagZes. Scan- 

ning of deposition s i t e s  of Fe-52 and Tc-99 indicate no 
significant changes due t o  Sr-90 treatment. Bone blood 
fZow visuaZized with F-18 indicated no Sr-90 e f fec ts ,  but 
demonstrated Ha-226 impaiment of the nomaZ pattern and 
ZocaZized an active endosteaZ resorption s i t e  one month 
before radiographic confinnation. 

Beagles reared on d i e t s  containing Sr-90 o r  receiving high levels of Ra-226 

exhibit  radiat ion injury t o  the  skeleton and hematopoietic system. Results t o  

date indicate t ha t  minimal injury t o  bone of Sr-90-treated animals can be detected 

by gross radiography, although a pat tern of pachyostosis i s  seen on autopsy and 

microradiography. The pat tern of strontium deposition by continuous feeding has 

been demonstrated t o  r e su l t  i n  a uniformly labeled skeleton. However, a f t e r  

18 months of Sr-90 feeding, t he  radiostrontium is l o s t  from the skeleton a t  ra tes  

which seem t o  be proportional t o  the  degree of trabeculation of the  pa r t i cu l a r  

region of the skeleton ( i . e . ,  the turnover r a t e  i n  compact bone is less  rapid).  

I t  is also known tha t  Sr-90 e f fec t s  on the hematopoietic system have resul ted i n  

chronic leukopenia and i n  the induction of leukemias. 

The d is t r ibu t ion  of act ive marrow i n  the Beagle is primarily along the ax ia l  

skeleton, while the bulk of the Sr-90 body burden is dis t r ibuted,  a t  l e a s t  a t  long 

times a f t e r  the  cessation of the  labeling period, within the appendicular skeleton. 

I t  is reasonable t o  expect tha t ,  with time, marrow absorbs a lower B dose r a t e  

compared with the mean ske l e t a l  dose r a t e  based only on t o t a l  ske le ta l  mass and 

body burden. By contrast ,  the  alpha i r rad ia t ion  dose delivered from Ra-226 injec-  

t ions  i n to  adults is dis t r ibuted t o  a large extent i n  "hot spots," such tha t  the  

highest dose ra tes  would be found i n  the regions of bone closest  t o  active 

.marrow ( i  . e . ,  i n  trabecular and epiphyseal bone) . A comparison of the  temporal 

dose-effect relationships upon leukocyte concentrations i n  blood re la t ive  t o  the 

two patterns of radionuclide administration tends t o  support such a hypothesis. 

Furthermore, i n  a limited number of dogs studied,  the Fe-59 ferrokinet ic  pa t te rn  

i n  Sr-90-fed dogs did not appear t o  show any dose-effect re la t ionship.  This 

report presents some preliminary s tudies  designed t o  compare s p a t i a l  d is t r ibu-  

t ion of deposited bone-seeking radionuclides with -- i n  vivo dynamic t e s t s  of bone 

* Donner Laboratory, UC Berkeley 1 



and marrow functions. Sc in t i l l a t i on  scanning was i n i t i a t e d  t o  obtain fur ther  

ins igh t  i n to  the d i s t r ibu t ion  of c e l l s  a t  r i sk ,  r e l a t i ve  t o  the  ske l e t a l  d i s t r i -  

bution of radioact ivi ty  from these two bone-seeking nuclides. Figure 1 shows 

the t o t a l  body bremsstrahlung d is t r ibu t ion  pa t te rn  -- i n  vivo and was obtained from 

a 4-yr old dog with a body burden of approximately 100 W i  Sr-90. Since external 

bremsstrahlung from Sr-90 + Y-90 i s  a continuum whose in tens i ty  logarithmically 

scales  toward the lower energies, t i s sue  absorption of bremsstrahlung in tens i ty  

can be qui te  marked as demonstrated by comparing the dorsal ( la)  and (lb) ventral  

views of the  dog: the  viscera severely attenuate the  bremsstrahlung output from 

the vertebrae. By contras t ,  i n  the gamma ray emission pat tern from a dog con- 

ta ining about 25 lJCi Ra-226, the body d is t r ibu t ion  i s  readi ly  observable i n  the 

s c i n t i l l a t i o n  scan of the energetic gammaemitting daughters of Ra-226 (Fig. 2).  

Fig. l a .  Bremsstrahlung scan of Fig. l b .  Bremss t reung  scan of 
Sr-90-labeled Beagle, Sr-90-labeled Beagle, 
dorsal  surface t o  ventral  surface t o  
detectors. detectors.  



Fig. 2. Whole body scan 
of Ra-226 Beagle 

The qua l i ta t ive  d i s t r ibu t ion  of act ive hematopoietic s i t e s  was compared 

between a high level  strontium dog (100 Sr-90 body burden) and one a t  our 

lowest level  (<0.1 pCi Sr-90 body burden, essen t ia l ly  equal t o  control values). 

Positron-emitting Fe-52 was injected 12 h r  before t he  s c i n t i l l a t i o n  scan t o  

allow for maximum erythroid marrow uptake. Figure 3 shows tha t  the  d i s t r ibu t ion  

of the iron i n  t he  marrow is  qua l i ta t ive ly  the same i n  the two dogs. Essentially 

a l l  the  iron was deposited i n  marrow, l i ve r ,  and spleen. The d is t r ibu t ion  of 

reticuloendothelial  ce l l s ,  as demonstrated by the uptake of col loidal  Tc-99, 

was s imilar  and also demonstrated the lack of a difference between the two dogs. 

The pa t te rn  of bone blood flow was evaluated i n  a high level strontium, a 

high level radium and a control  dog (Fig. 4), u t i l i z ing  the ske le ta l  incorporation 

of F-18. Following intravenous inject ion,  f luor ine tha t  has not been adsorbed 

onto bone crysta ls  is rapidly cleared by the kidneys. The control and strontium 

dogs exhibited essen t ia l ly  t he  same pattern;  however, the high level radium 

animal demonstrated a poorer ske l e t a l  resolut'ion, suggesting tha t  a l e s s e r  

f rac t ion  of the f luor ine was adsorbed on bone and was s t i l l  c i rculat ing so tha t  

a higher f ract ion was excreted i n t o  the bladder. I n  addition, a hot spot  on the 

l e f t  humerus of the  radium dog suggested a localized rcgion of increased bone 

blood flow which could have indicated a f racture  (Fig. 4 ) .  Subsequent radio- 

graphic examination demonstrated no abnormal les ion i n  t h i s  humerus; however, 

one month l a t e r  there  was radiographic evidence of act ive endosteal resorption, 

a common charac te r i s t ic  of radium poisoning. The f luor ine "hot spot" demonstrated 



the  location of an abnormal process p r i o r  t o  its recognition radiographically. 

Since the dose commitment from F-18 is qu i t e  low, due t o  a shor t  h a l f - l i f e  

(112 min), t h i s  method may have considerable u t i l i t y  i n  diagnosis and therapy 

evaluation of osteologic diseases. Future s tudies  w i l l  u t i l i z e  such t e s t s  a t  

e a r l i e r  ages and during, as well as a f t e r ,  the  period of radionuclide admin- 

i s t r a t i o n .  

Acknowledgment i s  made t o  the UC Donner Laboratory f o r  cooperation i n  

s c i n t i l l a t i o n  scanning. 

Fig. 3. oryrnropoietic marrow a ~ s r r i o u t i o n  i n  sow 
( 4 . 1  pCi burden, l e f t )  and high (>lo0 pCi 
burden, r igh t )  Sr-90-labeled Beagles. 



Fig. 4. Bone-blood flow patter.. -.. Sr-90- .--2ht) 
control (center) ,  and Ra-226- ( l e f t ) ,  
t rea ted  Beagles. 

Fig. 5.  Left fore (top) and hind 
limbs (bottom) i n  Ra-226- 
t rea ted  ( l e f t ) ,  and runtrol  
Beagles. Nnte humcrdl "hot 
spot" and poorcr limb 
resolution, especial ly  about 
the s t i f l e .  



Marie Bulgin 

HEMATOLOGICAL EFFECTS OF RADIUM 
. . 

Immediate Zy af ter .  radium inject ion,  'the nwnber of 
circulating wfiite c e l l s  decreases. The count begins 
t o  r i se  a f t e r  the las t  inject ion and approaches 
control levels.  Radiwn showed a srnaZZ e f f ec t  on 
circulating red c e l l .  numbers a t  the highest dose level; 
no e f f ec t  was noted a t  lower dose ZeveZs. , 

The. s e r i e s  of e i g h t  Ra-226 i n j e c t i o n s ,  given a t  15-day i n t e r v a l s ,  begins 

a t  435 days of age and ends a t  approximately 540 days of age .  A t  t h e  h ighes t  

l eve l  (RS), immediately a f t e r  the  f i r s t  radium i n j e c t i o n  the re  i s  a  decrease i n  

the  white c e l l  count. '  Af ter  t h e  l a s t  inj .ect ion the  number of  c i r c u l a t i n g  white 

c e l l s  begins t o  increase .  The' count s t a b i l i z e s  a t  4,000 t o  7,000 (about h a l f  

o f  normal) at around 900 days, however, and remains more o r  l e s s  cons tant ,  not 

-showing the f u r t h e r  decl ine  with age demonstrated by the  cont ro l -dogs  (Fig. 1 ) .  

The g r e a t e r  v a r i a b i l i t y ' n o t e d  a t  higher ages may be .due  t o  the . ' smal ler  number 
. . . .  

of dogs a t  those ages;. 

Effec ts  a t  the  R4 level '  a r e  l e s s  marked but  show the  sanie' .pattern--a decrease 

i n  white c e l l  count during i n j e c t i o n  and a  r i s e  afterward--reaching s t a b i l i t y  a t  

900 days. .Values a t  t h a t  time a r e  s l i g h t l y  be low~con t ro l s ' l  arid remain a t  i h i s  

l eve l  r a t h e r  than demonstrating the  slow decl ine  with ag'e shown by the  cont ro l  

dogs. 

Radium has l e s s  of an e f f e c t  upon the  e ry th ropo ie t i c  system. Although a  

t r a n s i e n t  drop i s  noted i n  the  packed c e l l  volume during i n j e c t i o n  i n  the  R5 

l eve l ,  no, change' from the  normal i s  seen i n  t h e  'R4 l e v e l .  
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8 , 12000 - 
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Fig Changes i n  packed c e l l  volume and t o t a l  leukocyte counts with 
age i n  Ra-226-treated Beagles. 
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MYELOPROLIFERATIVE DISORDERS I N  SR-90-BURDENED BEAGLES 

An apparent dose - r e l a t ed  inc idence  o f  mye lop ro l i f e r a t ive  d i so rde r s  occurred 

M .  Goldman Fourteen Beagles i n  the tuo highest Sr-90 treatment 
D .  L .  Dungworth leve 2s have deve loped varying degrees of mye ZoproZi'f- 
J .  F.  Wright erative disorders. The incidence rates range from 
J .  E .  West 2 t o  7% per year between 1 and 5 yr of age; the 
J. W. Switzer  most florid cases of granulocytic leukemia are generally I 

H .  Tesluk i n  the younger dogs. CZinicaZZy, arlenrias signal the 

i n  Beagles between 1 . 5  and 4  y r  o f  age a t  t h e  two h i g h e s t  l e v e l s  of Sr-90 feeding I 

onset of the disease with variable leukemic response, 
rare abnormal c e l l s  i n  peripheral blood, and a spectrum 
of organ inf i l tra. t ion and arohiteckural disruption. 
The severity of the disease i n  these cases i s  correlated 
with changes i n  marrow, spleen, l iver ,  lymph nodes, and 
lwzg, and other t issues t o  a lesser degree, consistent 
with the concept of progressive stages i n  the develop- 
ment of granulocytic leukemia. 

(Q4 o r  12 pCi/day f o r  t h e i r  f i r s t  18 months of l i f e )  (UCD 472-114, 1967, p 53) .  I 

I 

A t  p r e sen t  t h e r e  a r e  14 cases .  To d a t e ,  no mye lop ro l i f e r a t ive  d i sease  has been I 
observed i n  any of t h e  Sr -90- t rea ted  animals i n  t h e  lower dose l e v e l s .  Table 1 I 
summarizes t h e  popula t ion  a t  r i s k  a t  var ious  ages and i n d i c a t e s  t h e  incidence of  

t h e  d i sease  i n  t h e  colony. In t ens ive  s tudy  and comparative eva lua t ion ,  p a r t i c u -  

l a r l y  by p a t h o l o g i s t s  a t  t h e  Radiat ion Labora tor ies  a t  Oak Ridge, Utah, Argonne, 

~ a t t e l l e  Northwest, and t h e  Love l ace  Foundation, have s u b s t a n t i a l l y  corroborated I 
t h e  d iagnos is  and i t s  s a l i e n t  c h a r a c t e r i s t i c s .  1 

Table 1. VARIATION WITH AGE OF THE NUMBER OF BEAGLES AT RISK 
I N  THE VARIOUS Sr-90 DOSAGE LEVELS 

Number. o f  Beagles a t  Risk i n  Each Age Grouping 
- 

.O .  10 1 .OO 1.50 2.00 3.00 4.00 5.00 6.00 7.00 
t o  t o  t o  t o  t o  t o  t o  t o  t o  

Dose PC i 0.99 1.49 1.99 2.99 3.99 4.99 5.99 6.99 7.99 
Level Sr-9O/day Y r ,  Y r Y r Y r Y r  . Y r  Y r  Y r  Y r  

* Number of  dogs with mye lop ro l i f e r a t ive  d i s o r d e r  i s  i n  parentheses .  
" . -. 



A s  a  group, t h e  14 cases  seem t o  manifest  a  spectrum o f  involvement t h a t  

may cha rac t e r i ze  t h e  development of myelogenous leukemias. This  spectrum 

ranges from t h e  e a r l i e s t  i n d i c a t i o n s  of  myeloid hype rp la s i a  and metaplas ia  

through in te rmedia te  cases  t o  t hose  t h a t  can be  c l a s s i f i e d  as  undoubtedly 

n e o p l a s t i c .  There were two acute  dea ths ;  i n  t h e  remaining 1 2  ca ses ,  a  pro-  

g re s s ive  o r  p r e c i p i t o u s  te rmina l  anemia was t h e  f i r s t  c l i n i c a l  evidence of  t h e  

d i sease  process .  

A wide range of te rmina l  p e r i p h e r a l  blood leukocyte numbers (3,000 t o  45,000) 

was observed. These a re  i l l u s t r a t e d  by fou r  cases  i n  Table 2. An i n t e r e s t i n g  

c h a r a c t e r i s t i c  of t hese  Beagles was t h e  appearance o f  t r a n s i e n t  v a r i a t i o n s  i n  

pe r iphe ra l  leukocyte count dur ing  t h e  d i s e a s e .  The d i s o r d e r  i s  gene ra l ly  

cha rac t e r i zed  by t h e  appearance o f  h y p e r c e l l u l a r i t y  o f  bone marrow, splenomegaly 

and, f r equen t ly ,  mild enlargement o f  lymph nodes. There i s  an apparent  decrease 

i n  marrow space i n  t h e  long bones o f  t h e  h igh - l eve l  s t ront ium dogs, b u t  t h e  

importance o f  t h i s  f i nd ing  has y e t  t o  be  eva lua t ed .  H i s t o l o g i c a l l y ,  t h e  marrow 

manifests  a  h y p e r c e l l u l a r i t y  of g ranu lopo ie t i c  e lements ,  u sua l ly  with a  s h i f t  

t o  t h e  l e f t  and sometimes inc lud ing  abnormal b l a s t  c e l l s  wi th  a  g r e a t  r educ t ion  

i n  e r y t h r o i d  p recu r so r s .  In  some cases  t h e r e  is  a l s o  a  mild f i b r o s i s .  

The sp leen  usua l ly  has  an excess of g ranu lopo ie t i c  c e l l s  i n  t h e  v e s s e l s .  

There a r e  varying degrees of a r c h i t e c t u r a l  . d i s rup t ion  i n  t h e  sp l een  and t o  

a  l e s s e r  e x t e n t ,  t h e  lymph nodes. ' The myeloid i n f . i l t r a t i o n  i s  t h e  predominant 

f e a t u r e .  There appears t o  be  a  good c o r r e l a t i o n  between t h e  s e v e r i t y  of t h e  

d i sease  involvemen;. and t h e  degree o.f t e rmina l  splenomegaly. - ,  Changes i n  t h e  

l i v e r  a l s o  r e f l e c t  t h e  s e v e r i t y  o f  t h e  d i s e a s e ,  c e l l u l a r  i n f i l t r a t i o n s  be ing  

predominantly i n  c e n t r a l  and sub lobu la r  ve in  r eg ions .  ~ t h ~  c a p i l l a r i e s  f r e -  . 

quent ly  appear t o  be  i n f i l t r a t e d  wi th  b l a s t  c e l l s .  Rarely a r e  ?bnoxyal b l a s t  

c e l l s  seen i n  smears of p e r i p h e r a l  blood. 

Table 2 summarizes some of t h e  s a l i e n t  f e a t u r e s  of t h e  dogs s t u d i e d  t o  

d a t e ,  arranged t o  show a pa tho log ic  p rog res s ion  from myeloid me tap la s i a  t o  . . 

myeloid neop la s i a .  In view o f  t h e  continuum represented ,  i t  appears d i f f i c u l t  

t o  s epa ra t e  t h e s e  cases  except by degree;  t h e r e f o r e ,  one i s  forced  t o  conclude 

t h a t  t hese  cases  r ep re sen t  varying s t a g e s  i n  t h e  p o t e n t i a l  development o f  

granulocyt ic  leukemia. This  i f f o r d s  a  unique oppor tuni ty  f o r  the. s tudy  o f  . t h e  

pathogenesis  of granulocyt ic  leukemia as  r e l a t e d  both t o  myeloid metaplas ia  

with myelofibrosis  and t h e  induc t ive  e f f e c t s  of  marrow i r r a d i a t i o n .  



Table 2. REPRESENTATIVE TERMINAL HEMOGRAMS OF Sr-90-IRRADIATED 
BEAGLES THAT DEVELOPED A MYELOPROLIFERATIVE DISORDER 

Dog Number DSOM32 D50F14 D50M64 D40F81 I 

Age a t  Death (yrs)  
Duration of  Anemia (dy) 
Hematocrit , 

Erythrocytes (10 /mm ) 
Hemoglobin (g%) 
Leukocytes '(/mrn ) 
Leukocyte' D i f f e r e n t i a l  

Myelob l a s  ts (%) 
Progranulocytes (%) 
Myelocytes (%) 
Metamyelocytes (%) 
Bands (%) 
Seg . Neutrophi 1s (%) 
~ymphocytes '(%) 
Monocytes (%) 
Eosinophi 1s (%) 

Erythrocyte Morphology 
Poiki locytos is  
~ n i s ~ c ~ t o s i s  
Hypochromasia 
Macrocytosis 

' P l a t e l e t s  

2 .3  
24 
17 
2.60 
7.5 
38,900 

12 
2 6 
8 
10 
18 
2 3 
1 
0 
2 

+ 
+ 
- 
- 
few 

1.5 
76 
5 
0.70 
1.6 

.3,300 

0 
0 
18* 
4 
2 
14 . 
6 2 
0 
0 .  

+ 
+++ 
++ 
+ + 
r a r e  

3.5 
386 
9 
1.10 
3.0 
7,100 

0 
0 
5 
2 1 
2 2 
4 5 
4 
3 
0 

+. 
+ 
- ' 

- 
r a r e  

2.1 
174 
3 

.-0.50 
1 ..o 
4,100 

2 
3 
17 
8 
25 
2 8 
11 
0 . -  

6.t. 

+ 
+ 
+ + 
++ 
r a r e  

* Fine chromatin, prominent nucleol i  
t Immature-myelocytes , metamyelocytes , and bands 

l'he' mean marrow dose , r a t e  diminishes with increas ing pas t-Sr-90-feeding I 
time, poss ib ly  r e s u l t i n g  i n  an incidence t h a t  i s  highest  i n  t h e  younger dogs. 

In addi t ion ,  i t  i s  est imated t h a t  the  marrow dose r a t e  i s '  r e l a t i v e l y  high a t  

t h e  time of maximum hematopoietic development; this .  may a l s o  play a r o l e  which 

is r e f l e c t e d  by t h e  incidence.  The da ta  from Table 1 i n d i c a t e  about a three-  

f o l d  d i f fe rence  i n  t o t a l  cases p e r  l e v e l ,  which i s  approximately proport ional  

t o  the '  d i f ference  i n  d&age between t h e  two l e v e l s .  There a l s o  appears t o  be  

an annual doubling of the  age-specif ic  incidence ' r a t e  between 1 and 5 y r ' o f  

age, s t a r t i n g  a t  %2%/yr f o r  D4- l eve l  dogs and %4%/yr for. . ~ ~ - l ~ v e l  dags. . . 
. r ' .  

Although the  da ta  are  l imi ted ,  t h e  incidence t r end  at t h i s  t i m e  cor re la t e s  

roughly. with the .  period of maximum leukopenia and may be r e l a t e d  t o  t h e  period 

o f  maximal e f f i c i e n c y  of  i r r a d i a t i o n  i n  per turbing marrow c e l l s  ( including 

stem c e l l  pool ) .  



EFFECTS OF X-IRRADIATION O N  NUCLE1.C ACID METABOLISM . . OF.:.! .  , . . :  

BEAGLE LYMPHOCYTES I N  ,CULTURE 
. . 

. . . . . . 

M .  Goldman ,. Phy tohemagg.Zutinin-stimulated Beagle b lood Zymphocy t e s  
K .  K .  Wolf begin transformation toward blas toid  foms  wi th in  24 h r  
A.  K i m i  Klein - .  -- i n  v i t r o  and proceed wi th  a doubling time of  about 12 hr.  
Angela .T. Foin Ini ' t ia l  X-irradiatton f 300R) reduces the  ce l 2, number t o  

. . about ha l f ,  but  does not change the  transfoxhation ra te .  
Labeled thymidine and uY.idine uptake ra tes  are s imi lar  
wi th  respect  t o  time and X-ray e f f e c t .  A f ter  ezposures 
t o  0, 30, 50, 100, 300, or 500R, uridine uptake was 

. depressed about 50% per 100R; c e l l  survival .  and thymidine 
. uptake. were minimal Zy a f fec ted  a t  doses .. l e s s  than 100R. 

We have p'reviously r epo r t ed  t h a t  graded doses of  X-rays. from 30R t o  500R. 

de'creased s u r v i v a l  and reduced t ransformat ion  e f f i ' c iency  fol lowing phytohemagglu- . . 

t i n i n  (PHA) s t i m u l a t i o n  (UCD ,472-114, 1967, p  68)". This  r e p o r t  surilmarize-s 

a t tempts  t o  c o r r e l a t e  some o f  t h e  parameters o f  n u c l e i c  a c i d  metabolism with 

those o f ' c e l l  t r ans fo rma t ion . and  s u r v i v a l  i n  v i t r o .  4he  assumption was made t h a t  -- 
t r i t i a t e d  thymidine, a  DNA precursor, '  would be  i l i corpoia ted  only ' i n t o  t h e  n u c l e i ~  

a c i d s  of  leukocytes s t imu la t ed  by PHA;'i .e. ;cells undergoing d i v i s i o n .  I n  

add i t i on ,  t h e  inco rpora t ion  o f  C-14-uridine i n t o  . t he .  RNA o f  . c e l l s  may no't be  

, r e l a t ed  p r i m a r i l y  t o  c e l l  r e p l i c a t i o n  and may not  -show t h e  c y c l i c  phenomenon 
. . 

a n t i c i p a t e d  f o r .  DNA s y n t h e s i s .  . .  . 

The time course of lymphocyte t ransformation t o  prolymphocytes and lympho- 

b l a s t s ,  as  shown i n  F ig .  1, w a s  determined.on Beagle p e r i p h e r a l  blood lymphocytes . . 
over a  three-day , pe r iod .  . The e f f e c t  of an i n i t i a l  exposure . t o  300R of 250 kvp 

X-rays was a l s o  determined. Minimal t ransformat ion  ,occurred  dur ing  t h e  .first' ' 

24 h r  of c u l t u r i n g ,  and t ransformat ion  proceeded exponent ial- ly ,  with a  lympho- 

b l a s t  doubling time of  about 1 2  h r ,  dur ing  t h e  next  two days o f  'culturing..  

Exposure t o  300R of X- i r r ad i a t ion  depressed t h e  abso lu t e  .number o f  c e l l s k  t r a n s -  

'formed (by a  f a c t o r  of  almos-t t h ree )  bu t  no t  t h e  r a t e .  

F ig .  2 summarizes ' t h e  r e s u l t s  o f  leukocyte c u l t u r e s  i n  which t h e  r a t e  of  

incorpora t ion  of  C-14-labeled u r i d i n e  i n t o  PHA-stimulated lymphocytes was com- 

pared on a  p e r  c u l t u r e  b a s i s .  Uridine inco rpora t ion  i n  non- i r r ad i a t ed  and 300R- 

exposed c u l t u r e s  w a s ' e s s e n t i a l l y  p a r a l l e l ,  i n d i c a t i n g  a  depress ion  s i m i l a r  t p  

t h a t  -noted i n  c e l l  s u r v i v a l .  Corrected f o r  t h e  number o f  c e l l s  i n  each .of t h e  

c u l t u r e s ,  u r i d i n e  incorpora t ion  on a  p e r  c e l l  b a s i s  increased  e s s e n t i a l l y  

exponent ia l ly  f o r  t h e  f i r s t  60 h r  of  c u l t u r e  and.-then seemed t o  reach a  p l a t e a u ,  



whereas 300~-exposed c e l l s  showed l i t t l e  incorporat ion u n t i l  a f t e r  24 h r .  The ' 

da ta  a l so  suggest t h a t ,  on the  average, some X-irradiated c e l l s  were i n i t i a l l y  

capable of p a r t i a l  ur id ine  incorporat ion p r i o r  t o  death.  ' 4  
Fig. 3 i l l u s t r a t e s  comparable p a t t e r n  f o r  t h e  in.corporation o f  t r i t im-  

labeled  thymidine. Since only blood lymphocytes survive  i n  cu l tu re ,  and a r e  

assumed t o  be  t h e  only c e l l s  s t imula ted  by PHA, the  i n i t i a l  per  cu l tu re  incor-  

pora t ion  o f  thymidine may represent  some of t h e  o ther  blood leukocytks which 
'' 

were. des t ined t o  d i e  i n  cu l tu re  but  which were s t i l l  capable of  some DNA 

syn thes i s .  The X-irradiated cu l tu res  c l e a r l y  show t h e  24-hr lag  p r i o r  t o  thymi- 

dine incorpora t ion , .and the  f a c t  t h a t  r a t e  of incorporat ion l eve l s  o f f  between 

48 and 72 h r .  For the  number of c e l l s  i n  cu l tu re ,  the  cont ro l  and i r r a d i a t e d  

cu l tu res  showed e s s e n t i a l l y  p a r a l l e l  p a t t e r n s  with a decrease of approximately 

50% due t o  i r r a d i a t i o n .  

. X-ray exposure-effect r e l a t i o n s h i p  was t e s t e d  on cu l tu res  sus ta ined f o r  

66 h r ,  the  time a t  which the  r a t e  of change of DNA incorporat ion appeared t o  be 

minimal. I n  Fig. 4, t h e  e f f e c t s  of  X-ray exposures up t o  500R on c e l l  su rv iva l ,  

thymidine incorpora t ion ,  and u r id ine  incorporat ion a r e  compared as percentages 

of un i r rad ia ted  c u l t u r e s .  A t  low doses (30, 50, o r  100R) l i t t l e  e f f e c t  on c e l l  

count was seen;  a t  doses of 300R t o  SOOR, more than 50% of t h e  c e l l s  appeared t o  

survive ,  a t  l e a s t  t o  66 h r . ,  The thymidine incorporat ion per  cu l tu re  appears t o  

show a s i m i l a r  absence of marked e f f e c t s  a t  doses below l O O R  and an exponential 

depression a t  the  h igher  doses. The most marked rad ia t ion  e f f e c t  was noted i n  

u r id ine ,  which showed an exponential decrease i n  incorporat ion a t  a l l  exposures. 

In  Fig. 5,  r a d i a t i o n  e f f e c t s  on the  thymidine and ur id ine  incorporat ion pe r  

c e l l  a r e  summarized. The 0 t o  l O O R  shoulder  i s  evident  f o r  t h e  average c e l l u l a r  

a c t i v i t y  of thymidine, whereas t h e  g r e a t e r  r a d i o s e n s i t i v i t y  described above f o r  

u r i d i n e  uptake i s  shown t o  follow a p a t t e r n  p a r a l l e l  t o  t h a t  o f  thymidine a t  the  

higher doses. The c e l l u l a r  RNA:DNA w a s  seen t o  decrease only through the  first 

300R of exposure. An explanation might be t h a t ,  as DNA syn thes i s  i s  a c y c l i c  

phenomenon and t h e  mechanism i s  not  equally r ad ia t ion  s e n s i t i v e  a t  a l l  s tages  of  

t h e  cycle ,  t h e  ef fec t iveness  of a  s i n g l e  r ad ia t ion  exposure ( i n  terms of  c e l l u l a r  

thymidine incorporat ion) i s  a function of the  number of c e l l s  i n  each phase of 

the  DNA synthes is  cycle .  I n  t h e  case of  RNA syn thes i s ,  i f  t h e  process i s  con- 

t inuous,  then a l l  c e l l s  may be equal ly  s e n s i t i v e  t o  a  given rad ia t ion  exposure. 



Fig. 2 .  

12 - 2 4  : ,  .36 48 

HOURS IN CULTURE 

Uridine-C-14 
inco rpora t ion  i n t o  
s t imu la t ed  Beagle 
lymphocytes. 

. . 
Fig.  1 .  Lymphocyte t ransformat ion  

fol lowing PHA s ' t imula t ion .  
  ran sf or mat ion begins 
a f t e r  -24 h r  in.>.cu.lture 

. . and i s  f u r t h e r  delayed by, 
p r i o r  X - i r r a d i a t i o n .  

. . 

PHA- 

I I I I I  1 I 1 
12 24 36 4 8  60 7 2  

HOURS IN CULTURE 

12 24 3 6  4 8  6 0  72 
HOURS IN CULTURE 

F i g  .. 3 .  Thymidine-H-3 incorpora-  
t i o n  i n t o  PHA-stimulated 
Beagle leukocytes .  



Fig. 4 .  X-ray e f f e c t s  on lymphoid 
c e l l  s u r v i v a l  and l abe l ed  
n u c l e i c  a c i d  precursor  
i nco rpora t ion .  
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We are  cu r ren t ly  inves t iga t ing  these  metabolic c h a r a c t e r i s t i c s ,  u t i l i z i n g  

both lymphocytes and marrow c e l l s  derived from dogs t h a t  have received chronic 

) i r r a d i a t i o n  of bone marrow by continued maintenance of  body burdens of ~ a - 2 2 6  

and Sr-90. Based on the  f indings i n  th ree  high-level  Sr-90-treated animals 

r e l a t i v e  t o  cont ro ls ,  t he re  i s  a suggestion of  a  twofold inc rease  i n  t h e  a b i l i t y  

of the  per iphera l  lymphocytes t o  respond t o  PHA s t imula t ion .  Further  s t u d i e s  

are  required t o  determine whether t h i s  is  a cons is tent  p a t t e r n  i n  Sr-90- t rea ted  

animals, and t o  evaluate  t h i s  response i n  Ra-226-treated dogs. 

The immediate and 24-hr uptake of labeled  u r id ine  and thymidine by asp i ra ted  

bone marrow c e l l s  i n  c u l t u r e  i s  under s tudy,  u t i l i z i n g  the  r e l a t i v e  e f f i c i ency  

of nuc le ic  ac id  metabolism t o  a t e s t  dose of 300R X-i r radia t ion  t o  the  c u l t u r e s .  

A t  t h i s  time too  few animals have been t e s t e d  t o  form any f irm conclusicps. 

Preliminary f indings would support t h e  hypothesis t h a t  marrow c e l l s  derived from 

radium-treated animals were s l i g h t l y  more r e s i s t a n t  t o  addi t ional  acute i n  v i  t r o  -- 
r ad ia t ion  than comparable con t ro l s .  , 

. . 

. . .  



INFLUENCE OF BIOCHEMICAL PARAMETERS 'ON METABOLIC 
RESPONSES OF CELLS IN CULTURE . 

S a l l y  D .  Huff flucleic acid synthesis by Beagle Zymphocytes was 
A.  K i m i  Klein measured t o  determine the e f f ec t s  of changing substrate 
Angela Foin concentration, ce l l  concentration, and other components 
Marvin  oldm man of the incubation medium. Mmimwn celZuZar uptake of 

H-3-thymidine was obtained with an exogenous thymidine 
concentration of 6 pM; maximum C-14-&dine incorporation 
occurred a t  25 pM. IsoZation of t r i t ia ted  cel lular 
products a f t e r  incubation of intact  ce l l s  with H-3- 
thymidine indicated that the major portion of intra- 
cel lular t r i t ium i s  bound t o  DNA. Comparison of 
metabolism of H-3-thymidine by cell-free preparations 
shows that a l l  enzymatic steps involved i n  the incorpora- 
t ion  of thymidine in to  DNA are decreased by 300R 
X-irradiation, but suggests that DNA synthesis may be 
reduced t o  a greater extent than i s  the phosphorylation 

" 

.of thymidine, which precedes i t s  incorporation in to  
nucleic acid. 

Recent research has u t i l i z e d  t h e  uptake of nuc le ic  acid precursors as an 

index of r a d i a t i o n  e f f e c t  on bone marrow and per iphera l  blood c e l l s  i n  v i t r o .  -- 
The response obtained depends not only upon t h e  treatment ( i r r a d i a t i o n )  but  a l s o  

upon the  t e s t  environment. To make r e l i a b l e  and meaningful comparisons between 

t r e a t e d  and contro l  groups, the  inf luence  of  o the r  var iables  on the  response must 

be considered. The e f f e c t s  of some o f  these  f ac to r s  a r e  reported here .  

Except f o r  t h e  va r i ab le  being t e s t e d ,  t h e  condit ions of c e l l  cu l tu re  and 

incubation with H- 3- o r  C- 14- labeled nuc le ic  ac id  precursors were i d e n t i c a l  t o  

those rou t ine ly  employed. Br ie f ly ,  per iphera l  blood lymphocyte cu l tu res  were 

s t imula ted  by phytohemagglutinin (PHA) and incubated f o r  66 h r  p r i o r  t o  meta- 

b o l i c  measurements. Bone marrow c e l l s  were cu l tu red  f o r  24 h r  before  addi t ion  

of  labeled s u b s t r a t e s .  H-3-thymidine o r  C-14-uridine uptake was allowed t o  

proceed f o r  90 min. Tota l  volume pe r  cu l tu re  tube was 5 m l .  Following incuba- 

t i o n ,  c e l l s  were i s o l a t e d  and washed t h r e e  times. Af ter  appropriate sample 

prepara t ion ,  uptake of  r a d i o a c t i v i t y  was measured i n  a . l iquid  s c i n t i l l a t i o n  countel 

1. Concentration of Subst ra te  

Thymidine concentrat ion w a s  from 0.1 t o  20 pM. Radioactivi ty ( H - 3 -  

thymidine) was maintained a t  1.2 pCi/culture tube.  C e l l u l a r  uptake of exogenous 

thymidine, as a funr t ion  of thymidine concentrat ion i n  the  medium, i s  shown in  

Fig. 1. Thymidine concentrat ion influenced the  response up t o  about 6 uM, a f t e r  

which l i t t l e  change i n  uptake was observed. The mean' concentrat ion of mononuclear 

c e l l s  (MNC) per  c u l t u r e  tube was 342,00O/ml. The maximum uptake of thymidine per  

WC was 1.5 x 10-lo pmoles. 
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Fig. 1. Thymidine uptake by cu l tu red  p e r i p h e r a l  
blood lymphocytes as  a  func t ion  of  exo- 
genous thymidine concent ra t ion .  

Uridine;  Figure 2 shows t h e  e f f e c t  o f  varying t h e  concent ra t ion  of  u r i -  

d ine  i n  t h e  medium, from 1 t o  60 pM. Each c u l t u r e  tube  contained 0 .2  pCi o f  

C-14-uridine. Marked inc reases  i n  u r id ine  uptake as  a  func t ion  of  concentra-  

t i o n  were observed up t o  about 25 pM. The mean number of MNCs was 634,00O/ml; 

uptake of  u r i d i n e  p e r  c e l l  was 7.5 x lo- ' '  pmoles--five t imes as  g r e a t  a s  t h e  

uptake of thymidine. 

URlDlNE CONCENTRATION ( p  m 1 

Fig.  2 .  Uridine uptake by cu l tu red  p e r i p h e r a l  
blood lymphocytes a s  a  func t ion  of  exo- 
genous u r i d i n e  concent ra t ion .  



2 .  Ce l l  :Concentrat ion 

- s i n c e  X- i r r ad i a t ion  gene ra l ly  r e s u l t s  i n  c u l t u r e s  conta in ing  fewer 

c e l l s  than  c o n t r o l s ,  and s i n c e  c e l l  numbers may vary between con t ro l  c u l t u r e s ,  

it was important t o  determine whether uptake o f  s u b s t r a t e  p e r  c e l l  was t h e  same 

r ega rd l e s s  of t h e  concent ra t ion  of  c e l l s  i n  t h e  medium. A group of  c u l t u r e s  

was combined, r e d i s t r i b u t e d  t o  c u l t u r e  tubes  i n  concent ra t ions  covering t h e  

range o r d i n a r i l y  encountered,  and incubated  wi th  H-3-thymidine. The r e s u l t s  a r e  

shown i n  Fig.  3  (MNCs from p e r i p h e r a l  blood) and Fig.  4 (bone marrow leukocytes) .  

The average response i n  terms o f ' u p t a k e  of H-3-thymidi.ne appears l i n e a r  i n  

r e l a t i o n  t o  c e l l  concent ra t ion .  

0 2 0 0  . 400 600 0 I 2 
NO. OF MONONUCLEAR NO. OF LEUKOCYTES / m l  ( i n  millions) 
CELLS / ml ( in 1000s) 

Fig .  3.  Thymidine uptake by p e r i -  F ig .  4 .  Thymidine uptake by .bone marrow 
p h e r a l  blood lymphocytes c e l l s  as  a  func t ion  o f  concen- 
a s  a  func t ion  of  concen- t r a t i o n  o f  leukocytes .  
t r a t i o n  o f  mononuclear 
c e l l s .  

3 .  Change of  Medium P r i o r  t o  Incubat ion wi th  Labeled S u b s t r a t e  

During t h e  66 h r  o f  c e l l  c u l t u r e ,  t h e  medium changes . : cons t an t ly  . because 

of  c e l l u l a r  uti,l.izatio.n of  .its.;.components and r e l e a s e  of c e l l  .pro'ducts . C e l l u l a r  
. b 

. . . . 
breakdown fol lowing X-irrad2ati 'on is ' a  source of  k l i spar i ty  i n  environment between 

i n t a c t  c e l l s  from c o n t r o l  c u l t u r e s  and i r r a d i a t e d  c u l t u r e s .  Therefore ,  compari- 

sons of  H-3-thymi1dine uptake . were . made between c e l l s  remaining i n  t h e  o r i g i n a l  



medium and c e l l s  t r ans fe r red  t o  f r e sh  medium. Results indica ted  t h a t  H-3- 

thymidine uptake per  c e l l  was approximately 40% g r e a t e r  i n  a l l  c e l l  cu l tu res  

1 supplied with f resh  medium, but  t h a t  the  e f f e c t  of X- i r rad ia t ion '  on H-3-thymidine 

uptake was the  s h e ,  regardless  of whether o r  not the  medium was changed. 

4.  Presence of Other Deoxyribonucleosides 
. . .  

DNA i s  formed from deoxyribonucleoside d e r i v a t i i e s  'other than 

, thymidine. In  -- i n  v i , t ro  systems, the  presence of  these  o the r  precursors'  o f t en  
. . 

enhances incorpora t ion  ,of H- 3- thymidine Since no nucleosi  des a r e  present  i n  

the  s p t h e t i ' c  medium used f o r  c e l l  c u l t u r e s ,  3 pM/each of d e ~ x ~ a d e n o s i n e ,  

deoxycytidine, and deoxyguanosine w a s  added t o  the  medium, and t h e .  e f f e c t  on t h e  

c e l l u l a r  incorpora t ion  of H-3-thymidine '(6 pM) was meas'ured using transformed 

per iphera l  blood lymphocytes. No change . i n  . H-3-thymidine incorpora t ion  w a s  

observed i n  the  supplemex~Lecl c u l t u r e s ,  compared t o  cu l tu res  containing only 
, . 

H- 3- thymi dine.  

Fate of H-3-Thymidine i n  Transformed Per iphera l  Blood ~ ~ y m ~ h o c ~ t e s  

Thymi dine (TdR) i s  successively phosphory l a t e d  ' t o  thymidine- 

monophosphate (TMP) , thymidine-diphosphate (TDP) , and thymidine-triphosphate 

(TTP)pr io r  t o  incorpora t ion  i n t o  DNA. I t  was important t o  determine what amount 

of t h e  H-3 i s o l a t e d  i n  the  cells represented DNA-bound H-3. Therefore, c e l l s  

were incubated i n  the  usual  manner with H-3-thymidtne. Af ter  washing, the  c e l l s  

were homogenized i n  0.14 M NaC1:0.014 M sodium c i t r a t e  with salmon sperm DNA 

c a r r i e r  added. DNA was :separated from i t s  acid-soluble precursors by, t h e  method 

of Schneider (J. ~ i o l .  Chem. 161: 293, 1945); more than 90% of the  r a d i o a c t i v i t y  

was found i n  the  DNA f r a c t i o n .  Thus, H-3-TdR uptake by cu l tu red  c e l l s  appears 

t o  be a r e l i a b l e  index of DNA syn thes i s .  

H-3-Thymidine Metabolism in. a Cel l - f ree  System ' 

DNA, w,as the  major i so top ica l ly - l abe led  product of  H-3-TdR metabolism 

i s o l a t e d  from i n t a c t ,  non- i r radia ted  c e l l s  i n  c u l t u r e .  However, incubations of  

c e l l - f r e e  homogenates. of  transformed pe r iphera l  blood lymphocytes y i e l d  'H-3- 

labeled nucleot ide  intermediates as well  as  DNA. Comparison was made between 

metabolism of H-3-TdK (10 mpmoles i n  1 ml) i n  a c e l l - f r e e  system derived from 

non- i r radia ted  per iphera l  blood lymphocytes, precul tured  f o r  70 h r ,  and a 

homogenate der ived.  from c e l l s  exposed t o  300R p r i o r  t o  c u l t u r e .  Heated salmon 

sperm .DNA was used as primer, and o the r  components required f o r  DNA syn thes i s  

were included i n  the  r eac t ion  mixture. I n  addi t ion  t o  DNA separa t ion ,  acid-  

so lub le  products were chromatographed on paper i n  a descending butanol  : a c e t i c  

acid:water system, which separa ted  the  compounds i n t o  TdR; TMP; and TDP + TTP; 

with the  l a t t e r  two compounds observable peaks of  r a d i o a c t i v i t y  were obtained 

but  they could not be separa te ly  quan t i t a t ed .  

8 1 

-- 



Table 1 ind ica tes  the  q u a n t i t i e s  o f  metaboli tes  i s o l a t e d ,  i n  terms of 

'percentage  of  o r i g i n a l  H-3-TdR s u b s t r a t e  ( t o t a l  r a d i o a c t i v i t y ) .  The r a t i o  of . . 
contro l  enzymes t o  i r r a d i a t e d  enzymes, i n  terms of  quan t i ty  of MNCs homogeni'zed 

and incubated, was 1.4 t o  1. When t h e  d a t a  were correc ted  f o r  t h i s  d i f f e rence ,  

i r r a d i a t e d  c e l l s  produced 66% as  much t o t a l  metabolism as control's' ( ind ica t ing  

formation of H-3-?MP from H-3-TdRJ . Fur ther  phosphorylations were decreased t o  

a  s i m i l a r  degree by i r r a d i a t i o n ;  however, incorpora t ion  of t r i -phosphates i n t o  

DNA showed a l a r g e r  decrement following X-i r radia t ion .  Thus, using a TdR assay 

system, the  nucleot idyl t ransferase  system was more l imi ted  by X-i r radia t ion  than 

were the  phosphorylation mechanisms. However, i t  i s  y e t  unknown whether t h i s  is  

a d i r e c t  e f f e c t  on DNA nuc leo t idy l t r ans fe rase  o r  an i n d i r e c t  k i n e t i c  e f f e c t  

involving the lower q u a n t i t i e s  o f  H-3-TTP ava i l ab le  f o r  incorpora t ion  i n t o  DNA . 
. . 

by enzymes from i r r a d i a t e d  c e l l s .  

Table 1. EFFECTS OF 300R X-IRRADIATION ON PRODUCTS 01: 
H-3-THYMIDINE METABOLISM I N  A CELL-FREE SYSTEM 

Products of  H-3-TdR Metabolisma 
(% o f  Total,  Radioactivi ty)  

Homogenate TMp -+ TDP;TTP - -f DNA 

Control 

X- i r radia ted  

I r radia ted/Contro l  - 

(Corrected %) 

a ~ r r iws  i n d i c a t e  probable sequence of  prbduct formation. Thus, ca lcu la t ions  
of  metabolism by i r r a d i a t e d  enzymes as a  percentage of cont ro ls  f o r  succes- 
s i v e  metabolic s t e p s  a r e  . for ,  t h e  product i n  p lus  a l l  those t o  t h e  
r i g h t  of i t .  



EFFECT 'OF'.THYROID HORMONE ON CULTURED BEAGLE LYMPHOCYTES 

A.  K i m i  Klein Thyroid hormone increased the rate and extent of trans- 
L .  K'. Bustad fornation of Beagle Zymphocytes t o  Zymphoblasts i n  

culture. The response was s.hiZar when T-3 i n  concen- 
trations one-tenth of that of T-4 were' used. 

In  e a r l i e r  s tud ies  a depression. i n  leukocytes was observed a f t e r  s u r g i c a l  

thyroidectomy o r  radiothyroidectorny (Bus t ad  e t  a1 . , ~ a d i a t i o n  Res . 6 : '380, 1957 ; 

Hacke.tt . e t  a1 . , Am.. J . Physiol . 200 : 1011, 1961) . There a re  severa l  poss ib le  

explanations f o r  the  observed leukopenia; however, the  d i r e c t  e f f e c t  of thyro id .  

hormone' on lymphocyte production was a p o s s i b i l i t y  t h a t  was r e a d i l y  inves t iga ted  

using cul tured  ~ e k ~ l e  lymphocytes ; ~ e ~ a r i n i r e d  blood was drawn i n t o  disposable 

syringes conta in ing prewarmed (38C) 5%. dextran i n  Hankst . . ~ a l a n c e d  S a l t  Solut ion  

(BSS) . The syringes we,re -kept  . , v e r t i c a l ,  needle up, a t  38C f o r  1 .5  h r .  . ~ t '  the  

end of t h a t  t i m e  the, red c e l l s  had s e t t l e d ,  l e a v i n g  . . most of  the  leukocytes sus- 
.: 

pended i n  t h e  dextran-plasma supernatant  f l u i d .  This f l u i d  was forCed. out  of  

the  syringe through .a crescent-shaped ,needle i n t o  a s t e r i l e  cent r i fuge .  % .  tube 

u n t i l  t he  red c e l l  i n t e r f a c e  reached t h e  top of  t h e  syr inge  b a r r e l :  ' ~ u t o l o ~ o u s  

plasma and dextran.were removed by washing t h e  c e l l s  i n  prewarmed (38C) Hanks1 

BSS. After  the  f i n a l  wash, the  c e l l  p e l l e t  was resuspended i n  prewarmed t i s s u e  

cu l tu re  medium (WMI-1629, GIBCO) .and c e l l  counts were made. The f i n a l  resus-  

pension volume of WMI-1629 was adjusted t o  y i e l d  a c e l l  concentrat ion o f  
3 4.580 x 10 mononuclear. c e l l s  (MNC) i n  5 m l  of  f i n a l  t i s s u e  c u l t u r e  medium. 

The medium containedRPM1- 1629, autologous plasma, - f e t a l  c a l f  serum, 

s t r e p t i l l i n  (procaine penic i  l l in-G and dihydrostieptomycin s u l f a t e ,  Tr ico  

Pharm. ~ o r p . ) ; ,  and ~ - ~ ' l u t a m i h e . .  The inoculum was added, t o  the  medium, and t h e  

cu l tu re  was t'hen divided i n t o  th ree  por t ions .  

~ r i i o d o - L - t h y r o n i n e  (T  ) i n  a concentrat ion o f  0.807 x ~ o - ~ M  was added t o  3 
one por t ion;  L-thyroxine (T4) a? 0.477 x 1 0 " ~  concentrat ion was added t o  t h e  

second por t ion;  the  t h i r d  por t ion  was the  con t ro l .  The por t ions  were divided 
. .. 

i n t o  5-ml a l iquo t s ,  placed i n  25-ch2 disposable f l a s k s ,  and lodsely capped. 

Cultures from each group were incubated a t  38C i n  a 5% C02 atmosphere a t  

90% humidity and incubated f o r  24, 48,' o r  72 h r .  Ce l l  counts and v i a b i l i t y  

determinations were made a f t e r  incubati'ons . Different i .a l  counts t o  determine 

lymphocyte, prolymphocyte, and ' lymphoblast numbers were made on a i r - d r i e d  smears 

s t a ined  with Wrightsl s t a i n .  The index of. .response was ca lcu la ted  by t h e  
- .  . 

following equation: 



where n = no. lymphoblasts a t  harvest  
per  5 m l  of t i s s u e  cu l tu re  and 

N = no. MNCs inoculated per  5 m l  
t i s s u e  cu l tu re .  

There w a s  no s i g n i f i c a n t  d i f ference  i n  c e l l  counts o r  v i a b i l i t y  between the  

cont ro l  and thyroid-hormone groups. But when t h e  index of response was calcu- 

l a t e d ,  t h e  degree of t ransformation from lymphocyte t o  lymphoblast was s i g n i f i -  

cant ly  g r e a t e r  f o r  t h e  thyroid hormone cu l tu res  (Fig. 1 ) .  

In addi t ion ,  t h e r e  seemed t o  be  a potency d i f ference  between T3 and T4 as 

observed by Siege1 and Tobias (Nature 212: 1418, 1966). An i d e n t i c a l  e f f e c t  on 

degree of transformation was observed when T3 concentrat ion was only one-tenth 

t h a t  of T4 concentrat ion.  I t  appears t h a t  T3 and T4, i n  conjunction with PHA, 

f u r t h e r  s t imula te  t ransformation of lymphocytes t o  lymphoblasts il l ,  v i t r o ,  

poss ib ly  through t h e  s t imula t ion  of  nuc lea r  synthes is  of  RNA. 

Further s tud ies  t o  be performed include those regarding t h e  e f f e c t  of  

thyroid  hormones on t h e  RNA and DNA syn the t i c  mechanisms of  lymphocytes growing 

i n  v i t r o  and the  s p e c i f i c  hormonal e f f e c t  on lymphocytes. -- 

HOURS OF CULTURE 

Fig. 1. Effec t  o i  t r i iodothyronine  and thyroxine on 
rate,  and ex ten t  o f '  transformation of lympho- 
cytes t o  lymphoblasts i n  cu l tu re .  > 



. SOME RADIO- AND THERMOLUMINESCENT PROPERTIES OF TISSUES 

Marvin Goldman .PreZiminary measurements on thermal ash 'derived from 
Edwina Beckman 

,. 
norma2 and n e o p ~ a s t i c  s o f t  t i s sue s  show an induced 

J. M. Stone radioZwninessence foZ Zowing X-ray spectromet'bic 
analys is .  RadioZwninescence and themoZwninescence 
decay sZowZy fqZ lowing i r rad ia t ion .  NeopZastic t i s sue  
i s  characterized by high Ca and B r  concentrations 
without decay o f  the  themoZwninescence and, i n  some 
cases., quant i ta t ive  re.tenti0.n of  B r  foZ Zowing therma Z 
ashing. 

During ana lys i s  of t i s s u e s  f o r  d i s t r i b u t i o n  of  t r a c e  elements by means of 

X-ray emission spectrometry,  it was noted t h a t  samples of thermal ly  ashed 

t i s s u e s  were phosphorescent immediately upon removal from t h e  X-ray spectrom- 

e t e r ,  and t h a t  t h e  phosphorescence decayed r a t h e r  s lowly.  This  p rope r ty  has 

been r epor t ed  f o r  bone t i s s u e  ( F r a z i e r  e t  a l . ,  , J .  Dental Res. 46: 731, 1967) 

b u t  has  n o t ,  t o  our  knowledge, been i n v e s t i g a t e d  i n  ashed s o f t  t i s s u e .  Ten- 

mil l igram por t ions  of t h e  ash were measured i n  a  thermoluminescence dosimetry 

(TLD) r eade r  w i th in  30 min a f t e r  a  5-min X-ray exposure i n  t h e  spec t rometer  

(50 Kvp, 30 ma) ; t h e  radioluminescence i n t e n s i t y  f e l l  o f f  exponen t i a l l y ,  with 

c h a r a c t e r i s t i c  ha l f -pe r iods  vary ing  between 4  and 24 h r .  When t h e  a l i q u o t s  were 

subsequent ly hea ted  i n  t h e  TLD reade r ,  u s ing  t h e  technique e s t a b l i s h e d  f o r  

l i t h ium f l u o r i d e  TLDs, a  100-fold i n c r e a s e  i n  l i g h t  i n t e n s i t y  was noted .  The 

tempera ture-spec i f ic  l i g h t  ou tput  dur ing  t h e  hea t ing  c y c l e - - i . e . ,  t h e  glow 

curve--appeared t o  be d i f f e r e n t  f o r  each of  t h e  t i s s u e s  t e s t e d .  In  a d d i t i o n ,  

t h e  i n t e g r a t e d  l i g h t  i n t e n s i t y  i n  some cases  d i d  no t  diminish wi th  inc reased  

s t o r a g e  time a f t e r  X- i r r ad i a t ion .  

A s  some o f  t h e  t i s s u e s  sampled were n e o p l a s t i c  and some normal, one might 

specu la t e  on t h e  poss ib l e  metabol ic  d i f f e r e n c e s  w i th in  organs and var ious  

pa tho log ic  s t a t e s  t h a t  could r e s u l t  i n  a  q u a l i t a t i v e ,  as we l l  a s  a  q u a n t i t a t i v e  

d i f f e r ence  i n  t h e  mineral  composition of  t h e  thermal ash. Our i n i t i a l  assump- 

t i o n  i s  t h a t  t h e  "abnormal" t i s s u e s  may conta in  h ighe r  q u a n t i t i e s  of  a l k a l i n e  

e a r t h  h a l i d e s  than  a r e  norrnally p r e s e n t ,  and t h a t  24 h r  o f  thermal ashing of 

t h e  previous ly  lyoph i l i zed  t i s s u e  r e s u l t e d  i n  a mixture with some of  t h e  char-  

a c t e r i s t i c s  of thermoluminescence c r y s t a l s .  Calcium concent ra t ions  i n  n e o p l a s t i c  

t i s s u e s  were h ighe r  than normal, a  f i n d i n g  c o n s i s t e n t  with t h e  l i t e r a t u r e .  

However, very high bromine l e v e l s  were a l s o  found; s u r p r i s i n g l y ,  only i n  normal 

t i s s u e s  was B r  v o l a t i l i z e d  a t  550C. Neoplas t ic  t i s s u e  q u a n t i t a t i v e l y  r e t a ined  

i t s  B r ,  which may con t r ibu te  t o  t h e  thermoluminescence; t h e  reason f o r  t h e  

increased  r e t e n t i o n  of  B r  i s  not  c l e a r  a t  t h i s  t ime.  



Since these  analyses  were performed on 10-mg q u a n t i t i e s  'o f  ash,  t h e  

poss ib l e  app l i ca t ion  t o  a s s i s t a n c e  i n  pa tho log ic  d i agnoses ,  as  we l l  as  i n  

i n v e s t i g a t i n g  c e r t a i n  phys i ca l  p r o p e r t i e s  o f  abnormal t i s s u e s  should be 

i n v e s t i g a t e d .  I n  . $a r t i cu l a r ,  t h e  r e l a t i o n s h i p  between t h e  q u a n t i t y  and r a t i o s  

of  t he  var ious  elements i n  abnormal t i s s u e  r e l a t i v e  . t o  t h e  d i f f e r ence  i n  glow 

curve peak, radioluminescence, and thermoluminescence may provide a  unique 

oppor tuni ty  f o r  t h e  s tudy  of the e t i o l o g y  o f  c e r t a i n  d i sease  s t a t e s .  



. . . . '  

RADIOIODINE AND X-IRRADIATION EFFECTS' ON BEAGLE PUPS 
' ' 

. . 

L.. . K .  Bustad Prior- t o  a long-term program on the.  e f f ec t s  of v.arious 
J . M.. Ful le r  isotopes of radioiodine and X-irradiation on the'  thyroid, 

a,comparative study was performed on the e f f e c t s  of 
mdioiodine with.and without whole-body X-irradiation. 
Three se ts  of three Zitterniate' female pups were randomly 

. assigned t o  three treatment. groups: 1500 rads from 1-1 31 
t o  the thyroid; 1500. rads 1-131 + 200R whole-body . 

X-irradiation; and 4500 rads from 1-131. The peak 
. thymidat  uptake varied from 9 t o  I S % ,  and the pattern 

of uptake varied considerably, even' between li t termates . 
An accurate method was. deve Zoped for studying thyroidal 
metabolism of 1-1 31 i n  dogs. 

As a r e s u l t  of  continued general  i n t e r e s t  i n  the  r a d i o s e n s i t i v i t y  o f  the  

thyroid gland, .  and i n  view of the  pauci ty  of  quan t i t a t ive '  da ta  regarding t h e  dose- 

e f f e c t  r e l a t ionsh ips  of various q u a l i t i e s  and i n t e n s i t i e s  of  r a d i a t i o n ,  an 

experiment was undertaken t o  study the  e f f e c t  of  s p e c i f i c  dose l eve l s  of  radio-  

iodine  and t o  compare the  e f fec t iveness  of 1-131 and whole-body X-i r radia t ion  i n  

causing thyroidal  damage. 

This i s  a  repor t  on the  i n i t i a l  phase of an experiment designed t o  def ine  

minimal e f f e c t i v e  dose l e v e l s ,  and as a  t e s t  of  methods and equipment. 

~ d d i t i o n a l  dogs and new treatment groups employing some of t h e  shor te r - l ived  

radioiodine i so topes  are .  scheduled. 

Three female pups from each of  th ree  l i t t e r s  were randomly assigned t o  t h r e e  

treatment groups (Table 1 ) .  Thyroid uptake s t u d i e s  using t r a c e  doses of  1-131 

h e r e  t o  furnish  a b a s i s  f o r  est imation o f  dose l e v e l s  t h a t  would pro- 

Lide thyroid  exposures of  1500 o r  4500 rads.  One group of pups was expdsed t o  

whdle-body X-i r radia t ion  immediately a f t e r  adminis t ra t ion  o f  t h e  experimental 

doses of 1-131. Both the  thyroidal  uptake and t h e  whole-body r e t e n t i o n  of  the  

1-131 doses .were monitored. 

Table 1. NUMBER, AGE, AND WEIGHT OF DOGS IN 
EACH ' TREATMENT GROUP 

. ~ 

L i t t e r  and Dose 
Treatment Pup Number Age Weight (kg) (rad) . . '  

1500 rads 
1-131 

15.00 rads 
1-131 - 
200R X-ray 

4500 rads 
I- 131 



Blood samples f o r  t he  determinat ion o f  serum protein-bound iod ine  (PBI) and 

f r e e  T4 were taken a t  t h e  t ime o f  dosage and w i l l  be  taken p e r i o d i c a l l y  f o r  t h e  

du ra t ion  of t h e  experiment.  

Fur ther  t hy ro id  uptake s t u d i e s  and radio-PBI determinat ions w i l l  be  performed 
B 

on a l l  dogs a f t e r  6 months and a t  18 months o r  l a t e r ,  depending on t h e  progress  of  

t h e  s tudy .  The dogs w i l l  then  be  s a c r i f i c e d  f o r  h i s t o l o g i c a l ' s t u d i e s  of  t h e  I 

t hy ro id  g lands .  P r i o r  t o  s a c r i f i c e ,  t h e i r  response t o  t hy ro id  s t i m u l a t i n g  hor-  

mone (TSH) w i l l  b e  determined. 

The 1-131 used was sodium iod ide  i n  a  sodium hydroxide c a r r i e r .  Doses were 

p i p e t t e d  i n t o  g e l a t i n  capsules  ( i n t e r i o r l y  coated wi th  s i l i c o n e  g r e a s e ) ,  counted, 

then  administered o r a l l y  . 
For thy ro id  counting a  7.5 x 7.5-cm NaI c r y s t a l  enclosed i n  a 2.5-cm 

t h i c k  l ead  cy l inde r  and coupled t o  a  s ingle-channel  ana lyzer  was used. Collima- 

t i o n  provided a  5-cm diameter  sens ing  a r e a  wi th  a  d e t e c t o r  t o  s k i n  d i s t a n c e  of 

30 cm, and a  10-cm diameter  window when a  40-cm counting d i s t a n c e  was used. 

Standards were counted i n  a  c y l i n d r i c a l  l u c i t e  neck phantom. Dimensions of  

t h e  phantom were determined by adminis te r ing  1-131 t o  a  dog, counting t h e  thy ro id  

reg ion ,  then  s u r g i c a l l y  removing t h e  thy ro id ,  p lac ing  it i n  t h e  same type  of  

p l a s t i c  tube  used f o r  t h e  s t anda rd  doses,  and counting it i n  t h e  neck phantom. 

The neck reg ion  of  t h e  dog was then  counted without  t h e  t h y r o i d ,  and t h e  phantom 

was ad jus t ed  s o  t h a t  t hy ro id  counts  i n  t h e  phantom were equal  t o  t h y r o i d  counts 

i n  vivo minus neck background counts .  -- 
' h e  a d j u s t a b l e  dog r e s t r a i n i n g  device,  designed a t  t h i s  l abo ra to ry ,  i s  

shown on p 93. The pups were pos i t i oned  wi th  t h e i r  heads moderately extended. 

A s p r i n g  clamp was used on t h e  nape of  t h e  neck t o  g a t h e r  excess  s k i n  s o  t h a t  

s k i n  th ickness  over  t h e  thy ro id  was cons t an t .  S p e c i f i c  adjustments were r e -  

qu i r ed  t o  p o s i t i o n  each pup wi th  the  v e n t r a l  s u r f a c e  of t h e  neck perpendicular  

t o  t h e  c r y s t a l ;  t he se  adjustments were repea ted  each time f o r  each pup, s o  . 

p o s i t i o n i n g  was s tandardi 'zed.  The c r y s t a l  was mounted on a  geared t r a c k ,  
I 

f a c i l i t a t i n g  v e r t i c a l  adjustment of t h e  counting d i s t ance .  

Twenty minutes a f t e r  admin i s t r a t i on  o f  t h e  experimental dose of  1-131, 

each pup was monitored- i n  a  whole-body counter .  The count ob ta ined  was used 

as  a  100% r e t e n t i o n  va lue  f o r  cons t ruc t ion  of t h e  whole-body r e t e n t i o n  curves.  

A s t anda rd  was a l s o  prepared,  c o n s i s t i n g  of  200 pCi of 1-131 i n  a  2 - l i t e r  

p l a s t i c  b o t t l e  f i l l e d  with water .  The diameter  of t he  b o t t l e  c l o s e l y  .approxi- 

mated t h e  diameter  of , the  pups'  abdomens. 



~ m m e d i a t e l ~  a f t e r  whole-body counting, t h r e e  pups were exposed simultane- 

ously t o  whole-body X-i r radia t ion  i n  a f l a t  holding box with a v e n t i l a t e d  l u c i t e  

l i d .  .Tube s e t t i n g s  were 250 KVP and 15,.ma. .A Thoraeus I 1  f i l t e r  wi.th an HVL 

of 2.63 mm Cu was used. Dose del ivery  . r a t e ,  as  determined by ion iza t ion  chambers, 

was 7 R/min a t  114 cm ta rge t - to - sk in  d is tance .  

The 28.5-min confinement i n  t h e  holding box noticeably s t r e s s e d  t h e  . pups, . .  

s o  o the r  pups not  exposed t o  X-irradiat ion 'were s i m i l a r l y  s t r e s s e d  i n  holding . . 

boxes. One pup.- (43A) vomited during X-ray exposure; it was given an add i t iona l  

dose of  1-131, equal t o  the  amount l o s t  i n  t h e  vomitus. 
. . 

Whole-body counts were usual ly  f o r  5 min; f o r  t h e  i n i t i a l  thyrbid  uptake 
. .. 

s t u d i e s  .values from two 2-min counts, '  taken a t  30-cm counting d i s t ance ,  were 

averaged to.  der ive  each of  the  po in t s  p l o t t e d  i n  Fig. 1. Following t h e > e x p e r i -  

mental radioiodine administrat ion two 1-min counts a t  40-cm d i s t ance  were 

. averaged; ~ f t e r  about two e f f e c t i v e  h a l f - l i v e s ,  counting' l e v e l s  were marginally 

low. The pups were very cooperative and moved very l i t t l e  i f  no t  he ld  longer.  

than 5 o r  6 min. . 

, Dosages were est imated by u t i l i z a t i o n  o f  t he  following equation: 

S l x E x Q x t  Dose =. 
W 

where : ,5 1 = (d is in tegra t ions /pCi  I -  131 Jday) (ergs/MEV) (rad/erg)  

E = average energy of  B-par t ic les ,  MEV (0.2) 

Q = mean No. p ~ i '  deposi ted i n  the  thyroid  

. . .  
t = days exposed t o  1-131 . , .. 

and w = w t  'of thyroid  gland (g) 

By , p l o t t i n g  the  uptake curves on l i n e a r  paper and using a compensating p o l a r  

planimeter t o  determine t o t a l  a rea  under the ' cu rve ,  t h e  number.of pCi days was 

estimated; t h i s  value was s u b s t i t u t e d  i n  t h e  formula f o r  Q x t .  The formula 
. . 

,ignores the  loss  of b e t a  p a r t i c l e  energy . to  t i s s u e s  ou t s ide  t h e  thyroid ,  a s  

well  as the  .gamma .component of  1-131 : 
. . 

The dose received from t h e  9 i ~ i  1-131 administered f o r  f h e i n i t i a l  uptake 

s tud ies  w a s  u t i l i z e d  t o  determine t h e  necessary quan t i ty  of  1-131 t o  be used. 

The. "dose received" column i n   able 1 i s  the  sum of  the  doses received from 

the  t r a c e r  dose and t h e  experimerita1"dose. No immediate,effect  of  e i t h e r  1-131 
. . 

o r  X-ray was noted, o the r  than a s l i g h t  dec rease ' in  the  e f f e c t i v e  h a l f - l i f e  of 

1-131 i n  the  thyroid ;  t h i s  may have been dui t o  a s u b t l e ,  undetected change i n  
. . 

environment o r  t o  increased age and growth of the' pups. 



I n  Fig. 1 the  thyroid  uptake of t h e  t r a c e r  dose- and the  experimental dose 

a re  compared and the  whole-body re ten t ion  of the  experimental dose i s  i l l u s t r a t e d .  . 

The points  p l o t t e d  a r e  a c t u a l ,  and i n d i c a t e  t h a t  with proper care and equipment, 

uniform da ta  on thyroid  uptake i n  animals may be  obtained. 

DAYS AFTER ORAL 1-131 I 

Fig. 1. Thyroid uptake following t r a c e r  dose (-x-x-) and experimental dose 
( - A - A - )  and whole-body re ten t ion  (-o-o-) of o r a l l y  administered 1-131. 
(Uncorrected f o r  physical  decay.) 



The .nine pre l iminary  uptake, curves - a r e  given i n ,  composite i n  F ig .  2 along 

with,  a curve of  t h e  mean va lues .  Of i n t e r e s t  i s  t h e  degree of  v a r i a b i l i t y  i n  

t hy ro id  func t ion  seen  among s i m i l a r  dogs housed under uniform cond i t i ons .  

These pups a r e  maintained on t h e  s t anda rd  d i e t  used f o r  a l l  dogs a t  t h i s  
. . 

l abo ra to ry ;  t h e i r  d a i l y  r a t i o n  conta ins  from 500-600 pg of  s t a b l e  i o d i n e .  This  

moderately high l e v e l  probably accounts f o r  t h e  ' r a t h e r  low maximum uptake values 

obta ined .  

. . . .. . . 
. , 

Fig. 2 .  Range a n d  me.& t h y r o i d .  1-131 uptake  curves i n  n i n e  Beagle pups. 
~ f f e c t i v e  h a l f - l i f e  = %4 days..  . . I )  . . .  



RADIOIODINE METABOLISM 1N:THE ADULT BEAGLE 

Ove W i  lson 
J .  M .  Stone 
D .  E .  Monty 
L .  K .  Bustad 

I n  a radioiodine metabolism study of 21 adult Beagles, 
the thyroid accwrtulation and disappearance rates of l 
1-1 25 were measured for 3 t o  5 months. Maximwn thyroid 
uptake occurred 48 ' to  7 2  hr a f t e r  acbninistration of the 
single dose and ranged from 9 t o  25% of  the dose. 
Maximwn PBI-125 values occurred 2 t o  3 days a f t e r  
dosing, ranging from' 0.27 t o  1.9% of the adninistered 
dose/Ziter of plasma. A mean stable PBI of 3.8 pg/ lOO 
m l  was found. The biologic half-time of thyroidal 
iodine was ,a series of decreas iq  &xponential functions 
indicai-ing a multicompartmental model for iodine turn- 
over i n  the thyroid of the dog. A t  least  three com- 
partmental e f f e c t s  were observed: a fast component 
giving an i n i t i a l  short biological haZf-l<fe of about 
7 days, one or.nore intermediate components successively 
incre,asing ' the biologic half-time, and a Zate, s l m  
component of about 50 dciys. 

. . 

P r i o r  t o  a study on t h e  comparative e f f e c t s , o f  X - i r r a d i a t i o n  and t h e  various 1 
radioiodines on the  thyroid  gland o f  Beagles, a s e r i e s  of  expe'riments was per-  

formed i n  adu l t  Beagles t o  develop a s tandard procedure f o r  thyroid  monitoring 

and t o  def ine  some metabolic parameters.  Previous s tud ies  o f  thyroid  uptake and 

re lease  r a t e  of radioiodine i n  dogs have u t i l i z e d  1-131, and have been l imi ted  

t o  2 t o  3 weeks due t o  t h e  s h o r t  h a l f - l i f e  (8.05 days) o f  t h a t  i so tope .  The use 1 
of 1-125, which has a h a l f - l i f e  ' o f  260 days, permit ted the  radionuclide measure- I 
ments t o  be  extended t o  4 t o  5 months. Iodine-125.decays completely by e lec t ron  

capture  t o  t h e  35.4 kev exc i t ed  s t a t e . o f  Te-125. The peak rad ia t ion  i s  

e f f e c t i v e l y  measured with. a 2-nim t h i n  x 5 cm wide NaI (T) c r y s t a l  assembly, 

coupled t o  a . gamma . spectrometer.  A double radionuclide study,  using 1-131 and 

1-125, showed . i d e n t i c a l  uptake and r e l e a s e  curves with sl igh. t l ly lower values f o r  

I - 125. Continuous measurements of the  1- 125 standards throughout t h e  study 

showed minimal devia t ions  from a l ine.ar  regress ion  f i t  t o  the  decay da ta ,  insu r -  

ing  t h a t  no d r i f t  occurred i n  the  thyroid  monitoring apparatus. 

Twenty-one adu l t  .female Beagles and 1 male, ranging from '198 t o  614 days of 

age, and from 6.0 t o  10.9 kg i n  weight,  received a s i n g l e  o r a l  dose of ' G O  pCi 

1-125 in. c a r r i e r - f r e e  NaOH. From b i r t h ,  the  dogs were housed i n  i d e n t i c a l ,  a i r -  

conditioned cages with constant  temperature and humidity, .  and maintained on a 

constant  d i e t  (access t o  400 g feed d a i l y  , . providing 540 pg iodine/d.ay) . 



Fig. 1. Thyroid monitoring uni t  with Beagle i n  posi t ion f o r  measurement 
a t  30-cm thyroid-to-crystal distance.  Note numbering ind.ex f o r  
posit ioning. 

The most noteworthy features of t h i s  monitoring procedure were: 

(1) A special  res t ra in ing  un i t  allowed accurate and reproducible 

posi t ion of t h e  s h a ~ e d  and cleaned neck a t  r i gh t  angles t o  the 

collimated detector.  

( 2 )  Duplicate thyroid measurements were made a t  two d i f fe ren t  distances 

(30-40 cm or  20-30 ci) between t h e  thyroid and t h e  detector,  giving 

a check on counting geometry between successive measurements. 

(3) The dosing standards were measured i n  a l uc i t e  neck phantom tha t  

duplicated the  geometry of t h e  Beagle's thyroid permitting correction 

for  counting losses from attenuation and backscatter var ia t ions .  

(4) A clamp held the dorsal sk in  of the neck t o  insure smooth, t i g h t  skin 

over t he  thyroid region. 

The accumulation and disappearance r a t e s  of 1-125 were measured dai ly  f o r  

the first week, then at  frequent in te rva ls  f o r  3 t o  5 months. Total radioiodine 

i n  plasma and protein-bound radioiodine (PBI-125) were determined f o r  evaluation 

of the f ract ional  release of the administered dose; repeated s t ab l e  PBI deter- 

minations were a lso made. 



To evaluate environmentally induced changes i n  thyroid function, a study 

of acute cold exposure was carried out on s i x  dogs. Thyroid and blood measure- 

ments were made before and a f t e r  a 3-hr exposure, on three successive days, t o  

a temperature of -20C. The ef fec t  of repeated blood sampling and cold on 

hemodynamics was also investigated. 

The maximum thyroid uptake, which occurred 48 t o  72 h r  a f t e r  administration 

of t h e  dose, ranged fmm 9 t o  25% of the dose with a mean of 15% and a median of 

14%. Representative uptake curves corrected f o r  decay are shown i n  Fig. 2. I t  

is in te res t ing  t o  note the great individual variation i n  the retention curves of 

the s i x  l i t termates .  The maximum PBI-125 values occurred 2 t o  3 days a f t e r  

dosing, ranging from 0.27 t o  1.9% of the administered dose per l i t e r  plasma, with 

a mean of 0.76% and a median of 0.51%. 

% MAX. 
UPTAKE 

I I' 
0 25 50 75 100 125 IM 

ELAPSED TIME (DRYS) 

Fig. 2. Thyroid uptake i n  s i x  l i t termate Beagles. 

Representative curves fo r  t o t a l  radioiodine, radioactive P B I ,  and radio- 

iodide i n  plasma of one dog are shown i n  Fig. 3. 

A mean s tab le  PBI of 3.8 ~g /100  m l  (range 3 t o  4.4 pg/100 ml) was found. 

Changes in  hematocrit, hemoglobin, and t o t a l  protein due t o  taking of large 

blood samples ( 4  m l  each time) are  shown i n  Tables 1 and 2. The e f fec t  of 

frequent blood sampling is clear;  therefore, the dai ly  samples were reduced 

from three t o  two. 
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The most important f inding,  as evident  from Fig. 2 ,  is  t h a t  the  r e t e n t i o n  

of radioiodine i n  the  thyroid  cannot be described by a s i n g l e  exponential  funct ion  

as has usual ly  been assumed. Ins tead ,  t h e  r e l e a s e  curve is  b e s t  described as a 

s e r i e s  of exponentials  whose r a t e  of  change decreases with time, s o  t h a t  t h e  f i n a l  

component suggests  a  minimum r a t e  of  change. The r e l e a s e  r a t e  i s  most r ap id  

during the  first two weeks and then decreases gradually by 7 t o  8 weeks. The 

re ten t ion  curve seems t o  f l a t t e n  out  considerably a f t e r  7 t o  10 weeks and then 

approaches l i n e a r i t y  when p l o t t e d  semilogari thmical ly.  The i n i t i a l  average 

"biological  h a l f - l i f e 1 '  was 7 days (5 t o  15 days); however, with time t h e  r a t e  of  

loss  decreased t o  one-seventh of  the  i n i t i a l  value.  In  two pregnant dogs, the  

marked f l a t t e n i n g  of t h e  r e l e a s e  curve had already occurred a f t e r  20 t o  25 days. 

The c l e a r  change i n  t h e  s lope  of t h e  r e l ease  curve may be a funqtion of  d i f f e r e n t  

re lease  phases and r a t e  constants  within various thyro ida l  compartments. 

The re l ease  r a t e  of  radioiodine from t h e  thyroid  does not .seem t o  be c'orre- 
. . 

l a t ed '  t o  the  peak uptake and d i f f e r s  markedly even i n  l i t t e r m a t e s  (Fig. 2 ) .  

The slow component could increase  t h e  p red ic ted  thyroid  dose based on a 

s i n g l e  expon'ential model, bu t  t h e  increase  would not  be g r e a t  s ince  t h e  f l a t t e n i n g  

of  the  curve occurs l a t e  and would not  be a f fec ted  by the  shor t - l ived  . radio iodines .  

No di f ferences  i n  thyroidal  uptake o r  i n  radioact ive  PBI were observed- in  t h e  

cold-exposed dogs as compared t o  the  con t ro l s .  A c l e a r  hemoconcentration occurred 

during the  cold exposure; a  r ap id  hemodilut ion.at  t h e  termination of t h e  exposure 

was evident within h a l f  an hour, most marked a f t e r  1 h r ,  and p e r s i s t e d  a f t e r  3 h r ,  

as shown i n  Table 3.  



. .  .... . .... ..., . . . , . . .  
Table 1. M E A N . C H A N G E S ~ ~ N  BLOOD CONCENTRATION OF 5 CONTROL DOGS .. : :! . 

Wh'Lle bloci&:s'$mple (8 t o  10 m1) taken 3 times da i ly  on 
3 consecutive days. 

Blood 
Const i tuent  

Day 1 Day 2 Day 3 . 
0 h r  2 h r  6 h r  0 h r  2 h r  6 h r  0 h r  2 h r  6 h r  

Hematocrit (%) , i 2 . 0  48.7 49.3 49.1 46.1 47.7 ' 47.6 .46.3 45.5 
. .  . 

Hemoglobin 17.7 16.9 17.b 17.1 16.3 16.5 16.3 16.4 15.9 
(g j loo  cc). 

. ~ ~ t a i  p ro te in  7.5 7.4 7..4 7.2 7.1 7.2 . 7.4 7.4 7..2 
,(g/lOO cc)  

Table 2. .MEAN CHANGES I N  BLOOD CONCENTRATION . . OF 6 CONTROL DOGS 

Whole blood sample (48 ml) taken twice d a i l y  on 3 
consecutive days. 

Blood Day 1 
Const i tuent  O h r .  4 h r .  

Day 2 
0 h r  4 h r  

Day 3 
0. h r  4. h r  

Hemoglobin 16.7 16.3 ' 16.0 16.0. 15.3 15.0 
(gj100 . cc) 

To ta l  p r o t e i n  6.4 . 6.2 6 .3  6 .3  . '  6 .3  6 .1  
,(g/lOO cc) 

Table 3. MEAN CHANGES I N  BLOOD CONCENTRATION OF 5 DOGS EXPOSED 
TO COLD . . (-20C) FOR 3 HOURS 

Whole 'blood samples (2.3 ml) taken from 0 ,  t o  6 h r  a t '  
i n t e r v a l s  shown. F i r s t  sample taken immediately 
before  cold .  exposure, 3-hr sample immediately. before  
te rminat ion  of  exposure. 

Blood . Cold Exposure.  . . '  
Consti tuent ,  O h r  1 h r  2 h r  3 h r .  3 ; 5 ' h r  4 h r  S h r  6 h r  

Hematocrit ' (%) 45.9 48.1 47.6 47.0 44.5 42.1 43.0 . 43.3 
. . 

Hemoglobin 16.2 16.6 16.7 16.6 1 5 . 5 ' .  15.4 15.4 15.6 
(g j ioo '  CC) . . 
Tota l  p r o t e i n  ' . I . .  6.2 ' 6.5 6.5 . 6.4 . 6.4 6.2 6.2 6.4 
(g/lOO 'cc)  ' ' 



PULMONARY FUNCTION STUDIES ON BEAGLES 
. . .  

J.  R. ' G i  l l e s p i e *  Several parameters of  p u l m m q  function were meas- 
. . ured i n  make  and anesthetized Beagles. Further 

functional and s t ruc tura l ,  s tudies  are under wcry . 
Data were obta ined  from 15 c o n t r o l  Beagles 66 + 6 months of  age. Meas- 

urements. were made on t h e  same dogs i n  s t a t e s  of  awakeness and anes thes i a ,  a s  

shown i n  Table 1. Charac t e r i za t ion  was attempted by measurements o f  body 

' s i z e  (9.6 2 2 kg) ,  h e a r t  g i r t h  (50 2 4 cm), shoulder - to- r ib  d i s t ance  (24 2 3 

cm) , and ches t  X-rays. Blood-gas tens ions  (PaOZ, PaC02) and pHa values 

obta ined  under anes thes i a  werk markedly d i f f e r e n t  from awake va lues .  These 

parameters were a l s o  s t u d i e d  with p o s i t i v e  p re s su re  v e n t i l a t i o n  with oxygen. 

Pulmonary dead space (VD) was determined i n  anes the t i zed  dogs. Resul ts  

of '  i n f l a t i o n  compliance (C ) and d e f l a t i o n  compliance (C ) measurements were I E 
p a r t i c u l a r l y  rewarding, and were s t rengthened  by t h e  observat ions of  func t iona l  

r e s i d u a l  capac i ty  (FRC). Values f o r  one dog d id  no t  f i t  wel l  with t hose  o f  t h e  

o t h e r  dogs, .and it i s  suspected o f  having lung d i sease .  . , 

, . 

Table 1. " PULMONARY FUNCTION VALUES FOR ADULT BEAGLES 

Mean (F) S.D. ( s )  S.E. (s;) 

CI ( ~ / c m  H20) 
CE (L/cm H20) 
FRC (ml) 
PA - Pa02 (on AIR) 
Awake Pa02 
Awake PaC02 
Awake pHa 
Anesthet ized Pa02 
Anesthet ized PaC02 
Anesthet ized pHa 
02 Pa02 
02 PaC02 
02 pHs 

v~ 

Further!  func t iona l  and s t r u c t u r a l  s t u d i e s  a r e  under way, with t h e  goal 

of  eva lua t ing  changes with age and r a d i a t i o n  dose. 

* Department o f  Veter inary c l i n i c a l  Sc iences ,  School o f  Veter inary Medicine 



MATERNAL TRANSFER AND . FETAL .ABSORPTION ,AND. RETENTION 
OF INJECTED RADIONUCLIDES IN DEER AND SHEEP 

R.  J .  Della Rosa Fetal absorption and retention of injected Ca-47, Cs-137, 
C .  B.  Nebesar* Sr-85, and I-131 ( t o  simulate biospheric contamination) 
H .  G .  Wolf was studied i n  Colwnbian black-tailed deer and domestic . 
J .  M .  Stone sheep. The amount of mdionuclide transported across 
C . .  D .  Abrahams the pZac&ta and deposited i n  the fetus was dependent 
R.. G . Connol l y t  upon the to ta l  mass of the conceptus, the physiologica.2 

demands of fetus, and placental discrimination. Accwnu- 
Zation of radionuclide i n  the' upper G I  tract  was'preswn- 
ably due t o  parotid gZand salivary secrotion. Only a 

' sZight accmZat ion  of Cs-137 i h  fetal t issue was 
observed i n  contrast t o  maternal t issues.  Notably higher 
concentration of 1-131 i n  fetal deer thyroid gland was. 
observed compared t o  maternal thyroid gland. 

The following repor t  summarizes, i n  p a r t ,  our current  col labora t ive  s t u d i e s  
I 

with D r .  William Longhurst,. Zoology Department, (UCD Hopland Fie ld  S t a t i o n j  on ~ 
.the intraruminal  metabolism and k i n e t i c s  of radioact ive  S r ,  Ca, C s ,  and I .  i n  ~ 

I 
Sheep and deer .  Of primary i n t e r e s t  was t h e  extent  of  t r a n s f e r  of these  labeled 

. I  

elements i n t o  the  rumens of deer  and sheep following intravenous adminis t ra t ion ,  l 
and t h e i r  t r a n s f e r  v i a  t h e  p lacenta  and uptake by t h e  developing f e t u s  i n  pregnant 1 
ewes and does. These da ta  can serve  as  a b a s i s  f o r  t h e  evaluat ion  of  poss ib le  I 
r ad ia t ion  hazards t o  na tu ra l ' popu la t ions .  1 

Nine gravid deer  (Columbian b l a c k - t a i l )  and 11 gravid sheep were i n j e c t e d  I 

I 
i . v .  (v ia  the  jugular  vein) with a mixture o f  radionuclides and placed i n  a i 
s p e c i a l l y  designed pen area  over l a id  with p l a s t i c  sheet ing and wood shavings I 
t o  minimize environmental contamination from ur ine  and feces .  One each, non- 

i n j e c t e d  cont ro l  sheep and deer  were kept i n  a s i m i l a r ,  but  separa te ,  pen area .  

Both sheep and deer  were fed a l f a l f a  hay, p e l l e t s ,  and water - ad l ibi tum. The 

study on sheep was done i n  mid-January when t h e  fe tuses  were a t  l e a s t  mid-term 

o r  i n  the  l a s t  t r imes te r  o f  ges ta t ion  (150 days) ; t he  deer  s tudy was c a r r i e d  out  I 
during t h e  l a t t e r  p a r t  of May when the  fe tuses  were again assumed t o  be i n  mid- I 
ges ta t ion .  Successful  breeding was assumed t o  have taken p lace .  during t h e  I 
previous September f o r  the  sheep (range breeding),  and during t h e  months of I 
November and December when t h e  buck was present  i n  the  deer enclosure.  . 

* A ,port ion of  t h i s .  mater ia l  was used as a d i s s e r t a t i o n  f o r  a master 's  degree, 
University of Ca l i fo rn ia ,  Davis. 

t Dept. of Zool.ogy, UCD Hopland Fie ld  S t a t i o n  



The sheep were k i l l e d  wi th  an overdose o f  p e n t o b a r b i t a l  and t h e  dee r  were 

sho t  according t o  t h e  fol lowing schedule :  one each a t  4 ,  8, and 24 h r  pos t -  

i n j e c t i o n ,  and two each a t  3,  7, 10, and 14 days p o s t - i n j e c t i o n .  Only one 

deer  was k i l l e d  a t  7  and one a t  14 days. The c o n t r o l  animals were k i l l e d  a t  

day, t h r e e  of t h e  r e spec t ive  experiments.. 
8 

The rad ionucl ide  dose t o  each animal was Q40 pCi each of  Ca-47 .and Sr-85 

and ,  15 pCi of Cs-137 i n  an appropr i a t e  volume (Q8 ml) o f  0.1N H C 1  and s a l i n e  

s o l u t i o n .  1-131 (40 vCi) was administered only t o  dee r .  Appropriate i n j e c t i o n  

s tandards  were prepared f o r  a n a l y t i c a l  use  and. subsequent d i f f e r e n t i a l  gamma-ray 

spectroscopy.  The gakia  r ays  were s o r t e d  us ing  a 400-channel pu l se  he igh t  

ana lyzer  employing a  20 x  10 cm NaI(T1). d e t e c t o r  i n  a  whole-body counter  a t  

s p e c i f i e d  cons tan t  geometry  o old man e t  a l . ,  UCD 472-108, 1963, p 90) .  

The d a t a  ana lys i s  requi red  spectrum s t r i p p i n g ;  us ing  computer programs 

supp l i ed  by M r .  Harry M .  Murphy, K i r t l and  A i r  Force Base, K i r t l and ,  New Mexico. 

The spectrum s t r i p p i n g  . . involved s e p a r a t i o n  and i d e n t i f i c a t i o n  of  t h e  major gamma 

peaks and quan t i t a t i . on  of t h e  counts i n  each peak channel .  

The amount of rad ionucl ide  t r a n s p o r t e d  ac ros s  t h e  p l a c e n t a  and depos i ted  

in .  t h e  f e t u s  appeared t o  be dependent .upon t h e  t o t a l  mass of  t h e  conceptus.  The 

p a t t e r n  of  uptake and depos i t i on  (Table 1 and 2) when expressed p e r  kilogram o f  
. . 

f e t u s  was s i m i l a r  i n  both  species . ,  r ega rd l e s s  o f  t h e  t o t a l  number of f e t u s e s ;  

e  . g . , i n  dee r  No. 4 ,  which. had one f e t u s ,  and dee r  No. 5 ,  which had f o u r .  Thus, 

, the g r e a t e r  t h e  mass o f  the .  conceptus,  t h e  g r e a t e r  t h e  p l a c e n t a l  t r a n s f e r  and 

r e s u l t i n g  depos i t i on  i n  u t e r o .  -- 
Table 1. PERCENTAGE OF INJECTED DOSE/kg DEER FETUS AT SACRIFICE 

Radio- 4  H r '  8  H r  24 H r  , 3 Day . 7 -Day 10 Day . - 14 Day 
- - -  

nuc l ide  # I  # 2 # 3  #4 #5  #6 , # 8 #9 # 10 

Sr -  85 0 .6  1 .5  '2 .3  3.7 .3.2 4 . 3  3.9 4 . 1  3.6 

1-131' . 4.8  4 .3  5.2 6 .7  2.7 3.7 2 .1  3 .3  2.2 

Cs-137 nd* 0 . 1  0 . 3  0.5 0.4 0.6 0.7 0.6 0.6 

* Not d e t e c t a b l e  



Table 2. PERCENTAGE OF. INJECTED DOSE/kg .SHEEP FETUS AT, .SACRIFICE 
. - 

4 ~ r  8 H r  ' 24"Hr ' 3 ~ a y  7 Day 10 Day 14 Day 
Radio- . . ( 
nuclide 

# 2 #3 #4 . #5 #6 #7 #9 #I0  #11 

. . 
Ca-47 1.5 4.9 9 .3  7.9 10.0' 9.9 8.5 8 . 3  5.6 5.6 

. . 

Sr- 8S 0 .8  1.9 3.4 2.8 2.8 3 . 3 '  . 4.6 3.0 1 .5  2.0 

A maximum concentrat ion was observed f o r  Ca-45 and Sr-85 i n  both deer  and 

sheep from days 3 through 10. The deer fe tus  showed a , r e l a t i v e l y  high concentra- 

t i o n  of 1-131 during the  f i r s t  24 h r .  The Cs-137 concentrat ion was e s s e n t i a l l y  

constant ,  ind ' icat ing a small bu t  s teady p lacen ta l  t r a n s f e r  of cesium. In  t h e  

deer ,  the  Cs-137 accumulation suggests  an increas ing concentrat ion i n  t h e  e a r l y  

time periods,  bu t  the  implicat ions a r e  not c l e a r .  

The r e t e n t i o n  r a t i o s  of  Sr-85/Ca-47 i n  the  f e tuses  (Tables 3 'and 4) were . ' 

l e s s  than 1, r e f l e c t i n g  the  s e l e c t i o n  agains t  ~ a d i o s t r o n t i u m  due t o  the  p lacen ta l  

d iscr iminat ion  process.  

Table 3. RETENTION'OF Sr-85/Ca-47 IN SHEEP MATERNAL AND FETAL BONE 
AT SACRIFICE 

, \  

Deposition and Retention of  Sr-85/Ca-47 

4 H r .  '8 'Hr 2 4 H r  3Day 7Day . 10Day 14 Day 
#1 # 2 #3 ' #4,#5: #6,#7 #a,' #9 ' # l o ,  #11 

Fe ta l  . . 
Limbs 0.59 0 . 3 9 .  0.34 0.32 0 . 4 7 .  0..34 0.31 
Skull--Mandible . 0.48 0.38 0.36 . 0.33 - 0.45 .0.36 . 0.31 , 

. . : 

Maternal 

Femur 1.41 1.40 1.00 0.83 0.84 0.75 0.53 
Mandible 1.22 1.33 . 0.94 0.85 - 0.89 0.81 , 0.54 



Table 4 .  RETENTION OF Sr-85/Ca-47 IN DEER MATERNAL AND FETAL-BONE 
AT SACRIFICE 

Deposition and Retent ion of Sr-85/Ca-47 

4 H r  8 H r  24 H r  3 Day 7 Day 10 Day 14 Day 
% 1 # 2 # 3 #4,#5  #.6 #8, #9 # 10 

F e t a l  

Limbs 0.43 0.54 0.57 0.54 0 .53  0.55 0.49 
Skull--Mandible 0 .43  0.56 0.57 0.54 0 .51  0.57 . 0.53 

Mat e rna  1 

1 .01  1.06 1.18 1 .03  0.98 .0.96 0:76 Femur 
Mandib l e  1.11. 1.16 1.09 1.00 0:97 0.97 0.94 

The .accumulation of  rad ionucl ides  i n  t h e  upper g a s t r o i n t e s t i n a l  t r a c t  o f  both 

spec ies  is  summarized i n  Tables 5 and 6 .  I n  t h e  dee r ,  a peak concen t r a t ion  was 

reached i n  t h e  fore-stomachs wi th in  t h e  f i r s t  4 h r ;  i t  decreased rapi.dly 

t h e r e a f t e r .  A s  much as 26% of  t h e  1-131 i n j e c t e d  dose was found i n  t h e  fo re -  . 

stomachs o f  t h e  dee r  a t  t h e  f i r s t  sampling. The peak concent ra t ion  may have 

,; occurred much e a r l i e r .  For t h e ' s h e e p ,  the'p'eak concent ra t ions  of  t h e  rad io-  

nuc l ides  occurred between 8 and 24 h r .  The explana t ion  o f  t h e s e  d i f f e r e n c e s  

between sheep k d  dee r  i s  not  r e a d i l y  apparent ,  bu t  could b e  d i e  t o  d i f f e r e n t  

metabolic r a t e s  as  we l l  as  l e s s e r  o r  g r e a t e r  e x c i t a b i l i t y .  

Table 5 .  PERCENTAGE OF INJECTED DOSE FOUND IN DEER STOMACHS 
(RUMEN-RETICULUM, OMASUM, ABOMASUM, AND CONTENTS) 

~p 

.4 H r  8 H r  24 H r  3 Day 7 Day 10 Day 14 Day 
Radio- 
nuc l ide  

# 1 # 2 # 3 #4 #5 . #7 #8 . #9 # 10 



Table 6 .  PERCENTAGE 0F.INJECTED DOSE FOUND IN SHEEP STOMACHS 
(RUMEN-RETICULUM, OMASUM, ABOMASUM, AND CONTENTS) 

Radio- 4  H r  8  H r  24 H r  . 3  Day 7 Day 10 Day 14 Day 

nuc l ide  
# 2  # 3 # 4  #5 # 6 .  # 7  #8 #9 # l o  #11 

Ca-47 0.5 3.2 ' 3 . 4  0 . 8  1 .6  3.9 0.'6.. 0 .3  0 .5  0 .4  0 . 3  I 
Sr- 85 0 .6  3  ,5 2.1 0 .4  0 .4  0 . 8  0 .1  0 . 1  0 . 1  nd* nd* 1 

Cs-137 1 . 8  8.6 8 .4  3.9 5.2 6.0 2.4 . 1 . 0  1 . 1  0.5 0.6 i 

* Not d e t e c t a b l e  
. . 

The accumulation of  i n t r avenous ly  i n j e c t e d  rad ionucl ides  i n  t h e  f o r e -  

stomachs o f  d e e r  and sheep may be  l a r g e l y  due t o  s a l i v a r y ,  gland s e c r e t i o n .  ' 

Blair-West .and co-workers (Physiology o f  Digest ion i n  t h e  Ruminant, But terworths ,  
, .  . . - 

Wash.ington, 1965, p  198) r epo r t ed  t o t a l  p a r o t i d  gland s e c r e t i o n s  of  10-15 l i t e r s /  

day i n  t h e  sheep.  These observa t ions  have been confirmed i n  t h i s  l abo ra to ry  .. 

with  a  l i m i t e d  number o f  sheep.  P a r o t i d  gland s e c r e t i o n  r e c e n t l y  determined i n  

one dee r  is  about 1 l i t e r / d a y .  Radionuclide concen t r a t i on  i n  s a l i v a  i s  con- 
. . 

s i d e r a b l y  h i g h e r  than  t h a t  of c i r c u l a t i n g  plasma i n  bo th  s p e c i e s  and h ighe r  i n  
. . 

t h e  dee r  than  i n  t h e  sheep. . . 

Rela t ive ly  l i t t l e  work has  been done on t h e  concent ra t ion  o f  1-131 i n  ma- 

t e r n a l  and f e t a l  t h y r o i d  glands of deer .  Table  7 g ives  r e s u l t s  of  such a  s tudy 
. . . . 

over  a  14-day pe r iod .  The f e t a l  t h y r o i d  glands had a  g r e a t e r  uptake p e r  gram 
. . .  

of  t i s s u e  t h i h  , t h e  maternal  by's fac , to r  o f  up t o  f i v e .  T h e ' g e n e r a l l y  

low uptake i n  maternal  gl .ands-might be  a  r e f l e c t i o n  o f  a  r e l a t i v e l y  high l e v e l  

o f  s t a b l e  i o d i n e  i n  t h e  d i e t  ,' which w a s  'approximately 1 .5  "mi I/day based on one 

analysis .  o f  rumen con ten t .  This  can b e  a t t r i b u t e d  t o  t h e  h igh  iod ine  conten t  

o f  c o a s t a l  vege t a t i on  p l u s  t h e  i n c l u s i o n  of supplemental '  (1%) iod i zed  s a l t  i n  
i t 

t h e  a l f a l f a  d i e t .  
. ,  

The h ighe r  concen t r a t i on  of 1-131' i n  f e t a l  t h y r o i d  gland might a l s o  be  

exp la ined 'by  r ecyd l ing  and r e - i n g e s t i o n  of  exc re t ed  1-131 by t h e  f e t u s  v i a  t h e  

a imionic  and chorio,nic  . . .. f l u i d s .  . . . Experiments u t i l i z i n g  s u r g i c a l  p r epa ra t i ons ,  

whereby t h e  f e t a l  u r i n e  can be  c o l l e c t e d  e x t e r n a l l y  a r e  contemplated (H. ~ a r k e r  

and F .  Buddingh, UCD School of Veter inary  Medicine, Personal  Communication, 1968) 



; Table 7; CONCENTRATION OF .I-131 IN MATERNAL AND FETAL 'TINROID GLANDS OF THE DEER AT SACRIFICE 
(EXPRESSED AS PERCENT ADMINISTERED DOSE/G THYR0,ID). 

4 H r  8 H r  . 24 H r  3 Day 7 Day 10Day . 14 Day 

# 1 #2 3 # 4 # 5 # 6 #8  . # 9 10 

I Maternal " 0.6(1.7)* 0.8(2.1) 1 .4(2.6)  3.2(2.2) 1.0(2.7) 3 .6(1.9)  1.'1(2:6) 1 .5(1.6)  3.2c3.1) 

Fetal  1.3(0.3) .1.6(0.5) 3.5(0.2) 15.3)0.3) 4.1(0.7) 5.6(0:5) '3.8(0:7) .S.2(1.2) 3 .3(0.8)  ~ 

I Fe ta l  Thyroid 2.1 
Glands 

Maternal Thyroid 

I G 1 ands 



MARMOSA MITIS, A SMALL MARSUPIAL FOR STUDIES IN RADIATION BIOLOGY 

L .  K .  Bustad 
H .  G .  Wolf 
R .  D .  Barnes 

Marmosa m i t i s  (a l so  known as Marmosa robinsoni, 4 Bangs), a smaZZ, pouch less  South American marsupial, , 
i s  a recommended sub,ject for study of the  e f f e c t s  
of external X-irradiation and of  Sr-90 and other 
in ternal  emit ters  because of i t s  simple chromosome 
pattern and the acces s ib i l i t y  o f  fetuses.  

I 
, Marmosa is  a  very widely d i s t r i b u t e d  genus cons i s t i ng  of  49 spec i e s  and 

100 subspecies  (Tate ,  Bull .  Am. Mus. Nat l .  His tory  66: 1 ,  1933).  Severa l  

spec i e s  of  marmosa, as  wel l  as o the r  marsupia ls ,  were introduced t o  t h e  Uni- I 

opmental embryological s t u d i e s .  I~ 

v e r s i t y  of  C a l i f o r n i a ,  Davis, by one o f  us (RDB) i n  1966, i n  t h e  hope of  

adapt ing  one o r  more of  them t o  l abo ra to ry  condi t ions  (Barnes, Lab: Animal 

Care 18: 251, 1968). The prime o b j e c t i v e s  were the  development of  a  bioassay 

f o r  t e s t i n g  t h e  carcinogeni 'c p r o p e r t i e s  of  drugs and t h e  performance of devel-  

Of t h e  o r i g i n a l  spec i e s  in t roduced ,  M .  - mitis has proven t o  be  the  most - .  
succes s fu l  i n  adapt ing t o  t he  l abo ra to ry .  In  a d d i t i o n ,  it has the.  d e s i r a b l e  

c h a r a c t e r i s  t i c s  of  being pouchless ,  sma l l ,  r e a d i l y  a v a i l a b l e  from t h e  wi ld ,  

and of  having a  s imple  karyotype.  

The chromosome p a t t e r n , .  descr ibed  by S c o t t  and Barnes on p  106, was most 

a t t r a c t i v e  t o  us .  ( s ee  a l s o  Reig, Expe r i en t i a  24: 185, 1968). The karyotype i s  

one o f  t h e  most s imple o f  mammalian chromosome p a t t e r n s  (2N = 14) ,  and meta- 

phase p repa ra t ions  a r e  e a s i l y  viewed under t h e  l i g h t  microscope. The small  

number and l a rge  s i z e  of  t h e  chromosomes should 'permi t  a d a p t a b i l i t y  t o  machine 

a n a l y s i s .  The spec i e s  should prove use fu l  f o r  q u a n t i t a t i n g  cy togenet ic  r ad i a -  

, 

t i o n  damage, i nc lud ing  t h a t ,  from a  v a r i e t y  of  i n t e r n a l  e m i t t e r s .  The response 

t o  Sr-90,  r ad io iod ines ,  and t r i t i u m  w i l l  be  s tud ied  f i r s t .  The na tu re  o f  t he  

repor ted  d e l e t e r i o u s  e f f e c t s  o f  rad ios t ront ium on the  gonads could be checked 

i n  marmosa and i n  o t h e r  l a r g e r  marsupials  wi th  s imple karyotypes t o  determine 

the  con t r ibu t ion  of extragonadal  r a d i a t i o n  t o  t h e  repor ted  e f f e c t s  i n  mice. 

In e a r l y  1967 some M-. m i t i s  were made a v a i l a b l e  t o  us f o r  a  p i l o t  s tudy  - -  
on the  cy togene t i c  e f f e c t s  of  X - i r r a d i a t i o n  and of  S r - 9 0 - i n  bone marrow and 

p e r i p h e r a l  b lood .  On the, b a s i s  of encouraging pre l iminary  r e s u l t s  a  colony 

of  M .  - -  m i t i s  was e s t a b l i s h e d ;  e i g h t  females have produced iyoung (F ig .  1) . 
Prel iminary s t u d i e s  involving. exposure of  - -  M .  m i t i s  t o  Sr-90, performed 

following developmcnt of a  method f o r  p e r i p h e r a l  lymPhoc~te  c u l t u r e ,  are 

descr ibed  on p  108 by Wolf and assockates .  The exposure t o  l e v e l s  of  Sr-90 



t ha t  are leukemogenic t o  other animals is currently being studied i n  young 

manosa. The use of these animals i n  v i r a l  t r ans fe r  and immunologic studies 
I . -~ 

is also un i , ,  rn r .  - ,, 
. 'I 88. , ; z :  - .  



CYTOGENETIC STUDIES OF M4RMOSA m T I S  

C .  D .  Scot t  
R .  D .  Barnes 

The mitot ic  chromosomai! pattern of bone marrow 
preparations from colchicine-injected Mmosa mit is  
(MarsupiaZial i s  sham and i s  characterized. 

Karyotype analyses f o r  1 3  a d u l t  Marmosa mitis were c a r r i e d  out i n  order  

t o  obtain s tandards aga ins t  which experimental mutagenic inf luences  might 

be judged. Metaphase spreads a r e  abundant i n  both bone marrow and spleen  

c e l l  p repa ra t ions .  The l a r g e  s i z e  and small number of t h e  ind iv idua l  chromo- 

somes combine t o  render r ap id  v i s u a l  scanning and evaluat ion f o r  frequency 

of abe r ra t ions ,  and con t r ibu te  m a t e r i a l l y  t o  the  r e l i a b i l i t y  of such scor ing  

The 13 animals subjec ted  t o  ana lys i s  were removed from a colony of over 

40 breeding marmosa. Se lec ted  animals were i n j e c t e d  i n t r a p e r i t o n e a l l y  with 

co lch ic ine  a t  1 mg/kg body weight.  (The average weight f o r  a d u l t  female marmosa 

is 65 g ;  f o r  a d u l t  males, 94 g ) .  Bone marrow was washed from both femurs 60 t o  

90 minutes pos t - in j ec t ion .  

A c e l l  suspension of marrow was he ld  i n  1% sodium c i t r a t e  f o r  20 minutes 

and then  f ixed  i n  a f r e sh  mixture o f  methanol-acet ic  ac id  as a p e l l e t .  A i r -  and 

flame-dried prepara t ions  were made f o r  s t a i n i n g  i n  Giemsa s t a i n  t o  which 5% by 

volume of 0.15 N ammonium hydroxide had been added. None o f  t h e  chromosomes 

i l l u s t r a t e d  was der ived  from a c u l t u r e .  

For karyogram a n a l y s i s ,  photographs o f  metaphase chromosomes were pa i r ed  

according t o  s i z e ,  shape, and p o s i t i o n  o f  the  centromere. Four groups--A, B ,  C ,  

and t h e  sex chromosomes--have been i d e n t i f i e d  and arranged according t o  t h e i r  

morphology and comparative s i z e  (Fig. I ) . *  Within g r o l q  A, a l l  l a rge  sub- 

metacent r ics ,  one p a i r  may genera l ly  be separa ted  v i s u a l l y  from t h e  o t h e r  two 

p a i r s .  Group B c o n s i s t s  of a s i n g l e  p a i r  of metacent r ics ,  and Group C o f  two 

p a i r s  of r e a d i l y  d i s t ingu i shed  t e l o c e n t r i c s .  The X chromosome is sub-metacentric 

and t h e  Y is ac rocen t r i c .  The sex chromosomes were determined on the  b a s i s  o f  

t h e  heteromorphic p a i r  found i n  t h e  males 

The karyogram of  14 chromosomes conta ins  only two p a i r s  t h a t  cannot be  

v i s u a l l y  d i s t ingu i shed  with c e r t a i n t y .  They may y e t  be separa ted  by means o f  

the  more s o p h i s t i c a t e d  methods o f  ana lys i s  such as  microdensitometry and 

s t a t i s t i c a l  and computer analyses.  These s t u d i e s  preceded one on t h e  e f f e c t s  I 
of ex te rna l  i r r a d i a t i o n .  1 

I * The karyotype is arranged i n  accordance with t h e  recommendations made a t  t h e  
3rd Mammalian Cytology and Somatic Cel l  Genetics Conference, San Juan, 
Puerto Rico, 1964. 



GROUP 

Pig. 1. Karyotype of Marmosa m i t i s .  



A METHOD FOR CULTURING PERIPHERAL LYMPHOCYTES 
FROM W O S A  MITIS 

H. G .  Wolf A method for culturing the peripheral lymphocytes from 
Leslie Siemon Marmosa mitis has been developed. Increased concentra- 
A.  L. Philbrick t i on  of PHA-P i s  required t o  induce transformation t o  
Angela Foin the primitive c e l l  type.  Culture for 7 2  hr a t  37C 

produces m adequate nwnber of dividing c e l t s  for 
chromosome wralysis.  Metaphase spreads are prepared 
according t o  st&d techniques. 

The technique of culturing peripheral  lymphocytes from humans for  subsequent 

chromosome analysis has been described by Moorhead (Exptl. Cell Res. 20: 613, 

1960). Modifications of the  standard culturing media have been made t o  adapt it 

for  use with Marmosa mitis. 

Four t o  s i x  cap i l la ry  tubes of venous blood are  collected v i a  t a i l  vein 

puncture. The tubes are  centrifuged f o r  5 min a t  $1/2 speed i n  a microcapillary 

centrifuge equipped with a rheostat .  The capi l lary tubes are then cut below the 

buffy coat and the  buffy coat and plasma are introduced in to  5 m l  of  medium i n  a 

15-ml Falcon t i s s u e  cul ture  f lask.  

The culture medium tha t  has been used most successfully i n  our laboratory 

consists of :  74% RPMI-1629 (GIBCO), 20% f e t a l  ca l f  serum (GIBCO), 2% L-glutamine 

(GIBCO), and 2% phytohemagglutinin (PHA-P) (Difco); 100 uni t s  procaine penic i l l in ,  

and 0.125 mg streptomycin/ml of medium i s  added. 

Cells obtained from the capi l lary tube procedure are inoculated in to  the 

medium and grown f o r  72 h r  a t  37C i n  an atmosphere of 95% air and 5% C02. A t  

69 h r ,  1 m l  of 0.05% colchicine solut ion (Turtox) i s  added t o  each culture f lask,  I 
the  ce l l s  are  gently resuspended using a capi l lary p ipe t te ,  and incubation is I 
continued f o r  3 h r .  Cells are  harvested a t  72 h r  according t o  standard techniques. 1 
Slides are s ta ined  with Wright's s t a i n  and metaphase figures are examined 

microscopically. 

The f i n a l  concentration of PHA-P i s  0.15 mg/ml of culture medium, four times 
I 

t h a t  used i n  culturing peripheral  lymphocytcs from other species.  Our data indi-  

cate t ha t  a t  the recommended dosage of PHA-P, there  is l i t t l e  or  no transformation 
I 

of marmosa lymphocytes t o  the  b l a s t  s tage.  Concentrations of two and three  times 

normal r e su l t  i n  increasing yields  of metaphase figures.  PHA-P concentrations of 1 
four times normal (0.15 mg/ml culture media) give more than adequate numbers of 

metaphase figures fo r  examination. Since a higher than usual concentration of 

PHA-P was required, c e l l s  were cultured a t  concentrations up t o  10 times normal 

t o  determine whether the  PHA-P level was re la ted t o  chromosome abnormalities. 

The data are presented i n  Table 1. 



Table 1. PERCENTAGE OF ABNORMAL CHROMOSOMES* VS 
PHA-P CONCENTRATION . 

PHA- P Number Number Abnormal . . .  
Concentrat ion . Cel l s  Abnormal Numb'er a . Cel l s  . Abnormalities 

x Normal Examined c e i l s  Abnormalities (%) . . .  (%) 

- - 

* Gaps not included 5n ana lys i s  ' . . '  I 

 here ddes not seem t o  be  any c o r r e l a t i o n  between t h e  ' concent ra t ion  o f  

PHA-P and t h e  percentage of abnormal i t ies  observed i n  t h e  metaphase p repa ra t ions .  

An incidence of 3 . 5 %  scored':abribrma.liti-es i s  low enough t o  i n d i c a t e  t h a t  t h i s  
. .  . . . 

system w i l l  b e  a  mater ial  a i d  i n  ou r . a t t empt s  t o  eva lua te  t h e  cy togene t i c  e f f e c t s  
. . .  



CYTOGENETIC EFFECTS OF X-IRRADIATION AND SR-90 IN MARMOSA AIITIS 

H .  G .  Wolf The cytogenetic e f f e c t s  o f  X -  a,& Birrad ia t ion  on 
L e s l i e  Siemon Marmosa m i t i s  f 2N = 1 4 )  were evaluated i n  a p i  l o t  
A .  L .  Ph i lb r i ck  study . Three animals were X-irradiated f 120R) and 
C .  D .  S c o t t  8 were in jec ted  i . p .  wi th  Sr-90, 4 each a t  0.3 p C i / g  
Marvin Goldman - and 0.03 N i / g  body weight. Peripheral blood and bone 
L .  K .  Bwtad  marrow were coZZected periodically a f t e r  exposure, and 

m i  t o t i c  preparutiorzs wer2e exwrlined. Chromosome 
abnormalities were found i n  a l l  treatment groups. 
Incidence of  damage was higher i n  X-irradiated anima 2s 
t h m  i n  those treated wi th  Sr-90. Marrow preparations 
sh.med a hi.gher i .ne id~noe of  damage than preparations 
from peripheml  blood. 

The p o s s i b l e  cy togenet ic  e f f e c t s  o f  Sr-90, a  bone-seeking rad ionucl ide ,  

and those  o f  e x t e r n a l  X- i r r ad i a t ion  were compared i n  Marmosa mitis [ 2 N  = 14).  

Eight  male and t h r e e  female marmosa were randomly assigned t o  t reatment  groups 

as  shown i n  Table 1. 

Table 1. RADIATION TREATMENT AND SAMPLING SCHEDULE FOR MARMOSA, 

Treatment Time (days) Post -Treatment 

Sr-90 I n j e c t i o n  

0.03 PCi/g body w t  

0 . 3  ~ C i / g  body w t  

X- I r r ad ia t ion  

120R 1 9  Id I d  

Strontium-90 i n  0 .1  N HN03 was i n j e c t e d  i . p .  a t  0 .03  v C i  and 0 . 3  pCi/g body 

weight .  The c a l c u l a t e d  t o t a l  body dose from t h e  h ighe r  l e v e l  i n  a  100-g marmosa 

was Q14 rads/day;  s k e l e t a l  dose was c a l c u l a t e d  t o  .be %12 rads/day.  Since t h e ,  

lower l e v e l  was 0 . 1  .of t h e  h ighe r  l e v e l ,  t h e  corresponding doses were %1.4 and 

1.2 rads lday .  

, Exposure t o  120R X- i r r ad ia t ion  was given using a  250-Kvp t h e r a p e u t i c  X-ray 

u n i t  opera ted  a t  10R/min. 

One animal from each t rea tment  group was k i l l e d  a t  t h e  times ind ica t ed  i n  

Table 2 ,  and bone marrow was obta ined  from t h e  femora. The t h r e e  animals sampled 

a t  each per iod  were anes the t i zed  wi th  e t h e r .  Blood was drawn v i a  h e a r t  puncture 

f o r  i nocu la t ion  of  p e r i p h e r a l  blood c u l t u r e s ,  t o t a l  white  c e l l  counts ,  and 



d i f f e r e n t i a l  counts .  Pe r iphe ra l  blood was taken v i a  t a i l  ,vein puricture a t  each 
. . 

t - .  

time per iod  from a l l  animals not  scheduled f o r  s a c r i f i c e .  The blood was ,cul-  

t u red  according t o  t h e  method previous ly  descr ibed  (Wolf e t  a l . ,  p 1 0 8 ) .  Bpnq 

marrow was incubated f o r  3 h r  i n  E a r l ' s  s a l t  s o l u t i o n  conta in ing  0.0085% 
. . 

co lch ic ine  (Turtox) . 
. < 

Table 2. PERCENTAGE OF .ABNORMAL CHROMOSOME SPREADS* IN PERIPHERAL BLOOD 
AND BONE MARROW OF MARMOSA MITIS , 

I Time (days) Post- t reatment  
Treatment 

(!Xi/g body wt) 

Pe r iphe ra l  Blood 

I 

Bone Marrow 

* Gaps not  included i n  t h e  ana lys i s  

I Metaphase spreads were prepared by t rea tment  wi th  hypotonic  N a - c i t r a t e  and 

I s t a i n e d  with Wright 's  s t a i n .  

I The percentage of abnormal spreads  i n  t h e  p e r i p h e r a l  blood (Table 2) i n d i -  

I ca t e s  t h a t  t h e r e  was a  t r e n d  toward inc reas ing  abnormal i t ies  with time pos t -  

I i n j e c t i o n  i n ' t h e  Sr -90- t rea ted  animals,  while t h e  X- i r r ad i a t ed  group remained 

I cons tan t .  This p a t t e r n  sugges ts  t h a t  cont inua l  i r r a d i a t i o n  from t h e  depos i ted  

I Sr-90 caused an inc rease  i n  damage with t ime,  whereas t h e  e f f e c t  of a  s i n g l e  

X- i r r ad i a t ion  exposure was damage t o  a  given po r t ion  of  non-dividing c e l l s  i n  

c i r c u l a t i o n ;  t h e  l a t t e r  e f f e c t  p e r s i s t e d  a s  long as  t h e  o r i g i n a l  popula t ion  

su rv ive .  

Data obta ined  from bone marrow p repa ra t ions  a r e  a l s o  given i n  Table 2 .  I n  

con t r a s t  t o  p e r i p h e r a l  blood lymphocytes, t h e  bone marrow is an a rea  of  c e l l u l a r  

p r o l i f e r a t  i on ,  t h e  percentage o f  damaged c e l l s  would be expected t o  decrease 



with time as the  i e t h a l l y  i r r a d i a t e d  c e l l s  a r e  l o s t  'from t h e  popula t ion ,  and as 

a  r e s u l t  of r e p a i r .  The d a t a  f o r  both t h e  Sr -90- t rea ted  and X- i r rad ia ted  

marmosa follow t h i s  genera l  t r e n d ,  sugges t ing  t h a t  the  low-dose r a t e  from 

depos i t ed ' s r -90  is  con t inua l ly  i n j u r i o u s  during t h e  per iod  s t u d i e d .  

This pre l iminary  e f f o r t  has  i nd ica t ed  t h a t  Marmosa m i t i s  i s  a  p a r t i c u l a r l y  

u se fu l  labora tory  animal f o r  s . tudies  o f . t h e  cy togene t i c  e f f e c t s  of  i r r a d i a t i o n .  

Work i s  now i n  progress  t o  a s se s s  t h e  e f f e c t s  of  lower doses o f  i r r a d i a t i o n .  
1 



NUTRITION OF MARMOSA MITIS  

I H .  G .  Wolf . , , A basic d i e t  that i s  acceptable t o  mamosa and that 
R .  D .  B a r n e s *  sustains growth and Z<mited reproduction has been 

fo&ulated. There i s  evidence that trace mineral 
deficiency may be. responsible for rep~odz;1ctiPe d i f f i -  
cu l t i e s ;  d i ~ t a r y  supp Zementation .has been, i n i t i a t ed ,  
and growth and reproduction are being carefully 
observed for .response. 

. . 
Development of a  s a t i s f a c t o r y  n u t r i t i o n a l  'regimen f o r  a  spec i e s  of  animals 

new t o  labora tory  co lon iza t ion  p re sen t s  many problems. I n  t h e  case  of  marmosa 

t h e r e  is  v i r t u a l l y  no knowledge of t h e i r  n a t u r a l  feeding  h a b i t s .  Gut morphology 

and d e n t i t i o n , ,  however, suggest  t h a t  t h e s e  animals a r e  mainly carnivorous o r  

i n sec t ivo rous .  I t  i s  known t h a t  they e a t  t r o p i c a l  f r u i t s ,  inc luding  f i g s  and 
. . 

bananas. I n  t h e  formulat ion of a  d i e t  f o r  t h e s e  animals,  p a l a t a b i l i t y  p l ays  an 

important r o l e .  A moist ,  blended d i e t ,  approximately 20% dry ma t t e r ,  . . has proven 

I t o  be the  most acceptable  form. Over t h e  p a s t  two years  s e v e r a l  d i e t a r y  formula- 
. . 

tioris have been t r i e d  with. varying degrees of  succes s .  The p re sen t  d i e t ,  

formulated i n  August 1967, i s  composed o f :  36.4% canned horsemeat, 27.4% pee led  

bananas, 4.6% whole cooked eggs,  29.5% water ,  0 .8% U.S.P. 1 4 . s a l t  mix, 0.8% ' 

supplemental s a l t  mix (3.4 g MnSO4-H2O, 2.20 g ZnS04, 0 .78 g CuS04/ l i te r )  added 

as  of  Apr i l  1968, and 0.4% Vitamin Diet F o r t i f i c a t i o n  mixture (Nu t r i t i ona l  

Biochemical Corporat ion) .  Percentages a r e  expressed on a  wet weight b a s i s .  

To t e s t  t h e  adequacy of  t h i s  d i e t a r y  formulat ion,  two groups of  mice--one 

fed the  marmosa d i e t  and one fed  s tandard  Purina Mouse Breeder Chow--are being 

maintained and bred .  The t h i r d  genera t ion  of mice f ed  t h e  marmosa d i e t  were 

smal le r  than  t h e  c o n t r o l s ,  and had a  rough h a i r  coa t .  l"hey a l s o  showed t h e  

c l a s s i c a l  s ign  of manganese def ic iency--congeni ta l  absence o f  o t o l i t h s  with 

r e s u l t i n g  i n a b i l i t y  t o  o r i e n t  with r e spec t  t o  gravity--which i s  b e s t  demonstrated 

i n  a  swimming t e s t .  These s i g n s  a r e  c h a r a c t e r i s t i c  of  manganese and z i n c  

de f i c i enc i e s  as  descr ibed by Hurley (J. Nutr.  91: 2,  1967). Swimming t e s t s  of 

the  mice, conducted by D r .  Hurley, and examination o f  t h e  o t i c  capsule  f o r  

o t o l i t h s  confirmed t h e  d iagnos is  o f  manganese de f i c i ency .  Second genera t ion  

Marmosa m i t i s  a l s o  revealed l o s s  of  equi l ib r iwn while swimming. Therefore,  

supplemental s a l t s  were added as  noted above; t h e  cu r r en t  d i e t  conta ins  %60 ppm 

manganese, 40 pp111 Z I ~ ,  and 10 ppm Cu. 

* Department of Anatomy, School of  Veter inary b,ledi c ine  



Reproductive e f f i c i e n c y  i n  a  colony maintained s ' ince 1966 by Barnes ha's 

dec l ined ,  w i th , a lmos t  complete f a i l u r e  t o  wean young o f  t h e  second capt ive  

genera t ion .  Table 1 shows t h e  a v a i l a b l e  d a t a  on reproduct ion of  wild- trapped 

and colony-bred marmosa t o  d a t e .  Although s u f f i c i e n t  evidence is  not  y e t  

ava i l ab l e  t o  - prove t h a t  t h e  reproduct ive  dec l ine  was caused by t r a c e  mineral 

d e f i c i e n c i e s ,  p r e l i q i n a r y  f ind ings  sugges t  t h a t  p o s s i b i l i t y .  Since t h e  problem 

i s  c o r r e l a t e d  with. time i n  c a p t i v i t y ,  absence o f  environmental s t i m u l i  o r  

behaviora l  p a t t e r n  changes cannot be discounted as  p o s s i b l e  causes.  

The major n u t r i t i o n a l  requirements-- i  .e  . , p r o t e i n ,  f a t ,  carbohydrate ,  

vi tamins,  and t h e  major elements--appear t o  be s a t i s f i e d  by t h e  present  d i e t .  

Proximate a n a l y s i s  of t h e  d i e t  i s  as fo l lows;  31% p r o t e i n ,  13% f a t ,  9.8% ash ,  

and 46.2% ni t rogen  f r e e  e x t r a c t .  'I'he d i e t  conta ins  2% Ca arid 1% P .  Work i s  

p-resent l y  under way t o  def ine  more p r e c i s e l y  t h e  n u t r i t i o n a l  requirements .of . 

t h i s  spec i e s  and t o  determine optimum n u t r i e n t  l e v e l s .  



. . 
. . 

. . 
. . . Table 1. REPRODUCTION IN MARMOSA MITIS, 1966-1968 . 
. .  . 

F 1 
. . W i  ld-trapped Co lony-bred Wild-trapped Colony-bred F2 

I tern 1966 1967 1968* 
- .  

. . .1968* 
. . 

 reedi in^ -May 11 - Oct 9. Mar 1 - Nov 30 . . 

. Females of  breeding age 24 .. . 38 41 
. . 10 

Females with l i t t e r s  
when received N R ~  NR 14 - - 

Number of breedings 
0 .  

Females without l i t t e r s  _ Females~producing . . l i t t e r s  12 
F 
u1 (50%) 

L i t t e r s  born 13 

Average l i t t e r  s i z e  . 7  

L i t t e r s  nursing 

L i t t e r s  weaned 

Percent young weaned 9 1 28 NR . 0 

* Data a r e  f o r  130-day period (1 Jan-21 May 1968). The females of  both groups a r e  cycling, and breeding 
w i l l  continue f o r , % 2  months . 

-I- NR = not ' recorded 
, § O f  117 young born, 108 (92%) were 'weaned. S ix  l i t t e r s  nursing when received a t  DavLs were l o s t  i n  t o t o  and . . -- 

were , therefore not used i n  t h i s  ca lcu la t ion .  



A MAGNETIC TAPE OUTPUT COUPLER SYSTEM 

John Schwind A magnetic' tape output coupler system was developed t o  
Larry Gilman enable data from various instruments- t o  be recorded. for 
Marvin Goldman . direct pr~ocessing by a computer. 

To record instrument readings autoinatically i n  a form amenable t o  d i r e c t  

processing by a computer, a magnetic tape system was designed;   he instrument 's  

da ta  output ma? be  i n  analog form, a cha r t  recording,  o r  i n  a 'quas ib inary  form 

such as binary-coded decimal (BCD) . Since most instruments .do not have provi-  

s ions '  f o r  d r iv ing  a d i g i t a l '  incremental t ape  recorder,  a coupler system (Fig. 1) 

was designed . a d  b u i l t ;  t o  permit the  use of various instruments with a d i g i t a l  

incremental tape redorder. ' The . . coup'ler .has the  following chai-act-eris t i c s  : 
... I - . . 

1. accepts e i t h e r '  p o s i t i v e  - . . or 
r negative log ic  : , . 

DIGITAL 

2 .  accepts BCD 'data from i n s  t r u -  
mentation and has provisions 
f o r  manual en t ry  of d a t a  such 
as da te  and experiment number 

MANUAL 
INPUT - 

3 .  dr ives  , a d i g i t a l '  incremental 
tape  recorder  . . .. . 

BCD INPUT . .4 .  - dr ives  'a high-speed p a r a l l e l  
p r i n t e r  I 

.. . 

1 

RECORDER 

5 .  with t h e  addi t ion  of '  a d i g i t a l  
voltmeter , .  can handle two 
channels of analog da ta .  . I 

I 
The coupler accepts  s i x  charac- 

t e r s  of  BCD (8-4-2-1) information 

. . i n  p a r a l l e l  form. This is-  considered 
Fig.,  1. Coupler System Diagram "one coupler word. The d i g i t a l  output 

i s  recorded by the  magnetic un i t  i n  

s tandard  IBM 7-channel NRZI ' code. The p a r a l l e l  da ta  a re  routed through t h e  

i n t e r f a c e  by' a s e r i e s  pf "NANDt' ga tes ,  which a re  fanned s e r i a l l y  b y  a t iming 

'system t h a t '  a l s o  s t e p s  t h e  tape t r a n s p o r t .  The s e r i a l i z e d  output is  connected t o  

the  tape input, .  ,The tape  t r anspor t  i s  advanced i n  synchrony with t h e  flow of 

charac ters  from the  .coupler,  ' i n  response t o  s tepping commands.' from th.e coupler I 
I 

t iming system. When a complete word i s  t r a n s f e r r e d  frbni the  coupler t o  t h e  tape  ] 
recorder ,  the. coupler  i s  ready t o  accept a new word. The log ic  i s  shown i n  . I 
Fig. 2. An inter-record gap can'be entered  e i t h e r  ~ u t o m a t i c a l l y  o r  manually a t  

.. I 
the  end of each record.  .D&ta a r e  entered  manually by s e t t i n g  t h e  da ta  i n t o  t h e  

\' . 
u n i t  ' s thumbwheel switches 'and depressing the  manual e n t r y -  push button.  . 

. . 



. . 
. The coupler  i s  cons t ruc ted  p r imar i ly  of  i n t e g r a t e d  c i r c u i t s .  A l l  d i g i t a l  

l o g i c  3s performed by DTL NAND g a t e s ;  Some complex func t ion  TTL i n t e g r a t e d  

c i r c u i t s  a r e  used i n  t h e  t iming s e c t i o n .  

The coupler  is  being used with. a 400-channel analyzer- ,and an' au toanalyzer .  

This method e l imina tes  hand-recording o f  d a t a  a s  we l l  a s  e r r o r s  i n  key.-punching 

and d a t a  hand'ling. 

t 

A GATED 
BINARY BCD TO - TO BCD 

CLOCK 
DECIMAL 

CONVERTER .CONVERTER 
I 1 1 1 1 1 1 1  . . 

ST ART TO TAPE 

INSTRUMENT t 
DATA '8'lNPUT . .  TO Of  HER B C 0, 

I CHARACTERS 

COMMAND 
I 

TO MANUAL; INSTRUMENT MANUAL 
DATA INPUT ENTRY 

. SWITCHING LOGIC ' DATA . 
INPUT "8" 

STEP 

TO PRINTER 

TO TAPE 
RECORDER 

DATA INPUT 

TO 
4. 2. 1 

. . . . 
i "  Fig.  2 .  S impl i f ied  l o g i c  diagram showing l o g i c  f o r  . . 

one b i t  on one BCD cha rac t e r .  
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