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SUAMARY AND CONCLUSIONS 

1, Two p a t i e n t s  each received a s i n g l e  i n j e c t i o n  of tartar 
emetic (0,8 mg, Sb/kg.) synthesized from rad ioac t ive  antimony. 

2,  The t ime-concentration curves of antimony i n  whole blood 
and i n  t h e  blood f r a c t i o n s  ind ica t e  tha t  t h e  concent ra t ion  of a n t i -  
mony i n  t h e  blood w a s  reduced wi th in  one hour t o  50 per  cen t  and 
a f t e r  13 hours, t o  10 pe r  cent  of i t s  i n i t i a l  value fol lowing 
i n j e c t i o n .  

3, The curves obtained f o r  t o t a l  excre ted  antimony over a 
per iod of about 650 hours have demonstrated t h a t  by 500 hours 50 
per  cen t  of t h e  i n i t i a l  dose has been excreted i n  t h e  u r ine  and 
about 3 per  cen t  i n  t h e  feces .  I t  i s  also est imated from t h e  
exc re t ion  curves t h a t  u l t ima te ly  about 90 per  cent  of the i n i t i a l  
dose w i l l  be excre ted  v i a  t h e  kidneys and t h e  remainder i n  the  
feces 

4. Comparison of t he  rate of e l imina t ion  of antimony from 
t h e  blood w i t h  t h e  r a t e  of i t s  excre t ion  i n  u r i n e  and feces makes 
poss ib l e  a p r e d i c t i o n  of t h e  r e l a t i v e  r a t e  of exchange by t h e  body 
a s  a whole. 

The opinions or conclusions contained i n  t h i s  r epor t  are 
those  of t h e  au tho r ( s ) .  They a r e  n o t  t o  be construed as 
n e c e s s a r i l y  r e f l e c t i n g  the  views or the  endorsement of t he  
Navy Department. 
t h e  same way  as t o  published a r t i c l e s ,  no t ing  au tho r ( s ) ,  
t i t l e ,  source, date ,  p r o j e c t  number and r e p o r t  number. 

* 

Reference may be made t o  t h i s  r e p o r t  i n  
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5, External  measurements us ing  a Geiger oounter over regions 
ad jacent  t o  organs has enabled gross  es t imates  of t h e  degree of a n t i -  
mony accumulation by var ious  organs wi th in  t h e  body; t h a s e  r e s u l t s  
a r e  comparable wi th  those  f r o m  chemical a n a l y t i c a l  procedures. The 
t o c h i c  o f f e r s  LL unique advantage i n  not r equ i r ing  biopsy and chemi- 
c a l  manipulat ion of t h e  sample, and i t s  f u r t h e r  refinement should 
perinit  u se fu l  c l i n i c a l  app l i ca t ion .  
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BACKGROUND 

Recent s t u d i e s  i n  t h i s  labora tory  (1,2,3) and those  by Brady 
and co-workers (4,5) a t  t h e  National I n s t i t u t e  of Health,  have 
c l e a r l y  e s t a b l i s h e d  radioantimony a s  a p r a c t i c a l  l a b e l i n g  agent  f o r  
q u a n t i t a t i v e  assay of t h e  blood and t i s s u e  d i s t r i b u t i o n s  of ant imonial  
drugs i n  animals. The p resen t  r epor t  descr ibes  w h a t  i s  bel ieved t o  
have been the  f i r s t  use of radioantimony i n  s t u d i e s  on man. 

Use of t h e  r ad ioac t ive  i so tope  of antimony incorpora ted  i n t o  
t a r t a r  emetic made poss ib le  two kinds of measurementsg 

1. The concent ra t ion  of antimony i n  t h e  blood and blood frac- 
t ions i n  success ive  samples down t o  t h e  order  of 0.01 microgram p e r  
gram of samples and similar determinat ions on t o t a l  excre t ion .  

2. -- I n  v ivo  es t imat ion  o f  accumulation of antimony i n  t h e  l i v e r ,  
muscles, b r a i n  and thyro id ,  e tc . ,  by p lac ing  a Geiger counter  ex te r -  
nal ly  over t h e  appropr i a t e  body areas and recording t h e  r a d i o a c t i v i t y  
emi t ted  . 

PROCEDURE 

Two ambulatory male p a t i e n t s  a t  t h e  U. S. Naval Hospi ta l ,  
Bethesda, Maryland, volunteered as sub jec t s .  One p a t i e n t ,  B-1, age 
20, had been admit ted some t h r e e  months prev ious ly  with d iagnos is  
of f i l a r i a s i s  involv ing  t h e  t e s t i c l e s .  Examinations had been 
negat ive  f o r  m i c r o f i l a r i a .  This p a t i e n t  had rece ived  a course of 
antimony as fuadin  a t  a base hosp i t a l  s eve ra l  months previous t o  
t h i s  admission. 

A s i n g l e  dose (.71 mg. Sb/kgo) of tartar emetic, synthes ized  
from rad ioac t ive  antimony and t e s t e d  f o r  t o x i c i t y  and pyrogen6 i n  
r a b b i t s ,  w a s  given i o v o  (7,s mgoSb/cc, i n  0.85% N a C 1 )  t o  p a t i e n t  
B-1 a t  1330, 22 August 1945, V@nous blood samples were drawn (from 
t he  a r m  opposi te  t o  that used f o r  i n j e c t i o n )  a t  t i m e  i n t e r v a l s  up 
t o  120 hours. 
f i l l e d  and a l c c o  a l i q u o t  of t h e  blood was  taken;  t h e  remaining 
blood was then  cen t r i fuged  t o  ob ta in  samples of red c e l l s  and plasma. 
The concent ra t ion  of antimony i n  r ed  c e l l s  was cor rec ted  t o  that 
f o r  1 cc. of blood by mul t ip ly ing  t h e  apparent  concent ra t ion  by the 
hematocri t  value and the  r ed  c e l l  s p e c i f i c  gravity(&sumed t o  be 
1.090 gm/cc. ). P l a s m  antimony concent ra t ion  w a s  c o r r e c t e d  for 
hematocri t  by t h e  r a c t o r  (100 - $RBC) and the va lue  added t o  t h a t  
of t h e  co r rec t ed  r e d  c e l l  concentrat ion.  This summated va lue  w a s  
used as a check a g a i n s t  t h e  antimony concent ra t ions  obtained by 
independent measurement on the  whole blood. 

From each sample two  Van Al len  hematocr i t  tubes were 
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Daily c o l l e c t i o n s  of t he  e n t i r e  output  of u r ine  and f eces  were 
made f o r  t h e  next  25 days, 
on 1 c ~ a l i q u o t s  of t ho  u r ine  and on 1 gm, samples of t he  d r i ed  and 
pulver ized  f eces ,  

Geiger counter  measurements were made 

E s s e n t i a l l y  t h e  same procedure w a s  c a r r i e d  out  wi th  p a t i e n t  
B-2, exceptP t h a t  the l a t t e r  was no t  c o n s i s t e n t  i n  t h e  c o l l e c t i o n  
of the  excrement; thus ,  t h e  es t imate  of t h e  t o t a l  exc re t ion  i s  n o t  
as s a t i s f a c t o r y ,  

Analysis of t h e  blood and excrement curves w a s  e f f e c t e d  
s r a p h i c a l l y  f rom the  p l o t s  of -the logarithm of concent ra t ion  o r  of 
amount vso time, By t h i s  means it was poss ib l e  t o  compare quan t i t a -  
t i v e l y  t h e  r a t i o  of e l imina t ion  between t h e  blood and excranent. 
Addit ional  deductions a r e  a l so  poss ib le ,  

External  es t imates  on r e s idua l  antimony contained i n  t h e  
var ious  body organs a t  times a f t e r  t h e  i n j e c t i o n  were made by p lac-  
ing  a Geiger counter  over t h e  a r e a s  regardod t o  be i n  , juxtaposi t ion 
t o  t h e  organs, The technic  employed no co l l imat ion  o r  o the r  type  
o f  heavy sh ie ld ing  and was used only i n  an explora tory  manner. 
The r e s u l t s  must, t he re fo re ,  be regarded as purely demonstrative 
of t h e  general  a p p l i c a t i o n  of t h e  method and no t  as a s a t i s f a c t o r y  
q u a n t i t a t i v e  measure., 

The concent ra t ion  o f  antimony i n  t h e  blood fol lowing t h e  
i n j e c t i o n  w a s  found t o  decrease exponent ia l ly  wi th  t i m e  ( f i g ,  l ) ~  
thus,  i n  both p a t i e n t s  it had dropped t o  50 per  cen t  of i t s  i n i t i a l  
value by the  end of one hour and t o  10 p e r  cen t  by about  1 Y  hours.  
A t  t h i s  l a t t e r  time t h e  concent ra t ion  i n  both p a t i e n t s  was ayproxi- 
mately 0,l microgram of antimony per  cubic cent imeter  of blood. 

Logarithmic a n a l y s i s  of t h e s e  curves y i e l d s  empir ica l  equat ions 
i n  which t h e  concent ra t ion  a t  any t ime may be represented as a sum 
of decaying exponent ia l8  and t h e i r  c o e f f i c i e n t s .  Thus, i n  general ,  
t h e  concent ra t ions  C a t  any t i m e  t, i n  hours a f t e r  %he i n j e c t i o n ,  
i s  given by t h e  equztions 

- 

where  bo,^ 2 n 
t h e  C I S  ana 6,s [ t a b l e  1) f o r  p a t i e n t s  B-1 and B-2 may be s u b s t i t u t e d  
i n t o  t h e  equation, 

is a decay cons tan t ;  t h e  numerical va lues  of 



Table 1.- Values f o r  c o e f f i c i e n t s  and exponent ia l  decay t e r n s  f o r  

13-1 and B-2 
curves of e l imina t ion  of antimony from t h e  blood by p a t i e n t s  

Subsc r ip t  B-1 B-2 
C b C b I 

0.5600 1.065 0.768 1 245 
0.2730 0.392 0.098 0.288 
0.0820 0.053 0,185 0.0912 
0.08 31 0,007 0,049 0.007 

0 
1 

10 
50 

The information contained i n  the  t a b l e  a l lows c e r t a i n  i n f e r e n c e  
t o  be drawn regarding t h e  el imint t t ion of antimony from t h e  blood i n  
t h e  two p a t i e n t s  studied. A t  zero t i m e ,  f o r  example, e-bt - 1 and, 
thus,  t h e  summated values  of t h e  C's  = ( C o  + C1 + ... C n )  are  1.230 
and 1,110 micrograms pe r  cubic cent imeter  of blood f o r  B-1 and B-2 
respec t ive ly .  Sinoe t h i s  concent ra t ion  i s  f a r  lower than could 
r e s u l t  frm d i l u t i o n  by t h e  blood volume, it is evident  that t h e  
concent ra t ion  has been reduced by such f a c t o r s  as d i l u t i o n  wi th  
t h e  ex t r avascu la r  aqueous volume of t h e  body, and rap id  removal by 
t h e  l i v e r  and kidney. 

1 6500 1 0 001 
0,2985 0,313 
0,0052 0,0087 
0,0007 0 e 0004 

A n  a n a l y s i s  of the r a t e s  a t  which antimony d isappears  f rm t h e  
blood may be obtained by d i f f e r e n t i a t i o n  of the  equat ion (1) a f t e r  
s u b s t i t u t i o n  of t h e  numerical va luesa  
pare  r a t e s  of l o s s  from t h e  blood stream i n  t h e  two p a t i e n t s  a t  
var ious  t imes ( t a b l e  2) .  

By t h i s  means one may cm- 

Table 2,-  Rates of loss of antimony from blood 
. a t  var ious  times a f t e r  i n j e c t i o n  

gm/c c/hr . 
T i m e  P a t i e n t  

I 1 I I 

From such a camparison it i s  apparent  t h a t  t h e  r a t e s  of e l i m i n a -  
t i o n  of antimony from t h e  blood stream were reasonably similar i n  t h e  
two p a t i e n t s .  
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The whole blood values  were i n  f a i r  agreement wi th  thoso calcu-  
l a t e d  from summation of t he  cor rec ted  plasma and red c e l l  measure- 
ments ( f i g .  1 , 2 ) ,  al though, as might be expected, t h e r e  w a s  g r e a t e r  
devia-cion toward t h e  terminal  por t ions  o f  t h e  curveso 

,449 .289 -175 .lo8 

,049 .os3 .019 0017 

9,25 5.44 9,15 6,46 

The concent ra t ion  of antimony wi th in  the  red c e l l s  maintained 
a f a i r l y  cons t an t  r a t i o  of about f i v e  times tha t  i n  the  plasma 
( t a b l e  3 ) ;  t h i s  may be taken a s  evidence t h a t  a s t a t e  of dynamic 
equi l ibr ium e x i s t s  between t h e  c e l l  and plasma, and t h a t  it i s  one 
which appears  dependent upon the concent ra t ion  gradient .  

.078 .059 .OB .025 ,022 - 
,009 .015 ,006 .OO6 .008 - 
9.01 4,10 4,86 4,32 2,57 

Table 3.-  Comparison of antimony concentrat ion i n  red c e l l s  
w i t h  t h a t  i n  plasma 

~- ~ 

Time (h r . )  ar ter  i n j e c t i o n  

0,25 0.50 loo 2.0 4,O 6,O 19,O 24,o 48,O 72.5 93.0 120,C 

Concentration i n  pgm, Sb/cc, whole blood 

Flasma 

. 592 

0099 

6.00 

Analysis  of the  antimony e l imina ted  v i a  t h e  u r i n e  and f e c e s  w a s  
based on graphica l  methods s i m i l a r  t o  those  employed f o r  blood. 
ever ,  it w a s  necessary t o  compute a n  asymptotic l e v e l  r e spec t ive ly  
f o r  u r ine  and f o r  f e c e s  and, then t o  analyze g raph ica l ly  tho  p l o t ,  
logar i thm (asymptotic amount minus increment amount) v s o  time, The 
asymptotes were approximated using the  assumption t h a t  100 pe r  c e n t  
of t h e  i n j e c t e d  antimony would u l t i m a t e l y  be excre ted  and t h a t  t h e  
r a t i o  of amounts excre ted  v i a  u r ine  a s  compared w i t h  f eces  would n o t  
change g r e a t l y  a f t e r  t h e  l a s t  measured values  a t  692 h o w s o  Thus, 
a t  t h e  l a t t e r  t i m e ,  54 per  cen t  of the  i n i t i a l  dose had been e l imi -  
na ted  v i a  t h e  u r i n e  and 8 per  cen t  f n  t h e  f e c e s ,  A t  an asynp to t i c  
va lue  of 103 pe r  cen t  excre ted  54/62 = 87 per cen t  would, t he re fo re ,  
have been e l imina ted  by t h e  kidney and 13 per  cen t  v i a  the  f e c e s ,  
Since t h e  u r i n a r y  exc re t ion  r a t e p  however, w & s  s t i l l  somewhat more 
r ap id  a t  700 hours than t h a t  v i a  t h e  f eces  the  asymptote f o r  u r ina ry  
exc re t ion  w a s  chosen as 90 pe r  cen t  and t h a t  f o r  f eces ,  10 per cen t  
of t h e  i n i t i a l  dosee 

How- 

Analysis  of the curves f o r  u r ina ry  and f e c a l  antimony f o r  p a t i e n t  
U - 1  ( f i g ,  3 )  gave a n  expression a l s o  t y p i f i e d  by equat ion (1), but  
containing only t h r e e  decaying terms (. table 4)  r a t h e r  than f o u r  and 
f i v e  as found i n  t h e  blood curveso Inc iden ta l ly ,  it should be noted 
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I 

Subscr ip t  

0 

1 

2 

i n  t a b l e  3 t h a t  the  c o e f f i c i e n t s  a r e  no t  i n  u n i t s  of concentrat ion 
but i n  u n i t s  of amount A,  expressed a s  a per cent  of t he  i n i t i a l  dose. 
The u n i t s  of b a r e  a g a i z  i n  rec iproca l  hours, - 

Table 4.- Coef f ic ien ts  A and decay constants  b f o r  time curves 
of antimony excreted-via u r ine  and f eces  fTom p a t i e n t  B-1 

Urine Feces 
A($)  ' b A(%) b 

10,3 ,0893 2,55 0,1137 

24,8 0049 0,6a 0.0157 

5409 .0006 6,8O 0.0017 

- 

The graphic o r i g i n  o f  the curve o f  antimony from feces  has been 
taken from.28 hours r a t h e r  than from t h e  time of i n j ec t ion .  This 
displacement i s  presumedto be pr imar i ly  a func t ion  of the physical  
r a t e  of movement of t he  i n t e s t i n a l  bolus, s ince  no bowel movement 
occurred i n  t h i s  p a t i e n t  during the  i n i t i a l  interdm i p r i o r  t o  t h i s  
time 

I n  general  t he  curves of excre t ion  ind ica t e  t h a t  by 500 hours 
50 p e r  cen t  of the  i n i t i a l  dose has been excre ted  v i a  t h e  ur ine ,  and 
3 per  cent  v ia  t he  feces ,  

From t h e  equat ion f o r  amount excreted a s  a func t ion  of time, it 
is again f e a s i b l e  t o  d i f f e r e n t i a t e  t h e  expression t o  obta in  t h e  ra te .  
This  gives a very usefu l  value s ince  one may then compare blood 
e l imina t ion  wi th  whole body excre t ion  r a t e s  and draw c e r t a i n  
inferences therefrom. 

For example, i n  p a t i e n t  €3-1, a t  50 hours a f t e r  i n j e c t i o n  the  
blood was l o s ing  antimony a t  a r a t e  of 7.11 x loo4 micrograms per 
hour per  cs. of blood, A t  t h i s  same time t h e  t o t a l  kidney o u t p u t  
was 101,7 micrograms per hour, If loss from t h e  i n t e s t i n e  i s  
neglected,  t h i s  gives a minimum kidney blood f l o w  of 

1 = x- = 2.384 l i t e rs /min . ,  which i s  low because it 101,7 
7.11 60 

assumes 100 per  cent  e f f i c i e n c y  i n  kidney f i l t r a t i o n s .  However, 
t h i s  apparent  value f o r  f l o w  will be even lower a t  a l l  times when 
other  organs besides  t h e  kidney a re  a c t u a l l y  accumulating antimony. 
Thus, a t  zero time a s imi l a r  computation f o r  kidney flow gives the  
r id icu lous  f i g u r e  of 7,15 cc/min., which i s  merely evidence t h a t  
accumulation i n  body organs i s  occurr ing very rap id ly  a t  that time. 
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Eliminat ion through t h e  f eces  i s  a complicating f a c t o r  here,  since 
it i s  no t  c e r t a i n  what proport ion of t h e  antimony i n  the  bows1 
beon sec re t ed  v i a  t h e  b i l e  froin accumulated depos i t s  w i th in  the  l i v e r o  

has 

23 days 

7,1 

44,9 

31, l  

307 

I n  genera l ,  howover, i t  appears t h a t  t h e  accumulation curve of 
tho body a s  a whole i s  p red ic t ab le  a s  t h e  d i f f e fence  between blood 
1 ~ 8 ~  and excre tory  loss' (kidney plus  feces), 
f a c t  be aons t ruc ted  from t h e  da t a  prosented i n  t h i s  paper. 

Such a 'curve may in 

30 days 

6,1 

24.2 

26.2 

3.1 

* 

The resu l t s  of t h e  ex te rna l  measurements, using Geiger counters 
over t h e  body a reas  i n  jux tapos i t i on  t o  t he  var ious  organs, were 
but  roughly q u a n t i t a t i v e  and a re  prescntea  here  only i n  p a r t  ( t a r d e  5). 
They serve t o  i l l u s t r a t e  t he  order  of d i f f e rence  wi i i c l i  ob ta ins  i n  
t h e  antimony accumulated u t  d i f f e r e n t  po in ts  i n  t h e  body, 

42,1 

40,U 

Table 5,- Ssti inutions o f  antimony conLent of organs as d e t e m i n e d  
by e x t e r n a l l y  de t ec t ab le  r a d i o a c t i v i t y  ( p a t i e n t  B-1)*  

42,8 50,2 

47,7 39,2 

Organ 

Thyr o i d 

G a l l  b ladder  

Liver  

Cranium, p a r i e t a l  
region 

I Microgram equiva len ts  of antimony 
a t  var ious  t l  

* Simi la r  es t imates  were ob-tained on p a t i e n t  B-2, 

Despite i t s  p resen t  c rudi ty ,  t h e  method does present  i n t r i g u i n g  
p o s s i b i l i t i e s  f o r  a p p l i c a t i o n  t o  c l i n i c a l  s tud ie s ,  I t  is of i n t e r e s t  
t o  note,  moreover, that the  r e l a t i v e  concent ra t ions  o f  antimony i n  
l i v e r  as compared w i t h  pe r iphe ra l  t i s s u e s ,  such as muscle and brain,  
are  very similar t o  those obtained from chemical ana lys i s  ( see  
appendix) , 

The p resen t  r e s u l t s  a r e  i n  t h e  na tu re  of prel iminary f ind ings  
whose purpose has been c h i e f l y  t o  demonstrate t h e  t s c h n i c s  whichmay 



be appl ied  t o  problems of exchange when an accura te  q u a n t i t a t i v e  
ana lys i s  and t h e  time course of the exchange are  both adequately 
h0Wn.  

A f i n a l  word should be of fe red  regarding any p o s s i b i l i t i e s  of 
The dose given damage by r a d i a t i o n  during t h i s  type  of t roa tnen t .  

was es t imated  t o  be w e l l  below t h e  t o x i c  l e v e l  even a t  s i t e s  of 
n ighes t  concent ra t ion  where it appeared poss ib l e  t h a t  up t o  3r/da. 
maxiinum might be received. As an  em2ir icnl  check, b l o o d  s t u d i e s  
were made both before  and a t  sovcra l  times a f t e r  t he  t reatment .  
However, no changes were observed e i t h e r  i n  t h e  d i f f e r e n t i a l  count 
o r  t h e  red  and white c e l l  counts subsequent t o  the  t reatment .  Basal 
metabolism measurements, taken t w o  weeks a f t e r  t h e  treatanent,were 
normal and no adverse symptoms of s ign i f i cance  were observed during 
t h e  e n t i r e  per iod  of t h e  s tudy .  

Tho au thors  are g r a t e f u l  f o r  t h e  a s s i s t a n c e  by D r .  A .  T. Ness 
of t h e  Chemistry Department, Nat ional  I n s t i t u t e  of Health,  Bethesda, 
Xaryland, i n  having synthes ized  t h e  tar tar  emetic used i n  t h i s  experi-  
ment, and t o  X r .  D. Bo Cowie of the  Departnent of  T e r r e s t r i a l  Magne- 
t i s m ,  Carnegie I n s t i t u t i o n  o f  Viushington, f o r  much advice and con- 
s u l t a t i o n  during t h e  work. 

They a r e  e s p e c i a l l y  indebtsd t o  L. He Gordon, PMdZc, V6, USNR, 
f o r  t echn ica l  a s s i s t a n c e  and conscient ious a t t e n t i o n  t o  t h e  minut ia  
of an extended per iod  of observat ion,  C .  J. Spear, PhMlc, V6 ,  USNII, 
F. N e  G i l l e s p i e ,  PNd2c, SV, USNK, and Lieutonant  ( j g )  Lois IIallman, 
X(K), USNR, a l s o  a s s i s t e d  g r e a t l y  during t h e  course of the work. 
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Appendix 

NAVAL MEDICAL RESEARCH I N S T I T U T E  
NATIONAL MVAL MEDICAL CENTER 

BETHESDA, MARYLAND 

25 October 1945 

REPORT OF ANTIMONY ANALYSIS ON HSMAN AUTOPSY TISSVE 

The t e s t s  were run a t  the request of L t ,  Colonel F. R. Dieuaide, 
MC, AUS, on samples obtained at autopsy from a p a t i e n t  a t  Harmon 
General Hospital, Longview, Texas. 

The p a t i e n t  was being t r e a t e d  for schistosomiasis and had 
received 0.2'/4 gm. of antimony i n  the  form of t a r t a r  emetic i n  the 
16  days immediately preceding h is  accidental  death. 

Antimony was determined by Maren's modification of Webster's 
method, and a t  l e a s t  th ree  determinations were run on eaoh t issue.  
The f onnaldehyde preservat ive w a s  negative f o r  antimony. 

T i s  aue h i i  t: r og rams a n t i  mony/g ram 
.formalized t i s s u e  

Average 

Liver 

Heart 

Kidney 

Brain 

12.3 
10.9 
11.9 
11.5 

3,1 
2.1 
1.5 
2.5 
2 .e 

2.6 
2.4 
2.4 

0.93 
0.97 
0.96 

11.6 

2.4 

2.5 

0.95 

LOIS I?. HALrraAN 
Lieutenant ( jg) ,  H(W), USNR 
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