
Department of Histology and Embryology of the University in Budapest (Director : Prof.
I. Törő) and Department of Experimental Physics of the University in Debrecen (Director :

Prof. S. Szalay.)

DISTRIBUTION OF TRACED LEAD SALT COLLOID IN 
THE RETICULOENDOTHELIAL ORGANS

Tibor Barka, Zoltán Pósalaky and László Kertész 

(Received, February 23, 1952.)

T h e pu rpose  of th is  com m unication  is b rie fly  to  sum m arize o u r observ  
a tio n s  reg a rd in g  o f  d is trib u tio n  traced  lead  su lphide colloid and  its  d isap p earan ce  
from  the  b lood. T he experim ents are in close connection  w ith  in v estig a tio n s in to  
th e  fu n c tio n  of th e  re ticu loendo thelia l sy stem  conducted  for severa l y ea rs  in 
ou r in s ti tu te .

T raced  o r iso tope colloids are especially  su itab le  fo> investiga tions reg ard in g  
th e  d isap p earan ce  of colloid from  th e  b lood  and  its  d istribu tion  in  th e  organs. 
W ith  th e ir  help  th e  d istribu tion  of d im in u tiv e  am ounts o f colloid m a y  be 
m easured  in  th e  organism  of th e  an im als.

V arious investigations have d ea lt w ith  iso tope or traced  colloids ( H ahn  
an d  Sheppard, Sheppard and H ahn, M üller  and  Rossier H ahn, e t a l., Dobson  e t  
a l., e th .^  A m ong these there  are, how ever,no  d a ta  concerning collo idal lead .

Material and methods. Matured healthy female rabbits of from 2 to 3 kg body weight 
were used for the experiments. The animals were given into an ear vein 2 mg per kg body 
weight colloidal lead sulphide from a solution containing 1 mg PbS per ml. After injecting the 
colloid and incising the marginal vein, 1 to 2 ml blood was taken from the opposite ear in 
fixed intervals for 3 hours. 3 hours later the animals were killed by stunning at the nape and 
bleeding out. The organs and parts preparated for radioactive measurements were weighed wet.

Preparation of traced lead sulphide colloid. The lead sulphide colloid used for the experi­
ments was prepared in a standard manner from traced lead acetate, ammonium sulphide and 
gum-acacia as a stabilizator. The pH of the colloid was 7.6 at the time of the injection. For 
tracing, a radioactive isotope of lead, ThB, was used. This has a half period of 10,6 hours 
the system number 82, i. e. one identical with that of lead, and an atomic weight 212.

The preparation of traced lead acetate was carried out in the following way. A gold 
disk 8 mm in diameter was placed in Thorium emanation over an emanating Radiothorium 
preparation of O. Hahn, for about 24 to 48 hours. The disk was charged to a potential of 
—200 V as compared to the container. By means of that well known method of radioactive pre­
paration, the actually positively charged ThA atoms, arising from the decay of emanation are 
collected by the electrostatic field into the gold disk. The greatest intensity of the ThB preparat­
ion was practically reached within 24 to 48 hours (radioactive equilibrum). The radioactive 
deposit was disolved from the gold disk with warm acetic acid and the acid was subsequently 
evaporated in a dish. The ThB activity remaining in the dish was taken up by the 1 per cent 
solution of lead acetat used for the preparation of the colloid. Standardization of the traced 
lead sulphide colloid thus prepared was carried out by withdrawing a sample with a micro- 
pipette of known volume, dehydrated in the glass receptacle of the Geiger-Müller counter, 
and determining its radioactivity expressed in units of impulse per minute. This was the stan­
dard to which according to their activity the PbS content of organs was compared.

The technique of radioactive measurements. In order to determine their activity the 
organs and blood samples were first digested wet. The samples not exceeding 0,5 g in weight 
were digested in microtubes by means of perchloric acid and concentrated nitric acid. The
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digested material was transferred into a standardized glass container and dried. Drying was 
carried out by means of an infrared drying apparatus which made it possible to avoid an event­
ual excrepitational loss of material. After adding some drops of distilled water to the material 
dried in the dish this was covered by a disk made of filter paper, in order to assure equal 
spreading, then the material was dried again. Selfabsorption of the material thus preparad is 
negligible.

The measuring equipment, devised by Prof. S. Szalay, was constructed in the Institute 
of Experimental Physics of Debrecen University. The equipment consisted of a special end- 
window Geiger—Müller countertube and of the adjustments required.

Results and D iscussion

1. D istribution o f colloid in  the organs. (See T ab le  1.) The T able show s 
th e  lead  sulphide c o n te n t o f the  organs in  g am m a, calcu lated  for 100 m g w et 
w eigh t, as well as th e  percen tag e  of the  2 m g /K g  o f colloid in jected , sto red  in  th e  
d iffe ren t organs. T h e  a m o u n t of 2 mg per K g  b o d y  w eight of lead sulphide w as 
ca lcu la ted  from  th e  q u a n t i ty  of lead ace ta te  u sed  fo r p rep ara tio n  of th e  colloid. 
T h e  lead  sulphide c o n te n t o f each organ w as e s tim a ted  b y  com paring its  r a d ia t­
ion  to  th e  s tan d ard .

As shown in th e  T ab le , am ong the  exam ined  organs of the  re ticu lo en d o th e l­
ia l system , the  g re a te s t a ffin ity  to  colloidal lead  sulphide was found  in  th e  
sp leen , th e  bone m arro w , liver, k idney, lungs an d  adrenals, as com puted  fo r 
w e t w eigh t. O nly in  tw o  anim als was th e re  a m easurab le  am ount of colloid 
in  th e  lym ph  nodes w hile  th e re  was none in  th e  p i tu ta ry  and  the  th y m u s. (The 
sign  » 0 «  in  th e  T ab le  m eans th a t  th e  lead  sa lt c o n te n t of the  organ was u n d e r 
th e  lim it of m easu rab ility , while »— « in d ica ted  th a t  no m easurem ents w ere 
perfo rm ed .)

3 hours a fte r  in jec tio n , th e  liver was fo u n d  to  con tain  an average of 27,0 
p e r  cen t of th e  2 m g /k g  bo d y  w eight of lead  su lph ide  colloid in jec ted , w hile 
th e  k id n ey  contained . 1,3 p e r  cent., the  spleen 0,78, an d  th e  lungs 0,57 per cen t. 
A s th e  ex ac t w eight o f th e  bone m arrow  c a n n o t be  determ ined , th e  percen tag e  
o f sto rag e  could n o t b e  e s tim a ted . G enerally, th e  to ta l  w eight of the  bone m arrow  
is considered to  be eq u a l to  th a t  of th e  liver. O w ing to  th e  fac t th a t ,  as ca l­
cu la ted  for 100 m g w e t w eight, the  bone m arro w  w as capable of sto ring  tw ice 
th e  am o u n t found in  th e  liver, it  is obvious th a t  th e  m ajo r p a r t of th e  colloid 
is ta k e n  up by  th e  m arro w .

The values of animal No. 2, differing widely from other data in the Table, are ascribed 
to the pregnancy of the animal.

We refrain from discussing the observation as no similar experiments have been carried out.

F ro m  am ong th e  organs exam ined th e  liv e r show ed th e  m ost c o n s tan t 
v a lues of storage. T h e  flu c tu a tio n s  of sto rage  in  th e  spleen, bone m arrow  and  
o th e r  organs w ere m ore  vary ing . This has a lre a d y  been  observed in  our earlie r 
experim en ts  w ith  collo idal silver. The p ro b ab le  reason  for th e  v a ria tio n  is 
th a t  th e  w eight of th e  sp leen  is f lu c tu a tin g  to  a g re a te r  ex ten t th a n  th e  w eight 
o f o th e r  organs. T he f lu c tu a tio n  in w eight is genera lly  ab o u t 15 p er cen t, w hile
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th a t  of th e  spleen m ay  am ount to  30 p e r c en t ( Norton and W olfe.) T h e  re la tion  
ex is tin g  betw een  th e  w eight of th e  organs a n d  th e ir  storage c a p a c ity  has been 
in d ica ted  our earlier resu lts (Törő, B a rka , Áros, Velőssy).

T he resu lts  of th e  p resen t ex p erim en ts  are  in com plete ag reem en t w ith  
li te ra ry  d a ta . T he d is trib u tio n  of a ce rta in  m eta l colloid is p ro b ab ly  u n d e r th e  
reg u la tio n  of several circum stances n o t y e t  precisely understood . In  an y  case, 
th e  species of an im al used is essen tia l an d  resu lts  ob tained  on a ce rta in  k ind  
o f  an im al m ay  n o t be valid  for o th e r species or for hum ans. F u r th e r , th e  d is t­
r ib u tio n  of a m eta l colloid m ay decisively affected  by  its d ispersity . T h e  average 
size of th e  colloid partic les used b y  us is, as m easured  w ith  th e  e lec tro n  m icro­
scope, a t  ab o u t 200 A. F rom  b o th  o u r investiga tions and  th e  ex p erim en ts  of 
o th e r au th o rs  ( Dobson et al, Sheppard  e t  al.) th e  conclusion m ay  b e  d raw n  th a t  
colloids of g rea t d ispersity  are tak en  u p  in  a h igh percentage b y  th e  b one  m arrow  
an d  th e  spleen and  to  a lesser e x te n t b y  th e  re ticu loendothelial cells of th e  
liver. As fa r as th e  size of partic les is concerned, th e  colloid used  b y  us m ay 
be  considered of h igh dispersity . T he m e ta l colloid prepared  b y  us, as well as 
o th e r  p rep ara tio n s contain  partic les of d iffe ren t size in a ce rta in  ch arac teris tic  
ra tio . I t  m ay  be s ta ted  th a t  o rg an o tro p y  determ ined b y  a c e r ta in  partic le  
size does n o t rea lly  exist. This m eans th a t  for instance th e  liver m a y  tak e  up 
m o stly  b u t  n o t exclusively, large p a rtic le s . Therefore, th e  re la tio n  betw een 
d isp e rs ity  and  o rgano tropy  is a com plica ted  problem  which oug h t to  be  inves­
tig a te d  exac tly  an d  in  detail, and w hich has som e p ractical im p o rtan ce , offering 
th e  possib ility  of iso lated  th e rap eu tica l irrad ia tio n  of a certa in  o rg an  b y  m eans 
o f  rad io ac tiv e  colloids. Some a tte m p ts  in  th is  direction have a lread y  been  m ade.

I t  w as surprising  to  no te  th a t  th e  ly m p h  nodes p rim arily  n o te d  as p a r t 
o f  th e  reticu loendo thelial system , p ra c tic a ly  did no t p a rtic ip a te  in  s to ring  the 
in trav en o u sly  in jec ted  m etal colloid.

2. The disappearance of lead sulphide colloid from  the blood. D urin g  the  
th re e  hours following th e  in jection , b lood  w as repeated ly  w ith d raw n  from  the  
an im als , generally  8 tim es. The blood sam ples were digested an d  d ried , th e ir 
a c tiv ity  was m easured, and  from  th e  re su lt th e  PbS con ten t of 1 m l of blood 
co m p u ted . The values ob tained  w ere p lo tte d  in  a coordinate sy stem  as a fu n ­
c tio n  of tim e. (F ig. 1.) According to  th e  figure , th e  curves of d isappearance  
o b ta in e d  by  th is  m ethod  were g rea tly  d ivergen t, although th e  colloid h ad  been 
given in  th e  sam e dose according to  b o d y  w eight, and under s im ila r circum ­
stances.

T he conclusion m ay be d raw n from  th e  finding th a t  th e  d isappearance  
ra te  o f colloids from  th e  circulation  m u s t be used for m easuring th e  a c tiv ity  
o f  th e  reticu loendo thelial system  only w ith  certa in  precautions. B esides, m a th e ­
m a tica l ev a lu a tio n  of th e  results seem s indispensable. One of th e  aim s of our 
m a th em a tica l analyses was to  ev a lu a te  th e  resu lts of experim ents o f th is  k ind .
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A fu r th e r  aim  of our analysis w as to  gain som e in fo rm ation  concerning th e  
m ech an ism  of th e  d isap p earan ce  of the  colloid fro m  th e  blood.

I t  is rem arkab le  th a t  b o th  th e  curve o b ta in ed  an d  th e  equation  derived  
m a y  b e  applied  only a fte r m ix ing  has been accom plished , i. e. from  the  m o m en t 
th e  collo id  has reached  its  m ax im um  co n cen tra tio n .

I t  w as endeavoured  to  app rox im ate  th e  ex p erim en ta l d a ta  w ith  a fu n c tio n  
h av in g  th e  sm allest s ta n d a rd  deviation  from  th e  experim en tal findings an d  
o ffe rin g , a t  th e  sam e tim e, th e  b est m ean value. D e te rm in a tio n  of such a fun-

°bSlT/cm‘

Fig. 1
The disappearance-curves of the colloid from the circulation

c tio n  is th e  m ore im p o rta n t since i t  is ind ispensab le  fo r calculating the  sign i­
f ic a n t differences betw een  th e  experim en tal and  co n tro l groups.

T h e  app rox im ation  w as perform ed accord ing  to  th e  principle of th e  
sm a lle s t squares, w ith  th e  aid of f ir s t  and second o rd e r polinom s, linear f rac tio n a l 
fu n c tio n  (hyperbole), and  an  exponentia l fu n c tio n , th e  exponent of w hich 
consists  o f a polinom  of th e  1st or 2nd order. T he fu n c tio n s thus ob tained  w ere 
p lo tte d  in  Fig. 2. A ccording to  ou r calculations, th e  exponen tia l curve seem s 
to  b e  th e  m ost ad eq u a te  for th e  purpose.

A com parison w ith  th e  experim ental re su lts  of th e  exponential cu rves 
o b ta in e d  showed th a t  a closer app rox im ation  can be  a tta in e d  bv  d iv id ing  th e  
in te rv a l u n d e r te s t in to  tw o p a r ts , and perfo rm ing  th e  regression by  ap p ly in g  
an  ex p o n en tia l function  to  th e  f irs t  phase and  a linea l one to  the  second.

I t  should  be n o ted  th a t  th e  lim it of th e  in te rv a ls  a fte r division in to  tw o  
phases  is m a th em atica lly  a rb itra ry  and has been  ca rried  out after considering  
th e  o rig in a l curves.
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By th is  m ethod  th e  exponen tia l ap p rox im ation  of th e  first 15 m inutes 
w as com puted  as well as th e  lineal one of th e  rem ain ing  values. T h e  calcu lations 
w ere repea ted  b y  ta k in g  30 and  60 m inu tes for th e  lim it.

?ЬЩт'

Fig. 2
Regression of the values of colloid-disappearence from the blood

1. The exponential regression of the first 60 minutes. The equation of the curve is:
у  =  e —<*'039306 x +  2.634644

2. The lineal approximation of the values measured between the 60 and 180 minutes. The equa­
tion of the curve is

у =  —0.0118X +  2.50100

3. The exponential regression of the values measured between the 1 and 180 minutes. The equa­
tion of the curve is

У —  e— 0 02167 x +  2.53959

4. The hyperbolic regression of the values measured beetwen the 1 and 180 minutes. The equa- 
ation of the curve is:

___1
0.0170X — 0.0707

A ccording to  th e  analysis th e  double curve o b ta ined  w ith  th e  exponen tia l 
regression of th e  first 60 m in u tes  an d  w ith  th e  lineal one of th e  rem ain in g  period 
com plies b est w ith  th e  rea l values. T he equa tions of th e  m en tio n ed  curves are 
as follows :

- ,  __ . —0,039306 X +  2,634644у — c
an d

-0 ,0 1 1 8  X  +  2.50100
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S uch curves are n o t  o n ly  m athem atica lly  th e  m o st ad eq u a te  am ong th e  
c a lc u la te d  curves, b u t  o b v io u sly  th e y  are in  b e s t accordance  w ith  th e  process.

A ccording to  th e  ab o v e , for draw ing conclusions from  curves d is­
p la y in g  th e  d issappearance  o f  a colloid from  th e  b lood, i t  is n ecessary  to  
p lo t  a  basic curve, c h a ra c te r iz in g  the  colloid in  q u es tio n  an d  serv ing  as 
a  c o n tro l curve, on th e  basis  o f a su ffic ien t n u m b e r o f experim en ta l 
v a lu e s . F u rth e r , in  case o f  experim en ta l in te rv e n tio n , exp erim en ta l resu lts  
sh o u ld  be  eva lua ted  b y  com parison w ith  a t  le a s t a sim ilar n u m b e r o f 
c o n tro ls .

I t  seems p ro b ab le  t h a t  th e  above co n sid e ra tio n s are also va lid  for 
e v a lu a tin g  the  d isap p ea ran ce  ra te  of dyes from  th e  blood in  liv er fu n ­
c t io n  te s ts .

T h e  disappearance fro m  th e  blood of th e  d ispersed  colloid used  is due to  th e  
re ticu lo en d o th e lia l cells. W e a re  n o t acquain ted  w ith  th e  m echanism  enabling  
th e  reticu loendo thelia l cells to  g a th e r the  colloid p a rtic le s  from  th e  b lood. I t  is 
g e n e ra lly  concluded th a t ,  a t  le a s t  in  the  first p h ase , a d so rp tio n  p lays a p ro m in en t 
ro le , th e  dynam ism  o f w h ich  can be ch a rac terised  b y  exponen tia l eq u a­
t io n s  s im ita r  to th e  ab o v e . C orrelations in  th e  liv in g  organism  are fa r too  com p­
lic a te d , for be ing d e f in ite ly  explained in  ou r d ay s . F ro m  th e  fac t th a t  th e  
r a te  o f  d im inution th e  co llo id  in  the b lood is lin ea r  from  th e  60th m inu te  
o n w a rd , while the  re la tio n  is exponen tia l up to  th e  60th m inu te  (linear o f  p lo tted  
sem ilogarithm ically), i t  is concluded  th a t  th e  process is n o t uniform .

Summary

Colloidal lead sulphide colloid traced by ThB was produced. Its disappearance from the 
blood after intravenous administration and distribution in the reticuloendothelial organs of the 
rabbit was examined. The conclusions are the following :

1. The greatest affinity to lead salt colloid was observed in the spleen, the bone marrow 
and the liver. In the second line the storage of the kidney, lungs and adrenals can be considered. 
The thymus and pituitary do not contain any colloid in the third hour after the injection 27 
per cent of the injected 2 mg per kg body weight of colloid is stored in the liver, 1,3 per cent in 
the kidney, 0,87 in the spleen and 0,57 in the lungs.

2. Analyizing the disappearance from the blood, it was stated that the process can be 
characterised by two functions, by an exponential one up to the 60th minute and from that 
time on by a lineal function.

The distribution of colloid in organs and the disappearance from the blood is dis- 
eussed.

We are much obliged to Professor S. Szalay, director of the Department for Experimental 
Physics of the University of Debrecen for the preparation of traced radioactive colloid, 
We are also grateful to Dr. B. Gyires (Mathematical Institute of the University of Debrecen) 
for the mathematical analysis.
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T h e  a c t iv i ty  o f  th e  R E S  o rg an s. Lead 
s u lf id  (100 m g /w e t tis su e )

T h e  s to ra g e  o f  th e  in jec ted  2 m g 
p e r  k i l o  b o d y  w e ig h t lead  

su lf id  in  p e r  ce n t
R e m a rk .
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i . 8,12 — 1,65 0,25 0,0 0,64 0,18 0 0 9

2 . 9,22 10,7 2,3 0 0 0,37 0,48 0,88 0 43,9 1,5 i , i 1,48 Pregnant

3. 2,4 3,8 2 ,1 0,25 0 0,54 0,19 0,24 0 24,1 0,7 1,5 0,5 9

4. 2,1 1,7 1,6 0 0 0,45 0 0,65 0 21,8 0,46 1,5 0,87 9

5. 2,4 1,4 1,7 0 0 0,36 0 0,21 0 26,4 0,86 1,2 0,42 9

6 . 2,6 2,6 1,1 Ф 0 0,96 0,13 0 0 20,6 0,72 0,3 0 9

7. 1,59 0,9 1,7 — — 0,48 0 0,15 — 35,7 0,75 1,62 0,35 9

8. 12,24 2,5 — — — 0,47 0 0,20 0 16,6 0,5 1,9 0,38 9

In average :

3,71 3,37 1,7 0,08 0 0,53 0,12 0,29 0 27,0 0,78 1,3 0,57

Table I. The Distribution of traced lead sulphide in the reticuloendothelial organs.
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РАСПРЕДЕЛЕНИЕ МЕЧЕНОЙ СВИНЦОВОЙ СОЛИ В ОРГАНАХ РЕТИКУЛО-
ЭНДОТЕЛИАЛЬНОЙ СИСТЕМЫ

Т. Барка, 3. Пошалаки и Л. Кертес 

Р е з ю м е

Авторы изготовили при помощи тории В меченый PbS коллоид. После внутривен­
ного впрыскивания этого коллоида кроликам, они исследовали его исчезновение из крови 
и его распределение в органах ретикуло-эндотелиальной системе названных животных. 
Авторами было установлено следующее :

1. По отношению к коллоидной соли самую большую аффинность показывают 
селезёнка, костный мозг и печень. Затем следует отложение в почках, легких и надпочеч­
никах. Вилочковая железа и гипофиз не содержат коллоидов. Три часа после подачи 
2 мг,кг P bS (коллоидный) из этого количества содержат: печень 1,3%, почка 0,87% 
и 0,57% легкие.

2. После анализирования исчезновения коллоидных величин из крови было уста­
новлено, что этот процесс характеризуется двумя функциями : до 60 минут экспоненциаль­
ной, а с этого момента линейной функцией ( у  =  е—0 039306 х + 2.634644 и v  =  — 0,0118 х 
+  2,50100).

Авторы обсуждают сделанные им наблюдения при распределении коллоидов в 
органах и при их исчезновения из крови.
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