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The Effect of Ret i cu le -Endothe l ia l  B lockade  
on D e r m a l  Spread ing  of India Ink 

The  r e t i c u l e - e n d o t h e l i a l  f u n c t i o n s  were  s t u d i e d  a t  
our  l a b o r a t 6 r y  w i t h  t h e  a id  of r a d i o a c t i v e  col loids a n d  
we w o r k e d  o u t  a m e t h o d  of t e s t i n g  t h e  col lo id  a b s o r b i n g  
ab i l i ty  of t h e  r e t i c u l e - e n d o t h e l i a l  s y s t e m  ( R E S )  b y  
means  of l abe l led  c h r o m i u m  p h o s p h a t e  col loid  (GABRIE- 
Ha). U s i n g  t h i s  m e t h o d  we h a v e  s t u d i e d  t h e  d y n a m i c s  
of b lockade  in  t h e  R E S  a n d  e s t i m a t e d  t h e  degree  a n d  
d u r a t i o n  of t h e  b l o c k a d e  i n d u c e d  b y  d i f f e r e n t  co l lo ida l  
s u b s t a n c e s  (GABRIELI a n d  HOLMGREN1). 

t30GO/~IOLETS z p r o p o s e d  t h e  use  of t r y p a n  b lue  as  a n  
i n d i c a t o r  of t h e  f u n c t i o n a l  s t a t e  of t h e  R E S  in  h u m a n  
beings.  I n  t h i s  t e s t  t h e  r a p i d i t y  w i t h  w h i c h  t he  i n t r a -  
c u t a n e o u s l y  i n j e c t e d  t r y p a n  b lue  t r a v e l s  was  fol lowed,  
R e c e n t l y  A~IGSTEIN a n d  WHITNEY 3 p o i n t e d  ou t ,  b y  
means  of e x p e r i m e n t a l  t y p h u s  R i c k e t t s i a e  in fec t ions ,  
the  c o n n e c t i o n  b e t w e e n  t h e  R E S ,  g r o u n d  s u b s t a n c e  a n d  
hya lu ron idase .  

In  t h e  e x p e r i m e n t s  r e p o r t e d  below,  we i n v e s t i g a t e d  
the  ef fec t  of b l o c k a d e  of t h e  R E S  on  t h e  s p r e a d i n g  of 
i n t r a c u t a n e o u s l y  i n j e c t e d  I n d i a  ink .  

Methods  and  E x p e r i m e n t s .  F o r  o u r  e x p e r i m e n t s  we 
used fu l lg rown a l b i n o  l a b o r a t o r y  r a t s  of a b o u t  150 g 
body  we igh t .  H y a l u r o n i d a s e  (5 V R U )  ~ d i s so lved  in  
0.05 ml phys io log ica l  sa l ine  so lu t i on  a n d  m i x e d  w i t h  t h e  
same v o l u m e  of I n d i a  i n k  ( the  I n d i a  i n k  was  d i l u t e d  
w i th  an  e q u a l  v o l u m e  of wa te r )  was  i n j e c t e d  i n t r a d e r -  
mal ly  on  one  s ide of t h e  b a c k s  of t h e  r a t s .  T h e  whole  
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m i x t u r e  a m o u n t e d  to  0.1 ml .  T h e  s a m e  m i x t u r e ,  b u t  
w i t h o u t  h y a l u r o n i d a s e ,  was  i n j e c t e d  i n t r a c u t a n e o u s l y  
on  t h e  o t h e r  side.  I m m e d i a t e l y  a f t e r  i n j e c t i o n  t h e  size of 
t h e  i n k  s p o t s  was  t r a c e d  on  t r a n s p a r e n t  pape r .  One  
h o u r  l a t e r ,  t h e  a reas  of t h e  t w o  I n d i a  i n k  s p o t s  were  
r e c o r d e d  a g a i n  a n d  c o m p a r e d  w i t h  t h e  i n i t i a l  va lues .  

I n  one  ser ies  (us ing 33 ra t s )  a b l o c k a d e  was  p r o d u c e d  
b y  e i t h e r  i n t r a v e n o u s  or  i n t r a p e r i t o n e a l  i n j e c t i o n s  of 
co l lo ida l  i ron  (50 m g  p e r  kg  b o d y  w e i g h t  " F e r r i v e n i n " ,  
B e n g e r ' s  L td . ,  E n g l a n d ) ,  whi le  t h e  c o n t r o l  a n i m a l s  were  
g i v e n  p h y s i o l o g i c a l  sa l ine  s o l u t i o n  i n t r a v e n o u s l y  or  
i n t r a p e r i t o n e a l l y  i n s t e a d  of  i ron  col loid.  A f t e r  3 - -4  h o u r s  
t h e  d e r m a l  s p r e a d i n g  of I n d i a  i n k  was  i n v e s t i g a t e d .  

I n  a n o t h e r  ser ies  we s t u d i e d  t h e  d e r m a l  s p r e a d i n g  a t  
d i f f e r e n t  t i m e s  a f t e r  a n  i n t r a v e n o u s  b l o c k a d e .  I n  t h i s  
ser ies  we u s e d  15 V R U  h y a l u r o n i d a s e .  W e  i n j e c t e d  col- 
lo ida l  i r on  (50 m g  p e r  kg  b o d y  we igh t )  i n t r a v e n o u s l y  
a n d  3, 4, 7 a n d  24 h o u r s  l a t e r  t i le  d e r m a l  s p r e a d i n g  e f fec t  
of h y a l u r o n i d a s e  w a s  i n v e s t i g a t e d ,  u s i n g  t h r e e  a n i m a l s  
a t  a t i m e .  S ix  c o n t r o l  r a t s  were  i n j e c t e d  i n t r a v e n o u s l y  
w i t h  phys io log i ca l  sa l ine  s o l u t i o n  i n s t e a d  of co l lo ida l  
i ron,  a n d  t h e  d e r m a l  s p r e a d i n g  of I n d i a  i n k  was  t e s t e d  
3 a n d  24 h o u r s  l a t e r  in  t h e  s a m e  m a n n e r  as  in  t h e  b l o c k a -  
ded  a n i m a l s .  

Resul ts .  T h e  r e su l t s  a f t e r  i n t r a v e n o u s  a n d  i n t r a p e r i -  
t o n e a l  b l o c k a d e  f r o m  t h e  f i r s t  ser ies  of e x p e r i m e n t s  a re  
s u m m a r i z e d  in t h e  t ab le .  One  h o u r  a f t e r  i n t r a d e r m a l  
i n j e c t i o n  of I n d i a  ink,  t h e  a r ea  i n c r e a s e d  m u c h  less in  
the.  i n t r a v e n o u s l y  b l o c k a d e d  a n i m a l s  t h a n  in t h e  c o n t r o l  
a n i m a l s .  

T h e  r e s u l t s  of t h e  s e c o n d  ser ies  p r o v e d  t h a t  t h e  in-  
h i b i t o r y  e f fec t  of t h e  i n t r a v e n o u s  b l o c k a d e  on  t h e  
s p r e a d i n g  of  I n d i a  i n k  l a s t ed  o n l y  a few hours .  T h r e e  
h o u r s  a f t e r  t h e  i n t r a v e n o u s  b l o c k a d e  t h e  s p r e a d i n g  of 
t h e  I n d i a  i n k  h a d  d i m i n i s h e d  a n d  a f t e r  four  h o u r s  i t  
r e a c h e d  a m i n i m u m .  A f t e r  f ive h o u r s  we n o t e d  a n  in-  
c r e a s e d  s p r e a d i n g  of I n d i a  i n k  w h i c h  s t i l l  r e m a i n e d  a f t e r  
24 h o u r s  (see .Figure) .  

Effect of RES blockade upon the dermal spreading of India ink in the presence mid absence of hyaluronidase (5 VRU) 

With hyaluronidase 
Immedia te ly  af ter  inject ion (a) 
1 hour Later  (b) 
Relative 
increase*,  ( b )  

l~ilhout hyaluronidase 
I m m e d i a t e l y  af ter  injection (a) 

Area of ink spots in rnmL Mean (:j= error of mean) 

Intravenous 
blockade 
(10 cases) 

116.4 
213.4 

1.88 ~ 0.24 

57.2 

Intraperit. 
blockade 
(10 cases) 

110.4 
263-8 

2.62 ~ 0.33 

59"7 
l hour  La te r  
Relative 
"increase* / } 

Di//erence in increase 
d 4 -  ed 
t 
P 
Significance 

(b) 92 "1 

1'65 4- 0'23 

0.23 4- 0"33 
0,70 
0.492 

No 

94-9 

1.70 -I- 0.14 

0-92 4- 0.36 
2.56 
0:020 

probable 

Controls 
(13 cases) 

103-6 
317.0 

3.35 4- 0.46 

75.2 
135.5 

1.99 -I- 0-28 

1-36 4- 0.54 
2.52 
0.012 

pzobable 

* Mean of the relative increases of the areas in individual observations 
d zl= ed = difference and error of difference 

d 
t = - -  

ed 
P = probability that  the difference may arise at random 

(obtained by a t-analysis) 

Delinition o/probability 

P >  0.05 no sign 
0-05 > P > 0.01 probable sign 

P :> 0.Ol statistical sign 

The measure ( b )  is approximatelly normally distributed 

"2* 
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I f  the  re la t ive  increases  in cases  w i t h  a n d  w i t h o u t  
h y a l u r o n i d a s e  are  c o m p a r e d ,  i t  is seen  t h a t  t he  fo rmer  
va lues  are  c o n s i s t e n t l y  h ighe r  t h a n  the  l a t t e r .  I f  t h e  t- 
va lues  ( th i rd  row f rom t h e  b o t t o m )  of t he  t h r e e  g roups  
of e x p e r i m e n t s  are  pooled ,  t he  d i f fe rence  in ques t i on  
b e c o m e s  s t a t i s t i ca l ly  s ign i f i can t  ( P  < 0.001). The  
pool ing  is e f f ec t ed  by  d iv id ing  t h e  s u m  of t h e  t h r e e  
t -values  b y  V ~ -  a n d  us ing the  r e s u l t a n t  va lue  as a t- 
va lue  w i t h  in f in i t e  d. f.1. 

1.25" 

~,00- 

0,75. 

o.5oJ 
0.25. 

o 
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The relative increase in rats of the spots of India ink (0"1 ml 
containing 15 VRU hyaluronidase) given intraderma]ly at different 
times after i .v. administration of 50 mg per kg. body weight of 
colloidal iron. The relative increase was calculated by comparison 
of the areas, immediately and 60 minutes after the injection of India 
ink, and by division of this value with the mean value from 6 control 
animals, which were injected with physiological saline solution 
instead of colloidal iron. Each circle represents 3 experiments. 

Discussion.  The  R E S  m a y  be sa id  to  cons i s t  of t he  
l y m p h a t i c a l l y  a n d  t h e  h a e m o v a s c u l a r l y  l oca t ed  phago -  
cy t ic  e l emen t s .  I f  a col loid is i n j e c t e d  i n t r a v e n o u s l y ,  i t  
is t a k e n  up  b y  t h e  h a e m o v a s c u l a r l y  loca ted  re t icu lo-  
endo the l i a l  cells. One c a n n o t  f ind  i ron colloids in t h e  
l y m p h a t i c  m a c r o p h a g e s  a f t e r  i n t r a v e n o u s  i ron in j ec t ion  
(ANDERSSON and  REXED2). In  t he  a b o v e  m e n t i o n e d  
e x p e r i m e n t s  t he  h y a l u r o n i d a s e  ef fec t  was  t e s t e d  in t r a -  
de rma l ly .  I t  is of i n t e r e s t  to  no t ice  t h a t  a f t e r  i n t r a -  
venous  b lockade  we o b t a i n e d  a m a r k e d  i nh ib i t i on  of t he  
s p r e a d i n g  of I n d i a  ink.  

Us ing  F e r r i v e n i n  the  i nh ib i t i ng  ef fec t  in t he  b l o c k a d e d  
an imal s  l a s t ed  a r e l a t i ve ly  s h o r t  t ime .  A f t e r  f ive hours  
we could no longer  show a n y  i nh ib i t i on  of t he  s p r e a d i n g  
of I n d i a  ink.  This  resu l t  was  s imi la r  to  t h a t  w h i c h  we 
o b t a i n e d  w h e n  we i n v e s t i g a t e d  the  b lock ing  ef fec t  of 
F e r r i v e n i n  wi th  t he  aid of r ad ioac t i ve  colloids.  The  
p h a g o c y t i c  ab i l i ty  of t he  R E S  was  r e s u m e d  in a few 
hours .  

We i n t e n d  to  m a k e  a f u r t h e r  s t u d y  of t he  R E S  a n d  
the  s p r e a d i n g  effect .  E . R .  GABRIELI 3 a n d  M. CAMPANI 

D e p a r t m e n t  of E x p e r i m e n t a l  His to logy ,  K a r o l i n s k a  
I n s t i t u t e t ,  S tockho lm,  Apr i l  2, 1951. 

Zus ammen /as sung  
Die i n t r a d e r m a l e  A u s b r e i t u n g  von  ch ines i sche r  Tusche  

in G e g e n w a r t  yon  H y a l u r o n i d a s e  wi rd  v e r m i n d e r t ,  
w e n n  das  r e t i ku loendo the l i a l e  S y s t e m  mi t  ko l lo ida lem 
E i sen  (Fer r ivenin)  b lock ie r t  wird.  Dieser  E f f e k t  is t  
gr6Ber, wenn  F e r r i v e n i n  als b lock ie rendes  Agens  in t r a -  
ven6s  a n s t a t t  i n t r a p e r i t o n e a l  a n g e w e n d e t  wird .  Die 
W i r k u n g  h~ilt n u r  wenige  S t u n d e n  an.  Es  wi rd  auf  die 
)~hnl ichkei t  verwiesen ,  die zwischen  der  A u s b i l d u n g  der  
B lockade  u n d  der  v e r m i n d e r t e n  A u s b r e i t u n g  der  Tusche  
b e s t e h t .  
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2 N. ANDERSSON and B. REXED, Nordisk. Med. 4Z, 1704 (1949). 
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Autoradiol~raphic Analysis  of the Distribution 
of Labelled Ca and P in Bones  

A m i c r o p h o t o g r a p h i c - p h o t o m e t r i c  s t u d y  of t he  X-ray 
a b s o r p t i o n  of bone  g ro u n d  s u b s t a n c e  revea led  t h a t  min- 
erals are u n e v e n l y  d i s t r i b u t e d  in t he  l a t t e r  t. Resorp t ion  
and  new f o r m a t i o n  of bone  t i ssue  d e t e r m i n e  changes  in 
t h e  d i s t r i b u t i o n  of minera l s  in c o m p a c t  and  s p o n g y  bone. 
The  Ca c o n t e n t  in r e cen t l y  f o r m e d  pieces  of secondary  
bone  (e.g. H a v e r s i a n  sys t ems ,  osteons) is in genera l  from 
10 to  12% lower  t h a n  the  Ca c o n t e n t  in t he  f ragments  
of t he  o lder  pe r ios tea l  bone  or in t he  i n t e r s t i t i a l  rem- 
n a n t s  of p r ev ious ly  bu i l t  o s t eons ;  t he  mine ra l i za t ion  of 
t he  n e w f o r m e d  os teons  unde rgoes  a s low and  pro- 
gress ive increase .  

A u t o r a d i o g r a p h s  m a d e  f rom g r o u n d  sec t ions  of bones 
c o m p a c t a  of y o u n g  dogs  a few hour s  a f te r  admin i s t ra -  
t ion  of label led  P, s h o w ed  a g r ea t e r  a c t i v i t y  of the  ma- 
t r ix  in r e cen t l y  laid d o w n  os teons  t h a n  in t he  o lder  pri- 
m a r y  bone  t i ssue  ; viz.,  a larger  n u m b e r  of label led  a toms 
is i n c o r p o r a t e  in t he  g ro u n d  s u b s t a n c e  of t he  re la t ively  
less calcif ied pieces  of s e c o n d a r y  bone.  

H o w ev e r ,  i t  r e m a i n e d  open  to  q u es t i o n  w h e t h e r  the 
d i f f e ren t  depos i t ion  of label led  a t o m s  in t he  various 
s t r u c t u r e s  of bone  d e p e n d s  on the  d i f f e ren t  s i tua t ion  
of the  l a t t e r  in r ega rd  to  t he  b lood  vessels,  or on d i f ferent  
p h y s i co -ch emi ca l  p rope r t i e s  of t h e  g r o u n d  subs tance  
itself.  I t  is obv ious  t h a t  mine ra l  a t o m s  of t he  b lood  can 
be a d s o r b e d  more  easi ly in t he  g ro u n d  s u b s t a n c e  which 
ne ighbor s  t h e  vascu la r  channe l s  t h a n  in t he  ma t r ix  
w h i c h  lies a t  a g rea t e r  d i s t an ce  f rom b lood  vessels, 
n a m e l y  in t he  i n t e r s t i t i a l  sy s t ems .  

A d i f f e ren t  t e c h n i q u e  was  app l i ed  in th is  r esea rch  to 
o b t a i n  f u r t h e r  i n f o r m a t i o n  on the  a l t e r n a t i v e  men t ioned .  

G r o u n d  sec t ions  of f resh  bone  c o m p a c t a  f rom 25 to 
45 mic ra  in t h i cknes s  were  k e p t  f rom a few hours  to  a 
few days  in so lu t ions  of r ad ioac t ive  Calc ium chlor ide  2. 
The  sec t ions ,  t h o r o u g h l y  w a s h e d  in dis t i l led  w a t e r  and 
dr ied  a t  room t e m p e r a t u r e ,  were  p re s sed  ag a i n s t  the 
emuls ion  side of p h o t o g r a p h i c  p la tes  or f i lms (C2 Ilford 
Nuc lea r  R e s e a r c h  p la tes ,  F e r r a n i a  X - r a y  films) 3. This 
p r o c e d u r e  has  t h e  a d v a n t a g e  t h a t  t h e  r a d i o a c t i v e  Ca 
comes  in r e a d y  a n d  a l mo s t  u n i fo rm  c o n t a c t  w i t h  each 
single pa r t i c le  of t h e  bone  sec t ion ;  t h u s  t h e  poss ib i l i ty  
t h a t  a d i f f e r en t  depos i t i on  of label led  a t o m s  in the 
var ious  s t r u c t u r e s  of bone  m i g h t  d e p e n d  on t h e  topo-  
g r a p h y  of t he  l a t t e r  in r eg a rd  to  b lood  vessels  was  ruled 
out .  

F igures  1 a n d  2 i l lus t ra te  t he  R o e n t g e n m i c r o p h o t o  
(negat ive)  of a cross sec t ion  of t he  d i a p h y s i s  of t h e  femur  
(man 47 years  old) w i t h  i ts  c o r r e s p o n d i n g  au to rad io -  
g r a p h  a f t e r  t r e a t m e n t  w i t h  label led  Ca. I t  is a p p a r e n t  
(f ig.2)  t h a t  t he  r a d i o a c t i v i t y  is n o t  u n i fo rm  t h r o u g h o u t  
c o m p a c t a .  The  c o m p a r i s o n  in t he  s ame  sec t ion  of the 
degree  of r a d i o a c t i v i t y  (fig. 2) w i th  t he  degree  of calci- 
f i ca t ion  of t he  var ious  s t r u c t u r e s  (fig. 1), d e m o n s t r a t e s  
t h a t  a g rea t e r  a m o u n t  of r ad ioca l c ium is d e p o s i t e d  in the 
g r o u n d  s u b s t a n c e  of r e cen t l y  f o r m e d  os teons ;  t he  Ca 
c o n t e n t  of t he  l a t t e r  is f rom 6 to  16 % lower  t h a n  t h a t  of 
t he  n e i g h b o r i n g  o lder  bone  t issue.  

The  d i s t r i b u t i o n  of Ca 4s in t he  g ro u n d  s u b s t a n c e  ap- 
pears  to  be e x a c t l y  the  same as desc r ibed  a b o v e  when  

1 R. AMPRINO and A. ENGSTROM, Boll. Soc. ital. Biol. sper. ca, 
148 (1950); Acta anat. (in press). 

2 The author wishes to express his thankfulness to Prof. P. LA- 
CROIX, Louvain, who kindly supplied the Calcium chloride for these 
experiments. 

Technical details and a complete description of results will be 
published elsewhere. 


