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Table I "Fable 1 I 

Experiment  Phage-like Spherical Hacmatocrit  values 
No. % % % L  % E  

Experiment Dried on agar surface 
No. 

Sprayed onto a collodion 
menlhrane  

Phage-like Spherical Phage-like Spherical 
% % % % 

13 34.8t_ 6.1 a 65.2q- 6.1 • ,q5.7 ± 5.9 • 64.q ~- 5.9~ 

14 60.0 q- 6.2 40.0~- 6.2 58.3 ~ 6.2 41.7 ~ 6.2 

15 35 .2+5 .8  64.84-5.8 34.5~ 5.7 65.5J_5.7 

22A 85.9~: 3.8 ~ 1-t.1± 3.8 - 33.0 8.0 
B 80.8=t= 2.1 19.2± 2.1 21.0 7.0 

23A 71.1)± 0.9 29.0 2- 0.9 31;.5 ;~5.5 
B 26.1 ~- 12.0 73.9 q- 12.0 41.0 7.5 
c 6 3 . 9 i  8.7 36 .1~  8.7 ll.O 9.0 

24 A 58 .0~  ll.O 4 2 . 0 t  l l .0  10.0 17.0 
[{ 72.1-i  3.8 27.9J_ 3.8 15.1) 12.0 

Mean ± S.E. .Mean ± S.E. 

m e m b r a n e  e n v e l o p i n g  t h e  w h o l e  p a r t i c l e  ( F i g u r e  4 ) - - t h e  
h e a d  a s  wel l  a s  t h e  t a i l - - i n  c o n t r a s t  to  t h e  s t r u c t u r e  of  t h e  
t r u e  t a i l e d  p h a g e s .  

T h e  s h a p e  of  t h e  v i r u s  p a r t i c l e  s h o u l d  be  c o n s i d e r e d  a s  
a f u n c t i o n  of  t h e  i n t i m a t e  r e l a t i o n  o f  t h e  v i r u s  to  t h e  f u n c -  
t i o n a l  s t a t e  of  t h e  cell  a n d  i t s  m e d i u m  ( the  b l o o d  p l a s m a ) .  

W e  a r e  n o w  i n v e s t i g a t i n g  to  w h a t  d e g r e e  t h e  p h a g e - l i k e  
s t r u c t u r e ,  e s p e c i a l l y  i t s  ta i l ,  c a n  be  i n f l u e n c e d  in vitro 
u n d e r  e x p e r i m e u t a l  c o n d i t i o n s  s i m i l a r  to  t h o s e  u s e d  in  t h e  
s t u d y  of  c o n t r a c t i l e  p r o t e i n s  a n d  c o n t r a c t i l e  b io log ica l  
s t r u c t u r e s .  
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Fig. 3. Relation of the occurrence of phage-like forms in plasmas 
(curve [t-o) to the stage of the leukemic process. Curve ! - e  : erythro- 

cytes, curve 2 -  o: myeloblasts. 

Fig. 4. Types of phage-like particles negatively stained. 

Zusammen/assung. Ffi r  d a s  V o r h a n d e n s e i n  d e r  s p h e r o i -  
d a l e n  u n d  d e r  p h a g - ~ k h n l i c h e n  F o r m  d e s  H t i h n e r - L e u k o s i s -  
V i r u s  ( B A I ,  S t a m m  A) d t i r f t e  d a s  S t a d i u m  des  L e u k ~ m i e -  
p r o z e s s e s ,  m e t a b o l i s c h e  E i g e n s c h a f t e n  d e r  M y e l o b l a s t e n  
sowie  d e r e n  Mi l i eu  v e r a n t w o r t l i c h  se in .  

P .  BARTL, J .  I~{IMAN, a n d  F.  ,~ORM 

Laboratory/or Biochemical Investigation o[ Cancer, 
Institute o/Organic Chemistry and Biochemistry, 
Czechoslovak Academy o/Sciences, Prague 
(Czechoslovahia), April 4, 1963. 

G l o m e r u l a r  a n d  P r o x i m a l  T u b u l a r  L e s i o n s  D u e  
to  I n u l i n  in  R a b b i t s ,  a s  S e e n  b y  E l e c t r o n  

M i c r o s c o p y  x 

D i f f e r e n t  l i nes  o f  e v i d e n c e  i n d i c a t e  t h a t  i n u l i n  r e p r e -  
s e n t s  t h e  b e s t  s u b s t a n c e  u s e d  to  m e a s u r e  g l o m e r u l a r  fi l-  
t r a t i o n  r a t e .  T h e  c l a s s i c a l  p r o p e r t i e s  of  t h i s  p o l y s a c c h a r i d e  
a r e  e x t e n s i v e l y  r e v i e w e d  in  SMITH'S f u n d a m e n t a l  m o n o -  
g r a p h  ~. A m o n g  o t h e r  c h a r a c t e r i s t i c s  i n u l i n  w a s  f o u n d  t o  
be  c o m p l e t e l y  f i l t e r ed  o u t  o f  t h e  p l a s m a ,  n o t  h a n d l e d  b y  
r e n a l  t u b u l e s  a n d  r a p i d l y  e x c r e t e d .  

H o w e v e r ,  GAYER a, FREY 4, a s  wel l  a s  BALINT a n d  FOR- 
G3,CSS, r e c e n t l y  c a m e  to  t h e  c o n c l u s i o n  t h a t  s o m e  s t o r a g e  
o f  i n u l i n  o c c u r s  in  d o g ' s  a n d  r a b b i t ' s  k i d n e y .  O u r  o w n  
i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  t h e  s u b s t a n c e  is s t o r e d  to  a 
s m a l l  e x t e n t  b y  t h e  r e n a l  p a r e n c h y m a ,  a t  l e a s t  u n d e r  cer-  
t a i n  c o n d i t i o n s  % 

A l t h o u g h  i n u l i n  is s a id  t o  be  n o n - t o x i c  a n d  p h y s i o -  
l og i ca l l y  i n e r t  ~, t h e  p r e s e n t  e x p e r i m e n t s  w e r e  d e s i g n e d  t o  
i n v e s t i g a t e  w h e t h e r  t h i s  p o l y s a c c h a r i d e ,  in  v i e w  of  i t s  
p h y s i c a l  c h e m i c a l  p r o p e r t i e s ,  m i g h t  a l t e r  t h e  u l t r a s t r u c -  
t u r e  of  t h e  n e p h r o n .  
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M a t e r i a l  and  Methods .  Ten rabbi t s  of bo th  sexes were 
used, weighing 2.7 to 3.0 kg. Inulin,  as a so-called 'puris-  
s imum' ,  pyrogen-free solution,  was admin i s t e red  in two 
ways  : 

(1) Five animals  received 3 h in t r avenous  perfusion,  
w i thou t  anaesthesia ,  of a solut ion conta in ing  e i ther  16 g/1 
or 34 g/1 of inulin in saline. The infusion was preceded by  a 
loading inject ion of 0.3 or 0.6 g inulin per  kg body  weight .  
The to ta l  a m o u n t  of inulin t h u s  admin is te red  var ied  f rom 
1.5 to 2.5 g/kg body weight.  The ra te  of infusion was less 
t han  1 ml /mn  and the  to ta l  volume did not  exceed 130 ml. 
P l a sma  concen t ra t ions  of inulin were de t e rmined  7. 

(2) F ive  o the r  animals  were given a dai ly i n t r avenous  
in ject ion of inulin, repea ted  for two weeks. The dai ly  dose 
was e i ther  0.5 g/kg body weight  or 1,5 g/kg. 

In  three  control  rabbi ts ,  the  effects of saline a lone were 
observed.  The  following procedures  were appl ied  to kid- 
neys  removed  1 h af ter  the  end of perfus ion for group 1 
animals,  and the  day  af ter  the  last  inject ion for the  second 
group of rabbi t s :  for e lectron microscopy,  spec imens  of 
t issue were fixed in buffered osmium te t roxide ,  wi th  addi-  
t ion of 34 mg  of sucrose per  ml of f ixat ive.  The blocks were 
d e h y d r a t e d  in acetone and embedded  in Ves topa l  W s. 
Phospho tungs t i c  acid was used dur ing  d e h y d r a t i o n  to en- 
hance  con t ras t  (1°,./o PTA in 100% acetone) .  The ul t ra-  
sections were done wi th  a Po r t e r -B lum u l t r amic ro tome ,  
and  examined  wi th  a Zeiss EM 9 electron microscope.  

Resul ts .  S t a n d a r d  histological  e x a m i n a t i o n  of the  kid- 
neys did no t  reveal obvious  lesions following admin is t ra -  
t ion of inulin. 

Vx:ith e lec t ron  microscopy,  t he  following changes  were 
seen, which  will be descr ibed more  comple te ly  in a follow- 
ing publ ica t ion  9. The same type  of lesion was observed  in 
bo th  groups  of animals ,  a l though  t h e y  were more  pro-  
nounced  in rabb i t s  hav ing  received inulin for two weeks. 
There  were  f i rs t  n u mero u s  mac rophages  in capi l lary loops, 
wi th  vacuoles conta in ing  an electron dense,  f inely granu-  
lar  mater ia l ,  Endo the l i a l  cells were enlarged and  showed 
d i sappea rance  of the i r  pores;  cer ta in  of these  cells con- 
t a ined  an increased n u m b e r  of organelles  (Figure 1). 
N u mero u s  blebs  or 'ba l loons '  of endothe l ia l  origin were 
seen in the  capi l lary lumens ;  occasional ly loops p resen ted  
wi th  c lumps  of platelets ,  There  was no obvious  a l te ra t ion  

1 Aided by grants from J. R. Geigy AG, Basei, Switzerland, and 
from the Fonds National Suisse de la Recherche Scientifique 
(Crddit No. '2364). 

2 H. W. SMITH, The Kidney, Structure and Function in Health ~nd 
Disease (Oxford University Press, New York 1951). 

a j,  GAYER, Klin. Wschr..15, 568 (t957). 
a j .  FREV, Klin. Wschr. ,~6, 11 (1958). 

P. BhLINT and I. FORC,),CS, Aeta physiol, hung. 15, 15 (1959). 
" A. FALBRIARO, G. SCHAt.LER, G. St.~ON, and R. Z~ND~R, to be 

published. 
J. H. Ro~ and N. P, GOLt~Sa'EtN, J. biol. Chem. I78, 839 (1949). 

a A. RYTER and E. [4~ELLENBERG, J, Ultrastruet. Res. 2, '200 (1958). 
G. SI,~ON and A. FAL~RtARn, to be published. 

Fig. 1. Glomerulus. Rabbit from group II experiments: daily intra- 
venous injection of 0.5 g/kg inulin for two weeks. Endothelial ceils (E) 
are enlarged and contain many organelles; 'balloons' (b) of endo- 
thelial origin tend to obliterate the capillary lumen. Epithelium (P) is 
also enlarged and presents with numerous vacuoles. Foot-processes 

are fused in some areas (arrows). Magnification: x 5000. 

Fig. '2. Proximal tubule. Rabbit from group I experirnents: a 3 h per- 
fusion (total amount of inulin given in this case: '2.5 g/kg). Numerous 
cellular fragments (F) are seen in the tubular lumen, resulting from 
an apical necrosis (potocytosis). Note the disappearance of the brush 

border (arrows}. x 5(.u.)O. 
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of b a s e m e n t  m e m b r a n e  in the first  g roup  of animals ,  a t  
mos t  a modera t e  widening of th is  s t ruc ture  in the  second 
group.  No basal-like, f ibrine or fibrinoi~d deposi ts  were 
seen. The epi thel ia l  ceils were enlarged and  showed fusion 
of t he  foot  processes  (Figure 1); a t  these  si tes the re  was 
some densi f ica t ion of the  cy toplasm.  An increased n u m b e r  
of organeltes was encounte red ,  as well as vacuoles con- 
ta in ing  an electron dense  mater ia l .  

In  the  p rox ima l  convo lu ted  tubules,  beside m a n y  ab- 
normal ,  dense  inclusions,  necrot ic  cells were seen, wi th  
des t ruc t ion  of t he  brush  border .  There  were numerous  
ceIlular f r agmen t s  in the  lumens,  po in t ing  to  an apical  
necrosis  (Figure 2). 

Control  r abb i t s  d id  no t  show any  def ini te  lesions. 
In  the  f i rs t  group of animals ,  p l a sma  concen t ra t ions  of 

inulin ranged  f rom 36 to 62 mg/100 ml. 

Discussion. The p re sen t  e x p e r i m e n t s  show t h a t  inulin 
produces  in r abb i t s  def ini te  a l te ra t ions  of g lomerular  as 
well as p rox imal  t ubu la r  u l t ras t ruc ture .  The mos t  s t r ik ing  
of t h e m  were:  presence  of numerous  macrophages  in the  
capi l lary lumens,  endothe l ia l  t umefac t ion  and  hyper -  
ac t iv i ty ,  en l a rgemen t  of epi thel ia l  cells wi th  fusion of foot 
processes;  necrosis  of t he  p rox ima l  convo lu ted  tubules .  
VChen the  subs t ance  was  g iven dai ly  for two weeks,  the  
s ame  type  of lesion was encounte red ,  b u t  more  pro- 
nounced .  

I t  should  be po in ted  ou t  t h a t  these  changes  were pro- 
duced  by  doses of inulin below the  max ima l  a m o u n t s  
which  have  been  given to  m a n  or animals .  P l a sma  levels 
as large as 565 mg/100 mI have  been  rel~>rted in dog, and 
400 rag/100 ml in m a n  ~. 

The pa thogenes i s  of t he  u l t r a s t ruc tu ra l  lesions, shown 
in the  p re sen t  s tudy ,  remains  conjec tura l  and it would be 
p r e m a t u r e  to a t t e m p t  any  compar i son  wi th  o the r  experi-  
m e n t a l  or spon taneous  a l tera t ions .  A first  app roach  to  an 
u n d e r s t a n d i n g  of changes  due  to inulin, however ,  should  

refer to  the  physical  chemical  proper t ies  of th is  polysac-  
char ide.  Inul in  forms supe r sa tu r a t ed  solutions,  liable to 
p rec ip i ta te  in cer tain condi t ions .  I ts  molecular  weight  ex- 
ceeds 5000, which resul ts  in low diffusibi l i ty .  Moreover,  
the  di f fus ion coefficient  is cons iderably  less t han  would be 
expec ted ,  due to  an e longat ion  of the  molecule,  and  is 
equ iva l en t  to a molecular  we igh t  of a p p r o x i m a t i v e l y  
15,000. 

The p re sen t  f indings indica te  t h a t  the more  or less com- 
plete f i l t rabi l i ty  of a subs tance  does not  exclude the  pos- 
s ibi l i ty of g lomerular  as well as tubu la r  a l tera t ions .  The 
a b o v e - m e n t i o n e d  smal l  in t ra rena l  s torage  of imdin  m i g h t  
bear  some re la t ionsh ip  to  these  a l te ra t ions .  The t e n d e n c y  
to prec ip i ta te  is favoured  in the  tubules  by the  process of 
urine concen t ra t ion .  However ,  one c a n n o t  rule o u t  some 
t r ans ien t  s torage  of inulin in the  glomeruli ,  where  cellular 
reac t ions  to  the  po lysacchar ide  seem to occur.  Fu r t h e r  
s tud ies  should def in i te ly  es tab l i sh  w h e t h e r  inulin ad-  
min i s t ra t ion  is con t r a ind ica t ed .  

Rdsum£ La microscopic 61ectroniquc a permis  d 'ob-  
server  des 16sions du glorn6rule e t  du tube  proximal ,  apr6s 
admin i s t r a t i on  in t rave ineuse  d ' inu l ine  chez les lapins:  
n o m b r e u x  macrophages  dans  les arises glomgrulaires,  
tumgfac t ion  endoth61iale, tum6fac t ion  6pithdliale avec 
soudure  des pgdicelles;  ndcrose des celhfles 6pith61iales 
du tube  proximal .  

La  poursui te  de ce t te  6tude devra i t  6tablir  d6fini t ive-  
m e n t  si l 'emptoi  de l ' inul ine est  cont re- indiqu6 darts Vex- 
p lora t ion  fonct ionnel le  r6nale. 

A. FALBRIARD, G. SCHALLER, and  G. SIMON 

Clinique Universitaire de Thdrapeutique, Hdpital Cantonal 
GenOve et Ddparternents d'Histologie el de Pathologic de 
l'Universitd de Gen~ve (Switzerland), September 16, t963. 

T h e  O s m i o p h i l i c  G r a n u l e s  of  the  P inea l  
B o d y  in Rats  

The  presence  of osmiophi l ic  granules  in the  cells of the  
pineal  b o d y  has been  repor ted  by some au thors  (GusEK 
a n d  SANTORO1; PELLEGRINO, DE IRALI)I, and l)~: 
ROBERTIS2; CLEMENTI, FRASCHINI, MULLER, ORNESI, and 
ZANOBONX ~) and  has  been  cons idered  as evidence of secre- 
t o r y  ac t iv i ty .  This  pape r  r epor t s  the  resul ts  of an his to-  
logical and  h is tochemica l  s t u d y  pe r fo rmed  on the  pineal  
body  of young  and  adu l t  rats .  

Material and Methods. 30 Wis t a r  male ra ts  were d iv ided  
in to  two groups.  The first  was formed by animals  20-30 
days  old and  the  second one by  ra ts  120-180 days  old. The  
pineal  bodies  were  r emoved .  

Five  g lands  of  each g roup  were fixed in o smium 
te t rox ide  buffered  solut ion at  p H  7.2 according to  PAL- 
ADE 4 and e m b e d d e d  in a mix tu re  9:1 of n -bu ty l  and  n- 
e thy l  me thac ry l a t e .  Sect ions 700-2000 ~ th ick  were cut  
on a Po r t e r  B l u m  t y p e  mic ro tome  equ ipped  wi th  a glass 
knife. P a r t  of t he  sect ions  was e x a m i n e d  wi th  a phase-  
c o n t r a s t  microscope according  to  the  FAm3RtNI and  
G~ACOMELLI t echn ique  5, ano the r  pa r t  was s ta ined  wi th  
P A S M  6 and  observed  wi th  phase -con t r a s t  and  l ight  
microscopes.  

Five glands  of each gr~m t) were fixed in l{ouin solut ion 
and  e m b e d d e d  in paraf f in  aud beeswax  mixture .  Sect ions  
0.5-1 Iz th ick  were s ta ined  wi th  PASM, I 'AS,  and hema-  
toxi l ine and  obse rved  in a light microscope".  

F ive  pineal  bodies  of each group were fixed in 10°/o 
ca lc ium-formal in  solut ion and e m b e d d e d  in a q: 1 n - b u t y l  
and  n -e thy l  me thac ry l a t e .  The sections,  700-2000 ~k thick,  
were e x a mi n e d  in a phase-c<)ntrast microscope ~0 

t W. GIISEK and A. SANTOR(}, Ead:~krinologie 4/, Io3 (19G I), 
2 A. PE1A.EGRINO, l". I)E IRALDI, and I']. I)E ROI~ERT1S, I';xper. /7, 

P22 ( P,}~l ). 
3 I z. (~LEMENTI, G. [2RASCtHNI~ 1"-'. MIILLER, A. ()RNESl, ~llid A. ZAN~}- 

~ONI, Atti Accad. Med. L()mb. t7, "2u*.~ (19t12). 
G. F. I)ALaDE, J. exper. Med. :~,5, '28,5 (1;~521. 
A. t:ABm~im and F. (;tACOXlELLt, Z. wiss. Mikrc}sk. at, 1311 (IDliO), 

r, Silver methenamine staining (JONES' techniqueT,S). 
7 D. B. JoNEs, Amer. d. Path. e:~, 33 (I:~b3), 
s D. B. JONES, Amer. J. Path. ,L5, 313 (1'157). 

The light micrographs were taken with a l.eitz-()rtolux microscope 
equipped with wide rallge lell~,O~, (objective: ( ;Pt ,  411: I, 1711/(},17; 
ocular, Periplan × 8). 

J:~ For the phase-contrast observation l.eitz lenses wore used (objec- 
tive Pv FI Oel, 70:1, 17010,17; ocular, Periplan ~ S; condenser 
for phase-contrast in Mack and white and colottr). 


