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d ihydra te ,  A grade, Calbiochem) in concen t ra t ions  rang-  
ing f rom 10 .2 to 10 -5 M/1, on unfed sponges,  e i ther  a t  day  
7 or a t  day  14, had  no s ignif icant  effect  Oil gemmula t ion .  
Various combina t ions  of repe t i t ive  add i t ion  of cAMP 
were also tr ied,  w i thou t  any  posi t ive  result .  A single 
appl ica t ion  of 10 -a M cAMP alters revers ib ly  the  organi-  
sa t ion of the  sponge;  3 successive appl ica t ions  a t  2 day  s 
in tervals  lead to an i r reversible  d isorganiza t ion  of the  
aquiferous sys tem.  

To sum up th is  aspec t  of our exper iments ,  we can say 
t h a t  we did no t  encounte r  one exper imen ta l  s i tua t ion  in 
which  a rise in overall  concen t ra t ion  of cAMP had  any 
effect  on  gemmula t ion .  

Discussion. I t  has  been a b u n d a n t l y  subs t an t i a t ed  tha t ,  
in ver tebra tes ,  theophy l l ine  and,  more  generally,  metlayl- 
xanth ines ,  in te rac t  w i th  m a n y  hormona l  p h e n o m e n a  by  
inhib i t ing  the  cAMP-phosphodies te rases  t h a t  help  to 
regulate  the  intra-cel lular  concen t ra t ion  of cAMP ~6. In  
o ther  organisms,  however,  the  s i tua t ion  m a y  be d i f ferent  : 
theophyl l ine  does no t  inh ib i t  the  cAMP-phosphod ies te r -  
ase of Escherichia coli 17 and inhib i t s  only s l ight ly  one of 
the  extra-cel lular  phosphodies te rases  of Dictyostelium 
discoideum is. 

In  the  p resen t  s ta te  of our knowledge of the  biochemis-  
t ry  of sponges, it  is very  diff icul t  to  in t e rp re t  our f inding 
t h a t  theophyl l ine  s t imula tes  gemmula t ion  whereas  a 
general  appl ica t ion  of cAMP does not .  The two facts,  
however ,  are no t  in con t rad ic t ion  to  the  hypo thes i s  t h a t  
theophyl l ine  acts on gemmula t ion  by  enhanc ing  a cAMP- 
d e p e n d a n t  mechanism.  

Cyclic AMP migh t  be impl ied in gemmula t ion  as a 
f irst  messenger*9, ac t ing in t he  aggregat ion of sponge cells 
in the  same way  as in the  aggregat ion of some cellular 
s l ime-molds.  In  such a hypothes is ,  the  signal for the  
coming toge the r  of amoeboid  cells would be a local 
concen t ra t ion  grad ien t  of cAMP. Al though  such a grad ien t  
could no t  be mimicked  by  a rise in overall  concen t ra t ion  
of cAMP, its bui lding up migh t  be accelerated by  the  
inhib i t ion  of cAMP phosphodies te rases  in or a round  cAMP 
emi t ing  cells. 

In  th is  respect ,  it  is wor th  not ic ing tha t ,  on m a n y  
occasions, theophy l l ine  s t imula ted  sponges s t a r t  produc-  

ing at  the  same momen t ,  in 2 di f ferent  places, 2 gemmules  
of equal  size, t hough  smaller  t h a n  a normal  gemmule.  
In  contras t ,  control  sponges  of the  same size, when  t h e y  
gemmula te ,  a lways produce  only 1 gemmule  a t  a t ime.  
This migh t  be an indica t ion  t h a t  theophyl l ine  acts  on 
gemmula t ion  by  elicit ing a local process,  r a the r  t h a n  by  
modify ing  the  physiological  s t a t e  of the  whole sponge. 

However ,  cyclic AMP migh t  even  well be involved at  
the  intracel lular  level, some t r igger ing even t  of the  gem- 
mula t ion  depend ing  on the  accumula t ion  of cAMP in a 
par t icu lar  cell- type.  In  th is  case, our con t rad ic to ry  
results  w i th  cAMP and  theophyl l ine  migh t  be expla ined 
by  differences in the  pe rmeab i l i t y  of the  m e m b r a n e  of 
t h a t  cel l - type to b o t h  agents.  

Finally,  it  is possible t h a t  theophyl l ine  acts  on sponges 
in a way t h a t  has  no th ing  to  do wi th  the  me tabo l i sm of 
cAMP. I t  is therefore  essent ial  t h a t  we acquire some 
knowledge abou t  the  exis tence and  the  proper t ies  of 
cAMP phosphodies te rases  in these  organisms,  and about  
a possible secret ion of cAMP dur ing  gemmula t ion .  This 
p rob lem is a t  p resen t  being deal t  w i th  in our labora tory .  

Rdsumd. La fo rma t ion  de gemmules  dans  les @onges  
d 'eau  douce eat f o r t emen t  st imul6e par  la th6ophyl l ine  
10 4 M, mais  non par  une a u g m e n t a t i o n  globale de la 
concen t ra t ion  en ad6nosine m o n o p h o s p h a t e  cyclique darts 
le milieu. 
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L y s o s o m a l  F u n c t i o n  o f  J u x t a g l o m e r u l a r  G r a n u l e s  

The jux tag lomeru la r  appa ra tu s  or complex  is made  up 
of t he  macula  deusa, the  lacis cells and the  juxtaglo-  
merular  (JGC) or epi thel ioid  cells of the  af ferent  glome- 
rular  arteriole.  The macula  densa,  a por t ion  of t he  dis ta l  
tubule,  is in i n t ima te  con tac t  wi th  t he  vascular  pole of the  
glomerulus.  The lacis cells of OBERLING and HATT z are 
located  be tween  the  af ferent  and  efferent  ar ter ioles and  
the  macula  densa  2. The jux tag lomeru la r  granules (JGG) 
of t he  JGC are cur ren t ly  recognized as t he  si te of renin  
syn thes i s  and s torage 3-8. 

Microdissect ion s tudies  have  verif ied t h a t  renin ac t iv i ty  
is localized in the  af ferent  ar ter io leL A good corre la t ion 
has been es tab l i shed  be tween  the  renal  pressor  ac t iv i ty  
and  the  n u m b e r  of granules in JGC s. The pressor  ac t iv i ty  
has been shown to  be localized in ] G G  9, in which  renin 
has been  ident i f ied  by  immunof luorescence  1~ Elec t ron  
microscopic s tudies  on the  JGC of ra t s  w i th  uni la te ra l  
renal  i schemia  n,  magnes ium t~, ~3 or sod ium deficiency ~4 
have  revealed numerous ,  va r iab ly  e lec t rondense ,  homo-  
geneous JGG enclosed by  a uni t  membrane .  

Our inves t iga t ion  into the  possible lysosomal  func t ion  15 
of JGG was p r o m p t e d  by  the i r  u l t r a s t ruc tu re  as well as by  
the  presence  of ren in  (a pro teo ly t ic  enzyme) and acid 

i C. OBERLING and P. Y. HATT, Anll. Anat. Path. 5, 441 (1960). 
L. BARAJAS, J. Ultrastruct. Res. 33, 116 (1970). 

a L. BARAJAS, in Renal Hypertension (Eds. I. H. PAGE and J. W. 
McCUBBIN; Year Book Medical Publishers, Inc., Chicago 1968). 

4 j .  W. CONN, E. L. COHEN, C. P. LUCAS, W. J. 1VfcDONALD, G. H. 
MAYOR, W. M. BLOUGH JR., W. C. EVELAND, J. J. BOOKSTEIN and 
J. LAPIDES, Arch. intern. Med. 730, 682 (1972). 

5 W. F. CooK, J. Physiol., Loud. 794, 73 (1968). 
6 p. M. HARTROFT, L. E. SUT~ERLAND and W. S. HARTROFT, Can. 

med. Ass. J. 90, 163 (1964). 
7 p. FAARUP, Aeta path. microbiol, scand., Section A. Suppl. 222, 1 

(1971). 
s L. TOBIAN, J. JANECEK and A. TOMBOULIA~, Proc. Soc. exp. Biol. 

Med. 700, 94 (1959). 
9 S. CI~ANDBA, F. R. SKELTO~ and L. L. BERNARDIS, Lab. Invest. 

73, 1192 (1964). 
10 t~. EDELMAN and P. M. HARTROFT, Circulation Res. 9, 1069 (1961). 
11 N. MANDELENAKIS, M:. CANTIN and A. DUI~IONT, Path. Biol. 78, 233 

(1970). 
12 M, CANTIN, in Premier Symposium International sur le D6ficit 

Magn~sique en Pathologie Humaine. Volume des Communications 
et Discussions (Ed. J. DURLACH; SGEM Vittel, 1973). 

1~ M. CANTIr~ and M. HUET, Can. J. Physiol. Pharmac. 5[, 835 (1973). 
14 S. CHANDRA, J. C. HUBBARD, F. R. SKELTON, L. L. BERNARDIS 

and S. S. KAMURA, Lab. Invest. 74, 1835 (1965). 
15 C. DEDUVE and R. WATTIAUX, A. Rev. Physiol. 28, 435 (1966). 



15.7.1974 S pecialia 795 

p h o s p h a t a s e  in these  granules 16-18. The f luorochromes 
neu t ra l  red and  euchrys ine  3R were chosen because t h e y  
are known  select ively to  concen t ra t e  in t he  lysosomes of 
several  cell types  19. Neut ra l  red ( aminod ime thy lamino to -  
luaminozine  hydrochlor ide) ,  and  euchrys ine  3R - of 
which  the  major  c o m p o n e n t  is ch romatograph ica l ly  
ind is t inguishable  f rom acr idine orange (3 ,6-dimethyl-  
amino-acr idine)  19 _ accumula te  wi th in  acid phospha ta se -  
pos i t ive  granules ~9, 20 and  produce  typ ica l  u l t r a s t ruc tu ra l  
a l te ra t ions  in the  lysosomal  ma t r ix  21-24. On the  basis of 
in v i t ro  exper iments ,  it  would seem t h a t  the  cellular 
up take  of t he  two f luorochromes  is a pass ive  phen o me-  
non24, 2~ whereas  the i r  lysosomal  segregat ion could 
imply  a pass ive  25 or act ive t r a n s p o r t  mechan i sm ~4. Their  
fa te  dur ing  passage  f rom the  cell m e m b r a n e  to  t he  

lysosome is no t  clear. W h e t h e r  t h e y  are confined in 
endocy t i c - type  vesicles to  join w i th  lysosomes later,  or 
remain  in free solut ion before the i r  lysosomal  uptake ,  is 
no t  ye t  es tabl ished 19. 

Female  Sprague-Dawley  ra ts  fed Pur ina  L a b o r a t o r y  
Chow or a sodium-def ic ient  diet  2~ for 60 days  were inject -  
ed, t h ro u g h  the  jugular  vein, w i th  1 ml/100 g body  
weight  of neu t ra l  red, vi ta l  (Nat ional  Aniline Division, 
Allied Chemical  and  Dye  Corporat ion,  New York), or 
enchrys ine  3R (E. Gurr  Limi ted ,  London,  England)  in 
0.9% N a C l a t  a concen t ra t ion  of 1.5% or 0.2%, respect ive-  
ly. These animals,  and  s imilar ly  fed non in jec ted  con- 
trols, were anes the t ized  wi th  e ther  1 or 3 h af ter  adminis-  
t r a t i on  of the  f luorochromes.  The r igh t  k idney  was 
rap id ly  quenched  in l iquid ni t rogen-cooled freon, and 
d i rec t ly  e m b e d d e d  in paraf f in  in vacuo for f luorescence 
microscopy using a Scho t t  BG-12/OG-1 fi l ter  combina-  
tion27. The left k idney  was perfused  t h ro u g h  the  lower 
abdomina l  aor ta  for e lectron microscopy 2s. 

In  the  k idneys  of the  in jec ted  animals,  neu t ra l  red 
emi t t ed  a weak br ick-red fluorescence, and euchrys ine  a 
b r igh t  green to  yellow to  red f luorescence wi th  increasing 
concen t ra t ion  19. In  bo th  cases, the  f luorescence was 
d i s t r ibu ted  in discrete  granules which  filled the  JGC. The 

Fig. 1. Intense fiuorescence of euchrysine 3R in 2 groups of juxtaglo- 
merular ceil granules (JGG), and discrete fluorescence in tubular 
cells, 1 h after injection. • 470. 
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Fig. 2. JuxtaglomeruIar cell (JGC} of rat killed 1 h after 
injection of neutral red. Some granules (1) display a normal 
diameter, while others (2) are markedly swollen and show 
focal clarification of their matrix. One granule (3) contains 
lamellated structures; others (4) exhibit ruptured membranes. 
• 13,200. 
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l a t t e r  were loca ted  in groups  a t  t h e  g lomeru la r  pole 
(Figure 1), or i n d i v i d u a l l y  l ined  t he  walls of t h e  j u x t a -  
g lomeru la r  ar ter ioles.  The  f luorescence was m u c h  
s t ronger  1 h t h a n  3 h a f te r  a d m i n i s t r a t i o n  of t he  f luoro- 
chromes.  This  was  pa r t i cu l a r l y  e v i d e n t  w i t h  euchrys ine :  
Severa l  JGC f luoresced b r i g h t l y  in  red a f te r  1 h a n d  
m o s t l y  in  yel low or green  a f te r  3 h. A d m i n i s t r a t i o n  of t h e  
o the r  f luo rochrome  resu l t ed  ill a f a in t  yel low f luorescence 
in t h e  nuclei  a n d  cy top lasm,  i nd i ca t i ng  t he  presence  of 
n e u t r a l  r ed  in non ion ized  fo rm 29. Af te r  i n j ec t ion  of 
euchrys ine  or n e u t r a l  red, t h e  p r o x i m a l  and  d i s ta l  t ub u l e s  
c o n t a i n e d  fewer a n d  less f luorescen t  g ranules  t h a n  t h e  
JGC. Here  again,  t h e  f luorescence was more  m a r k e d  
a f te r  i t h a n  a f te r  3 h. JGC filled w i t h  f luorescent  granules  
were more  n u m e r o u s  in t he  sod ium-def ic ien t  t h a n  in t h e  
Pu r ina - f ed  animals .  Th i s  was  due  to  t he  increase  in t h e  
g r a n u l a r i t y  a n d  n u m b e r  of JGC induced  b y  sodium-  
def ic iency 14,36. I n  non in j ec t ed  rats ,  t h e  JGC were n o t  
au to f luo rescen t  t h o u g h  au to f luo rescen t  g ranules  were 
p re sen t  in  cor t ica l  tubules .  

R e m a r k a b l e  u l t r a s t r u c t u r a l  changes  were obse rved  in 
the  J G G  upon  u p t a k e  of n e u t r a l  r ed  or euchrys ine .  T h e  
mos t  s t r ik ing  a l t e r a t ions  a p p e a r e d  a t  1 h,  wh ich  coincid- 
ed w i t h  t he  m a x i m u m  s t a in ing  seen b y  f luorescence 
microscopy.  One h a f te r  n e u t r a l  red  in jec t ion ,  p rac t i ca l ly  
all t h e  granules  showed a 2-to 5-fold increase  in d iamete r .  
Th i s  was  e q u i v a l e n t  to  a 8- to  125-~01d increase  in vo lume.  
The  m a t r i x  d i sp layed  diffuse a t t e n u a t i o n  of dens i ty ,  an d  
s t r u c t u r e s  such  as mu l t ip l e  concen t r i c  lamel las  as v~ell as 
i r r egu la r  osmiophi l ic  masses  of nea r  n o r m a l  dens i ty .  The  
l imi t ing  m e m b r a n e  was of ten  i n t a c t ;  occas ional ly  i t  was  
r u p t u r e d  (Figure  2). 3 h a f te r  t h e  in jec t ion ,  t he  changes  
were more  genera l  and  un i fo rm  b u t  s l igh t ly  less in tense .  
Ana logous  a l t e r a t i ons  were n o t e d  a f te r  a d m i n i s t r a t i o n  of 
euchrys ine :  The  granules  were more  u n i f o r m l y  swollen, 
and  lamel la r  m a t e r i a l  was found  less f r e q u e n t l y  in  t h e  
m a t r i x  (Figure  3). The  lysosomes of t he  p r o x i m a l  a n d  
d i s ta l  tubu les ,  as well as those  of t he  cor t ica l  col lect ing 
ducts ,  were also involved .  T h e y  were swollen, v a c u o l a t e d  
and  showed l amel l a r  ma te r i a l  in  t h e  m a t r i x  w i t h  irre- 
gular  areas  of ma t r i c i a l  condensa t ion .  

I t  has  been  h y p o t h e s i z e d  t h a t ,  because  of t h e i r  acid 
p h o s p h a t a s e  con ten t ,  J G G  could h a v e  lysosomal  pro-  
pe r t i es  ~6. The  Iocal iza t ion  of n e u t r a l  red  in JGG,  a f te r  
p a r e n t e r a l  in jec t ion ,  has  a l r eady  been  descr ibed  3~ an d  
conf i rmed  7 a t  t he  l igh t  microscopic  level. However ,  to  t h e  
bes t  of our  knowledge,  th i s  f ind ing  has  n e v e r  been  corre la t -  
de w i t h  t he  fac t  t h a t  n e u t r a l  red, a m o n g  others ,  se lect ively  

c o n c e n t r a t e s  in  t h e  lysosomes of severa l  cell types .  J G G  
are n o t  qu i t e  c o m p a r a b l e  to  o the r  r ena l  lysosomes since 
t h e y  do n o t  d i sp lay  autof luorescence .  The  nonoccur rence  
of such  a p h e n o m e n o n  p r o b a b l y  ind ica tes  t h a t ,  c o n t r a r y  
to  lysosomes in severa l  t issues,  t h e  J G G  of r a t s  do no t  
possess s ign i f ican t  a m o u n t s  of v i t a m i n  A an d  l ipofuscin  
p i g m e n t  31. E v e n  if f u r t h e r  s tud ies  should  revea l  o the r  
b iochemica l  d iss imi lar i t ies  b e t w e e n  J G G  an d  lysosomes,  
t h e  p r e s en t  resu l t s  sugges t  t h a t  t h e y  are f u n c t i o n a l l y  
ident ica l .  

T h e  poss ibi l i t ies  ra ised  b y  our  f ind ings  m a y  e x t e n d  no t  
on ly  to  obv ious  p rob lems  of phys io logy,  p a t h o l o g y  a n d  
the rapeu t i c s ,  r e l a t ed  to  t h e  func t i on  oi t h e  j u x t ag l o me-  
ru la r  complex,  b u t  also to  o t h e r  cel lular  s t ruc tures ,  The  
presence  of acid p h o s p h a t a s e  h a s  been  d e m o n s t r a t e d  in 
m a t u r e  an d  i m m a t u r e  sec re to ry  granules  of exocr ine  
cells ~2-a4, in  me l an o cy t e s  s5 a n d  in  a n u m b e r  of endocr ine  
s t ruc tu re s  such  ag t h e  ad r en a l  med u l l a  36, B-cells of t h e  
pancreas3~, h y p o t h a l a m i c  neu rosec re to ry  cellsaS, a n d  t h e  
an t e r i o r  lobe of t h e  h y p o p h y s i s  39. The  role of acid phos-  
p h a t a s e  in t h e  specific g ranules  of these  ceils r e m a i n s  a 
mys t e ry .  I t  h a s  been  sugges ted :  1. t h a t  acid p h o s p h a t a s e  
m a y  be i nvo lved  in sec re to ry  g rann ie -condensa t ion32 ;  
2. t h a t  i t  m a y  be  ' ca r r ied  over '  as m e m b r a n e - b o u n d  si tes  
of a c t i v i t y  in  t h e  secre tory  granules3~,39; a n d  3. t h a t  
a c t i v a t i o n  of acid p h o s p h a t a s e  could  c o n s t i t u t e  a mecha -  
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Fig. 3. Rat sacrificed 3 h after injection of euchrysine shows 
JGC separated from the arteriolar lumen (L) by endothelium 
(E) and a smooth muscle cell (S1K). All the granules are 
uniformly swollen. Attenuation of the matrical density is 
evident. • 5,200. 
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nism for control l ing and t r igger ing the  des t ruc t ion  of 
secre tory  material39, ~~ E x t r a p o l a t i o n  of the  p re sen t  
resul ts  to o ther  endocr ine  glands  would mean  t h a t  the i r  
specific granules  share  w i th  lysosomes no t  only  s t ruc tura l  
fea tures  b u t  also func t iona l  proper t ies .  

Rdsumd. Le rouge neu t re  ou l ' euchrys ine  3R, deux  
subs tances  f luorescentes  qui se concen t r en t  s61ectivement 
dans  les lysosomes de divers  t ypes  de cellules, a 6t6 admi-  

40 C. R. HOPKINS, Tissue Cell 7, 653 (1969). 
41 This work was supported by grants (MT-1973 and MA-2236) 

from the Medical Research Council of Canada, the Quebec Heart 
Foundation, the Joseph C. Edwards Foundation and the J. L. 
Levesque Foundation. 

nistr6 s des ra t s  n o r m a u x  ou ~ des ra t s  en carence sod6e. 
Com.me Font  d6montr6  la microscopie  de f luorescence et  
la microscopie  Cect ronique ,  les deux  subs tances  se sont  
accumul6es dans  les granules  des cellules jux tag lom6ru-  
laires du rein. 

~V[. CANTIN hi, Ft. VEILLEUX and  Y. DESORMEAUX 
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Lung  I n c l u s i o n  Bodies :  Dif ferent  U l t r a s t r u c t u r e  

The lamel la ted  osmiophil ic  inclusion bodies  (LOPBs) 
in the  Type  II  ceils of the  lung are the  source of pulmo-  
na ry  su r fac tan t  z. We repor t  differences in s t ruc ture  and  
organellar  origin be tween  bodies  f rom m a n  and monkeys ,  
and  those  f rom non-s imian  mammals .  

We have  s tudied  the  bodies  in B e n n e t t ' s  Wa l l ab y  
(Protomnodon ru/ogrisea), mouse, rat,  hamster ,  guinea- 
pig, rabbi t ,  cat, t ree shrew (Tupaia belangeri), mouse 
lemur  (Microcebus murinus ru/us), squirrel  mo n k ey  
(Saimiri sciurea, a New Wor ld  species), and  rhesus 

in S i m i a n  and N o n - S i m i a n  M a m m a l s  

monkey.  We  have  also s tud ied  2 specimens  of h u m a n  tung 
of normal  appearance ,  1 f rom a lobec tomy  and 1 f rom an 
acc ident  case, and 4 spec imens  f rom infants  dy ing  of the  
resp i ra to ry  dis tress  syndrome  of the  newborn  (RDS).  We 
use g lu ta ra ldehyde  and osmium fixat ion,  pos t - f ixa t ion  
wi th  lead fer r icyanide  solut ion wi th  the  anion 5% in 

1 F. B. ASKIN and C. I{UHN III, Lab. Invest. 25, 260 (1971). - 
B. MEYRICK and L. REID, Proc. R. Soc. Med. 66, 386 (1973). 

Left. Cross-barred lamellated osmiophilic body from mouse lung. Glutaraldehyde - osmium - lead ferricyanide fixation, aeetone-Araldite 
embedding. Scale bar 500 nm, Right. Concentric LOPB from lung of squirrel monkey. Same preparation method and scale. 


