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Fig. 2. Neuronal cytoplasm containing both granuIar vesicles and 
neuroseeretory granules. Ca. • 25,000. 

adrenergic synapses, there were more numerous  other  
synapses which displayed only agranular  vesicles both  on 
the pre- and pos tsynapt ic  side. Secondly, granular  
vesicles were also observed in the  cy top lasm of some 
neurones. These granular  vesicles were equal  in size to 
those found in the  nerve  endings, bu t  their  concent ra t ion  
was smaller  in the  per ikaryon (Figure 2). However ,  in 
some nerve  fibres connected wi th  the  nerve  cell body  the  
granular  ves ic les  showed much  greater  concent ra t ion  
than  in the  cy top lasm of the  respect ive per ikaryon  
(Figure 3). 

While  the  granular  vesicles in the  nerve  fibres, in the 
presynapt ic  te rminals  of some synapses and in the  
cytoplasm of some neurones var ied  in d iameter  in the  
to approx imate  range of 900-1200 ~_, of which about  700 
800 A was occupied by the  granule inside the  vesicle, t h e  
agranula r  vesicles found in the  synapses measured about  
400-500 A in diameter .  

In  the  cy top lasm of  all neurones, also larger granular  
vesicles were found. These vesicles had  much  larger 
d iamete r  (about 2000 _~ or more) t han  the  synapt ic  
granular  vesicles. They  were most  often found in the  

Fig. 3. Several granuIar vesicles within the nerve fibre (axon) 
departing from the respective perikaryon, and some neurosecretory 
granules in the cytoplasm. Ca. X 17,000. 

v ic in i ty  of the  Golgi apparatus ,  and they  were diagnosed 
as neurosecretory granules surrounded by  a membrane .  

In  the  ci l iary ganglion of the  reserpinized rats, the  
number  and localizat ion of the  granular  vesicles had not  
been changed to any no tewor thy  extent .  However ,  the  
densi ty  of the  core seemed less clearly visible than  in the  
controls.  This  suggests t ha t  the  granules contained a 
catecholamine.  

Zusammen/assung. Im  Ganglion ciliare normaler  aus- 
gewachsener  R a t t e n  werden elektronenmikrosk~pisch 
granul ier te  oder <~dense core~) Vesikula yon e twa 900 bis 
1200 A Durchmesser  festgestel l t  (in Nervenfasern,  im 
Zytoplasma yon Nervenzel len und in Pr~synapsen).  

R e s e r p i n  (Serpasil| Ciba) verursach te  keine nennens- 
werte  ~ n d e r u n g  in Zahl oder  Lokal isat ion der Vesikula, 
hingegen eine Abnahme  ihrer Kerndichte .  
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Intracellular Localization of Acid Phosphatase and Aryl Sulfatase in Rat Metrial Gland Cells 

The granula ted  metr ia l  gland cells of the  pregnant  ra t  
uterus are complex structures,  the  funct ion of which is 
at  present  unclear.  The ceils are rich in glycogen 1 and 
thei r  granules are acidophilJc and me tachromat i c  2. 
Fu r the rmore  they  give a diastase-fast  react ion wi th  the  
PAS- techn ique  a. F r o m  these t inctor ia l  propert ies  as well 
as the  incorporat ion of 85S by  the  cells, i t  has been con- 
cluded t h a t  the  cytoplasmic  granules conta in  a lysine- 
rich prote in  componen t  a as well as a sulfated muco-  
potysacchar idel ,  t which, however,  does not  appear  to 
be hepar in  5. I t  has also been pos tu la ted  t h a t  the  hormone  
re lax in  m a y  be produced by these cells 8,6. This  hormone  
has recent ly  been demons t ra ted  in the  cells by  immuno-  
fluorescence techniques  7. 

More recently,  l ight  microscopic and his tochemical  
studies on the  granula ted  cells of the  met r ia l  gland of the  
pregnant  ra t  have  shown these cells to have  a high 
con ten t  of hydro ly t ic  enzymes s, 9. On these grounds it  has 
been suggested t h a t  the  met r ia l  gland cell granules m a y  
be lysosomal in na ture  9. I t  was therefore  considered of 
interes t  to inves t igate  the  na tu re  of the  metr ia l  cell 
granules - at  the  electron microscopic level - wi th  respect  
to the  lysosomal  enzymes acid phosphatase  and aryl  
sulfatase. 

For  the  exper iments  10 pregnant  Sprague-Dawley  rats 
were used. The animals  were sacrificed a t  la te  stages of 
gestat ion (15-20 days). Af ter  e ther  anesthesia  and 
exsanguinat ion small  pieces of the  sub-placental  uter ine 



15.10. 1969 Specialia 1069 

wall were f ixed for 2 h a t  4~ in 4% g lu ta ra ldehyde  in 
0 .1M cacodyla te  buffer  (pH 7.3). The specimens  w e r e  
r insed ove rn igh t  a t  4 ~ in 0 .1M cacodyla te  buffer  con- 
t a in ing  0 .2M sucrose. Nonfrozen  sect ions (40-50 ~z) of 
t he  f ixed t issue spec imens  were cut  on a Sorwall  t issue 
sect ioner  according to  the  t echn ique  of SMITH and 
FARQUHAR 1~ For  acid p h o s p h a t a s e  the  sect ions were 
incuba ted  a t  37~ for 60 rain in a GOMOR111 med ium as 

t ion for aryl  sulfatases  in the  granules of t he  met r ia l  
gland cells (Figure 1). A posi t ive  reac t ion  was also 
observed in the  cy top lasm of some sur round ing  fibro- 
b las ts  as well as in cer ta in  endothe l ia l  cells. A s t u d y  of 
uns ta ined  th in  sect ions wi th  the  e lectron microscope 
revealed h e a v y  deposi ts  of lead sulfate  in the  large gran- 
ules of the  specific cells (Figure 3). Some granules wi th  
lead deposi ts  Showed a t e n d e n c y  to chip out  of the  sec- 

Fig. 1. Thick epon section of non-frozen specimen incubated for 
aryl sulfatase and posttreated with (NH4)2S. Heavy deposits of 
lead sulfide are seen in cytoplasmic granules of metrial gland cells. 
Light micrograph. • 920. 

Fig. 2. Thick epon section of specimen incubated for acid phos- 
phatase. Section lightly stained with toluidine blue. A positive 
reaction is seen in granules of typical metrial gland cells located 
in the vicinity of a blood vessel. Light mierograph. • 880. 

modif ied  by  ]3ARKA and  ANDERSON 12 wi th  fi-glycero- 
p h o s p h a t e  (Grade I, S igma Chemical  Co., St .Louis ,  
Missouri) as subs t ra te .  For  aryl  sulfatases  a GOLDFISCHER 13 
m e d i u m  (pH 5.5) as modif ied  by  S~ELJELID and HEL- 
MINENI~ conta in ing  p-n i t roca techol  sulfa te  (2 hydroxy-5 -  
n i t r opheny l  sulfate,  Sigma) as subs t r a t e  was  used. These 
sect ions were incuba ted  at  37~ for 30 rain.  Fo r  b o t h  
enzymes  lead n i t r a t e  was  employed  as cap tu r ing  ion. 
Af te r  incuba t ion  the  sect ions were r insed in t he  buffers  
used in the  incuba t ion  m e d i u m  and were pos t - f ixed  for 
1 h in 1% osmium t e t rox ide  in 0 .1M cacodyla te  buffer  
conta in ing  0 . 2 M  sucrose (pH 7.3) a t  4~ As controls ,  
specimens  were  incuba ted  in media  w i t h o u t  subs t r a t e  or 
lead. Some non-f rozen  sect ions were t r e a t ed  wi th  1% 
(NH~)2S in dist i l led wa te r  before pos t f ixa t ion  and  embed-  
ding. Af te r  pos t f ixa t ion  the  sect ions were d e h y d r a t e d  in 
e thanol  and  e m b e d d e d  in E p o n  812 according  to the  
m e t h o d  of LtJFT~5. 

Sect ioning was carried out  on an L K B  u l t ro tome  using 
glass knives. Thick  sect ions (1 ~) were p laced  on glass 
slides, l ight ly  s ta ined  wi th  to luidine  blue and  examined  
in t he  l ight  microscope.  Thin  sect ions were collected on 
copper  grids and  examined  in a Phi l ips  EM 300 electron 
microscope e i ther  uns ta ined  or s ta ined  wi th  uranyl  
acetate ,  lead c i t ra te  or a combina t i on  of both .  

Ary l  sul/atase. Thick epon Sect ions  of incuba ted  speci- 
mens  t r e a t ed  wi th  (NH~)2S and  inves t iga ted  in the  l ight  
microscope showed a uni form and  d i s t inc t  pos i t ive  reac- 

Fig. 3. Electron micrograph of a granulated metrial gland cell 
incubated for aryl sutfatase. The reaction product (lead sulfide) is 
localized in the cytoplasmatic granules. Chopped specimen post- 
treated with (NH~)2S , thin section unstained. • 13,300. 

t ions  leaving holes and  tears  in the  la t ter .  Those sect ions 
t r ea t ed  wi th  (NHa)2S of ten  showed a diffuse background  
prec ip i ta te  of lead sulfide. S ta in ing  wi th  lead c i t ra te  
enhanced  con t ras t  in the  spec imen and  was no t  deleter ious  
to the  lead deposits .  S ta in ing  wi th  uranyl  ace ta te  on the  
o ther  hand,  led to a marked  decrease in a m o u n t  of the  
reac t ion  product .  
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Acid phosphatase. The  pos i t ive  r eac t ion  seen in the  
l igh t microscope a f te r  i n c u b a t i o n  in a f i -g lycerophosphate-  
con ta in ing  m e d i u m  a n d  p o s t - t r e a t m e n t  w i t h  (NHa)2S 
(Figure 2) was neve r  as in tense  as t h a t  obse rved  w i t h  t h e  
sul fa tase  m e d i u m  af te r  (NH4)~S. I t  was  also found  in t h e  
e lec t ron  microscope t h a t  t he  depos i t s  of lead p h o s p h a t e  
were no t  as dense  as those  of lead sul fa te  b u t  a p p e a r e d  
as needle- l ike prec ip i ta tes .  The  reac t ion  p r o d u c t  a p p e a r e d  

Fig. 4. Electron micrograph showing acid phosphatase activity in 
granules and Golgi-apparatus of a metrial gland cell. Chopped 
specimen treated with (NH4)2S and thin section stained with uranyl 
acetate and lead citrate. • 11,600. Inset • 26,600. 

no t  on ly  in t he  granules  b u t  also in some c i s t e rnae  of  t h e  
Golgi complex  (Figure 4). F u r t h e r m o r e ,  all  g ranules  were  
no t  cons i s t en t ly  react ive ,  and  t h e r e  was also a ce r t a in  
v a r i a t i o n  b e t w e e n  cells w i t h  respec t  to  n u m b e r  of 
granules  w i th  a pos i t ive  react ion.  A pos i t ive  r eac t ion  was 
also n o t e d  in tysosome-l ike  bodies  in f ib rob las t s  and  endo-  
the l ia l  cells. Also w i t h  respec t  to  t he  acid p h o s p h a t a s e  
r eac t ion  i t  was  n o t e d  t h a t  s t a in ing  w i t h  u r a n y l  a ce t a t e  
r e m o v e d  cons iderab le  a m o u n t s  of t he  r eac t ion  p r o d u c t  
f rom the  sections.  

Acid p h o s p h a t a s e s  and  a ry l  sul fa tases  are b o t h  re- 
ga rded  as lysosomal  enzymes.  However ,  acid p h o s p h a t a s e s  
h a v e  also been  d e m o n s t r a t e d  in cel lular  s t ruc tu re s  n o t  
cons idered  to  be  lysosomes,  such  as deve lop ing  secre tory  
granules  ill b o t h  endocr ine  a n d  exocr ine  cells 1s-is. I t  has  
been  sugges ted  t h a t  t h i s  t y p e  of e n z y m e  m a y  be  invo lved  
in secre tory  g ranu le  c o n d e n s a t i o n  processes is or t h a t  i t  
m a y  be  i n c l u d e d  w i t h  sec re to ry  granules  in  a n  inac t ive  
fo rm wh ich  m a y  become  ac t ive  if t he  granules  are 
des t ined  for de s t ruc t i on  r a t h e r  t h a n  d ischarge  ~0. T h e  
f ind ings  of acid p h o s p h a t a s e  ac t i v i t y  in  s t r u c t u r e s  be- 
longing  to t he  Golgi  complex  as well  as in  t he  granules  
of t he  me t r i a l  g l and  cells sugges t  t he  possible  involve-  
m e n t  of th i s  organel le  in  g ranu le  p roduc t ion .  

I t  is i n t e re s t ing  to  no te  t h a t  more  me t r i a l  cell granules  
showed a pos i t ive  r eac t ion  for a ry l  su l fa tase  t h a n  for 
acid p h o s p h a t a s e .  Such  a va r i ance  was  r epo r t ed  a m o n g  
lysosomes in some t issues  a l r eady  b y  GOLDFISCHER 13 in 
his  or ig inal  r e p o r t  on  t he  h i s tochemica l  me thod .  I t  is a t  
p r e sen t  u n k n o w n  if th i s  di f ference is due  to  a rea l  he te ro-  
gene i ty  a m o n g  t h e  g ranu le  p o p u l a t i o n  or to  t echn ica l  
diversi t ies .  The  presence  of aryl  su l fa tases  in t he  granules  

is i n t e r e s t i ng  f rom t h e  p o i n t  of v iew t h a t  t h e  granules  
a p p e a r  to  c o n t a i n  a su l fa ted  po lysacchar ide  c o m p o n e n t  
of a low degree of ester i f icat ion2,  S. However ,  l ack ing  
ev idence  for t h e  n o r m a l  occur rence  of a ry l  sul fa tes  as 
su l fa te  donors  a n y  sugges ted  connec t ion  b e t w een  t h e  
su l fa tase  a n d  t h e  su l fa ted  c o m p o u n d  of granules  would  
be  mere ly  specula t ive .  

A l t h o u g h  i t  is ev i d en t  f rom t h e  p r e s en t  as well as 
p rev ious  i nves t iga t ions  S, 9, ~~ t h a t  t h e  specific g ranules  
of t h e  me t r i a l  g l and  cells c o n t a i n  lysosomal  enzymes ,  i t  is 
n o t  clear if t h e  granules  are  to  be  classif ied as lysosomes, 
secre tory  granules  or a t y p e  of s torage  granule .  

I n  v iew of t h e  fac t  t h a t  t h e  me t r i a l  g l and  cells are  n o t  
phagocytic21,  2~, i t  is d i f f icul t  to  bel ieve t h a t  t h e  h igh  
c o n t e n t  of h y d r o l y t i c  enzymes  can  be  solely r equ i red  
for in t race l lu la r  m e t a b o l i s m  9. I t  has  also been  shown  
t h a t  t h e  me t r i a l  g l and  has  a h igh  col lagenase a c t i v i t y  ~a. 
BULMER 9 has  cor re la ted  th i s  f ind ing  w i t h  t h e  possible  
loca t ion  of r e l ax in  in  t h e  cells a n d  forwards  t h e  sug- 
ges t ion  t h a t  t h e  cells m a y  be  invo lved  in t h e  p o s t - p a r t u m  
reso lu t ion  of t h e  p l acen t a l  site. I t  is a vexed  ques t ion  
w h e t h e r  or n o t  the  me t r i a l  g land  cells of t h e  p r e g n a n t  
r a t  u t e rus  p roduce  re laxin .  This  h a s  been  sugges ted  b y  
VELARDO et  al. ~ an d  WISLOCKI et  al. 3 a n d  more  r ecen t ly  
b y  DALLENBACH-HELLWEG et  al. 7 who,  in us ing  i m m u n o -  
f luorescence techniques ,  h a v e  t r aced  th i s  s u b s t a n c e  to  
t h e  cells. However ,  BLOOM, PAUL a n d  WIQVIST ~4, us ing  
an  in v i t ro  t echn ique ,  i n v es t i g a t ed  a n u m b e r  of p r e g n a n t  
r a t s  t i ssues  for re laxin ,  inc lud ing  t h e  u te r ine  si tes of t he  
me t r i a i  gland.  Only  t h e  p r e g n a n t  r a t ' s  ovar ies  c o n t a i n e d  
s ign i f ican t  a m o u n t s  of re laxin .  These  f indings  were con- 
f i rmed  b y  STEINETZ, BEACH a n d  KROC 25. I n  t h e  l igh t  
of these  f ind ings  also DALLENBACH-HELLWEG et  al. 7 con- 
s ider  t he i r  nega t i ve  i m m u n o f l u o r e s c e n t  resul t s  w i t h  
respec t  to  r a t  ovar ies  di f f icul t  to  explain .  BULMER 9 sug- 
gests  t h a t  t h e  r e l ax in  d e m o n s t r a t e d  b y  I)ALLENBACH- 
HELLWt/;G e t  a id  m a y  s imp ly  be  a s torage  m a t e r i a l  
de r ived  f rom a p r i m a r y  source elsewhere r a t h e r  t h a n  a 
h o r m o n e  syn thes ized  b y  t h e  me t r i a l  g l and  cells. 

F u r t h e r  s tud ies  are ill progress  to  e luc ida te  t h e  func t ion  
of the  me t r i a l  g l and  cells an d  t h e  n a t u r e  of t h e i r  g ranules  as. 

Zusammen/assung. Die be iden  lysosomalen  F e r m e n t e  
(saure P h o s p h a t a s e  u n d  Ary l  Su lpha tase)  w u r d e n  m i t  
e l ek t roh i s tochemische r  T e c h n i k  ill den  z y t o p l a s m a t i s c h e n  
Zel lgranula  der  G l a n d u l a  m y o m e t r a l i s  g rav ide r  R a t t e n  
demons t r i e r t .  Die Be fu n d e  werden  in Bez i ehung  zur  
h e u t i g e n  K e n n t n i s  der  funk t ione l l en  G r a n u l a n a t u r  d isku-  
t ie r t .  
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