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The adult rat hippocampus was investigated by light microscopic immunocytochemistry for 
(Na++K+)-ATPase. In the CAI, CA2 and CA3 hippocampal regions, dense immunostaining for 
(Na + + K +)-ATPase, exhibiting a punctate appearance, was demonstrated along the soma plasmalemma 
of hippocampal pyramidal cells in the stratum pyramidale, thus outlining these cells distinctly, and along 
dendrites extending into the stratum radiatum. (Na ++ K +)-ATPase immunostaining was dense in the 
neuropil of the strata oriens and radiatum of the rat hippocampus, but much lighter in the corpus callo- 
sum. Immunostaining at the periphery of pyramidal cell soma may be associated with the plexus formed 
by axon terminals of hippocampal basket cells. 

The m e m b r a n e - b o u n d  enzyme (Na  + + K + ) - A T P a s e ,  which main ta ins  N a  + and  

K + ion concen t ra t ions  across  membranes ,  is heavi ly  concen t ra t ed  in neuropi l  o f  cere- 

b rum,  cerebel lum and  spinal  cord  [13, 15, 16]. This enzyme has been localized immu-  

nocy tochemica l ly  at  the node o f  Ranvier ,  the p l a s m a l e m m a  o f  neurona l  soma ta  and 

in as t rocyt ic  processes [1, 10, 16, 17]. Also,  immunocy tochemica l  studies have shown 

(Na + + K  +) -ATPase  to be in pa r t i cu la r ly  high concen t ra t ions  in regions o f  high 

synapt ic  densi ty  such as in retinal  p lexi form layers [7], Purkinje  cell basket  te rminals  

and  glomerul i  in cerebel lum [15] and  at  the soma  p l a s m a l e m m a  of  t r igeminal  gang- 

lion cells [13]. 
The highly o rde red  s t ructure  o f  the h i p p o c a m p u s  makes  it an  ideal region to s tudy 

the his tological  d i s t r ibu t ion  o f  (Na + + K +)-ATPase .  A x o n s  o f  h i p p o c a m p a l  baske t  

cells, which are found  near  the bo rde r  o f  s t ra ta  py ra mida l e  and oriens,  form a dense 

series o f  axosoma t i c  synapses  with p y r a m i d a l  cells [11]. Similar ly,  baske t  cell axon  

terminals  in the cerebel lum form a dense plexus in the axon hi l lock region o f  Purkinje  

cells where dense i m m u n o s t a i n i n g  for  (Na + + K + ) - A T P a s e  has been detected [15]. 

Because o f  this s imi lar i ty  in s t ruc tura l  o rgan iza t ion ,  a co r r e spond ing  d i s t r ibu t ion  o f  
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(Na + + K +)-ATPase might be expected among pyramidal cell bodies. The immuno- 
cytochemical approach to localization of (Na + + K +)-ATpase has not yet been ap- 
plied to the hippocampus. The purpose of this study was to determine the immunocy- 
tochemical distribution of (Na + + K +)-ATPase in the adult rat hippocampus. 

In this study 4 male Wistar rats (200 g) and 4 male Sprague Dawley rats (200-250 
g) were anaesthetized with sodium pentobarbital and perfused through the left ventri- 
cle with either 4% paraformaldehyde or PLP (0.01 M sodium periodate, 0.1 M lysine, 
4% paraformaldehyde) [8], fixed for an additional 4-6 h and embedded in paraffin 
the next day. Five/zm sections were immunostained, in sequence, as described pre- 
viously [12, 14]. Briefly, sections were incubated in 20% normal goat serum (NGS) 
for 60 rain, 1:200 1:750 (Na + +K+)-ATPase  antisera or rabbit preimmune serum, 
1:250 goat anti-rabbit IgG-horseradish peroxidase conjugate, 0.025% diaminobenzi- 
dine 0.01% hydrogen peroxide for 5 min. The rabbit antiserum was raised against 
bovine brain ( N a + +  K +)-ATPase catalytic subunit purified on denaturing gels and 
was characterized as specific for the catalytic subunit in bovine and rodent brain 
preparation on Western blots and by immunocytochemistry in rodent brain and kid- 
ney [4]. Antiserum was diluted in 1% NGS and incubations were performed at 4 C  
for 16-18 h. The immune serum was replaced by rabbit preimmune serum for the 
controls. The sections were rehydrated, mounted in Permount and photographed 
under bright-field optics. 

In the CA1 hippocampal region, pyramidal cells appeared to be immunostained 
for (Na + +K+)-ATPase  along their plasmalemma (Fig. IA), which is more clearly 
revealed at higher magnification (Fig. 1B). Immunostaining for (Na + + K +)-ATPase 
in the CA2 region was also detected along the plasmalemma of cell bodies in the stra- 
tum pyramidale. This immunostaining appeared punctate or in clumps, possibly 
associated with axon terminals of hippocampal basket cells contacting the pyramidal 
cell body plasmalemma and/or enwrapping glial elements. (Na++K+) -ATPase  
immunostain in the stratum oriens and stratum radiatum was of uniform density, 
interrupted by unstained cell bodies and blood vessels. The intensity of reaction was 
greatest in stratum oriens, moderate in stratum radiatum and light in the corpus cal- 
losum (Fig. 1C). At higher magnification pyramidal cell apical dendrites in the stra- 
tum radiatum appeared to be immunostained for (Na + +K+)-ATPase  along their 
plasmalemma (Fig. 1D). Mossy fibers arising from dentate granule cells and converg- 
ing on the inner dendritic field of pyramidal cells in the CA2/CA3 region did not 
appear to be immunostained for (Na++K+)-ATPase ,  thus giving this region a 
lightly stained appearance (Fig. 2A). However, pyramidal cell bodies and their den- 
drites were immunostained as in the CA1 and CA2 regions (Fig. 2B). Cells ot" the 
dentate gyrus were also immunostained for (Na + + K +)-ATpase along their plasma- 
lemma (data not shown). Sections of rat hippocampus incubated with rabbit preina- 
mune serum exhibited no specific immunostaining (not shown). 

The focal or punctate appearance of ( N a + +  K +)-ATPase immunostain along the 
plasmalemma of pyramidal cell somata is consistent with the possibility that this 
enzyme may be associated with axon terminals at axosomatic synapses. It is of inter- 
est that glutamic acid decarboxylase (GAD), which synthesizes the neurotransmitter 
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Fig. 1. Immunocytochemical localization of(Na * + K ~ )-ATPase in the CAI and CA2 region of the adult 
rat hippocampus. A: pyramidal cell bodies in the CAI region appear to be immunostained at their peri- 
phery (arrowheads). B: in the same region as C, but at higher magnification, immunostaining surrounding 
pyramidal cell bodies were more clearly revealed (arrowheads). C: (Na ++ K *)-ATPase immunostaining 
in the CA2 hippocampal region was dense in the stratum oriens (so) and at the periphery of cell bodies 
in the stratum pyramidale (sp), less dense in the stratum radiatum (sr) and light in the corpus callosum 
(co). D: at high magnification immunostaining for (Na + +K+)-ATPase is clearly discerned at the peri- 
phery of pyramidal cell bodies (arrows) and along dendrites (arrowheads) in the stratum radiatum (sr). 
Final magnification: A. C: × 95: B, D: × 375. 

y - a m i n o b u t y r i c  ac id  ( G A B A ) ,  a lso  has  been d e t e c t e d  in a x o n  t e r m i n a l s  a n d  b o u t o n s  

c o n t a c t i n g  r abb i t  h i p p o c a m p a l  p y r a m i d a l  cell bod ie s  [6]. T h e  p a t t e r n  o f  i m m u n o s -  

t a in ing  seen at  the l ight  m i c r o s c o p i c  level in t ha t  s tudy  is iden t ica l  to  tha t  r e p o r t e d  

here  for  ( N a  + + K  + ) - A T P a s e .  As s h o w n  by e l ec t ron  m i c r o s c o p i c  i m m u n o c y t o -  
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Fig. 2. Immunocytochemical localization of (Na + +K+)-ATPase in the stratum lucidum of the adult rat 
hippocampus. A: in the stratum lucidum (sl), which is in the CA2/CA3 region of the hippocampus, mossy 
fibers did not appear to immunostain for (Na ~ + K +)-ATPase. The choroid plexus in the lateral ventricle 
was immunostained at the apical border (asterisk). B: however, immunostaining was detected at the peri- 
phery of cell bodies (arrows) in the stratum pyramidale and along dendrites (arrowheads) in the stratum 
radiatum of the CA2/CA3 region. Final magnification: A: x 95; B: x 375. 

chemistry, astroglial elements, such as cell processes and endfeet, and neurona l  cell 

body p lasmalemma have been shown to exhibit immunos t a in ing  for (Na + + K + ) -  
ATPase  [1]. 

Two histochemical studies of  the h ippocampus  using the K +-st imulated p-ni t ro-  

phenylphosphatase  (pNPPase)  method  have been reported [3, 9]. Neither  study 

showed activity cor responding  to (Na + + K +)-ATPase associated with pyramidal  cell 

bodies or basket endings in the pyramidal  layer, in direct contras t  to the immunocy-  
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tochemicai results in this study. This major difference in results obtained by pNPPasc 
and immunocytochemical methods with regard to CNS perikarya has been noted and 
discussed previously [15]. The hippocampal pyramidal cell layer is another example 
of this difference and the reason for this difference remains unknown. 

It is possible that immunocytochemical studies of (Na ÷ + K +)-ATPase as a mem- 
brane marker may contribute to detecting changes in the pyramidal cell layer in dis- 
eases of the hippocampus such as epilepsy [2] and dementia [5]. 
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