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VISUALIZATION OF LIVING HIPPOCAMPAL SYNAPSES USING 
CONFOCAL SCANNING LASER MICROSCOPY. 6 L. Keenan. A. C. Nobre. 
BJ.  Claibome. and T.H. Brown. Dept. of Psychology, Yale Univ., New Haven, 
CT 06520 and Div. of Life Sciences. Univ. of Texas, San Antonio, TX 78285. 

We have been interested in optical methods that offer good spatial and temporal 
resolution of cellular and subcellular details in brain slices (Keenan el al., 
IW.&uLl., 21:373, 1988: Keenan el al., Soc. Neurosci. Abstr., 15:980,1989). 
Here we IepOR the successful use of confocal scanning laser microscopy (CSLM) 
for visualizing the mossy-fiber (mf) synapses of hippocampal region CA3. 

Hippocampal slices were placed into a chamber attached to the stage of an inverted 
microscope, which was equipped with a long-working distance (500 pm), oil- 
immersion objective (63X, 1.25 NA). The (presynaptic) mf expansions were 
stained by pressure ejection of DiIC18(3) into either the smtum lucidum. the hilus 
or the stratum granulosum. The @ostsynapic) thorny excrescences were stained by 
intracellular injection of lucifer yellow into the CA3 neurons. Serial optical 
sections of mf expansions and thomy excrescences were then obtained using CSLM. 
Sections were taken at intervals of 0.1 - 2.0 pm and then reconsuucted to yield 3-D 
imngcs. 

lJsing npproprintc scannlng times and liltcnng for the panicular dye, wc were able 
to visualize clearly h t h  the mf cxpanslons and the thomy excrescences. H i ~ h  
resolution images were obtained in as little as 6 sec, at 1 &an/sec, with relatively 
low laser power. Sometimes we could see small filamentous extensions of the mf 
expansions, reminiscent of growth cone filopodia. 

We have been particularly interested in possible structural changes that may 
accompany use-dependent synaptic modifications, such as long-term potentiation 
(LTP) (reviewed in Brown et al., In: Byme and Berry, Neural Models of Plasticity, 
266, 1989). If there are in fact LTP-associated structural modifications, as 
suggested by electron microscopic studies, the present methods may enable them to 
be visualized in real time. (Supported by the AFOSR and NIH) 
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EFFECTS O F  CARBACHOL AND L-AP4 ON PAIRED-PULSE 
PLASTICITY IN THE PERFORANT PATHWAYS O F  THE 
DENTATE GYRUS O F  THE RAT. J. S .  Kahle and C.W. Cotman, 
Department of Psychobiology. University of California, Irvine. CA 92717. 

The pharmacological profile of paired-pulse (PP) plasticity in the dentate 
gyrus was studied in order to further define the mechanisms underlying 
these phenomena. Lateral and medial entorhinal layer I I  cells both terminate 
on dentate granule cells, but the lateral perforant path exhibits P P  
potentiation whereas the medial perforant path exhibits P P  depression at 
interstimulus intervals (isi) between 40-800msec. Previously, carbachol 
(CARB: an  acetylcholine agonist) has been shown to preferentially reduce 
medial perforant path field potentials. Conversely. L-P-amino-4- 
phosphonobutyric acid (L-AP4; a glutamate analog) has been shown to 
specifically reduce lateral perforant path field potentials. The effects of 
CARB and L-AP4 on PP plasticity a s  a function of isi were compared. Pairs 
of evoked extracellular field potentials were recorded differentially from 
the medial and lateral perforant pathways from rat hippocampal slices 
maintained in v;tro. 

in CARB (ZOpM), PP depression reversed to PP potentiation (30%) at 
short isi, was attenuated (50%) at intermediate isi, and not affected at 
longer isi. Furthermore, in CARB, PP potentiation tended to increase at 
short isi. In L-AP4 (IOpM), PP depression was attenuated (50%) at  
intermediate isi, whereas P P  potentiation increased (240%) at  all isi 
investigated. The effects of CARB and L-AP4 were not due simply to the 
reduction of the field potential amplitude. 

The effects of L-AP4 may be explained in part by the blockade of a late, 
slow inhibitory post synaptic potential that may be part of feed-toward 
inhibition onto the dentate granule cells. The effects of both CARB and L- 
AP4 on PP depression in the medial perforant path appear to be dependent 
on the pattern of activity d this pathway. 

2-AMINO-3-PHOSPHONOPROPIONATE (AP3) BLOCKS INDUCTION 
O F  ASSOCIATIVE LONG-TERM DEPRESSION (LTD) IN . . 
HIPPOCAMPAL FIELD CAI. 5. C h w i i .  P.K. stanton1 and T.J. Seinowski 
Salk Institute, La JoUa, CA 92037 and 1Albert Einstein Coll. Med., Bronx, NY 10461. 

A test input, which by itself does not elicit long-term potentiation (LTP), exhibits 
an associative form of LTP when it is activated at the same time as a separate 
conditioning input. Recently, we have reporred an associative long-term depression 
(LTD) in field CAI that is produced when a low-frequency test input (TEST) is 
negatively correlated in time with a high-frequency conditioning input (COND). LTD 
can also be produced by activating presynaptic terminals while a postsynaptic neuron is 
hyperpolarized. The present study investigates the effect of 2-amino-3. 
pbosphonopropionate (AP3), a putative antagonist for a metabotropic quisqualate 
receptor, on the induction of LTD in hippocampal field CAI. 

Extra- and intracellular recordings were made in rat hippocampal slices ( 4 0 0 ~  
thick) in an interface chamber at 340C. The COND stimulus, activating Schaffer 
coUateraV commissural fibres, was trains of 10 bursts of 5 pulses each (100 Hz burst 
frequency. 200 msec interburst interval). The TEST stimulus, activating separate 
subicular inputs, was a 5 Hz Lrain of single shocks. The single shocks of the TEST 
input were given either superimposed on the middle of each burst of the COND inout 
(inphuse), or symmcuicnliy between the bursts (uur of phure). 

In control experiments, the TEST stimuli alone induced no change and the COND 
stimull alone induced homosvna~tic LTP of the COND inout without affectinl? Ihr 
TEST input. In extracellular &pe;imenu, out of phase stimuiation induced associkve 
LTD at the TEST input (Aepsp slope = -25.1+2.1%. Apop. spike = -44.2~3.7%, 
n=17). In contrast, 25pM bath applied AP3 blocked induclion of LTD at the TEST 
input (Aepsp slope = +5.6+2.2%, Apop. spike = -2.9+1.6%, n=13), without affecting 
LTP of the COND input. In inkracellular experiments, pairing of hyperpolarizing 
c w n t  injection with synaptic stimulation elicited LTD (Aepsp slope = -26.4+4.6%, 
n=6), which was blocked by AP3 (Aepsp slope = +18.7+14.9%, n=8). Thos. a 
melabouopic quisqualate receptor may be involved in the induction of LTD. 

BETA-ADRENERGIC AGONIST-INDUCED LONG-LASTING SYN- 
APTIC MODIFICATIONS I N  HIPPOCAMPAL DENTATE GYRUS 
REOUIRE ACTIVATION OF NMDA RECEPTORS. BUT NOT 
E L ~ C T R I C A L  ACTIVATION OF AFFERENTS . D. D a h l  , U n i v  
T e x a s - D a l l a s  a n d  J M S a r v e  U n i f o r m ~ v i c e s  
U n i v e r s i t y ,  Bethe&' 

N o r e p i n e p h r i n e  ( N E )  i n  the  p r e s e n c e  o f  an a l p h a -  
a d r e n e r g i c  r e c e p t o r  a n t a g o n i s t  h a s  d i f f e r e n t i a l  
e f f e c t s  o n  a c t i v a t i o n  o f  g r a n u l e  ce l l s  b y  s e p a r a t e  
c o m p o n e n t s  o f  the p e r f o r a n t  p a t h  ( P P ) :  n t e d i a l  P P  
r e s p o n s e s  p o t e n t i a t e  ( L L P )  a n d  l a t e r a l  P P  re- 
s p o n s e s  d e p r e s s  ( L L D ) .  LLP r e q u i r e s  c o - a c t i v a t i o n  
o f  t h e  NMDA r e c e p t o r  s u b t y p e  o f  g l u t a m a t e ,  as D 
[-]APV a n d  CPP,  b o t h  a n t a g o n i s t s ,  b l o c k  i t s  in-  
d u c t i o n .  D[-IAPV a n d  CPP a l s o  s h o w  a p a t h w a y  sel- 
e c t i v i t y  l i m i t e d  t o  m e d i a l  P P  E P S P s .  
I t  i s  n o t  k n o w n  w h e t h e r  i n d u c t i o n  o f  b e t a - a d r e n -  

e r g i c  LLP o r  LLD r e q u i r e s  e l e c t r i c a l  a c t i v a t i o n  
o f  the P P .  F u r t h e r m o r e ,  a l t h o u g h  D[-]APV a n d  CPP 
b l o c k  N E - i n d u c e d  LLP,  i t  i s  n o t  k n o w n  w h e t h e r  LLP 
o r  LLD i n d u c e d  b y  t h e  s p e c i f i c  b e t a - a d r e n e r g i c  
a g o n i s t  i s o p r o t e r e n o l  (1.50)  i s  a l s o  b l o c k e d  b y  
NMDA r e c e p t o r  a n t a g o n i s t s .  

We h a v e  f o u n d  t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
P P  i s  n o t  r e q u i r e d  f o r  LLP o r  LLD i n d u c t i o n  a n d  
t h a t  D[-]APV b l o c k s  I S O - i n d u c e d  LLP a n d  LLD, b u t  
p r i o r  e x p o s u r e  t o  D[-]APV a n d  I S 0  p r e v e n t s  i n d u c -  
t i o n  o f  LLD, b u t  n o t  LLP,  b y  a s u b s e q u e n t  e x p o s u r e  
t o  I S O .  ( S u ~ ~ o r t e d  b v  NS 23865 t o  J M S . )  
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INDUCTION OF TYROSINE HYDROXYLASE MRNA BY KC1 OEPOLAR- 
IZATION IS SEX DEPENDENT. D.R. S t u d e l s k a  and K.L. 
O'Malley.  Anatomy & Neurobiology,  Washington Univ. Sch.  
Med., S t .  Lou i s ,  MO 63110. 

I n c r e a s e d  e x t r a c e l l u l a r  K+ h a s  been r e p o r t e d  t o  in -  
c r e a s e  l e v e l s  o f  t y r o s i n e  hydroxy lase  (TH) i n  s y m p a t h e t i c  
neurons .  Here we r e p o r t  t h a t  t h i s  e f f e c t  is r e s t r i c t e d  
t o  males .  S u p e r i o r  c e r v i c a l  g a n g l i o n  (SCG) neurons  were 
d i s s o c i a t e d  from male o r  f emale  E21 r a t  f e t u s e s  and 
c u l t u r e d  on c o l l a g e n  i n  a medium c o n t a i n i n g  10% human 
p l a c e n t a l  serum, 2% c h i c k  embryo e x t r a c t ,  and 20  ng/ml 
n e r v e  growth f a c t o r .  A f t e r  3 t o  5 d a y s ,  t h e  c e l l s  were 
s w i t c h e d  t o  a d e f i n e d  medium (N2) w i t h  o r  w i t h o u t  40 mM 
KC1. A f t e r  6 t o  16 d a y s  i n  c u l t u r e ,  t o t a l  RNA was i s o l a t -  
e d  and r e v e r s e - t r a n s c r i b e d  u s i n g  o l i g o n u c l e o t i d e  p r i m e r s  
complementary t o  TH. P r i m e r s  complementary t o  a c t i n  mRNA 
and 1 8 s  rRNA were used  i n  p a r a l l e l  r e a c t i o n s  a s  i n t e r n a l  
c o n t r o l s .  The r e s u l t i n g  cDNAs were a m p l i f i e d  u s i n g  t h e  
po lymerase  c h a i n  r e a c t i o n .  I n  3 s e p a r a t e  exper imen t s  K+ 
d e p o l a r i z a t i o n  l e d  t o  5 - f o l d  i n c r e a s e s  i n  TH mRNA from 
males  b u t  n o t  f rom f e m a l e s  when compared w i t h  a c t i n  t r a n -  
s c r i p t  l e v e l s .  1 8 s  rRNA l e v e l s  were c o r r e l a t e d  w i t h  a c t i n  
mRNA l e v e l s  e x c e p t  i n  male neurons  t r e a t e d  w i t h  KC1 where 
1 8 s  rRNA a l s o  e x h i b i t e d  a 5 - f o l d  i n c r e a s e  w i t h  r e s p e c t  t o  
a c t i n  mRNA. E s t r a d i o l  t r e a t m e n t  f o r  6 t o  18  h had no e f -  
f e c t  on TH message l e v e l s  i n  SCG neurons  c u l t u r e d  from 
e i t h e r  s e x .  Toge the r  t h e s e  r e s u l t s  s u g g e s t  t h a t  s e x  d i f -  
feren_ces i n  SCG may b e  modulated t r a n s y n a p t i c a l l y  i n  v ivo .  

ANDROGEN AND ESTROGEN RECEPTOR mRNA EXPRESSION 
IN THE PREOPTIC AREA O F  MALE A N D  FEMALE RAT 
BRAINS. J.N. BICKNELL, C.D. REFSDAL*. M.A. Miller and 
D.M.DORSA. GRECC. VAMC. Seattle. W A  98108. 

W e  have examined sexual dimdmhism b f e x ~ r e s s i &  of  androgen 
receptor (AR) and estrogen receptdr (ER) ~ R N A  in the rat brain. The  
brains of 60 day old male and female Wistar rats were hand dissected, 
the various regions pooled by sex, and R N A  extracted. Total RNA 
was size fractionated o n  agarose formaldehyde gels and transferred to 
Nytran membranes and then hybridized with either an AR or ER 
randomly primed probe. 

In previous studies w e  found that male rat brain contains two f o m s  
o f  A R  mRNA (9.5kb and I l k b  transcripts). Both forms were also 
evident in female brain. In both male and femalepreoptic area (POA), 
these two A R  messages are present in about equal abundance. This 
pattern o f  expression i s  similar to  the hippocampus, but different from 
the other brain areas which express the smaller message in greqter 
abundance. 

Estrogen receptor probe preferentially hybridized to a single band of 
RNA from the POA of both males and females and was equilvalent in 
size to  that observed when probing RNA from the uterus. ER message 
levels were elevated in female POA when compared to that of the male. 
We propose that sex related differences in circulating gonadal steroids 
underlie sexual dimorphism of steroid receptor gene expression. 

W e  conclude that the two i so foms  of A R  mRNA are present in the 
POA of male and female rat brain. In addition, ER mRNA levels may 
be greater in the POA of  females than in males. 
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