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ABSTRACT 

K e n d r i c k , K. M.: "A Neuronal E f f e c t o f T e s t o s t e r o n e . " 

T h i s t h e s i s i n v e s t i g a t e s the e f f e c t s o f t e s t o s t e r o n e and i t s m e t a b o l i t e s 

on the e l e c t r i c a l a c t i v i t y of s i n g l e c o r t i c o m e d i a l amygdala neurones in the 

male r a t . Exper iments c o n c e n t r a t e , in p a r t i c u l a r , on those c o r t i c o m e d i a l 

amygdala neurones which p r o j e c t d i r e c t l y to the medial p r e o p t i c / a n t e r i o r 

hypothalamic j u n c t i o n . An attempt to r e l a t e the observed neuronal e f f e c t s 

of t e s t o s t e r o n e to sexua l behav iour has a l s o been made. 

The f i r s t Chapter reviews the e l e c t r o p h y s i o l o g i c a l exper iments on the 

e f f e c t s of s e x s t e r o i d s on s i n g l e neurones in the c e n t r a l and p e r i p h e r a l 

nervous s y s t e m . The second Chapter d e s c r i b e s exper iments which show tha t 

long term c a s t r a t i o n lengthens the a b s o l u t e r e f r a c t o r y p e r i o d s o f c o r t i c o m e d i a l 

amygdala neurones which p r o j e c t to the medial p r e o p t i c / a n t e r i o r hypotha lamic 

j u n c t i o n . A d j a c e n t c o r t i c o m e d i a l amygdala neurones which p r o j e c t to the 

c a p s u l e of the ventromedia l n u c l e u s of the hypothalamus d id not show t h i s 

e f f e c t . 

Chapter 3 d e s c r i b e s an exper iment which shows that long term t e s t o s t e r o n e 

t reatment reduces the a b s o l u t e r e f r a c t o r y per iods of c o r t i c o m e d i a l amygdala 

neurones which p r o j e c t to the medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n , In 

c a s t r a t e d r a t s . R e s u l t s show a d i r e c t e f f e c t of t e s t o s t e r o n e in the c e n t r a l 

nervous s y s t e m . 

Chapter k i n v e s t i g a t e s the e f f e c t s o f two major m e t a b o l i t e s of t e s t o s t e r o n e , 

o e s t r a d i o l and d i h y d r o t e s t o s t e r o n e , on the a b s o l u t e r e f r a c t o r y per iods o f these 

c o r t i c o m e d i a l amygdala neurones . O e s t r a d i o l , but not d I h y d r o t e s t o s t e r o n e 

produces the same reduct ion e f f e c t as t e s t o s t e r o n e . R e s u l t s p rov ide d i r e c t 

e v i d e n c e t h a t o e s t r a d i o l has the same e f f e c t as t e s t o s t e r o n e in the c e n t r a l 

nervous s y s t e m . 

Chapter 5 d e s c r i b e s two s i m i l a r exper iments which show t h a t the t e s t o s 

terone reduc t ion of the a b s o l u t e r e f r a c t o r y per iods of these c o r t i c o m e d i a l 

amygdala neurones i s c o r r e l a t e d w i th the t ime a t which the hormone s t i m u l a t e s 

f u l l sexual b e h a v i o u r . Chapter 6 d i s c u s s e s the s i g n i f i c a n c e o f the t e s t o s t e r o n e 

e f f e c t on c o r t i c o m e d i a l amygdala neurone a b s o l u t e r e f r a c t o r y p e r i o d s . 
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CHAPTER 1 

A REVIEW OF THE EFFECTS OF SEX HORMONES ON THE ELECTRICAL ACTIVITY OF 

SINGLE NEURONES. 

1.1 I n t r o d u c t i o n . 

S e l e c t i v e a r e a s in the c e n t r a l nervous system take up and c o n c e n t r a t e 

r a d i o a c t i v e l y l a b e l l e d s t e r o i d hormones in a number of s p e c i e s (see review 

by McEwen e t a l , 1972, 1974 fo r i n s t a n c e ) . T h i s f a c t and the f i n d i n g tha t 

hormone implants a t s p e c i f i c b r a i n s i t e s can change behaviour ( L i s k , 1962; 

H a r r i s and M i c h a e l , 1964; Dav idson , 1966) , has s t i m u l a t e d i n v e s t i g a t i o n s on 

the e f f e c t o f s t e r o i d hormones on the a c t i v i t y of the b r a i n . 

The ensu ing review of these s t u d i e s i s c o n f i n e d to the e f f e c t s of s e x 

s t e r o i d hormones on s i n g l e neurones . The c o n c e n t r a t i o n on s i n g l e neurone 

s t u d i e s i s prompted by the knowledge tha t most of the neuronal s t r u c t u r e s 

examined ( p a r t i c u l a r l y the hypothalamus) do not show homogeneous f i r i n g 

f r e q u e n c i e s ( L i n c o l n , 1967 f o r i n s t a n c e ) . T h i s l ack of homogeneity renders 

the d i r e c t i n t e r p r e t a t i o n of EEG and m u l t i p l e u n i t s t u d i e s d i f f i c u l t . 

A d i s c u s s i o n a t the end of the review at tempts to summarise some of the 

p i t f a l l s of r e s e a r c h in t h i s f i e l d . 

1.2 The e f f e c t s of s e x s t e r o i d s on neuronal a c t i v i t y . 

Oestrogens a l o n e , o r in combinat ion w i t h p r o g e s t e r o n e , s t i m u l a t e f u l l 

sexual behav iour in most female mammals ( reviewed by L l s k , 1978) . S i m i l a r l y , 

t e s t o s t e r o n e r e i n s t a t e s f u l l s e x u a l behav iour in male mammals ( rev iewed In 

Beach, 1961; Young, 1961) . S p e c i f i c b r a i n s i t e s take up and c o n c e n t r a t e 

o e s t r a d i o l ( P f a f f and K e i n e r , 1973 ) , t e s t o s t e r o n e ( P f a f f , 1968; Sar and 

Stumpf, 1973 a? b) and progesterone (Wade and F e d e r , 1972; Wade, Harding and 

F e d e r , 1973; Sar and Stumpf, 1 9 7 3 c ) , and implants of these hormones in the 

b r a i n s t i m u l a t e sexua l behav iour ( o e s t r a d i o l : L i s k , 1962; H a r r i s and M i c h a e l , 

1964; t e s t o s t e r o n e : D a v i d s o n , 1966; p r o g e s t e r o n e : Morin and F e d e r , 1974) . 

A s e r i e s of s t u d i e s repor t at tempts to measure d i r e c t e f f e c t s of these 
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hormones on the e l e c t r i c a l a c t i v i t y o f s i n g l e neurones . 

1,2.1 Changes in the e l e c t r i c a l a c t i v i t y o f s i n g l e neurones dur ing the 

o e s t r o u s c y c l e . 

In the r a t , o e s t r a d i o l and progesterone l e v e l s I n c r e a s e dur ing p r o o e s t r u s . 

O e s t r a d i o l l e v e l s begin to r i s e l a t e on the day of d l o e s t r u s II and peak 

dur ing the e a r l y par t of p r o o e s t r u s ( Y o s h i n a g a , Hawkins and S t o c k e r , 1969; 

N a f t o l i n , Brown-Grant and C o r k e r , 1972) . Approximately 12 h r s a f t e r plasma 

o e s t r a d i o l l e v e l s r i s e to t h e i r peak, a s u r g e o f l u t e i n i z i n g hormone i s seen 

( N a f t o l i n e t a l , 1972) . Within s e v e r a l hours of the l u t e i n i z i n g hormone 

s u r g e , plasma progesterone l e v e l s a l s o i n c r e a s e ( S c h n e i d e r , P i a c s e k and Gay, 

1970) . Onset of heat o c c u r s on the even ing o f p r o o e s t r u s , s e v e r a l hours 

a f t e r the I n c r e a s e d plasma l e v e l s of progesterone ( F e d e r , Resko and Goy, 1968) . 

O v u l a t i o n o c c u r s some 10 - 1* h r s a f t e r the l u t e i n i z i n g hormone surge ( S c h w a r t z , 

1972) . 

In the female r a t , i n c r e a s e s in the spontaneous f i r i n g r a t e s o f s i n g l e 

neurones have been found in a number of s t r u c t u r e s dur ing p r o o e s t r u s . They 

have most c o n s i s t e n t l y been found in the medial p r e o p t i c / a n t e r l o r hypothalamus 

(Cross and Dyer , 1970, 1972; Moss and Law, 1971; Dyer , P r l t c h e t t and C r o s s , 

1972; Dyer , 1973i Wuttke, 197* ; Kubo, Gorsk i and Kawakami, 1975: f o r an 

e x c e p t i o n see K e l l y , Moss and Dudley, 1976 ) , and in the a r c u a t e n u c l e u s (Yagi 

and Sawak i , 1971; Kubo, Gorsk i and Kawakami, 1975) . The e f f e c t in the 

medial p r e o p t l c / a n t e r i o r hypothalamus i s p r i m a r i l y l o c a l i s e d in i t s more 

v e n t r a l region (Dyer , P r i t c h e t t and C r o s s , 1972) . That these f i r i n g ra te 

changes In the medial p r e o p t i c / a n t e r i o r hypothalamus a r e due to d i r e c t 

hormonal i n f l u e n c e s on t h i s a r e a , as opposed to i n d i r e c t ones produced by 

o ther s t r u c t u r e s which p r o j e c t to i t , has been shown by work u s i n g hypotha lamic 

i s l a n d s . C r o s s and Dyer (1970, 1972) used the d i e n c e p h a l i c i s l a n d p r e p a r a t i o n 

developed by C r o s s and Ki tay ( 1 9 6 7 ) . T h i s technique i n v o l v e s a s p i r a t i n g the 

whole o f the f o r e b r a i n apar t from a column i n c l u d i n g a l l the hypothalamus 
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and a por t ion o f medial tha lamus . Under these c o n d i t i o n s where a l l e x t r a -

hypotha lamic inputs to the medial p r e o p t i c / a n t e r i o r hypotha lamic a r e a a r e 

d e s t r o y e d C r o s s and Dyer s t i l l found spontaneous f i r i n g r a t e i n c r e a s e s In 

the neurones o f t h i s a r e a dur ing p r o o e s t r u s . 

I n c r e a s e d spontaneous f i r i n g r a t e s o f s i n g l e neurones dur ing p r o o e s t r u s 

have a l s o been found In the medial and l a t e r a l s e p t a l a r e a s by Kubo, Gorsk i 

and Kawakaml ( 1 9 7 5 ) ; however, in a p rev ious s t u d y , Moss and Law (1971) found 

no such e f f e c t in the l a t e r a l septum. Moss and Law ( 1 9 7 0 a l s o found i n c r e a s e d 

spontaneous f i r i n g r a t e s in c i n g u l a t e c o r t e x neurones dur ing m e t o e s t r u s / d i o e s t r u s . 

Dyer (1973) showed t h a t those neurones in the medial p r e o p t i c / a n t e r i o r 

hypothalamus which i n c r e a s e d t h e i r spontaneous f i r i n g ra te dur ing p r o o e s t r u s 

were not those which s e n t d i r e c t p r o j e c t i o n s to the region o f the mediobasal 

hypothalamus. C o n s e q u e n t l y , i t I s u n l i k e l y tha t such neurones a r e Invo lved In 

the c o n t r o l of l u t e i n i z i n g hormone (LH) r e l e a s e and o v u l a t i o n . There i s 

f u r t h e r ev idence fo r t h i s b e l i e f . Urethane a n a e s t h e s i a b locks o v u l a t i o n In 

5Q% o f female r a t s ( L i n c o l n and K e l l y , 1972; B lake and Sawyer , 1972) . T h i s 

number i s f u r t h e r i n c r e a s e d by s u b j e c t i n g the r a t s to s i n g l e u n i t r e c o r d i n g 

procedures (Dyer , P r l t c h e t t and C r o s s , 1972) . Thus the i n c r e a s e d f i r i n g 

r a t e s observed a t p r o o e s t r u s o c c u r r e d even when o v u l a t i o n was u n l i k e l y to 

take p l a c e . 

Some s t u d i e s have looked f o r o t h e r changes in neuronal a c t i v i t y dur ing 

the o e s t r o u s c y c l e . Kawakami and Sakuma (197*0 found t h a t those p r e o p t i c 

a r e a neurones which do p r o j e c t to the mediobasal hypothalamus ( a r c u a t e 

n u c l e u s and median eminence) in the female ra t a r e more r e s p o n s i v e to 

i o n t o p h o r e t l c a l l y a p p l i e d LH on the day o f p r o o e s t r u s ( u n i t s showed I n c r e a s e d 

f i r i n g r a t e s to L H ) . S i m i l a r l y , a r c u a t e n u c l e u s neurones which p r o j e c t e d to 

the median eminence were more r e s p o n s i v e to l u t e i n i z i n g hormone r e l e a s i n g 

f a c t o r (LH-RF) and LH d u r i n g p r o o e s t r u s (mainly due to an I n c r e a s e in the 

number of I n h i b i t o r y r e s p o n s e s ) . Both these f i n d i n g s were In comparison w i t h 
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neuronal a c t i v i t y dur ing d l o e s t r u s 1. 

Kawakami, Sakuma and Akema (1978) recorded a n t i d r o m i c responses from 

mediobasal hypothalamic neurones (most ly the a r c u a t e n u c l e u s ) a f t e r 

s t i m u l a t i o n o f the median eminence in the female r a t . Two d i f f e r e n t types 

o f a n t i d r o m i c response were r e c o g n i s e d . In 83 out o f 97 r e s p o n s e s , r e p e t i t i v e 

shocks to the median eminence a t 20 - kO Hz induced a f r a c t i o n a t i o n o f the 

a n t i d r o m t c a l l y - d r l v e n a c t i o n p o t e n t i a l s In to two components (A and B ) . In 

the remaining n e u r o n e s , the a n t i d r o m t c a l l y s t i m u l a t e d a c t i o n p o t e n t i a l s were 

s t a b l e a t h igh f requency s t i m u l a t i o n . T h r e s h o l d s t i m u l a t i o n c u r r e n t tended to 

be h i g h e r dur ing p r o o e s t r u s than dur ing d i o e s t r u s I fo r both types of 

r e s p o n s e . However, in the f r a c t i o n a t i n g u n i t group, i t was observed t h a t 

c o n d i t i o n i n g shocks to the median eminence were e f f e c t i v e in d e c r e a s i n g the 

s t i m u l u s t h r e s h o l d f o r s u c c e s s i v e t e s t p u l s e s a t p r o o e s t r u s , but t h a t t h i s 

e f f e c t d i d not o c c u r a t d i o e s t r u s I. T h i s r e s u l t s u g g e s t s the p o s s i b i l i t y 

tha t f l u c t u a t i n g hormone l e v e l s dur ing p r o o e s t r u s may a l t e r the membrane 

p r o p e r t i e s of mediobasal hypotha lamic n e u r o n e s . 

Kubo, Gorsk I and Kawakami (1975) observed tha t the t h r e s h o l d c u r r e n t 

r e q u i r e d to s t i m u l a t e i n c r e a s e d a c t i v i t y of s i n g l e neurones in the a r c u a t e 

n u c l e u s of the female ra t was lowest dur ing p r o o e s t r u s and h i g h e s t dur ing 

d i o e s t r u s I. They f u r t h e r found tha t neurones in the medial p r e o p t i c a r e a 

were i n h i b i t e d by d o r s a l hippocampal s t i m u l a t i o n a t low c u r r e n t s dur ing 

p r o o e s t r u s and o e s t r u s , w h i l e even high c u r r e n t s f a i l e d to have any e f f e c t 

dur ing d i o e s t r u s I and I I . S i m i l a r l y , the spontaneous f i r i n g r a t e s o f 

neurones in the p e r i v e n t r i c u l a r and d o r s a l p a r t s o f the a r c u a t e nuc leus 

were I n h i b i t e d by s t i m u l a t i o n o f the d o r s a l hippocampus d u r i n g p r o o e s t r u s and 

o e s t r u s , w h i l e neurones l o c a t e d v e n t r o l a t e r a l l y responded w i t h an i n c r e a s e in 

f i r i n g r a t e . No such changes were observed dur ing d i o e s t r u s I and I I . 

A f u r t h e r aim of r e s e a r c h has been to i n v e s t i g a t e the e f f e c t s o f 

s e n s o r y s t i m u l a t i o n ( p a r t i c u l a r l y v a g i n a l s t i m u l a t i o n ) on neuronal a c t i v i t y 
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in the c e n t r a l nervous s y s t e m . Much of t h i s work has employed m u l t i p l e 

u n i t r e c o r d i n g t e c h n i q u e s . 

During the p r o o e s t r u s / o e s t r u s phases of the o e s t r o u s c y c l e , d i s c h a r g e 

p a t t e r n s o f neurones in the a r c u a t e nuc leus and l a t e r a l hypothalamus a r e 

f a c i l i t a t e d in response to v a g i n a l s t i m u l a t i o n w h i l e neurones tn the remaining 

mediobasal hypothalamus and a long the m i d l i n e of the a n t e r i o r hypotha lamic 

a r e a d e c r e a s e in d i s c h a r g e ra te (Kawakami and Sal t o , 1967; Rami rez , Komisaruk, 

Whitmoyer and Sawyer , 1967; Z o l o v l c k and E l e f t h e r i o u , 1971 ) . Such responses 

a r e , however, u s u a l l y c o r r e l a t e d w i t h changes in EEG and t h e r e f o r e t h e i r 

s p e c i f i c i t y i s q u e s t i o n a b l e . 

A l l the above f i n d i n g s , w h i l e d i f f i c u l t to i n t e r p r e t f u n c t i o n a l l y , 

do s u g g e s t t h a t s e x hormones may have d i r e c t e f f e c t s on the e l e c t r i c a l 

a c t i v i t y o f s i n g l e neurones In the c e n t r a l nervous s y s t e m . Changes a lmost 

i n v a r i a b l y seem to o c c u r dur ing p r o o e s t r u s . However, o e s t r a d i o l (Yoshinaga 

e t a l , 1970 ) , p rogesterone ( S c h n e i d e r e t a l , 1970) and c o r t i c o s t e r o n e ( C r i t c h l o w , 

L i e b e l t , B a r - S e l a , Mountcast le and L ipscomb, 1963) l e v e l s a l l reach t h e i r 

peak dur ing p r o o e s t r u s . We now turn to s t u d i e s u s i n g exogenous hormones. 

1 .2 .2 The e f f e c t s of oes t rogens on neuronal a c t i v i t y . 

L i n c o l n (1967) repor ted tha t neurones in the p r e o p t i c a r e a o f the 

u r e t h a n e a n a e s t h e t i s e d female r a t showed 22% more a c t i v i t y in an ima ls which 

were ovar iec to rn ised than In those which were ovar iec torn ised but had r e c e i v e d 

10ug o e s t r a d i o l benzoate i n j e c t i o n s fo r 3 days a f t e r the o p e r a t i o n . The 

same d i f f e r e n c e was found in the a n t e r i o r hypothalamus and l a t e r a l septum. 

A d i f f e r e n c e in the o p p o s i t e d i r e c t i o n was found fo r the l a t e r a l hypothalamus. 

Thus o e s t r a d i o l t reatment appeared to s u p p r e s s f i r i n g r a t e s in the medial 

p r e o p t l c / a n t e r l o r h y p o t h a l a m u s / l a t e r a l s e p t a l a r e a s and i n c r e a s e them in 

the l a t e r a l hypothalamus. 

Bueno 6 P f a f f ( 1 9 7 6 ) , a l s o found t h a t o e s t r a d i o l ( b e n z o a t e , lOug/day 

fo r 10 days o r more) changed spontaneous f i r i n g r a t e s in o v a r i e c t o m i s e d female 
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r a t s . They , however, a l s o found more c e l l s were d e t e c t e d in un t rea ted than 

t r e a t e d r a t s in the bed nuc leus o f the s t r i a te rmina l i s and medial p r e o p t i c 

a r e a . In the basomedial hypothalamus (a combinat ion o f the a r c u a t e , v e n t r o 

medial and dorsomedial n u c l e i ) the o p p o s i t e was the c a s e . No o v e r a l l d i f f e r e n c e 

in f i r i n g r a t e s was found between the t reatment g r o u p s , but in the bed n u c l e u s 

of the s t r i a t e r m i n a l i s and the medial p r e o p t i c a r e a there were s i g n i f i c a n t l y 

fewer neurones in the lowest f i r i n g ra te ca tegory In o e s t r a d i o l t r e a t e d r a t s . 

A g a i n , in the basomedial hypothalamus, the o p p o s i t e was the c a s e - o e s t r a d i o l 

i n c r e a s e d the number o f lowest f requency c e l l s . Beuno and P f a f f proposed tha t 

o e s t r a d i o l t reatment suppressed the f i r i n g r a t e o f t h e i r lowest f requency 

category c e l l s to a po in t a t which they were f i r i n g too s l o w l y to be r e l i a b l y 

sampled. O e s t r a d i o l , however, seemed to be f a c i l i t a t i n g the f i r i n g of these 

low f requency c e l l s in the basomedial hypotha lamus, thereby b r i n g i n g more of 

them in to the recorded sample . 

Beuno and P f a f f ' s r e s u l t s d i f f e r from those o f L i n c o l n in tha t he found 

an o v e r a l l d e c r e a s e in the mean f i r i n g ra te o f p r e o p t i c / a n t e r i o r hypotha lamic 

neurones a f t e r oes t rogen t rea tment , whereas they d id n o t . 

Yagi (1970, 1973) examined the e f f e c t s of in t ravenous I n j e c t i o n s o f 

50ug of 1 7 B - o e s t r a d i o l o r c o n t r o l I n j e c t i o n s ( L o c k e ' s s o l u t i o n ) on the f i r i n g 

r a t e s o f s i n g l e u n i t s in urethane a n a e s t h e t i s e d female r a t s . In the medial 

p r e o p t i c a r e a 38% of u n i t s were i n i t i a l l y e x c i t e d by o e s t r a d i o l fo l lowed by a 

pe r iod o f long l a s t i n g d e p r e s s i o n . A f u r t h e r 38% o f neurones responded to 

t reatment w i th a long l a s t i n g d e p r e s s i o n o f f i r i n g a c t i v i t y a l o n e . The 

remaining 24% o f neurones were u n a f f e c t e d by the o e s t r a d i o l t r ea tment . In 

the a n t e r i o r hypothalamus 39% of neurones responded w i t h the e x c i t a t i o n / 

i n h i b i t i o n p a t t e r n a f t e r o e s t r a d i o l t reatment and the remaining 61% were 

u n a f f e c t e d . In the a r c u a t e nuc leus 19% of neurones responded w i th the e x c i t a t i o n / 

i n h i b i t i o n p a t t e r n , 43% w i t h the i n h i b i t i o n p a t t e r n a lone and the remaining 

38% were u n a f f e c t e d a f t e r o e s t r a d i o l i n j e c t i o n s . 
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Mean f l r t n g r a t e s dur ing a pe r iod of 300 s e e s p r i o r to the o e s t r a d i o l i n j e c t i o n s 

were lower in u n i t s tha t were e x c i t e d and then i n h i b i t e d by o e s t r a d l o l than 

in those which were j u s t I n h i b i t e d . T h i s f i n d i n g on ly reached s i g n i f i c a n c e 

f o r the a r c u a t e n u c l e u s however. O e s t r a d l o l t reatment d id not a f f e c t i n t e r -

s p i k e i n t e r v a l s . 

Cont ro l in t ravenous i n j e c t i o n s d id not have an a p p r e c i a b l e e f f e c t on 

u n i t f i r i n g r a t e s , a n d t h e r e f o r e the observed changes in f i r i n g r a t e s 

a f t e r o e s t r a d i o l i n j e c t i o n s cou ld n e i t h e r have been due to the volume 

of l i q u i d i n j e c t e d nor to L o c k e ' s s o l u t i o n in which the o e s t r a d i o l was 

suspended. 

As a f u r t h e r c o n t r o l fo r the p o s s i b i l i t y tha t changes in f i r i n g r a t e s 

due to i n j e c t i o n of o e s t r a d i o l might have been due to n o n - s p e c i f i c c a u s e s , Yagi 

recorded a c t i v i t y from two neurones s i m u l t a n e o u s l y dur ing i n j e c t i o n o f 

o e s t r a d i o l . He found tha t in 15 out o f 22 p a i r s o f u n i t s examined, one of 

the u n i t s responded w h i l e the o t h e r d id n o t . T h i s s p e c i f i c i t y o f response was 

f u r t h e r emphasised by the f i n d i n g tha t s i x medial p r e o p t i c neurones responding 

to o e s t r a d i o l d id not respond to another s t e r o i d ( g l u c o c o r t i c o i d ) . 

The e f f e c t o f repeated i n j e c t i o n s o f 50ug o r ^OOug o e s t r a d i o l was 

t e s t e d on 5 a n t e r i o r hypotha lamic n e u r o n e s . A l l o f these neurones 

responded w i th an i n c r e a s e in f i r i n g r a t e to each i n j e c t i o n , though the 

d u r a t i o n o f the response to '(OOug o e s t r a d i o l was l o n g e r , and the l a t e n c y 

s h o r t e r , than f o r 50ug o e s t r a d i o l i n j e c t i o n s . 

Faure and V i n c e n t (1971) recorded spontaneous s i n g l e u n i t a c t i v i t y from 

c o n s c i o u s f r e e moving r a b b i t s in response to in t ravenous i n j e c t i o n s o f 

e s t r o n e s u l p h a t e (approx 50 - lOOug). The f i r i n g r a t e of neurones in the p o s t e r 

o l a t e r a l a r e a o f the hypothalamus slowed w i t h i n 5 min of the e s t r o n e I n j e c t i o n . 

T h i s i n h i b i t i o n l a s t e d f o r 10 - 20 min and was independent of the b e h a v i o u r a l 

s t a t e o f the a n i m a l . 

In the ventromedia l n u c l e u s of the hypothalamus e s t r o n e I n j e c t i o n s 

u s u a l l y a c c e l e r a t e d f i r i n g r a t e s f o r 25 - *»5 m i n s . Again t h i s change in 
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f i r i n g r a t e s was u n r e l a t e d to the behav ioura l s t a t e of the a n i m a l . Changes 
in f i r i n g r a t e s of p r e o p t i c and dorsomedial neurones were r e l a t e d to EEG 
and t h e r e f o r e i t seems tha t the a c t i o n o f e s t r o n e on these neurones was 
r e l a t i v e l y n o n - s p e c i f i c and probably u n r e l a t e d to s e x u a l b e h a v i o u r . However, 
f i r i n g ra te changes in the p o s t e r o l a t e r a l and ventromedia l hypothalamus 
which were u n r e l a t e d to EEG imply more s p e c i f i c e s t r o n e a c t i o n , though 
t h e i r b e h a v i o u r a l s i g n i f i c a n c e i s d i f f i c u l t to a s s e s s . 

Whitehead and Ruf (1974) i n v e s t i g a t e d the a c t i o n of in t ravenous i n j e c t i o n s 

of oes t rogens ( e i t h e r 25ug sodium s u l p h a t e e s t e r s of o e s t r o g e n ; 20ug 

E s t r a d i o l - 1 7 B h e m i s u c c i n a t e or 10 - 50ug E s t r a d i o l - 3 - B e n z o a t e ) on the 

s e n s i t i v i t y of p r e o p t i c a r e a neurones to i o n t o p h o r a t i c a l l y a p p l i e d c a t e c h 

olamines and g lutamate in o v a r i e c t o m i s e d female r a t s . These oes t rogens were 

found to have no e f f e c t on the dose response c u r v e s of p r e o p t i c neurones ( a n t i -

d r o m i c a l l y i d e n t i f i e d a f t e r s t i m u l a t i o n o f the median eminence) to dopamine, 

n o r e p i n e p h r i n e o r g lu tamate . However, i n j e c t i o n s w i t h these oes t rogens caused 

a 50 - 90% d e p r e s s i o n in the spontaneous d i s c h a r g e o f 6 out o f 10 a n t i d r o m i c a l l y 

i d e n t i f i e d p r e o p t i c n e u r o n e s . In 3 of t h e s e neurones a s h o r t term d e p r e s s i o n in 

f i r i n g ra te was observed w i t h an average l a t e n c y o f 5 min and d u r a t i o n o f 

10 min a f t e r the oes t rogen I n j e c t i o n . The o t h e r 3 neurones showed a long 

l a s t i n g d e p r e s s i o n in f i r i n g ra te w i t h an o n s e t l a t e n c y o f 10 - 30 min. In 

3 o f the above s i x u n i t s the d e p r e s s i o n e f f e c t o f the oes t rogens was preceded 

by a b r i e f e x c i t a t i o n . E x c i t a t o r y e f f e c t s of the o e s t r o g e n s were a l s o observed 

in 3 out o f 10 p r e o p t i c u n i t s . These l a s t e d f o r 10 - 20 min. Cont ro l 

v e h i c l e i n j e c t i o n s produced no measurable changes in f i r i n g r a t e s . 

In e s s e n c e Whitehead and R u f ' s f i n d i n g s a r e in a c c o r d w i th those o f 

Y a g i , w i t h the e x c e p t i o n tha t Whitehead and Ruf found a group o f p r e o p t i c 

u n i t s which responded to oes t rogens in a pure ly e x c i t a t o r y manner. However 

Whitehead and Ruf s t a t e t h a t t h i s type o f neuronal response to oes t rogens was 

extremely f a s t and might t h e r e f o r e be r e l a t e d to changes in blood p r e s s u r e . 
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Whitehead and Ruf suggest tha t oes t rogens d id not modify the d o s e - r e s p o n s e 

curves o f p r e o p t i c neurones to ca techo lamines and glutamate because they d id 

not a c t d i r e c t l y on the neurone from which a c t i v i t y was being recorded but 

r a t h e r on a p r e s y n a p t i c s i t e . As they po in t o u t , the e x c i t a t o r y a c t i o n of 

g lutamate and the i n h i b i t o r y one of the ca techo lamines would be expected to 

change i f the oes t rogens were hav ing a d i r e c t e f f e c t on the neurone i t s e l f . 

However, such an i n t e r p r e t a t i o n Is s t i l l open to q u e s t i o n s i n c e record ings 

were on ly made fo r 30 mins to lh a f t e r i n j e c t i o n s and oes t rogens may w e l l 

have a d i f f e r e n t e f f e c t a f t e r a longer time c o u r s e . 

K e l l y , Moss and Dudley ( 1 9 7 6 ) , a s s e s s e d the a c t i o n of o e s t r a d i o l on 

the f i r i n g r a t e s o f p r e o p t i c / s e p t a l a r e a neurones a n t i d r o m l c a l l y I d e n t i f i e d 

a f t e r s t i m u l a t i o n of the median eminence. I n s t e a d of u s i n g in t ravenous 

i n j e c t i o n s however, they used an i o n t o p h o r e t i c method o f hormone a d m i n i s t r a t i o n 

( i n o v a r i e c t o m i s e d female r a t s ) . They found t h a t those u n i t s which were 

a n t i d r o m i c a l l y i d e n t i f i e d d id not show a s i g n i f i c a n t number o f responses to 

1 7 B - e s t r a d i o l h e m i s u c c i n a t e . 

K e l l y e t a l d id f i n d , however, v a r i a b l e responses o f p r e o p t i c / s e p t a l 

u n i t s that d id not p r o j e c t to median eminence to i o n t o p h o r e t i c a l l y a d m i n i s t e r e d 

o e s t r a d i o l a c r o s s the o e s t r o u s c y c l e . The p r o p o r t i o n o f i n h i b i t o r y responses 

was g r e a t e s t in djoestrus I I , c l o s e l y fo l lowed by p r o o e s t r u s and o e s t r u s , 

and the s m a l l e s t was d u r i n g d l o e s t r u s I. E x c i t a t o r y responses were g r e a t e s t 

dur ing d l o e s t r u s I and s m a l l e s t in o e s t r u s ( d i o e s t r u s II and p r o o e s t r u s were 

i n t e r m e d i a t e ) . U n i t s t h a t d id not respond a t a l l ( the l a r g e s t percentage) 

were found w i t h approx imate ly equal f requency a c r o s s the c y c l e . 

The r e s u l t s of K e l l y e t a l do a l l o w a f u r t h e r i n t e r p r e t a t i o n o f those 

o f Whitehead and Ruf . The main d i f f e r e n c e between t h e i r f i n d i n g s I s tha t 

p r e o p t i c a r e a neurones which do p r o j e c t d i r e c t l y to the median eminence 

respond to in t ravenous i n j e c t i o n of oes t rogens (Whitehead and R u f ) , but not 

to i o n t o p h o r e t i c a d m i n i s t r a t i o n ( K e l l y e t a l ) . T h i s suppor ts the h y p o t h e s i s 
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put forward by Whitehead and Ruf t h a t oes t rogens opera te a t a s i t e o t h e r 

than the c e l l membrane o f the p r e o p t i c neurones s i n c e d i r e c t a p p l i c a t i o n 

of o e s t r a d i o l onto the c e l l has no e f f e c t ( K e l l y e t a l ) . The e x a c t s i t e of 

a c t i o n of the i n t r a v e n o u s l y i n j e c t e d oes t rogens s t i l l remains to be e l u c i d a t e d . 

Another measure of the e f f e c t s of oes t rogens on neuronal a c t i v i t y in 

the c e n t r a l nervous system I s the s t i m u l a t i o n t h r e s h o l d . Kubo, Gorsk l and 

Kawakaml (1975) observed tha t the t h r e s h o l d c u r r e n t for s t i m u l a t i n g i n c r e a s e d 

f i r i n g of neurones in the a r c u a t e n u c l e u s from the medial p r e o p t i c a r e a was 

lower in o v a r i e c t o m i s e d , o e s t r a d l o l benzoate primed female r a t s ( lOug d a i l y f o r 

2 days ) than In o v a r i e c t o m i s e d c o n t r o l r a t s (above I80ua in o v a r i e c t o m i s e d 

c o n t r o l s and between *t0 - 60ua in o e s t r a d l o l primed r a t s ) . Kubo e t a l a l s o 

p l o t t e d the time course o f the o e s t r a d i o l e f f e c t u s i n g s i n g l e 20ug subcutaneous 

I n j e c t i o n s of o e s t r a d l o l b e n z o a t e . They found that the minimum t h r e s h o l d 

fo r p r e o p t i c s t i m u l a t i o n of i n c r e a s e d a r c u a t e nuc leus a c t i v i t y o c c u r r e d a t 

around 3*5 h a f t e r the o e s t r a d i o l i n j e c t i o n . 

Kubo e t a l ' s time c o u r s e measurement fo r the l a t e n c y of t h e i r recorded 

o e s t r a d l o l e f f e c t I s the l o n g e s t found in any exper iments to date - though 

i t shou ld be added that they used subcutaneous i n j e c t i o n s r a t h e r than 

in t ravenous o r i o n t o p h o r e t i c a d m i n i s t r a t i o n of the hormone, thereby I n c r e a s i n g 

the uptake t ime . I t i s known t h a t ovar iectomy c a u s e s an i n c r e a s e in plasma 

LH ( K a l r a , F a w c e t t , K r u l i c h and McCann 1973 " fo r i n s t a n c e ) and t h a t s i n g l e 

i n j e c t i o n s o f o e s t r a d i o l benzoate ( p a r t i c u l a r l y lug or more) b r i n g about a 

marked reduc t ion in t h i s r i s e w i t h i n 2k h. T h i s n e g a t i v e feedback a c t i o n 

of o e s t r a d i o l on LH l e v e l s may w e l l be r e f l e c t e d in the r e s u l t s o f Kubo e t a l , 

in t h a t they found an i n c r e a s e d s e n s i t i v i t y o f a r c u a t e neurones to s t i m u l a t i o n 

of the p r e o p t i c a r e a w i t h i n a s h o r t per iod a f t e r a s i n g l e o e s t r a d i o l i n j e c t i o n . 

Kawakami, Sakuma and Akema (1978) found, in a d d i t i o n to t h e i r r e s u l t s 

repor ted in the p rev ious s e c t i o n , t h a t t h r e s h o l d s f o r the a n t i d r o m i c s t i m u l a t i o n 

of mediobasal hypotha lamic u n i t s from the median eminence were d e c r e a s e d In 
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o v a r i e c t o m i s e d r a t s t r e a t e d w i t h o e s t r a d i o l (10ug o e s t r a d i o l benzoate for 2 

days) when compared to u n t r e a t e d o v a r i e c t o m i s e d c o n t r o l s . However, they d id 

not f i n d a t h r e s h o l d d e c r e a s i n g e f f e c t to a t e s t p u l s e f o l l o w i n g a 

c o n d i t i o n i n g p u l s e ( p r e v i o u s l y d e s c r i b e d ) a f t e r o e s t r a d t o l t rea tment . 

The f u n c t i o n a l s i g n i f i c a n c e o f Kawakami, Sakuma and Akema's r e s u l t s i s 

d i f f i c u l t to de te rmine . Whi le the u n i t s they have i n v e s t i g a t e d may w e l l be 

i n v o l v e d in the feedback a c t i o n s of o e s t r a d i o l on gonadotroph ins i t i s d i f f i c u l t 

to go beyond t h i s s t a t e m e n t . 

Other exper iments have i n v e s t i g a t e d the ways tha t t reatment w i t h 

oes t rogens changes the responses of s i n g l e neurones to sensory s t i m u l i . 

The main aim of these s t u d i e s was to examine the responses o f neurones i m p l i c a t e d 

in the c o n t r o l o f the l o r d o s i s r e f l e x . S i n c e l o r d o s i s behav iour i s g e n e r a l l y 

on ly p r e s e n t a t o e s t r u s , and o e s t r a d i o l can r e s t o r e i t in the o v a r i e c t o m i s e d 

animal (a lone or in combinat ion w i th p r o g e s t e r o n e ) , i t was n a t u r a l l y assumed 

t h a t o e s t r a d i o l might change the a c t i v i t y o f neurones responding to the types 

of s e n s o r y s t i m u l a t i o n which o c c u r dur ing mat ing . 

An e a r l y study by Bar rac lough and C r o s s (1963) showed tha t the p r o p o r t i o n 

of neurones in the hypothalamus and o t h e r d i e n c e p h a l i c reg ions e x c i t e d by 

smel l (e thy l a c e t a t e and c a j u p u t ) In the p r o o e s t r u s r a t was more than double 

t h a t found in the o e s t r u s and d i o e s t r u s r a t . O e s t r u s r a t s had r e l a t i v e l y 

more neurones which were u n r e s p o n s i v e o r i n h i b i t e d by c o l d , p a i n , probing o f 

the c e r v i x , l i g h t and n o i s e . L i n c o l n and C r o s s (1967) reported d i f f e r e n t e f f e c t s 

of o e s t r a d i o l on the r e s p o n s i v e n e s s of hypotha lamic and s e p t a l n e u r o n e s . 

O e s t r a d i o l i n c r e a s e d the p ropor t ion of i n h i b i t o r y responses to p a i n , c o l d and 

c e r v i c a l s t i m u l i in the a n t e r i o r hypothalamus, whereas in the septum 

the number of i n h i b i t o r y responses was reduced. Both the above s t u d i e s a r e 

d i f f i c u l t to i n t e r p r e t In terms of the d i r e c t a c t i o n o f hormones on the 

s p e c i f i e d neurones . Most o f L i n c o l n and C r o s s ' s recorded u n i t changes were 

c o r r e l a t e d w i t h EEG c h a n g e s . Barrac lough and C r o s s d id not record E E G . I t i s 
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l i k e l y t h e r e f o r e that the a l t e r a t i o n s i n u n i t f i r i n g observed by L i n c o l n and 

C r o s s were the r e s u l t s of n o n - s p e c i f i c a r o u s a l and not the d i r e c t a c t i o n 

of the hormone. C o n s e q u e n t l y , s i n c e Barrac lough & C r o s s d id not record EEG 

changes s imul taneous w i t h u n i t f i r i n g t h e i r r e s u l t s may a l s o have been due 

to n o n - s p e c i f i c a r o u s a l e f f e c t s . 

Bueno & P f a f f (1976) recorded the spontaneous f i r i n g r a t e s of s i n g l e 

u n i t s , in response to s e n s o r y s t i m u l a t i o n . These au thors used v a r i o u s 

somatosensory s t i m u l i shown to be important in e l i c i t i n g the l o r d o s i s r e s p o n s e , 

and a pain s t i m u l u s . The percentage of s i n g l e u n i t s responding to somato

sensory s t i m u l i was low. In the nuc leus o f the s t r i a te rmina l i s and the 

medial p r e o p t i c a r e a t h e r e were s i g n i f i c a n t l y fewer u n i t s responding to 

somatosensory s t i m u l i in o v a r i e c t o m i s e d r a t s t r e a t e d w i t h o e s t r a d i o l 

( lOug/day f o r 10 o r more d a y s ) than in un t rea ted c o n t r o l s . In the medial 

a n t e r i o r hypothalamus and in the basomedial hypothalamus those d i f f e r e n c e s 

in r e s p o n s i v e n e s s which were s t a t i s t i c a l l y s i g n i f i c a n t were in the o p p o s i t e 

d i r e c t i o n . ( O e s t r a d i o l t r e a t e d an imals tended to have a g r e a t e r number of 

r e s p o n s i v e u n i t s ) . A few responses to pa in s t i m u l i were o b s e r v e d ; a l l o f 

these were e x c i t a t o r y and the re were no d i f f e r e n c e s between t r e a t e d and 

u n t r e a t e d r a t s . 

S i n c e Bueno & P f a f f used s y s t e m i c a d m i n i s t r a t i o n o f o e s t r a d i o l In t h e i r 

exper iments the e f f e c t s observed (as they p o i n t o u t ) c o u l d be due to e i t h e r 

d i r e c t or i n d i r e c t e f f e c t s of the hormone. 

The f i n d i n g s of the above exper iments on the e f f e c t s o f o e s t r o g e n s on 

neuronal a c t i v i t y a r e ex t remely d i f f i c u l t to i n t e r p r e t f u n c t i o n a l l y . Those 

neurones which respond to oes t rogens w i thout c o r r e s p o n d i n g changes in EEG 

or blood p r e s s u r e appear to be predominant ly i n h i b i t e d by the hormone. 

They g e n e r a l l y respond to the hormone q u i c k l y and on ly f o r a s h o r t t ime . 

S i n c e , in the normal c y c l i n g female r a t , peak o e s t r a d i o l l e v e l s o c c u r 

12 h r s be fore the p r o o e s t r u s l u t e i n i z i n g hormone s u r g e which s t i m u l a t e s 

o v u l a t i o n , I t i s d i f f i c u l t to r e l a t e such changes in neuronal a c t i v i t y to 
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the p o s i t i v e feedback a c t i o n of oes t rogens on l u t e i n i z i n g hormone r e l e a s e . 

F u r t h e r problems of i n t e r p r e t a t i o n a r i s e from the f a c t tha t many s t u d i e s have 

not I d e n t i f i e d the a f f e r e n t s / e f f e r e n t s of those neurones whose hormone-

s e n s i t i v i t y i s being t e s t e d . 

The s e n s i t i v i t y of hypotha lamic neurones to somatosensory s t i m u l a t i o n 

appears to be a f f e c t e d by o e s t r o g e n s , but once aga in i t i s d i f f i c u l t to 

d i s t i n g u i s h d i r e c t from i n d i r e c t , and s p e c i f i c from n o n - s p e c i f i c , e f f e c t s 

of the hormone t rea tment . 

1 .2 .3 The e f f e c t s o f oes t rogens on p e r i p h e r a l n e r v e . 

Komisaruk, A d l e r and Hutchison (1972) and Kow and P f a f f (1973/ 1 *) have 

demonstrated an e f f e c t o f o e s t r a d l o l on the pudendal nerve o f female r a t s in 

response to s t i m u l a t i o n o f the g e n i t a l a r e a . 

Both Komisaruk, A d l e r and Hutchison (1972) and Kow and P f a f f (1973 / i ») 

used o v a r i e c t o m i s e d r a t s and compared an ima ls g iven s u f f i c i e n t o e s t r a d i o l 

to induce the l o r d o s i s response w i th c o n t r o l s . Both s t u d i e s used manual 

s t i m u l a t i o n of the p e r i n e a l a r e a ( e i t h e r us ing a brush - von Frey techn ique -

or s c r a t c h i n g the s k i n s u r f a c e w i th a d i s s e c t i n g n e e d l e ) w h i l e r e c o r d i n g from 

the pudendal n e r v e . The male has been shown to touch t h i s a r e a of s k i n 

dur ing c o p u l a t i o n ( P f a f f , 1970, 1971)» and the l o r d o s i s r e f l e x can be 

r e a d i l y evoked in the o e s t r u s female by manual s t i m u l a t i o n o f t h i s reg ion 

and a b o l i s h e d by I t s l o c a l a n a e s t h e t i s a t i o n ( P f a f f , Lewis ,Diakow and 

K e i n e r , 1972) . A d l e r , Davis and Komisaruk (1977) a l s o found (us ing a 

s t a i n i n g techn ique where the p e n i l e region of the male was p a i n t e d ) tha t the 

m a l e ' s p e n i s makes c o n t a c t w i th two a r e a s o f the female dur ing i n t r o m i s s i o n ; 

the v a g i n a l o r i f i c e , and an a r e a approx imate ly 1 cm l a t e r a l and 1 cm caudal 

to the v a g i n a l o r i f i c e . These two p o i n t s corresponded to the most s e n s i t i v e 

a r e a s of the pudendal n e r v e ' s s e n s o r y f i e l d . 

The r e c e p t i v e f i e l d o f the p e r i n e o - f e m o r a l branch o f the pudendal 
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nerve (Kow and P f a f f , 1973/4) o r the whole pudendal nerve (Komlsaruk, A d l e r 

and H u t c h i s o n , 1972) was s i g n i f i c a n t l y i n c r e a s e d by o e s t r a d i o l , though both 

s e t s o f authors found a l a r g e range o f I n d i v i d u a l f i e l d s i z e s , c a u s i n g 

c o n s i d e r a b l e o v e r l a p between groups . T h i s o e s t r a d i o l e f f e c t only o c c u r r e d 

fo r p h a s i c pudendal nerve responses to s t i m u l a t i o n ( tha t i s a v igorous s h o r t 

dura t ion response to s t i m u l a t i o n ) as opposed to t o n i c ones ( tha t I s long 

dura t ion responses to s t i m u l a t i o n ) . A d l e r , Davis and Komisaruk (1977) 

have a l s o found tha t the s e n s o r y f i e l d o f the pudendal nerve was s i g n i f i c a n t l y 

l a r g e r in o e s t r u s than in d i o e s t r u s r a t s . 

The shapes and dimensions o f the pudendal nerve s e n s o r y f i e l d s were not 

s i g n i f i c a n t l y a l t e r e d by t r a n s e c t i o n of the n e r v e , so the e f f e c t o f 

o e s t r a d i o l does not appear to be mediated by c e n t r i f u g a l i n f l u e n c e s . However, 

a c e n t r i f u g a l e f f e c t mediated by the autonomic sys tem i s s t i l l p o s s i b l e . The 

s i t e o f o e s t r a d i o l a c t i o n may w e l l be the h a i r r e c e p t o r s , s i n c e Kow and P f a f f 

(1973 /4 ) report tha t d e p i l a t i o n a b o l i s h e s the observed i n c r e a s e s In 

r e c e p t i v e f i e l d s i z e s . However, i t has not y e t been shown whether the 

e f f e c t o f o e s t r a d i o l on somatosensory i n p u t , recorded p e r i p h e r a l l y , i s 

generated p e r i p h e r a l l y o r c e n t r a l l y . 

B e r e i t e r and Barker (1975) have recorded the e f f e c t s o f o e s t r a d i o l 

on s i n g l e f i b r e s of the t r i g e m i n a l nerve in response to mechanica l s t i m u l a t i o n 

of the f a c e . The r e c e p t i v e f i e l d s fo r o e s t r a d i o l t r e a t e d r a t s were c o n s i d e r a b l y 

l a r g e r than in u n t r e a t e d c o n t r o l s . T h u s , the e f f e c t s o f o e s t r a d i o l on t a c t i l e 

s e n s i t i v i t y do not seem to be r e s t r i c t e d to the g e n i t a l r e g i o n , and I t I s 

p o s s i b l e tha t o e s t r a d l o l t reatment may I n c r e a s e the s e n s i t i v i t y of a v a r i e t y of 

p a r t s of the body. 

The p r e c i s e mechanisms by which o e s t r a d i o l produces these e f f e c t s a r e 

y e t to be f u l l y e l u c i d a t e d . For i n s t a n c e , as B e r e i t e r and Barker s u g g e s t , 

i t i s p o s s i b l e t h a t cutaneous s e n s i t i v i t y i s i n d i r e c t l y a l t e r e d by changes 

in the autonomic i n n e r v a t i o n o f the s k i n and cutaneous v a s c u l a t u r e induced 
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by o e s t r a d i o l t r ea tment . F u r t h e r , B e r e i t e r and Barker (1975) n o t i c e d changes 

in s k i n p r o p e r t i e s f o l l o w i n g o e s t r a d i o l t reatment and h y p o t h e s i s e t h a t i t 

a l t e r s v i s c o e l a s t i c p r o p e r t i e s o f the s k i n so t h a t a g iven mechanica l 

d isp lacement i s t r a n s m i t t e d over a l a r g e r a r e a . 

As a genera l c o n c l u s i o n t h e r e f o r e , the above s t u d i e s do i n d i c a t e 

important p e r i p h e r a l e f f e c t s of o e s t r a d i o l which may w e l l be of behav ioura l 

s i g n i f i c a n c e , p a r t i c u l a r l y f o r the f e m a l e ' s adopt ing the c o r r e c t pos tu re to 

enab le a s u c c e s s f u l i n t r o m i s s i o n on the p a r t o f the male . However, the s i t e 

o f o e s t r a d i o l a c t i o n may be in the s k i n i t s e l f and one cannot be s u r e t h a t 

these s t u d i e s have shown a d i r e c t a c t i o n of an oes t rogen on n e r v e . 

1 .2 .4 The e f f e c t s o f p rogesterone on neuronal a c t i v i t y . 

Attempts to demonstrate d i r e c t e f f e c t s o f p rogesterone on s i n g l e 

neurones in the c e n t r a l nervous system have been unreward ing . Exper iments 

by Barrac lough and C r o s s (1963)> Komisaruk, McDonald, Whitmoyer and Sawyer 

(1967) i Rami rez , Komisaruk, Whitmoyer and Sawyer (1967) and L i n c o l n ( 1 9 6 9 ) , 

which have repor ted i n h i b i t o r y e f f e c t s o f p rogesterone on hypotha lamic s i n g l e 

u n i t s (whether f o r u n i t f i r i n g r a t e s per s e , o r f o r u n i t responses to 

v a r i o u s forms of s e n s o r y s t i m u l a t i o n ) a r e d i f f i c u l t to i n t e r p r e t in terms o f 

a d i r e c t a c t i o n o f the hormone. Where EEG or blood p r e s s u r e changes were 

measured, changes in neuronal f i r i n g r a t e s were mostly c o r r e l a t e d w i t h 

changes in them. Thus r e s u l t s could have been due to n o n - s p e c i f i c a r o u s a l 

e f f e c t s . 

A more r e c e n t study by Nakayama and Suzuki (1975) on female r a b b i t s 

reported tha t i n t r a m u s c u l a r or in t ravenous i n j e c t i o n s of p rogesterone a l t e r e d 

the f i r i n g r a t e s of t h e r m o s e n s l t l v e neurones in the p r e o p t i c a r e a . These 

authors implanted a thermode in the p r e o p t i c a r e a and measured the responses 

o f p r e o p t i c neurones to l o c a l l y a p p l i e d warm and c o l d s t i m u l i . P roges te rone 

i n c r e a s e d the f i r i n g r a t e s of c o l d s e n s i t i v e neurones and decreased those o f 

warm s e n s i t i v e n e u r o n e s . Nakayama and Suzuki s u g g e s t t h a t t h i s e f f e c t o f 

progesterone may under ly the 0 .5 °C r i s e in body temperature o f the female 
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animal a t o r near o v u l a t i o n and the s u s t a i n e d e l e v a t i o n of b a s a l body 

temperature observed dur ing e a r l y pregnancy. However, i t I s p o s s i b l e tha t 

the neuronal e f f e c t o f p rogesterone observed by these authors may aga in be 

due to n o n - s p e c i f i c e f f e c t s of the hormone, p a r t i c u l a r l y s i n c e they d id not 

make c o n t r o l EEG r e c o r d i n g s . 

1 .2 .5 The e f f e c t s of combined oes t rogensand progesterone on neuronal a c t i v i t y . 

Al though progesterone i s known to s y n e r g i s e w i th o e s t r o g e n s in r e i n s t a t i n g 

sexua l behav iour in the o v a r i e c t o m i s e d female r a t ( B o l l n g and B landau , 1939; 

Beach , 19*42 and Whalen and Hardy, 1970 ) , no neuronal m a n i f e s t a t i o n o f t h i s 

synerg ism has been found. The on ly i n d i r e c t e v i d e n c e comes from KawakamI and 

Sawyer (1959) - They found that oes t rogens lowered the t h r e s h o l d of e l e c t r i c a l 

s t i m u l a t i o n of the p r e o p t i c / a n t e r i o r hypothalamus n e c e s s a r y f o r the i n d u c t i o n 

of p a r a d o x i c a l s l e e p in the r a b b i t . T h i s reduct ion was a c c e n t u a t e d by 

a d d i t i o n a l p rogesterone t rea tment . 

1 .2 .6 The e f f e c t s of t e s t o s t e r o n e on neuronal a c t i v i t y . 

Very l i t t l e work has been c a r r i e d out on the neuronal e f f e c t s o f 

t e s t o s t e r o n e in the male. A l l the r e l e v a n t work has used the r a t . 

P f a f f and h i s a s s o c i a t e s have examined the e f f e c t s o f t e s t o s t e r o n e on 

o l f a c t o r y Inputs to the hypothalamus. O l f a c t o r y in format ion i s impor tan t , 

though not i n d i s p e n s i b l e in the c o n t r o l o f sexua l behav iour in the male r a t . 

Heimer and L a r s s o n (1967) found tha t l e s i o n s of the o l f a c t o r y bu lbs caused 

marked impairment of the sexua l behav iour of male r a t s . I t i s known t h a t the 

o l f a c t o r y and a c c e s s o r y o l f a c t o r y bulbs send p r o j e c t i o n s to the medial 

p r e o p t i c / a n t e r i o r hypothalamus (which i s of major importance to the c o n t r o l 

o f male s e x u a l behav iour ) v i a the amygdala (Lammers, 1972; de Olmos, 1972) 

and the hippocampus. 

P f a f f and Pfaffman (1969a) found t h a t some p r e o p t i c a r e a neurones responded 

to e l e c t r i c a l s t i m u l a t i o n o f the o l f a c t o r y bulb in c a s t r a t e d male r a t s . 

Many neurones a l s o responded to odours (amyl a c e t a t e or r e c e p t i v e female u r i n e ) • 

O l f a c t o r y bulb t r a n s e c t i o n a b o l i s h e d p r e o p t i c u n i t s responses to 
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these o d o u r s , so i t i s u n l i k e l y t h a t they were mediated by the t r i g e m i n a l 

n e r v e . Neurones In the midbra in r e t i c u l a r format ion a l s o showed responses 

to o d o u r s , though these were more o f ten c o r r e l a t e d w i th changes in EEG than 

responses from the p r e o p t i c a r e a or o l f a c t o r y bu lb . Responses to odours 

were g e n e r a l l y e x c i t a t o r y , though i n h i b i t o r y responses were a l s o r e c o r d e d . 

P f a f f and Pfaffman t e s t e d the s e n s i t i v i t y of u n i t s which were s e n s i t i v e 

to e i t h e r o l f a c t o r y bulb s t i m u l a t i o n o r to odours to i n t r a c e r e b r a l or 

s y s t e m i c t e s t o s t e r o n e a d m i n i s t r a t i o n . 

A p p l i c a t i o n of t e s t o s t e r o n e (30ug) to the p r e o p t i c a r e a i n c r e a s e d the 

responses of p r e o p t i c u n i t s to both o l f a c t o r y bulb s t i m u l a t i o n and odours 

by 30 - 100%. Changes in u n i t a c t i v i t y began w i t h i n 5 - 15 min and l a s t e d 

u n t i l 25 - 50 min a f t e r t e s t o s t e r o n e a d m i n i s t r a t i o n . Cont ro l a d m i n i s t r a t i o n 

o f s a l I n e or c h o l e s t e r o l had no measurable e f f e c t . 

I n t r a p e r i t o n e a l i n j e c t i o n s of t e s t o s t e r o n e (600 - lOOOug t e s t o s t e r o n e 

p r o p i o n a t e ) a l s o i n c r e a s e d the r e s p o n s i v e n e s s o f p r e o p t i c u n i t s to o d o u r s . 

The e f f e c t s began w i t h i n 5 - 15 min and l a s t e d u n t i l 45 - 85 min a f t e r the 

i n j e c t i o n . S y s t e m i c a d m i n i s t r a t i o n o f t e s t o s t e r o n e caused not on ly changes i 

response magnitude but a l s o r e v e r s a l s in response d i r e c t i o n ( i . e . from an 

e x c i t a t o r y response to an i n h i b i t o r y one o r v i c e v e r s a ) . 

S y s t e m i c t e s t o s t e r o n e a d m i n i s t r a t i o n a l s o changed the r e s p o n s i v e n e s s 

of o l f a c t o r y bulb and midbra in r e t i c u l a r format ion u n i t s . 

P f a f f 6 Gregory (1971) and P f a f f £ Pfaffman (1969b) found t h a t 

many p r e o p t i c a r e a u n i t s responded d i f f e r e n t l y to o e s t r u s female u r i n e and 

o v a r i e c t o m i s e d female u r i n e , w h i l e on ly few o l f a c t o r y bulb u n i t s d i d . The 

o p p o s i t e was the c a s e fo r d i f f e r e n t responses to o t h e r o d o u r s . In agreement 

w i t h the r e s u l t s of P f a f f £ Pfaffman (1969a) however these d i f f e r e n t i a l 

responses did not seem to be androgen s e n s i t i v e , s i n c e c a s t r a t i o n (or 

t e s t o s t e r o n e t reatment - P f a f f £ P f a f f m a n , 1969a) d id not a l t e r them in 

any way. 

P f a f f £ Gregory ( 1 9 7 0 , comparing c a s t r a t e d and i n t a c t male r a t s , 
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found t h a t the propor t ion of odour s e n s i t i v e p r e o p t i c u n i t s showing a 

s i g n i f i c a n t c o r r e l a t i o n w i t h EEG was l a r g e r in normal male r a t s than in 

c a s t r a t e d o n e s . No such d i f f e r e n c e was found f o r o l f a c t o r y bulb u n i t s . 

P r e o p t i c u n i t s which showed c o r r e l a t i o n s w i th EEG i n c r e a s e d a c t i v i t y 

s i g n i f i c a n t l y dur ing EEG a c t i v a t i o n . A l t o g e t h e r 37% of p r e o p t i c u n i t s 

showed EEG c o r r e l a t i o n in c a s t r a t e d male r a t s whereas 70% showed s i m i l a r 

c o r r e l a t i o n s in i n t a c t m a l e s . 

P r e o p t i c u n i t s whose a c t i v i t y was r e l a t e d to EEG tended to change 

f i r i n g ra te s l i g h t l y before the EEG changed from desynchrony to synchrony 

but not be fore EEG changed back from synchrony to desynchrony . Thus I t i s 

p o s s i b l e tha t androgens might be f a c i l i t a t i n g some p r e o p t i c u n i t s ' a b i l i t y 

to t r i g g e r a r o u s a l w h i l e f a c i l i t a t i n g the responses of o t h e r s to a r o u s a l . 

These e l e c t r o p h y s i o l o g i c a l r e s u l t s of P f a f f and co -workers agree w i th 

behav ioura l work on the r e a c t i o n s o f male r a t s to female r a t o d o u r s . The 

p r e f e r e n c e o f male r a t s fo r female u r i n e o d o u r s , as measured by the t ime 

spent I n v e s t i g a t i n g these o d o u r s , appears to be androgen s e n s i t i v e ( C a r r 

e t a l , 1965. 1966; P f a f f 6 Pfaffman 1969b) . The d e t e c t i o n and d i s c r i m i n a t i o n 

o f female u r i n e odours i s not androgen s e n s i t i v e however ( C a r r £ C a u l , 1962; 

C a r r , S o l b e r g 6 P fa f fman , 1962) . 

The work o f P f a f f and co -workers does i n d i c a t e , q u i t e e l e g a n t l y , 

androgen modulat ion of s e n s o r y in format ion which i s important f o r sexua l 

behav iour to o c c u r In the male r a t . However , i t i s d i f f i c u l t to conc lude 

from t h e i r work whether the e f f e c t s o f t e s t o s t e r o n e on u n i t a c t i v i t y a r e 

the r e s u l t of d i r e c t o r i n d i r e c t i n f l u e n c e s o f the hormone. 

The most important problem w i th the r e s u l t s of P f a f f and h i s co -workers 

i s the s h o r t time c o u r s e of the t e s t o s t e r o n e mediated e f f e c t s in c a s t r a t e d 

r a t s . Changes in u n i t a c t i v i t y a f t e r t e s t o s t e r o n e a d m i n i s t r a t i o n began 

w i t h i n 5 - 1 5 min and l a s t e d f o r 25 - 50 min. T e s t o s t e r o n e t reatment has to 

be con t inued f o r a mat ter of days be fore sexua l behav iour i s r e s t o r e d in 

the c a s t r a t e d male r a t , hence the e f f e c t s of t e s t o s t e r o n e a d m i n i s t r a t i o n 
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repor ted by P f a f f would not appear to be r e l a t e d to the r e s t o r a t i o n o f sexua l 

b e h a v i o u r . C o n s e q u e n t l y , the e x a c t f u n c t i o n a l s i g n i f i c a n c e of these f i n d i n g s 

has y e t to be e x p l a i n e d . 

1 .2 .7 Neuronal e f f e c t s o f androgens on the p e r i p h e r a l nervous s y s t e m . 

Although Hart (1967) and Hart 6 Haugen (1968) have shown tha t 

t e s t o s t e r o n e can e f f e c t g e n i t a l r e f l e x e s in s p i n a l l y t r a n s e c t e d a n i m a l s , 

no e l e c t r o p h y s i o l o g i c a l e f f e c t s o f t e s t o s t e r o n e on the p e r i p h e r a l nervous 

system have been r e c o r d e d . Cooper £ Aronson (197 1*) determined the e f f e c t s 

of androgenson p e n i l e mechanoreceptor a c t i v i t y and s e n s i t i v i t y in the c a t . 

They recorded f i r s t - o r d e r a f f e r e n t r e s p o n s e s , evoked by q u a n t i f i e d t a c t i l e 

s t i m u l a t i o n o f the p e n i s , from s e x u a l l y e x p e r i e n c e d I n t a c t and c a s t r a t e d 

a n i m a l s . R e s u l t s however i n d i c a t e d tha t t e s t i c u l a r androgens p layed no 

r o l e in m a i n t a i n i n g g e n i t a l sensory f i e l d s , s e n s o r y t h r e s h o l d s , i n i t i a t i o n 

of n e u r a l r e s p o n s e s , conduct ion v e l o c i t y , or amount of neura l a c t i v i t y evoked 

by a p a r t i c u l a r s t i m u l u s . However, under some s t i m u l u s c o n d i t i o n s , 

mean neura l responses and in t ragroup v a r i a b i l i t y were g r e a t e r in the 

c a s t r a t e d group. 

1.3 General D i s c u s s i o n . 

O e s t r o g e n s , p rogesterone and t e s t o s t e r o n e c l e a r l y a l t e r the a c t i v i t y 

of s i n g l e neurones . What i s s t i l l in q u e s t i o n a t p r e s e n t i s (1) the 

s p e c i f i c i t y of these observed hormonal e f f e c t s and (2) t h e i r behav ioura l 

s i g n i f i c a n c e . 

(1) Many exper iments c i t e d in t h i s review have repor ted that changes 

in s i n g l e u n i t a c t i v i t y a f t e r s e x hormone a d m i n i s t r a t i o n were c o r r e l a t e d 

w i th EEG changes from synchrony to desynchrony or v i c e v e r s a . Other 

exper iments have repor ted s i m i l a r c o r r e l a t i o n s between s e x hormone e f f e c t s 

on s i n g l e u n i t a c t i v i t y and changes in blood p r e s s u r e . S t i l l more 

exper iments have not c o n t r o l l e d for these p o s s i b i l i t i e s . In a l l these c a s e s , 

t h e r e f o r e , the s p e c i f i c i t y o f sex hormone e f f e c t s a r e q u e s t i o n a b l e . 
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(2) In few exper iments have the a f f e r e n t s and e f f e r e n t s of those 

neurones whose hormone s e n s i t i v i t y was be ing t e s t e d been i d e n t i f i e d . 

Without in format ion o f t h i s k ind I t I s d i f f i c u l t to determine the f u n c t i o n 

of any observed e f f e c t s . A f u r t h e r problem which has hampered i n t e r p r e t a t i o n 

of s e x hormone e f f e c t s on s i n g l e neurones i s that the l a t e n c i e s and d u r a t i o n s 

of neuronal changes have sometimes f a l l e n f a r s h o r t of the known time c o u r s e s 

of the h o r m o n e - s e n s i t i v e changes which r e g u l a t e s e x u a l b e h a v i o u r . Other 

s t u d i e s have not measured the time c o u r s e s o f t h e i r e f f e c t s . 

In view o f these problems the f o l l o w i n g p r i n c i p l e s would appear to be 

Important in t h i s l i n e of r e s e a r c h : -

(a ) I t h e l p s to know the a f f e r e n t s and e f f e r e n t s of neurones in which 

sex hormone e f f e c t s a r e be ing t e s t e d . 

(b) The time c o u r s e of observed neuronal e f f e c t s of sex hormones shou ld 

be measured. 

(c ) Adequate c o n t r o l s f o r the s p e c i f i c i t y o f s e x hormone e f f e c t s 

on s i n g l e neurones shou ld be u s e d . 
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NEURONES. 

2.1 I n t r o d u c t i o n . 

Sexual behav iour in the male r a t i s dependent on the p r e s e n c e of 

t e s t o s t e r o n e (reviewed In Beach , 1961; Young, 1961) . D i s c r e t e s i t e s in 

the b r a i n take up and c o n c e n t r a t e r a d i o a c t l v e l y l a b e l l e d t e s t o s t e r o n e 

(Sar and Stumpf, 1973 a , b ) . Implants o f t e s t o s t e r o n e In the hypotha lamus, 

and the medial p r e o p t i c a r e a , o f the c a s t r a t e d male r a t r e s t o r e s e x u a l 

behav iour even though the a c c e s s o r y s e x organs a r e a t r o p h i e d ( D a v i d s o n , 

1966) . E l e c t r i c a l s t i m u l a t i o n o f the medial p r e o p t i c a r e a I n c r e a s e s s e x u a l 

a c t i v i t y in the i n t a c t male r a t (Van Dis and L a r s s o n , 1971; Ma lsbury , 1971; 

Merari and G i n t o n , 1975) , and r e s t o r e s s e x u a l I n t e r e s t , and to some e x t e n t 

c o p u l a t o r y per formance , in the c a s t r a t e d male r a t (Van Dis and L a r s s o n , 

1971) . L e s i o n s of the medial p r e o p t i c / a n t e r i o r hypothalamus ( p a r t i c u l a r l y 

the j u n c t i o n o f the two s t r u c t u r e s ) s e v e r e l y i m p a i r , o r comple te ly a b o l i s h , 

sexua l behav iour in the i n t a c t male r a t (Heimer and L a r s s o n , 1966 /67 ) • 

These f i n d i n g s i m p l i c a t e the medial p r e o p t i c / a n t e r i o r hypothalamus In the 

c o n t r o l o f sexua l behav iour In the male r a t . 

A major s o u r c e of o l f a c t o r y e f f e r e n t s to the medial p r e o p t t c / a n t e r i o r 

hypothalamus comes v i a the c o r t i c o m e d i a l amygdala , which takes up and 

c o n c e n t r a t e s r a d i o a c t i v e l y l a b e l l e d t e s t o s t e r o n e (Sar and Stumpf, 1973 a , b ) . 

The c o r t i c o m e d l a l amygdala r e c e i v e s p r o j e c t i o n s from the o l f a c t o r y and 

a c c e s s o r y o l f a c t o r y bulbs (Lammers, 1972) and p r o j e c t s In turn to the medial 

p r e o p t i c / a n t e r i o r hypothalamus v i a the s t r i a te rmina l I s (de Olmos, 1972 ) . 

L e s i o n s o f the o l f a c t o r y bulb (Heimer and L a r s s o n , 1967; L a r s s o n , 1 9 7 1 ) , 

c o r t t c o m e d i a l amygdala ( H a r r i s and S a c h s , 1975) and s t r i a te rmina l i s 

( G i a n t o n i o , Lund and G e r a l l , 1970; Emery and S a c h s , 1976) tmpair the t iming 

and l a t e n c y o f s e x u a l b e h a v i o u r . L e s i o n s o f the bed nuc leus o f the s t r i a 

te rmina l I s (Emery and S a c h s , 1976) and c o r t i c o m e d i a l amygdala ( H a r r i s and 
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S a c h s , 1975) a l s o impair the achievement of e j a c u l a t i o n . These f i n d i n g s 

sugges t t h a t o l f a c t o r y in format ion r e l a y e d to the medial p r e o p t i c / a n t e r l o r 

hypothalamus v i a the c o r t l c o m e d l a l amygdala and thence the s t r i a te rmina l I s , 

i s Important in the c o n t r o l o f s e x u a l behav iour in the male r a t . 

P f a f f and Pfaffman (1969a) ( rev iewed In Chapter 1) have shown tha t 

d i r e c t odour s t i m u l a t i o n , or e l e c t r i c a l s t i m u l a t i o n of the o l f a c t o r y b u l b , 

a f f e c t s the a c t i v i t y o f neurones In the p r e o p t i c a r e a o f c a s t r a t e d and 

i n t a c t male r a t s . Sys temic a d m i n i s t r a t i o n o f t e s t o s t e r o n e , o r i t s d i r e c t 

a p p l i c a t i o n to the p r e o p t i c a r e a , i n c r e a s e s the s e n s i t i v i t y o f p r e o p t i c 

neurones to odour s t i m u l a t i o n In the c a s t r a t e d male r a t . I n c r e a s e d s e n s i t 

i v i t y of o l f a c t o r y bulb and midbra in r e t i c u l a r format ion neurones was a l s o 

observed a f t e r s y s t e m i c t e s t o s t e r o n e a d m i n i s t r a t i o n . The e f f e c t o f 

c a s t r a t i o n on odour s e n s i t i v e p r e o p t t c a r e a neurones was s l i g h t however, 

except tha t c a s t r a t i o n appeared to b r i n g about a reduc t ion in the number o f 

odour s e n s i t i v e neurones whose i n c r e a s e d a c t i v i t y was c o r r e l a t e d w i t h changes 

in a r o u s a l ( I . e . c o r r e l a t e d w i t h EEG c h a n g e s ) . 

The f i r s t exper iment repor ted In t h i s Chapter was des igned to t e s t 

whether gonadal hormones a f f e c t the e l e c t r o p h y s i o l o g i c a l c h a r a c t e r i s t i c s of 

c o r t i c o m e d i a l amygdala neurones i d e n t i f i e d as p r o j e c t i n g to the medial 

p r e o p t l c / a n t e r i o r hypotha lamic j u n c t i o n , s i n c e the many s t u d i e s reviewed 

above appear to i m p l i c a t e t h i s pathway In the c o n t r o l o f s e x u a l b e h a v i o u r . 

2 .2 Exper iment 1: The e f f e c t s of c a s t r a t i o n on the e l e c t r i c a l a c t i v i t y o f 

c o r t l c o m e d l a l amygdala neurones which p r o j e c t to the medial p r e o p t i c / 

a n t e r i o r hypotha lamic J u n c t i o n . 

Throughout t h i s exper iment the c o r t i c o m e d i a l amygdala w i l l be r e f e r r e d 

to as the CMA and the medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n as the 

MPH,and the s t r i a te rmina l i s as ST. 

2 .2 .1 Method. 

T h i r t y - t w o , a d u l t ma le , s e x u a l l y n a i v e , Porton a l b i n o Wls ta r r a t s 
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(approx imate ly 120 days o f a g e ; 400 - 600g) were main ta ined on a 12 hr 

r e v e r s e d l i g h t - d a r k s c h e d u l e . These r a t s were d i v i d e d randomly i n t o two 

g roups . One group, des igna ted ' i n t a c t ' (16 r a t s ) were gonada l ly i n t a c t , 

whereas the second group, d e s i g n a t e d ' c a s t r a t e ' (16 r a t s ) were c a s t r a t e d 

under e t h e r a n a e s t h e s i a a t l e a s t 8 weeks p r i o r to e l e c t r o p h y s i o l o g i c a l 

r e c o r d i n g . Male r a t s do not u s u a l l y show any s i g n s o f c o p u l a t o r y a c t i v i t y 

8 weeks a f t e r c a s t r a t i o n . 

At the time o f e l e c t r o p h y s i o l o g i c a l r e c o r d i n g r a t s were a t l e a s t 180 

days o f age and weighed between 400 and 675g. 

P r e p a r a t i o n o f exper imenta l an ima ls fo r e l e c t r o p h y s i o l o g i c a l r e c o r d i n g . 

(1) ANAESTHESIA - an ima ls were a n a e s t h e t i s e d w i t h urethane ( e t h y l carbamate , 

g iven as a 25% w/v s o l u t i o n ) . A dose of between 1.3 and 1.4 g/kg was 

a d m i n i s t e r e d by i n t r a p e r i t o n e a l I n j e c t i o n . Animals were u s u a l l y deeply 

a n a e s t h e t i s e d w i t h i n 30 min o f t h e s e ure thane i n j e c t i o n s , and no subsequent 

I n j e c t i o n s were requ i red dur ing the exper iments t h e m s e l v e s . Deep a n a e s t h e s i a 

was conf i rmed be fore proceed ing w i t h s u r g i c a l p r e p a r a t i o n s by t e s t i n g the 

hind limb wi thdrawal r e f l e x to a sharp manual p i n c h , and the c o r n e a l 

r e f l e x by blowing onto the s u r f a c e of the e y e . 

(2) SURGICAL PREPARATION - an ima ls were mounted in a convent iona l s t e r e o 

t a x i c frame (David Kopf I n s t r u m e n t s ) . The i n c i s o r bar was s e t to cor respond 

to the c o o r d i n a t e s o f Konig 6 K l l p p e l ( 1 9 6 3 ) . An I n c i s i o n was made in the 

s k i n over the s k u l l , and the s k i n was r e f l e c t e d and removed w i t h s c i s s o r s to 

expose the temporal r i d g e s . The membrane o v e r l y i n g the s k u l l was then r e f l e c t e d 

and removed w i th f i n e s c i s s o r s . The exposed s k u l l was then bathed in a smal l 

amount o f 70% a l c o h o l , and a l l o w e d to dry in o r d e r to a c c e n t u a t e the landmarks 

on the s u r f a c e of the s k u l l (bregma and lambda) . A l i n e was cut i n t o the 

s k u l l w i t h a s c a l p e l , p a r a l l e l to the most p o s t e r i o r p a r t o f bregma. A smal l 

amount o f pontamine sky b lue dye was p l a c e d i n t o the groove made by the s c a l p e l 

u s i n g a m t c r o s y r l n g e . T h i s technique prov ided a permanent, e a s i l y 
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r e c o g n i s e d , r e f e r e n c e p o i n t f o r bregma throughout each exper iment . 

U s u a l l y , a pear shaped f l a p o f s k u l l , s t r e t c h i n g between lambda and 

about 2 mm a n t e r i o r to bregma was removed us ing a denta l d r i l l and f o r c e p s 

( the t h i n end of the pear shaped f l a p be ing a t the bregma end to a v o i d the 

t o t a l d e s t r u c t i o n of the bregma r e f e r e n c e l i n e ) . Care was taken not to 

damage the s u r f a c e o f the b r a i n dur ing d r i l l i n g . The dura was then l i f t e d and 

i n c i s e d on both s i d e s of the m i d l i n e . T h i s b i l a t e r a l I n c i s i o n of the dura 

a l lowed the s a g g i t a l s i n u s to be t i e d o f f and cut us ing f i n e f o r c e p s and 

s u r g i c a l t h r e a d . F i n e curved f o r c e p s were used to pass a loop o f s u r g i c a l 

th read through the dura l i n c i s i o n over one hemisphere , under the s a g g i t a l 

s i n u s ( l y i n g on the m i d l i n e ) and back out through the dura l I n c i s i o n In the 

o p p o s i t e hemisphere . The s a g g i t a l s i n u s was then t i e d o f f and c u t . A f t e r 

t h i s procedure was comple ted , the remaining dura o v e r l y i n g the hemisphere 

from which r e c o r d i n g s were to be made was r e f l e c t e d , and the whole exposed 

b r a i n f looded w i t h a warm agar s o l u t i o n . 

E l e c t r o p h y s i o l o g i c a l a p p a r a t u s . 

(1) STIMULATING AND RECORD ING ELECTRODES - monopolar s t i m u l a t i n g e l e c t r o d e s 

were c o n s t r u c t e d from s t a i n l e s s s t e e l I n s e c t p i n s . These were e l e c t r o l y t l c a l l y 

e tched in 0.1N h y d r o c h l o r i c a c i d and then i n s u l a t e d w i t h 3 c o a t s o f v a r n i s h 

(Schenvar 3 1 ) ; 0 . 5 mm of v a r n i s h was then s c r a p e d from the t i p of the 

e l e c t r o d e (under a low powered m i c r o s c o p e ) u s i n g a s c a l p e l . The r e s i s t a n c e o f 

the e l e c t r o d e t i p was normal ly in the region of 100 ohms. 

Recording e l e c t r o d e s were g l a s s m i c r o p l p e t t e s p u l l e d in a c o n v e n t i o n a l 

e l e c t r o d e p u l l e r and f i l l e d w i th pontamine blue (pontamine sky b lue 6BX, 

George. T . Gurr L t d . , London) made up as a 2% s o l u t i o n in 0.5M sodium 

a c e t a t e ( H e l l o n , 1971) . E l e c t r o d e s had an I n t e r n a l t i p d iameter o f approx imate ly 

1 - 2 u and r e s i s t a n c e s ranged from 10 - 20 megohms. S i l v e r w i r e coated w i t h 

s i l v e r c h l o r i d e was used as a t e r m i n a l . 

(2) APPARATUS FOR STIMULATING AND RECORDING - t h i s I s shown s c h e m a t i c a l l y In 
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F i g u r e s 2.1 and 2 . 2 . Recorded a c t i o n p o t e n t i a l s were a m p l i f i e d by a low 

n o i s e d i f f e r e n t i a l AC a m p l t f i e r ( G r a s s , P15) w i th f r e q u e n c i e s lower than 

300 Hz and above 3 Khz f i l t e r e d o u t . A c t i o n p o t e n t i a l s and genera l e l e c t r i c a l 

a c t i v i t y were d i s p l a y e d on a s t o r a g e o s c i l l o s c o p e ( T e k t r o n i x 7613) and a 

convent iona l d i f f e r e n t i a l o s c i l l o s c o p e ( B r a d l e y , Type 155 - two c h a n n e l ) . 

Aud i to ry feedback was a l s o provided through an a d d i t i o n a l a m p l i f i e r and 

loudspeaker s y s t e m . Spontaneous a c t i o n p o t e n t i a l s were counted f o r 3 s u c c e s s i v e 

100 s e c I n t e r v a l s u s i n g a Schmlt t t r i g g e r and 3 ~ 100 s e c counter t i m e r s . 

Constant v o l t a g e s t i m u l i were p rov ided from a Grass SkF s i n g l e channel 

s t i m u l a t o r and s t i m u l u s I s o l a t i o n module ( S I U 4 ) . S t i m u l i were conver ted 

to e f f e c t i v e l y c o n s t a n t c u r r e n t by u s i n g a 100 K J V s e r i e s r e s i s t o r in the 

output to the s t i m u l a t i n g e l e c t r o d e . A c o n t r o l u n i t was s p e c i a l l y c o n s t r u c t e d 

to vary the output from the Grass s t i m u l a t o r . T h i s enabled v a r i a b l e i n t e r v a l 

p u l s e p a i r s to be d e l i v e r e d , and r e g u l a t e d the s t i m u l u s f requency throughout 

the exper imenta l s e s s i o n . T h i s u n i t was a l s o c o n s t r u c t e d f o r de layed c o l l i s i o n 

t e s t s (which w i l l be o u t l i n e d in more d e t a i l below) In t h a t i t c o u l d vary the 

time between a spontaneous a c t i o n p o t e n t i a l and i t s t r i g g e r i n g o f a s t i m u l u s 

p u l s e p a i r . 

(3) CONTROL OF ARTIFACTS - the problem o f s t i m u l u s a r t i f a c t was overcome 

by u s i n g the c i r c u i t des ign shown in F i g u r e 2 . 2 , T h i s system b a l a n c e s the 

s t i m u l u s a r t i f a c t p i c k e d up by the r e c o r d i n g e l e c t r o d e w i t h the output from 

the s t i m u l u s i s o l a t i o n u n i t . T h i s output goes from the r e f e r e n c e po in t o f 

a v a r i a b l e r e s i s t o r between the outputs of the s t i m u l u s I s o l a t i o n u n i t to 

the d i f f e r e n t i a l input of the Grass P15 p r e - a m p l i f t e r . F i x e d r e s i s t a n c e s 

were p l a c e d between the r e f e r e n c e po in t on the potent iometer and the 

d i f f e r e n t i a l Input o f the p r e - a m p l I f i e r , and between the d i f f e r e n t i a l Input 

of the p r e - a m p l i f i e r and ground. A c a p a c i t o r between the d i f f e r e n t i a l input 

and the ground o f the p r e - a m p l I f i e r was a l s o u s e d , though on o c c a s i o n the 

v a l u e o f t h i s was changed. T h i s sys tem was e f f e c t i v e in reducing s t i m u l u s 



F i qu r e 2.1 

S c h e m a t i c r e p r e s e n t a t i o n o f a p p a r a t u s u s e d f o r e l e c t r o p h y s i o l o g i c a l r e c o r d i n g . 
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K e y : 
(1 ) G r a s s P I 5 P r e a m p l i f i e r (2) B r a d l e y D i f f e r e n t i a l O s c i l l o s c o p e . 
(3) T e k t r o n i x 7613 S t o r a g e O s c i l l o s c o p e . ( 4 ) S c h m i t t t r i g g e r . 
(5) 3 x 100 s e c C o u n t e r T i m e r s . (6) A m p l i f i e r . 
( 7 ) L o u d s p e a k e r . ( 8 ) S t i m u l u s I s o l a t i o n U n i t ( G r a s s S 1 U 4 ) . 
( 9 ) S t i m u l a t o r ( G r a s s Sk). 

( 1 0 ) S t i m u l u s c o n t r o l u n i t - T h i s c o n t r o l l e d s t i m u l u s f r e q u e n c y and t h e p r o d u c t i o n 
o f p u l s e p a i r s f o r h i g h f r e q u e n c y f o l l o w i n g t e s t s and a b s o l u t e r e f r a c t o r y 

p e r i o d m e a s u r e m e n t s . 
( 1 1 ) T h i s i n t e r p o s e d a v a r i a b l e d e l a y f o r t h e d e l a y e d c o l l i s i o n t e s t d e s c r i b e d 

i n t h e t e x t . F o r n o r m a l c o l l i s i o n t e s t s t h i s d e l a y was s e t a t z e r o . 
( 1 2 ) A s i n g l e s h o t S c h m i t t t r i g g e r f o r c o l l i s i o n t e s t s . 
(13) A v a r i a b l e d e l a y i n t e r p o s e d b e t w e e n t h e s t i m u l u s o u t p u t f rom t h e G r a s s Sk 

a n d t h e a u t o m a t i c e r a s e i n p u t on t h e T e k t r o n i x s t o r a g e o s c i l l o s c o p e . T h i s 
a l l o w e d a s t i m u l u s t r i g g e r e d sweep t o be e r a s e d a u t o m a t i c a l l y j u s t p r i o r t o 
t h e n e x t s t i m u l u s t r i g g e r e d s w e e p . 



F i qu re 2 .2 

C i r c u i t diagram for the method employed to reduce stimulus a r t i f a c t . 
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a r t i f a c t to between 0.5 and 1.0 msec, and proved to be extremely re l i ab le 

across preparations without Incorporating unacceptably high s e n s i t i v i t y to 

minor changes in the res istance of the preparation. 

The problem of mains 50 cyc les Interference during recordings was 

reduced by using a s p e c i a l l y designed shielded electrode c a r r i e r (see 

Figure 2 . 3 ) . Vibrat ional a r t i f a c t s were reduced by using a table constructed 

of heavy paving stones separated by rubber s t r i p s . The s tereotax ic apparatus 

was placed on the top paving stone and was thus protected from f loor 

v ibra t ions . The pre-amplI f ler and stimulus iso la t ion unit were mounted on 

a frame which surrounded, but did not touch, the paving stones. Hence 

a l te ra t ions to the pre-ampl I f ier and stimulus iso la t ion unit (which must of 

necessi ty be as c lose to the preparation as possible) could be made without 

upsetting recordings through sudden v ibra t ion . 

Experimental design and procedure. 

(1) COORD I NATES - a f te r surgica l procedures, the st imulat ing electrode 

was lowered into the brain by means of a s tereotax ic arm. Anter ior /poster ior 

coordinates were ca lculated by a combination of references to an absolute 

bregma zero point , and the actual posit ion of bregma in any p a r t i c u l a r ra t . 

This technique is s i m i l a r to that reported by Whlshaw et al (1977). This 

combination of references produced a more successfu l l o c a l i s a t i o n than 

reference to e i ther bregma or an absolute s tereotax ic coordinate alone. Thus 

for example, i f the discrepancy between the absolute and the real posit ion 

of bregma was 0.5 mm, th is value was halved, and added to or subtracted 

from the absolute estimated posit ion of the electrode for s u c c e s s f u l l y 

entering the MPH, depending upon the d i rect ion of the d i f fe rence . Bearing 

th is in mind, coordinates for the MPH varied between 0.3 mm anter ior and 

0.7 mm poster ior to an absolute zero value for bregma. Latera l coordinates 

were always between 0.3 and 0.5 mm from the midl ine. The depth of the 

st imulating electrode from the surface of the brain was normally around 8 mm, 

though th is was sometimes varied between 7.6 and 8.3 mm during the experiment 
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F i qu re 2 .3 
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in an attempt to lower s t i m u l u s t h r e s h o l d c u r r e n t s fo r d r i v i n g CMA n e u r o n e s . 

S t i m u l a t i n g e l e c t r o d e s were a lways lowered i n t o the b r a i n in a v e r t i c a l 

o r i e n t a t i o n . T h i s v e r t i c a l o r i e n t a t i o n d id not d i s r u p t the ST p r o v i d i n g 

that the e l e c t r o d e was lowered c l o s e to the m i d l i n e . 

Recording e l e c t r o d e c o o r d i n a t e s were c a l c u l a t e d in the same way as 

s t i m u l a t i n g e l e c t r o d e c o o r d i n a t e s . The a n t e r i o r / p o s t e r i o r e x t e n t o f the 

CMA i s l a r g e (approx imate ly 2 mm), and l o c a t i o n in t h i s d i r e c t i o n was not 

d i f f i c u l t . C o o r d i n a t e s ranged from 3*0 to k.5 mm p o s t e r i o r to an a b s o l u t e 

v a l u e of bregma and 2 . 8 to 3.8 mm l a t e r a l o f the m i d l i n e . The CMA was 

normal ly encountered a t depths g r e a t e r than 8 .5 mm from the s u r f a c e , though 

t h i s v a r i e d to some e x t e n t , depending on the a n t e r i o r / p o s t e r i o r and l a t e r a l 

p o s i t i o n i n g of the e l e c t r o d e s . Record ings were consequent ly made between 

8 mm from the s u r f a c e o f the b r a i n and the p o i n t a t which the e l e c t r o d e 

touched the dura a t the bottom o f the b r a i n . A m i c r o d r i v e a t t a c h e d to a 

s t e r e o t a x i c arm was used to advance the r e c o r d i n g m i c r o e l e c t r o d e . Again 

a v e r t i c a l o r i e n t a t i o n was u s e d . 

(2) STIMULUS PARAMETERS - s i n g l e s t i m u l u s p u l s e s were a p p l i e d to the MPH 

dur ing r e c o r d i n g from CMA neurones a t a f requency o f 0 .6 Hz. Each s t i m u l u s 

p u l s e t r i g g e r e d a s t o r e d sweep on the s t o r a g e o s c i l l o s c o p e which was 

a u t o m a t i c a l l y e r a s e d j u s t p r i o r to the next s t i m u l u s p u l s e . Cathodal mono-

p h a s i c p u l s e s o f 0 .5 msec d u r a t i o n were u s e d , w i th a c u r r e n t range between 

kO ua and 0.6 Ma. 

(3 ) SINGLE NEURONE RECORDINGS - s i n g l e c e l l , e x t r a c e l l u l a r r e c o r d i n g s were 

made from CMA n e u r o n e s . These neurones were c h a r a c t e r i s e d a c c o r d i n g to t h e i r 

responses to s t i m u l a t i o n o f the MPH, as f o l l o w s : 

( i ) A n t i d r o m l c a l l y invaded c e l l s - t h e s e neurones responded w i t h a 

f i x e d i n v a r i a b l e l a t e n c y to s i n g l e p u l s e s t i m u l a t i o n of the MPH. One 

s t i m u l u s p u l s e evoked a s i n g l e a c t i o n p o t e n t i a l . In a d d i t i o n , they fo l lowed 

double p u l s e s t i m u l a t i o n of t h r e s h o l d c u r r e n t a t above 150 Hz ( I . e . two 
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s t i m u l u s p u l s e s w i t h a s e p a r a t i o n of g r e a t e r than 150 Hz c o n s i s t e n l y evoked 

two a c t i o n p o t e n t i a l s from the a c t i v a t e d CMA n e u r o n e ) . These two c r i t e r i a 

were used to i d e n t i f y a s i l e n t neurone as one p r o j e c t i n g to the MPH. 

In spontaneous ly a c t i v e CMA neurones an a d d i t i o n a l c r i t e r i o n fo r 

a n t i d r o m i c i d e n t i f i c a t i o n was c o l l i s i o n . A recorded spontaneous a c t i o n 

p o t e n t i a l was used to t r i g g e r a s t i m u l u s p u l s e p a i r , and c o l l i s i o n was 

concluded i f the f i r s t p u l s e of the s t i m u l u s p u l s e p a i r c o l l i d e d w i th the 

spontaneous a c t i o n p o t e n t i a l . 

O c c a s i o n a l l y a f u r t h e r c r i t e r i o n f o r a n t i d r o m i c i t y in spontaneous ly 

a c t i v e CMA neurones was u s e d . The de lay between the recorded spontaneous 

a c t i o n p o t e n t i a l and i t s t r i g g e r i n g of the p o t e n t i a l l y c o l l i d i n g s t i m u l u s 

p u l s e p a i r was v a r i e d . The de lay a t which n e g a t i v e c o l l i s i o n should o c c u r i s 

p r e d i c t e d by F u l l e r £ S c h l a g (1976) a s : -

c = r + 1 

where c = the minimum i n t e r v a l between a spontaneous a c t i o n p o t e n t i a l and 

the beg inn ing of a s t i m u l u s which e l i c i t s an a n t i d r o m i c a c t i o n 

potent i a l . 

r = the minimum i n t e r v a l between two s t i m u l i o f equal i n t e n s i t y 

a p p l i e d a t the same p l a c e , and producing two evoked a c t i o n p o t e n t i a l s , 

the second of which o c c u r s 50% o f the t ime. 

1 = the i n t e r v a l between the beg inn ing o f a s t i m u l u s and the i n i t i a t i o n 

of an evoked a c t i o n p o t e n t i a l ( the s t i m u l u s being 1.2 t imes s t r o n g e r 

than a t h r e s h o l d c u r r e n t which produced an evoked a c t i o n p o t e n t i a l 

100% o f the t i m e ) . 

( i i ) O r t h o d r o m i c a l l y a c t i v a t e d c e l l s - these showed v a r i a b l e l a t e n c i e s 

for s t i m u l u s evoked a c t i o n p o t e n t i a l s , and sometimes the response was 

a b s e n t . G e n e r a l l y these CMA neurones d id not fo l low s t i m u l u s p u l s e p a i r s 

above 150 Hz but t h i s c r i t e r i o n d id not a lways r e l i a b l y d i f f e r e n t i a t e 
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or thodromic v a n t i d r o m i c a c t i v a t i o n . For spontaneous ly a c t i v e CMA c e l l s a 

f u r t h e r c r i t e r i o n of or thodromic a c t i v a t i o n was the absence o f c o l l i s i o n . 

Although t h i s type o f c e l l normal ly responded by producing a s i n g l e 

a c t i o n p o t e n t i a l fo r every s t i m u l u s p u l s e , a m i n o r i t y o f c e l l s c l a s s i f i e d in 

t h i s group responded w i th between 2 and 6 a c t i o n p o t e n t i a l s f o r every s t i m u l u s 

p u l s e . The number of a c t i o n p o t e n t i a l s evoked by the s t i m u l u s was u s u a l l y 

r e l a t e d to the c u r r e n t s t r e n g t h of the s t i m u l u s p u l s e , I . e . the h i g h e r the 

c u r r e n t , the more evoked a c t i o n p o t e n t i a l s . The l a t e n c i e s of t h i s group were 

o f t e n very l o n g , (50 - 100 msecs) and probably i n d i c a t e post i n h i b i t o r y 

e x c i t a t i o n . T h i s group was t r e a t e d s e p a r a t e l y from the more c o n v e n t i o n a l 

s h o r t e r l a t e n c y type o f or thodromic u n i t d e s c r i b e d above. 

( i l l ) Non-dr iven c e l l s - these neurones were u n a f f e c t e d by s t i m u l a t i o n 

of the MPH and as such were only d e t e c t e d i f they were spontaneous ly a c t i v e . 

The t e s t s f o r d r o m l c i t y were d i s p l a y e d on the s t o r a g e o s c i l l o s c o p e fo r 

a l l s t i m u l u s a c t i v a t e d u n i t s . In the m a j o r i t y o f c a s e s photographic records 

of t h e s e t e s t s were taken d i r e c t l y from the s t o r a g e o s c i l l o s c o p e , us ing a 

35 mm r e f l e x camera loaded wi th cathode ray o s c i l l o s c o p e f i l m (Kodak, RAR 2 ^ 9 5 ) . 

O c c a s i o n a l l y u n i t s were l o s t b e f o r e photographic r e c o r d s cou ld be taken and in 

a few c a s e s n e g a t i v e s were s p o i l e d dur ing the deve lop ing p r o c e s s . Photographic 

examples of v a r i o u s d r o m i c i t y c r i t e r i a t e s t s a r e shown In F i g u r e l . k . 

(A) ELECTROPHYSIOLOGICAL DATA - Between 1 and 6 r e c o r d i n g t r a c k s were made in 

e i t h e r hemisphere , and the f o l l o w i n g data were r e c o r d e d : -

( I ) Spontaneous f i r i n g r a t e s - the spontaneous f i r i n g r a t e s of a l l 

types of c e l l s were recorded o v e r a p e r i o d o f 300 s e c . Rates were taken as 

soon as a c e l l was i s o l a t e d w i t h an e a s i l y d i s c r l m i n a b l e s i g n a l to n o i s e 

r a t i o C*:l or g r e a t e r ) and i t was a s c e r t a i n e d t h a t on ly output from a s i n g l e 

c e l l was be ing recorded ( t h i s was e a s i l y done by a comparison of a c t i o n 

p o t e n t i a l a m p l i t u d e s ; a c t i o n p o t e n t i a l s produced from the same c e l l have the 

same a m p l i t u d e , though t h i s ampl i tude wl11 d i f f e r between c e l l s ) . 



F i g u r e 2.k 

Pho tog raphs o f o s c i l l o s c o p e t r a c e s s h o w i n g t e s t s f o r a n t i d r o m i c and 

o r t h o d r o m i c s t i m u l a t i o n o f CMA n e u r o n e s , and t h e measurement o f t h e 

n e u r o n a l a b s o l u t e r e f r a c t o r y p e r i o d . 

A = 3 s u p e r i m p o s e d t r a c e s show ing a c o n s t a n t l a t e n c y response o f CMA 
neu rone t o s t i m u l a t i o n o f t h e MPH. T h i s i n d i c a t e s a n t i d r o m i c i n v a s i o n . 

B = C o l l i s i o n d e m o n s t r a t e d on an a n t i d r o m i c a l l y s t i m u l a t e d CMA n e u r o n e . 
The f i r s t s t i m u l u s p u l s e w h i c h i s t r i g g e r e d by a spon taneous a c t i o n 
p o t e n t i a l c o l l i d e s w i t h i t and does n o t evoke an a c t i o n p o t e n t i a l . 
The second s t i m u l u s p u l s e evokes an a c t i o n p o t e n t i a l as n o r m a l . 

C = A d e l a y i n t e r p o s e d between a spon taneous a c t i o n p o t e n t i a l and i t s 
t r i g g e r i n g o f a s t i m u l u s p u l s e p a i r p r e v e n t s c o l l i s i o n (see t e x t ) . 

D = 3 s u p e r i m p o s e d t r a c e s show ing a v a r i a b l e l a t e n c y response o f a CMA 
• neu rone t o s t i m u l a t i o n o f t h e MPH. T h i s i n d i c a t e s o r t h o d r o m i c s t i m u l a t i o n 

E = The absence o f c o l l i s i o n . The spon taneous a c t i o n p o t e n t i a l does n o t 
c o l l i d e w i t h t h e f i r s t s t i m u l u s p u l s e w h i c h i t t r i g g e r s ( u n l i k e 
p h o t o g r a p h B ) . T h i s i n d i c a t e s o r t h o d r o m i c s t i m u l a t i o n . 

F = Measurement o f t h e n e u r o n a l a b s o l u t e r e f r a c t o r y p e r i o d . The second 
s t i m u l u s p u l s e o f two o r more t i m e s t h r e s h o l d evokes an a c t i o n p o t e n t i a l 
h a l f t h e t i m e . The p h o t o g r a p h shows two s u p e r i m p o s e d t r a c e s , t h e second 
evoked a c t i o n p o t e n t i a l o c c u r r i n g i n o n l y one o f t hem. 
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G e n e r a l l y , a t l e a s t 100 s e c were a l lowed to e l a p s e between the i s o l a t i o n 

of a u n i t and the r e c o r d i n g of I t s spontaneous a c t i v i t y . F i r i n g r a t e s of 

CMA neurones were u n i v e r s a l l y s low (o f ten below 1 H z ) ; hence th ree s u c c e s s i v e 

100 s e c counts were used and the f i r i n g ra te reduced to a 100 s e c mean. 

O c c a s i o n a l l y counts were on ly made f o r one or two 100 s e c i n t e r v a l s when a 

u n i t was l o s t . No counts were made, however, when a recorded u n i t was o b v i o u s l y 

damaged - i . e . showed abnormal wave form. 

( i i ) A b s o l u t e r e f r a c t o r y per iod - t h i s was measured f o r u n i t s which 

s a t i s f i e d the c r i t e r i a fo r a n t i d r o m i c ! t y . The method employed was e s s e n t i a l l y 

the same as t h a t used by R o l l s (1971)* The t h r e s h o l d s t i m u l u s c u r r e n t was 

I n c r e a s e d , and the i n t e r v a l between p u l s e s of a s t i m u l u s p u l s e p a i r d e c r e a s e d , 

u n t i l the minimum i n t e r v a l which cou ld be fo l lowed 50% o f the time was reached . 

The c u r r e n t r e q u i r e d f o r t h i s was normal ly in the region o f tw ice t h r e s h o l d 

( i n a c c o r d a n c e w i th R o l l s ) , though o c c a s i o n a l l y as much as th ree t imes t h r e s h o l d 

c u r r e n t was r e q u i r e d . The r e d u c t i o n of the r e f r a c t o r y pe r iod was u s u a l l y 

minimal w i t h f u r t h e r i n c r e a s e s above tw ice t h r e s h o l d c u r r e n t . A t y p i c a l 

photograph o f an o s c i l l o s c o p e t r a c e I l l u s t r a t i n g the measurement o f an a b s o l u t e 

r e f r a c t o r y p e r i o d i s shown in F i g u r e 2.k. 

The a b s o l u t e r e f r a c t o r y per iod o f a CMA neurone was c a l c u l a t e d to be the 

time I n t e r v a l between the end o f the f i r s t s t i m u l u s p u l s e and the beginning 

of the second s t i m u l u s p u l s e of a p u l s e p a i r , a t which the second evoked a c t i o n 

p o t e n t i a l o c c u r r e d 50% of the t ime . 

( I I i ) O c c a s i o n a l l y e s t i m a t i o n s o f rheobase c u r r e n t s and c h r o n a x l e s 

were made. Rheobase c u r r e n t i s the amount o f c u r r e n t n e c e s s a r y to s t i m u l a t e 

a long dura t ion p u l s e . Chronax ie I s the time on a c o n s t r u c t e d s t r e n g t h -

dura t ion c u r v e f o r t w i c e rheobase c u r r e n t (Ranck, 1975) . 

( I v ) Approximate conduct ion v e l o c i t i e s were a l s o c a l c u l a t e d f o r 

a n t l d r o m l c a l l y i d e n t i f i e d CMA neurones . The formula f o r t h i s c a l c u l a t i o n i s : -



35 

Conduction v e l o c i t y = d i s t a n c e between the MPH and CMA 

La tency of evoked a c t i o n p o t e n t i a l 

The d i s t a n c e a long the ST from the CMA to the MPH was c a l c u l a t e d to be 

approx imate ly 8 mm. However, g iven the long looping c o u r s e of the ST and the 

s i z e of the CMA and MPH, t h i s e s t i m a t e i s only rough. 

(5) STATISTICAL TREATMENT OF DATA -

I t i s erroneous to t r e a t i n d i v i d u a l neurones recorded from any p a r t i c u l a r 

animal as s t a t i s t i c a l l y independent , s i n c e a l l neurones recorded from a s i n g l e 

animal mus t , to some d e g r e e , be dependent on the s t a t e o f the a n i m a l , the 

e l e c t r o d e used and the f a c t tha t a d j a c e n t neurones on an e l e c t r o d e t r a c k may 

have s i m i l a r p r o p e r t i e s . Consequent ly , f o r any p a r t i c u l a r r a t , the l a t e n c i e s , 

c h r o n a x i e s and the a b s o l u t e r e f r a c t o r y p e r i o d s recorded were summed and reduced 

to a s i n g l e mean. The same procedure was c a r r i e d out fo r f i r i n g r a t e s , excep t 

tha t median v a l u e s were t a k e n . 

A Mann-Whitney U t e s t was employed to compare these means o r medians 

( f i r i n g r a t e s , l a t e n c i e s , c h r o n a x i e s , and a b s o l u t e r e f r a c t o r y p e r i o d s ) in 

' i n t a c t ' and ' c a s t r a t e ' r a t s , f o r d i f f e r e n t c l a s s e s of CMA neurones . 

(6) HI STOLOGY -

( i ) Marking of s t i m u l a t i n g and r e c o r d i n g e l e c t r o d e p o s i t i o n s - At 

the end o f each exper iment a 20 ua anodal c u r r e n t was passed through the 

s t i m u l a t i n g e l e c t r o d e f o r 1 - 2 min. A 10 \ia ca thoda l c u r r e n t ( d e l i v e r e d 

us ing a 120 v o l t s DC s o u r c e ) was passed down the r e c o r d i n g m i c r o e l e c t r o d e f o r 

15 min o r more. The e x a c t c u r r e n t a t the t i p of the e l e c t r o d e v a r i e d a c c o r d i n g 

to the r e s i s t a n c e of the e l e c t r o d e (5 - 15 megohms). The c u r r e n t passed down 

the s t i m u l a t i n g e l e c t r o d e caused a d e p o s i t i o n o f i ron in the sur rounding 

t i s s u e , which was s t a i n e d P r u s s i a n blue by adding a smal l amount of po tass ium 

f e r r o c y a n i d e to the f o r m o l s a l i n e s o l u t i o n used f o r p e r f u s i o n . The c u r r e n t 

passed down the r e c o r d i n g m i c r o e l e c t r o d e caused a smal l amount o f pontamine 

b lue to be e j e c t e d in to the t i s s u e sur round ing the t i p . The d iameters of 

these b lue s p o t s were g e n e r a l l y around 150 u f o r the s t i m u l a t i n g e l e c t r o d e s 
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and 20 - ^0 u f o r the r e c o r d i n g m l c r o e l e c t r o d e s . 

A f t e r c u r r e n t s had been passed down the s t i m u l a t i n g and r e c o r d i n g 

e l e c t r o d e s the an ima ls were g iven an overdose of sodium p e n t o b a r b i t a l , and 

two minutes l a t e r p e r f u s e d through the h e a r t w i th a 5% n e u t r a l f o r m o s a l i n e 

s o l u t i o n to which a smal l amount of potass ium f e r r o c y a n l d e had been added. 

Normally an imals were p e r f u s e d w h i l e s t i l l in the s t e r e o t a x i c frame and w i t h 

both record ing and s t i m u l a t i n g e l e c t r o d e s embedded In the b r a i n , l e f t f o r 

two o r th ree hours in o rder to f a c i l i t a t e the l o c a l i s a t i o n of e l e c t r o d e 

t r a c k s . The an imals were then d e c a p i t a t e d and t h e i r heads s t o r e d f o r two 

weeks or more in 5% n e u t r a l f o r m o l s a l I n e . 

( i i ) H i s t o l o g i c a l procedure - The b r a i n s were removed from the 

a n i m a l s ' h e a d s , dehydrated in i n c r e a s i n g c o n c e n t r a t i o n s o f a l c o h o l , c l e a r e d 

in to luene or ch loro form and impregnated in p a r a f f i n wax u s i n g an automat ic 

t i s s u e p r o c e s s o r (Shandon E l l i o t ) . The b r a i n s were then b locked in p a r a f f i n 

wax, and cut a t between 10 and 15 u on a microtome (American O p t i c a l L td -

"820" Spencer Microtome) a t the o r i e n t a t i o n of the a t l a s of Konig and K l i p p e l 

(1963) • S e c t i o n s were mounted on g l a s s s l i d e s and s t a i n e d in c r e s y l v i o l e t and 

luxo l f a s t b lue ( K l u v e r and B a r r e r a , 1 9 5 3 ) . E l e c t r o d e t r a c k s were l o c a t e d 

under a low power m i c r o s c o p e . 

( M i ) E l e c t r o d e t r a c k r e c o n s t r u c t i o n - The s t r u c t u r e s from which the 

a c t i v i t y of s i n g l e neurones was recorded were c a l c u l a t e d by us ing s t e r e o t a x i c 

r e f e r e n c e c o o r d i n a t e s in the b r a i n ; the depth from the s u r f a c e o f the b r a i n 

e i t h e r to the marked t i p o f the e l e c t r o d e , or to the bottom of the b r a i n , was 

adapted to the a t l a s of Konig and K l i p p e l . The l o c a t i o n s of recorded 

neurones cou ld then be c a l c u l a t e d from these adapted Kbnig and K l i p p e l 

c o o r d i n a t e s , by r e f e r e n c e to the s t e r e o t a x i c depth a t which they were 

e n c o u n t e r e d . 

Photomicrographs o f t y p i c a l s t i m u l a t i n g and r e c o r d i n g s i t e s a r e shown 

in F i g u r e 2 . 5 . 
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F i g u r e 2 . 5 

E x p e r i m e n t 1 : P h o t o m i c r o g r a p h s o f c o r o n a l s e c t i o n s show ing a t y p i c a l r e c o r d i n g 

s i t e i n t h e CMA and a s t i m u l a t i n g s i t e i n t h e MPH. 

• 
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m a c a 
mph = m e d i a l p r e o p t i c a n t e r i o r h y p o t h a l a m i c j u n c t i o n ; ma = t h e m e d i a l 
a m y g d a l a ; ca = t h e c o r t i c a l a m y g d a l a ; s t = t h e s t r i a t e r m i n a l i s . 
A = b l u e s p o t m a r k i n g t h e t i p o f t h e r e c o r d i n g e l e c t r o d e i n t h e CA. 
B = b l u e s p o t m a r k i n g t h e t i p o f t h e s t i m u l a t i n g e l e c t r o d e i n t h e MPH. 
C o o r d i n a t e s f o r t h e r e c o r d i n g e l e c t r o d e and s t i m u l a t i n g e l e c t r o d e p l acemen ts 
a r e A 3990u and A 6360u r e s p e c t i v e l y . ( K o n i g and K l i p p e l , 1 9 6 3 ) . 
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2 . 2 . 2 . R e s u l t s 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

H i s t o l o g i c a l a n a l y s i s showed tha t a n t i d r o m i c a l l y s t i m u l a t e d neurones 

were a lways recorded from the CMA, whereas some or thodromic and n o n - d r i v e n 

neurones were a l s o encountered in the v e n t r a l hippocampus. R e s u l t s from 

these l a t t e r c e l l s were not used in the a n a l y s i s . A n t i d r o m i c a l l y s t i m u l a t e d 

CMA neurones were encountered in the caudal p o r t i o n of the CMA (between 

A 3990u and A2580u, Konig and K l i p p e l , 1963 ) , in accordance w i t h anatomica l 

ev idence (de Olmos, 1972 ) . The c e l l types were a l l r ep resen ted in a l l p a r t s 

of the caudal CMA; f o r example there was no d i f f e r e n c e between the 

c h a r a c t e r i s t i c s o f neurones encountered in the medial and c o r t i c a l amygdaloid 

n u c l e i . A f u r t h e r comment on l o c a l i z a t i o n can be found in Chapter 

( S e c t i o n 4 . 5 ) . L o c a l i s a t i o n of a n t i d r o m i c a l l y i d e n t i f i e d CMA neurones i s 

shown in F i g u r e 2A of the Appendix. 

The placement o f s t i m u l a t i n g e l e c t r o d e s in the MPH was a lways between 

A 7020u and A 6060u (Konig and K l i p p e l , 1963) . The s t i m u l a t i o n c o o r d i n a t e s 

a t which the s m a l l e s t c u r r e n t s were needed to a c t i v a t e CMA neurones were 

between A 6670u and A 6360JJ ; t h a t i s the a r e a o f the j u n c t i o n between 

the medial p r e o p t i c a r e a and the a n t e r i o r hypothalamus. 

Spontaneous F i r i n g R a t e s . 

( I ) A n t i d r o m i c a l l y i d e n t i f i e d CMA neurones - The spontaneous f i r i n g 

r a t e s o f 22 o f these neurones were recorded from 13 ' i n t a c t 1 r a t s , and o f 

18 neurones from 10 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t d i f f e r e n c e 

between the median spontaneous f i r i n g r a t e s in ' i n t a c t ' v ' c a s t r a t e ' male 

r a t s (Mann-Whitney U t e s t , U = 7 7 . 5 , n = 1 0 , 1 3 ; P > 0 . 0 5 ) . The o v e r a l l 

mean of these median f i r i n g r a t e s was 10.65 a c t i o n p o t e n t i a l s per 100 s e c 

in ' i n t a c t ' r a t s (range 1.00 - 1(4.50 a c t i o n p o t e n t i a l s per 100 s e c ) and 

6.51 a c t i o n p o t e n t i a l s per 100 s e c in ' c a s t r a t e ' r a t s (range 0 .33 - 18.92 

a c t i o n p o t e n t i a l s per 100 s e c ) . 



39 

( i i ) O r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones - T h i s group on ly i n c l u d e s 

s h o r t l a t e n c y s t i m u l a t e d u n i t s ( 9 . 5 - 37.0 m s e c ) . The spontaneous f i r i n g 

r a t e s of 18 CMA neurones were recorded from 10 ' i n t a c t ' r a t s , and 15 neurones 

from 9 ' c a s t r a t e ' r a t s . No s i g n i f i c a n t d i f f e r e n c e was found between the 

median f i r i n g r a t e s o f the two groups (U = 41 , n = 9 J 0 ; p > 0 . 0 5 ) . 

The o v e r a l l mean o f these median f i r i n g r a t e s was 65 .88 a c t i o n p o t e n t i a l s per 

100 s e c fo r ' i n t a c t 1 r a t s (range 4 .33 " 451.33 a c t i o n p o t e n t i a l s per 100 s e c ) 

and 89 .07 a c t i o n p o t e n t i a l s per 100 s e c fo r ' c a s t r a t e ' r a t s (range 0 .67 -

305.33 a c t i o n p o t e n t i a l s per 100 s e c ) . 

( i i i ) O r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones w i th long l a t e n c i e s (over 

50 msec) - Not enough of these were recorded to a l l o w a comparison of 

spontaneous f i r i n g r a t e s between the ' i n t a c t ' and ' c a s t r a t e ' groups. In a l l 

on ly 2 of these CMA u n i t s were recorded w i t h spontaneous f i r i n g r a t e s of 

64 .00 ( ' i n t a c t ' r a t ) and 87 .33 ( ' c a s t r a t e ' r a t ) a c t i o n p o t e n t i a l s per 

100 s e c . 

( i v ) Non-Driven spontaneous ly a c t i v e CMA neurones - 58 s p o n t a n e o u s , 

non -dr iven CMA neurones were recorded from 13 ' i n t a c t ' r a t s and 72 CMA 

neurones from 12 ' c a s t r a t e ' r a t s . No s i g n i f i c a n t d i f f e r e n c e was found 

between the median f i r i n g r a t e s o f CMA neurones in these groups (U= 59» 

n = 1 1 , 1 3 ; P > 0 . 0 5 ) . The o v e r a l l mean f o r the median f i r i n g r a t e s In 

each group was 201 .57 a c t i o n p o t e n t i a l s per 100 s e c in ' i n t a c t ' r a t s (range 

23.50 - 473.83 a c t i o n p o t e n t i a l s per 100 s e c ) and 158.73 a c t i o n p o t e n t i a l s 

per 100 s e c in ' c a s t r a t e ' r a t s (range 10.00 - 304.83 a c t i o n p o t e n t i a l s per 

100 s e c . 

The median spontaneous f i r i n g ra te v a l u e s fo r each r a t a r e g iven in 

T a b l e s 2 . 1 , a , b , o f the Appendix. 

Raw data v a l u e s f o r a l l spontaneous f i r i n g r a t e s a re inc luded in 

s e c t i o n 1 o f the Appendix . 

As a genera l o b s e r v a t i o n I t I s c l e a r tha t those CMA neurones which a r e 
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a n t i d r o m i c a l l y s t i m u l a t e d from the MPH have s lower spontaneous f i r i n g 

r a t e s than those CMA neurones which a r e o r t h o d r o m i c a l l y s t i m u l a t e d ; CMA 

neurones which a r e not s t i m u l a t e d from the MPH have the h i g h e s t spontaneous 

f i r i n g r a t e s o f a l l . 

A b s o l u t e R e f r a c t o r y P e r i o d s . 

( i ) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d 

from the MPH - The a b s o l u t e r e f r a c t o r y per iods o f 21 o f these were measured 

in 12 ' i n t a c t ' r a t s , and of 16 neurones in 9 ' c a s t r a t e ' r a t s . The mean 

a b s o l u t e r e f r a c t o r y p e r i o d s of ' c a s t r a t e 1 r a t s were s i g n i f i c a n t l y longer 

than those of the ' i n t a c t ' r a t s (U = 6 , n = 9 , 1 2 ; p < 0.002 two t a i l e d ) . 

The o v e r a l l mean a b s o l u t e r e f r a c t o r y p e r i o d was 1.03 msec f o r ' I n t a c t ' r a t s 

(range 0.60 - 1.70 msec) and 1.85 msec fo r ' c a s t r a t e ' r a t s (range 1.11 - 2 .50 msec) 

( i i ) S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH -

The a b s o l u t e r e f r a c t o r y p e r i o d s o f 22 o f these were measured in 10 ' I n t a c t ' 

r a t s and of 26 CMA neurones in 10 ' c a s t r a t e ' r a t s . The mean a b s o l u t e 

r e f r a c t o r y p e r i o d s were s i g n i f i c a n t l y longer in ' c a s t r a t e ' than In ' I n t a c t ' 

r a t s (U = 1 0 . 5 , n = 1 0 , 1 0 ; p < 0.02 two t a i l e d ) . The o v e r a l l mean a b s o l u t e 

r e f r a c t o r y p e r i o d f o r t h e s e CMA neurones was 0.99 msec In ' I n t a c t ' r a t s 

(range 0 .63 - 1 .26 msec) and l . / t6 msec In ' c a s t r a t e ' r a t s (range 0 .85 " 

2 .50 m s e c ) . 

( H i ) Combined spontaneous and s i l e n t CMA neurones a n t i d r o m i c a l l y 

s t i m u l a t e d from the MPH - When the a b s o l u t e r e f r a c t o r y p e r i o d s o f 

spontaneous ly a c t i v e and s i l e n t CMA neurones were combined in each r a t the 

f o l l o w i n g f i g u r e s were o b t a i n e d : 1.01 msec In ' i n t a c t ' r a t s (range 0.70 -

1.52 msec) and 1.61 msec in ' c a s t r a t e ' r a t s (range 1.10 - 2 .50 m s e c ) . 

A l t o g e t h e r , the a b s o l u t e r e f r a c t o r y per iods of ^3 neurones were recorded from 

13 ' I n t a c t ' r a t s and o f 42 neurones from 12 ' c a s t r a t e ' r a t s . A g a i n , the 

mean a b s o l u t e r e f r a c t o r y p e r i o d s In ' c a s t r a t e ' r a t s were s i g n i f i c a n t l y 

longer than those in ' i n t a c t ' r a t s (U = 10, n = 1 2 , 1 3 ; P < 0 .002 two t a i l e d ) . 
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The mean a b s o l u t e r e f r a c t o r y p e r i o d s of these CMA neurones for r a t s 

in both groups a r e g iven in Tab le 2 . 2 , and i l l u s t r a t e d in F i g u r e 2 . 6 . 

In those r a t s from which the a b s o l u t e r e f r a c t o r y p e r i o d s o f both 

s i l e n t and spontaneous ly a c t i v e CMA neurones were r e c o r d e d , there was 

no s i g n i f i c a n t d i f f e r e n c e between the two types of u n i t (Wilcoxon T e s t -

f o r ' i n t a c t ' r a t s n = 9 , T = 2 2 ; p > 0 . 0 5 : f o r ' c a s t r a t e ' r a t s n = 7» 

T = 9 ; p > 0 . 0 5 ) . 

Raw data a r e g iven in s e c t i o n 1 o f the Appendix. 

L a t e n c i e s and conduct ion v e l o c i t i e s . 

(1) A n t i d r o m i c a l l y s t i m u l a t e d CMA neurones - The mean l a t e n c i e s and conduct ion 

v e l o c i t i e s f o r CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH a r e 

g iven in Tab le 2 . 3 of the Appendix f o r both ' i n t a c t ' and ' c a s t r a t e ' r a t s . 

( i ) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d 

from the MPH - L a t e n c i e s were recorded f o r 27 o f these CMA neurones from 

13 ' i n t a c t ' r a t s and f o r 22 CMA neurones from 11 ' c a s t r a t e ' r a t s . There 

was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded from the 

two groups (U = 5 2 , n = 11 ,12 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y f o r 

' i n t a c t ' r a t s was 19.45 msec (range 9 .70 - 27.50 msec) and 23.82 msec (range 

9.80 - 37.00 msec) f o r ' c a s t r a t e ' r a t s . 

The o v e r a l l mean conduct ion v e l o c i t i e s were 0 .48 m/sec (range 0.29 -

0.82 m / s e c ) f o r ' i n t a c t ' r a t s , and 0.40 m/sec (range 0 .22 - 0 .82 m/sec) 

fo r ' c a s t r a t e ' r a t s . 

( i i ) S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH -

L a t e n c i e s were recorded fo r 29 of these CMA neurones from 11 ' i n t a c t ' r a t s , 

and f o r 32 CMA neurones from 11 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the mean l a t e n c i e s recorded from the two groups (U = 5 0 , 

n = 1 1 , 1 1 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y was 21 .45 msec (range 

7.40 - 33.50 msec) f o r ' I n t a c t ' r a t s , and 21 .98 msec (range 17.77 - 29.80 msec) 

fo r ' c a s t r a t e ' r a t s . 
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F i gu re 2 .6 

Experiment 1; Mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones an t id romica11y 

s t i m u l a t e d from the MPH. ' I n t a c t ' v ' C a s t r a t e ' r a t s . 
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spontaneous ly a c t i v e CMA neurones; B = s i l e n t CMA neurones; 
combined spontaneous + s i l e n t CMA neurones . 



43 

The o v e r a l l mean conduct ion v e l o c i t i e s were 0 .46 m/sec (range 
0 .24 - 1.09 m/sec ) fo r ' i n t a c t ' r a t s , and 0.40 m/sec (range 0 .29 - 0 .57 
m/sec ) fo r ' c a s t r a t e ' r a t s . 

( i i i ) Combined spontaneous and s i l e n t CMA neurones a n t i d r o m i c a l l y 

s t i m u l a t e d from the MPH - A l t o g e t h e r the l a t e n c i e s of 56 CMA neurones 

were recorded from 15 ' i n t a c t ' r a t s , and of 54 CMA neurones from 15 ' c a s t r a t e 

r a t s . Again there was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s 

recorded from these two groups (U = 8 3 , n = 1 5 , 1 5 ; p > 0 . 0 5 ) . The 

combined, o v e r a l l mean l a t e n c y was 20.21 msec (range 9 .70 - 30.50 msec) 

f o r ' i n t a c t ' r a t s , and 23 .02 msec (range 9.80 - 37.00 msec) fo r ' c a s t r a t e ' 

r a t s . 

The combined, o v e r a l l mean conduct ion v e l o c i t i e s were 0 .47 m/sec 

(range 0 .26 - 0 .82 m / s e c ) fo r ' i n t a c t ' r a t s , and 0.41 m/sec (range 

0.22 - 0 .82 m / s e c ) . 

In those r a t s from which l a t e n c i e s o f both s i l e n t and spontaneous ly 

a c t i v e CMA neurones were r e c o r d e d , there was no s i g n i f i c a n t d i f f e r e n c e 

between the two types o f u n i t (Wilcoxon T e s t - f o r ' i n t a c t 1 r a t s n = 9 , 

T = 19; P > 0 . 0 5 : f o r ' c a s t r a t e ' r a t s n = 7 , T = 4 ; p > 0 . 0 5 ) . 

(2) O r t h o d r o m I c a l l y s t i m u l a t e d CMA neurones - The v a r i a b l e l a t e n c i e s o f 

these neurones were reduced to a mean v a l u e , and these f i g u r e s a r e g iven 

in Tab le 2 .4 o f the Appendix. There were very few s i l e n t or thodromic 

u n i t s , hence comparisons between ' I n t a c t ' a n d ' c a s t r a t e ' r a t s were on ly 

made between combined spontaneous ly a c t i v e and s i l e n t CMA n e u r o n e s . 

A l t o g e t h e r the l a t e n c i e s of 26 CMA neurones were recorded from 10 ' t n t a c t ' ra 

and o f 18 CMA neurones from 10 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the mean l a t e n c i e s recorded from these two groups (U = 40 , 

n = 10 ,10 ; p > 0 . 0 5 ) . With the v a r i a b l e l a t e n c i e s reduced to a s i n g l e mean, 

the combined, o v e r a l l mean l a t e n c y was 20 .78 msec (range 9 .90 - 29.00 msec) 

f o r ' i n t a c t ' r a t s , and 23 .39 msec (range 14.40 - 30.85 msec) f o r ' c a s t r a t e ' 

r a t s . 



Raw data a r e g iven in s e c t i o n 1 of the Appendix. 

Rheobase c u r r e n t and Chronaxle e s t i m a t i o n s f o r a n t i d r o m i c a l l y i d e n t i f i e d 

CMA n e u r o n e s . 

Rheobase c u r r e n t s and c h r o n a x i e s were c a l c u l a t e d f o r 17 of these CMA 

neurones from 8 ' i n t a c t ' r a t s , and fo r 11 CMA neurones from 7 ' c a s t r a t e ' 

r a t s . There was no s i g n i f i c a n t d i f f e r e n c e between the mean c h r o n a x i e s f o r 

the two groups (U = 1 9 . 5 . n = 7 , 8 ; p = 0 .183 N S ) . In ' i n t a c t ' r a t s the 

o v e r a l l mean c h r o n a x i e was 487 usee (range 363 " 690 u s e e ) , and in ' c a s t r a t e ' 

r a t s 417 usee (range 250 - 580 u s e e ) . 

These c h r o n a x i e e s t i m a t i o n s f a l l in to the 200 - 700 usee ca tegory 

d e s c r i b e d by Ranck (1975) fo r grey m a t t e r . As y e t , however, the reasons 

for these long time c o n s t a n t s a r e unknown. No e lements in the c e n t r a l 

nervous system a r e known to have time c o n s t a n t s in t h i s range. I t i s 

p o s s i b l e tha t c h r o n a x i e s in t h i s range I n d i c a t e tha t the po in t o f s t i m u l a t i o n 

i s a node o f r a n v i e r as suggested by Ranck (1975 ) i nodes o f r a n v i e r In grey 

matter might have longer time c o n s t a n t s than in w h i t e m a t t e r . As y e t the re 

i s no d i r e c t e v i d e n c e f o r t h i s s u g g e s t i o n though i n t r a c e l l u l a r s t u d i e s 

of c e n t r a l nervous system f i b r e s have measured time c o n s t a n t s of between 

130 - 710 usee (Frank 6 F u o r t e s , 1956; Hunt 6 Kuno, 1959) thereby g i v i n g 

some support to t h i s p o s s i b i l i t y . 

For the p r e s e n t , however, the time c o n s t a n t s found in t h i s exper iment 

cannot be a t t r i b u t e d f o r c e r t a i n to any p a r t i c u l a r p a r t o f a neuronal p r o c e s s . 

Mean rheobase c u r r e n t s and c h r o n a x i e s f o r CMA neurones a r e g iven in 

Tab le 2 . 5 of the Appendix. Raw data for each r a t a r e g iven in s e c t i o n 1 

of the Appendix. 

2 . 2 . 3 D i s c u s s i o n . 

These r e s u l t s show t h a t c a s t r a t i o n lengthens the a b s o l u t e r e f r a c t o r y 

per iod o f CMA neurones which p r o j e c t to the MPH. No s i g n i f i c a n t d i f f e r e n c e 

between ' i n t a c t ' and ' c a s t r a t e ' r a t s was found fo r the spontaneous f i r i n g 

r a t e s , l a t e n c i e s o r c h r o n a x i e s of CMA n e u r o n e s . 
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Thus d e p l e t i o n o f gonadal hormones through long term c a s t r a t i o n a f f e c t s 

the membrane p r o p e r t i e s of CMA neurones which p r o j e c t to the MPH. The 

membrane must be a f f e c t e d s i n c e i t I s the a b s o l u t e r e f r a c t o r y p e r i o d which 

i s a l t e r e d . 

2 . 3 . Exper iment 2 : The e f f e c t s of c a s t r a t i o n on the e l e c t r i c a l a c t i v i t y 

o f CMA neurones which p r o j e c t to the c a p s u l e of the ventromedial n u c l e u s 

T h i s exper iment was c a r r i e d out to t e s t the p o s s i b i l i t y t h a t the 

c a s t r a t i o n induced lengthen ing o f the a b s o l u t e r e f r a c t o r y per iods o f 

CMA neurones which p r o j e c t to the MPH was not s imply due to a g e n e r a l , 

n o n - s p e c i f i c e f f e c t . 

Neurones o f the CMA p r o j e c t v i a the s t r i a te rmina l i s to the c a p s u l e o f 

the ventromedia l n u c l e u s o f the hypothalamus (VMC) (de Olmos, 1972) as w e l l 

as to the MPH. L e s i o n s o f the ventromedia l n u c l e u s have no e f f e c t on s e x u a l 

behav iour in the male r a t ( O l i v i e r , 1977) . The CMA neurones which p r o j e c t 

to the VMC were t h e r e f o r e c o n s i d e r e d to be a good c o n t r o l fo r the p o s s i b i l i t y 

tha t the r e s u l t s ob ta ined in Exper iment 1 merely r e f l e c t e d a n o n - s p e c i f i c 

e f f e c t o f c a s t r a t i o n in the c e n t r a l nervous s y s t e m . 

F i g u r e 2 . 7 shows a s c h e m a t i c r e p r e s e n t a t i o n o f the s t r i a te rmina l i s 

p r o j e c t i o n s from the CMA to the MPH and VMC. T h i s f i g u r e shows t h a t 

whereas both the hypotha lamic r a d i a t i o n and the re t rocommlssura l d i v i s i o n 

of the d o r s a l s t r i a te rmina l i s p r o j e c t to the MPH, on ly the hypotha lamic 

r a d i a t i o n p r o j e c t s to the VMC ( d e r i v e d from de Olmos, 1972 ) . 

2 .3-1 Method. 

Exper imenta l A n i m a l s . 

T w e n t y - s e v e n , a d u l t ma le , s e x u a l l y n a i v e , Porton a l b i n o W i s t a r r a t s 

(approximate ly 120 days of a g e ; weight 400 - 600g) were mainta ined on a 

12 hr r e v e r s e d l i g h t - d a r k s c h e d u l e . The r a t s were d i v i d e d randomly i n t o an 

' I n t a c t 1 group {\k r a t s ) and a ' c a s t r a t e ' group c a s t r a t e d under e t h e r 

a n a e s t h e s i a a t l e a s t 8 weeks p r i o r to e l e c t r o p h y s i o l o g i c a l r e c o r d i n g (13 r a t s ) 



F i g u r e 2 .7 

Schemat ic r e p r e s e n t a t i o n of the s t r i a t e rmina l i s p r o j e c t i o n s from the CMA 

to the MPH and the VMC. 

46 

/R /DST DST 
l 

H/DST 

VMC 

AH VMN 

MPH 

AH = a n t e r i o r hypothalamus; CMA = c o r t i c o m e d i a 1 amygdala; DST = the d o r s a l 
s t r i a t e r m i n a l i s ; H/DST = the hypotha lamic r a d i a t i o n of the DST; MPH = 
the medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n ; MPOA = the medial 
p r e o p t i c a r e a ; R/DST = the retrocommissura 1 d i v i s i o n of the DST; VMC = the 
c a p s u l e of the ventromedia l n u c l e u s ; VMN = the vent romedia l n u c l e u s . 

The b l a c k arrows l a b e l l e d 1 S 1 represent s t i m u l a t i n g e l e c t r o d e s , and the 
b l a c k arrow l a b e l l e d 1 R ' r e p r e s e n t s a r e c o r d i n g e l e c t r o d e . 

The H/DST i s shown a s p r o j e c t i n g from the same type of CMA neurone to the 
MPH and the VMC. There i s however no e v i d e n c e to date tha t the same CMA 
neurones p r o j e c t to both of these a r e a s . 

(de r i ved from de Olmos, 1972) . 
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At the time of e l e c t r o p h y s i o l o g i c a l r e c o r d i n g , r a t s were a t l e a s t 180 

days of age and weighed kOQ - 675g. 

Exper imenta l appara tus and des ign and p r o c e d u r e . 

These were e s s e n t i a l l y the same as d e s c r i b e d f o r Exper iment 1, except 

t h a t the VMC was used as the s t i m u l a t i o n s i t e as opposed to the MPH. 

A photomicrograph o f a t y p i c a l VMC s t i m u l a t i o n s i t e i s g iven in F i g u r e 2 . 8 . 

S t e r e o t a x i c c o o r d i n a t e s f o r the VMC were 1.5 - 2 .4 mm p o s t e r i o r to 

a b s o l u t e bregma; depth 8 .5 - 9 .00 mm from the s u r f a c e o f the b r a i n . 

2 , 3 . 2 R e s u l t s . 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

H is to logy showed tha t a n t i d r o m i c a l l y s t i m u l a t e d neurones were a lways 

recorded from the CMA. O r t h o d r o m i c a l l y s t i m u l a t e d neurones were a l s o on ly 

found in the CMA. Non-dr iven neurones were encountered in the v e n t r a l 

hippocampus as w e l l as the CMA, though these former u n i t s were not used in 

the a n a l y s i s . A n t i d r o m i c a l l y s t i m u l a t e d CMA neurones were encountered in the 

caudal p o r t i o n of the CMA (between A 3990u and A 2580u Konig and K l l p p e l , 1 9 6 3 ) , 

in accordance w i th anatomica l e v i d e n c e (de Olmos, 1972 ) . The c e l l types 

were a l l r ep resen ted in a l l p a r t s o f the caudal CMA: f o r example there was 

no d i f f e r e n c e between the c h a r a c t e r i s t i c s o f neurones encountered in the 

medial and c o r t i c a l amygdaloid n u c l e i . L o c a l i s a t i o n of a n t i d r o m i c a l l y i d e n 

t i f i e d CMA neurones i s shown in F i g u r e 2B o f the Appendix. 

The placement of s t i m u l a t i n g e l e c t r o d e s in the VMC was a lways 

between A 5340u and A 411 Op. No p a r t i c u l a r placement was found to be opt imal 

as f a r as s t i m u l a t i n g c u r r e n t was c o n c e r n e d . 

Spontaneous F i r i n g R a t e s . 

( I ) A n t i d r o m i c a l l y i d e n t i f i e d CMA u n i t s - O v e r a l l 33 of these 

spontaneous ly a c t i v e CMA neurones were recorded from 13 ' I n t a c t 1 r a t s , and 

33 CMA neurones from 10 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t d i f f e r e n c e 

between the median spontaneous f i r i n g r a t e s of CMA neurones recorded 
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F i g u r e 2 . 8 
E x p e r i m e n t 2 : A p h o t o m i c r o g r a p h o f a c o r o n a l s e c t i o n show ing a t y p i c a l 

s t i m u l a t i n g s i t e i n t h e c a p s u l e o f t h e v e n t r o m e d i a l n u c l e u s . 

/ 
' 1 

\ 9 J > A 
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-ex 

- .0" 

v m n 

vmn = t h e v e n t r o m e d i a l n u c l e u s o f t h e h y p o t h a l a m u s . The c a p s u l e o f t h e 
v e n t r o m e d i a l n u c l e u s i s a s m a l l band o f c e l l s w h i c h s u r r o u n d t h i s n u c l e u s 

A = b l u e s p o t m a r k i n g t h e t i p o f a s t i m u l a t i n g e l e c t r o d e i n t h e a r e a o f 
t h e vmn. The c o o r d i n a t e f o r t h i s p l acemen t i s A 4 6 2 0 u . ( K o n i g and K l i p p e 
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from the two groups (U = 5 2 , n = 1 0 , 1 3 ; p > 0 . 0 5 ) . The o v e r a l l mean of these 

median f i r i n g r a t e s was 261.30 a c t i o n p o t e n t i a l s per 100 s e c in ' i n t a c t * r a t s 

(range 45.33 - 485.67 a c t i o n p o t e n t i a l s per 100 s e c ) and 228.34 a c t i o n 

p o t e n t i a l s per 100 s e c fo r ' c a s t r a t e ' r a t s (range 94 .00 - 467.17 a c t i o n 

p o t e n t i a l s per 100 s e c ) . 

( l i ) O r t h o d r o m l c a l l y i d e n t i f i e d CMA u n i t s - T h i s group only I n c l u d e s 

s h o r t l a t e n c y s t i m u l a t e d u n i t s (3 .6 - 41.0 m s e c ) . The spontaneous f i r i n g 

r a t e s o f 21 of these CMA neurones were recorded from 12 ' i n t a c t ' r a t s , 

and of 8 CMA neurones from 5 ' c a s t r a t e ' r a t s . No s i g n i f i c a n t d i f f e r e n c e 

was found between the median f i r i n g r a t e s of the two groups (U = 2 9 , n = 5 , 1 2 ; 

p > 0 . 0 5 ) . The o v e r a l l mean o f these f i r i n g r a t e s was 212 .75 a c t i o n 

p o t e n t i a l s per 100 s e c fo r ' i n t a c t ' r a t s (range 29 .33 - 588 .67 a c t i o n 

p o t e n t i a l s per 100 s e c ) and 211 .57 a c t i o n p o t e n t i a l s per 100 s e c f o r 

' c a s t r a t e ' r a t s (range 55 .17 ~ 410.67 a c t i o n p o t e n t i a l s per 100 s e c ) . 

( i l l ) O r t h o d r o m l c a l l y i d e n t i f i e d CMA u n i t s w i t h long l a t e n c i e s (over 

50 m s e c ) . Not enough of t h e s e were recorded to a l l o w a comparison o f 

spontaneous f i r i n g r a t e s between ' I n t a c t ' and ' c a s t r a t e ' r a t s . In a l l , 

the spontaneous f i r i n g r a t e s of 3 such CMA neurones were r e c o r d e d . One u n i t 

was recorded from an ' I n t a c t ' r a t and had a mean f i r i n g ra te o f 1411.0 a c t i o n 

p o t e n t i a l s per 100 s e c . Two u n i t s were recorded from two ' c a s t r a t e ' r a t s 

w i th f i r i n g r a t e s of 959*33 and 110.00 a c t i o n p o t e n t i a l s per 100 s e c . 

( i v ) Non-dr iven spontaneous ly a c t i v e CMA neurones - 41 o f these 

CMA neurones were recorded from 11 ' I n t a c t ' r a t s and 50 CMA neurones from 

12 ' c a s t r a t e ' r a t s . No s i g n i f i c a n t d i f f e r e n c e was found between the median 

f i r i n g r a t e s of CMA neurones in these groups (U = 4 5 . 5 , N = 1 1 , 1 2 ; 

p > 0 . 0 5 ) . The o v e r a l l mean of the median f i r i n g r a t e s f o r each group 

was 158.01 a c t i o n p o t e n t i a l s per 100 s e c in ' i n t a c t ' r a t s ( range 20.00 -

313.33 a c t i o n p o t e n t i a l s per 100 s e c ) and 159.03 a c t i o n p o t e n t i a l s per 100 s e c 

in ' c a s t r a t e ' r a t s ( range 12.67 - 558.00 a c t i o n p o t e n t i a l s per 100 s e c ) . 
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The median spontaneous f i r i n g ra te v a l u e s fo r each r a t a r e g iven In 

T a b l e s 2 .6 a ,b of the Appendix. 

Raw data a r e i n c l u d e d in s e c t i o n 1 of the Appendix. 

Abso lu te R e f r a c t o r y P e r i o d s . 

( i ) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d 

from the VMC - The a b s o l u t e r e f r a c t o r y per iods of 33 o f these CMA neurones 

were measured in 13 ' I n t a c t * r a t s and o f 33 CMA neurones in 10 ' c a s t r a t e ' r a t s . 

The mean a b s o l u t e r e f r a c t o r y per iods were not s i g n i f i c a n t l y d i f f e r e n t between 

the two groups (U = 5 4 . 5 , n = 1 0 , 1 1 ; p > 0 . 0 5 ) . The o v e r a l l mean a b s o l u t e 

r e f r a c t o r y per iod was 1.17 msec f o r ' I n t a c t ' r a t s (range 0.84 - 1.52 msec) 

and 1.19 msec fo r ' c a s t r a t e ' r a t s (range 0.86 - 1.79 m s e c ) . 

( I I ) S i l e n t ( i . e . not spontaneous ly a c t i v e ) CMA neurones a n t i -

d r o m l c a l l y s t i m u l a t e d from the VMC - The a b s o l u t e r e f r a c t o r y p e r i o d s o f 

30 of these CMA neurones were measured In 10 ' i n t a c t ' r a t s and of 30 CMA 

neurones in 12 ' c a s t r a t e ' r a t s . The mean a b s o l u t e r e f r a c t o r y p e r i o d s of 

the two groups were not s i g n i f i c a n t l y d i f f e r e n t (U = 4 4 , n = 1 0 , 1 2 ; 

p > 0 . 0 5 ) . The o v e r a l l mean a b s o l u t e r e f r a c t o r y p e r i o d was 1.18 msec 

f o r ' i n t a c t ' r a t s (range 0.80 - 2.11 msec) and 1.26 msec f o r ' c a s t r a t e ' 

r a t s (range 0 .93 - 1.79 m s e c ) . 

( I l l ) Combined spontaneous and s i l e n t CMA neurones a n t i d r o m i c a l l y 

s t i m u l a t e d from the VMC - When the a b s o l u t e r e f r a c t o r y p e r i o d s o f spontaneous ly 

a c t i v e and s i l e n t CMA neurones were combined in each r a t the f o l l o w i n g 

f i g u r e s were o b t a i n e d : 1.23 msec in ' i n t a c t ' r a t s (range 0 .84 - 2.11 msec) 

and 1.21 msec in ' c a s t r a t e ' r a t s (range 0 .97 - 1.79 m s e c ) . In a l l , the 

a b s o l u t e r e f r a c t o r y p e r i o d s o f 57 CMA neurones were measured in 1 3 ' i n t a c t ' 

r a t s and 59 CMA neurones from 13 ' c a s t r a t e ' r a t s . Again the re was no 

s i g n i f i c a n t d i f f e r e n c e between the mean a b s o l u t e r e f r a c t o r y p e r i o d s o f the 

two groups (U = 8 1 , n = 1 3 , 1 3 ; p > 0 . 0 5 ) . 
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In those r a t s from which the a b s o l u t e r e f r a c t o r y p e r i o d s o f both s i l e n t 

and spontaneous ly a c t i v e CMA neurones were measured the re was no s i g n i f i c a n t 

d i f f e r e n c e between the two types o f u n i t (Wilcoxon T e s t - fo r ' i n t a c t 1 r a t s 

n = 7 , T = 9 ; p > 0 . 0 5 ; f o r ' c a s t r a t e ' r a t s n = 8 , T = 13; p > 0 . 0 5 ) . 

The mean a b s o l u t e r e f r a c t o r y per iods of these CMA neurones fo r r a t s 

in both groups a r e g iven in T a b l e 2 .7 of the Appendix and i l l u s t r a t e d In 

F i g u r e 2 . 9 . The raw f i g u r e s f o r the a b s o l u t e r e f r a c t o r y pe r iod measurements 

of CMA neurones a r e g iven in s e c t i o n 1 o f the Appendix. 

L a t e n c i e s and Conduct ion V e l o c i t i e s . 

(1) A n t l d r o m i c a l l y invaded CMA neurones - The mean l a t e n c i e s and conduct ion 

v e l o c i t i e s of CMA neurones a n t l d r o m i c a l l y s t i m u l a t e d from the VMC a r e 

g iven in T a b l e 2 . 8 of the Appendix . The d i s t a n c e between the CMA and the 

VMC v i a the s t r i a te rmina l i s was c a l c u l a t e d to be 10 mm. 

( i ) Spontaneously a c t i v e CMA neurones a n t i d r o m t c a l l y s t i m u l a t e d 

from the VMC - L a t e n c i e s were recorded fo r 35 of these CMA neurones from 

13 ' i n t a c t ' r a t s , and f o r 34 CMA neurones from 10 ' c a s t r a t e ' r a t s . There 

was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded from the 

two groups (U = 5 8 , n = 1 0 , 1 3 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y f o r 

' I n t a c t ' r a t s was 16.46 msec (range 10.00 - 24.20 msec) and 17.90 msec 

(range 6 .67 ~ 31.00 msec) f o r ' c a s t r a t e ' r a t s . The o v e r a l l mean conduct ion 

v e l o c i t i e s were 0.70 m/sec (range 0.46 - 1.00 m/sec ) fo r ' I n t a c t ' r a t s and 

0.70 m/sec (range 0.33 - 1.63 m / s e c ) f o r ' c a s t r a t e ' r a t s . 

( i i ) ' S i l e n t ' CMA neurones a n t l d r o m i c a l l y s t i m u l a t e d from the VMC -

L a t e n c i e s were recorded fo r 29 o f these CMA neurones from 10 ' i n t a c t ' r a t s 

and f o r 33 CMA neurones from 12 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the l a t e n c i e s recorded from the two groups (U = 44 , 

n = 1 0 , 1 2 , p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y fo r ' I n t a c t ' r a t s was 

18.22 msec ( range 9.80 - 25 .55 msec) and 20.11 msec (range 11.25 - 27.80 msec) 

f o r ' c a s t r a t e ' r a t s . The o v e r a l l mean conduct ion v e l o c i t i e s were 0 .68 m/sec 
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F i g u r e 2 .9 
Exper iment 2: Mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones an t id romica11y 
s t i m u l a t e d from the VMC. ' I n t a c t ' v ' C a s t r a t e ' r a t s . 
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(range 0.44 - 1.02 m/sec) f o r ' i n t a c t ' r a t s and 0 .60 m/sec (range 0 .36 -

0.90 m / s e c ) f o r ' c a s t r a t e * r a t s . 

( i l l ) Combined Spontaneous and S i l e n t CMA neurones a n t i d r o m i c a l l y 

s t i m u l a t e d from the VMC - A l t o g e t h e r , the l a t e n c i e s of 65 CMA neurones 

were recorded from 14 ' i n t a c t ' r a t s and of 67 CMA neurones from 13 ' c a s t r a t e ' 

r a t s . Again there was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s 

recorded from the two groups (U = 76 , n = 1 3 , 1 4 ; p > 0 . 0 5 ) . The combined 

o v e r a l l mean l a t e n c y was 17.00 msec (range 10.00 - 25 .55 msec) f o r ' I n t a c t ' 

r a t s and 18.86 msec (range 11.80 - 28 .62 msec) fo r ' c a s t r a t e ' r a t s . The 

combined, o v e r a l l mean conduct ion v e l o c i t i e s were 0.71 m/sec (range 0 .52 -

1.00 m/sec ) fo r ' i n t a c t ' r a t s , and 0.66 m/sec (range 0.40 - 1.31 m/sec ) 

f o r ' c a s t r a t e ' r a t s . 

In those r a t s from which l a t e n c i e s of both s i l e n t and spontaneous ly 

a c t i v e CMA neurones were r e c o r d e d , there was no s i g n i f i c a n t d i f f e r e n c e 

between the two types of u n i t (Wilcoxon T e s t - f o r ' i n t a c t ' r a t s n = 8 , 

T = 2 1 ; p > 0 . 0 5 ; f o r ' c a s t r a t e ' r a t s n = 9 , T = 2 0 ; p > 0 . 0 5 ) . 

(2) Or thodromtca l ly s t i m u l a t e d CMA neurones - The v a r i a b l e l a t e n c i e s of 

t h e s e neurones were reduced to a mean v a l u e in o r d e r to c a l c u l a t e a mean 

l a t e n c y f o r each r a t . The mean l a t e n c y f o r each r a t i s g iven in T a b l e 2 .9 

of the Appendix. There were very few s i l e n t o r t h o d r o m i c a l l y s t i m u l a t e d u n i t s 

hence comparisons between ' i n t a c t ' and ' c a s t r a t e ' r a t s were on ly made between 

spontaneous ly a c t i v e and s i l e n t CMA neurones combined. A l t o g e t h e r , the 

l a t e n c i e s of 27 CMA neurones were recorded from 12 ' i n t a c t ' r a t s and of 

17 CMA neurones from 7 ' c a s t r a t e ' r a t s . There was no s i g n i f i c a n t d i f f e r e n c e 

between the mean l a t e n c i e s recorded from t h e s e two groups (U = 2 4 , n = 7 , 1 2 ; 

p > 0 . 0 5 ) . With the v a r i a b l e l a t e n c i e s reduced to a s i n g l e mean, the o v e r a l 

mean l a t e n c y was 18.13 msec (range 11.80 - 29 .35 msec) f o r ' i n t a c t ' r a t s , 

and 22 .29 msec (range 17.35 - 34 .05 msec) f o r ' c a s t r a t e ' r a t s . 

The 6 CMA neurones which showed a p o s t - i n h i b i t o r y e x c i t a t i o n type o f 
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response had l a t e n c i e s o f between 47 and 125 msec. Two of these u n i t s were 

recorded from ' i n t a c t 1 r a t s and 4 from ' c a s t r a t e ' r a t s ; too few to a l l o w 

a meaningful s t a t i s t i c a l compar ison. 

Raw data a r e g iven in s e c t i o n 1 of the Appendix . 

Rheobase c u r r e n t and Chronaxie e s t i m a t i o n s for a n t i d r o m i c a l l y 

s t i m u l a t e d CMA n e u r o n e s . 

Rheobase c u r r e n t s and c h r o n a x i e s were c a l c u l a t e d f o r 7 CMA neurones 

from 5 ' i n t a c t ' r a t s and f o r 9 CMA neurones from 6 ' c a s t r a t e ' r a t s . There 

was no s i g n i f i c a n t d i f f e r e n c e between the mean c h r o n a x i e s f o r the two groups 

(U = 1 4 , n = 5 , 6 ; p = 0.465 Not S i g n i f i c a n t ) . In ' I n t a c t ' r a t s the o v e r a l l 

mean c h r o n a x i e was 432 . 0 usee (range 292 - 595 usee ) and in ' c a s t r a t e ' r a t s 

451.0 usee (range 250 - 772 u s e e ) . These c h r o n a x i e e s t i m a t i o n s f a l l (with 

one e x c e p t i o n o f 772 u s e e ) In to the 200 - 700 usee ca tegory d e s c r i b e d by 

Ranck (1975) f o r grey mat ter and d i s c u s s e d p r e v i o u s l y . 

Mean rheobase c u r r e n t s and c h r o n a x i e s f o r CMA neurones a r e g iven in 

Tab le 2 .10 o f the appendix . Data fo r i n d i v i d u a l neurones from each r a t 

a re g iven in s e c t i o n 1 o f the Appendix. 

2 . 4 . Comparison o f R e s u l t s from Exper iments 1 and 2 . 

Comparison o f Spontaneous f i r i n g r a t e s . 

( I ) A n t l d r o m i c a l l y I d e n t i f i e d CMA neurones - The median spontaneous 

f i r i n g r a t e s o f CMA neurones I d e n t i f i e d as p r o j e c t i n g d i r e c t l y to the MPH 

were of a s i g n i f i c a n t l y lower f requency to those I d e n t i f i e d as p r o j e c t i n g 

to the VMC f o r both ' i n t a c t ' and ' c a s t r a t e * r a t s ( f o r ' I n t a c t ' U = 0 , 

n = 1 3 ; p < 0 .002 two t a i l e d : fo r ' c a s t r a t e ' U = 0 n = 1 0 , 1 0 ; p < 0 .002 

two t a i l e d ) . 

( I I ) O r t h o d r o m i c a l l y s t i m u l a t e d CMA neurones - The median spontaneous 

f i r i n g r a t e s of CMA neurones i d e n t i f i e d as r e c e i v i n g p r o j e c t i o n s from the 

a r e a of the MPH in ' i n t a c t ' r a t s were of a s i g n i f i c a n t l y lower f requency 

to those r e c e i v i n g p r o j e c t i o n s from the a r e a of the VMC (U = 16, n = 1 0 , 1 2 ; 
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Fi gure 2 .10 

Exper iments 1 and 2: Comparison of mean a b s o l u t e r e f r a c t o r y p e r i o d s in CMA 
neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH v VMC. 
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p < 0 .02 t w o - t a i l e d ) . No s i g n i f i c a n t d i f f e r e n c e was found f o r ' c a s t r a t e ' 

an ima ls (U = 10, n = 5 , 9 ; P > 0 . 0 5 ) though the sma l l number o f r a t s in 

the VMC s t i m u l a t i o n group ( 5 ) , may have c o n t r i b u t e d to t h i s n e g a t i v e 

f i n d l n g . 

O r t h o d r o m i c a l l y s t i m u l a t e d CMA neurones which showed a p o s t - i n h i b i t o r y 

e x c i t a t i o n type o f response were i n s u f f i c i e n t l y l a r g e In number to a l l o w a 

meaningful s t a t i s t i c a l compar ison . 

( i l l ) Non-Driven CMA neurones - No s i g n i f i c a n t d i f f e r e n c e s were found 

fo r the spontaneous f i r i n g r a t e s of CMA neurones which d id not respond to 

MPHor VMC s t i m u l a t i o n ( f o r ' i n t a c t ' r a t s U = 64, n = 1 1 , 1 3 ; p > 0 . 0 5 : 

fo r ' c a s t r a t e * r a t s U = 49, n = 1 1 , 1 1 ; p > 0 . 0 5 ) . 

The above comparisons a r e i l l u s t r a t e d in F i g u r e 2 . 1 1 . 

Comparison of A b s o l u t e R e f r a c t o r y P e r i o d s . 

( I ) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d 

from the MPH v VMC - There were s i g n i f i c a n t d i f f e r e n c e s between the 

mean a b s o l u t e r e f r a c t o r y p e r i o d s o f CMA neurones s t i m u l a t e d from the MPH 

and VMC In both ' i n t a c t * and ' c a s t r a t e ' r a t s ( f o r ' i n t a c t ' r a t s U = 3 0 . 5 , 

n = 1 1 , 1 2 ; p < 0 .05 t w o - t a i l e d : fo r ' c a s t r a t e ' r a t s U = 11, n = 9,10; 

p < 0.02 t w o - t a l l e d ) . 

( I I ) S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH v 

VMC - There were no s i g n i f i c a n t d i f f e r e n c e s between the mean a b s o l u t e 

r e f r a c t o r y per iods of CMA neurones s t i m u l a t e d from the MPH and VMC in both 

' i n t a c t * and ' c a s t r a t e ' r a t s ( f o r ' i n t a c t ' r a t s U = 3 1 . 5 , n = 1 0 , 1 2 ; 

p > 0 . 0 5 : f o r ' c a s t r a t e ' r a t s U = 44.5, n = 1 0 , 1 2 ; p > 0 . 0 5 ) . 

( M i ) Combined spontaneous and s i l e n t CMA neurones a n t i d r o m l c a l ly 

s t i m u l a t e d from the MPH v VMC - There was an o v e r a l l s i g n i f i c a n t d i f f e r e n c e 

between the mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones s t i m u l a t e d 

from the MPH and VMC In both ' i n t a c t ' and , ' c a s t r a t e ' r a t s ( f o r ' i n t a c t ' 

r a t s U = 44, n = 1 3 , 1 3 ; P < 0 .05 t w o - t a i l e d : f o r ' c a s t r a t e ' r a t s U = 2 5 , 
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n = 1 2 , 1 3 ; p < 0 .02 t w o - t a i l e d ) . 

The above comparisons a r e I l l u s t r a t e d In F i g u r e 2 . 1 0 . 

Comparison of L a t e n c i e s and Conduct ion V e l o c i t i e s . 

(1) A n t l d r o m i c a l l y s t i m u l a t e d CMA neurones - There were no s i g n i f i c a n t 

d i f f e r e n c e s between the l a t e n c i e s and conduct ion v e l o c i t i e s , fo r CMA 

neurones s t i m u l a t e d a n t i d r o m i c a l l y from the MPH v VMC, in e i t h e r ' I n t a c t ' 

or ' c a s t r a t e ' r a t s ( for spontaneous ly a c t i v e neurones - ' i n t a c t ' r a t s 

U = 6 1 , n = 13»13» ' c a s t r a t e ' r a t s U = 38 , n = 1 0 , 1 1 ; f o r s i l e n t neurones -

' i n t a c t 1 r a t s U = 36 , n = 1 0 , 1 1 ; ' c a s t r a t e ' r a t s U = 55» n = 11 ,12 : 

f o r combined spontaneous + s i l e n t neurones - ' i n t a c t ' r a t s U = 71 , n = 1 4 , 1 5 ; 

' c a s t r a t e ' r a t s U = 6 9 , n = 13 ,15 : in a l l c a s e s p > 0 . 0 5 ) . 

(2) O r t h o d r o m i c a l l y s t i m u l a t e d CMA neurones - There were no s i g n i f i c a n t 

d i f f e r e n c e s between the l a t e n c i e s fo r CMA n e u r o n e s , s t i m u l a t e d o r t h o d r o m i c a l l y 

from the MPH v VMC, In e i t h e r ' i n t a c t ' o r ' c a s t r a t e ' r a t s ( f o r ' I n t a c t ' 

r a t s U = 4 1 , n = 1 0 , 1 2 ; p > 0 . 0 5 : f o r ' c a s t r a t e ' r a t s U = 2 8 , n = 7 , 1 0 ; 

p > 0. 0 5 ) . There were too few o r t h o d r o m i c a l l y s t i m u l a t e d CMA neurones 

showing a long l a t e n c y p o s t - i n h i b l t o r y type of a c t i v a t i o n to a l l o w a 

meaningful s t a t i s t i c a l comparison between MPH and VMC s t i m u l a t e d u n i t s . 

Comparison o f C h r o n a x l e s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the c h r o n a x i e s e s t i m a t e d 

f o r MPH v VMC s t i m u l a t i o n s i t e s in e i t h e r ' i n t a c t ' or ' c a s t r a t e ' r a t s 

( f o r ' i n t a c t ' r a t s U = 15 , n = 5 , 8 ; p > 0 . 0 5 : fo r ' c a s t r a t e ' r a t s U = 2 0 . 5 , 

n = 6 , 7 ; P > 0 . 0 5 ) . 

2 . 5 General D i s c u s s i o n . 

The r e s u l t s o f the above exper iments show tha t c a s t r a t i o n lengthens the 

mean a b s o l u t e r e f r a c t o r y per iods of CMA neurones which p r o j e c t to the MPH. 

I t has no e f f e c t on a d j a c e n t CMA neurones which p r o j e c t to the VMC, so i t s 

e f f e c t i s s p e c i f i c . C a s t r a t i o n d id not a f f e c t the spontaneous f i r i n g r a t e s 

of a n t t d r o m i c a l l y , o r t h o d r o m i c a l l y o r n o n - d r i v e n CMA neurones i d e n t i f i e d 

by s t i m u l a t i o n o f e i t h e r the MPH o r the VMC, o r the l a t e n c i e s / c o n d u c t i o n 
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F i gu re 2.11 

Exper iments 1 and 2 : Comparison of spontaneous f i r i n g r a t e s in CMA neurones 

i d e n t i f i e d by s t i m u l a t i o n of the MPH v VMC. 
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v e l o c i t i e s or c h r o n a x l e s o f CMA neurones s t i m u l a t e d from e i t h e r the MPH or 

the VMC. 

The mean a b s o l u t e r e f r a c t o r y p e r i o d s of spontaneous ly a c t i v e CMA 

neurones p r o j e c t i n g to the MPH were s i g n i f i c a n t l y s h o r t e r than those 

p r o j e c t i n g to the VMC, and the spontaneous f i r i n g r a t e s o f both ant I d r o m l c a l l y 

and o r t h o d r o m i c a l l y s t i m u l a t e d neurones were s i g n i f i c a n t l y s l o w e r f o r u n i t s 

d r i v e n from the MPH as opposed to those d r i ven from the VMC (with the 

e x c e p t i o n of CMA neurones showing or thodromic a c t i v a t i o n in ' c a s t r a t e ' r a t s . 

T h i s d i s c r e p a n c y may have been caused by the s m a l l e r sample In t h i s g r o u p ) . 

Consequent ly i t appears tha t the popu la t ion o f CMA neurones which p r o j e c t to 

the MPH I s d i s t i n c t from those which p r o j e c t to the VMC. 

From the above r e s u l t s i t can be concluded t h a t c a s t r a t i o n a f f e c t s 

membrane p r o p e r t i e s o f CMA neurones which p r o j e c t d i r e c t l y to the MPH. The 

s i t e of a c t i o n o f the hormone must be the membrane and not the s y n a p s e , 

s i n c e I t I s the a b s o l u t e r e f r a c t o r y pe r iod which I s a l t e r e d . 
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NEURONES. 

3.1 I n t r o d u c t i o n . 

The exper iments In Chapter 2 demonstrated tha t c a s t r a t i o n lengthened 

the a b s o l u t e r e f r a c t o r y p e r i o d s o f c o r t l c o m e d i a l amygdala (CMA) neurones 

which p r o j e c t to the medial p r e o p t t c / a n t e r i o r hypotha lamic j u n c t i o n (MPH). 

I t i s w e l l e s t a b l i s h e d t h a t t e s t o s t e r o n e can comple te ly r e s t o r e s e x u a l behaviou 

in the c a s t r a t e d male r a t ( B e a c h , 1961; Young, 1961) . In consequence , t h i s 

Chapte r d e s c r i b e s an exper iment designed to determine whether t reatment 

o f c a s t r a t e d r a t s w i t h a s u f f i c i e n t dose o f t e s t o s t e r o n e to r e s t o r e f u l l 

sexua l behav iour would s i g n i f i c a n t l y reduce the lengthened a b s o l u t e r e f r a c t o r y 

p e r i o d s o f t h e s e CMA n e u r o n e s , i . e . , r e v e r s e the e f f e c t o f c a s t r a t i o n . 

3 .2 Experiment 3 : The e f f e c t s o f t e s t o s t e r o n e on the a b s o l u t e r e f r a c t o r y 

p e r i o d s of CMA n e u r o n e s . 

3 .2 .1 Method. 

Exper imenta l Animals and Hormone T r e a t m e n t s . 

Twenty th ree a d u l t m a l e , s e x u a l l y n a i v e , Porton a l b i n o Wls ta r r a t s 

(approx imate ly 120 days o f a g e ; weight 400 - 600g) were u s e d . A l l r a t s were 

main ta ined on a 12hr r e v e r s e d l i g h t - d a r k s c h e d u l e and c a s t r a t e d under e t h e r 

a n a e s t h e s i a a t l e a s t 8 weeks p r i o r to u s e . A f t e r 8 weeks the r a t s were 

d i v i d e d randomly i n t o two g roups . The 12 r a t s in the exper imenta l group were 

g iven d a i l y subcutaneous i n j e c t i o n s of 200ug T e s t o s t e r o n e Prop iona te (TP) 

( K o c h - L i g h t L a b o r a t o r i e s ) in 0.1 ml a r a c h l s o i l f o r 18 - 22 days (a dose 

s u f f i c i e n t to r e s t o r e f u l l s e x u a l behav iour - P f a f f , 1970; Baum and V r e e b u r g , 

1973)* The 11 r a t s in the second c o n t r o l group, r e c e i v e d d a l l y subcutaneous 

i n j e c t i o n s o f 0.1 ml a r a c h i s o i l fo r 18 - 22 d a y s . 

At the time of e l e c t r o p h y s i o l o g i c a l r e c o r d i n g r a t s were a t l e a s t 180 days 

o f a g e , we igh ing *»00 - 675g. 
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Exper imenta l appara tus and des ign and p r o c e d u r e . 

These were e s s e n t i a l l y the same as d e s c r i b e d In the Method s e c t i o n o f 

Exper iment 1 ( in Chapter 2 ) . The MPH was used as the s t i m u l a t i o n s i t e . 

Chronax ies and rheobase c u r r e n t s were not measured in t h i s exper iment . 

3 . 2 . 2 R e s u l t s . 

Data were t r e a t e d in the same manner as in Exper iment 1. 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

These were the same as In Exper iment 1. L o c a l i s a t i o n o f a n t l d r o m i c a l l y 

i d e n t i f i e d CMA neurones i s shown in F i g u r e 3A o f the Appendix . 

Abso lu te R e f r a c t o r y P e r i o d s . 

( i ) Spontaneously a c t i v e CMA neurones a n t l d r o m i c a l l y s t i m u l a t e d from 

the MPH - The a b s o l u t e r e f r a c t o r y per iods o f k] CMA neurones were measured In 

11 r a t s t r e a t e d w i t h TP and of 30 CMA neurones in 11 c o n t r o l s t r e a t e d w i t h 

o i l . The mean a b s o l u t e r e f r a c t o r y p e r i o d s o f TP t r e a t e d r a t s were s i g n i f i c a n t l y 

s h o r t e r than those o f o i l t r e a t e d c o n t r o l r a t s (U = 4 . 5 , n = 11 ,11 ; 

p < 0.002 t w o - t a i l e d ) . The o v e r a l l mean a b s o l u t e r e f r a c t o r y per iod was 0.98 

msec fo r TP t r e a t e d r a t s (range 0 .65 ~ 1.25 msec) and ],k$ msec f o r o i l 

t r e a t e d r a t s (range 1.09 ~ 2.60 m s e c ) . 

( I t ) S i l e n t CMA neurones a n t l d r o m i c a l l y s t i m u l a t e d from the MPH -

The a b s o l u t e r e f r a c t o r y p e r i o d s o f 39 o f t h e s e CMA neurones were measured In 

12 TP t r e a t e d r a t s and of 23 CMA neurones from 11 o i l t r e a t e d r a t s . The 

mean a b s o l u t e r e f r a c t o r y p e r i o d s o f the TP t r e a t e d r a t s were s i g n i f i c a n t l y 

s h o r t e r than those o f the o i l t r e a t e d c o n t r o l r a t s (U = 15 , n= 1 1 , 1 2 ; 

p < 0.002 t w o - t a i l e d ) . The o v e r a l l mean a b s o l u t e r e f r a c t o r y pe r iod was 

1.01 msec f o r TP t r e a t e d r a t s (range 0 .58 - 1.19 msec) and 1.38 msec (range 

0.94 - 2 .15 m s e c ) . 

( i l l ) Combined spontaneous and s i l e n t CMA neurones a n t l d r o m i c a l l y 

s t i m u l a t e d from the MPH - When the a b s o l u t e r e f r a c t o r y p e r i o d s o f spontaneous ly 

a c t i v e and s i l e n t CMA neurones were combined in each r a t the f o l l o w i n g f i g u r e s 
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were o b t a i n e d : 0 .97 msec f o r TP t r e a t e d r a t s ( range 0.63 - 1.16 msec) and 

1.48 msec in o i l t r e a t e d r a t s (range 1.03 - 2 .38 m s e c ) . In a l l , the 

a b s o l u t e r e f r a c t o r y p e r i o d s o f 80 CMA neurones were recorded from 12 TP 

t r e a t e d r a t s and of 53 CMA neurones from 11 o i l t r e a t e d r a t s . A g a i n , 

t h e r e was a s i g n i f i c a n t d i f f e r e n c e between the mean a b s o l u t e r e f r a c t o r y 

per iods recorded from the two groups (U = 5 , n= 1 1 , 1 2 ; p < 0.002 two-

t a i l e d ) . 

In those r a t s from which the a b s o l u t e r e f r a c t o r y p e r i o d s o f both 

spontaneous ly a c t i v e and s i l e n t CMA neurones were measured, the re was no 

s i g n i f i c a n t d i f f e r e n c e between the two types o f u n i t (Wilcoxon T e s t -

f o r r a t s t r e a t e d w i t h TP n = 11 , T = 2 7 . 5 ; P > 0 . 0 5 : f o r r a t s t r e a t e d w i t h 

o i l n = 10, T = 2 1 . 0 ; p > 0 . 0 5 ) . 

The mean a b s o l u t e r e f r a c t o r y per iods o f t h e s e CMA neurones in both 

groups a r e g iven in T a b l e 3.3. o f the Appendix and i l l u s t r a t e d In F i g u r e 3 . 1 . 

The raw f i g u r e s f o r the a b s o l u t e r e f r a c t o r y p e r i o d measurements o f CMA 

neurones a r e g iven in s e c t i o n 2 o f the Appendix. 

Other Measurements. 

1. Spontaneous F I r i ng R a t e s . 

( I ) A n t l d r o m l c a l l y I d e n t i f i e d CMA neurones - The spontaneous f i r i n g 

r a t e s of 36 of t h e s e CMA neurones were recorded from 11 TP t r e a t e d r a t s and 

o f 29 CMA neurones from 11 o i l t r e a t e d r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the median spontaneous f i r i n g r a t e s of t h e s e neurones in 

TP v O i l t r e a t e d r a t s (U = 4 2 . 5 , n= 1 0 , 1 1 ; p > 0 . 0 5 ) . The o v e r a l l mean 

o f these median spontaneous f i r i n g r a t e s was 36.40 a c t i o n p o t e n t i a l s per 100 

s e c f o r TP t r e a t e d r a t s (range 1.33 ~ 331.50 a c t i o n p o t e n t i a l s per 100 s e c ) 

and 32.47 a c t i o n p o t e n t i a l s per 100 s e c f o r o i l t r e a t e d r a t s (range 3 .17 -

196.34 a c t i o n p o t e n t i a l s per 100 s e c ) . 

( i i ) O r t h o d r o m i c a U y i d e n t i f i e d CMA neurones - T h i s group on ly I n c l u d e s 

s h o r t l a t e n c y u n i t s ( 5 . 7 ~ 40.1 m s e c ) . The spontaneous f i r i n g r a t e s o f 
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Fi gu re 3.1 

Experiment 3: Mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones a n t i d r o m ! c a l l y 

s t i m u l a t e d from the MPH. C a s t r a t e d r a t s t r e a t e d w i th TP v O i l . 
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19 CMA neurones were recorded from 8 TP t r e a t e d r a t s and o f 10 CMA neurones 

from 6 o i l t r e a t e d r a t s . No s i g n i f i c a n t d i f f e r e n c e was found between the 

median spontaneous f i r i n g r a t e s of the two groups (U = 2 4 , n = 6 , 8 ; p = 0 . 5 2 5 . 

Not S i g n i f i c a n t ) . The o v e r a l l mean o f t h e s e median spontaneous f i r i n g r a t e s 

was 241.50 a c t i o n p o t e n t i a l s per 100 s e c f o r the TP t r e a t e d group (range 3-33 " 

1410.00 a c t i o n p o t e n t i a l s per 100 s e c ) and 82 .28 a c t i o n p o t e n t i a l s per 100 s e c 

for o i l t r e a t e d r a t s (range 3.00 - 334.34 a c t i o n p o t e n t i a l s per 100 s e c ) . 

( i ! i ) Orthodromics 11y i d e n t i f i e d CMA neurones (with long l a t e n c i e s and 

showing a p o s t - I n h i b i t o r y e x c i t a t i o n type of response) - Not enough o f these 

u n i t s were recorded to a l l o w a comparison o f spontaneous f i r i n g r a t e s between 

the TP and o i l t r e a t e d groups . In a l l , two of these neurones were recorded 

from o i l t r e a t e d r a t s (wi th spontaneous f i r i n g r a t e s of 173.33 and 534.00 

a c t i o n p o t e n t i a l s per 100 s e c ) and one from a TP t r e a t e d ra t (with a 

spontaneous f i r i n g ra te of 670 .67 a c t i o n p o t e n t i a l s per 100 s e c ) . 

( I v ) Ncn-Dr lven spontaneous ly a c t i v e CMA neurones - The spontaneous 

f i r i n g r a t e s o f 14 o f these CMA neurones were recorded from 5 TP t r e a t e d r a t s 

and of 18 CMA neurones from 8 o i l t r e a t e d r a t s . No s i g n i f i c a n t d i f f e r e n c e 

was found between the median spontaneous f i r i n g r a t e s of CMA neurones In these 

groups (U = 9 , n = 5 , 8 ; p = 0 . 4 7 2 . Not S i g n i f i c a n t ) . The o v e r a l l mean fo r 

the median spontaneous f i r i n g r a t e s In each group was 186.10 a c t i o n p o t e n t i a l s 

per 100 s e c f o r TP t r e a t e d r a t s (range 14.67 - 500.67 a c t i o n p o t e n t i a l s 

per 100 s e c ) and 247.06 a c t i o n p o t e n t i a l s per 100 s e c f o r the o i l t r e a t e d 

r a t s (range 2 .17 - 781.50 a c t i o n p o t e n t i a l s per 100 s e c ) . 

The median spontaneous f i r i n g r a t e v a l u e s f o r each r a t a r e g iven in 

Tab le 3.1 o f the Appendix. Raw data v a l u e s f o r a l l spontaneous f i r i n g r a t e s 

a re g iven In S e c t i o n 2 o f the Appendix. 

L a t e n c i e s and Conduct ion V e l o c i t i e s 

1. A n t l d r o m i c a l l y i d e n t i f i e d CMA neurones - The mean l a t e n c i e s and conduct ion 

v e l o c i t i e s f o r CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH a r e g iven 
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in Tab le 3 .3 o f the Appendix f o r both TP and O i l t r e a t e d r a t s . 

( i ) Spontaneously a c t i v e CMA neurones a n t l d r o m l c a l l y s t i m u l a t e d 

from the MPH - L a t e n c i e s were recorded f o r 41 o f these CMA neurones from 

11 TP t r e a t e d r a t s and fo r 32 CMA neurones from 11 o i l t r e a t e d r a t s . There 

was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded from the 

two groups (U = 4 1 , n = 1 1 , 1 1 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y was 

16.01 msec fo r TP t r e a t e d r a t s (range 7 .43 - 24 .63 )and 16.52 msec f o r o i l 

t r e a t e d r a t s (range 6.20 - 27 .65 m s e c ) . The o v e r a l l mean conduct ion 

v e l o c i t i e s were 0.60 m/sec fo r TP t r e a t e d r a t s (range 0 .34 - 1.08 m/sec ) and 

0.62 m/sec f o r o i l t r e a t e d r a t s (range 0.30 - 1.29 m / s e c ) . 

( i i ) S i l e n t CMA neurones a n t i d r o m l c a l l y s t i m u l a t e d from the MPH -

L a t e n c i e s were recorded fo r 39 o f these CMA neurones from 12 TP t r e a t e d r a t s 

and f o r 23 CMA neurones from 11 o i l t r e a t e d r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the mean l a t e n c i e s recorded from the two groups (U = 5 0 . 5 , 

n = 11 ,11 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c y was 18.63 msec f o r TP 

t r e a t e d r a t s (range 13.90 - 27 .00 msec) and 21 .59 msec f o r o i l t r e a t e d 

r a t s (range 12.10 - 31.00 m s e c ) . The o v e r a l l mean conduct ion v e l o c i t i e s 

were 0.50 m/sec f o r TP t r e a t e d r a t s ( range 0.30 - 0 .67 m/sec ) and 0.44 m/sec 

f o r o i l t r e a t e d r a t s (range 0.27 ~ 0.66 m / s e c ) . 

( i l l ) Combined Spontaneous and S i l e n t CMA neurones a n t i d r o m l c a l l y 

s t i m u l a t e d from the MPH - A l t o g e t h e r , the l a t e n c i e s of 80 CMA neurones were 

recorded from 12 TP t r e a t e d r a t s and of 55 CMA neurones from 11 o i l t r e a t e d 

r a t s . Again t h e r e was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s 

recorded from the two groups U = 52 , n = 1 1 , 1 2 ; p > 0 . 0 5 ) . The combined 

o v e r a l l mean l a t e n c y was 17.04 msec fo r TP t r e a t e d r a t s (range 10.98 - 23 .12 ms 

and 18.47 msec f o r o i l t r e a t e d r a t s (range 9 . 1 5 - 29 .18 m s e c ) . The combined 

o v e r a l l mean conduct ion v e l o c i t i e s were 0.56 m/sec f o r TP t r e a t e d r a t s (range 

0.44 - 0 .85 m / s e c ) and 0.54 m/sec f o r o i l t r e a t e d r a t s ( range 0.30 - 0 .98 m/sec 

In those r a t s from which l a t e n c i e s o f both s i l e n t and spontaneous ly 
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a c t i v e CMA neurones were recorded t h e r e was no s i g n i f i c a n t d i f f e r e n c e between 

the two types of u n i t f o r TP t r e a t e d r a t s (Wilcoxon T e s t - n= 11, T = 16; 

p > 0 . 0 5 ) . There w a s , however, a s i g n i f i c a n t d i f f e r e n c e between the 

l a t e n c i e s o f s i l e n t and spontaneous ly a c t i v e CMA neurones f o r o i l t r e a t e d 

r a t s (Wilcoxon T e s t - n = 11, T = 9 . 5 ; p < 0 .05 t w o - t a i l e d ) . 

2 . O r t h o d r o m i c s ! l y s t i m u l a t e d CMA neurones - The v a r i a b l e l a t e n c i e s o f 

t h e s e neurones were reduced to a s i n g l e mean v a l u e ( to one decimal p l a c e ) 

and the o v e r a l l mean l a t e n c y f o r each r a t c a l c u l a t e d . The o v e r a l l mean 

v a l u e s a r e g iven in T a b l e 3.** o f the Appendix. There were very few s i l e n t 

or thodromic u n i t s , hence comparisons between TP t r e a t e d and o i l t r e a t e d r a t s 

were on ly made between spontaneous ly a c t i v e and s i l e n t CMA neurones 

combined. 

A l t o g e t h e r , the l a t e n c i e s o f 26 CMA neurones were recorded from 9 TP 

t r e a t e d r a t s and of 13 CMA neurones from 7 o i l t r e a t e d r a t s . There was no 

s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded from these two 

groups (U = 2k, n = 7 , 9 ; p > 0 . 0 5 ) . With the v a r i a b l e l a t e n c i e s reduced to 

a s i n g l e mean, the c o m b l n e d , o v e r a l 1 , mean l a t e n c y was 19*50 msec f o r TP 

t r e a t e d r a t s (range ]k.h2 - 24.i»7 msec) and 17.8** msec f o r o i l t r e a t e d 

r a t s (range 13*^0 - 26 .75 m s e c ) . 

The 3 CMA neurones which showed a p o s t - I n h i b i t o r y e x c i t a t i o n type o f 

response had l a t e n c i e s of between kh and 125 msec. One of t h e s e u n i t s was 

recorded from a TP t r e a t e d ra t and two u n i t s from o i l t r e a t e d r a t s ; too 

few to a l l o w a meaningful s t a t i s t i c a l comparison between the groups . 

The raw f i g u r e s f o r l a t e n c i e s recorded from CMA neurones (both a n t l -

d r o m i c a l l y and o r t h o d r o m i c a l l y s t i m u l a t e d from the MPH) a r e g iven In 

s e c t t o n 2 of the Appendix. 

3 .3 Comparison o f R e s u l t s from Exper iments 1 (Chapter 2 ) and 3 . 

Comparison o f A b s o l u t e R e f r a c t o r y P e r i o d s 

There were no s i g n i f i c a n t d i f f e r e n c e s between the mean a b s o l u t e r e f r a c t o r y 
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per iods o f CMA neurones In the ' i n t a c t ' r a t s of Experiment 1 and the 

' c a s t r a t e ' r a t s t r e a t e d w i t h TP of Exper iment 3 : -

( I ) Spontaneously a c t i v e CMA neurones ( U = 6 5 . 5 , n = 1 1 , 1 2 ; p > 0 .05 ) 

( I I ) S i l e n t CMA neurones (U = 5 9 . 5 , n = 1 0 , 1 2 ; p > 0 . 0 5 ) . 

( i l l ) Combined spontaneous and s i l e n t CMA neurones (U = 7 1 - 5 . 

n = 1 2 , 1 3 ; p > 0 . 0 5 ) . 

There was a smal l s i g n i f i c a n t d i f f e r e n c e between ' c a s t r a t e ' r a t s 

(Exper iment 1) and ' c a s t r a t e ' r a t s t r e a t e d w i t h o i l (Exper iment 3) f o r : -

( i ) Spontaneously a c t i v e CMA neurones (U = 2 2 . 5 , n = 9 , 1 1 ; p < 0 .05 

two t a i l e d . ( I am doubtful tha t t h i s i s a genuine e f f e c t ) . 

There were no s i g n i f i c a n t d i f f e r e n c e s in the s i l e n t and combined 

spontaneous and s i l e n t c o m p a r l s o n s : -

( i i ) S i l e n t CMA neurones (U = 5 ^ . 5 , n = 1 0 , 1 1 ; p > 0 . 0 5 ) . 

( I l l ) Combined spontaneous and s i l e n t CMA neurones (U = 4 9 . 5 , n = 11,12 

p > 0 . 0 5 ) . 

The above comparisons a r e i l l u s t r a t e d in F i g u r e 3 . 2 . 

Comparison o f Spontaneous F i r i n g R a t e s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the median spontaneous 

f i r i n g r a t e s o f CMA neurones in ' I n t a c t ' r a t s and ' c a s t r a t e ' r a t s t r e a t e d 

w i th T P : -

(1) A n t i d r o m i c a l l y i d e n t i f i e d CMA neurones (U = 6 2 , n = 1 1 , 1 3 ; P > 0 . 0 5 ) . 

(2) Or thodromtca l l y i d e n t i f i e d CMA neurones (U = 4 0 , n = 8 , 1 0 ; p > 0 . 0 5 ) . 

(3) Non-dr iven CMA neurones (U = 2 8 , n = 5 , 1 3 ; P > 0 . 0 5 ) . 

S i m i l a r l y , there were no s i g n i f i c a n t d i f f e r e n c e s between the median 

spontaneous f i r i n g r a t e s of CMA neurones in ' c a s t r a t e ' r a t s (Exper iment 1 

and ' c a s t r a t e ' r a t s t r e a t e d w i t h o i l (Exper iment 3 ) : -

(1) A n t i d r o m i c a l l y I d e n t i f i e d CMA neurones (U = 2 5 , n = 1 0 , 1 0 ; p > 0 . 0 5 ) . 

(2) O r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones (U = 2 1 , n = 6 , 9 ; p > 0 . 0 5 ) . 

(3) Non-dr iven CMA neurones (U = 4 3 , n = 8 , 1 1 ; p > 0 . 0 5 ) . 
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F i qu re 3.2 

Exper iments 1 and 3: Comparison of mean a b s o l u t e r e f r a c t o r y p e r i o d s in CMA 
neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH. ' I n t a c t ' v ' C a s t r a t e ' 
r a t s and c a s t r a t e d r a t s t r e a t e d w i th TP v Oi 1. 
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Comparison o f L a t e n c i e s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the mean l a t e n c i e s o f 

a n t t d r o m l c a l l y o r o r t h o d r o m l c a l l y I d e n t i f i e d CMA neurones in ' i n t a c t ' 

r a t s v ' c a s t r a t e ' r a t s t r e a t e d w i t h T P : -

(1) A n t i d r o m i c a l l y i d e n t i f i e d CMA n e u r o n e s : -

( i ) Spontaneously a c t i v e CMA neurones (U ~ 4 5 , n = 1 1 , 1 3 ; p > 0 . 0 5 ) . 

( I I ) S i l e n t CMA neurones (U = 4 4 , n = 11 ,12 ; p > 0 . 0 5 ) . 

( i l l ) Combined spontaneous and s i l e n t CMA neurones (U = 5 8 . 5 , 

n = 1 2 , 1 5 ; p > 0 . 0 5 ) . 

(2) O r t h o d r o m i c a l l y i d e n t i f i e d CMA n e u r o n e s : -

( I ) Combined spontaneous and s i l e n t CMA neurones (U = 36 , n = 9 , 1 0 ; 

p > 0 . 0 5 ) . 

S i m i l a r l y , t h e r e were no s i g n i f i c a n t d i f f e r e n c e s between the mean 

l a t e n c i e s o f a n t i d r o m i c a l l y or o r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones in 

' c a s t r a t e ' r a t s (Experiment 1) and ' c a s t r a t e ' r a t s t r e a t e d w i t h o i l 

(Exper iment 3 ) : -

(1) A n t i d r o m i c a l l y i d e n t i f i e d CMA n e u r o n e s : -

( i ) Spontaneously a c t i v e CMA neurones (U = 32 , n = 1 1 , 1 1 ; p > 0 . 0 5 ) . 

( i i ) S i l e n t CMA neurones (U = 5 7 , n = 1 1 , 1 1 ; p > 0 . 0 5 ) . 

( i l l ) Combined spontaneous and s i l e n t CMA neurones (U = 49 , n = 1 1 , 1 5 ; 

p > 0 . 0 5 ) . 

(2) O r t h o d r o m i c a l l y i d e n t i f i e d CMA n e u r o n e s : -

( I ) Combined spontaneous and s i l e n t CMA neurones (U = 15 , n = 7 , 1 0 ; 

p > 0 . 0 5 ) . 

3 .4 D i s c u s s I o n . 

The r e s u l t s o f Experiment 3 show t h a t t e s t o s t e r o n e t reatment s i g n i f i c a n t l y 

reduces the a b s o l u t e r e f r a c t o r y p e r i o d s o f CMA neurones in c a s t r a t e d r a t s . 

T e s t o s t e r o n e t reatment comple te ly r e v e r s e s the e f f e c t o f c a s t r a t i o n : the mean 

a b s o l u t e r e f r a c t o r y pe r iod i s reduced to the l e v e l found in gonada l ly i n t a c t r a t s . 
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T h i s exper iment , t h e r e f o r e e f f e c t i v e l y r e p l i c a t e s the r e s u l t of Exper iment 

1 w i t h an e n t i r e l y new s e t o f a n i m a l s , and conf i rms that the change in 

neuronal r e f r a c t o r y pe r iod r e s u l t i n g from c a s t r a t i o n can be r e v e r s e d by 

t e s t o s t e r o n e . 

T e s t o s t e r o n e t reatment d id not s i g n i f i c a n t l y a l t e r the spontaneous 

f i r i n g r a t e s of any types of CMA neurones r e c o r d e d , o r the l a t e n c i e s o f 

a n t i d r o m i c a l l y or o r t h o d r o m l c a l l y i d e n t i f i e d CMA n e u r o n e s . 
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CHAPTER *t 

ELECTROPHYSIOLOGICAL EFFECTS OF OESTRADIOL AND PIHYDROTESTOSTERONE ON 

CORTICOMEDIAL AMYGDALA NEURONES. 

k.1 I n t r o d u c t i o n . 

Exper iment 3 ( d e s c r i b e d In Chapter 3) demonstrated t h a t t e s t o s t e r o n e 

e x e r t s a d i r e c t e f f e c t on cor t icorned ia l amygdala (CMA) neurones which p r o j e c t 

to the medial p r e o p t i c / a n t e r l o r hypotha lamic j u n c t i o n (MPH). 

T e s t o s t e r o n e i t s e l f i s a romat ized to o e s t r a d i o l ( rev iewed by N a f t o l l n , 

Ryan and D a v l e s , 1976) and reduced to d i h y d r o t e s t o s t e r o n e ( rev iewed by 

M a r t i n i , 1976) a t r e c e p t o r s i t e s in the b r a i n and p e r i p h e r a l t a r g e t t i s s u e s . 

I t has g e n e r a l l y been assumed t h a t the a c t i v e form of t e s t o s t e r o n e in the 

p e r i p h e r a l t a r g e t t i s s u e s i s the 5ot~ reduced m e t a b o l i t e ( d i h y d r o t e s t o s t e r o n e ) 

whereas oes t rogens a r e the a c t i v e m e t a b o l i t e s in the c e n t r a l nervous s y s t e m . 

These c o n c l u s i o n s a r e based main ly on exper iments which have shown t h a t : -

(1) O e s t r a d i o l t reatment s t i m u l a t e s sexua l behav iour in c a s t r a t e d male r a t s 

( D a v i d s o n , 1969; P f a f f , 1970b; S o d e r s t e n , 1973; Paup, Mennin and G o r s k i , 

1975) w i thout s t i m u l a t i n g a c c e s s o r y s e x organ growth ( L a r s s o n , Soders ten 

and B e y e r , 1973) or f u n c t i o n ( P r i c e and Wi l l i ams-Ashman , 1961) . These r e s u l t s 

t h e r e f o r e imply tha t o e s t r a d i o l i s e x e r t i n g i t s e f f e c t on sexua l behav iour 

p u r e l y through the c e n t r a l nervous s y s t e m . 

(2) D i h y d r o t e s t o s t e r o n e s t i m u l a t e s the growth o f a c c e s s o r y s e x organs such 

as the seminal v e s i c l e s , p r e p u t i a l , p r o s t a t e and c o a g u l a t i n g g l a n d s , and 

p e n i l e p a p i l l a e (Wilson and G l o y n a , 1970; P a r r o t t , 1 9 7 5 ) , but does not 

s t i m u l a t e mounting, i n t r o m i s s i o n or e j a c u l a t o r y behav iour in c a s t r a t e d male 

r a t s (McDonald e t a l . , 1970; F e d e r , 1971; Whalen and L u t t g e , 1971) . These 

r e s u l t s imply t h a t d i h y d r o t e s t o s t e r o n e does not s t i m u l a t e s e x u a l behav iour 

s i n c e i t does not have a c e n t r a l nervous system e f f e c t . 

(3) D I h y d r o t e s t o s t e r o n e does not produce sexua l (hypotha lamic ) d i f f e r e n t i a t i o n 

(Brown-Grant , Munck, N a f t o l i n and Sherwood, 1971; McDonald, 1971; 
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McDonald e t a l . , 1970) whereas oes t rogens which a r e formed from androgens 

of t e s t i c u l a r o r i g i n do (Reddy, N a f t o l i n and Ryan, 1974) . 

F u r t h e r I n d i r e c t support f o r t h i s d i s t i n c t i o n between the p e r i p h e r a l 

potency of d I h y d r o t e s t o s t e r o n e and the c e n t r a l potency o f oes t rogens comes 

from exper iments which show tha t the e f f e c t of o e s t r a d i o l on sexua l behav iour 

in the c a s t r a t e d male r a t i s enhanced i f i t i s combined w i t h d i h y d r o t e s t o s t e r o n e 

( L a r s s o n , Sodersten and Beyer , 1973; Baum and V r e e b u r g , 1973; S b d e r s t e n , 

1973; F e d e r , N a f t o l i n and Ryan, 1973) . I t has been assumed from these 

exper iments t h a t the s y n e r g i s t i c a c t i o n o f d l h y d r o t e s t o s t e r o n e on sexua l 

behaviour has been due to i t s s t i m u l a t i o n of a c c e s s o r y s e x organ growth 

( thereby improving p e r i p h e r a l feedback in format ion to the c e n t r a l nervous 

system dur ing sexua l b e h a v i o u r ) ; o e s t r a d i o l t reatment a lone I s I n e f f e c t i v e in 

s t i m u l a t i n g a c c e s s o r y sex organ growth. 

However, in s p i t e o f the above e v i d e n c e f o r the d i s t i n c t i o n between 

the major s i t e s o f a c t i o n of d i h y d r o t e s t o s t e r o n e and oest rogens ,much c o n f l i c t i n g 

ev idence has now accumulated wh ich s u g g e s t s tha t the p i c t u r e i s somewhat more 

complex than was o r i g i n a l l y thought . S e v e r a l s t u d i e s have shown tha t 

d i h y d r o t e s t o s t e r o n e t reatment may a l s o a c t on the c e n t r a l nervous system to 

produce f a c i l i t a t o r y i n f l u e n c e s on sexua l behaviour in c a s t r a t e d male r a t s 

(Paup, Mennin and G o r s k i , 1975; S o d e r s t e n , 1975) . F u r t h e r , the f a c t tha t 

d i h y d r o t e s t o s t e r o n e does not produce s e x u a l d i f f e r e n t i a t i o n i s not c o n c l u s i v e 

s i n c e t e s t o s t e r o n e i t s e l f i s a l s o r e l a t i v e l y i n e f f e c t i v e in comparison w i th 

i t s prop ionate (Brown-Grant , Munck, N a f t o l i n and Sherwood, 1971) . T h i s may be 

due to the s lower metabol ism of the prop ionate and s u g g e s t s t h a t a long exposure 

time i s requ i red fo r the a c t i o n o f androgen on the neonata l r a t b r a i n . 

I t i s p o s s i b l e t h e r e f o r e t h a t the d l h y d r o t e s t o s t e r o n e used to date has been 

metabo l ised too q u i c k l y to produce p o s i t i v e e f f e c t s . 

The above c o n f l i c t i n g e v i d e n c e sugges ts the a l t e r n a t i v e p o s s i b i l i t y tha t 

the s y n e r g i s t i c a c t i o n o f d i h y d r o t e s t o s t e r o n e on sexua l behav iour when 
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combined w i t h o e s t r a d i o l may be due to a s y n e r g i s t i c a c t i o n o f d l h y d r o t e s t o s -

terone w i t h o e s t r a d i o l w i t h i n the c e n t r a l nervous system (on analogy w i th the 

s y n e r g i s t i c e f f e c t o f progesterone on o e s t r a d i o l In the f e m a l e ) . However, 

no d i r e c t e v i d e n c e f o r such a synerg ism has y e t been found. 

T h i s c h a p t e r d e s c r i b e s an exper iment des igned to determine whether 

o e s t r a d i o l o r d i h y d r o t e s t o s t e r o n e (a lone o r in combinat ion) a r e capab le of 

mimicking the e f f e c t s of t e s t o s t e r o n e on the a b s o l u t e r e f r a c t o r y p e r i o d s 

of CMA neurones which p r o j e c t to the MPH. I t was hoped that such an exper iment 

would a l l o w a d i r e c t t e s t a t the neuronal l e v e l o f some o f the a l t e r n a t i v e s 

mentioned in the above review regard ing the c e n t r a l nervous system a c t i o n s 

of t h e s e hormones. 

4 .2 Exper iment 4 ; The e f f e c t s of o e s t r a d l o l and d I h y d r o t e s t o s t e r o n e on the 

a b s o l u t e r e f r a c t o r y per iods of CMA n e u r o n e s . 

4 .2 .1 Method. 

Exper imenta l Animals and Hormone T r e a t m e n t s . 

T h i r t y - t w o , a d u l t ma le , s e x u a l l y n a i v e , Porton a l b i n o W i s t a r r a t s 

(approximate ly 120 days o f a g e ; weight 400 - 600g) were u s e d . A l l a n i m a l s 

were main ta ined on a 12 hr r e v e r s e d l i g h t - d a r k s c h e d u l e and c a s t r a t e d under 

e t h e r a n a e s t h e s i a a t l e a s t 8 weeks p r i o r to use fo r e l e c t r o p h y s i o l o g y . 

A f t e r 8 weeks the r a t s were d i v i d e d randomly i n t o four groups of 8 ( t h r e e 

exper imenta l groups and one c o n t r o l g r o u p ) . The exper imenta l groups were 

g iven d a i l y subcutaneous i n j e c t i o n s of e i t h e r ( i ) 5ug o e s t r a d i o l benzoate 

(OB) (Sigma C h e m i c a l s , P o o l e ) ; ( M ) lmg d ihyd ro tes t o s t e rone p rop iona te 

(DHTP) ( S t e r o i d s , W i l t o n , N .H . , U . S . A . ) o r ( H i ) 5fJ9 OB + lmg DHTP, f o r 

18 - 22 d a y s . A l l exper imenta l t rea tments were i n j e c t e d in an a r a c h i s o i l 

v e h i c l e and the c o n t r o l group was i n j e c t e d w i t h a r a c h i s o i l a l o n e . The 

prop ionate o f d i h y d r o t e s t o s t e r o n e was used s i n c e the prop ionate o f 

t e s t o s t e r o n e was used in Experiment 3 (Chapter 3 ) • 

In t h i s exper iment , a l l e l e c t r o p h y s i o l o g i c a l a n a l y s e s were c a r r i e d out b l i 
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The hormones and the o i l were put In to coded b o t t l e s by a r e s e a r c h t e c h n i c i a n 

so that the exper imenter d id not know which group r e c e i v e d which t reatment 

u n t i l the code was broken a t the end o f the e x p e r i m e n t . S i n c e the OB + DHTP 

t reatment n e c e s s i t a t e d the use o f two s e p a r a t e d a l l y I n j e c t i o n s , a l1 groups 

were g iven t h e i r r e s p e c t i v e t reatments as two d a i l y 0.1 ml I n j e c t i o n s . In 

the c a s e of the hormone t reatments t h i s i n v o l v e d g i v i n g 50% o f the t o t a l 

d a i l y dose in each i n j e c t i o n . A r a c h i s o i l i n j e c t i o n s were a d m i n i s t e r e d In 

the same manner except tha t these s imply i n v o l v e d g i v i n g two I d e n t i c a l 0.1 ml 

i n j e c t i o n s . 

At the t ime of e l e c t r o p h y s i o l o g i c a l r e c o r d i n g , r a t s were a t l e a s t 180 

days of age and weighed 400 - 675g« 

Exper imenta l appara tus and des ign and procedure . 

These were the same as d e s c r i b e d in the Method s e c t i o n o f Exper iment 1 

( i n Chapter 2 ) . The MPH was used as the s t i m u l a t i o n s i t e . C h r o n a x l e s and 

rheobase c u r r e n t s were not measured In t h i s exper iment however and CMA 

neurones which showed a p o s t - I n h i b i t o r y e x c i t a t i o n type o f response were not 

noted as they were so r a r e l y e n c o u n t e r e d . 

4 . 2 . 2 R e s u l t s . 

Data were t r e a t e d in the same manner as in Exper iment 1. S i n c e t h e r e 

were f o u r t reatment g r o u p s , a Kruskal -Wal1 i s one-way a n a l y s i s of v a r i a n c e was 

used to t e s t f o r o v e r a l l s i g n i f i c a n c e between the groups . Mann-Whitney U t e s t s 

were used to make p o s t - h o c comparisons between p a i r s o f g roups , ( the 

s i g n i f i c a n c e l e v e l s g iven in the ensu ing a n a l y s i s f o r p o s t - h o c compar isons 

a r e not c o r r e c t e d . I f a c o r r e c t i o n I s made p < 0.002 becomes p < 0 . 0 1 ) . 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

These were the same as in Experiment 1. L o c a l i s a t i o n o f a n t i d r o m i c 

CMA neurones i s g iven in F i g u r e s 4A and B In the Appendix. 

Abso lu te R e f r a c t o r y P e r i o d s . 

( I ) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from 
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the MPH - The a b s o l u t e r e f r a c t o r y p e r i o d s o f *»5 CMA neurones were recorded 

from OB t r e a t e d r a t s and ^ 7 . 33 and 3'* CMA neurones from OB + DHTP, DHTP 

and O i l t r e a t e d r a t s r e s p e c t i v e l y . Record ings were taken from 8 r a t s in each 

group. There was an o v e r a l l s i g n i f i c a n t d i f f e r e n c e between the four groups 

(Kruska l -Wal 1 i s , H = 2*».'»6; p < 0.001 two t a i l e d ) . 

The o v e r a l l mean a b s o l u t e r e f r a c t o r y p e r i o d s and ranges fo r each group w e r e : -

( i ) OB t r e a t e d r a t s = 0.90 msec and 0 .73 - I . 06 msec 

( i i ) OB + DHTP t r e a t e d r a t s = 1.00 msec and 0.91 - msec 

( I I i ) DHTP t r e a t e d r a t s = 1.38 msec and 1.21 - 1.55 msec 

( i v ) O i l t r e a t e d r a t s = 1.37 msec and 1.2^ - 1.58 msec 

The r e s u l t s of p o s t - h o c comparisons between p a i r s of groups w e r e : -

0B v O i l U = 0 p < 0.002. two t a i l e d . 

DHTP + OB v O i l U = 0 p < 0.002 two t a i l e d . 

DHTP v O i l U = 29 .5 p > 0 .05 Not S i g n i f i c a n t 

OB v DHTP + OB U = 15.5 p > 0 .05 Not S i g n i f i c a n t 

0B v DHTP U = 0 p < 0.002 two t a i l e d . 

DHTP + OB v DHTP U = 0 p < 0.002. two t a i l e d . 

( i i ) S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH -

The a b s o l u t e r e f r a c t o r y per iods of 35 CMA neurones were recorded from OB 

t r e a t e d r a t s and b0, k] and 35 CMA neurones from 0B + DHTP, DHTP and 

O i l t r e a t e d r a t s r e s p e c t i v e l y . Record ings were taken from 8 r a t s in each 

group. There was an o v e r a l l s i g n i f i c a n t d i f f e r e n c e between the four groups 

(Kruskal -Wal1 i s , H = 2 3 . 7 0 ; p < 0.001 t w o - t a i l e d ) . 

The o v e r a l l mean a b s o l u t e r e f r a c t o r y p e r i o d s and ranges fo r each group w e r e : -

( i ) OB t r e a t e d r a t s = 0 .88 msec and 0.7 1 * - 1-04 msec 

( i i ) 0B + DHTP t r e a t e d r a t s = 0 .97 msec and 0 .87 - 1.16 msec 

( i i i ) DHTP t r e a t e d r a t s = \.k] msec and 1.19 - 1.69 msec 

( i v ) O i l t r e a t e d r a t s = ].hS msec and 1.07 - 1.7 1* msec 



The r e s u l t s of the p o s t - h o c comparisons between p a i r s of groups w e r e : -

OB v O i l U = 0 p < 0 .002 two t a i l e d . 

OB + DHTP v O i l U = 1 p < 0.002 two t a i l e d . 

DHTP v O i l U = 27 p > 0 .05 Not S i g n i f i c a n t . 

0B v OB + DHTP U = 2 1 . 5 p > 0 .05 Not S i g n i f i c a n t . 

OB v DHTP U = 0 p < 0.002 two t a i l e d . 

0B + DHTP v DHTP U = 0 p < 0 .002 two t a i l e d , 

( i l l ) Combined spontaneous and s i l e n t CMA neurones s t i m u l a t e d from the MPH -

When the a b s o l u t e r e f r a c t o r y p e r i o d s o f spontaneous ly a c t i v e and s i l e n t 

neurones were combined in each r a t the f o l l o w i n g f i g u r e s were o b t a i n e d . 

In a l l , the a b s o l u t e r e f r a c t o r y per iods o f 80 CMA neurones were recorded 

from OB t r e a t e d r a t s and 8 7 , 7** and 69 CMA neurones from 0B + DHTP, DHTP and 

O i l t r e a t e d r a t s r e s p e c t i v e l y . Record ings were taken from 8 r a t s In each 

group. There was an o v e r a l l s i g n i f i c a n t d i f f e r e n c e between the four groups 

(Kruskal -Wal1 i s , H = 2 ^ . 1 1 ; p < 0.001 t w o - t a i l e d ) . 

The o v e r a l l combined a b s o l u t e r e f r a c t o r y p e r i o d s and ranges f o r each group 

we r e : -

( i ) OB t r e a t e d r a t s = 0.90 msec and 0.7*4 - 1 .OA msec 

( i l ) OB + DHTP t r e a t e d r a t s = 0 .98 msec and 0 .93 - 1 . 1 5 msec 

( i l l ) DHTP t r e a t e d r a t s = 1.A0 msec and 1.20 - 1.55 msec 

( I v ) O i l t r e a t e d r a t s = 1.45 msec and 1.19 - 1.53 msec 

The r e s u l t s of the p o s t - h o c comparisons between p a i r s o f groups w e r e : -

OB v O i l U = 0 p < 0.002 t w o - t a i l e d . 

0B + DHTP v O i l U = 0 p < 0 .002 t w o - t a i l e d . 

DHTP v O i l U = 28 .5 p > 0 .05 Not S i g n i f i c a n t . 

0B v OB + DHTP U = 20 p > 0 .05 Not S i g n i f i c a n t . 

0B v DHTP U = 0 p < 0 .002 t w o - t a i l e d . 

OB + DHTP v DHTP U = 0 p < 0 .002 t w o - t a i l e d . 
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Thus the above r e s u l t s c l e a r l y show that OB and OB + DHTP s i g n i f i c a n t l y 

reduce the a b s o l u t e r e f r a c t o r y per iods of CMA neurones which p r o j e c t d i r e c t l y 

to the MPH. DHTP a lone had no e f f e c t however. F u r t h e r , the p o s t - h o c a n a l y s i s 

a l s o showed that the combined t reatment o f OB + DHTP d id not produce a 

s i g n i f i c a n t l y g r e a t e r e f f e c t than OB a l o n e . Hence, r e s u l t s do not i n d i c a t e a 

s y n e r g i s t i c e f f e c t o f d i h y d r o t e s t o s t e r o n e on o e s t r a d i o l in the c e n t r a l 

nervous s y s t e m . 

As in p r e v i o u s e x p e r i m e n t s , the re was no s i g n i f i c a n t d i f f e r e n c e between 

the a b s o l u t e r e f r a c t o r y per iods o f spontaneous ly a c t i v e and s i l e n t CMA 

neurones (Wilcoxon T e s t s - fo r OB t r e a t e d r a t s T = 1 3 . 5 , n = 7; fo r 

OB + DHTP t r e a t e d r a t s T = 10, n = 8 ; f o r DHTP t r e a t e d r a t s T= 18, n = 8 ; 

and fo r O i l t r e a t e d r a t s T = 12, n = 8 - in a l l c a s e s p > 0 . 0 5 ) . 

The mean a b s o l u t e r e f r a c t o r y p e r i o d s of these CMA neurones f o r a l l 

four groups are g iven In T a b l e s ^ . 1 a , b o f the Appendix and i l l u s t r a t e d in 

F i g u r e The. raw data a r e given in s e c t i o n 3 of the Appendix. 

Other Measurements. 

(1) Spontaneous F i r i n g R a t e s . 

(a) A n t i d r o m i c a l l y i d e n t i f i e d CMA neurones - The spontaneous f i r i n g r a t e s 

of 37 of t h e s e CMA neurones were recorded from OB t r e a t e d r a t s and k l t 29 

and 32 CMA neurones from OB + DHTP, DHTP and O i l t r e a t e d r a t s r e s p e c t i v e l y . 

Recordings were taken from 8 r a t s in each group except the DHTP t r e a t e d group 

where record ings were on ly taken from 7 r a t s . There was no s i g n i f i c a n t 

d i f f e r e n c e between the median spontaneous f i r i n g r a t e s of these neurones in 

the four groups (Kruska l -Wal 1 i s H = 0 . 5 9 ; P > 0 . 0 5 ) . The o v e r a l l means 

and ranges o f these median f i r i n g r a t e s w e r e : -

( i ) OB t r e a t e d r a t s = 6.50 and 1.67 - 13.00 a c t i o n p o t e n t i a l s 
per 100 s e c . 

( i i ) OB + DHTP t r e a t e d r a t s = 8 .87 and 2 .67 21.00 I I 

( i i i ) DHTP t r e a t e d r a t s = 6.62 and 1.67 16.00 I I n 

( i v ) O i l t r e a t e d r a t s = 7.10 and 2.8*» 15.67 I I n 
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F i gu re k. 1 

Exper iment k: Mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones ant idromi c a l l y 

s t i m u l a t e d from the MPH. C a s t r a t e d r a t s t r e a t e d w i th e i t h e r OB, 
OB + DHTP, DHTP or O i l . 
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The median spontaneous f i r i n g ra te v a l u e s fo r each r a t a r e g iven 

in T a b l e s A.I a , b of the Appendix. 

(b) O r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones - The spontaneous f i r i n g 

r a t e s of 9 of t h e s e CMA neurones were recorded from 5 OB t r e a t e d 

r a t s ; 3 CMA neurones from 3 OB + DHTP t r e a t e d r a t s ; 11 CMA neurones 

from 5 DHTP t r e a t e d r a t s and 6 CMA neurones from 4 o i l t r e a t e d r a t s . 

There was no s i g n i f i c a n t d i f f e r e n c e between the median spontaneous f i r i n g 

r a t e s of the four groups (Kruskal -Wa!1 i s H = 0 . 3 ^ ; p > 0 . 0 5 ) . The o v e r a l l 

means and ranges of these median f i r i n g r a t e s w e r e : -

( i ) OB t r e a t e d r a t s = 146.50 and 32 .67 - 292 .17 a c t i o n p o t e n t i a l s 

per 100 s e c 

( i i ) OB + DHTP t r e a t e d r a t s = 214.11 and 2 .33 - 400.00 " " 

( i l l ) DHTP t r e a t e d r a t s = 185.50 and 11.17 - 549 .67 " " 

( i v ) O i l t r e a t e d r a t s = 145.21 and 0 .67 - 317.50 " " 

The median spontaneous f i r i n g ra te v a l u e s f o r each r a t a re g iven In 

T a b l e s ' * . 2 a , b o f the Appendix. 

(c ) Non-dr iven CMA neurones - The spontaneous f i r i n g r a t e s of 7 o f these 

CMA neurones were recorded from 4 OB t r e a t e d r a t s ; 11 CMA neurones from 

6 OB + DHTP t r e a t e d r a t s ; 11 CMA neurones from 5 DHTP t r e a t e d r a t s and 10 CMA 

neurones from 7 O i l t r e a t e d r a t s . There was no s i g n i f i c a n t d i f f e r e n c e between 

the median spontaneous f i r i n g r a t e s of CMA neurones in these groups ( K r u s k a l -

W a I l l s H = 5 * 1 2 ; p > 0 . 0 5 ) . The o v e r a l l means and ranges of these spontaneous 

f i r ing r a t e s w e r e : -

( i ) OB t r e a t e d r a t s = 462 .88 and 123.00 - 781.67 a c t i o n p o t e n t i a l s 

per 100 s e c 

( i i ) OB + DHTP t r e a t e d r a t s = 237 .53 and 101.67 - 346.00 1 1 1 1 

( H i ) DHTP t r e a t e d r a t s = 231 .93 and 94 .33 - 392.50 " " 

( i v ) O i l t r e a t e d r a t s = 291 .24 and 34.00 - 758.67 " " 

The median spontaneous f i r i n g ra te v a l u e s f o r each r a t a re g iven in 

T a b l e s 4 . 2 a , b of the Appendix. 
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Raw d a t a a r e g iven in S e c t i o n 3 of the Appendix . 

L a t e n c i e s and Conduct ion V e l o c i t i e s . 

(1) A n t i d r o m i c a l l y I d e n t i f i e d CMA neurones - The mean l a t e n c i e s and 

conduct ion v e l o c i t i e s fo r CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH 

are g iven i n T a b l e s k.3a, b of the Appendix f o r a l l t reatment g roups . 

(a) Spontaneously a c t i v e CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from 

the MPH - L a t e n c i e s were recorded f o r 45 of t h e s e CMA neurones from OB 

t r e a t e d r a t s and 1»7, 33 and 3*» CMA neurones from OB + DHTP, DHTP and O i l 

t r e a t e d r a t s r e s p e c t i v e l y . Data were taken from 8 r a t s in each group. 

There was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded from 

the four groups (Kruska l -Wa l 11s H = 2 . 1 5 ; p > 0 . 0 5 ) . The o v e r a l l mean 

l a t e n c i e s and ranges w e r e : -

( i ) OB t r e a t e d r a t s = 16.57 and 12.07 - 26 .30 msec 

( i i ) OB + DHTP t r e a t e d r a t s = 17-79 and 11.53 - 21 .15 msec 

( i i i ) DHTP t r e a t e d r a t s = 18 .35 and 6 .93 - 27 .10 msec 

( i v ) O i l t r e a t e d r a t s = 17.^0 and 12.68 - 22 .00 msec 

The o v e r a l l mean conduct ion v e l o c i t i e s and ranges w e r e : -

( i ) OB t r e a t e d r a t s = 0.60 and 0.32 - 0 .86 m / s e c 

( i i ) OB + DHTP t r e a t e d r a t s = 0 .53 and 0.39 - 0 .80 m/sec 

( i i i ) DHTP t r e a t e d r a t s = 0.60 and 0.31 " 1.21 m/sec 

( i v ) O i l t r e a t e d r a t s = 0 .52 and 0 .37 ~ 0 .66 m/sec 

(b) S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d from the MPH - L a t e n c i e s 

were recorded f o r 35 of t h e s e CMA neurones from OB t r e a t e d r a t s and k\, 41 

and 35 CMA neurones from OB + DHTP, DHTP and o i l t r e a t e d r a t s r e s p e c t i v e l y . Data 

were taken from 8 r a t s in each group. There was no s i g n i f i c a n t d i f f e r e n c e 

between the mean l a t e n c i e s recorded from the f o u r groups (Kruska l -Wal1 I s 

H = 4 . 8 8 ; p > 0 . 0 5 ) . The o v e r a l l mean l a t e n c i e s and ranges w e r e : -

( i ) OB t r e a t e d r a t s = 18.55 and 13.59 ~ 2 7 . 1 3 msec 

( i i ) OB + DHTP t r e a t e d r a t s = 19.17 and 11.53 - 28 .23 msec 

( i i i ) DHTP t r e a t e d r a t s = 21.71 and 13.35 ~ 26 .20 msec 

( i v ) O i l t r e a t e d r a t s = 24 .17 and 18.90 - 31 .63 msec 
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The o v e r a l l mean conduct ion v e l o c i t i e s and ranges w e r e : 

( i ) OB t r e a t e d r a t s 0.52 and 0.31 0 .73 m/sec 

( i i ) OB + DHTP t r e a t e d r a t s 0 .55 and 0.29 1.03 m/sec 

( I i i ) DHTP t r e a t e d r a t s 0.4*4 and 0.32 0 .73 m/sec 

( i v ) O i l t r e a t e d r a t s 0 .38 and 0.27 0 .49 m/sec 

(c ) Combined Spontaneous and S i l e n t CMA neurones a n t i d r o m i c a l l y s t i m u l a t e d 

from the MPH - A l t o g e t h e r , the l a t e n c i e s o f 80 CMA neurones were recorded 

from OB t r e a t e d r a t s and 88 , 74 and 69 CMA neurones from OB + DHTP, DHTP and 

O i l t r e a t e d r a t s r e s p e c t i v e l y . Data were taken from 8 r a t s in each group. 

There was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s recorded 

from the four groups ( K r u s k a l - W a l 1 i s H = 2 . 8 3 ; P "> 0 . 0 5 ) . The combined 

o v e r a l l mean l a t e n c i e s and ranges w e r e : -

( i ) OB t r e a t e d r a t s = 17.43 and 13-13 - 26 .60 msec 

( i i ) OB + DHTP t r e a t e d r a t s = 18.50 and 11.81 - 24 .68 msec 

( l i i ) DHTP t r e a t e d r a t s = 20 .39 and 10.82 - 2 6 . 0 3 msec 

( i v ) O i l t r e a t e d r a t s = 21 .44 and 14.10 - 29 .20 msec . 

The combined o v e r a l l mean conduct ion v e l o c i t i e s and ranges w e r e : -

( i ) OB t r e a t e d r a t s = 0 .57 and 0 .32 - 0 .77 m/sec 

( i i ) OB + DHTP t r e a t e d r a t s = 0 .53 and 0.34 - 0 .83 m/sec 

( i i i ) DHTP t r e a t e d r a t s = 0.49 and 0 .34 - 0 .86 m/sec 

( i v ) O i l t r e a t e d r a t s = 0.46 and 0.29 - 0.61 m/sec 

There were s i g n i f i c a n t d i f f e r e n c e s between the l a t e n c i e s of spontaneous ly 

a c t i v e and s i l e n t CMA neurones in the f o l l o w i n g g r o u p s : -

( I ) OB t r e a t e d r a t s (Wilcoxon T e s t , T = 3 , n = 8 ; p < 0 .05 t w o - t a i l e d ) 

( i i ) DHTP t r e a t e d r a t s T = 2 , n = 8 ; p < 0.02 two t a i l e d 

( i i i ) O i l t r e a t e d r a t s T = 2 , n = 8 ; p < 0 .02 two t a i l e d 

No s i g n i f i c a n t d i f f e r e n c e was found f o r the OB + DHTP group (T = 11, n = 8 ; 

p > 0 . 0 5 ) . In a l l the groups where t h i s l a t e n c y d i f f e r e n c e was s i g n i f i c a n t 

the l a t e n c i e s o f the s i l e n t CMA neurones were longer than those o f the spontan 

e o u s l y a c t i v e CMA n e u r o n e s . 
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(2) O r t h o d r o m i c a l l y s t i m u l a t e d CMA neurones - The v a r i a b l e l a t e n c i e s 

o f these neurones were reduced to a s i n g l e mean va lue ( to one decimal p l a c e ) 

and the o v e r a l l mean l a t e n c y fo r each r a t c a l c u l a t e d . The o v e r a l l mean 

v a l u e s a r e g iven in T a b l e ^ . * 4 o f the Appendix. There were very few s i l e n t 

or thodromic u n i t s , hence comparisons between the t reatment groups were on ly 

made between spontaneous ly a c t i v e and s i l e n t CMA neurones combined. 

A l t o g e t h e r , the l a t e n c i e s o f 11 CMA neurones were recorded from 

k OB t r e a t e d r a t s ; h CMA neurones from k OB + DHTP t r e a t e d r a t s ; l 1* CMA 

neurones from 6 DHTP t r e a t e d r a t s and 9 CMA neurones from 6 O i l t r e a t e d 

r a t s . There was no s i g n i f i c a n t d i f f e r e n c e between the mean l a t e n c i e s 

recorded from these four groups (Kruskal -Wal1 i s , H = 1 .81 ; p > 0 . 0 5 ) . 

With the v a r i a b l e l a t e n c i e s reduced to a s i n g l e mean the o v e r a l l mean l a t e n c i e s 

and ranges w e r e : -

( I ) OB t r e a t e d r a t s = 17.8*» and 12.05 - 2'».03 msec 

( i i ) OB + DHTP t r e a t e d r a t s = 18.98 and 11.30 - 31.30 msec 

( l i t ) DHTP t r e a t e d r a t s = 20 .30 and 11.78 - 28.00 msec 

( i v ) O i l t r e a t e d r a t s = T».50 and 5.50 - 21.90 msec 

The raw data a re g iven in S e c t i o n 3 of the Appendix. 

k.3 Comparison o f R e s u l t s from Exper iments 1 (Chapter 2) and k. 

The only comparison made in t h i s s e c t i o n i s between ' i n t a c t ' r a t s and 

c a s t r a t e d r a t s t r e a t e d w i th OB (Exper iments 1 and k r e s p e c t i v e l y ) . 

Comparison of Abso lu te R e f r a c t o r y P e r i o d s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the mean a b s o l u t e 

r e f r a c t o r y p e r i o d s of CMA neurones in ' i n t a c t ' r a t s v c a s t r a t e d r a t s t r e a t e d 

w i t h O B : -

( I ) Spontaneously a c t i v e CMA neurones (U = 37•5» n = 8 , 1 2 ; p > 0 . 0 5 ) . 

( i i ) S i l e n t CMA neurones (U = 2 6 , n = 8 , 1 0 ; p > 0 . 0 5 ) . 

( i l l ) Combined spontaneous and s i l e n t CMA neurones (U = 33 1 n = 8 , 1 3 ; 

p > 0 . 0 5 ) . 

The above comparisons a r e i l l u s t r a t e d in F i g u r e k.2. 
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Fi gure 4 .2 

Exper iments 1 and 4: Mean a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones an t id romica11y 

s t i m u l a t e d from the MPH. ' i n t a c t ' r a t s v ' c a s t r a t e ' r a t s t r e a t e d w i th OB. 
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C = combined spontaneous + s i lent CMA neurones . 
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Comparison o f Spontaneous Ft r i n g R a t e s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the median spontaneous 

f i r i n g r a t e s of CMA neurones in ' i n t a c t ' r a t s v c a s t r a t e d r a t s t r e a t e d w i t h 

O B : -

(1) Ant id romica l l y i d e n t i f i e d CMA neurones (U = 5 2 , n = 8 , 1 3 ; P > 0 . 0 5 ) . 

(2) Orthodromical l y i d e n t i f i e d CMA neurones (U = 7 , n = 4 , 1 0 ; p > 0 . 0 5 ) . 

(3) Non-dr iven CMA neurones (U = 16, n = 4 , 1 3 ; P > 0 . 0 5 ) . 

Comparison o f L a t e n c i e s . 

There were no s i g n i f i c a n t d i f f e r e n c e s between the mean l a t e n c i e s o f 

a n t i d r o m i c a l l y o r o r t h o d r o m l c a l l y i d e n t i f i e d CMA neurones in ' i n t a c t ' r a t s 

v c a s t r a t e d r a t s t r e a t e d w i t h O B : -

( ! ) A n t i d r o m i c a l l y i d e n t i f i e d CMA n e u r o n e s : -

( I ) Spontaneously a c t i v e CMA neurones (U = 3 7 , n = 8 , 1 3 ; p > 0 . 0 5 ) . 

( I I ) S i l e n t CMA neurones (U = 2 8 . 5 , n = 8 , 1 1 ; p > 0 . 0 5 ) . 

( I l l ) Combined spontaneous and s i l e n t CMA neurones (U = 39 , n = 8 , 1 5 ; 

p > 0 . 0 5 ) . 

(2) O r t h o d r o m i c a l l y i d e n t i f i e d CMA neurones : -

( I ) Combined spontaneous and s i l e n t CMA neurones (U = 15 , n = 4 , 1 0 ; 

p > 0 . 0 5 ) . 

4 . 4 D i s c u s s i o n . 

These r e s u l t s show t h a t o e s t r a d i o l s i g n i f i c a n t l y reduces the mean a b s o l u t e 

r e f r a c t o r y per iods o f CMA neurones In the c a s t r a t e d male r a t s . T h i s r e d u c t i o n 

i s to a l e v e l which i s not s i g n i f i c a n t l y d i f f e r e n t from tha t found in normal 

gonada l ly i n t a c t r a t s . D i h y d r o t e s t o s t e r o n e , on the o t h e r hand , has no 

e f f e c t on the a b s o l u t e r e f r a c t o r y per iods o f these n e u r o n e s , and does not 

enhance the e f f e c t of o e s t r a d i o l t reatment when g iven In combinat ion w i t h i t . 

Thus o e s t r a d i o l , l i k e t e s t o s t e r o n e , has a d i r e c t e f f e c t on the a b s o l u t e 

r e f r a c t o r y per iods o f CMA neurones which p r o j e c t to the MPH. 

These r e s u l t s t h e r e f o r e conf i rm tha t o e s t r a d i o l r a t h e r than d t h y d r o t e s t o s -

terone i s the m e t a b o l i t e of t e s t o s t e r o n e t h a t I s a c t i v e in the c e n t r a l nervous 
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s y s t e m , a t l e a s t as regards the r e f r a c t o r y p e r i o d s o f CMA neurones . 

Once aga in these v a r i o u s hormone t reatments d id not a f f e c t the 

spontaneous f i r i n g r a t e s or l a t e n c i e s o f CMA n e u r o n e s . However, the l a t e n c i e s 

of spontaneous ly a c t i v e , a n t t d r o m l c a l l y s t i m u l a t e d , CMA n e u r o n e s , were 

s i g n i f i c a n t l y s h o r t e r than those of s i l e n t CMA neurones in the OB, DHTP and O i l 

t r e a t e d groups. 

4 . 5 Addendum; a note on the l o c a l i s a t i o n o f the e f f e c t . 

Exper iments 1, 3 and k p rov ide a c o n t r o l popula t ion o f CMA neurones 

In ' c a s t r a t e ' a n i m a l s , and a group t r e a t e d w i t h , and u n a f f e c t e d by , DHTP; 

Exper iments 1, 3 and k a l s o prov ide a group f o r ' i n t a c t ' , t e s t o s t e r o n e 

prop ionate t r e a t e d , OB t r e a t e d and OB + DHTP t r e a t e d a n i m a l s . I t i s r a t i o n a l 

to regard the f i r s t four groups as c o n s t i t u t i n g one c l a s s of n e u r o n e s , and 

the second four as a n o t h e r . Poo l ing in t h i s way g i v e s s u f f i c i e n t data to 

examine the locus of the e f f e c t more p r e c i s e l y as f o l l o w s . 

I f the a b s o l u t e r e f r a c t o r y per iods recorded from each i n d i v i d u a l r a t 

a re d i v i d e d up i n t o those recorded from the medial amygdala (MA) and 

those from the c o r t i c a l amygdala ( C A ) , then one can t e s t whether the t e s t o s t e r o n e 

e f f e c t i s l o c a l i s e d in e i t h e r of these s t r u c t u r e s . F u r t h e r , F i g u r e s 2A, 

3A, 4A and hB in the Appendix , show tha t a s u f f i c i e n t number of a n t i d r o m i c 

u n i t s were recorded to s p l i t the CMA up i n t o two a n t e r i o r / p o s t e r i o r reg ions -

(1) A 3990 - A 3430pand (2) A 3290 - A 2 5 8 0 | j ( I . e . pooled) ( c o o r d i n a t e s a r e 

from Konig and K l i p p e l , 1963) . Thus the mean a b s o l u t e r e f r a c t o r y p e r i o d s 

can be c a l c u l a t e d in i n d i v i d u a l r a t s f o r the MA and the CA s p l i t i n t o two 

a n t e r i o r / p o s t e r i o r r e g i o n s . Pooled in t h i s way, the mean a b s o l u t e r e f r a c t o r y 

p e r i o d s for the four d i f f e r e n t reg ions w i t h i n the CMA can be compared s t a t i s t i c a l 1 

us ing the Mann-Whitney U t e s t ; -

( I ) ' I n t a c t ' MA (1) v ' C a s t r a t e ' MA ( l ) - U = 5 5 , n = 2 0 , 2 1 ; p < 0 .002 
t w o - t a i l e d . 

( i i ) ' I n tac t ' ^MA (2) v ' C a s t r a t e ' MA (2) - U = 1 9 . 5 , n = 1 5 , 1 7 ; p < 0 .002 
t w o - t a i l e d . 
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Fi qu re 4 . 3 

Exper iments 1, 3 and k. Combined spontaneous and s i l e n t CMA neurone mean 

a b s o l u t e r e f r a c t o r y p e r i o d s pooled a c r o s s exper iments and d i v i d e d 

in to s p e c i f i c reg ions of the CMA. 
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( I I I ) ' I n t a c t ' CA (1) v ' C a s t r a t e ' CA (1) - U = 17, n = 14 ,16 ; p < 0 .002 
two-tat led 

( I v ) ' I n t a c t ' CA (2) v ' C a s t r a t e ' CA (2) - U = 2 5 , n = 1 0 , 1 5 ; P < 0 .02 

two- ta i l e d 

Thus there I s a s i g n i f i c a n t d i f f e r e n c e between the two pooled groups 

in a l l four r e g i o n s . From t h i s , the f o l l o w i n g c o n c l u s i o n s can be d rawn: -

(1) The e f f e c t o f t e s t o s t e r o n e i s not l o c a l i s e d in any p a r t i c u l a r region 

w i t h i n the CMA. 

(2) T h e o r e t i c a l l y i t i s p o s s i b l e tha t the d i f f e r e n c e observed in the 

a b s o l u t e r e f r a c t o r y per iods might be due to sampl ing e r r o r s - i . e . to more 

u n i t s being recorded from a s p e c i f i c region of the CMA in one group than 

a n o t h e r . T h i s i s u n l i k e l y s i n c e u n i t s were sampled on a random b a s i s and the 

same e f f e c t was found in three independent e x p e r i m e n t s . Such a p o s s i b i l i t y 

i s ru led out by the f i n d i n g that the mean a b s o l u t e r e f r a c t o r y p e r i o d s in the 

two groups a r e s i g n i f i c a n t l y d i f f e r e n t in each o f the four reg ions w i t h i n 

the CMA t e s t e d above. 

Data a r e i l l u s t r a t e d in F i g u r e 4 .3 and given in T a b l e s 4 . 5 a , b o f the 

Appendix. 
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CHAPTER 5 

TIME COURSE OF THE EFFECT OF TESTOSTERONE ON A NEURONAL AND A BEHAVIOURAL 

RESPONSE. 

5.1 Introduction. 

The experiments described in previous chapters have shown that the 

absolute refractory periods of cortIcomedial amygdala (CMA) neurones which 

project to the medial preopt lc /anter lor hypothalamic junct ion (MPH) are 

s e n s i t i v e to testosterone, and to i t s metabolite o e s t r a d i o l . Both the 

CMA and the MPH, and the pathway between the two s t r u c t u r e s , the s t r i a 

terminal is (ST) , are known to be important in the control of sexual behaviour 

(reviewed in Chapter 2 ) . On the basis of anatomical and e lectrophysio logical 

evidence i t seems l i k e l y that the neurones of the CMA which project to the 

MPH relay o l factory Information to this a rea ; and ol factory information is 

important In the control of sexual behaviour in male rats (reviewed tn 

Chapter 2 ) . 

Pfaff and Pfaffman (1969a) have shown that testosterone increases the 

s e n s i t i v i t y of preoptic neurone responses to odour st imulation and to 

e l e c t r i c a l st imulat ion of the ol factory bulb (reviewed In Chapter 1 ) . An 

important problem in the Interpretat ion of these resul ts is the short time 

course of the e f f e c t . Changes in unit a c t i v i t y began within 5 " 15 min 

and lasted only 25 - 50 min. Testosterone treatment has to be continued for 

a matter of days before sexual behaviour is restored in the castrated male 

ra t ; so It seems unl ike ly that the e f fec ts of testosterone reported by these 

workers could underly the restorat ion of sexual behaviour. 

This Chapter describes two experiments which plot the time course of the 

testosterone reduction of corticomedlal amygdala neurone absolute refractory 

periods and compare i t with the time course of the hormones restorat ion of 

sexual behaviour. 
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5 .2 Exper iment 5s The time c o u r s e o f the e f f e c t of t e s t o s t e r o n e on CMA 

neurone a b s o l u t e r e f r a c t o r y p e r i o d s and on sexua l b e h a v i o u r . 

In t h i s exper iment the time c o u r s e of the reduct ion of CMA a b s o l u t e 

r e f r a c t o r y p e r i o d s by t e s t o s t e r o n e was p l o t t e d and compared w i t h the time 

course f o r the hormone's s t i m u l a t i o n o f sexua l b e h a v i o u r , in the c a s t r a t e d 

male r a t . 

5 .2 .1 Method. 

Exper imenta l Animals and Hormone Trea tment . 

Twenty-four a d u l t ma le , s e x u a l l y n a i v e , Porton a l b i n o W i s t a r r a t s 

(approximate ly 120 days of a g e ; weight 400 - 600g) were u s e d . Animals were 

main ta ined on a r e v e r s e d l i g h t - d a r k s c h e d u l e and c a s t r a t e d under e t h e r 

a n a e s t h e s i a a t l e a s t 8 weeks p r i o r to u s e . A f t e r 8 weeks the r a t s were 

d i v i d e d randomly in to IX p a i r s . Each p a i r o f r a t s r e c e i v e d d a i l y 200ug 

subcutaneous i n j e c t i o n s of T e s t o s t e r o n e Prop ionate (TP) g iven in 0.1 ml of 

a r a c h i s o i l . (One p a i r of r a t s , which a c t e d as a c o n t r o l , r e c e i v e d a 0.1 ml 

a r a c h i s o i l i n j e c t i o n ) . P a i r s were then sampled a t v a r i o u s t imes (g iven 

below) fo r e x p e r i m e n t a t i o n . Rats were approx imate ly 180 days o f age and 

weighed 400 - 650g a t the time o f the e x p e r i m e n t . 

F i v e ( s e x u a l l y e x p e r i e n c e d ) a d u l t female Porton a l b i n o W i s t a r r a t s 

(approximate ly 140 days o f a g e ; 250 - 300g) were used f o r s e x u a l behav iour 

t e s t s . These an imals were o v a r i e c t o m i s e d under e t h e r a n a e s t h e s i a and 

i n j e c t e d subcutaneous ly w i th 5ug O e s t r a d i o l Benzoate (OB) d a i l y , fo r 

4 o r more d a y s , and w i th 500ug Proges te rone on the day o f t e s t i n g , in o r d e r 

to b r i n g them i n t o a r e c e p t i v e s t a t e . Once a g a i n these hormones were g iven 

in 0.1 ml a r a c h i s o i 1 . 

Exper imenta l Design and P r o c e d u r e . 

One o f each exper imenta l p a i r was used f o r a sexua l behav iour t e s t 

and the o t h e r in an e l e c t r o p h y s i o l o g i c a l exper iment . One p a i r was t e s t e d 

a f t e r a c o n t r o l o i l i n j e c t i o n on the day of the exper iment , and the o t h e r s 
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a f t e r 1, 3 , 5 , 7 , 9 . 11 , 13 and 15 days o f d a i l y TP i n j e c t i o n s . P a i r s were 

a l s o sampled a t 3 , 5 and 7 days a f t e r the wi thdrawal o f TP i n j e c t i o n s a t 

15 d a y s . I n j e c t i o n s were a lways given a t 9*00 a . m . ; ( a n a e s t h e s i a was 

a d m i n i s t e r e d a t 9*30 a . m . ) and e l e c t r o p h y s i o l o g i c a l r e c o r d i n g begun a t 

11.00 a .m. The sexua l behav iour t e s t was given a t 3-00 p.m. 

The female r a t s wh ich were used fo r the s e x u a l behav iour t e s t were 

g iven a progesterone i n j e c t i o n a t 9 .00 a .m. on the morning of t e s t i n g (hav ing 

a l r e a d y r e c e i v e d a t l e a s t four days of OB t r e a t m e n t ) , and were thus f u l l y 

r e c e p t i v e by 3.00 p.m. 

(1) E l e c t r o p h y s i o l o g i c a l T e c h n i q u e s : -

These were the same as d e s c r i b e d In the Method s e c t i o n o f Exper iment 1 

(Chapter 2 ) , the MPH be ing used as the s t i m u l a t i o n s i t e . However, in t h i s 

exper iment , on ly the a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones ( a n t i d r o m i c a l l y 

i d e n t i f i e d from the MPH) were measured. F u r t h e r , to a v o i d p o s s i b l e e x p e r i m e n t e r 

b i a s In the sampl ing of u n i t s , a l i m i t of 10 CMA neurones was s e t as the 

maximum number to be recorded from each r a t . In f a c t , t h i s maximum number 

was a c h i e v e d in every r a t . 

Due to the f a c t tha t on ly one r a t was used fo r each data p o i n t on ly the 

combined mean a b s o l u t e r e f r a c t o r y per iod was used ( i . e . spontaneous ly 

a c t i v e and s i l e n t CMA n e u r o n e s ) . 

(2) Sexual Behav iour T e s t s : -

Rats were t e s t e d in a c i r c u l a r a r e n a , 90 cm in d i a m e t e r , w i t h 30 cm high 

b lackened w a l l s . S i n c e a l l an ima ls were ma in ta ined on a r e v e r s e d l i g h t -

dark s c h e d u l e , t e s t i n g (a t 3.00 p.m.) was c a r r i e d out dur ing the dark 

phase o f the c y c l e . T e s t i n g was c a r r i e d out in a q u i e t , darkened room, 

I l l u m i n a t e d on ly by a 60 w a t t red l i g h t - b u l b . 

Both male and female r a t s were a l lowed to a c c l i m a t i s e to the t e s t i n g 

a rena f o r 30 mln on the day preced ing the exper iment . 

For the a c t u a l sexua l behav iour t e s t , the male r a t was p l a c e d in the 
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arena and a l lowed to a c c l i m a t i s e f o r 15 min. A f t e r 15 min the female 

was p laced In the t e s t i n g arena w i th the m a l e , and the f o l l o w i n g measures of 

the m a l e ' s sexua l behav iour recorded dur ing a 30 min p e r i o d - l a t e n c y to 

f i r s t a n o - g e n i t a l n u z z l i n g ; t o t a l time spent a n o - g e n i t a l n u z z l i n g ; number o f 

mounts; number o f i n t r o m i s s i o n s ; number o f e j a c u l a t i o n s ; mount l a t e n c y ; 

i n t r o m i s s i o n l a t e n c y and f i r s t e j a c u l a t i o n l a t e n c y . 

5 . 2 . 2 R e s u l t s and D i s c u s s i o n . 

The main exper imenta l f i n d i n g s are i l l u s t r a t e d in F i g u r e 5 . 1 . 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

These were the same as in Exper iment 1. 

(1) Time c o u r s e fo r the r e d u c t i o n of the mean a b s o l u t e r e f r a c t o r y p e r i o d 

o f CMA neurones . 

As shown In F i g u r e 5 . 1 , the mean a b s o l u t e r e f r a c t o r y pe r iod o f CMA 

neurones i s reduced to the l e v e l found in ' i n t a c t ' r a t s (Exper iment 1) o r 

long term TP t r e a t e d r a t s (Exper iment 3) a f t e r 7 days of TP i n j e c t i o n s (which 

i s j u s t over 6 days a f t e r the f i r s t TP i n j e c t i o n ) . The mean a b s o l u t e r e f r a c t o r y 

per iod does appear to be reduced a f t e r 5 days of TP i n j e c t i o n s , though 

whether t h i s i s due to a gradual e f f e c t o f the TP t reatment o r s imply due to 

sampl ing i s i m p o s s i b l e to c o n c l u d e . 

5 days a f t e r the wi thdrawal of TP t reatment a t 15 d a y s , the mean a b s o l u t e 

r e f r a c t o r y per iod had lengthened again to a l e v e l normal ly found in ' c a s t r a t e ' 

r a t s . 

The mean a b s o l u t e r e f r a c t o r y per iod f i g u r e s a r e g iven in Tab le 5 . 1 . 

(2) Time c o u r s e f o r the r e s t o r a t i o n o f s e x u a l b e h a v i o u r . 

The f i g u r e s f o r the v a r i o u s parameters of s e x u a l behav iour a r e g iven 

in Tab le 5 . 1 . Two parameters of s e x u a l behav iour show a d i s t i n c t c o r r e l a t i o n 

w i th the reduct ion of CMA neurone a b s o l u t e r e f r a c t o r y p e r i o d s : mount l a t e n c y 

and e j a c u l a t i o n (see F i g u r e 5 . 1 ) . These two parameters not on ly c o r r e l a t e d 
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w i th the reduct ion o f the mean a b s o l u t e r e f r a c t o r y per iod but a l s o w i t h i t s 
lengthening a f t e r the wi thdrawal of TP t rea tment . 

Mounts and i n t r o m i s s i o n s o c c u r r e d a f t e r 5 days o f TP i n j e c t i o n s ( j u s t 

over k days a f t e r the f i r s t TP i n j e c t i o n ) and p e r s i s t e d a f t e r the a b s o l u t e 

r e f r a c t o r y per iod lengthened when TP t reatment was wi thdrawn. No dose r e l a t e d 

p a t t e r n cou ld be seen f o r the l a t e n c y to the f i r s t a n o - g e n i t a l n u z z l i n g or 

the length of time spent a n o - g e n i t a l n u z z l i n g dur ing the 30 mln t e s t . 

Thus the reduct ion in the mean a b s o l u t e r e f r a c t o r y p e r i o d of CMA 

neurones to l e v e l s c h a r a c t e r i s t i c of i n t a c t an imals i s a s s o c i a t e d w i t h the 

r e s t o r a t i o n of f u l l sexua l b e h a v i o u r , t h a t i s the time a t which r a t s d i s p l a y mounts 

i n t r o m i s s i o n s and e j a c u l a t i o n s . There i s a l s o a c o r r e l a t i o n w i th a reduct ion 

in mount l a t e n c y w h i c h , s i n c e i t r e f l e c t s the w i l l i n g n e s s o f a male r a t to 

i n i t i a t e c o p u l a t o r y b e h a v i o u r , i s a good measure of s e x u a l a r o u s a l . 

The l a t e n c y of the reduced a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones 

was around 6 days ( a f t e r 7 d a l l y TP i n j e c t i o n s ) , which i s c o n s i d e r a b l y longer 

than p r e v i o u s l y reported s e x hormone e f f e c t s on the c e n t r a l nervous 

system (see review in Chapter 1 ) . In p a r t i c u l a r , t h i s time c o u r s e i s longer 

than the 5 - 15 min l a t e n c y repor ted by P f a f f and Pfaffman (1969a) f o r 

t e s t o s t e r o n e Induced changes in p r e o p t i c a r e a neuronal a c t i v i t y . 

5-3 Experiment 6: The time c o u r s e o f the e f f e c t of t e s t o s t e r o n e on a b s o l u t e 

r e f r a c t o r y per iods and on s e x u a l behav iour ( 2 ) . 

The f i n d i n g s of Exper iment 5 were on ly based on one r a t f o r each data 

p o i n t . Consequent ly a second exper iment was c a r r i e d o u t . T h i s exper iment 

c o n c e n t r a t e s on the i n i t i a l t ime c o u r s e of the reduct ion in CMA neurone 

a b s o l u t e r e f r a c t o r y p e r i o d s by more f requent sampl ing a f t e r fewer TP i n j e c t i o n s . 

5.3.1 Method. 

Exper imenta l Animals and Hormone Trea tment . 

E i g h t e e n , a d u l t ma le , s e x u a l l y n a i v e , Porton a l b i n o W l s t a r r a t s 

(approx imate ly 2^0 days of a g e ; weight *t00 - 600g) were u s e d . Once aga in 
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r a t s were c a s t r a t e d under e t h e r a n a e s t h e s i a and a f t e r 8 weeks were d i v i d e d 

randomly i n t o p a i r s (9 in a l l ) . Hormone t reatment was the same as in Exper iment 

5. Rats were approx imate ly 300 days o f age and weighed 400 - 625g a t the time 

of the exper iment . Four a d u l t f e m a l e , s e x u a l l y e x p e r i e n c e d , Porton a l b i n o 

r a t s (approx imate ly 200 days o f a g e ; weight 275 " 350g) were o v a r l e c t o m i s e d 

under e t h e r a n a e s t h e s i a and brought In to r e c e p t i v i t y us ing OB and progesterone 

t reatment as in Experiment 5 . 

Exper imenta l Design and P r o c e d u r e . 

T h i s was the same as in Exper iment 5 e x c e p t i n g tha t p a i r s of r a t s were 

sampled a f t e r 0 days (one o i l c o n t r o l i n j e c t i o n ) and a f t e r 1 , 2 , 3 , 6 , 

8 , 10 and 12 d a i l y TP i n j e c t i o n s . 

5 . 3 . 2 R e s u l t s and D i s c u s s i o n . 

The main exper imenta l f i n d i n g s a r e i l l u s t r a t e d in F i g u r e 5 . 2 . 

Anatomical Loc i o f Record ing and S t i m u l a t i o n S i t e s . 

These were the same as in Exper iment 1 . 

( 1 ) Time c o u r s e f o r the r e d u c t i o n of the mean a b s o l u t e r e f r a c t o r y pe r iod 

o f CMA n e u r o n e s . 

As shown in F i g u r e 5 . 2 , the mean a b s o l u t e r e f r a c t o r y per iod o f CMA 

neurones i s reduced to the l e v e l found In ' i n t a c t ' r a t s (Exper iment 1) o r 

long term TP t r e a t e d r a t s (Exper iment 3) a f t e r 8 days of TP t reatment (which 

in r e a l time I s j u s t over 7 days a f t e r the f i r s t TP i n j e c t i o n ) . Once aga in 

the mean a b s o l u t e r e f r a c t o r y pe r iod does appear to be reduced s l i g h t l y a f t e r 

k and 6 TP i n j e c t i o n s . Again t h i s s u g g e s t s the p o s s i b i l i t y o f some form 

of gradual e f f e c t on these neurones as opposed to an a l l o r no th ing one . 

The f a c t tha t the reduct ion o f the mean a b s o l u t e r e f r a c t o r y p e r i o d had a 

s l i g h t l y longer l a t e n c y in t h i s exper iment (as compared w i t h Exper iment 5 ) 

may s imply r e f l e c t a v a r i a t i o n w i t h i n the p o p u l a t i o n . A l s o i t I s p o s s i b l e 

tha t the longer l a t e n c y might have been due to the f a c t tha t the r a t s used in 

t h i s exper iment were somewhat o l d e r than those used In Exper iment 5 . 
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F i g u r e 5 .2 

Experiment 6 - The time c o u r s e of the t e s t o s t e r o n e reduc t ion of CMA neurone 

a b s o l u t e r e f r a c t o r y p e r i o d s and r e s t o r a t i o n of sexua l b e h a v i o u r . 
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The mean a b s o l u t e r e f r a c t o r y per iod f i g u r e s a r e g iven in Tab le 5 . 2 . 

(2) Time c o u r s e fo r the r e s t o r a t i o n o f sexua l b e h a v i o u r . 

The f i g u r e s f o r the v a r i o u s parameters of s e x u a l behav iour a re g iven in 

Tab le 5 . 2 . Once aga in the reduc t ion of the mean a b s o l u t e r e f r a c t o r y pe r iod 

was c o r r e l a t e d w i t h the p resence o f the e j a c u l a t o r y p a t t e r n , (see F i g u r e 5 . 2 ) 

However, in t h i s exper iment there was no s p l i t between the r e s t o r a t i o n of 

mounting and i n t r o m i s s i o n behav iour and t h a t of e j a c u l a t i o n . 

Once aga in there was no c o r r e l a t i o n w i t h e i t h e r of the a n o - g e n i t a l nuzz l 

p a r a m e t e r s . 

T h u s , the reduc t ion in the mean a b s o l u t e r e f r a c t o r y of CMA neurones i s 

c o r r e l a t e d w i th the r e s t o r a t i o n of f u l l sexua l behav iour in the c a s t r a t e d 

male ra t even though the time course of the e f f e c t i s s l i g h t l y longer than 

that observed in Exper iment 5 . 



99 

CHAPTER 6 
DISCUSSION OF RESULTS 

The exper iments d e s c r i b e d In t h i s t h e s i s show that c a s t r a t i o n lengthens 

the a b s o l u t e r e f r a c t o r y per iod of neurones which p r o j e c t d i r e c t l y from the 

c o r t i c o m e d i a l amygdala to the a r e a of the medial p r e o p t i c / a n t e r i o r hypotha lamic 

j u n c t i o n v i a the s t r i a termina l i s . A d j a c e n t c o r t i c o m e d i a l amygdala neurones 

which p r o j e c t to the c a p s u l e of the ventromedia l n u c l e u s of the hypothalamus a r e 

u n a f f e c t e d . So the e f f e c t o f c a s t r a t i o n i s a n a t o m i c a l l y s p e c i f i c . 

T h i s l engthen ing of the r e f r a c t o r y p e r i o d s i s r e v e r s e d i f c a s t r a t e d r a t s 

a r e t r e a t e d w i t h t e s t o s t e r o n e . So the lengthen ing of the r e f r a c t o r y p e r i o d s 

In c a s t r a t e s i s due to the absence of t e s t o s t e r o n e . 

These f i n d i n g s imply tha t t h i s pathway i s invo lved e i t h e r in the 

c o n t r o l o f sexua l behav iour (or some o t h e r androgen s e n s i t i v e b e h a v i o u r ) , or in 

the c o n t r o l o f p i t u i t a r y f u n c t i o n . The obvious cand ida te here would be the 

n e g a t i v e feedback of t e s t o s t e r o n e on l u t e i n i z i n g hormone. That t h i s i s a 

rea l p o s s i b i l i t y i s shown by the f a c t tha t s u r g i c a l i n t e r r u p t i o n o f the s t r i a 

te rmina l I s i n c r e a s e s s e c r e t i o n of l u t e i n i z i n g hormone (Brown-Grant and Ra isman, 

1 9 7 2 ) . Ev idence from Exper iments 5 and 6 i n d i c a t e s tha t the l a t e n c y o f the 

reduc t ion o f the r e f r a c t o r y p e r i o d s to the l e v e l found In I n t a c t r a t s I s 

comparable w i t h the time c o u r s e of the r e s t o r a t i o n o f sexua l behav iour by the 

hormone: 6 days in Exper iment 5 and 7 days in Exper iment 6 , and c o n s i d e r a b l y 

longer than the t ime course of the n e g a t i v e feedback of t e s t o s t e r o n e on 

l u t e i n i z i n g hormone { 2 k to 48 h o u r s : K a l r a e t a l , 1 9 7 3 ) . 

F u r t h e r ev idence fo r r e j e c t i n g the p o s s i b i l i t y tha t these neurones a r e 

i n v o l v e d in the n e g a t i v e feedback of t e s t o s t e r o n e on l u t e i n i z i n g hormone 

comes from Exper iment 4 . T h i s exper iment shows that d i h y d r o t e s t o s t e r o n e does 

not reduce the a b s o l u t e r e f r a c t o r y p e r i o d s of these neurones in c a s t r a t e d 

r a t s . D i h y d r o t e s t o s t e r o n e i s more e f f e c t i v e than t e s t o s t e r o n e In s u p p r e s s i n g 

l u t e i n i z i n g hormone l e v e l s In c a s t r a t e d r a t s ( S w e r d l o f f , Walsh and O d e l 1 , 

1972 ; N a f t o l I n and F e d e r , 1 9 7 3 ) , a l though I t i s l e s s e f f e c t i v e in s t i m u l a t i n g 
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sexua l b e h a v i o u r . So the l ack o f e f f e c t o f d i h y d r o t e s t o s t e r o n e on these 

neurones a l s o i m p l i e s t h a t they a r e Invo lved in the c o n t r o l o f sexua l behav iour 

and not in the n e g a t i v e feedback of t e s t o s t e r o n e on l u t e i n i z i n g hormone. 

In what way might a lengthened neuronal r e f r a c t o r y p e r i o d e f f e c t s e x u a l 

behav iour? The exper iments c a r r i e d out f o r t h i s t h e s i s do not p rov ide any 

d i r e c t answers to t h i s q u e s t i o n . A h y p o t h e s i s i s t h a t i t might a l t e r the 

number and p a t t e r n i n g of a c t i o n p o t e n t i a l s reach ing the medial p r e o p t i c / 

a n t e r i o r hypotha lamic j u n c t i o n , a s t r u c t u r e invo lved in the c o n t r o l o f 

sexua l behav iour (Chapter 2 ) . F i g u r e 6.1 shows how the lengthened a b s o l u t e 

r e f r a c t o r y p e r i o d s of these neurones would reduce the Input f requency which t h e i r 

output can r e l i a b l y reproduce . In ' i n t a c t ' r a t s the c o r t i c o m e d i a l amygdala 

neurones c o u l d , on a v e r a g e , f o l l o w input f r e q u e n c i e s of up to 1000 Hz. 

In ' c a s t r a t e ' r a t s t h i s f requency I s reduced to 620 Hz. Both these f i g u r e s 

would r e p r e s e n t ext remely high neuronal f i r i n g f r e q u e n c i e s however, and tha t 

e i t h e r would e v e r normal ly be c h a l l e n g e d i s dub ious . But I t I s p o s s i b l e t h a t 

a change in a neuronal a b s o l u t e r e f r a c t o r y p e r i o d may c o r r e l a t e w i t h a c o r r e s 

ponding change in the r e l a t i v e r e f r a c t o r y pe r iod ( the p e r i o d f o l l o w i n g the 

a b s o l u t e r e f r a c t o r y pe r iod dur ing which a c t i o n p o t e n t i a l s may be s t i m u l a t e d 

but o n l y by s u p r a t h r e s h o l d c u r r e n t s ) . The length o f the r e l a t i v e r e f r a c t o r y 

pe r iod i s d i f f i c u l t to measure o b j e c t i v e l y as i t i s ex t remely v a r i a b l e , be ing 

dependent on the recent f i r i n g h i s t o r y o f the c e l l . However, g iven t h a t the 

r e l a t i v e r e f r a c t o r y p e r i o d I s longer than the a b s o l u t e r e f r a c t o r y p e r i o d , I t 

i s p o s s i b l e tha t high f requency o l f a c t o r y inputs might c h a l l e n g e t h i s p e r i o d 

in c a s t r a t e d r a t s , so that c a s t r a t i o n might a l t e r the amount and p a t t e r n i n g 

of o l f a c t o r y in format ion r e a c h i n g the medial p r e o p t l c / a n t e r l o r hypotha lamic 

j u n c t i o n . 

C l e a r l y we need to know whether t h e s e c o r t i c o m e d i a l amygdala neurones 

do r e c e i v e d i r e c t o l f a c t o r y I n p u t s . Ca in and B indra (1972) have Indeed shown 

tha t the re a r e c o r t i c o m e d i a l amygdala neurones which respond to odour 

s t i m u l a t i o n , but they d id not I d e n t i f y the r e s p o n s i v e neurones in terms o f t h e i r 
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Fi qu re 6 . 1 

The e f f e c t of the lengthened a b s o l u t e r e f r a c t o r y p e r i o d s of CMA neurones a f t e r 

c a s t r a t i o n on the input f requency which t h e i r output can r e l i a b l y reproduce . 
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o u t p u t s . So I t remains to be seen whether these t e s t o s t e r o n e - s e n s i t i v e 

c o r t i c o m e d i a l amygdala neurones which p r o j e c t to the medial p r e o p t l c / a n t e r l o r 

hypotha lamic j u n c t i o n do Indeed respond to o l f a c t o r y I n p u t s . Such an 

exper iment would need to employ a double s t i m u l a t i o n t e c h n i q u e , w i th one 

s t i m u l a t i o n e l e c t r o d e in the medial p r e o p t i c / a n t e r l o r hypotha lamic j u n c t i o n to 

i d e n t i f y those c o r t i c o m e d i a l amygdala neurones which p r o j e c t d i r e c t l y to i t , 

and a second s t i m u l a t i n g e l e c t r o d e in the o l f a c t o r y bulb to con f i rm t h a t 

these I d e n t i f i e d neurones do r e c e i v e d i r e c t o l f a c t o r y i n p u t s . I f these 

neurones do r e c e i v e o l f a c t o r y I n p u t s , then a f u r t h e r exper iment might 

i n v e s t i g a t e whether t h e i r f i r i n g f r e q u e n c i e s a r e a l t e r e d by n a t u r a l o d o u r s , f o r 

example u r i n a r y o r p r e p u t i a l g land odours from o e s t r u s female r a t s . T h i s 

l a t t e r exper iment would a l s o g i v e some In format ion on the f i r i n g f r e q u e n c i e s 

of t h e s e c o r t i c o m e d i a l amygdala neurones In response to o l f a c t o r y I n p u t , and 

a l l o w us to e v a l u a t e the h y p o t h e s i s tha t the lengthened r e f r a c t o r y p e r i o d s 

in c a s t r a t e d r a t s may be c h a l l e n g e d by high f requency o l f a c t o r y i n p u t s . 

The exper iments c a r r i e d out In t h i s t h e s i s a r e a l s o r e l e v a n t to two 

f u r t h e r a r e a s : -

(1) Sexual D i f f e r e n t i a t i o n . 

The e f f e c t s o f t e s t o s t e r o n e on behav iour a r e s e x u a l l y d i f f e r e n t i a t e d 

(see review by Goldman, 1978) . So i t would be i n t e r e s t i n g to know whether 

the c o r t i c o m e d i a l amygdala neurones of female r a t s show the same response to 

t e s t o s t e r o n e as those o f m a l e s . I f sex d i f f e r e n c e s a r e e n c o u n t e r e d , then 

exper iments could i n v e s t i g a t e the e f f e c t s of neonata l c a s t r a t i o n in male 

r a t s to s e e i f t h i s e l i m i n a t e s the e f f e c t o f t e s t o s t e r o n e in the a d u l t . 

S i m i l a r exper iments c o u l d i n v e s t i g a t e whether neonata l a n d r o g e n i s a t i o n of 

female r a t s promotes t e s t o s t e r o n e s e n s i t i v i t y in these neurones In a d u l t h o o d . 

(2) The Aromat l za t ion H y p o t h e s i s . 

Many exper iments have suggested t h a t t e s t o s t e r o n e may need to be 

aromat ized to an oes t rogen In o r d e r to produce i t s e f f e c t on the 
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c e n t r a l nervous s y s t e m . For i n s t a n c e , s e x u a l behav iour i s r e a d i l y 
r e s t o r e d in c a s t r a t e d male r a t s by androgens which can be aromat ized to 
o e s t r o g e n s , but not by those which cannot ( P a r r o t t , 1975) . The r e s u l t s 
o f Exper iment 4 show that o e s t r a d i o l mimicks the e f f e c t o f t e s t o s t e r o n e on 
the a b s o l u t e r e f r a c t o r y per iods of c o r t i c o m e d i a l amygdala n e u r o n e s . 
D i h y d r o t e s t o s t e r o n e (which i s not a romat ized to o e s t r o g e n s ) does not have t h i s 
e f f e c t ; n e i t h e r does i t enhance the e f f e c t o f o e s t r a d i o l benzoate when given 
in combinat ion w i t h i t . So these exper iments con f i rm e x i s t i n g data (see 
review in Chapter 4) which suggest tha t an o e s t r o g e n , r a t h e r than d i h y d r o 
t e s t o s t e r o n e , i s the m e t a b o l i t e of t e s t o s t e r o n e which i s potent in the c e n t r a l 
nervous s y s t e m . 

Experiment 4, however, a l though i t proves that o e s t r a d i o l can s u b s t i t u t e 

f o r t e s t o s t e r o n e in the c e n t r a l nervous s y s t e m , does not i t s e l f prove t h a t 

t e s t o s t e r o n e has to be aromat ized to an oest rogen to produce i t s neuronal e f f e c t . 

T h i s could be i n v e s t i g a t e d by i n j e c t i n g c a s t r a t e d r a t s w i t h t e s t o s t e r o n e In 

combinat ion w i t h an a r o m a t i z a t i o n i n h i b i t o r such a s 1,4,6 - A n d r o s t a t r i e n -

3 , 1 7 - d i o n e . 
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TABLE 2 . 1 a 

Experiment 1 - Median spontaneous f i r i n g r a t e s of c o r t i c o m e d i a l amygdala 

neurones in ' i n t a c t ' male r a t s . 

Response to s t i m u l a t i o n of the MPH 

Number Ant i dromi c Orthodromi c Not -Dr iven 
Rat ( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

33B 3 .50 (2 ) 2 1 . 0 0 (5 ) 473 . 83 (2 ) 

35 B 2 . 6 7 (1 ) 13 .67 (5) 5 5 . 6 7 (5 ) 

37B - 4 . 3 3 ( 1 ) -
40 B - - 23 . 50 (2 ) 

42 B - - 394 .00 ( 1 ) 

46 B 3.00 (1 ) 42 . 67 ( 1 ) 26 . 33 (5 ) 

49 B 8 . 83 (2) - 2 3 8 . 0 0 ( 1 ) 

51 B 2 . 0 0 (1) - 223 . 50 (14) 

53B 5 .67 (3 ) 5 . 6 7 (1 ) 125 .50 ( 3 ) 

55B 2 2 . 3 3 (1 ) 34 .00 ( 1 ) 256 .50 ( 8 ) 

62 B 1.33 (1 ) 43.50 (1 ) 131 .67 (5 ) 

66 B 13.00 (1) - 204.17 ( 6 ) 

68B 44.50 (1 ) 20 . 67 ( 1 ) 128.59 (4) 

69B 22 .00 (1 ) 2 2 . 0 0 (1) -
75B 8 .67 ( 6 ) 451 . 33 (0 339.17 (2 ) 

77B 1.00 ( 1 ) - -

TOTAL 138 .50 (22) 658 . 84 (18) 2620.43 ( 5 8 ) 

MEAN 10.65 6 5 . 8 8 201 .57 

NUMBER 13 10 13 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala 

neurones from which the median f i r i n g r a t e v a l u e was c a l c u l a t e d . 

MPH = medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 
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TABLE 2 . 1b 

Experiment 1 - Median spontaneous f i r i n g r a t e s o f c o r t i c o m e d i a l amygdala 

neurones in ' c a s t r a t e ' male r a t s . 

Number 
Rat 

Response to s t i m u l a t i o n o f the MPH 

Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

14B _ 290.84 (4) 

32B 14 .33 (1) 1.67 ( 3 ) -
34B 3 . 33 (1) 305.33 (1) -
36B 2 .67 (1) 103 .33 (1) 101 .33 ( 7 ) 

39 B 0 .67 (1) 81.00 (1) 304 .83 (2) 

45B 18.92 (4) 12.00 (1) 250.34 (4) 

50B - - 188.00 (11) 

54B 3 .67 (1) - -
58B 4 .50 (2) 0 .67 ( 3 ) 10.00 ( 9 ) 

59 B 0 . 3 3 (1) 6 .00 (1) 2 3 5 . 3 3 (9 ) 

60B - - 36.00 ( 3 ) 

61 B - 222.00 (1) 219 . 67 (12) 

65B 15.00 (4) 6 9 . 6 7 ( 3 ) 24.00 ( 6 ) 

72 B 1.67 (2) - 85 . 67 (2) 

TOTAL 

MEAN 

NUMBER 

65 . 09 

6 .51 

10 

(18) 801.67 

89 .07 

9 

(15) 1746.01 (69) 

158.73 

11 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d i a l amygdala 

neurones from which the median f i r i n g r a t e v a l u e was c a l c u l a t e d . 

MPH = medial p r e o p t i c / a n t e r l o r hypothalamic j u n c t i o n . 
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TABLE 2 ,2 

Experiment 1 - Mean a b s o l u t e r e f r a c t o r y p e r i o d s of c o r t i c o m e d l a l amygdala 

neurones a n t t d r o m i c a l ly s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus in ' i n t a c t v ' c a s t r a t e ' male r a t s . 

' I n t a c t 1 Male Rats 

Number Spontaneous SI l e n t Combined 
Rat (msec) (msec) Spontaneous + Si l e n t 

(msec ) 

33B 1.52 (1) - 1.52 (1) 
35 B 1.70 (1) 0.90 (3) 1.10 (4) 
40 B - 1.15 (1) 1.15 (1) 
46B 1.15 (1) 1.10 (6) 1.10 (7) 
49 B 1.00 (2) 1.26 (3) 1.15 (5) 
51B 0.79 (2) 0 .93 (0 0.84 (3) 
53B 0 .95 (3) 0 .99 (1) 0.96 (4) 
55 B 0.60 (1) 0 .93 (1) 0 .77 (2) 
62 B 0.86 (1) 1.09 (1) 0 .98 (2) 
66B 0.70 (1) - 0.70 (1) 
68B 1.04 (1) - 1.04 (1) 
75 B 1.10 (6) 0 .89 (4) 1.01 (10) 
77B 0.94 (1) 0 .63 (1) 0.79 (2) 

TOTAL 12.35 (21) 9 .87 (22) 13.11 (43) 
MEAN 1.03 0 .99 1.01 
NUMBER 12 10 13 

' C a s t r a t e ' Male Rats 

Number Spontaneous Si l e n t Combi ned 
Rat (msec \ J L JU J L 

) ( m s e c ) * * Spontaneous + SI l e n t 
( m s e c ) * * * 

32 B 2.50 (1) - 2.50 (1) 
34B 1.64 (1) 1.37 (3) 1.44 (4) 
39B 1.96 (1) 2 .50 (1) 2 .23 (2) 
45 B 2 .32 (3) 1.80 (4) 2 .02 (7) 
48B - 1.28 (4) 1.28 (4) 
50B - 1.27 (0 1.27 (1) 
58B 1.53 (2) - 1.53 (2) 
59 B 1.11 (2) 1.75 (2) 1.43 (4) 
60B 2 .04 (1) 0 .85 (1) 1.45 (2) 
65B 1.63 (2) 0 .98 (2) 1.30 (4) 
72 B 1.88 (3) 1.69 (4) 1.77 (7) 

, 74B — 1.10 (4) 1.10 (4) 

TOTAL 16.61 (16) 14.59 (26) 19.32 (42) 
MEAN 1.85 1.46 1.61 
NUM BER 9 10 12 

* * * p < 0 .002 two t a i l e d * * p < 0 . 0 2 two t a i l e d 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d i a l amygdala 
neurones from which the mean a b s o l u t e r e f r a c t o r y p e r i o d was c a l c u l a t e d . 
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TABLE 2 . 3 

Exper iment 1 - L a t e n c i e s and conduct ion v e l o c i t i e s of cort icorned 1al amygdala 

neurones a n t l d r o m ! c a l l y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus. 
1 I n t a c t 1 Male Rats 

Number 
Rat Spontaneous SI l e n t 

Combined 
Spontaneous + S i l e n t Number 

Rat (msec) (m/sec ) (msec) (m/sec ) (msec) (m/sec ) 

33B 23.00 0.35 (2) - - 23.00 0 .35 (2) 
35B 2 7 . 5 0 - 0.29 (1) 19.00 0 .46 (3) 21 .13 0 .42 (4) 
40 B - • - 30.50 0.26 (1) 30.50 0 .26 (1) 
42B - - 20.00 0 .43 (2) 20 .00 0 .43 (2 ) 
46 B 9 .70 0.82 (1) 20 .70 0 .44 (6) 19.56 0 .49 (7) 
49 B 22 .65 0 .37 (2) 22 .93 0 .37 (4) 22 .83 0 .37 (6) 
51B 16.40 0.56 (4) 15.30 • 0 .64 (2) 16.03 0 .59 (6) 
53B 22 .93 0.38 (3) 28 .65 0.30 (2) 25 .22 0 .35 (5) 
55B 12.75 0 .63 (2) 19.50 0.41 (1) 15.00 0 .56 (3) 
62 B 26.90 0.30 (1) 33.50 0.24 (1) 30.20 0 .27 (2) 
66B 9.70 0.82 (1) - - 9 .70 0 .82 (1) 
68B 19.00 0.42 (1) - - 19.00 0.42 ( 0 
69B 19.80 0.40 (1) - - 19.80 0 .40 (1) 
75B 17.56 0.52 (7) 18.48 0 .47 (5) 17.94 0.50 (12) 
77B 25.00 0.32 (1) 7 .40 1.09 (2) 13.27 0 .83 (3) 

TOTAL 252.89 6 .18 (27) 235 .96 5.11 (29) 303.18 7.06 (56) 
MEAN 19.45 0.48 21 .45 0.46 

(29) 
20.21 0 .47 

NUMBER 13 13 11 11 15 15 

' C a s t r a t e * Male Rats 

Number 
Rat Spontaneous Si l e n t 

Combined 
Spontaneous + Si l e n t Number 

Rat (msec) (m/sec ) (msec) (m/sec ) (msec) (m/sec ) 

14B - - 26.00 0.31 (1) 26 .00 0.31 (1) 
32 B 25 .20 0.32 (1) - - 25.20 0 .32 (1) 
34B 15.20 0 .53 (1) 18.80 0 .57 (3) 17.90 0 .56 (4) 
36 B 9 .80 0.82 (1) - - 9 .80 0 .82 (1) 
39B 26 .00 0.31 (1) 21 .50 0 .37 (1) 23 .75 0 .34 (2) 
45B 34.83 0.23 (4) 29 .80 0.30 (5) 32 .03 0 .27 (9) 
48B - - 28 .07 0.29 (6) 28 .07 0.29 (6) 
50 B - - 2 2 . 7 5 0 .36 (2) 22 .75 0.36 (2) 
54B 37.00 0.22 (1) - - 37.00 0 .22 (1) 
58B 17.10 0 .57 (2) - - 17.10 0 .57 (2) 
59B 25 .57 0.32 (3) 19.90 0 .40 (2) 23 .30 0 .35 (5) 
60B 17.50 0.46 (1) 18.00 0 .44 (0 17.75 0 .45 (2) 
65B 19.33 0.42 (4) 17.77 0.50 (3) 18.66 0 .46 (7) 
72 B 34 .47 0.24 (3) 18.73 0 .45 (4) 19.03 0.36 (7) 
74B - — 20.50 0.41 (4) 20 .50 0.41 (4) 

TOTAL 262.00 4 .44 (22) 241.82 4 .40 (32) 345.28 6 .09 (54) 
MEAN 23.82 0.40 21 .98 0.40 23 .02 0.41 
NUMBER 11 11 11 11 15 15 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t l c o m e d i a l amygdala neurones 
from which l a t e n c i e s / c o n d u c t i o n v e l o c i t i e s were t a k e n . 
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TABLE 2 . 4 

Experiment 1 ~ L a t e n c i e s o f c o r t l c o m e d i a l amygdala neurones Orthodromlca11y 

s t i m u l a t e d from the medial p r e o p t i c / a n t e r i o r hypothalamus. 

' i n t a c t ' Male Rats ' C a s t r a t e ' Male Rats 

Number Latency Number Latency 
Rat (msec) Rat (msec) 

33B 19.68 (5) 32 B 23 .73 (3) 

35B 2^4.61 (7) 3^B }k.kO (1) 

37B 29.00 (1) 36 B 26.40 (1) 

46B 16.63 (3) 39 B 28.50 (1) 

53B 20 .17 (3) 1*5 B 28.00 (1) 

55B 18.05 (2) 48B 30.85 (2) 

62 B 27 .65 (2) 58B 17.45 (k) 
68B 22.30 (1) 59 B 18.80 (1) 

69B 19.80 (1) 61B 26.30 (1) 

75 B 9 .90 (1) 65 B 19.50 (3) 

TOTAL 207 .78 (26) TOTAL 233 .93 (18) 

MEAN 20 .78 MEAN 23.39 

NUMBER 10 NUMBER 10 

La tency f i g u r e s r e p r e s e n t the mean v a r i a b l e l a t e n c y r e c o r d e d . 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number of CMA neurones from which 

the mean l a t e n c y was c a l c u l a t e d . 



TABLE 2 . 5 

Experiment 1 ~ Rheobase c u r r e n t and c h r o n a x l e e s t i m a t i o n s fo r c o r t l c o m e d i a l 

amygdala neurones a n t l d r o m l c a l l y s t i m u l a t e d from the medial 

p r e o p t I c / a n t e r i o r hypothalamus. 

' I n t a c t ' Male Rats ' C a s t r a t e ' Male Rats 

Number Rheobase Chronax ie Number Rheobase Chronaxi e 
Rat C u r r e n t Rat C u r r e n t 

ua usee H a usee 

33B i4o 690 (1) 36 B 50 500 (1) 

35 B n o 363 (3) 45 B 90 580 (4) 

40B 80 670 (1) 48B 70 380 (1) 

46B 110 420 (3) 58B 120 420 (2) 

49B 110 373 (3) 65B 200 290 (1) 

51B 120 460 (2) 72B 40 500 (1) 

53B 110 423 (3) 74B 20 250 (1) 

75 B 70 500 (1) 

TOTAL 850 3899 (17) TOTAL 590 2920 (11) 

MEAN 110 487 MEAN 80 417 

NUMBER 8 8 NUMBER 7 7 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i corned!a 1 amygdala 

neurones from which the mean rheobase c u r r e n t and c h r o n a x i e were 

c a l c u l a t e d . 
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TABLE 2 . 6 a 

Exper iment 2 - Median spontaneous f i r i n g r a t e s of c o r t i c o m e d l a l amygdala 

neurones in ' i n t a c t ' male r a t s . 

Number 
Rat 

Response to s t i m u l a t i o n of the VMC 
Number 
Rat Antidromi c Orthodromic Not-Drt ven Number 
Rat 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

2?B 413.33 (1) 29 .33 (1) 31 .42 (4) 

31 B 239.00 (2) 431.33 (1) 285.00 (3) 

67B 485.67 (1) 221.00 (1) 276.00 (5) 

70 B 75.00 (3) 216.00 (2) 313.33 (5) 

73B 211 .33 (3) 256.00 (0 150.00 (3) 

76 B 372.00 (1) 75.50 (1) 243 .67 (3) 

78 B 210.00 (4) 588.67 (1) 57 .33 (3) 

79 B 158.34 (4) 242.00 (3) 30 .67 (5) 

85 B 329.84 (2) 41 .17 (2) 20 .00 (3) 

87B 45 .33 (3) 147.00 (1) 39 .67 (4) 

89 B 382.25 (2) - -
91B 315.17 (2) - -
93B - 249.67 (2) -
95B 159.67 (5) 55 .33 (5) 291 .33 (3) 

TOTAL 3396.93 (33) 2553.00 (21) 1738.09 (41) 

MEAN 261.30 212 .75 158.01 

NUMBER 13 12 11 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala 

neurones from which the median f i r i n g r a t e was c a l c u l a t e d . 

VMC = c a p s u l e of the ventromedia l nuc leus of the hypothalamus. 
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TABLE 2.6b 

2 - Median spontaneous f i r i n g r a t e s of cort lcorned 1 a l amygdala 

neurones in ' c a s t r a t e ' male r a t s . 

Numbe r 
Rat 

Response to s t i m u l a t i o n of the VMC 

Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

28B 302.33 (1) - 36.67 (10) 

30 B 467.17 (4) - 12.67 (3) 

43B - - 105.50 (3) 

54B 250 .33 (3) 304.50 (2) 12.50 (6) 

56B 331.50 (2) 158.84 (2) 558.00 (3) 

82 B 149.84 (4) - 96 .67 (10) 

836 123.59 (6) 128.67 (D 63.00 (1) 

84 B 138.67 (5) - 365.67 (5) 

86 B 116.17 (2) 410.67 (1) 250 .67 (2) 

88 B 309.83 (2) - -
90B - 55 .17 (2) 33.00 (2) 

92 B - - 186.67 (1) 

94B 94 .00 (4) - 187.34 (4) 

TOTAL 

MEAN 

NUMBER 

2283 .43 

228.34 

10 

(33) 1057.85 

211 .57 

5 

(8) 1908.36 (50) 

159.03 

12 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala 

neurones from which the median f i r i n g ra te v a l u e was c a l c u l a t e d . 

VMC = the c a p s u l e o f the ventromedia l n u c l e u s o f the hypothalamus. 
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TABLE 2 . 7 

Exper iment 2 - Mean a b s o l u t e r e f r a c t o r y p e r i o d s of c o r t i c o m e d i a l amygdala 

neurones a n t l d r o m l c a l l y s t i m u l a t e d from the c a p s u l e o f the 

vent romedia l n u c l e u s in ' i n t a c t ' v ' c a s t r a t e ' r a t s . 

' I n t a c t ' Male Rats 

Number Spontaneous S11 en t Combined 
Rat (msec) (msec ) Spontaneous + S i l e n t 

(msec) 

31B 1.52 (1) - 1.52 (1) 
67B 0.84 (1) - 0.84 (1) 
70 B 0 .94 (1) 1.41 (3) 1.30 (4) 
73B 1.07 (2) 1.00 (4) 1.03 (6) 
76B - 2.11 (1) 2.11 (1) 
78 B 1.47 (4) 0.91 (4) 1.19 (8) 
79 B 1.32 (4) 1.17 (2) 1.27 (6) 
85 B 1.49 (2) 0 .97 (3) 1.18 (5) 
87B 0.84 (3) 1.12 (4) 1.00 (7) 
89 B 1.25 (2) - 1.25 (2) 
91B 1.19 (2) 0.80 (2) 0 .99 (4) 
93B - 1.30 (6) 1.30 (6) 
95B 0 .97 (5) 0 .99 (1) 0 .97 (6) 

TOTAL 12.90 (27) 11.78 (30) 15.95 (57) 
MEAN 1.17 1.18 1.23 
NUMBER 11 10 13 

' C a s t r a t e ' Male Rats 

Number Spontaneous S11 en t Combined 
Rat (msec) (msec ) Spontaneous + S i l e n t 

(msec) 

28B 1.12 (1) - 1.12 (1) 
30B 1.79 (1) 1.79 (1) 1.79 (2) 
43B - 1.18 (1) 1.18 (1) 
54B 0.94 (2) 1.68 (1) 1.18 (3) 
56B 1.64 (1) 1.10 (3) 1.25 (4) 
82 B 1.11 (4) 1.07 (3) 1.09 (7) 
83B 1.24 (6) 1.35 (4) 1.29 (10) 
84 B 1.15 (6) 1.12 (3) 1.14 (9) 
86 B 1.01 (2) 0 .93 (2) 0 .97 (4) 
88 B 1.04 (2) 1.13 (2) 1.09 (4) 
90 B - 1.65 (2) 1.65 (2) 
92 B - 1.02 (2) 1.02 (2) 
94B 0 .86 (4) 1.12 (6) 1.01 (10) 

TOTAL 11.90 (29) 15.14 (30) 15.78 (59) 
MEAN 1.19 1.26 1.21 
NUMBER 10 12 13 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d i a l amygdala 
neurones from which the mean a b s o l u t e r e f r a c t o r y per iod was c a l c u l a t e d . 



TABLE 2 . 8 

Experiment 2 - L a t e n c i e s and conduct ion v e l o c i t i e s o f c o r t l c o m e d i a l amygdala 

neurones a n t l d r o m l c a l l y s t i m u l a t e d from the c a p s u l e o f the 

ventromedia l n u c l e u s . 

1 I n t a c t 1 Male Rats 

Comblned 
Number Spontaneous Si l e n t Spontaneous + S i l e n t 
Rat (msec) (m/sec ) (msec) (m/sec ) (msec) ( m / s e c ) 

27B 12.00 0 .83 (1) - - 12.00 0 .83 (1) 
31B 15.10 0 .68 (2) - - 15.10 0 .68 (2) 
67B 10.00 1.00 ( 0 - - 10.00 1.00 (1) 
70 B 13.40 0.76 (3) 18.87 0 .66 (3) 16.13 0.71 (6) 
73B 13.35 0 .87 (4) 16.78 0 .62 (4) 15.06 0 .75 (8) 
76 B 13.80 0 .72 (1) 15.00 0 .67 (1) 14.40 0.70 (2) 
78B 19.84 0 .53 (5) 21 .35 0 .48 (4) 20.51 0 .54 (9) 
79 B 1-4.58 0 .74 (4) 19.20 0.54 (2) 16.12 0 .68 (6) 
85B 23 .25 0.46 (2) 15.23 0 .89 (3) 18.44 0.71 (5) 
87B 17.67 0 .64 (3) 22 .88 0 .44 (4) 20 .64 0 .52 (7) 
89 B 20.70 0 .55 (2) - - 20.70 0 .55 (2) 
91B 24.20 0 .55 (2) 17.50 0 .78 (2) 18.35 0 .67 (4) 
93B - - 25 .55 0.70 (6) 25 .55 0.70 (6) 
95B 16.06 0.80 (5) 9 .80 1.02 (1) 15.02 0 .83 (6) 

TOTAL 213 .95 9 .13 (35) 182.16 6 .80 (30) 238.02 9 .87 (65) 
MEAN 16.46 0.70 18.22 0 .68 17.00 0.71 
NUMBER 13 13 10 10 14 14 

' C a s t r a t e ' Male Rats 

Combined 
Number Spontaneous SI l e n t Spontaneous + S i l e n t 
Rat (msec) (m /sec ) (msec) (m/sec ) (msec) (m /sec ) 

28 B 11.80 0 .85 ( 0 - - 11.80 0 .85 ( 0 
30B 28 .25 0.36 (4) 25 .13 0 .49 (4) 24 .56 0 .42 (8) 
43B - - 12.50 0.80 (1) 12.50 0 .80 ( 0 
54B 6 .67 1.63 (3) 27.80 0 .36 (1) 11.95 1.31 (4) 
56B 31.00 0 .33 (2) 27 .03 0 .44 (3) 28 .62 0.40 (5) 
82 B 12.03 0 .88 (4) 19.37 0 .78 (3) 15.17 0 .84 (7) 
83B 24 .88 0.46 (6) 22 .95 0 .45 (4) 24.11 0.46 (10) 
84B 26 .38 0.41 (6) 15.43 0 .74 (3) 22 .70 0 .52 (9) 
86 B 24 .95 0.41 (2) 15.65 0 .65 (2) 20.30 0 .53 (4) 
88 B 13.10 0 .77 (2) 11.25 0.90 (2 ) 12.18 0 .83 (4) 
90 B - - 24.35 0.41 (2) 24 .35 0.41 (2) 
92B - - 19.40 0 .53 (2) 19.40 0 .53 (2) 
94B 13.10 0 .85 (4) 20 .47 0.61 (6) 17.52 0.70 (10) 

TOTAL 178.96 6 .95 (34) 241.33 7.16 (33) 245.16 8.60 (67) 
MEAN 17.90 0.70 20.11 0.60 18.86 0 .66 
NUMBER 10 10 12 12 13 13 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number of CMA neurones from which l a t e n c i e s / 
conduct ion v e l o c i t i e s were c a l c u l a t e d . 
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TABLE 2 .9 

Experiment 2 - L a t e n c i e s of c o r t i c o m e d i a l amygdala neurones O r t h o d r o m l c a l l y 

s t i m u l a t e d from the c a p s u l e of the ventromedia l n u c l e u s . 

' I n t a c t ' M a l e Rats ' C a s t r a t e ' Male Rats 

Number 
Rat 

La tency 
(msec) 

Number 
Rat 

La tency 
(msec) 

27B 22 .63 (4) 28B 17.60 (6) 

31B 17.50 (1) 30B 21 .53 (3) 

67B 14.30 (1) 54B 34.05 (2) 

70B 8.65 (2) 56B 23.00 (2) 

73B 20.80 (1) 83B 18.50 (1) 

76 B 22.20 (2) 86 B 24.00 (1) 

78B 11.8(1 (1) 90 B 17.35 (2) 

79 B 18.60 (4) 

85 B 17.40 (2) 

87B 16.50 (1) 

93B 29 .35 (2) 

95B 17.83 (6) 

TOTAL 217.56 (27) TOTAL 156.03 (17) 

MEAN 18.13 MEAN 22.29 

NUMBER 12 NUMBER 7 

La tency f i g u r e s r e p r e s e n t the mean v a r i a b l e l a t e n c y r e c o r d e d . F i g u r e s in 

b r a c k e t s ( . . ) r e p r e s e n t the number o f CMA neurones from which the mean l a t e n c y 

was c a l c u l a t e d . 
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Experiment 2 - Rheobase c u r r e n t and c h r o n a x i e e s t i m a t i o n s f o r cor t ice-media l 

amygdala neurones a n t i d r o m i c a l l y s t i m u l a t e d from the c a p s u l e 

o f the ventromedia l n u c l e u s . 

1 I n t a c t 1 Male Rats ' C a s t r a t e ' Male Rats 

Number Rheobase Chronaxie Number Rheobase Chronax ie 
Rat C u r r e n t Rat C u r r e n t 

H a msec ua msec 

27B 4oo 417 (D 28B 150 250 (1) 

31B 175 595 (2 ) 54B 173 455 (3) 

70B 320 292 (2) 56B 290 301 (2) 

73B 240 463 (1) 83B 50 643 (1) 

79 B 20 395 (1 ) 84 B 190 286 (1) 

94B 70 772 (1) 

TOTAL 1155 2162 (7) TOTAL 923 2707 (9) 

MEAN 231 432 MEAN 154 451 

NUMBER 5 5 NUMBER 6 6 

F i g u r e s tn b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala neurones 

from which the mean rheobase c u r r e n t and c h r o n a x i e were c a l c u l a t e d . 



TABLE 3.1 

Exper iment 3 " Median spontaneous f i r i n g r a t e s of c o r t i c o m e d i a l amygdala 

neurones in c a s t r a t e r a t s t r e a t e d w i t h T e s t o s t e r o n e 

Prop ionate o r o i l . 

C a s t r a t e r a t s + T e s t o s t e r o n e P r o p i o n a t e . 

Number 
Rat 

Response to s t i m u l a t i o n of the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

6CT 1.33 (3 ) - -
11CT - - 500.67 (3) 
12CT 8 .67 (2) 3 .33 (4) -
13CT 331.50 (2) 1410.00 (1) -
14CT 4 .34 (2) 7.00 (1) -
15CT 12.00 (4) 3 .33 (3) 54.50 (5) 
16CT 4.00 (3) 4 . 6 7 (5) -
17CT 8 .67 (5) 173.00 (0 -
18CT 4.00 (3) 285.84 (2) 291 .67 (1) 
19CT 8.50 (5) - 69.00 (4) 
21CT 1.67 (2) - -
23CT 15.67 (5) 44 .84 (2) 14.67 (1) 

TOTAL 
MEAN 
NUMBER 

400.35 
36.40 
11 

(36) 1932.01 
241.50 

8 

(19) 930.51 (14) 
186.10 

5 

C a s t r a t e r a t s + 0 1 1 . 

Number 
Rat 

Response to s t i m u l a t i o n o f the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

1CT 57.00 (5) - 87.00 (5) 
2CT 196.34 (2) 3.00 (1) 9 .83 (2) 
4CT 3 .17 (2) - 2 .17 (2) 
5CT 4 .17 (2) 334.34 (2) 74 .67 (1) 
7CT 4.00 (3) - 655 .33 (3) 
8CT 5.00 (6) - 312.67 (2) 
9CT 18.67 (2) 3 .33 (3) 781.50 (1) 

10CT - 3.00 -
20CT 8 .33 (2) - -
22CT 12.00 (3) 79.00 (1) -
24CT 16.00 (2) 71.00 (2) 53 .34 (2) 

TOTAL 
MEAN 
NUMBER 

324.68 
32 .47 
10 

(29) 493 .67 
82 .28 

6 

(9) 1976.51 (18) 
247.06 

8 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d i a l amygdala 
neurones from which the median f i r i n g r a t e v a l u e was c a l c u l a t e d . 

MPH = medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 
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TABLE 3.2 

Exper iment 3 - Mean a b s o l u t e r e f r a c t o r y p e r i o d s o f cor t lcorned!a 1 amygdala 

neurones a n t l d r o m l c a l l y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus in c a s t r a t e r a t s t r e a t e d w i th T e s t o s t e r o n e 

Prop ionate or O i l . 

C a s t r a t e Rats + T e s t o s t e r o n e Prop ionate 

Number Spontaneous Si l e n t Combined 
Rat (msec) (msec ) Spontaneous + SI l e n t 

(msec) 

6CT 0 .98 (3) 0 .91 (4) 0 .94 (7) 
11CT - 0.79 (2) 0 .79 (2) 
12CT 0.86 (2) 1.11 (6) 1 .05 (8) 
13CT 0 .97 (3) 1.11 (1) 1.01 (4) 
14CT 1.25 (3) 1.02 (2) 1.16 (5) 
15CT 0 .97 (6) 1.19 (5) 1.07 (11) 
16CT 1.12 (3) 1.10 (4) 1.11 (7) 
17CT 0.91 (5) 1.03 (3) 0.96 (8) 
18CT 0 .65 (4) 0.58 (1) 0 .63 (5) 
19CT 1.09 (5) 1.04 (5) 1.06 (10) 
21CT 0.91 (2) 0 .96 (4) 0 .94 (6) 
23CT 1.06 (5) 0.62 (2) 0 .94 (7) 

TOTAL 10 .77 (41) 11.46 (39) 11.66 (80) 
MEAN 0 .98 0.96 0 .97 
NUMBER 11 12 12 

C a s t r a t e Rats + Oi1 

Number Spontaneous SI l e n t Combined 
Rat (msec) *** (msec ) Spontaneous + Si l e n t 

*** (msec) * * * 

1CT 1 .43 (6) 1.41 (1) 1.42 (7) 
2CT 1.61 (2) 0 .94 (2) 1.27 (4) 
4CT 1.59 (2) 1.23 (3) 1 .38 (5) 
5CT 1.23 (2) 1.28 (2) 1.25 (4) 
7CT 1 .09 (1) 1.00 (2) 1.03 (3) 
8CT 1.44 (7) 1.44 (4) 1.44 (11) 
9CT 1.64 (2) 1 .68 (2) 1.66 (4) 

10CT 2.60 (O 2 .15 (1) 2 .38 (2) 
20CT 1.16 (2 ) 1 .25 (3) 1 .45 (5) 
22CT 1.31 (3) 1 .67 (2) 1.21 (5) 
24CT 1.27 (2) 1.85 (1) 1.46 (3) 

TOTAL 16.37 (30) 15.90 (23) 14.74 (53) 
MEAN 1.49 1.45 1.48 
NUMBER 11 11 11 

* * * p < 0.002 t w o - t a i l e d 
F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number of cor t icorned!a 1 amygdala neurones 
from which the mean a b s o l u t e r e f r a c t o r y per iod was c a l c u l a t e d . 
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TABLE 3.3 

Experiment 3 " L a t e n c i e s and conduct ion v e l o c i t i e s o f c o r t i c o m e d i a l amygdala 

neurones a n t i d r o m l c a l l y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus. 

C a s t r a t e Rats + T e s t o s t e r o n e Prop ionate 

Numbe r 
Rat Spontaneous 

(msec) (m/sec) 
Si l e n t 

(msec) (m/sec ) 

Combined 
Spontaneous + S i l e n t 

(msec) (m/sec ) 

6CT 16.13 0.50 (3) 15.13 0 .58 (4) 15.56 0.54 (7) 
11CT - - 15.00 0 .54 (2) 15.00 0 .54 (2) 
12CT 14.40 0.56 (2) 14.55 0 .67 (6) 14.51 0 .64 (8) 
13CT 15.73 0 .65 (3) 27.00 0.30 (0 18.55 0 .57 (4) 
14CT 24 .63 0.40 (3) 20 .85 0 .53 (2) 23 .12 0 .45 (5) 
15CT 15.78 0.61 (6) 18.92 0.51 (5) 17.21 0.56 (11) 
16CT 7 .43 1.08 (3) 14.00 0 .58 (4) 11.19 0.80 (7) 
17CT 15.32 0 .56 (5) 24 .43 0 .38 (3) 18.74 0 .49 (8) 
18CT 10.25 0.92 (4) 13.90 0 .58 (1) 10.98 0 .85 (5) 
19CT 18.34 0.46 (5) 22.40 0.41 (5) 20 .37 0 .44 (10) 
21CT 14.60 0 .55 (2) 18.13 0 .48 (4) 16.95 0.51 (6) 
23CT 23 .44 0 .34 (5) 19.25 0 .47 (2) 22 .24 0 .38 (7) 

TOTAL 
MEAN 
NUMBER 

176.05 
16.01 

6 .63 
0.60 

11 

(41) 223.56 
18.63 
12 

6 .03 
0.50 

12 

(39) 204.42 
17.04 
12 

6 .77 
0 .56 

12 

(80) 

C a s t r a t e Rats + Oi1 

Number 
Rat Spontaneous 

(msec) (m/sec ) 
Si l e n t 

(msec) (m/sec ) 

Combined 
Spontaneous + Si l e n t 

(msec) (m /sec ) 

1CT 27 .65 0.30 (6) 25 .50 0.31 (0 27 .34 0.30 (7) 
2CT 16.60 0 .49 (2) 27.10 0 .30 (2) 19.35 0 .39 (4) 
4CT 26 .45 0.34 (2) 31.00 0 .27 (3) 29 .18 0.30 (5) 
5CT 23.20 0 .38 (2) 17.30 0.60 (2) 20.10 0 .49 (4) 
7CT 11.47 0.70 (3) 13.70 0 .62 (2) 12.36 0 .67 (5) 
8CT 23 .46 0 .37 (7) 27 .48 0 .34 (4) 24 .92 0 .36 (11) 
9CT 14.15 0 .57 (2) 19.35 0 .42 (2) 16.75 0.50 (4) 

10CT 6.20 1.29 (1) 12.10 0 .66 (1) 3.15 0.98 (2) 
20CT 13.80 0 .59 (2) 14.30 0 .63 (3) 14.10 0.61 (5) 
22CT 8 .93 0.96 (3) 22.40 0 .36 (2) 14.32 0 .72 (5) 
24CT 9 .85 0 .82 (2) 27.20 0.29 (1) 15.63 0 .64 (3) 

TOTAL 
MEAN 
NUMBER 

181.76 
16.52 
11 

6.81 
0.62 

11 

(32) 237 .43 
21 .59 
11 

4.80 
0 .44 

11 

(23) 203.20 
18.47 
11 

5.96 (55) 
0 .54 

11 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala 
neurones from which l a t e n c i e s / c o n d u c t i o n v e l o c i t i e s were t a k e n . 
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TABLE 3 .4 

Experiment 3 " L a t e n c i e s of c o r t l c o m e d i a l amygdala neurones Qrthodromlcal ly 

s t i m u l a t e d from the medial p r e o p t i c / a n t e r i o r hypothalamus, 

C a s t r a t e Rats + Oi 1 C a s t r a t e Rats + T e s t o s t e r o n e 
Prop ionate 

Number La tency Number La tency 
Rat (msec) Rat (msec) 

12CT 14.42 (6) 2CT 26 .75 (1) 

13CT 17.60 (2) 5CT 19.35 (2) 

14CT 18.60 (3) 9CT 18.30 (4) 

15CT 24 .47 (3) 10CT 13.40 (1) 

16CT 20 .34 (5) 20CT 14.00 (1) 

17CT 17.80 (1) 22CT 14.45 (1) 

18CT 23 .85 (2) 24CT 18.65 (3) 

19CT 15.70 (2) 

23CT 22.80 (2) 

TOTAL 175.58 (26) TOTAL 124.90 (13) 

MEAN 19.50 MEAN 17.84 

NUMBER 9 NUMBER 7 

La tency f i g u r e s r e p r e s e n t the mean v a r i a b l e l a t e n c y r e c o r d e d . F i g u r e s in 

b r a c k e t s ( . . ) r e p r e s e n t the number o f CMA neurones from which the mean 

l a t e n c y was c a l c u l a t e d . 
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TABLE 4 . 1 a 

Experiment 4 - Median spontaneous f i r i n g r a t e s of cor t lcorned!a 1 amygdala 

neurones in c a s t r a t e d r a t s t r e a t e d w i t h OB o r OB+DHTP. 

C a s t r a t e Rats + OB 

Number 
Rat 

Response to s t i m u l a t i o n o f the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

IDE 1 3 . 0 0 ( 3 ) - -
8DE 1 0 . 5 0 ( 6 ) 183.17 ( 2 ) -
9DE 1 . 6 7 ( 6 ) 3 2 . 6 7 ( 2 ) -

15DE 3 . 3 3 (3) - -
16DE 5 . 6 7 (3) - 1 2 3 . 0 0 ( 1 ) 
23DE 4.50 ( 6 ) 292 .17 ( 2 ) 7 2 6 . 1 7 ( 2 ) 
24DE 7 . 3 4 ( 6 ) 7 8 . 0 0 ( 3 ) 7 8 1 . 6 7 ( 1 ) 
3 0 D E 6 . 0 0 (4) - 2 2 0 . 6 7 (2) 

TOTAL 
MEAN 
NUMBER 

5 2 . 0 1 
6 . 5 0 
8 

( 3 7 ) 586 .01 
146.50 

4 

(9) 1851.51 ( 6 ) 
462.88 

4 

C a s t r a t e Rats + (OB+DHTP) 

Number 
Rat 

Response to s t i m u l a t i o n o f the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

2 D E 4 . 5 9 (4) 400.00 ( 1 ) -
3 D E 2 . 6 7 (5) - -

1 0 D E 1 3 . 6 7 (6) - 1 0 1 . 6 7 ( 1 ) 
1 IDE 4 .00 ( 7 ) - 326.00 (2) 
1 7 D E 2 1 . 0 0 (5) 240.00 ( 1 ) 346.00 (5) 
18DE 1 8 . 6 7 (4) - 108.00 ( 1 ) 
2 5 D E 4.00 (6) 2 . 3 3 ( 1 ) 3 2 7 . 0 0 ( 1 ) 
26DE 5.00 (5) - 216.50 ( 1 ) 

TOTAL 
MEAN 
NUMBER 

7 0 . 9 3 
8 . 8 7 
8 

(42) 642 .33 
214 .11 

3 

(3) 1 4 2 5 . 1 7 ( 1 1 ) 
2 3 7 . 5 3 

6 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t l c o m e d i a l amygdala 

neurones from which the median f i r i n g r a t e v a l u e was c a l c u l a t e d . 

MPH = medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 

0B = O e s t r a d i o l Benzoa te . 

DHTP = D i h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4.1b 

Exper iment 4 Median spontaneous f i r i n g r a t e s o f c o r t l c o m e d l a l amygdala 

neurones in c a s t r a t e d r a t s t r e a t e d w i th DHTP o r O i l . 

C a s t r a t e Rats + DHTP 

Number 
Rat 

Response to s t i m u l a t i o n of the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

4DE 9 .67 (2) 163.00 (2) 94 .33 (2) 
5DE 4.00 (7) 11.17 (2) 106.50 (5) 

12DE 4 .33 (5) 190.67 (3) -
13DE 8 .33 (3) - -
19DE 2 .33 (3) - 301.33 (1) 
20DE - - 265.00 (1) 
27DE 1.67 (6) 549 .67 (1) -
28DE 16.00 (3) 13.00 (3) 392.50 (2) 

TOTAL 46 .33 (29) 927.51 (11) 1159.66 (11) 
MEAN 6.62 185.50 231.93 
NUMBER 7 5 5 

C a s t r a t e Rats + Oi1 

Number 
Rat 

Response to s t i m u l a t i o n of the MPH 
Ant id romic Orthodromic Not -Dr iven 

( a c t i o n p o t e n t i a l s produced per 100 s e e s ) 

6DE 9.00 (7) _ 71.33 (1) 
7DE 5.00 (5) 0 .67 ( 0 44.00 (3) 

14DE 5 .67 (5) 101.67 (3) 323.00 (2) 
21DE 2 .84 (4) 161.00 (1) 34.00 (0 
22DE 6.00 (3) - 758.67 (1) 
29 DE 2 .92 (4) 317.50 (1) 592.00 (1) 
31 DE 15.67 (3) - 215.67 (1) 
32DE 9 .67 (1) — -
TOTAL 56 .77 (32) 580.84 (6) 2038.67 (10) 
MEAN 7.10 145.21 291.24 
NUMBER 8 4 7 

F i g u r e s In b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d l a l amygdala 

neurones from which the median f i r i n g ra te v a l u e was c a l c u l a t e d . 

MPH = medial p r e o p t l c / a n t e r i o r hypotha lamic j u n c t i o n . 

DHTP = D I h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4 . 2 a 

Experiment 4 - Mean a b s o l u t e r e f r a c t o r y per iods o f c o r t l c o m e d i a l amygdala 

neurones a n t l d r o m l c a l l y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus in c a s t r a t e r a t s t r e a t e d w i t h OB or 

OB + DHTP. 

C a s t r a t e Rats + OB 

Comb i ned 
Number Spontaneous Si l e n t Spontaneous + S i l e n t 
Rat (msec) (msec) (msec) 

IDE 0.74 (3) 0 .74 (7) 0 .74 (10) 
8DE 0 .73 (7) 0 .79 (4) 0 .75 (11) 
9DE 0 .95 (7) 1.04 (4) 0 .98 (11) 

15DE 1.06 (4) 0 .96 (6) 1.00 (10) 
16DE 0.89 (4) 0 .85 (2) 0 .88 (6) 
23DE 0 .88 (8) 0 .94 (3) 0 .90 (11) 
24DE 1.06 (7) 1.00 (3) 1.04 (10) 
30DE 0 .88 (5) 0 .86 (6) 0 .87 (11) 

TOTAL 7.19 (45) 7 .18 (35) 7.16 (80) 
MEAN 0.90 0 .88 0.90 
NUMBER 8 8 8 

C a s t r a t e Rats +(0B + DHTP) 

Combined 
Number Spontaneous SI l e n t Spontaneous + S i l e n t 
Rat (msec) (msec) (msec) 

2DE 0 .97 (5) 0 .98 (6) 0 .97 ( ID 
3DE 1.14 (6) 1.16 (6) 1.15 (12) 

10DE 1.00 (6) 0 .88 (7) 0 .94 (13) 
11DE 0 .95 (7) 0 .89 (3) 0 .93 (10) 
1 7DE 1.04 (6) 0 .87 (3) 0 .98 (9) 
10DE 0 .97 (4) 0 .90 (4) 0 .93 (8) 
25DE 0 .98 (6) 0 .95 (4) 0 .97 (10) 
26DE 0.91 (7) 1.04 (7) 0 .98 (14) 

TOTAL 7.96 (47) 7 .67 (40) 7 .85 (87) 
MEAN 1.00 0 .96 0 .98 
NUMBER 8 8 8 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t l c o m e d i a l amygdala 

neurones from which the mean a b s o l u t e r e f r a c t o r y per iod was c a l c u l a t e d . 

OB = O e s t r a d i o l Benzoate 

DHTP = D i h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4.2b 

Exper iment 4 - Mean a b s o l u t e r e f r a c t o r y p e r i o d s of c o r t i c o m e d l a l amygdala 

neurones a n t i d r o m t c a l 1y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus in c a s t r a t e r a t s t r e a t e d w i t h DHTP o r o i l . 

C a s t r a t e Rats + DHTP 

Comb i ned 
Number Spontaneous S i l e n t Spontaneous + S i l e n t 
Rat (msec) (msec) (msec) 

4DE 1.30 (2) 1.51 (3) 1.43 (5) 
5DE 1.36 (7) 1.69 (4) 1.48 (11) 

12DE 1.53 (5) 1.33 (6) 1.42 (11) 
13DE 1.50 (3) 1.19 (5) 1.31 (8) 
1 9DE 1.36 (3) 1.53 (6) 1.47 (9) 
20DE 1.55 (1) 1.28 (6) 1.31 (7) 
27DE 1.21 (8) 1.19 (5) 1.20 (13) 
28DE 1.44 (4) 1.61 (6) 1.55 (10) 

TOTAL 11.25 (33) 11.33 (41) 11.17 (74) 
MEAN 1.41 1.42 1.40 
NUMBER 8 8 8 

C a s t r a t e Rats + Oi1 

Comb i ned 
Number Spontaneous Si l e n t Spontaneous + S i l e n t 
Rat (msec) (msec) (msec) 

6DE 1.24 (7) 1.07 (3) 1.19 (10) 
7DE 1.36 (5) 1.39 (6 ) 1.38 (11) 

14DE 1.45 (5) 1.74 (2) 1.53 (7) 
21DE 1.34 (5) 1.59 (8) 1.49 (13) 
22DE 1.58 (3) 1.39 (6) 1.46 (9) 
29DE 1.33 (5) 1.59 (1) 1.37 (6) 
31DE 1.44 (3) 1.40 (5) 1.42 (8) 
32DE 1.43 (1) 1.52 (4) 1.50 (5) 

TOTAL 11.17 (34) 11.69 (35) 11.34 (69) 
MEAN 1.40 1.46 1.42 
NUMBER 8 8 8 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t i c o m e d i a l amygdala 

neurones from which the mean a b s o l u t e r e f r a c t o r y pe r iod was c a l c u l a t e d . 

DHTP = D i h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4 . 3 a 

Exper iment 4 - L a t e n c i e s and conduct ion v e l o c i t i e s of c o r t l c o m e d l a l amygdala 

neurones a n t l d r o m l c a l l y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus. 

C a s t r a t e Rats + OB 

Number 
Rat Spontaneous 

(msec) (m/sec ) 
Si l e n t 

(msec) (m/sec ) 

Combi ned 
Spontaneous + S i l e n t 

(msec) ( m / s e c ) 

IDE 12.07 0 .68 (3) 13.59 0 .73 (7) 13.13 0.71 (10) 
8DE 14.14 0.60 (7) 13.65 0 .67 (4) 13.96 0.62 (11) 
9DE 26.30 0.32 (7) 27 .13 0.31 (4) 26 .60 0 .32 (11) 

15DE 21 .23 0.38 (4) 24 .90 0 .34 (6) 23 .43 0 .36 (10) 
16DE 12.86 0.86 (4) 13.95 0 .58 (2) 13.23 0 .77 (6) 
23DE 12.86 0.78 (8) 20 .00 0 .44 (3) 14.81 0 .69 ( ID 
24DE 18.67 0.46 (7) 18.33 0 .52 (3) 18.57 0 .48 (10) 
30 DE 14.32 0 .73 (5) 16.87 0.54 (6) 15.71 0 .63 (11) 

TOTAL 
MEAN 
NUMBER 

132.45 
16.57 

8 

4.81 
0.60 
8 

(45) 148.42 
18.55 

8 

4 .13 
0 .52 
8 

(35) 139.44 
17.43 

8 

4 .58 
0 .57 
8 

(80) 

C a s t r a t e Rats + (OB+DHTP) 

Number 
Rat Spontaneous 

(msec) (m/sec ) 
S i l e n t 

(msec) (m/sec ) 

Combined 
Spontaneous + S i l e n t 

(msec) ( m / s e c ) 

2DE 20 .64 0.39 (5) 23 .76 C 3 5 (7) 22 .46 0 .37 (12) 
3DE 21 .15 0 .39 (6) 28 .23 0 .29 (6) 24 .68 0 .34 (12) 

10DE 20 .35 0.43 (6) 19.27 0 .45 (7) 19.77 0 .44 (13) 
1 IDE 19.20 0 .43 (7) 24 .60 0.34 (3) 20 .82 0.40 (10) 
17DE 16.73 0.56 (6) 11.53 1.03 (3) 15.00 0 .72 (9) 
18DE 11.53 0.80 (4) 12.10 0 .85 (4) 11.81 0 .83 (8) 
25DE 14.50 0.71 (6) 13.23 0.64 (4) 14.00 0 .68 (10) 
26 DE 18.23 0 .53 (7) 20 .66 0 .43 (7) 19.44 0 .48 (14) 

TOTAL 
MEAN 
NUMBER 

142.33 
17.79 

8 

4.24 
0 .53 
8 

(47) 153.38 
19.17 

8 

4 . 3 8 
0 .55 
8 

(41) 147.98 
18.50 

8 

4 .26 
0 .53 
8 

(88) 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number of c o r t i c o m e d i a l amygdala 
neurones from which the l a t e n c i e s / c o n d u c t i o n v e l o c i t i e s were t a k e n . 

0B = O e s t r a d i o l Benzoate 
DHTP = D I h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4.3b 

Exper iment 4 - L a t e n c i e s and conduct ion v e l o c i t i e s o f c o r t t c o m e d l a l amygdala 

neurones a n t i d r o m t c a l i y s t i m u l a t e d from the medial p r e o p t i c / 

a n t e r i o r hypothalamus. 

C a s t r a t e Rats + DHTP 

Number 
Rat Spontaneous 

(msec) (m/sec ) 
S i l e n t 

(msec) (m/sec ) 

Combined 
Spontaneous + S i l e n t 

(msec) (m/sec) 

4DE 20 .45 0 .45 (2) 21 .93 0 .39 (3) 21 .34 0.41 (5) 
5DE 22 .73 0 .36 (7) 25 .33 0 .33 (4) 23 .67 0 .35 (11) 

12DE 18.74 0.49 (5) 26 .20 0.36 (6) 22.81 0.42 (11) 
13DE 24 .07 0 .36 (3) 28 .68 0 .32 (5) 25 .08 0.34 (8) 
19DE 27.10 0.31 (3) 25.50 0 .35 (6) 26 .03 0.34 (9) 
20DE 6.60 1.21 (1) 13.35 0.73 (6) 12.39 0.80 (7) 
27DE 20 .18 0.46 (8) 22.30 0 .37 (5) 20 .99 0.43 (13) 
28DE 6 .93 1.17 (4) 13.42 0.66 (6) 10.82 0.86 (10) 

TOTAL 
MEAN 
NUMBER 

146.80 
18.35 

8 

4.81 
0.60 
8 

(33) 173.71 
21.71 

8 

3.51 
0.44 
8 

(41) 163.13 
20.39 

8 

3.95 
0.49 
8 

(74) 

C a s t r a t e Rats + Oi 1 

Number 
Rat Spontaneous 

(msec) ( m / s e c ) 
Si l e n t 

(msec) (m/sec ) 

Combined 
Spontaneous + S i l e n t 

(msec) ( m / s e c ) 

6DE 17.70 0.50 (7) 29 .67 0.30 (3) 21 .29 0.44 (10) 
7DE 18.66 0 .47 (5) 25 .88 0 .32 (6) 22.60 0 .39 (11) 

14DE 15.02 0.61 (5) 19.15 0 .43 (2) 16.20 0 .55 (7) 
21 DE 15.32 0 .65 (5) 25 .56 0.35 (8) 21 .62 0.46 (13) 
22DE 22.00 0 .37 (3 ) 21 .37 0.46 (6) 21 .58 0 .43 (9) 
29 DE 12.68 0.66 (5) 21.20 0 .38 (1) 14.10 0.61 (6) 
31 DE 18.33 0 .45 (3) 18.90 0 .49 (5) 18.69 0 .48 (8) 
32DE 19.50 0.41 (1) 31 .63 0 .27 (4) 29 .20 0.29 (5) 

TOTAL 
MEAN 
NUMBER 

139.21 
17.40 

8 

4 .12 
0.52 
8 

(34) 193.36 
24 .17 

8 

3.00 
0.38 
8 

(35) 165.28 
21 .44 

8 

3.65 
0.46 
8 

(69) 

F i g u r e s in b r a c k e t s ( . . ) r e p r e s e n t the number o f c o r t l c o m e d i a l amygdala 
neurones from which the l a t e n c i e s / c o n d u c t i o n v e l o c i t i e s were t a k e n . 

DHTP = D i h y d r o t e s t o s t e r o n e P r o p i o n a t e . 
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TABLE 4 .4 

Experiment 4 - L a t e n c i e s of c o r t l c o m e d l a l amygdala neurones O r t h o d r o m l c a l l y 
s t i m u l a t e d from the medial p r e o p t i c / a n t e r l o r hypothalamus. 

C a s t r a t e Rats + OB C a s t r a t e Rats + (OB + DHTP) 

Number La tency Number La tency 
Rat (msec) Rat (msec) 

8DE 12.05 (2) 2DE 31.30 (1) 
9DE 24 .03 (4) 3DE 18.90 (1) 

23DE 21 .85 (2) 17DE 14.40 (1) 
24DE 13.43 (3) 28DE 11.30 (1) 

TOTAL 71.36 (11) TOTAL 75.90 (4) 
MEAN 17.84 MEAN 18.98 
NUMBER 4 NUMBER 4 

C a s t r a t e Rats + DHTP C a s t r a t e Rats + Oi1 

Number La tency Number La tency 
Rat (msec) Rat (msec) 

4DE 16.10 (2) 7DE 21.90 (2) 
5DE 26 .25 (2) 14DE 12.93 (3) 

12DE 11.78 (4) 21DE 5.50 (1) 
13DE 28 .00 (1) 22DE 15.10 (1) 
27DE 22 .92 (2) 29DE 17.00 (1) 
28DE 16.77 (3) 31 DE 14.60 (1) 

TOTAL 121.82 (14) TOTAL 87 .03 (9) 
MEAN 20 .30 MEAN 14.50 
NUMBER 6 NUMBER 6 

La tency f i g u r e s r e p r e s e n t the mean v a r i a b l e l a t e n c y r e c o r d e d . F i g u r e s in 
b r a c k e t s ( . . ) r e p r e s e n t the number of CMA neurones from which the mean 
l a t e n c y was c a l c u l a t e d . 

0B = O e s t r a d i o ] Benzoa te . 
DHTP= D i l {d ro tes tos te rone P r o p i o n a t e . 
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POOLED MEAN ABSOLUTE REFRACTORY PERIODS OF CORTICOMEDIAL AMYGDALA 
NEURONES STIMULATED FROM THE MPH (DIVI PEP UP INTO SPEC I F l C REGIONS). 

( F i g u r e s r e p r e s e n t combined spontaneous and s i l e n t n e u r o n e s ) . 

POOLED 'INTACT RATS' 

Number Medial Medial C o r t i c a l C o r t i c a l 
Group of Amygdala Amygdala Amygdala Amygdala 

Rat Reg i on (1) Region (2) Region (1) Region (2) 
(msecs) (msecs) (msecs) (msecs) 

33B 1.52 - - -
35B 1.70 - 0.90 -
40B - - 1.15 -
46B 0 .99 - 1.26 -
49 B 1.18 - 1.06 -

A 51B - - 0.84 -
53B 0.78 - 1.52 -
55B - - - 0.77 
62B 0 .86 - 1.09 -
66 B 0.70 - - -
68B 1.04 - - -
75B - 1.01 - 1.02 
77B - 0.63 - 0.94 

6CT - 0.94 - -
11CT - 0.79 - -
12CT 0 .95 1.20 - -
13CT - 1.01 - -
14CT - 1.34 - 1.11 

B 15CT - 1.12 - 1.03 
16CT - 1.11 - -
17CT - - - 0.96 
18CT - 0.63 - -
19CT 1.06 - - -
21CT 0 .79 1.26 - -
23CT 0 .69 0 .98 - -

1PE 0 .76 - 0.58 -
8PE - - 0.75 -
9PE 0 .98 - - -

15DE - - 1.00 -
C 16PE 1.00 - 0.76 -

23DE - 0.86 - 1.31 
24PE 1.04 - - -
30DE - 0.84 - 1.18 

2DE 0 .97 - 1.05 -
3DE 1.11 - 1.24 -

10DE 0.90 - 1.07 -
P 11DE 0.94 - 0.93 -

17DE - 0.92 - 1.45 
18DE - 0.81 - 0 .97 
25DE - 0.97 - -
26DE 0.92 - 1.19 -

TOTAL 20 .88 16.42 16.39 10.74 
MEAN 0 .99 0 .97 1.02 1.07 
NUMBER 21 17 16 10 

R e g i o n s : Medial Amygdala (1) = A 3990 - A 3430M (2)= A 3290 - A 2580 H 
C o r t i c a l Amygdala (1) = A 3990 - A 3 4 3 0 M (2)= A 3290 - A 2580 H 

( c o o r d i n a t e s from Konlg and K l i p p e l , 1963) . 
Groups: A = I n t a c t r a t s ; B = t e s t o s t e r o n e prop ionate t r e a t e d c a s t r a t e r a t s . 

C = O e s t r a d t o l Benzoate (OB) t r e a t e d c a s t r a t e r a t s ; D = OB + 
d I h y d r o t e s t o s t e r o n e prop ionate t r e a t e d c a s t r a t e r a t s . 

MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 
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POOLED MEAN ABSOLUTE REFRACTORY PERIODS OF CORTICOMEDIAL AMYGDALA 
NEURONES STIMULATED FROM THE MPH (DIVIDED UP INTO S P E C I F I C REGIONS). 

( F i g u r e s r e p r e s e n t combined spontaneous and s i l e n t n e u r o n e s ) . 

POOLED 'CASTRATE' RATS 

Number Medial Medial C o r t i c a l C o r t i c a l 
Group of Amygdala Amygdala Amygdala Amygdala 

Rat Region (1) Region (2) Region (1) Region (2) 
(msecs) (msecs) (msecs) (msecs) 

32 B 2 .50 - - -
34B - - 1.44 -
39 B - 2 .23 - -
45B - - - 2 .02 
48 B 1.28 - - -
50 B 1.27 - - -

A 58B - 1.53 - -
59B 1.43 - - -
60B 1.45 - - -
65B - 1.43 - 0.91 
72 B 1.88 1.12 - -
74B 1.10 - 1.09 -
1CT - - - 1.42 
2CT - - - 1.27 
4CT 1.19 1.50 -
5CT - 1.25 - -

B 7CT - - - 1.03 
8CT - 1.44 - -
9CT 1.68 1.59 1.68 -

10CT - 2 .38 - -
20CT - 1.21 - 1.24 
22CT - 1.54 - 1.43 
24CT - 1.46 - -

4DE 0.80 1.32 1.42 1.80 
5DE 1.87 - 1.44 -

12DE 1.52 0.89 1.32 1.80 
C 13DE 1.23 - 1.45 -

19DE 1.32 - 1.65 -
20DE - - - 1.31 
27DE 1.20 - - -
28DE - 1.46 - 1.94 

6DE 1.15 - 1.24 -
7DE - - 1.38 -

14DE - 1.35 - 1.66 
D 21DE 1.29 - 1.68 1.53 

22DE 1.07 - 1.50 -
29DE 1.04 - 1.44 -
31 DE 1.47 - - 1.04 
32DE - - - 1.50 

TOTAL 27 .77 22.20 20 .23 21.90 
MEAN 1.39 1.48 1.45 1.46 
NUMBER 20 15 14 15 

Reg ions : Medial Amygdala (1) = A 3990 - A 3430M (2) = A 3290 - A 2580/i 
C o r t i c a l Amygdala (1) = A 3990 - A 3^30 M (2 ) = A 3290 - A 2580ju 

( c o o r d i n a t e s from Konig and K l l p p e l , 1963) . 
Groups : A = C a s t r a t e r a t s ; B and D = C a s t r a t e r a t s + o i l . 

C = C a s t r a t e r a t s + d i h y d r o t e s t o s t e r o n e p r o p i o n a t e . 
MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 
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F i g u r e 2A 

Experiment 1 - L o c a l i s a t i o n of an t id romica11y i d e n t i f i e d CMA neurones a f t e r 
s t i m u l a t i o n of the MPH. 

C a s t r a t e 1 r a t s I n t a c t ' r a t s 

(A 

1 

•Wi 

•J 
m a 

c a 

7 (B 

i 
i • i t 

i 
A A A 

I 

m a 
c a 

(c) 

Key: -

ca 
ma 

CMA 
MPH 
(A) 
(B) 
(C) 

Spontaneous ly a c t i v e neurones . 
Si l e n t neurones . 
C o r t i c a l amygdala n u c l e u s . 
Medial amygdala n u c l e u s . 
Cort icornedia 1 amygdala . 
Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n , 
A 3990 - A 3^30) . .. , , 
A 3290 - A 3180) C o o r d i n a t e s from 
A 2970 - A 2580) Koni g 6- Kl 1 ppel (1963) 
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F i g u r e 2B 

Experiment 2 - L o c a l i s a t i o n of a n t i d r o m i c a l l y i d e n t i f i e d c o r t i c o m e d i a l amygdala 
neurones a f t e r s t i m u l a t i o n of the c a p s u l e of the vent romedia l 
n u c l e u s . 

' I n t a c t 1 Male r a t s ' C a s t r a t e ' Male r a t s 

A 

I 

i 

\ * A 

' I 

m a 
c a 

V J (B 

l 
t 

i 

i i 

f 
i 

m a 
c a 

(c) 

Key: 
• 
A 

ca 
ma 

CMA 
VMC 
(A) 
(B) 
(C) 

Spontaneously a c t i v e neurones . 
Si l en t neu r o n e s . 
C o r t i c a l amygdala n u c l e u s . 
Medial amygdala n u c l e u s . 
Cor t icornedia l amygdala. 
Capsu le of the ventromedia l nuc leus 
A 3990 - A 3^30) 
A 3290 - A 3180) 
A 2970 - A 2580) 

1 m m 

Coord ina tes from 
K6nig & K l i p p e l (1963) 



132 

F i g u r e 3A 

Exper iment 3: L o c a l i s a t i o n of an t id romica11y i d e n t i f i e d CMA neurones a f t e r 
s t i m u l a t i o n of the MPH. 

' C a s t r a t e ' r a t s + Oi1 1 C a s t r a t e ' r a t s + TP 

(A 

1 I 

f 

* 7 
/V 

ma 
ca 

(B 

ii 

i i i 
i i i 

i 
ma 

ca 

• • 

c 

II 

ii i\ 

> i 

m a 
c a 

1mm 
Key 

TP = t e s t o s t e r o n e p r o p i o n a t e . 
• = Spontaneously a c t i v e neurones . 
A = S i l e n t neurones , 

ca = C o r t i c a l amygdala n u c l e u s , 
ma = Medial amygdala n u c l e u s . 

CMA = Cort icornedia 1 amygdala. 
MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n 

=1 " ! l^lnl C o o r d i n a t e s from 
(B) = A 3290 - A 3180) „ . K1i DDe1 (1963) 
(C) = A 3970 - A 2580) K ° n ' 9 & K , , P P e l U 9 b 3 J ' 



Fi qu re 4A 

Experiment 4: L o c a l i s a t i o n of a n t i d r o m i c a 1 l y i d e n t i f i e d CMA neurones a f t e r 
s t i m u l a t i o n of the MPH. 

' C a s t r a t e 1 r a t s + OB ' C a s t r a t e ' r a t s + (OB + DHTP) 

( (A) 

i 

•3,7 •J? I 

m a 
c a 

(B 

11 1 

I 

n 
m a 

c a 

(c) 

i 

i i 

• 

m a 
c a 

I m m Key: 
• = Spontaneous ly a c t i v e neurones! 
A = S i l e n t neurones , 

ca = C o r t i c a l amygdala nucleus." 
ma = Medial amygdala n u c l e u s . 

CMA = Cort icornedia 1 amygdala . 
MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 

S»! = 1 \?S, ' « C o o r d i n a t e s f r o . 
\l\ I S S B : : ^ ! " " . . . " . p p . . ( 1 * 3 ) . 
OB = O e s t r a d i o l benzoa te . 
DHTP = D i h y d r o t e s t o s t e r o n e p r o p i o n a t e . 



Fi qure 4B 

Exper iment k - L o c a l i s a t i o n of a n t i d r o m i c a l l y i d e n t i f i e d CMA neurones a f t e r 
s t i m u l a t i o n of the MPH. 

' C a s t r a t e ' r a t s + DHTP ' C a s t r a t e ' r a t s + Oi 1 

(A 

\ 

•W, 

m 
c a 

(B 

• i • 
• i 

i 
i i 
II 

«7 -o-i 

I 

m 
c a 

i 

(c 

i 

• 

II • 
11 

i i 

• 

m a 
c a 

1 m m 
Key: -

© = Spontaneously a c t i v e neurones . 
• = S i l e n t neurones , 

ca = C o r t i c a l amygdala n u c l e u s , 
ma = Medial amygdala n u c l e u s . 

CMA = Cort icornedia 1 amygdala . 

MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n . 

<-S>— — ? " 9 ° " * 3 f » ) C o o r d i n a t e s from 

Ic'j = A 2970 - A 2580) Koni g & Kl i ppel ( , 9 6 , ) . 

DHTP = D i h y d r o t e s t o s l e r o n e p r o p i o n a t e . 



A P P E N D I X 

SECTION 1 

(Exper iments 1 and 2) 

A b b r e v i a t i o n s : -

CA = C o r t i c a l amygdala n u c l e u s . 

MA = Medial amygdala n u c l e u s . 

MPH = Medial p r e o p t l c / a n t e r l o r hypothalamus. 

VMC = Capsu le o f the ventromedia l n u c l e u s of the 
hypothalamus. 



SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. INTACT MALE RATS. 

Number CA o r MA Latency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c i t y P e r i o d (msecs) 100 s e e s 

( m / s e c ) 

33B MA 25.0 0 .32 1.52 4 .00 
33B CA 21.0 0 .38 - 3 . 0 0 

35B MA 2 7 . 5 0.29 1.70 2 .67 

46 B MA 9 . 7 0.82 1.15 3 . 0 0 

4 9 B MA 1 7 . 7 0 . 4 5 0 . 9 3 0 . 3 3 
49 B CA 2 7 . 6 0 . 2 9 1.06 1 7 . 3 3 

51B CA 18.5 0 .43 0 . 7 4 2.00 
51 B CA 16.6 0 .48 - -
51B CA 22 .2 0 . 3 6 0.84 -
51B CA 8 . 3 0 .96 - -
53B MA 19.8 0.40 0 .74 5 . 6 7 
53B MA 16.0 0 .50 0.60 1.00 
53B CA 33.0 0 .24 1.52 1 8 . 3 3 

55B CA 12.4 0 .65 -
55 B CA 13.1 0.61 0 .60 22 .33 

6ZB MA 2 6 . 9 0.30 0.86 1 . 3 3 

66B MA 9 . 7 0 .82 0 .70 13.00 

68B MA 1 9 . 0 0 .42 1.04 44.50 

69B CA 19.8 0.40 - 22.00 

75 B MA 2 8 . 6 0 .28 1 . 2 7 3 . 0 0 
75B MA 15.4 0 .52 0.71 3 . 6 7 
75 B MA 2 7 . 7 0.29 1.52 114.00 
75B CA 12.4 0 .65 1.20 1 4 . 3 3 
75B CA 12.0 0 .67 1.04 9 . 3 3 
75 B CA 15.1 0 .53 - -
75 B CA 1 1 . 7 0 .68 0.83 8.00 

77B CA 25 .0 0 .32 0 .94 1.00 
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SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. INTACT MALE RATS. 

Number CA or MA La tency Conduct ion Abs . R e f r a c t 
Rat (msecs) V e l o c i ty Period (msecs) 

(m/sec ) 

35B CA 2 6 . 8 0.30 0 .93 
35B CA 13.2 0.61 0.61 
35B CA 17.0 0 .47 1.16 

40 B CA 30 .5 0.26 1.15 

42B MA 15.0 0 .53 -
42B CA 25 .0 0 .32 -
46B MA 23 .0 0 .35 0.71 
46 B MA 13.9 0.56 0 .74 
46 B MA 2 6 . 5 0.30 1.34 
46 B CA 31 .8 0 .25 1.37 
46 B CA 22 .0 0.36 1.79 
46 B CA 10.0 0.80 0 .62 

49B MA 16.2 0 .49 1.32 
49 B MA 31.0 0 .26 1.52 
49B MA 2 2 . 5 0.36 -
49 B MA 22 .0 0.36 0 .93 

51 B CA 8 .8 0.91 -
51 B CA 21 .8 0 .37 0 .93 

53B MA 35 .5 0 .23 -
53B MA 21 .8 0 .37 0.99 

55B CA 19.5 0.41 0 .93 

62B CA 33 .5 0.24 1.09 

75 B MA 2 9 . 6 0 .27 -
75B MA 12.8 0 .63 0.71 
75 B MA 14.8 0 .54 1.04 
75 B MA 18.0 0 .44 0 .83 
75 B CA 17.2 0 .47 0.99 

77B MA 6 . 8 1.18 0.63 
77B MA 8.0 1.00 -



1 3 8 

SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( 8 weeks + ) . 

Number 
Rat 

CA or MA La tency 
(msecs) 

Conduct ion 
V e l o c i t y 

T m / s e c 3 

Abs R e f r a c t 
P e r i o d (msecs] 

Rate 
100 s e e s 

32B _ MA 25 .2 0 .32 2 .50 14.33 

3 4 B CA 15.2 0 . 5 3 1.64 3 . 3 3 

36 B MA 9 . 8 0.82 - 2 . 6 7 

39B MA 26.0 0.31 1 . 9 6 0 . 6 7 

45 B 
45B 
45B 
45B 

CA 
CA 
CA 
CA 

3 8 . 0 
3 4 . 5 
3 8 . 0 
2 8 . 8 

0.21 
0 . 2 3 
0.21 
0 .28 

2.50 
2 . 6 0 
1.85 

12.50 
4 7 . 3 3 
2 5 . 3 3 

3 . 3 3 

56B CA 3 7 . 0 0 .22 - 3 . 6 7 

58B 
58 B 

MA 
MA 

10.0 
24 .2 

0.80 
0 . 3 3 

1.27 
1 . 7 9 

8 . 3 3 
0 . 6 7 

59 B 
59 B 
59B 

MA 
MA 
MA 

28 .2 
20 .0 
2 8 . 5 

0 .28 
0.40 
0 .28 

1.02 
1.20 

0 . 3 3 

60B MA 1 7 . 5 0 .46 2 .04 -
65B 
65B 
65B 
65B 

CA 
MA 
MA 
MA 

1 9 . 0 
16.4 
2 3 . 8 
18.1 

0.42 
0 . 4 9 
0 . 3 4 
0 .44 

1.34 
1.91 

9 . 0 0 
8.00 

21.00 
40.00 

72 B 
72 B 
72 B 

MA 
MA 
MA 

3 1 . 5 
4 0 . 8 
3 1 . 1 

0 .25 
0.20 
0.26 

1.52 
2 .60 
1.52 

2.00 
0 . 3 3 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS (8 weeks + ) . 

Number CA or MA Latency Conduct ion Abs R e f r a c t 
Rat (msecs) V e l o c i ty P e r i o d (msecs) 

( m / s e c ) 

14B MA 2 6 . 0 0 .31 -
34B CA 1 7 . 8 0 . 4 5 1 .79 
34B CA 3 0 . 5 0 . 2 6 1 .58 
34B CA 8 . 1 0 . 9 9 0 . 7 4 

39B MA 2 1 . 5 0 . 3 7 2 . 5 0 

45B CA 2 8 . 0 0 . 2 9 _ 

45 B CA 4 6 . 0 0 . 1 7 2 . 1 1 
CA 2 1 . 6 0 . 3 7 1.24 

45B CA 19.6 0 . 4 1 2 . 5 0 
45 B CA 3 3 . 8 0 . 2 4 1.34 

48 B MA 2 3 . 8 0 . 34 0 . 9 9 
48B MA 2 6 . 2 0 . 3 0 1.52 
48 B MA 2 6 . 0 0 . 3 0 -
48 B MA 2 7 . 6 0 . 2 9 1.09 
48B MA 3 0 . 8 0 . 2 6 -
48B MA 34 .0 0 . 2 4 1 .52 

50B MA 2 5 . 5 0 . 3 1 1 .27 
SOB MA 2 0 . 0 0 . 4 0 -
59B MA 2 0 . 0 0 . 4 0 2 . 5 0 
59 B MA 1 9 . 8 0 . 4 0 0 . 9 9 

60B MA 18 .0 0 . 4 4 0 . 8 5 

65B CA 2 5 . 5 0 . 3 1 0 .91 
65B MA 1 1 . 3 0 . 7 1 -
65B MA 16 .5 0 . 4 8 1 .04 

72 B MA 14.0 0 . 5 7 1.82 
72 B MA 2 6 . 7 0 . 3 0 1.95 
72 B MA 18.0 0 . 4 4 1 .88 
72 B MA 16 .2 0 . 4 9 1 . 1 2 

74 B MA 2 1 . 3 0 . 3 8 1 .22 
74B MA 2 1 . 8 0 . 3 7 0 . 9 3 
74B MA 2 3 . 7 0 . 34 1 . 1 5 
74B CA 15 .2 0 . 5 3 1.09 



SPONTANEOUS AND SILENT ORTHODROMIC UNITS IN THE CORTICOMEDIAL AMYGDALA 

ACTIVATED BY ELECTRICAL STIMULATION OF THE MPH. INTACT MALE RATS. 

Number CA o r MA La tency Mean Spontaneous S i l e n t Rate 
Rat (msecs) (msecs) (100 s e e s ) 

33B MA 1 3 . 9 - 1 6 . 5 15.2 * 21.0 
33B MA 1 6 . 0 - 2 6 . 5 21 .2 * 128.0 
33B MA 1 5 . 7 - 1 6 . 2 16.0 7 .67 
33B MA 1 5 . 8 - 1 6 . 4 16.1 ft 22.0 
33B MA 2 8 . 8 - 3 1 . 0 2 9 . 9 ft 11 .5 

35B MA 1 5 - ^ - 1 9 . 0 17 .2 ft 
35B MA 18.8-2^4.8 21 .8 J L 2 3 . 6 7 
35 B MA 2 9 . 0 - 3 1 . 0 30.0 ft 
35B MA 2 5 . 0 - 2 6 . 0 2 5 . 5 ft 2 5 . 6 7 
35B MA 1 4 . 0 - 2 7 . 5 2 1 . 8 ft 3 . 6 7 
35B CA 2 0 . 0 - 3 1 . 0 2 5 . 5 ft 13 . 67 
35B CA 2 4 . 0 - 3 7 . 0 30 .5 ft 3 .33 

37B MA 2 5 . 5 - 3 2 . 5 29 . 0 ft 4 . 3 3 

46B MA 1 6 . 5 - 2 7 . 5 22.0 ft 
46B MA 1 4 . 4 - 1 6 . 3 15 .4 ft 4 2 . 6 7 
46 B CA 1 2 . 0 - 1 3 . 0 12.5 ft -
53B MA 2 1 . 5 - 2 2 . 8 2 2 . 2 ft 5 . 6 7 
53B MA 1 6 . 3 - 1 7 . 3 16 .8 ft 
53B CA 1 9 . 0 - 2 4 . 0 2 1 . 5 ft 

55B CA 2 0 . 0 - 2 0 . 5 2 0 . 3 ft 
55B CA 1 5 . 5 - 1 6 . 0 15 .8 ft 34 . 0 

62B MA 2 1 . 5 - 2 9 . 5 2 5 . 5 ft -
62B MA 2 9 . 0 - 3 0 . 5 2 9 . 8 ft 4 3 . 5 
68B MA 2 0 . 8 - 2 3 . 8 2 2 . 3 ft 2 0 . 6 7 

69 B MA 1 9 . 0 - 2 0 . 5 19.8 ft 22 .0 

75B | MA 9 . 5 - 1 0 . 2 9 . 9 ft 451 . 33 



141 

SPONTANEOUS AND SILENT ORTHODROMIC UNITS IN THE CORTICOMEDIAL AMYGDALA 

ACTIVATED BY STIMULATION OF THE MPH. CASTRATED MALE RATS. 

Number CA o r MA La tency Mean Spontaneous Si l e n t Rate 
Rat (msecs) (msecs) (100 s e e s ) 

32 B MA 3 2 . 5 - 3 2 . 7 32 . 6 * 14 .33 
32 B MA 2 6 . 0 - 3 2 . 0 29 .0 * 1 .67 
32 B MA 9 . 5 - 9 . 6 9 . 6 ft 1.0 

34B CA 1 4 . 0 - 1 4 . 8 14.4 ft 305 .33 

36B MA 2 6 . 0 - 2 6 . 8 2 6 . 4 * 103.33 

39B MA 2 6 . 0 - 3 1 . 0 2 8 . 5 J L 81.0 

MA 2 6 . 0 - 3 0 . 0 28 .0 J L 12.0 

48B MA 2 1 . 8 - 2 4 . 0 2 2 . 9 ft 
48B CA 3 7 - 5 - 4 0 . 0 38 . 8 ft 

58B MA 23 .0 -21* .5 2 3 . 8 ft -
58B MA 1 1 . 0 - 1 1 . 8 11. 4 J L 

0 . 33 
58B MA 1 5 . 2 - 1 7 . 4 16 .3 6 . 0 
58B MA 1 5 . 8 - 2 0 . 8 18 .3 ft 0 . 6 7 

59B MA 1 7 . 5 - 2 0 . 0 18 .8 J L 6.0 

61B CA 2 5 . 0 - 2 7 . 5 2 6 . 3 J L 222.0 

65B MA 2 0 . 0 - 2 4 . 0 22 .0 ft 97 . 33 
65B MA 1 6 . 8 - 2 1 . 5 19 .2 ft 4 . 6 7 
65B CA 1 5 . 0 - 1 9 . 5 17 .3 ft 6 9 . 6 7 



NON-DRIVEN SPONTANEOUS NEURONES IN THE CORTICOMEDIAL AMYGDALA 

( A f t e r s t i m u l a t i o n of the MPH). 

' I n t a c t ' Rats 

Number 
Rat 

CA o r MA Rate 
100 s e e s 

Number 
Rat 

CA or MA Rate 
100 s e e s 

33B 
33B 

CA 
CA 

5 9 9 . 3 3 
3 4 8 . 3 3 53B MA 2 6 . 0 0 

35 B 
35 B 
35B 
35B 
35 B 

MA 
MA 
CA 
CA 
CA 

4 0 8 . 3 3 
5 5 . 6 7 

4 . 3 3 
2 0 . 6 7 

341 .00 

53B 
53B 

MA 
MA 

125.50 
8 5 2 . 3 3 

35 B 
35 B 
35B 
35B 
35 B 

MA 
MA 
CA 
CA 
CA 

4 0 8 . 3 3 
5 5 . 6 7 

4 . 3 3 
2 0 . 6 7 

341 .00 

55B 
55B 
55 B 

MA 
MA 
CA 

5 7 . 0 0 
316 .00 

9 . 3 3 

40 B 
40 B 

MA 
MA 

2 2 . 0 0 
2 5 . 0 0 

55B 
55B 
55B 
55B 

CA 
CA 
MA 
MA 

363 .00 
1 4 . 3 3 

399 .67 
1 9 7 . 0 0 42B CA 394 .00 

55B 
55B 
55B 
55B 

CA 
CA 
MA 
MA 

363 .00 
1 4 . 3 3 

399 .67 
1 9 7 . 0 0 

46B 
46 B 
46B 
46 B 
46 B 

MA 
MA 
MA 
MA 
MA 

4 7 . 5 0 
2 8 1 . 0 0 

2 2 . 0 0 
2 6 . 3 3 

3 .00 

55 B CA 4 8 4 . 6 7 46B 
46 B 
46B 
46 B 
46 B 

MA 
MA 
MA 
MA 
MA 

4 7 . 5 0 
2 8 1 . 0 0 

2 2 . 0 0 
2 6 . 3 3 

3 .00 

62 B 
62B 
62 B 
62 B 

MA 
MA 
CA 
MA 

5 6 4 . 3 3 
494 .00 

8 6 . 6 7 
1 1 2 . 3 3 

49B MA 238 .00 62B MA 131 .67 49B MA 238 .00 

51B 
51B 
51B 
51B 
51B 
51B 
51B 
51B 
51B 
5 1 B 

MA 
MA 
MA 
CA 
CA 
MA 
MA 
CA 
CA 
CA 

5 .00 
4 5 7 . 3 3 
4 8 0 . 3 3 

7 3 . 6 7 
3 4 9 . 3 3 
3 2 0 . 0 0 
356 .00 
387 .00 

19.00 
2 0 7 . 3 3 

66B 
66B 
66B 
66 B 
66B 
66B 

MA 
MA 
MA 
MA 
MA 
MA 

3 0 2 . 3 3 
342 .00 
106.00 
7 2 1 . 3 3 

2 4 . 3 3 
4 . 0 0 

51B 
51B 
51B 
51B 
51B 
51B 
51B 
51B 
51B 
5 1 B 

MA 
MA 
MA 
CA 
CA 
MA 
MA 
CA 
CA 
CA 

5 .00 
4 5 7 . 3 3 
4 8 0 . 3 3 

7 3 . 6 7 
3 4 9 . 3 3 
3 2 0 . 0 0 
356 .00 
387 .00 

19.00 
2 0 7 . 3 3 

68B 
68B 
68B 
68B 

MA 
MA 
MA 
CA 

2 1 5 . 5 0 
4 . 0 0 

4 1 . 6 7 
6 2 1 . 6 7 

5 1 B 
51 B 
51B 

CA 
CA 
CA 

2 3 9 . 6 7 
1 3 9 . 3 3 

37 .00 

75 B 
75 B 

MA 
CA 

6 8 . 0 0 
6 1 0 . 3 3 

51B CA 4 . 6 7 



NON-DRIVEN SPONTANEOUS NEURONES IN THE CORTICOMEDIAL AMYGDALA 

( A f t e r s t i m u l a t i o n of the MPH). 

' C a s t r a t e ' Rats 

Number 
Rat 

CA o r MA Rate 
100 sees 

Number 
Rat 

CA o r MA Rate 
100 s e e s 

14B 
14B 
14B 
14B 

MA 
MA 
CA 
CA 

4 1 3 . 0 0 
1 6 8 . 6 7 
7 7 0 . 0 0 

4 . 3 3 

58B 
58B 
58B 
58B 

CA 
CA 
MA 
MA 

3 3 0 . 0 0 
0 . 3 3 
9 . 3 3 
0 . 3 3 

36B 
36B 
36B 
36B 
36B 
36B 
36 B 

MA 
CA 
CA 
MA 
MA 
CA 
MA 

1 0 1 . 3 3 
1 3 3 . 0 0 

1 4 . 3 3 
9 . 3 3 

2 8 4 . 0 0 
2 0 8 . 6 7 
4 4 0 . 3 3 

58B 
58B 

MA 
MA 

10 .00 
1 3 8 . 3 3 

36B 
36B 
36B 
36B 
36B 
36B 
36 B 

MA 
CA 
CA 
MA 
MA 
CA 
MA 

1 0 1 . 3 3 
1 3 3 . 0 0 

1 4 . 3 3 
9 . 3 3 

2 8 4 . 0 0 
2 0 8 . 6 7 
4 4 0 . 3 3 

59 B 
59B 
59 B 
59 B 
59 B 

MA 
MA 
MA 
MA 
MA 

8 . 6 7 
1 7 8 . 0 0 
2 3 5 . 3 3 
4 2 8 . 6 7 

7 0 . 5 0 

39 B 
39B 

MA 
MA 

1 6 9 . 3 3 
4 4 0 . 3 3 

59 B 
59 B 
59B 
59 B 

MA 
MA 
MA 
MA 

3 8 . 6 7 
5 5 8 . 0 0 
2 6 1 . 0 0 
4 8 8 . 3 3 45B CA 3 9 2 . 5 0 

59 B 
59 B 
59B 
59 B 

MA 
MA 
MA 
MA 

3 8 . 6 7 
5 5 8 . 0 0 
2 6 1 . 0 0 
4 8 8 . 3 3 

45 B 
45 B 
45 B 

CA 
CA 
CA 

1 9 2 . 0 0 
3 0 8 . 6 7 
1 2 8 . 6 7 

60B 
60B 
60B 

MA 
MA 
MA 

4 0 7 . 0 0 
3 6 . 0 0 
1 1 . 0 0 

60B 
60B 
60B 

MA 
MA 
MA 

4 0 7 . 0 0 
3 6 . 0 0 
1 1 . 0 0 

50B 
50B 
50 B 
50B 
50B 
50B 
50B 
50B 
50 B 
50B 
50 B 

MA 
CA 
CA 
CA 
CA 
CA 
CA 
MA 
MA 
MA 
MA 

7 7 5 . 5 0 
3 2 4 . 3 3 
1 5 3 . 0 0 
1 8 4 . 6 7 
1 8 8 . 0 0 
2 9 1 . 3 3 
1 7 4 . 5 0 
897 .67 

1 9 . 3 3 
4 5 . 0 0 

366 .67 

6 1 B 
6 1 B 
6 1 B 
6 1 B 
61 B 
6 1 B 
61 B 
61 B 
6 1 B 
61B 
6 1 B 
6 1 B 

CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
MA 
CA 

8 3 5 . 0 0 
0 . 3 3 

4 2 5 . 3 3 
3 4 6 . 0 0 
2 0 3 . 3 3 
1 2 5 . 0 0 
2 6 7 . 6 7 
6 6 8 . 0 0 
2 3 6 . 0 0 

69.OO 
5 . 3 3 

1 1 1 . 3 3 56 B MA 8 0 6 . 3 3 

6 1 B 
6 1 B 
6 1 B 
6 1 B 
61 B 
6 1 B 
61 B 
61 B 
6 1 B 
61B 
6 1 B 
6 1 B 

CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
MA 
CA 

8 3 5 . 0 0 
0 . 3 3 

4 2 5 . 3 3 
3 4 6 . 0 0 
2 0 3 . 3 3 
1 2 5 . 0 0 
2 6 7 . 6 7 
6 6 8 . 0 0 
2 3 6 . 0 0 

69.OO 
5 . 3 3 

1 1 1 . 3 3 
56B 
56B 

MA 
CA 

2 7 . 3 3 
5 5 8 . 0 0 65B 

65 B 
65B 
65B 
65B 

CA 
CA 
MA 
CA 
CA 

9 . 0 0 
0 . 3 3 

3 4 3 . 0 0 
4 . 6 7 

3 9 . 0 0 

58B 
58B 
58B 

MA 
MA 
MA 

2 3 9 . 3 3 
2 7 0 . 0 0 

1.00 

65B 
65 B 
65B 
65B 
65B 

CA 
CA 
MA 
CA 
CA 

9 . 0 0 
0 . 3 3 

3 4 3 . 0 0 
4 . 6 7 

3 9 . 0 0 
65B CA 5 1 . 0 0 

72 B 
72 B 

MA 
MA 

170 .00 
1 .33 
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RHEOBASE CURRENTS AND CHRONAXIES OF CORTICOMEDIAL AMYGDALA NEURONES 

ANT IDROMICALLY STIMULATED FROM THE MPH. 

1 I n t a c t 1 Ra ts ' C a s t r a t e ' Rats 

Number 
Rat 

CA o r 
MA 

Rheobase 
C u r r e n t 

H a 

Chronax le 

usee 

Number 
Rat 

CA o r 
MA 

Rheobase 
C u r r e n t 

H a 

Chronax le 

usee 

33B MA 140 690 36B MA 50 500 

35 B 
35B 
35B 

MA 
CA 
CA 

170 
90 
70 

200 
500 
390 

45B 
45B 
45B 

CA 
CA 
CA 

80 
90 

130 

670 
430 
470 

40B MA 80 670 45 B CA 40 750 40B MA 80 670 

46B 
46B 
46 B 

MA 
MA 
CA 

150 
90 
90 

380 
460 
420 

48B MA 70 380 46B 
46B 
46 B 

MA 
MA 
CA 

150 
90 
90 

380 
460 
420 

58B 
58B 

MA 
MA 

140 
100 

420 
420 

49 B MA 160 300 65 B MA 200 290 
49B 
49B 

MA 
CA 

80 
100 

360 
460 72 B MA 40 500 

49B 
49B 

MA 
CA 

80 
100 

360 
460 

51B CA 90 500 74B CA 20 250 

51 B CA 150 420 

53B 
53B 
53B 

MA 
MA 
MA 

100 
150 

9 0 

670 
210 
390 

75B CA 70 500 
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SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE VMC. INTACT MALE RATS. 

Number CA o r MA La tency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) Ve1oc I ty P e r i o d (msecs) 100 s e e s 

(m /sec ) 

27B MA 12.0 0 . 8 3 - 413 . 33 

31B CA 17 .0 0 . 5 9 - 2 4 5 . 0 0 
31 B CA 13.2 0 . 7 6 1 .52 2 3 3 . 0 0 

67B CA 10.0 1.00 0 . 8 4 4 8 5 . 6 7 

70 B CA 13.4 0 . 7 5 - 18 .00 
70B CA 11 .6 0 . 8 6 - 7 5 . 0 0 
70 B MA 15.2 0 . 6 6 0 . 9 4 2 6 4 . 0 0 

73B MA 8 .0 1 .25 1 .01 2 6 7 . 0 0 
73 B CA 1 2 . 5 0 .80 - 211 .33 
73B CA 10 .1 0 .99 - -
73B CA 2 2 . 8 0 . 4 4 1 . 1 3 183 .33 

76B CA 1 3 . 8 0 . 7 2 - 3 7 2 . 0 0 

78B MA 11 . 9 0 . 8 4 0 . 7 9 -
78 B MA 30 . 5 0 .33 2 . 1 9 3 9 6 . 0 0 
78B MA 29 .9 0 .33 0 . 5 3 4 0 0 . 0 0 
78B CA 13.9 0 . 7 2 1 .91 122 .00 
78B MA 13.0 0 . 7 7 0 . 9 8 7 5 . 0 0 

79 B MA 13.0 0 . 7 7 1 .79 2 4 8 . 0 0 
79B MA 10 . 3 0 . 9 7 0 . 8 8 7 5 . 0 0 
79 B MA 1 2 . 8 0 . 7 8 1 . 1 8 2 4 1 . 6 7 
79 B MA 2 2 . 2 0 . 4 5 1 .44 4 .33 

85B CA 18 .0 0 . 5 6 1 .24 4 0 4 . 6 7 
85 B CA 2 8 . 5 0 . 3 5 1 .74 2 5 5 . 0 0 

87B CA 2 7 . 0 0 . 3 7 0 . 8 3 45 . 33 
87B CA 14.0 0 . 7 1 0 . 8 1 3 4 . 0 0 
87B CA 12.0 0 . 8 3 0 . 8 8 8 1 . 6 7 

89 B MA 13 .5 0 . 7 4 1.59 7 5 5 . 0 0 
89 B CA 2 7 . 9 0 . 3 6 0 . 9 1 9 . 5 0 

91B CA 12.0 0 . 8 3 0 . 7 3 5 6 6 . 0 0 
91 B CA 3 6 . 4 0 . 2 7 1 .64 64 . 33 

95B MA 1 7 . 8 0 . 5 6 1 . 1 1 8 .33 
95B CA 8 . 2 1 . 1 4 0 . 5 8 159 .67 
95B CA 2 9 . 5 0 . 3 4 0 . 9 4 2 8 3 . 0 0 
95 B CA 7 . 3 1 .37 0 . 8 1 9.33 
95 B CA 17 .5 0 . 5 7 1.39 3 5 0 . 0 0 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE VMC. INTACT MALE RATS. 

Number CA o r MA Latency Conduct!on Abs R e f r a c t 
Rat (msecs) Ve1oc i ty Per iod (msecs) 

(m/sec) 

70 B CA 20 .8 0 .48 1.64 
70 B CA 8 .8 1.14 0.86 
70 B CA 27.0 0 . 3 7 1.74 

73B CA 12.1 0 .83 0.76 
73B CA 18 .9 0 .53 1.46 
73B CA 16.0 0 .63 1.11 
73B CA 20.1 0.50 0 .68 

76 B CA 15.0 0 .67 2.11 

78B MA 26.0 0 .38 1.11 
78B MA 18.2 0 .55 0 .77 
78B MA 2 0 . 3 0 .49 1.09 
78B CA 20 .9 0 .48 0 . 6 7 

79 B MA 15 .6 0.64 0.79 
79 B MA 2 2 . 8 0 .44 1.54 

85 B CA 6 .5 1.54 0.74 
85 B CA 13 .7 0 .73 1.31 
85 B CA 25 .5 0 .39 0 .86 

87B CA 21 .6 0.46 1.54 
87B CA 21.1 0 .47 0 .86 
87B CA 2 4 . 7 0.40 1.13 
87B CA 24 . 1 0.41 0 .93 

9 1 B CA 8 .5 1.18 0 . 76 
91B CA 26 .5 0 .38 0.84 

93B MA 20 .2 0.50 1.15 
93B MA 4.1 2 .44 0.58 
93B MA 30 .5 0 . 3 3 1 .79 
93B MA 40 .2 0 .25 1.79 
93B MA 2 6 . 3 0.39 0 .94 
93B MA 32.0 0 . 31 1.54 

95B CA 9 . 8 1.02 0.99 
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SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE VMC. CASTRATED MALE RATS. (8 weeks + ) . 

Number CA o r MA La tency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c i ty Per iod (msecs) 100 s e e s 

(m /sec ) 

28B MA 11.8 0 .85 1.12 302.33 

30 B CA 26 .5 0 .38 - 546 . 67 
30 B MA 22 .5 0 . 4 4 - 616.00 
30 B MA 31.0 0 . 3 2 - 3 8 7 . 6 7 
30B MA 33.0 0.30 1 .79 160.00 

54B CA 6 .8 1 . 47 1.04 250 . 33 
54B CA 4 .4 2 .27 - 65.00 
54B CA 8 .8 1.14 0 .83 398.00 

56B CA 2 8 . 5 0 .35 1.64 243.00 
56B CA 33 .5 0.30 - 420.00 

82 B CA 16.2 0 .62 1.15 43 . 33 
82 B CA 10.9 0 .92 1.18 248.00 
82 B CA 12 .5 0 .80 1.18 151 .67 
82 B CA 8 .5 1.18 0 .93 148.00 

83B CA 31 .5 0 .32 1 .15 158.50 
83 B CA 25 .5 0 .39 1.04 233 . 33 
83B CA 2 1 . 8 0 .46 1.15 8 8 . 6 7 
83B CA 10.8 0 .93 1.21 593 . 67 
83B CA 33 . 2 0.30 0 . 99 4 7 . 3 3 
83B CA 26 .5 0 .38 1.91 4 . 6 7 

84 B MA 2 5 . 8 0 .38 1.04 6 0 . 3 3 
84 B CA 38 .8 0.26 1.34 168 .67 
84B CA 27 .5 0 .36 1.31 138 .67 
84 B CA 2 0 . 8 0 .48 1.12 214 . 33 
84B CA 28 .6 0 .35 1.24 100.00 
84 B CA 16.5 0 . 60 0.85 -
86 B MA 2 1 . 7 0.46 1.09 216 . 33 
86B MA 28 .2 0 .35 0 .93 16.00 

88 B MA 13 .5 0 . 7 4 1.11 355 .33 
88B MA 12 .7 0 . 79 0 . 9 7 264 . 33 

94B CA 18.2 0 .55 0 .83 7 . 33 
94B CA 15.0 0 . 6 7 0.86 72.00 
94B CA 7 .5 1 .33 0 . 79 116.00 
94B CA 11 .7 0.85 0 .94 361 . 67 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE VMC. CASTRATED MALE RATS (8 weeks + ) . 

Number CA o r MA La tency Conduct ion Abs R e f r a c t 
Rat (msecs) V e l o c l t y Period (msecs) 

( m / s e c ) 

30 B CA 2 5 . 5 0 . 39 -
30B MA 17 .5 0.57 -
30 B MA 2 0 . 0 0.50 -
30 B MA 2 0 . 5 0 . 4 9 1.79 

i»3B MA 12 .5 0 .80 1.18 

54B CA 27 .8 0 . 36 1 .68 

56B CA 3 8 . 4 0 .26 1 .12 
56B CA 2 8 . 8 0 . 3 5 0.91 
56B CA 13.9 0.72 1.27 

82 B CA 2 2 . 2 0 . 45 1.15 
82 B CA 2 9 . 5 0 . 3 4 1.09 
82 B MA 6 . 4 1.56 0.97 

83B CA 2 5 . 8 0 . 39 0 . 85 
83B MA 18.5 0 . 54 1.46 
83B CA 2 1 . 5 0.47 1 .31 
83B CA 2 6 . 0 0 . 3 8 1.79 

84 B MA 16.5 0.61 1.27 
84 B MA 8 . 8 1.14 0.74 
84 B MA 2 1 . 0 0 .48 1 .34 

86B MA 14.8 0 . 6 8 1.04 
86 B MA 16 .5 0.61 0.81 

88B MA 10 .2 0 . 9 8 1.24 
88B MA 12.3 0.81 1 .02 

90B MA 22 .0 0 . 45 1.68 
90 B MA 2 6 . 7 0 .37 1.61 

92B MA 2 2 . 5 0.44 1 .12 
92 B .CA 16 .3 0.61 0 . 91 

94B MA 2 6 . 8 0.37 1.07 
94 B MA 2 4 . 8 0.40 1 .21 
94B CA 30.5 0 . 33 0 . 9 4 
94B CA 8.2 1.22 0.80 
94B CA 2 0 . 5 0 . 49 1.61 
94B CA 12 .0 0 . 83 1.09 
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SPONTANEOUS AND SILENT ORTHODROMIC UNITS IN THE CORTICOMEDIAL AMYGDALA 
ACTIVATED BY ELECTRICAL STIMULATION OF THEVMC. 

I n t a c t Rats 

Number CA o r MA LATENCY MEAN SPONTANEOUS SILENT RATE 
Rat (msecs) (msecs) 100 s e e s 

27B MA 3 1 . 0 - 3 1 . 3 31.2 * 2 9 . 3 3 
27B MA 2 6 . 0 - 2 6 . 5 2 6 . 3 J L 

27B MA 2 1 . 0 - 2 1 . 5 2 1 . 3 
J L 

27B MA 1 1 . 4 - 1 2 . 0 11.7 ft 

31 B CA 1 7 . 0 - 1 8 . 0 17.5 J L 
4 3 1 . 3 3 

67B MA 1 4 . 0 - 1 4 . 5 14 .3 
J L 221.00 

70B CA 3 . 6 - 4 . 4 4 .0 J L 2 7 3 . 6 7 
70 B MA 1 2 . 2 - 1 4 . 4 13.3 J L 158.33 

73B CA 1 0 . 5 - 3 1 . 0 2 0 . 8 J L 256 . 00 

76 B MA 1 9 . 0 - 2 1 . 0 20 .0 J L 75 .50 
76B CA 2 2 . 8 - 2 6 . 0 2 4 . 4 ft -
78B MA 1 1 . 5 - 1 2 . 0 11.8 * 588 . 67 
79 B MA 1 7 . 0 - 2 2 . 0 19.5 J . 4 . 5 0 
79 B MA 1 8 . 0 - 1 9 . 0 18 .5 ft 303 .33 
79 B MA 1 7 . 0 - 2 2 . 8 19 .9 

J L 242.00 
79B MA 1 6 . 4 - 1 6 . 6 16 .5 ft 

85B MA 6 . 8 - 1 2 . 6 9 . 7 J L 11.00 
85B CA 2 3 . 2 - 2 7 . 0 25 .1 J L 71 . 33 

87B CA 1 5 . 5 - 1 7 . 5 16.5 ft 147.00 

93B MA 2 3 . 5 - 3 9 . 5 3 1 . 5 X 56 . 00 
93B MA 2 7 . 0 - 2 7 . 3 27 .2 * 4 4 3 . 3 3 

95B MA 2 2 . 5 - 2 6 . 5 2 4 . 5 J L -
95B CA 1 7 . 5 - 1 8 . 0 17.8 * 5 5 . 3 3 
95 B MA 1 7 . 5 - 1 7 . 9 17.7 J L 5 . 00 
95B MA 1 6 . 2 - 1 9 . 8 18.0 ft 5.00 
95B CA 1 6 . 2 - 1 7 . 5 16 .9 J L 6 2 . 6 7 
95B MA 1 1 . 4 - 1 2 . 8 12.1 ft 217.50 
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SPONTANEOUS AND SILENT ORTHODROMIC UNITS IN THE CORTICOMEDIAL AMYGDALA 
ACTIVATED BY ELECTRICAL STIMULATION OF THE VMC. 

C a s t r a t e Rats 

Number CA or MA LATENCY MEAN SPONTANEOUS SILENT RATE 
Rat (msecs) (msecs) 100 s e e s 

28B MA 8 . 5 - 9 . 0 8 . 8 ft 
28B MA 3 2 . 0 - 3 2 . 5 3 2 . 3 ft 
28B MA 2 0 . 5 - 2 1 . 0 2 0 . 8 ft 
28B MA 1 6 . 2 - 1 6 . 8 16.5 J L -
28B MA 7 . 6 - 8 . 8 8.2 ft -
28B CA 1 8 . 8 - 1 9 . 2 19 .0 ft 

30 B CA 2 9 . 0 - 2 9 . 3 2 9 . 2 ft 
30B MA 1 1 . 0 - 1 1 . 5 11.3 ft 
30 B CA 2 4 . 0 - 2 4 . 2 24.1 J L 

54B MA 2 6 . 8 - 2 7 . 8 2 7 . 3 ft 1.33 
54B CA 4 0 . 5 - 4 1 . 0 4 0 . 8 ft 6 0 7 . 6 7 

56B CA 1 1 . 8 - 1 3 . 5 12.7 ft 7 4 . 6 7 
56B CA 3 2 . 8 - 3 3 . 8 3 3 . 3 ft 243.00 

83B MA 1 7 . 5 - 1 9 . 5 18.5 ft 128 .67 

86B MA 2 2 . 8 - 2 5 . 2 24 .0 ft 410 . 67 

90B MA 1 3 . 7 - 1 4 . 7 14.2 ft 105.33 
90 B MA 3 0 . 0 - 3 1 . 0 30 .5 ft 5.00 
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NON-DRIVEN SPONTANEOUS NEURONES IN THE CORTICOMEDIAL AMYGDALA 

( A f t e r s t i m u l a t i o n of the VMC). 

I n t a c t Rats 

Number CA o r MA Rate Number CA or MA Rate 
Rat 100 s e e s Rat 100 s e e s 

27B MA 3 .33 76B MA 329 .33 
27B MA 7.33 76 B CA 147 .67 
27B MA 55 .50 76B CA 2 4 3 . 6 7 
27B MA 776.00 27B MA 776.00 

78B CA 5 2 1 . 3 3 78B CA 5 2 1 . 3 3 
31B MA 2 4 . 3 3 78B CA 30 .00 
31B MA 285 .00 78B CA 5 7 . 3 3 
31 B CA 307 .67 31 B CA 307 .67 

79 B MA 4 . 3 3 79 B MA 4 . 3 3 
67B MA 134.33 79 B MA 108.33 
67B MA 3.00 79 B MA 303 .67 
67B CA 1271.33 79 B MA 3 0 . 6 7 
67B CA 276 .00 79 B CA 1.67 
67B CA 1063.67 67B CA 1063.67 

85B MA 2 0 . 0 0 85B MA 2 0 . 0 0 
70 B CA 4 8 6 . 6 7 85B MA 6 1 . 3 3 
70B CA 6 5 . 5 0 85B MA 1.33 
70 B CA 5 8 . 6 7 70 B CA 5 8 . 6 7 
70B CA 313 .33 87 B MA 11 .67 
70B CA 345 .33 87B MA 2 3 . 0 0 

87B CA 143 .67 87B CA 143 .67 
73B CA 2 .00 87B CA 6 2 . 3 3 
73B CA 176.50 73B CA 176.50 
73B CA 150.00 95B MA 4 1 6 . 3 3 

95 B MA 2 9 1 . 3 3 95 B MA 2 9 1 . 3 3 
95B CA 11.33 
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NON-DRIVEN SPONTANEOUS NEURONES IN THE CORTICOMEDIAL AMYGDALA 

( A f t e r s t i m u l a t i o n o f the VMC). 

C a s t r a t e Rats 

Number CA o r MA Rate Number CA or MA Rate 
Rat 100 s e e s Rat 100 s e e s 

2 8 B MA 1 0 . 0 0 8 2 B CA 2 4 . 3 3 
2 8 B MA 3 3 . 0 0 8 2 B CA 2 1 2 . 0 0 
2 8 B MA 1 0 . 3 3 82B CA 8 . 6 7 
2 8 B MA 1 1 3 . 6 7 82B CA 2 1 5 . 6 7 
2 8 B MA 2 0 7 . 6 7 82 B CA 5 5 9 . 6 7 
2 8 B MA 4 0 . 3 3 8 2 B MA 6 . 0 0 
2 8 B MA 1 9 . 3 3 82 B CA 2 2 . 0 0 
2 8 B MA 3 0 6 . 6 7 8 2 B CA 1 2 9 . 0 0 
2 8 B CA 2 5 6 . 0 0 8 2 B CA 3 5 3 . 0 0 
2 8 B CA 1 3 7 . 0 0 8 2 B CA 6 4 . 3 3 

30B MA 5 . 6 7 83B CA 6 3 . 0 0 
30 B MA 1 2 . 6 7 30 B MA 1 2 . 6 7 
30 B MA 2 5 1 . 0 0 84B MA 9 . 6 7 

84 B MA 7 4 0 . 0 0 84 B MA 7 4 0 . 0 0 
4 3 B CA 1 8 . 6 7 8 4 B MA 773 .33 
4 3 B MA 2 3 5 . 3 3 84 B CA 365 .67 
4 3 B MA 1 0 5 . 5 0 84B CA 3 2 4 . 0 0 

5 4 B CA 5 . 3 3 86 B MA 4 2 . 3 3 
5 4 B CA 5 . 3 3 8 6 B CA 4 5 9 . 0 0 
54B CA 19 .67 54B CA 19 .67 
5 4 B MA 1 0 8 . 6 7 9 0 B MA 5 2 . 0 0 
5 4 B CA 1 . 3 3 9 0 B MA 1 4 . 0 0 
5 4 B CA 1 7 8 . 0 0 5 4 B CA 1 7 8 . 0 0 

9 2 B MA 1 8 6 . 6 7 9 2 B MA 1 8 6 . 6 7 
5 6 B MA 8 0 6 . 3 3 5 6 B MA 8 0 6 . 3 3 
5 6 B MA 2 7 . 3 3 9 4 B MA 1 9 . 6 7 
5 6 B CA 5 5 8 . 0 0 9 4 B MA 7 . 0 0 

9 4 B CA 3 5 5 . 0 0 9 4 B CA 3 5 5 . 0 0 
9 4 B MA 5 3 0 . 0 0 
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RHEOBASE CURRENTS AND CHRONAXIES OF CORTICOMEDIAL AMYGDALA NEURONES 

ANTIDROMICALLY STIMULATED FROM THE VMC. 

1 I n t a c t ' Rats ' C a s t r a t e ' R a t s 

Number 
Rat 

CA o r 
MA 

Rheobase 
C u r r e n t 

ua 

Chronax ie 

usee 

Number 
Rat 

CA or 
MA 

Rheobase 
C u r r e n t 

ua 

Chronaxie 

usee 

27B MA 400 417 2 8 B MA 150 250 

31B 
31 B 

CA 
CA 

190 
160 

664 
525 

54B 
54B 
54B 

CA 
CA 
CA 

200 
160 
160 

433 
650 
281 

70 B 
70 B 

CA 
MA 

220 
420 

386 
197 

54B 
54B 
54B 

CA 
CA 
CA 

200 
160 
160 

433 
650 
281 

70 B 
70 B 

CA 
MA 

220 
420 

386 
197 56 B 

56B 
CA 
CA 

240 
340 

263 
339 73B CA 240 463 

56 B 
56B 

CA 
CA 

240 
340 

263 
339 73B CA 240 463 

83B CA 50 643 
79B MA 20 395 84 B MA 190 286 

94B CA 70 772 
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A P P E N D I X 

SECTION 2 

(Exper iment 3) 

A b b r e v i a t i o n s : -

CA - C o r t i c a l amygdala nuc leus 

MA = Medial amygdala nuc leus 

MPH = Medial p r e o p t i c / a n t e r i o r hypotha lamic j u n c t i o n 

TP = T e s t o s t e r o n e Prop ionate 



SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED RATS ( I n j e c t e d w i th 

200 ug TP/day fo r 18 - 22 days 

Number CA or MA La tency Conduction Abs R e f r a c t Rate 
Rat (msecs) P e r i o d (msecs) 100 s e e s 

6CT MA 18.0 0 . 44 1.27 1.33 
6CT MA 14.4 0 . 56 0 . 6 7 4 . 3 3 
6CT MA 16.0 0.50 0 .99 0 . 3 3 

12CT MA 13 .4 0.60 0 .74 17.00 
12CT MA 15. 4 0 .52 0 .97 0 .33 

13CT MA 28.1 0.28 1.09 6 5 6 . 3 3 
13CT MA 9 . 9 0.81 0 . 6 8 6 . 6 7 
13CT MA 9 . 2 0.87 1.15 -
14CT MA 12 .3 0 .65 1.34 5 . 6 7 
14CT CA 35.A 0 . 23 1.74 3 .00 
14CT CA 26 .2 0 . 31 0 . 6 7 -
15CT MA 10.1 0.79 1.04 20.00 
15CT MA 8.0 1.00 0.71 108 .33 
15CT CA 2 5 . 8 0 . 31 1.41 -
15CT CA 10.9 0 .73 0 . 6 8 4.00 
15CT CA 18.1 0 . 4 4 0 .97 -
15CT CA 2 1 . 8 0 .37 0 . 99 2 . 3 3 

I6CT MA 6 . 8 1.18 1.04 4.00 
16CT MA 7 .5 1 .07 1.04 0 . 67 
16CT MA 8 . 0 1.00 1.27 10.00 

17CT CA 13.5 0.59 0.71 7 . 67 
17CT CA 15.8 0 . 51 1.30 6.00 
17CT CA 14.5 0 .55 0 . 6 3 8 . 67 
17CT CA 10 .3 0.78 0.91 74.00 
17CT CA 2 2 . 5 0 . 36 1.02 32 . 33 

18CT MA 6 . 4 1.25 0 .58 10 .33 
18CT MA 12.8 0 . 63 0.54 0 . 6 7 
18CT MA 6 .2 1 .29 0.54 -
18CT MA 15 .6 0.51 0 .93 4.00 

19CT MA 24.0 0 . 33 1 .29 8.50 
19CT MA 16.5 0 .48 1.18 266 . 33 
19CT MA 2 3 . 0 0 .35 1.18 15 .67 
19CT MA 12.2 0 .66 0.74 6.00 
19CT MA 16.0 0.50 1.06 3 .00 

21CT MA 13.8 0.58 0 .57 0 . 3 3 
21CT MA 15.4 0 . 52 1.24 3 .00 

23CT MA 2 3 . 5 0.34 0 .77 9 . 3 3 
23CT MA 2 4 . 5 0 . 33 0.94 3 .33 
23CT MA 23 . 0 0 .35 1.38 15 .67 
23CT MA 2 4 . 5 0 . 33 1.54 26.00 
23CT MA 2 1 . 7 0 .37 0 . 6 8 37.00 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED RATS ( I n j e c t e d w i t h 200ug 

TP/day fo r 18 - 22 d a y s ) . 

Number CA o r MA Latency Conduct ion Abs R e f r a c t 
Rat (msecs) Ve1oc i ty P e r i o d (msecs) 

(m/sec ) 

6CT MA 8 .8 0.91 0 .93 
6CT MA 18.0 0 .44 1.27 
6CT MA 16.5 0 .48 0 .79 
6CT MA 17.2 0 .47 0.64 

11CT MA 16.5 0 .48 0.98 
11CT MA 13.5 0.59 0.60 

12CT MA 2 3 . 8 0 .34 1.30 
12CT MA 14.2 0 .56 0.85 
12CT MA 6 . 3 1.27 0.91 
12CT MA 11.8 0 .68 1.15 
12CT MA 10.4 0 .77 1.41 
12CT MA 2 0 . 8 0 .38 1.04 

13CT MA 27 .0 0 .30 1.11 

14CT CA 9 .9 0.81 1.04 
14CT CA 31 .8 0 .25 0.99 

15CT MA 12. 4 0 .65 1.34 
15CT MA 18.4 0 .43 1.34 
15CT MA 10.5 0 .76 1.15 
15CT CA 16.2 0 .49 0.69 
15CT CA 37.1 0.22 1.41 

16CT MA 12.2 0 .66 0 .67 
16CT MA 14.4 0 .55 1.38 
16CT MA 16.4 0.49 1.06 
16CT MA 13.0 0.62 1.30 

17CT CA 2 3 . 8 0 .34 1.15 
17CT CA 14.0 0 .57 0 .97 
17CT CA 35 .5 0 .23 0 .97 

18CT MA 13.9 0 .58 0.58 

19CT MA 21 .0 0 .38 1.09 
19CT MA 25 .0 0 .32 1.15 
19CT MA 21 .0 0 .38 0 .93 
19CT MA 10.5 0.76 0 .97 
19CT MA 34 .5 0 .23 1.05 

21CT MA 12.2 0 .66 0.84 
21CT MA 19.8 0.40 0.71 
21CT MA 2 6 . 5 0.30 1.02 
21CT MA 14.0 0 .57 1.27 

23CT MA 2 5 . 5 0.31 0.55 
23CT MA 13.0 0 .62 0 .69 
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SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED RATS ( I n j e c t e d w i t h 

O i l fo r 18 - 22 d a y s ) . 

Number CA or MA Latency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c I t y P e r i o d (msecs) 100 s e e s 

(m/sec) 

1CT CA 24 .4 0 .33 1.68 -
1CT CA 2 3 . 4 0 . 3 4 1.38 57 . 00 
1CT CA 33 .8 0.24 1.20 20.00 
1CT CA 2 4 . 8 0 . 32 1 .04 0 .33 
1CT CA 3 1 . 5 0 .25 1.79 103 .67 
1CT CA 28 .0 0 . 29 1.46 74 .00 

2CT CA 14.7 0 .54 1.68 261 . 67 
2CT CA 18.5 0 . 4 3 1.54 131.00 

4CT MA 18.0 0 .44 1 .27 5.00 
ACT CA 34 . 9 0 . 23 1.91 1.33 

5CT MA 16.6 0 .48 0 .95 2 .33 
5CT MA 2 9 . 8 0 . 27 1.50 6 .00 

7CT CA 10.0 0.80 _ 4.00 
7CT CA 12.6 0 . 63 1.09 0 . 6 7 
7CT CA 11.8 0 .68 - 14.00 

8CT MA 31 .8 0 . 25 1 .34 15.00 
8CT MA 2 6 . 9 0.30 1.95 307 .67 
8CT MA 26 .0 0 . 31 1.21 5 . 6 7 
8CT MA 2 0 . 9 0 .38 1.97 -
8CT MA 2 3 . 0 0 .35 1 .36 4 .33 
8CT MA 11.8 0 .68 1.21 0 .33 
8CT MA 2 3 . 8 0 . 34 1.05 3 . 3 3 

9CT MA 14.4 0.56 1.68 4.00 
9CT MA 13 .9 0 .58 1.59 33 . 33 

10CT MA 6 . 2 1.29 2 .60 -
20CT MA 14.6 0 .55 1.07 13 . 33 
20CT CA 13.0 0 .62 1.24 9 . 3 3 

22CT CA 7 .8 1.03 1.20 31 .00 
22CT CA 6 . 8 1.18 1 .74 12.00 
22CT CA 12.2 0.66 0 .99 5.00 

24CT MA 10.6 0 . 7 5 1 .52 30.00 
24CT MA 9.1 0 .88 1.02 2 .00 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY STIMULATION OF THE MPH. CASTRATED MALE RATS ( i n j e c t e d w i t h O i l fo r 

1 8 - 2 2 d a y s ) . 

Number CA or MA Latency Conduct ion Abs R e f r a c t 
Rat (msecs) V e l o c i t y Per iod (msecs) 

(m/sec ) 

1CT CA 2 5 . 5 0 . 31 1.41 

2CT CA 30.2 0 .26 1.02 
2CT CA 24 .0 0 . 3 3 0.85 

4CT MA 2 1 . 5 0 . 3 7 1.11 
4CT CA 36.0 0 .22 1.30 
4CT CA 35 .5 0 . 2 3 1 .29 

5CT MA 2 5 . 5 0 . 31 1.64 
5CT MA 9 . 1 . 0 . 8 8 0 . 92 

7CT CA 10.5 0 .76 0.91 
7CT CA 16.9 0 .47 1.09 

8CT MA 28 .5 0 .28 1.52 
8CT MA 14.2 0 .56 1.48 
8CT MA 2 5 . 2 0 . 3 2 0 . 8 3 
8CT MA 42.0 0 . 1 9 1 .91 

9CT CA 2 1 . 5 0 . 3 7 1 .97 
9CT CA 17.2 0 .47 1 .38 

10CT MA 12.1 0 .66 2 .15 

20CT MA 2 1 . 8 0 . 3 7 1.74 
20CT MA 11.2 0.71 0 .99 
20CT MA 9 . 9 0.81 1.02 

22CT MA 19.8 0 .40 1.54 
22CT CA 25.0 0 . 3 2 1 .79 

24CT MA 2 7 . 2 0 . 29 1.85 
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SPONTANEOUS AND SILENT ORTHODROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA 

ACTIVATED BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS 

( I n j e c t e d w i t h 200ug TP f o r 18 - 22 d a y s ) . 

Numbe r CA o r MA La tency Mean Spontaneous S i1 en t Rate 
Rat (msecs) (msecs) 100 s e e s 

12CT MA 2 1 . 3 - 2 1 . 5 21 .4 * 1 .33 
12CT MA 3 2 . 0 - 3 2 . 5 3 2 . 3 A 53 .00 
12CT MA 5 . 8 - 6.0 5 . 9 5 . 3 3 
12CT MA 8 . 1 - 8 . 3 8 . 2 * -
12CT MA 9 . 8 - 9 -9 9 . 9 J L 1.00 
12CT MA 8 . 7 - 8 . 8 8 . 8 A 

T3CT MA 2 9 . 3 - 2 9 . 5 2 9 . 4 A 
13CT MA 5 . 7 - 5 . 9 5 .8 * 1410.00 

14CT MA 9 . 8 - 1 0 . 0 9 -9 A 
14CT MA 1 2 . 2 - 1 2 . 4 12 .3 * 7.00 
14CT CA 31 .1 -36 .1 33 .6 A 

15CT MA 1 0 . 8 - 1 1 . 8 H . 3 
J L 

3 .33 
15CT CA 2 1 . 5 - 2 2 . 5 22.0 * 2 5 . 0 0 
15CT CA 40 .0 -40 .1 40.1 * 0 . 3 3 

16CT MA 10 .0 -10 .1 10.1 J L 4.00 
16CT CA 3 0 . 9 - 4 0 . 0 40.0 A 8 .33 
16CT MA 1 4 . 6 - 1 4 . 8 14 .7 * 4 . 6 7 
16CT MA 2 0 . 8 - 2 2 . 2 2 1 . 5 57.00 
16CT CA 1 4 . 9 - 1 5 . 8 15 .4 A 1.00 

17CT CA 1 7 . 7 - 1 7 . 9 17 .8 A 173.00 

18CT MA 2 2 . 2 - 2 3 . 2 2 2 . 7 A 316.67 
18CT CA 2 0 . 5 - 2 9 . 5 2 5 . 0 0 J L 255 . 00 

19CT MA 1 6 . 2 - 1 6 . 4 16 .3 A 
19CT MA 1 5 . 0 - 1 5 . 2 15.1 A 

23CT MA 2 7 . 5 - 2 7 . 7 2 7 . 6 A 4 . 6 7 
23CT MA 1 6 . 0 - 2 0 . 0 18.0 A 85.00 
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SPONTANEOUS AND SILENT ORTHODROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA 

ACTIVATED BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS 

( I n j e c t e d w i th O i l f o r 18 - 22 d a y s ) . 

Number 
Rat 

CA o r MA La tency 
(msecs) 

Mean 
(msecs) 

Spontaneous Si l e n t Rate 
(100 s e e s ) 

. 2CT CA 2 5 . 5 - 2 8 . 0 26 . 75 * 3.00 

5CT 
5CT 

MA 
CA 

7 . 0 - 8 .8 
3 0 . 0 - 3 2 . 0 

7.70 
31.00 

* 
J L 

320.00 
348.67 

9CT 
9CT 
9CT 
9CT 

MA 
CA 
CA 
MA 

1 7 . 8 - 20 .8 
1 6 . 9 - 19 .5 
1 4 . 9 - 1 7 . 0 
1 8 . 0 - 2 1 . 5 

19.30 
18.20 
15 .95 
19.75 

J L 

ft 

ft 

ft 

3 . 3 3 
17.00 

3.00 

10CT MA 1 3 . 3 - 1 3 . 5 13 .40 ft 3.00 

20CT CA 13-9 -14 .1 14.00 ft 

22CT CA 1 1 . 2 - 1 7 . 7 14.45 ft 79.00 

24CT 
2'tCT 
24CT 

MA 
MA 
MA 

1 2 . 2 - 1 5 . 2 
1 2 . 2 - 1 6 . 4 
2 7 . 8 - 2 8 . 1 

13 .70 
14.30 
2 7 . 9 5 

ft 
ft 

ft 

30.00 
112.00 
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NON-DRIVEN SPONTANEOUS NEURONES IN THE CORTICOMEDIAL AMYGDALA ( S t i m u l a t i o n 

of the MPH. CASTRATED MALE RATS. ( I n j e c t e d w i t h 200ug TP/day fo r 18 - 22 d a y s ) . 

Number CA o r MA Rate 
Rat (100 s e e s ) 

11CT MA 180 .67 
11CT MA 979 . 00 
11CT MA 500 . 67 

15CT MA 364 .00 
15CT CA 9 . 50 
15CT CA 38.00 
15CT MA 54.50 
15CT CA 110 .33 

18CT MA 2 9 1 . 6 7 

19CT MA 16 .67 
19CT MA 764 .00 
19CT MA 124 .33 
19CT MA 16 .67 

23CT MA 14 .67 

CASTRATED MALE RATS. ( I n j e c t e d w i t h O i l f o r 18 - 22 d a y s ) . 

Number CA or MA Rate 
Rat (100 s e e s ) 

1CT MA 87 .00 
1CT MA 235 .00 
1CT MA 3 . 33 
1CT MA 135 .67 
1CT CA 39 .00 

2CT CA 0 . 3 3 
2CT MA 19.33 

4CT CA 1.33 
4CT CA 3 . 00 

5CT CA 74 .67 

7CT MA 6 5 5 . 3 3 
7CT MA 865 .33 
7CT CA 31 . 33 

8CT MA 6 0 7 . 6 7 
8CT MA 17 .67 

9CT MA 781 .50 

24CT CA 30 . 67 
24CT CA 76 .00 
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A P P E N D I X 

SECTION 3 

(Exper iment k) 

A b b r e v i a t i o n s : -

CA = C o r t i c a l amygdala n u c l e u s . 

MA = Medial amygdala n u c l e u s . 

MPH = Medial p r e o p t i c / a n t e r i o r hypothalamus. 

DHTP = D i h y d r o t e s t o s t e r o n e P r o p i o n a t e . 

OB = O e s t r a d i o l Benzoate . 



SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( i n j e c t e d w i t h 

5ug O e s t r a d l o l Benzoate f o r 18 - 22 d a y s ) . 

Number CA o r MA La tency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c i ty Per iod (msecs) 100 s e e s 

( m / s e c ) 
Per iod (msecs) 

IDE MA 14.6 0 .55 0.92 17 .00 
IDE MA 10.1 0.79 0 .68 6 .67 
IDE MA 11.5 0.79 0 .63 13 .00 
8DE CA 10.0 0.80 0 .71 10.67 
8DE CA 1 3 . 8 0.58 0 .74 50.00 
8DE CA 14 .3 0.56 0.68 6 . 3 3 
8DE CA 12.2 0.66 0 .72 18 .33 
8DE CA 11 .3 0 . 71 0.82 8.00 
8DE CA 17 .0 0 .47 0.66 10 .33 
8DE CA 2 0 . 4 0.39 0.76 
9DE MA 20 .0 0.40 0 . 7 7 2 .67 
9DE MA 26 .0 0 . 31 0.76 8 . 33 
9DE MA 19 .0 0 .42 0 . 76 1.00 
9DE MA 2 2 . 5 0.36 0.62 2 .67 
9DE MA 33 .0 0 .24 1.18 0 .67 
9DE MA 2 8 . 6 0.30 1.38 0 . 3 3 
9DE MA 35.0 0 . 23 1.18 -

15DE CA 18.1 0.44 1.04 10.67 
1 5DE CA 22 .0 0 .36 1.04 -
15DE CA 2 0 . 8 0 .38 0 .98 3 .33 
15DE CA 24 .0 0 . 33 1.18 1 .33 
16DE MA 2 3 . 2 0 .34 1.26 16.00 
16DE MA 14.4 0 .56 0 . 8 7 2 .67 
16DE CA 4 . 8 1.67 0.70 -
16DE CA 9 .1 0 .88 0 .74 5 .67 
23DE MA 2 0 . 2 0.40 1.28 2 0 . 3 3 
23DE MA 7 . 5 1 .07 0.54 -
23DE MA 2 3 . 0 0 .35 0 .98 3 . 67 
23DE MA 6 .2 1.29 0 .83 -
23DE MA 7 . 5 1.07 0 . 83 4 .33 
23DE MA 10.0 0.80 0.46 3 1 . 3 3 
23DE MA 18 .5 0 .43 1.26 4 .67 
23DE MA 10.0 0.80 0 . 8 8 0 .67 
24DE MA 25 .0 0 . 3 2 1.55 2 . 3 3 
24DE MA 2 5 . 5 0 . 31 0.74 5 . 00 
24DE MA 21 .0 0 .38 1.35 167.00 
24DE MA 13 .0 0 .62 0 .78 9 . 6 7 
24DE MA 19 .5 0.41 0 . 8 3 1.00 
24DE MA 12 .7 0 .63 1.07 38 . 33 
24DE MA 14.0 0 . 5 7 1.08 -
30DE MA 12.2 0 . 6 6 0.78 4.50 
30 DE MA 14.2 0.56 0 .74 -
30DE MA 6 . 2 1.29 0 .74 6 . 00 
30DE MA 9 . 0 0 . 89 0.98 6.00 
30DE CA 30.0 0 .27 1.18 44.00 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( I n j e c t e d w i th 

5ug O e s t r a d l o l Benzoate f o r 1 8 - 2 2 d a y s ) . 

Number CA or MA La tency Conduction Abs R e f r a c t 
Rat (msecs) V e l o c i ty P e r i o d (msecs) 

( m / s e c ) 

IDE MA 10.7 0 .75 0 .58 
IDE MA 13.4 0.60 0 .87 
IDE MA 11.2 0.71 0 .82 
IDE MA 24 .0 0 .33 0 . 6 3 
IDE MA 8.0 1.00 0 .56 
IDE CA 6.0 1.33 0 .58 
IDE MA 2 1 . 8 0 .37 1.12 

8DE CA 13 .6 0 .59 0 .77 
8DE CA 10.1 0 .79 0 .64 
8DE CA 2 2 . 6 0 .35 0 .98 
8DE CA 8 .3 0.96 0 .77 
9DE MA 2 0 . 5 0 .39 0.71 
9DE MA 32 . 0 0 .25 1 .63 
9DE MA 28 .0 0 . 29 0 .77 
9DE MA 28 .0 0.29 1.06 

15DE CA 27.0 0.30 1.09 
15DE CA 16.8 0 .48 1.04 
15DE CA 20 .0 0.40 0 .83 
15DE CA 2 8 . 8 0 .28 1.09 
15DE CA 2 2 . 8 0 .35 0 . 6 3 
15DE CA 34.0 0 .24 1.09 

16DE MA 15 . 3 0 . 5 2 0.86 
I6DE CA 12.6 0 . 63 0 .83 

23DE MA 19.0 0 .42 0 .85 
23DE CA 28 .0 0 .29 1 .31 
23DE MA 13 .0 0 . 6 2 0 .65 

24DE MA 2 9 . 8 0 .27 1.18 
24DE MA 12.0 0 .67 0 .98 
24DE MA 13.2 0.61 0 .85 

30 DE MA 2 3 . 0 0 .35 1.06 
30DE MA 21 .0 0 .38 0 .79 
30DE MA 10.8 0 .74 0 .65 
30DE MA 13 .0 0 . 6 2 1.10 
30DE MA 2 3 . 5 0 .34 0 .93 
30DE MA 9 .9 0.81 0 . 63 



1 6 5 

SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( I n j e c t e d w i th 5ug 

O e s t r a d t o l Benzoate S Img DHTP fo r 18 - 22 d a y s ) . 

Number CA or MA Latency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c l t y Per iod (msecs) 100 s e e s 

(m/sec) 

2DE MA 16.6 0 . 4 8 0 . 7 6 6 . 6 7 
2DE MA 2 2 . 8 0 .35 1.24 -
2DE MA 2 0 . 8 0 .38 0 . 8 9 2 . 5 0 
2DE MA 19.5 0 .41 0 .89 14.00 
2DE CA 2 3 . 5 0 .34 1.05 1.67 

3DE MA 17.5 0 .46 0 . 9 9 
3DE MA 17.5 0 .46 1.09 5 .00 
3DE MA 18.8 0 . 4 3 0 .89 2 . 6 7 
3DE MA 2 5 . 4 0 .32 1.38 C . 6 7 
3DE MA 2 7 . 5 0 .29 1.24 2 . 6 7 
3DE CA 2 0 . 2 0 .40 1.27 119 .67 

10DE MA 17.0 0 . 4 7 0 . 7 6 14 .67 
10DE MA 13.0 0 .62 0 .91 12 .67 
10DE MA 2 3 . 5 0 .34 0 .99 0 . 3 3 
10DE MA 2 3 . 0 0 .35 1.21 2 4 . 0 0 
10DE MA 14.6 0 .55 0 . 8 7 8 . 6 7 
10DE CA 31 .0 0 .26 1.24 3 6 . 3 3 

1 IDE MA 19.2 0 .42 1.11 25 .00 
11DE MA 2 2 . 7 0 .35 0 . 9 3 4 .00 
11DE CA 2 3 . 4 0 .34 0 . 8 3 1.33 
11DE MA 2 0 . 0 0 .40 0 . 9 8 6 . 6 7 
11DE CA 16.4 0 .49 0 . 8 9 0 . 6 7 
11DE MA 17.2 0 . 4 7 0 . 9 5 0 . 3 3 
1 IDE CA 15.5 0 .52 0 . 9 7 4 8 . 6 7 

17DE MA 2 6 . 2 0 .31 1.04 81 .50 
17DE MA 17 .2 0 . 4 7 1.14 30 .00 
17DE MA 2 4 . 0 0 .33 1.26 -
17DE MA 13.0 0 .62 0 . 9 8 21 .00 
17DE MA 8 . 8 0 .91 0 . 8 7 0 . 6 7 
17DE MA 11.2 0 .71 0 .92 4 . 0 0 

18DE CA 11 .8 0 .68 0 . 8 8 2 6 . 3 3 
18DE CA 12.1 0 .66 1.26 11.00 
18DE CA 5 . 8 1.38 0 . 7 4 58 .00 
18DE CA 16.4 0 .49 0 . 9 8 4 . 3 3 

25DE MA 18.5 0 .43 0 . 8 8 2 .00 
25DE MA 6 .0 1.33 0 .50 144.67 
25DE MA 8 .3 0 .96 0 . 5 9 1.67 
25DE MA 9 . 7 0 .82 0 . 9 3 2 . 3 3 
25DE MA 2 5 . 5 0 .31 1.55 10.00 
25DE MA 19.0 0 .42 1.45 5 . 6 7 

26DE MA 22 .0 0 .36 1.07 5 .00 
26DE MA 2 9 . 0 0 .28 0 . 9 8 8 .33 
26DE MA 11.4 0 .70 0 . 6 6 2 .00 
26DE MA 9 . 8 0 .82 0 . 8 3 -
26DE MA 13.7 0 .58 0 . 8 8 130.00 
26DE MA 11.2 0 .71 0 .71 1.33 
26DE CA 30 .5 0 .26 1.26 
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SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( I n j e c t e d w i t h 

5\ig O e s t r a d i o l Benzoate + Img DHTP f o r 18 - 22 d a y s ) . 

Number CA or MA Latency Conduction Abs R e f r a c t 
Rat (msecs) V e l o c i ty P e r i o d (msecs) 

(m/sec) 

2DE MA 2 2 . 0 0 .36 _ 

2DE MA 2 2 . 5 0 .36 0 .79 
2DE MA 3 2 . 5 0 .25 1.21 
2DE MA 2 2 . 5 0 .36 1.09 
2DE MA 17 .8 0 .45 0.81 
2DE MA 2 5 . 0 0 .32 0 .89 
2DE MA 2 4 . 0 0 .33 1.09 

3DE MA 24 . 5 0 . 3 3 0 .92 
3DE MA 2 8 . 6 0 . 2 8 1.49 
3DE MA 3 0 . 1 0 . 2 7 0 .88 
3DE CA 3 2 . 5 0 .25 1.01 
3DE CA 2 3 . 8 0 .34 1.12 
3DE CA 2 9 . 8 0 . 2 7 1.54 

10DE MA 18 .5 0 .43 0 . 8 7 
10DE MA 16 .5 0 . 48 0 .74 
10DE MA 2 1 . 0 0 . 3 8 0 .93 
10DE MA 2 3 . 1 0 .35 0 . 9 7 
10DE MA 10.0 0 .80 0 .70 
10DE CA 2 3 . 5 0 . 3 4 0 .75 
10DE CA 2 2 . 3 0 .36 1.21 

11DE CA 2 0 . 0 0 .40 1.02 
11DE MA 2 1 . 0 0 . 3 8 0 .85 
11DE MA 3 2 . 8 0 . 24 0 .81 

17DE MA 4 . 6 1.74 0 . 5 4 
17DE CA 2 2 . 0 0 . 3 6 1.45 
17DE MA 8 .0 1.00 0 .63 

18DE MA 2 2 . 8 0 .35 0 . 8 8 
18DE MA 6 . 4 1.25 0 . 7 4 
18DE CA 7.0 1 .14 0 . 8 8 
18DE CA 12 .2 0 .66 1.10 

25DE MA 8 . 5 0 .94 0 .59 
25DE MA 15 .2 0 .53 1 .18 
25DE MA 15.0 0 . 5 3 1 .04 
25DE MA 14 .2 0 .56 0 . 9 8 

26DE MA 2 5 . 2 0 .32 0 . 9 7 
26DE MA 17 .5 0 .46 0 . 8 3 
26DE MA 10 .5 0 .76 0 . 8 7 
26DE MA 15 .0 0 .53 1 .18 
26DE MA 2 4 . 0 0 . 3 3 1.10 
26DE CA 2 5 . 2 0 .32 1.39 
26DE CA 2 7 . 2 0 .29 0 .93 
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SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( i n j e c t e d w i th lmg 

DHTP f o r 18 - 22 d a y s ) . 

Number CA o r MA Latency Conduct ion Abs R e f r a c t Rate 
Rat (msec) V e l o c i ty P e r i o d (msecs) 100 s e e s 

(m /sec ) 

4DE CA 2 7 . 6 0 .29 1.80 0 . 3 3 
4DE MA 13.3 0 .60 0 .80 19.00 

5DE CA 16.6 0 .48 1.35 4 .00 
5DE CA 18.2 0 .44 1 .48 0 . 6 7 
5DE CA 2 6 . 5 0 .30 1.39 1.33 
5DE CA 19 .8 0 .40 1.63 6 0 . 6 7 
5DE CA 2 5 . 5 0 .31 1.18 2 . 0 0 
5DE CA 2 5 . 0 0 .32 1.13 12 .33 
5DE CA 2 7 . 5 0 .29 1.39 6 . 6 7 

12DE MA 9 . 4 0 .85 1.91 2 . 6 7 
12DE MA 2 2 . 0 0 .36 1.51 10 .67 
12DE CA 14.5 0 .55 1.41 2 . 3 3 
12DE MA 2 2 . 8 0 .35 1.00 6 . 6 7 
12DE CA 2 5 . 0 0 .32 1.80 4 . 3 3 

13DE CA 18 .8 0 . 4 3 1.65 0 . 6 7 
13DE MA 19.5 0 .41 1.43 8 .33 
13DE MA 33 .9 0 . 2 4 1.43 11 .33 

19DE MA 19.0 0 .42 0 . 9 7 0 . 6 7 
19DE CA 32 .5 0 .25 1.55 2 . 3 3 
19DE CA 2 9 . 8 0 . 2 7 1.55 4 . 0 0 

20DE CA 6 . 6 1.21 1.55 -
27DE MA 15 .7 0 .51 1.35 15 .67 
27DE MA 16.2 0 .49 0 . 7 1 3 .00 
27DE MA 2 5 . 0 0 .32 0 . 8 8 0 . 3 3 
27DE MA 31 .0 0 .26 1.39 -
27DE MA 11 .7 0 . 6 8 0 .95 -
27DE MA 2 4 . 0 0 . 3 3 1.65 0 . 3 3 
27DE MA 2 8 . 0 0 .29 1.51 0 . 3 3 
27DE MA 9 . 8 0 .82 1.26 6 . 3 3 

28DE MA 6 . 5 1.23 1.07 4 . 3 3 
28DE MA 8 .2 0 .98 0 .83 49 .00 
28DE CA 6 .2 1.29 1.92 -
28DE CA 6 . 8 1.18 1.95 16.00 



SILENT ANTIDROMIC NEURONES IN THE CQRTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( i n j e c t e d w i t h 

Img DHTP f o r 18 - 22 d a y s ) . 

Number CA or MA Latency Conduct ion Abs R e f r a c t 
Rat (msecs) Ve1oc i ty P e r i o d (msecs) 

( m / s e c ) 

4DE CA 18.0 0 .44 1.80 
1»DE MA 17 .8 0 .45 1 .32 
4DE CA 30.0 0 . 2 7 1.42 

5DE CA 18.0 0 .44 2 . 35 
5DE CA ' 26.1 0 . 31 1.30 
5DE MA 3 2 . 2 0 .25 1 .87 
5DE CA 25 .0 0 . 3 2 1.22 

12DE MA 2 3 . 7 0 . 3 4 1 .63 
12DE CA 17.5 0.46 1.18 
12DE CA 11.8 0 . 6 8 0.75 
12DE CA 3 7 . 2 0 .22 1.95 
12DE MA 3 5 . 2 0 . 2 3 1.55 
12DE MA 31 .8 0 .25 0 . 89 

13DE MA 2 4 . 5 0 . 3 3 0 . 93 
13DE MA 2 7 . 8 0 .29 0.91 
13DE CA 30 .5 0 .26 1 .23 
13DE MA 18 . 8 0 .43 1 .43 
13DE CA 2 6 . 8 0.30 1 .47 

19DE MA 20 .0 0 .40 0 . 9 8 
19DE MA 3 3 . 5 0 .24 1.65 
19DE MA 15.4 0 .52 1 .43 
19DE MA 30.0 0 .27 1 .59 
19DE CA 16.9 0 . 4 7 1 .95 
19DE CA 3 7 . 2 0 .22 1 .55 

20DE CA 6 .1 1.31 0 . 73 
20DE CA 12.8 0 . 6 3 0 . 93 
20 DE CA 9 . 5 0 .84 1.55 
20DE CA 10.0 0.80 1 .95 
20DE CA 18.7 0 . 4 3 1.04 
20DE CA 2 3 . 0 0 . 35 1.45 

27DE MA 16.0 0.50 1.18 
27DE MA 29 . 0 0 . 2 8 1 .35 
27DE MA 2 1 . 5 0 . 3 7 1.31 
27DE MA 2 3 . 5 0 .34 1 .39 
27DE MA 2 1 . 5 0 . 3 7 0.70 

28DE MA 11.0 0 . 7 3 1 .45 
28DE MA 19 .0 0 .42 1.80 . 
28DE MA 14.0 0 .57 1.43 
28DE MA 12.5 0 .64 2 .26 
28DE MA 16.8 0 .48 1 .73 
28DE MA 7 . 2 1.11 1.01 
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SPONTANEOUS ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( I n j e c t e d w i t h 011 

18 - 22 d a y s ) . 

Number CA o r MA Latency Conduct ion Abs R e f r a c t Rate 
Rat (msecs) V e l o c l t y P e r i o d (msecs) 100 s e e s 

(m/sec) 

6DE MA 14 .9 0 . 5 4 1 .04 2 4 . 6 7 
6DE MA 10.0 0 .80 1.09 9 . 0 0 
6DE MA 11 .8 0 . 6 8 0.91 8 .00 
6DE MA 2 3 . 0 0 . 3 5 1.80 4 . 3 3 
6DE MA 18 .0 0 .44 1.35 3 . 6 7 
6DE MA 2 6 . 2 0 .31 1.39 13 .00 
6DE CA 2 0 . 0 0 .40 1 .09 17 .67 

7DE CA 10 .8 0 .74 1.31 0 . 6 7 
7DE CA 2 3 . 6 0 . 3 4 0 . 8 8 1.00 
7DE CA 2 3 . 3 0 .34 1 .42 6 . 3 3 
7DE CA 2 2 . 0 0 . 3 6 1 .28 8.00 
7DE CA 13.6 0 .59 1.92 5 .00 

14DE MA 2 1 . 8 0 . 3 7 1.65 59 .00 
14DE MA 19.0 0 . 42 0 .74 30 . 33 
14DE CA 15 .7 0 .51 2 . 30 5 . 6 7 
14DE CA 8 . 8 0 .91 0 .95 4 . 00 
14DE CA 9 . 8 0 . 82 1.59 3 .00 

21DE MA 10 .6 0 .75 0 . 8 7 2 . 6 7 
21DE MA 24 . 0 0 . 3 3 1.35 -
21DE CA 7 .0 1 .14 0 .99 2 4 . 3 3 
2IDE CA 11.5 0 .70 1.45 3 .00 
21DE CA 2 3 . 5 0 . 3 4 2 . 0 3 0 . 3 3 

22DE CA 2 2 . 3 0 . 3 6 2 . 26 6 .00 
22DE CA 24 . 5 0 .33 1.21 6 . 00 
22DE CA 19 .2 0 . 42 1 .27 44 . 00 

29DE MA 15 .3 0 .52 1 .04 2 .00 
29DE CA 8 . 6 0 . 9 3 1 .07 -
29DE CA 12.0 0 . 6 7 1.63 9 . 6 7 
29DE CA 12 .4 0 .65 2 . 0 3 3.50 
29DE CA 15.1 0 .53 0 . 8 8 2 . 3 3 

31DE MA 15.4 0 .52 1.43 12 .67 
31DE MA 16 .8 0 . 4 8 1.51 183 .33 
31 DE MA 2 2 . 8 0 .35 1.39 15 .67 

32DE CA 19.5 0.41 1.43 9 . 6 7 



SILENT ANTIDROMIC NEURONES IN THE CORTICOMEDIAL AMYGDALA ACTIVATED BY 

ELECTRICAL STIMULATION OF THE MPH. CASTRATED MALE RATS ( I n j e c t e d w i t h 

Oi1 f o r 18 - 22 d a y s ) . 

Number CA o r MA L a t e n c y C o n d u c t i o n Abs R e f r a c t 
Rat (msecs) V e l o c i t y P e r i o d (msecs) 

(m/sec) 

6DE MA 2 1 . 2 0 .38 0 .80 
6DE MA 2 4 . 8 0 .32 1.02 
6DE CA 4 3 . 0 0 . 1 9 1.39 

7DE CA 2 8 . 5 0 .28 1.07 
7DE CA 2 9 . 8 0 . 2 7 1.55 
7DE CA 32 .0 0 .25 1.92 
7DE CA 2 5 . 0 0 .32 1.22 
7DE CA 1 7 . 8 0 .45 1.18 
7DE CA 2 2 . 2 0 .36 1.39 

14DE MA 2 1 . 5 0 . 3 7 1.67 
14DE CA 1 6 . 8 0 . 4 8 1.80 

21DE MA 11 .2 0 .71 1.15 
21DE MA 2 4 . 5 0 . 3 3 1.80 
21DE CA 2 5 . 0 0 .32 1.04 
21DE CA 2 8 . 0 0 .29 2 . 4 0 
21DE CA 30 .0 0 . 2 7 2 . 2 2 
21DE CA 2 7 . 2 0 .29 1.10 
21DE CA 2 7 . 0 0 .30 1.51 
21DE CA 3 1 . 6 0 .25 1.51 

22DE MA 8 . 2 0 .98 1.07 
22DE CA 17 .5 0 .46 1.35 
22DE CA 2 0 . 5 0 .39 1.45 
22DE CA 30 .0 0 . 2 7 1.04 
22DE CA 3 4 . 0 0 .24 2 . 3 0 
22DE CA 18 .0 0 .44 1.15 

23 DE CA 2 1 . 2 0 . 3 8 1.59 

31DE MA 2 4 . 5 0 .33 1.64 
31 DE MA 2 3 . 5 0 . 3 4 1.43 
31 DE MA 10 .5 0 .76 1.35 
3 IDE CA 2 4 . 5 0 .33 1.04 
3 IDE MA 11 .5 0 .70 1.55 

32DE CA 2 1 . 0 0 . 3 8 1.04 
32DE CA 3 9 . 5 0 .20 1.95 
32 DE CA 3 4 . 5 0 .23 1.43 
32DE CA 3 1 . 5 0 .25 1.65 
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SPONTANEOUS AND SILENT ORTHODROMIC CORTICOMEDIAL AMYGDALA NEURONES ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. 

C a s t r a t e Rats + OB 

Number CA or MA LATENCY MEAN SPONTANEOUS SILENT RATE 
Rat (msecs) (msecs) 100 s e e s 

&DE CA 1 6 . 0 - 1 7 . 0 16.5 * 82 .67 
8DE CA 7 . 0 - 8.1 7.6 A 283.67 

9DE MA 2 5 . 2 - 2 5 . 5 25 .4 JL. 

9DE MA 1 9 . 0 - 2 0 . 0 19.5 A 54 .33 
9DE MA 3 0 . 0 - 3 0 . 5 30 .3 J L 

3DE MA 1 8 . 6 - 2 3 . 2 20 .9 J L 11.00 

23DE MA 2 0 . 0 - 2 0 . 8 20 .4 J L 330.33 
23DE CA 2 2 . 0 - 2 4 . 5 2 3 . 3 J L 254.00 

24 DE MA 1 8 . 5 - 2 0 . 0 19.3 * 904 .33 
24DE MA 1 2 . 2 - 1 4 . 0 13.1 * 38.33 
24DE MA 7 . 8 - 8.0 7.9 J L 78.00 

C a s t r a t e Rats + (OB + DHTP) 

Number 
Rat 

CA o r MA LATENCY 
(msecs) 

MEAN 
(msecs) 

SPONTANEOUS SILENT RATE 
100 s e e s 

2DE MA 3 0 . 0 - 3 2 . 5 31 .3 A 400.00 

3DE MA 1 7 . 5 - 2 0 . 2 18.9 J L 

17DE CA 1 3 . 8 - 1 5 . 0 14.4 A 240.00 

25DE MA 1 0 . 0 - 1 2 . 6 11.3 A 2 .33 
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SPONTANEOUS AND SILENT ORTHODROMIC CORTICOMEDIAL AMYGDALA NEURONES ACTIVATED 

BY ELECTRICAL STIMULATION OF THE MPH. 

C a s t r a t e Rats + DHTP 

Number CA o r MA LATENCY MEAN SPONTANEOUS SILENT RATE 
Rat (msecs) (msecs) 100 s e e s 

4DE CA 2 0 . 0 - 2 7 . 0 2 3 . 5 J L 202 .33 
4DE MA 8 . 3 - 9 .0 8 .7 J L 123.67 

5DE CA 2 1 . 5 - 2 2 . 5 22 .0 JL 21.00 
5DE MA 2 9 . 5 - 3 1 . 5 30.5 * 1.33 

12DE MA 1 3 . 9 - 1 6 . 4 15.2 * 
12DE MA 7 . 8 - 1 2 . 0 9 . 9 J L 14.00 
I2DE CA 7 . 6 - 8.0 7 .8 JL 421.67 
12DE CA 1 3 . 9 - 1 4 . 4 14.2 s'c 190.67 

13DE CA 2 7 . 0 - 2 9 . 0 28 .0 J L 

27DE MA 7 . 2 - 8.0 7.6 * 
27DE CA 2 4 . 5-2.5.0 24 .8 J L 549.67 

28DE MA 11 .0 -14 .1 12.6 J L 9 .33 
28DE CA 2 1 . 0 - 2 3 . 0 22.0 Jm 452.00 
28DE MA 1 4 . 2 - 1 7 . 2 15.7 A 13.00 

C a s t r a t e Rats + 0 1 1 

Number CA or MA LATENCY MEAN SPONTANEOUS SILENT RATE 
Rat (msecs) (msecs) 100 s e e s 

7DE CA 1 7 . 6 - 2 2 . 3 20 .0 «v 
7DE CA 2 2 . 0 - 2 5 . 5 23 .8 J L 0.67 

14DE MA 2 3 . 5 - 2 4 . 5 24 .0 J L 588.00 
14DE MA 7 . 5 - 8 .0 7 .8 * 64 .33 
14DE CA 6 . 2 - 7 .8 7.0 JL 101.67 

21DE CA 5 . 0 - 5 .9 5 .5 J L 161.00 

22DE MA 1 3 . 9 - 1 6 . 2 15.1 JU 

29DE CA 1 6 . 5 - 1 7 . 5 17.0 * 317.50 

31DE MA 1 4 . 2 - 1 4 . 8 14.6 A 
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NON DRIVEN SPONTANEOUS CORTICOMEDIAL AMYGDALA NEURONES ( A f t e r s t i m u l a t i o n 

o f the MPH). 

C a s t r a t e Rats + OB C a s t r a t e Rats + (OB + DHTP) 

Number 
Rat 

CA or MA Rate 
100 s e e s 

Number 
Rat 

CA or MA Rate 
100 s e e s 

16DE MA 123 .00 10DE CA 101.67 

23DE 
23DE 

MA 
MA 

797.33 
655.00 

11 DE 
11 DE 

CA 
MA 

429.67 
128.00 

24DE CA 781.67 17DE 
17DE 
17DE 
17DE 
17DE 

MA 
MA 
MA 
CA 
CA 

778.33 
346.00 

90 .67 
442.00 
345.67 

30DE 
30 DE 

MA 
CA 

33.00 
403 .33 

17DE 
17DE 
17DE 
17DE 
17DE 

MA 
MA 
MA 
CA 
CA 

778.33 
346.00 

90 .67 
442.00 
345.67 

17DE 
17DE 
17DE 
17DE 
17DE 

MA 
MA 
MA 
CA 
CA 

778.33 
346.00 

90 .67 
442.00 
345.67 

18DE CA 103.00 

25DE MA 327.00 

26DE MA 216.50 

C a s t r a t e Rats + DHTP C a s t r a t e Rats + O!1 

Number 
Rat 

CA or MA Rate 
100 s e e s 

Number 
Rat 

CA or MA Rate 
100 s e e s 

4DE 
kDE 

MA 
CA 

73 .33 
115.33 

6DE MA 71.33 4DE 
kDE 

MA 
CA 

73 .33 
115.33 

7DE 
7DE 
7DE 

CA 
CA 
CA 

6 8 . 3 3 
2 .67 

44.00 
5DE 
5DE 
5DE 
5DE 
5DE 

CA 
CA 
CA 
MA 
CA 

106.50 
553 .33 
205.00 

77.00 
73.00 

7DE 
7DE 
7DE 

CA 
CA 
CA 

6 8 . 3 3 
2 .67 

44.00 
5DE 
5DE 
5DE 
5DE 
5DE 

CA 
CA 
CA 
MA 
CA 

106.50 
553 .33 
205.00 

77.00 
73.00 

U D E 
U D E 

MA 
CA 

623 .33 
2 2 . 6 7 

19DE MA 301.33 21DE CA 3^.00 

20DE CA 265.00 22DE CA 758.67 

28DE 
28DE 

MA 
MA 

\kk.00 
6^1.00 

29DE MA 592.00 28DE 
28DE 

MA 
MA 

\kk.00 
6^1.00 

31 DE MA 215 .67 

file:///kk.00
file:///kk.00
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