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ABSTRACT 

S p i t e r i , N. J . : "Behavioural E f f e c t s of O e s t r a d i o l i n the Female R a t " 

Using behavioural and p h y s i o l o g i c a l measures, t h i s t h e s i s i n v e s t i g a t e s 

behavioural e f f e c t s of o e s t r a d i o l , and of two of i t s s y n t h e t i c analogues, 

mestranol and ethy n y l o e s t r a d i o l , i n the female r a t . Two types of behaviour 

r e c e i v e p a r t i c u l a r a t t e n t i o n , f e e d ing and sex u a l behaviour. 

The f i r s t chapter d e s c r i b e s some p h y s i o l o g i c a l and b e h a v i o u r a l changes 

i n the female r a t over the oestrous c y c l e . Changes i n meal s i z e a r e seen 

during o e s t r u s , or i n ovariectomized 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 . The 

e f f e c t of o e s t r a d i o l on the g a s t r i c emptying of s a l i n e , glucose and f a t 

loads was i n v e s t i g a t e d (Chapter 2) to determine whether changes i n 

stomach emptying were r e s p o n s i b l e f o r a l t e r e d meal s i z e . Only the emptying 

of f a t s from the stomachs of o e s t r a d i o l t r e a t e d r a t s was s i g n i f i c a n t l y 

reduced. 

The r o l e of o e s t r a d i o l i n m o t i v a t i o n a l p r o c e s s e s a s s o c i a t e d w i t h 

sexual behaviour was a l s o examined (Chapter 3 ) . I t was found t h a t the 

performance of females, running to s e x u a l l y a c t i v e or c a s t r a t e males i n a 

s t r a i g h t runway, depended on t h e i r oestrous s t a t e , and the gonadal c o n d i t i o n 

of the males. These were independent and a d d i t i v e e f f e c t s . 

The c h a r a c t e r i s t i c s of the potent male t h a t were rewarding to a 

female were then i n v e s t i g a t e d by v a r y i n g the odour and s e x u a l a c t i v i t y of 

male r a t s (Chapter 4 ) . The r e s u l t s suggest t h a t both the odour and s e x u a l 

a c t i v i t y of a potent male a r e rewarding to a female r a t . 

E t h y n y l o e s t r a d i o l and mestranol a r e s y n t h e t i c oestrogens normally used 

i n o r a l c o n t r a c e p t i v e s . The experiments presented i n Chapter 5 show t h a t i n 

female r a t s both of th e s e s t e r o i d s reduced food i n t a k e r e l i a b l y , and more than 

o e s t r a d i o l . E t h y n y l o e s t r a d i o l , but not mestranol, s t i m u l a t e d s e x u a l 

behaviour. Furthermore, t h e r e was no i n t e r a c t i o n between oestrogen and pro­

gestogen components of o r a l c o n t r a c e p t i v e s which i n f l u e n c e d , i n any way, the 

behaviours observed i n t h i s study. The f i n a l chapter reviews the e f f e c t s of 

o r a l c o n t r a c e p t i v e s on mental, somatic and beh a v i o u r a l changes i n women. 



CHAPTER 1 

BEHAVIOURAL AND PHYSIOLOGICAL CHANGES DURING THE OESTROUS CYCLE 

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

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 of o e s t r a d i o l on feeding and 

sexual behaviour i n the female r a t . I n t h i s chapter, a c o n c i s e account of 

some behavioural and p h y s i o l o g i c a l changes, which take p l a c e during o e s t r u s , 

i s presented. P a r t i c u l a r a t t e n t i o n i s given to p h y s i o l o g i c a l changes 

a s s o c i a t e d with, and to changes in, feeding and s e x u a l behaviour. 

1.2 Hormonal changes during the oestrous c y c l e 

1.2.1 0 e s t r a d i o l - 1 7 f l and Progesterone 

The o e s t r a d i o l content of p e r i p h e r a l plasma has been measured by 

Brown-Grant, E x l e y and N a f t o l i n (1970) u s i n g a competitive p r o t e i n binding 

method, and Butcher, C o l l i n s and Fugo (1974) u s i n g Radio-immunoassay and 

competitive p r o t e i n binding procedures. Brown-Grant et a l . (1970) found 

that i n r a t s with four day oestrous c y c l e s (on a 14 hour l i g h t / 1 0 hour 

dark schedule) plasma o e s t r a d i o l l e v e l s were low (<" 5 pg/ml) on the night 

of o e s t r u s and throughout metoestrus. There was a gradual r i s e during 

d i o e s t r u s , u n t i l on the morning of prooestrus they reached a peak of about 

28 pg/ml. The plasma o e s t r a d i o l l e v e l s then dropped again u n t i l , by l a t e 

p rooestrus, they had n e a r l y returned to the low l e v e l s e v e n t u a l l y 

a t t a i n e d on the night of o e s t r u s . Animals w i t h f i v e day c y c l e s showed a 

broadly s i m i l a r p a t t e r n . Butcher et a l . , however, demonstrated t h a t the 

o e s t r a d i o l peak could be as high as 90 pg/ml plasma a t about noon of 

p r o o e s t r u s . 

On the morning of prooestrus (when o e s t r a d i o l content of plasma i s 

at i t s h i g h e s t ) progesterone s e c r e t i o n was very low (Hashimoto, Henricks, 

Anderson and Melampy, 1968: < 1 M-g/hr/ovary; Butcher et a l . , 1974: < 4 

ng/ml plasma); i t s h i g h e s t peak (Hashimoto et a l . , 1968: 4 M-g/hr/ovary; 

Butcher et a l . , 1974: 46 n g ^ i ^ ^ p ^ a f s ^ r ^ o c c u r r e d l a t e on the same day. 
fyf SCIENCE '*> 
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Another s l i g h t r i s e i n progesterone s e c r e t i o n was found on the day of 
metoestrus. Hashimoto et a l . (1968) measured the s e c r e t i o n of pregn-4-ene-
20-ol-3-one, which showed two e q u a l l y high peaks, one on the day of 
prooestrus, c o i n c i d e n t w i t h the progesterone peak, and the other on the 
day of metoestrus. 

Feder, Resko and Goy (1968) measured progesterone l e v e l s i n s y s t e m a t i c 

plasma, i n r a t s with f i v e - d a y oestrous c y c l e s , u s i n g gas l i q u i d chromatography. 

Progesterone content was s i g n i f i c a n t l y h igher on the day of p r o o e s t r u s than 

at any other s t a g e s during the c y c l e . A s l i g h t r i s e was a l s o found during 

metoestrus and the f i r s t day of d i o e s t r u s . 

1.2.2 P i t u i t a r y Hormones 

S e c r e t i o n of gonadotrophins and of P r o l a c t i n during the o e s t r u s c y c l e 

has been w e l l d e s c r i b e d (LH: Brown-Grant et a l . , 1970; P i a c s e k , Schneider 

and Gay, 1971; FSH and P r o l a c t i n : Gay, Midgley and Niswender, 1970; FSH, 

LH, and P r o l a c t i n : Butcher et a l . , 1974). I n c r e a s e d s e c r e t i o n of LH, FSH 

and P r o l a c t i n by the p i t u i t a r y occurs during the prooestrus p e r i o d . The 

i n c r e a s e d s e c r e t i o n of gonadotrophins i s c o i n c i d e n t a l with the progesterone 

surge which peaks 5 to 7 hours l a t e r . The pre-ovulatory e l e v a t i o n of LH 

occurred around 18.00 h r s on prooestrus ( c a . 1700 ng/ml plasma), w h i l e 

the e l e v a t i o n of FSH was more gradual, r i s i n g to a peak ( c a . 600 ng/ml 

plasma) at midnight and then d e c l i n i n g s l o w l y u n t i l noon of o e s t r u s 

(Butcher et a l . , 1974). F e r i n , Tempone, Zimmering and Van de Wiele (1969) 

demonstrated t h a t i n the a d u l t r a t the i n i t i a t i o n of the LH r e l e a s e i s 

under o e s t r o g e n i c and not progestogenic c o n t r o l . 

P r o l a c t i n showed a peak a t about 15.00 h r s of prooestrus (257 ng/ml 

plasma) and a second, b r i e f peak 24 hours l a t e r on the afternoon of o e s t r u s 

(Butcher et a l . f 1974). These f i n d i n g s agree with the e a r l i e r report of 

Gay et a l . (1970). 

C o r t i c o s t e r o n e l e v e l s i n c r e a s e at prooestrus ( C r i t c h l o w , L i e b e l t , 



B a r - S e l a , Mountcastle and Lipscomb, 1963), and t h e r e i s some evidence 

t h a t i n i t s e a r l y s t ages the r i s e i n progesterone i n blood a t the same 

time may be due to adrenal r a t h e r than o v a r i a n s e c r e t i o n . 

1.3 Sexual Behaviour 

1.3.1 Changes during the oestrous c y c l e 

The s e x u a l l y r e c e p t i v e female r a t w i l l respond to mounting by 

a male by assuming a s t a t i o n a r y , squat posture, w h i l e deeply a r c h i n g her 

back i n a concave manner, f l e x i n g h e r t a i l t o one s i d e . T h i s exposes the 

female's g e n i t a l r e g i o n a l to the t h r u s t s of the male and a l s o f a c i l i t a t e s 

i n t r o m i s s i o n . T h i s posture i s termed " l o r d o s i s " , and i t s occurrence has 

been used to d e f i n e sexual r e c e p t i v i t y i n the female r a t . Other behaviour 

p a t t e r n s a l s o c h a r a c t e r i s t i c of the female r a t at o e s t r u s are e a r -

q u i v e r i n g , d a r t i n g and hopping away from the male, and n i p p i n g and clawing 

at h i s f a c e (Hemmingsen, 1933; B a l l , 1937). 

Changes i n l o r d o s i s during the c y c l e have been d e s c r i b e d by Young, 

B o l l n g and Blandau (1941); Blandau, Doling and Young (1941) and Kuehn and 

Beach (1963). The f i r s t two s t u d i e s used a "manual t e s t " . They performed 

t h i s t e s t by c l a s p i n g the animal w i t h two f i n g e r s a n t e r i o r to the i l i a c 

c r e s t s , w h i l e s t i m u l a t i n g the v a g i n a l a r e a . I t has been d e s c r i b e d by B a l l 

(1937) as " u s e f u l i n rough or n o n - q u a n t i t a t i v e work" and both G e r a l l and 

McCrady (1970) and A d l e r and B e l l (1969) have shown th a t i t g i v e s f a l s e 

p o s i t i v e r e s u l t s - t h a t i s , females r e c e p t i v e by the manual t e s t a r e not 

n e c e s s a r i l y r e c e p t i v e when t e s t e d w i t h a male. The data from these two 

s t u d i e s a r e not t h e r e f o r e wholly s a t i s f a c t o r y . Kuehn and Beach (1963) 

used a s i n g l e group of female r a t s , which were t e s t e d w i t h males a t hourly 

i n t e r v a l s throughout the night of o e s t r u s . I t has been shown, however, 

t h a t mating shortens the oestrous period by s e v e r a l hours (Blandau et a l . , 

1941) and i t may a l s o enhance r e c e p t i v i t y during the e a r l y s t a g e s of 

o e s t r u s ( R o d r i g u e z - S i e r r a , Crowley and Komisaruk, 1975). A d e s c r i p t i o n 



of the changes i n s e x u a l r e c e p t i v i t y a t o e s t r u s f r e e from both sources of 

p o s s i b l e e r r o r i s given by Drewett (1973a). He showed t h a t s e x u a l 

r e c e p t i v i t y was f i r s t apparent only a f t e r 14.00 h r s on the day of 

prooestrus, reached a peak a t about midnight and then d e c l i n e d through 

the f o l l o w i n g day. The f u l l y c o r n i f i e d smear marked the t e r m i n a t i o n , 

r a t h e r than the height, of b e h a v i o u r a l o e s t r u s : and these o b s e r v a t i o n s 

r e p l i c a t e e x a c t l y the e a r l y f i n d i n g of Young e t a l . ( 1941). According 

to T e r Haar (1972), the period of high sexual r e c e p t i v i t y f o l l o w s w i t h a 

delay of about 12 hours peak plasma l e v e l s of o e s t r a d i o l - 1 7 8 . 

Madlafousek and Hinak (1977) present an e x t e n s i v e i n v e n t o r y of 

s e x u a l behaviour p a t t e r n s i n the female r a t ; but they only give a somewhat 

crude d e s c r i p t i o n of the changes i n behaviour over the o e s t r u s period, 

n o t i n g only the presence or absence of behaviours such as d a r t i n g and 

hopping. They showed that the occurrence of the p r e s e n t i n g posture and 

hopping were seen from about 23.00 h r s on the night of o e s t r u s , whereas 

l o r d o s i s occurred much e a r l i e r ( a t about 18.00 h r s , l a t e i n p r o o e s t r u s ) . 

The f i n e d e t a i l s of the b e h a v i o u r a l changes, other than l o r d o s i s , 

during prooestrus and o e s t r u s have been examined by Wiepkema (unpublished 

o b s e r v a t i o n s , personal communication, 1978). He noted t h a t t h e r e was 

an i n c r e a s e i n d a r t i n g , hopping and e a r - q u i v e r i n g from l a t e p r o o e s t r u s , 

r i s i n g to a high p l a t e a u of s e v e r a l hours during the f i r s t h a l f of the 

oestrous n i g h t . These behaviours then d e c l i n e d throughout the l a t t e r 

p a r t of the n i g h t ; so t h a t only low l e v e l s of hopping, d a r t i n g and e a r -

q u i v e r i n g were recorded on the morning of o e s t r u s . L o r d o s i s behaviour 

followed a s i m i l a r trend. 

1.3.2 Hormonal Control 

The c e n t r a l r o l e of oestrogens i n the c o n t r o l of s e x u a l behaviour i s 

i n no doubt. Although s e v e r a l oestrogens have been shown to be e f f e c t i v e 

i n s t i m u l a t i n g s e x u a l behaviour i n the ovariectomized r a t ( o e s t r a d i o l , 



oestrone, o e s t r i o l and oestrone-3-sulphate, Beyer, Moral! and 

Vargas, 1S71) most workers have used o e s t r a d i o l or i t s e s t e r s . 

I n an ovariectomized r a t s e x u a l r e c e p t i v i t y a t a l e v e l comparable 

w i t h t h a t found during a n a t u r a l o e s t r u s , can be r e i n s t a t e d w i t h o e s t r a d i o l 

alone. T h i s does not occur i f o e s t r a d i o l i s i n j e c t e d f o r s h o r t periods 

(24 or 48 hours) even i n high doses ( B o l i n g and Blandaw, 193.9; Beach, 

1942) although some r e c e p t i v i t y i s r e s t o r e d by such treatment (Zemlan and 

Adler, 1977). I f , however, doses as low as 1.5 P>g (of o e s t r a d i o l benzoate) 

are given d a i l y , the Lordosis-to-Mount r a t i o reaches very high l e v e l s 

(80%) w i t h i n 5 days (Davidson, Smith, Rodgers and Bloch, 1968a). T h i s 

e f f e c t of o e s t r a d i o l occurs i n animals which are both ovariectomized and 

adrenalectomized; t h a t i s animals from whom a l l known sour c e s of progesterone 

have been removed (Davidson, Rodgers, Smith and Bloch, 1968b). 

Constant oestrous r a t s w i t h blood l e v e l s of o e s t r a d i o l much lower 

than those found during p r o o e s t r u s ( c a . 10 pg/ml, as a g a i n s t c a . 90 pg/ml) 

a r e a l s o s e x u a l l y r e c e p t i v e a f t e r they have been i n the s t a t e f o r some time 

(Hardy, 1970), and Powers and Zucker (1969) have shown that i n i n t a c t 

r a t s a s i n g l e i n j e c t i o n of 2 p,g of o e s t r a d i o l benzoate on the morning of 

( v a g i n a l ) o e s t r u s r e i n s t a t e s s e x u a l behaviour 24 hours, l a t e r . 

Powers (1970) i n v e s t i g a t e d the r o l e of progesterone i n s e x u a l 

r e c e p t i v i t y by o v a r i e c t o m i z i n g female r a t s a t v a r i o u s times before the 

onset of o e s t r u s . He ovariectomized the r a t s at 9.00 a.m. on the morning 

of p r o o e s t r u s , on the assumption t h a t t h i s treatment would e l i m i n a t e the 

i n c r e a s e i n progesterone a f t e r the oestrogen surge had a l r e a d y taken p l a c e , 

and t e s t e d them f o r r e c e p t i v i t y a t 9.00 p.m. T h i s o p e r a t i v e procedure 

l e d to c o n s i d e r a b l e reduction i n sexual r e c e p t i v i t y , which was not due to 

p o s t o p e r a t i v e s t r e s s as animals operated 6 hours before t e s t i n g showed 

normal r e c e p t i v i t y . But the c r i t i c a l q u e s t i o n i s whether such a procedure 

e l i m i n a t e d the progesterone surge without i n t e r f e r i n g w i t h the oestrogen 



surge i n any important way, s i n c e i f both were reduced the experiment 

would obviously not s e r v e to demonstrate a c r i t i c a l r o l e f o r progesterone. 

Some authors have found t h a t l a r g e amounts of oestrogen a r e s e c r e t e d 

u n t i l l a t e on the day of prooestrus ( s e e Yoshinaga et a l . , 1969; Butcher 

et a l . , 1974). S i n c e hormone l e v e l s were not measured i n the study by 

Powers, t h i s q u e s t i o n cannot be answered u n e q u i v o c a l l y . 

I n a recent study, Sb'dersten and Hansen (1977) demonstrated t h a t 

4-day c y c l i c r a t s became s e x u a l l y r e c e p t i v e 24 h r s a f t e r an i n j e c t i o n of 

1 or 2 u,g of o e s t r a d i o l benzoate on any day of the c y c l e , except on the 

second day a f t e r the d i s p l a y of spontaneous o e s t r u s . When they o v a r i -

ectomized the r a t s a t the time of o e s t r a d i o l treatment, r e c e p t i v i t y was 

aboli s h e d , but i t was r e s t o r e d again w i t h i n j e c t i o n of progesterone. 

Repeated treatment of s e x u a l l y r e c e p t i v e i n t a c t r a t s with progesterone 

did not a f f e c t the dura t i o n of o e s t r u s ; and treatment w i t h o e s t r a d i o l 

benzoate on the day of o e s t r u s prolonged the du r a t i o n of r e c e p t i v i t y . 

However, the dose of o e s t r a d i o l used was higher than the dose needed f o r 

the i n d u c t i o n of r e c e p t i v i t y (100 p,g vs 2 u-g), i n ovariectpmized r a t s . 

These r e s u l t s suggest t h a t sexual r e c e p t i v i t y i n the i n t a c t r a t 

cannot occur i n the absence of o e s t r a d i o l and progesterone, and tha t 

progesterone may not be a s s o c i a t e d with mechanisms t e r m i n a t i n g b e h a v i o u r a l 

o e s t r u s i n the r a t . 

1.3.3 S a t i a t i o n 

Feedback from c o i t u s , i n a d d i t i o n to inducing hormonal changes 

( T a l e i s n i k , C a l i g a r i s and Astrada, 1966) and, i n i t i a l l y , f a c i l i t a t i n g 

s exual r e c e p t i v i t y ( R o d r i g u e z - S i e r r a et a l . , 1975), i s a l s o r e s p o n s i b l e 

fo r the i n h i b i t i o n of sexual r e c e p t i v i t y (Hardy and DeBold, 1972). The 

p o s s i b i l i t y t h a t t h e r e might be a q u a l i t a t i v e r e l a t i o n s h i p between the 

amount of s t i m u l a t i o n during mating and dura t i o n of heat i n the female r a t 

was suggested by Blandau e t a l . (1941). Hardy and DeBold (1972) t e s t e d 



female r a t s a t hourly i n t e r v a l s over a period of 10 hours, w i t h a c r i t e r i o n 

of 10 mounts or attempted mounts per t e s t . R e j e c t i o n of males by females 

was higher, and " l o r d o s i s q u o t i e n t s " lower i n females t h a t r e c e i v e d 

c o i t a l s t i m u l a t i o n than i n females wearing a v a g i n a l mask. F u r t h e r , they 

showed that unmasked, ovariectomized females that had been brought i n t o 

heat with i n j e c t i o n s of o e s t r a d i o l benzoate and progesterone, r e j e c t e d 

the males as often as d i d unmasked i n t a c t females i n n a t u r a l heat. T h i s 

suggests t h a t r e j e c t i o n behaviour f o l l o w i n g i n t r o m i s s i o n and e j a c u l a t i o n 

i s independent of obvious hormonal change. 

Marked shortening of b e h a v i o u r a l o e s t r u s f o l l o w i n g c o p u l a t i o n has 

been reported i n another s p e c i e s , the guinea-pig (Goldfoot and Goy, 1970). 

These authors a t t r i b u t e d the t e r m i n a t i o n of b e h a v i o u r a l o e s t r u s f o l l o w i n g 

c o p u l a t i o n t o an " a f f e r e n t n e u r a l i n h i b i t o r y p r o c e s s " . They r u l e d out 

o v a r i a n or hypophyseal p a r t i c i p a t i o n i n the c o i t a l i n h i b i t i o n of heat, 

because a l l t h e i r animals were both ovariectomized and hypophysectomized, 

and were brought i n t o heat w i t h o e s t r a d i o l and progesterone. 

A d i f f e r e n t measure of i n h i b i t i o n comes from a study measuring 

l a t e n c i e s w i t h which female r a t s returned to the :.nale f o r more c o p u l a t i o n . 

P i e r c e and N u t t a l l (1961) showed t h a t , i n a s i t u a t i o n i n which the female 

could escape a male by jumping onto a platform and subsequently r e t u r n , 

the female spent longer on the escape platform a f t e r an i n t r o m i s s i o n than 

a mount, and a f t e r an e j a c u l a t i o n than an i n t r o m i s s i o n . 

Hardy and DeBold (1972) suggest that t h e r e may be two v a r i a b l e s 

i n f l u e n c i n g r e j e c t i o n behaviour, a non-hormonal one (due to the i r r i t a t i v e 

e f f e c t of v a g i n o - c e r v i c a l s t i m u l a t i o n during c o i t u s ) , and a hormonal one 

( r e l a t e d to the gradual d e c l i n e of sexual r e c e p t i v i t y - Hardy, 1970). 

1.4 Food Inta k e 

1.4.1 Changes during the oestrous c y c l e 

During d i o e s t r u s , the female r a t e a t s more and becomes l e s s a c t i v e . 
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Conversely during l a t e p rooestrus, the stage of the c y c l e during which 
the female i s s e x u a l l y r e c e p t i v e , and which f o l l o w s peak plasma o e s t r a d i o l -
17R l e v e l s i n c i r c u l a t i o n (Butcher, C o l l i n s and Fugo, 1974), food i n t a k e 
and body weight decrease w h i l e general a c t i v i t y i n c r e a s e s (Brobeck, 
Wheatland and Strominger, 1947; Kennedy and Mitra, 1963; Rodier, 1971; 
T a r t t e l i n and G o r s k i , 1971; Drewett, 1973b). The decrease i n food i n t a k e 
i s a r e s u l t of a decrease i n the s i z e of the i n d i v i d u a l meals and a l e s s 
than compensatory i n c r e a s e i n the frequency of the meals (Kenney and 
Mook, 1974; B l a u s t e i n and Wade, 1976, 1977; Gale and S c l a f a n i , 1978). 
Thus, r a t s i n o e s t r u s resume e a t i n g more q u i c k l y than r a t s i n d i o e s t r u s . 

Drewett (1973b) argues t h a t the oestrous depression of feeding 

i s a d i r e c t consequence of oestrogen production by the ovary, r a t h e r than 

an i n d i r e c t e f f e c t of sex u a l r e c e p t i v i t y . He shows t h a t food i n t a k e may 

be depressed i n ovariectomized r a t s by doses of o e s t r a d i o l i n s u f f i c i e n t 

to produce e i t h e r s e x u a l r e c e p t i v i t y or v a g i n a l c o r n i f i c a t i o n . F u r t h e r , 

he suggests t h a t the " p h a s i c " component during o e s t r u s of the o e s t r o g e n i c 

e f f e c t on feeding i s e f f e c t i v e l y an a r t e f a c t of the need f o r a long-term 

" t o n i c " component to allow the female t o cope with the wide v a r i a t i o n s 

i n energy demand produced by pregnancy and l a c t a t i o n . 

The a n o r e x i c e f f e c t of the oestrogen peak during l a t e p r o o e s t r u s i s 

r e s t r i c t e d t o a reduction i n meal s i z e (Drewett, 1974). T h i s r e d u c t i o n 

may i n d i c a t e i n c r e a s e d s e n s i t i v i t y to the s a t i a t i n g s i g n a l s normally 

r e s p o n s i b l e f o r meal t e r m i n a t i o n . 

Ovariectomy r e s u l t s i n a t r a n s i e n t i n c r e a s e i n d a i l y food i n t a k e 

which i s c h a r a c t e r i s e d by an i n c r e a s e i n the s i z e of an i n d i v i d u a l meal, 

and a l e s s than compensatory decrease i n meal frequency (Kenny and Mook, 

1974; B l a u s t e i n and Wade, 1976). When the d a i l y food i n t a k e r e t u r n s to 

pre-ovariectomy l e v e l s , the meal s i z e remains e l e v a t e d but the meal frequency 

d e c r e a s e s . D a i l y i n j e c t i o n s of o e s t r a d i o l benzoate r e v e r s e the e f f e c t s 



observed a f t e r ovariectomy: t h e r e i s a t r a n s i e n t decrease i n d a i l y food 

i n t a k e which i s accomplished by a decrease i n meal s i z e and a l e s s than 

f u l l y compensatory i n c r e a s e i n meal frequency; meal si/.o remains 

permanently suppressed as long as the d a i l y i n j e c t i o n s a r e maintained. 

A f u r t h e r i n c r e a s e i n meal frequency i s r e s p o n s i b l e f o r the re t u r n to 

c o n t r o l l e v e l s of d a l l y food i n t a k e . These e f f e c t s a r e not observed when 

r a t s a r e i n j e c t e d with progesterone alone ( B l a u s t e i n and Wade, 1977). 

These r e s u l t s suggest t h a t o e s t r a d i o l a f f e c t s the mechanism(s) t h a t 

t e rminate i n d i v i d u a l meals (Kenney and Mook, 1974; B l a u s t e i n and Wade, 

1976). Thus the e f f e c t of o v a r i a n oestrogens may be s p e c i f i c to s h o r t -

term p r o c e s s e s c o n t r o l l i n g meal s i z e . 

1.4.2 Ovarian c o n t r o l of g a s t r o i n t e s t i n a l p r o c e s s e s 

Not much i s known about the o v a r i a n c o n t r o l of d i g e s t i v e p r o c e s s e s . 

Wang (1923) suggested t h a t o e s t r a d i o l might have d i r e c t a l i m e n t a r y e f f e c t s . 

F o r example, by slowing stomach emptying or i n c r e a s i n g the r a t e of 

i n t e s t i n a l a b s o r p t i o n . Wang s t a t e d t h a t "changes i n food i n t a k e ... may 

be due to the i n f l u e n c e of o v a r i a n hormone or hormones on the f u n c t i o n 

of the stomach". That g a s t r o i n t e s t i n a l mechanisms may be in v o l v e d i n the 

te r m i n a t i o n of short-term food i n t a k e r e c e i v e s support from the s t u d i e s 

by Ehman, A l b e r t and Jamieson (1971), Young, Gibbs, Antin, Holt and 

Smith (1974), and Snowdon (1 9 7 5 ) . 

The b a s a l s e c r e t i o n of g a s t r i c a c i d i n the female r a t i s hig h e r i n 

d i o e s t r u s than i n prooestrus or o e s t r u s , and the response of the stomach 

to g a s t r i n i s a l s o more s e n s i t i v e . Ovariectomy e l i m i n a t e s the d i f f e r e n c e 

i n s e c r e t o r y s e n s i t i v i t y between male and female r a t s (Omole, 1972), and 

i n j e c t i o n s of o e s t r a d i o l - 1 7 8 decrease the s e n s i t i v i t y t o g a s t r i n , h i stamine 

and c a r b a c h o l . 

Female r a t s absorb dextrose a t a c o n s i s t a n t l y h i g h e r r a t e than 

males (Althausen, 1943), and c a s t r a t i o n of the males does not reduce t h i s 



d i f f e r e n c e . Ovariectomy of the female does not have an immediate e f f e c t : 

eighteen days a f t e r ovariectomy absorption i s u n a f f e c t e d . O v a r i e c t o m i z i n g 

females a t t h r e e weeks of age and then t e s t i n g them seven weeks l a t e r 

reduced the r a t e of absorption to the male l e v e l . I n j e c t i o n of oestrone 

(20 lig/day f o r ten weeks) i n t o normal males i n c r e a s e d t h e i r i n t e s t i n a l 

a b sorption of dextrose to the l e v e l of the females; but i n j e c t i o n of 100 

P-g/day i n t o a d u l t males f o r f i f t e e n days was i n e f f e c t i v e (Althausen, 1943). 

1.5 Water I n t a k e 

T h i s f o l l o w s the same general p a t t e r n as food i n t a k e , over the oestrous 

c y c l e , showing a depression during o e s t r u s ( T a r t t e l i n and G o r s k i , 1971). 

I t i s l i k e l y t h a t reduced water i n t a k e over o e s t r u s i s a consequence of the 

decrease i n food i n t a k e . Another p o s s i b i l i t y i s t h a t s e v e r a l oestrogens, 

i n c l u d i n g o e s t r a d i o l , a r e r e s p o n s i b l e f o r i n c r e a s e d u t e r i n e water r e t e n t i o n 

(Brotherton, 1976). Thus ova r i a n oestrogens may a f f e c t water consumption 

i n d i r e c t l y , by i n c r e a s i n g water r e t e n t i o n i n the female r a t , during o e s t r u s . 
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CHAPTER 2 

OESTRAPIOL AND STOMACH EMPTYING IN THE FEMALE RAT 

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

Stomach emptying i s a v a r i a b l e which often c o r r e l a t e s w i t h changes i n 

meal p a t t e r n s : vagotomy i n r a t s maintained on a l i q u i d d i e t (Snowdon and 

E p s t e i n , 1970; Davis and Booth, 1974) and l e s i o n s t o the l a t e r a l 

hypothalamus ( K i s s i l e f f , 1970; De C a s t r o and Balagura, 1974) give r i s e to 

a decrease i n meal s i z e and an i n c r e a s e i n the r a t e of g a s t r o i n t e s t i n a l 

t r a n s i t (Snowdon, 1970; Ralph and Sawchenko, 1978). Conversely, ventro­

medial hypothalamic l e s i o n s r e s u l t i n an i n c r e a s e i n meal s i z e and a 

decrease i n the r a t e of g a s t r o i n t e s t i n a l t r a n s i t ( B a l a ^ u r a and Devenport, 

1970; Becker and K i s s i l e f f , 1974; Ralph and Sawchenko, 1978). I t has 

a l r e a d y been mentioned ( i n Chapter 1) t h a t o e s t r a d i o l i n j e c t i o n s i n 

ovariectomized r a t s cause a decrease i n meal s i z e . 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 o e s t r a d i o l changes the r a t e of stomach emptying, l e a d i n g t o changes 

i n the s i z e of i n d i v i d u a l meals. 

I n a recent study, B l a u s t e i n and Wade (1977) intubated a n a e s t h e t i s e d 

r a t s with a n u t r i t i o n a l l y complete l i q u i d d i e t . They found t h a t r a t s 

t r e a t e d d a i l y f o r two weeks w i t h 2 \ig o e s t r a d i o l benzoate, and f a s t e d f o r 

24 t o 28 hours, showed a 58% i n c r e a s e i n i n t e s t i n a l d i s t a n c e t r a v e l l e d 

by the l i q u i d d i e t , and a 32% decrease i n g a s t r i c r e t e n t i o n when compared 

w i t h o i l t r e a t e d c o n t r o l s . I n a second experiment, i n which they used a 

s l i g h t l y longer d e p r i v a t i o n p e r i o d (34 to 38 hours) and a s i n g l e i n j e c t i o n 

of o e s t r a d i o l benzoate (5 jig per r a t ) , they found no d i f f e r e n c e between 

t r e a t e d and c o n t r o l groups. No information i s given as to the amount of 

f l u i d s e c r e t e d i n t o the stomach. These experiments may be c r i t i c i s e d on 

the f a c t t h a t B l a u s t e i n and Wade used a n a e s t h e t i s e d animals. I t i s known 

t h a t changes i n blood composition ( n u t r i e n t and hormonal) as w e l l as 
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i n t e s t i n a l a c t i v i t y occur i n the a n a e s t h e t i s e d s t a t e , which d i f f e r s 

c o n s i d e r a b l y from the normal c o n d i t i o n , and t h i s may have been a c o n t r i b u t i n g 

f a c t o r t o the e q u i v o c a l nature of t h e i r r e s u l t s . 

There i s much evidence i n the l i t e r a t u r e t h a t the mechanisms involved 

i n the r e g u l a t i o n of stomach emptying of s a l t s and sugars a r e d i f f e r e n t 

from those r e g u l a t i n g the emptying of f a t s (e.g. s e e : F a r r e l l and Ivy, 

1926; Shay and Gershon-Cohen, 1934; Hunt and Knox, 1964; Knoebel, 1976). 

These mechanisms may be d i f f e r e n t i a l l y a f f e c t e d by o e s t r a d i o l . T h e r e f o r e , 

i n the f o l l o w i n g experiments the i n f l u e n c e of o e s t r a d i o l benzoate on the 

r a t e of stomach emptying was i n v e s t i g a t e d u s i n g s a l i n e , f a t and glucose loads 

i n the ovariectomized female r a t . 

2.2 Experiment 1 : The e f f e c t of o e s t r a d i o l benzoate on food i n t a k e a f t e r 

food d e p r i v a t i o n i n the female r a t 

Subcutaneous i n j e c t i o n s of o e s t r a d i o l i n the ovariectomized r a t suppress 

food i n t a k e ( T a r t t e l i n and Gorski, 1971; Drewett, 1973a,b). The f o l l o w i n g 

experiment t e s t e d whether the a n o r e x i c e f f e c t of o e s t r a d i o l benzoate manifested 

i t s e l f i n ovariectomized r a t s which were food deprived f o r 24 hours, from 

the time of o e s t r a d i o l benzoate a d m i n i s t r a t i o n to the replacement of food. 

A d e p r i v a t i o n period i s n e c e s s a r y i n stomach l o a d i n g experiments i n order 

to ensure i n i t i a l u n i f o r m i t y i n the volume of stomach contents ( e f f e c t i v e l y , 

the stomach would be empty), p r i o r to lo a d i n g . Thus, the information from 

t h i s experiment was n e c e s s a r y i n order to determine whether or not any 

changes i n the mechanisms c o n t r o l l i n g meal s i z e , caused by o e s t r a d i o l , a r e 

independent of changes i n deprivation. 

2.2.1 Method 

General procedures f o r ovariectomy and measuring food i n t a k e 

1. Ovariectomy: 

A l l the r a t s used i n the f o l l o w i n g experiments were ovariectomized 

under e t h e r a n a e s t h e s i a . A s m a l l area of s k i n over the s p i n e was shaved 
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and a s h o r t (1 to 2 cm) i n c i s i o n was made a n t e r o - p o s t e r i o r l y along the 

m i d l i n e . Through t h i s i n c i s i o n a second i n c i s i o n was made i n the body w a l l 

on the r i g h t f l a n k . The ovary was drawn out through t h i s i n c i s i o n , and a l l 

the blood v e s s e l s l e a d i n g to i t together w i t h the upper end of the u t e r i n e 

horn and some p e r i o v a r i a n f a t were t i e d o f f by means of a s i l k t hread. 

The ovary, p e r i o v a r i a n f a t and p a r t of the u t e r i n e horn were removed, the 

remainder of the horn and p e r i o v a r i a n f a t were r e p l a c e d , and the i n c i s i o n 

was c l o s e d w i t h a s i n g l e s i l k s u t u r e . When both o v a r i e s had been removed, 

the d o r s a l i n c i s i o n was c l o s e d w i t h f u r t h e r s i l k s u t u r e s . The wound was 

cleaned w i t h H i b i t a n e a n t i s e p t i c s o l u t i o n ( I . C . I . - G r . B r . ) . T h i s technique 

has two main advantages: i t i s q u i c k e r than u s i n g two s k i n i n c i s i o n ; and 

the d o r s a l s k i n wound i s not over the f l a n k i n c i s i o n s , and was t h e r e f o r e 

l e s s prone to i n f e c t i o n . 

2. Food i n t a k e : 

R a t s were housed i n d i v i d u a l l y i n p l a s t i c cages, measuring 42 x 30 x 17 cm. 

Coprophagia was prevented by a removable g a l v a n i s e d w i r e g r i d , 2 cm above 

the bottom of the cage. Dry, powdered food (Rat and mouse maintenance d i e t 

No. 1, BP N u t r i t i o n , Witham) was a v a i l a b l e i n a metal food hopper ( F i g u r e 

2 . 1 ) , which was attached t o the top of the cage, but e a s i l y removable. The 

bottom of the hopper was 1 cm above the metal g r i d . Rats d i f f e r i n t h e i r 

f e e d i n g h a b i t s , some u s i n g t h e i r fore-paws to scoop up the food; but the 

p a r t i c u l a r design of the food hopper kept s p i l l a g e down to a minimum. The 

r a t s could not c a r r y away the powdered d i e t , and on average the s p i l l a g e 

was about 0.2 grams d a i l y . T h i s s p i l l a g e was c o l l e c t e d on paper t o w e l l i n g 

p l a c e d beneath the g r i d under the hopper. The food hopper was r o u t i n e l y 

h a l f - f i l l e d ( a f u r t h e r p r e c a u t i o n a r y measure to reduce s p i l l a g e ) with the 

d i e t . The food w i t h any of the s p i l l a g e was c o l l e c t e d and weighed d a i l y 

on a " T o r b a l " balance, to the n e a r e s t 0.1 g. 
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Experiment 1. The food hopper. Measurements are given i n c e n t i m e t r e s . 
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Experimental animals 

The animals were 16 hooded female r a t s ( P i e b a l d VIROL-OLAXO s t r a i n ) , 

about 120 days of age, and weighing 253 ± 25 g. The r a t s were ovariectomized 

one month before the s t a r t of the experiment, i n order to allow food i n t a k e 

and body weight t o s t a b i l i s e . Two weeks a f t e r ovariectomy the r a t s were 

t r a n s f e r r e d to i n d i v i d u a l p l a s t i c cages, and given powdered food and water ad 

l i b . P revious to t h i s , the animals l i v e d i n two group cages, e i g h t animals 

i n each cage, and were given maintenance d i e t and water ad l i b . The 

animals were housed i n a r e v e r s e d l i g h t room having a 12 hr l i g h t - 1 2 h r dark 

regime, the l i g h t s s w i t c h i n g o f f a t 12.00 h r GMT. The temperature was 

t h e r m o s t a t i c a l l y c o n t r o l l e d at +21°C. 

Experimental schedule 

The experiment was run over a period of two weeks u s i n g a counterbalanced 

design. The r a t s were a l l o c a t e d to two groups u s i n g a t a b l e d sequence of 

random numbers ( F i s h e r and Yates, 1963), an experimental group t r e a t e d w i t h 

o e s t r a d i o l benzoate u s i n g a r a c h i s o i l as the v e h i c l e f o r i n j e c t i o n , and a 

c o n t r o l group which was t r e a t e d w i t h a r a c h i s o i l only. Food i n t a k e was 

measured over one day preceding food d e p r i v a t i o n . On the f o l l o w i n g day, a l l 

the r a t s were i n j e c t e d w i t h e i t h e r the hormone or the o i l vector two hours 

a f t e r the onset of the dark c y c l e , at 14.00 hr, and the food removed 

immediately. E i g h t r a t s were i n j e c t e d w i t h 5 p,g o e s t r a d i o l benzoate i n 0.1 

ml a r a c h i s o i l , and the other e i g h t r a t s with 0.1 ml a r a c h i s o i l only. A l l 

the r a t s were i n j e c t e d again at 09.00 h on the f o l l o w i n g day w i t h the same 

amount of hormone or o i l v e h i c l e . The i n j e c t i o n s were performed subcutan-

eously, i n the nape of the neck, u s i n g a 25 ga d i s p o s a b l e needle. The 

food was r e p l a c e d f i v e hours l a t e r at 14.00 h, 24 hours a f t e r the i n i t i a l 

removal of the food hoppers, and food i n t a k e was measured over the sub­

sequent 24 hour p e r i o d . A f t e r t h i s , seven t r e a t m e n t - f r e e days allowed 

complete e l i m i n a t i o n of the hormone. During the second week, the treatment 
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f o r each group was reversed, so t h a t the experimental animals i n the f i r s t 

week now became the c o n t r o l animals and v i c e - v e r s a . Each animal thus acted 

as i t s own c o n t r o l . 

2.2.2 R e s u l t s and D i s c u s s i o n 

F i g u r e 2.2 shows t h a t female 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 benzoate 

at e l e s s than r a t s i n j e c t e d w i t h the o i l v e h i c l e only. A matched-pairs 

t - t e s t on the data showed t h a t the d i f f e r e n c e i n mean food i n t a k e between 

the hormone t r e a t e d r a t s and the c o n t r o l s was s i g n i f i c a n t a t t h e 0.1% l e v e l 

( t = 4.4332; with df. = 7; p < 0.001). 

The r e s u l t of t h i s experiment shows th a t the s u p p r e s s i v e e f f e c t of 

o e s t r a d i o l benzoate on food i n t a k e m a n i f e s t s i t s e l f even a f t e r twenty-four 

hours of food d e p r i v a t i o n . B l a u s t e i n and Wade (unpublished o b s e r v a t i o n s , c i t e d 

i n B l a u s t e i n and Wade, 1977) reported t h a t a s i n g l e i n j e c t i o n of 2 u.g of 

o e s t r a d i o l benzoate s i g n i f i c a n t l y a l t e r e d meal s i z e (reduced i t ) w i t h i n 22 

to 34 hours a f t e r a d m i n i s t r a t i o n . In t h i s experiment, 5 u.g of o e s t r a d i o l 

benzoate was used, i n order to ensure the e f f e c t of the hormone. 

O e s t r a d i o l p r i m a r i l y a f f e c t s the mechanism(s) t h a t terminate short-term 

food i n t a k e (meal s i z e ) ; and the observed changes a r e not secondary t o 

changes i n t o t a l d a i l y i n t a k e , nor do they seem to be secondary to changes 

i n meal frequency ( B l a u s t e i n and Wade, 1976, 1977). S i n c e t h e r e i s evidence 

f o r a g a s t r o i n t e s t i n a l c o n t r i b u t i o n to the t e r m i n a t i o n of short-term food 

i n t a k e , the next experiments i n v e s t i g a t e the p o s s i b i l i t y t h a t o e s t r a d i o l 

benzoate treatment of ovariectomized r a t s causes a change I n stomach 

emptying r e s u l t i n g i n the a l t e r a t i o n of meal s i z e . 

2.3 Experiment 2 : The e f f e c t of o e s t r a d i o l benzoate on the stomach emptying 

of s a l i n e i n the female r a t 

Shay and Gershon-Cohen (1934), i n t h e i r r a d i o g r a p h i c s t u d i e s on 

stomach emptying, noted t h a t tap water l e f t the stomach more sl o w l y than 

i s o t o n i c s a l i n e . They concluded t h a t i n order to slow emptying (presumably 
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Experiment 1. Mean food i n t a k e (± standard e r r o r ) of ovariectomlzed r a t s 
t r e a t e d with o i l only ( c o n t r o l ) or o e s t r a d i o l benzoate (OB), 
a f t e r 24 h food d e p r i v a t i o n . 



r e l a t i v e t o the emptying of tap w a t e r ) , h y p e r t o n i c s o l u t i o n s of s a l t s or 

glucose were n e c e s s a r y . Snowdon (1970) a l s o showed that a 1.8% s a l i n e 

s o l u t i o n l e f t the stomach more s l o w l y than i s o t o n i c s a l i n e . T h i s suggests 

th a t the r a t e of stomach emptying i s i n f l u e n c e d by the osmotic p r e s s u r e 

of the i n g e s t e d d i e t . The f o l l o w i n g experiment i n v e s t i g a t e d the e f f e c t 

of o e s t r a d i o l benzoate on the emptying of h y p e r t o n i c s a l i n e from the 

stomach, i n female r a t s . 

2.3.1 Method 

Experimental animals 

The animals were 22 hooded female r a t s about 120 days of age. They 

were kept i n a re v e r s e d l i g h t room and food and water were f r e e l y a v a i l a b l e . 

The r a t s were ovariectomized under e t h e r a n a e s t h e s i a , one month before the 

s t a r t of the experiment. The animals were handled often to reduce s t r e s s 

during stomach l o a d i n g . 

Experimental procedure 

The r a t s were randomly a l l o c a t e d t o two groups, and were food deprived 

and i n j e c t e d with 5 \ig o e s t r a d i o l benzoate i n 0.1 ml a r a c h i s o i l per r a t or 

0.1 ml o i l / r a t only, according to the procedure d e s c r i b e d i n Experiment 1. 

The l o a d i n g s t a r t e d at 14.00 h and the l o a d i n g procedure was determined by a 

sequence of random numbers. 

The s o l u t i o n used f o r i n t u b a t i o n c o n s i s t e d of 1.8% s a l i n e (2N NaCl: 

580 mOsmol/1), and was mixed with a 0.04% s o l u t i o n of phenol red i n a r a t i o 

of 10 p a r t s s a l i n e : 1 pa r t phenol red. The r a t s were l i g h t l y e t h e r i s e d and 

loaded w i t h 5 ml of t h i s mixture through an i n t r a - g a s t r i c p o l y e t h y l e n e tube. 

The time i n t e r v a l between l o a d i n g and removal of the stomachs was 10 minutes. 

At 8 minutes the r a t s were placed i n an e t h e r j a r . Two minutes l a t e r the 

abdomen was opened, the gut clamped a t the c a r d i a and p y l o r u s , and the 

stomach removed. The contents were immediately placed i n t o g l a s s tubes and 

c e n t r i f u g e d a t 10,000 revs/min f o r 60 minutes to remove s t r a y food p a r t i c l e s . 
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The volume and dye c o n c e n t r a t i o n of the supernatant were then 

determined. One ml of the contents was mixed with 9 ml of 0.05 M NaOH, 

t i t r a t i n g the phenol red to a l k a l i n i t y . The r e s u l t i n g deep red s o l u t i o n 

was read through a 540 nm f i l t e r on a UNICAM SP 600 spectrophotometer, 

t o determine the change i n o p t i c a l d e n s i t y from the o r i g i n a l s o l u t i o n . 

The volume emptied from the stomach was computed ac c o r d i n g to the equations 

d e s c r i b e d by Snowdon (1970). The volume i n j e c t e d i n t o the stomach and the 

volume recovered a r e known. The volume of f l u i d s e c r e t e d by the stomach 

i s determined by the change i n dye c o n c e n t r a t i o n : 

T h e r e f o r e , 

( a ) (Dye c o n c e n t r a t i o n i n j e c t e d x volume i n j e c t e d ) = (Dye c o n c e n t r a t i o n 

recovered x volume recovered) + (Dye c o n c e n t r a t i o n emptied x volume 

emptied). 

... Eq. (2.1) 

where, 

Dye c o n c e n t r a t i o n emptied — (Dye c o n c e n t r a t i o n i n j e c t e d + Dye 

c o n c e n t r a t i o n recovered)/2 

( b ) Volume i n j e c t e d + volume s e c r e t e d = Volume recovered + volume emptied. 

... Eq. ( 2 . 2 ) 

2.3.2 R e s u l t s 

F i g u r e 2.3 shows the volume s e c r e t e d by the stomach of ovariectomized 

r a t s t r e a t e d w i t h o i l only or 5 M>g o e s t r a d i o l benzoate. Rats t r e a t e d w i t h 

o e s t r a d i o l benzoate s e c r e t e d s i g n i f i c a n t l y more f l u i d i n t o the stomach than 

c o n t r o l s ( t - t e s t : n = 22; w i t h df. = 20; t = 2.027; p < 0.05). These 

f i n d i n g s c o n t r a s t w i t h those reported by Omole (1972) who found t h a t the 

o e s t r o u s s t a t e , whether n a t u r a l or induced, exerted an i n h i b i t o r y e f f e c t on 

s e c r e t i o n i n the female r a t stomach. Omole used a n a e s t h e t i s e d r a t s and 

induced ovariectomized females i n t o o e s t r u s by i n j e c t i o n s of o e s t r a d i o l 

benzoate p l u s progesterone. The use of a n a e s t h e t i s e d animals i n experiments 
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Experiment 2. Mean volume of f l u i d (± standard e r r o r ) s e c r e t e d i n t o the 
stomach, i n ovariectomized r a t s t r e a t e d with o i l only ( c o n t r o l ) 
or o e s t r a d i o l benzoate (OB). 
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of t h i s k i n d has a l r e a d y been c r i t i c i s e d (Chapter 1 ) . 

F i g u r e 2.4(a) p r e s e n t s the data of the per cent of stomach contents 

emptied - t h a t i s , the t o t a l volume emptied d i v i d e d by the volume i n j e c t e d 

p l u s the volume s e c r e t e d i n t o the stomach - and F i g u r e 2 . 4 ( b ) , the mean 

volume of s a l i n e emptied ( T o t a l volume emptied x dye c o n c e n t r a t i o n emptied/ 

dye c o n c e n t r a t i o n i n j e c t e d ) . There was no d i f f e r e n c e i n e i t h e r of t h e s e 

measures between 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 and untreated r a t s . 

2.4 Experiment 3 : The e f f e c t of o e s t r a d i o l benzoate on the stomach 

emptying of glucose i n the female r a t 

Rats eat l e s s a f t e r stomach loads of glucose than a f t e r n o n - n u t r i t i v e 

l o a d s . T h i s i n h i b i t i o n cannot be a t t r i b u t e d to osmotic f a c t o r s , except f o r 

a s h o r t p e r i o d a f t e r l o a d i n g . For example, the unmetabolised glucose analogue 

3-0-methylglucose does not match the i n h i b i t i o n produced by an equimolar dose 

of glucose. Furthermore, the t o t a l decrease i n food i n t a k e i s p r o p o r t i o n a l 

to the amount of glucose administered, and approximately e q u i v a l e n t i n 

content of u t i l i z a b l e energy, suggesting a s a t i a t i n g e f f e c t a r i s i n g from the 

metabolism of absorbed glucose (Booth, 1972). T h i s experiment i n v e s t i g a t e d 

whether o e s t r a d i o l a l t e r s the emptying of glucose from the stomachs of 

female r a t s . 

2.4.1 Method 

Experimental animals 

The animals used i n t h i s experiment were t h i r t y - s i x W i s t a r female r a t s , 

about 120 days of age and weighing 267 ± 16 g. They were kept i n a r e v e r s e d 

l i g h t room (12 h l i g h t - d a r k c y c l e ) , and given food and water ad l i b i t u m . 

A l l the r a t s were ovariectomized one month before the s t a r t of the experiment. 

Experimental procedure 

The r a t s were randomly a l l o c a t e d t o two groups, one r e c e i v e d o e s t r a d i o l 

benzoate (5 \xg i n 0.1 ml a r a c h i s o i l / r a t ) and the other, a c o n t r o l 

i n j e c t i o n of 0.1 ml a r a c h i s o i l / r a t only. 
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I n order to maximize any e f f e c t s o e s t r a d i o l may have on stomach 

emptying, i t was decided to i n j e c t the r a t s on t h r e e c o n s e c u t i v e days r u t h e r 

than two days ( a s was the case i n Experiment 1, 2 and 4 ) . The d e p r i v a t i o n 

schedule a l s o d i f f e r e d from the one p r e v i o u s l y employed, and was based on 

data on the c l e a r a n c e of i n g e s t e d f o o d s t u f f s from the stomach published 

by Booth and Jarman (1 9 7 6 ) . They found the stomachs to be empty of food, 

i n r a t s from which maintenance d i e t had been w i t h e l d f o r 3 hours i n the 

dark p e r i o d . Consequently, o e s t r a d i o l benzoate or o i l placebo i n j e c t i o n s 

were administered 48 h, 24 h, and 3 hours before d e p r i v a t i o n . Food was 

removed at 12.00 h on the onset of the dark period and l o a d i n g commenced 

th r e e hours l a t e r , a t 15.00 h. 

Each i n j e c t e d load c o n s i s t e d of a 40% glucose s o l u t i o n (2 g of anhydrous 

d-Dextrose i n 5 ml of d i s t i l l e d water; 2223.5 mOsmol; BDH Chemicals, P o o l e ) . 

T h i s c o n c e n t r a t i o n was used f o r the f o l l o w i n g reasons: 

( 1 ) The o x i d a t i o n energy of glucose (3.74 k c a l / g ) approximately corresponds 

to t h e d i g e s t i b l e energy content of maintenance d i e t (3.25 k c a l / g - as 

s u p p l i e d by BP N u t r i t i o n , Witham). 

( 2 ) The amount of glucose a d m i n i s t e r e d (2 g) i s approximately e q u i v a l e n t 

to amounts t h a t a r e y i e l d e d by the d i g e s t i o n of the carbohydrate content of 

a meal of the s i z e t y p i c a l f o r the f r e e l y fed r a t (about 2 to 3 g; Le Magnen 

and T a l l o n , 1966; L e v i t s k y , 1970). 

The glucose s o l u t i o n was prepared i n d i s t i l l e d water two hours before 

g a s t r i c a d m i n i s t r a t i o n and kept at room temperature. A 0.04% s o l u t i o n of 

phenol red was mixed w i t h the glucose i n a r a t i o of 10 p a r t s glucose : 1 p a r t 

phenol red. The animals were k i l l e d a f t e r 15, 30, or 60 minutes. The 

o e s t r a d i o l t r e a t e d or untreated r a t s were a l l o t t e d these time p e r i o d s and 

loaded a c c o r d i n g to a p a i r e d sequence of random numbers. The animals were 

loaded from 15.00 h onwards, and were k i l l e d w ith e t h e r a c c o r d i n g to t h i s 

schedule. The procedures f o r stomach removal and o p t i c a l d e n s i t y readings 
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were the same as those used i n Experiment 2. S i m i l a r l y , equations (2.1) 

and (2.2) were employed i n c a l c u l a t i n g the volume s e c r e t e d , percentage 

of f l u i d emptied from the stomach and a b s o l u t e volume of glucose emptied 

from the stomach. 

2.4.2 R e s u l t s 

A n a l y s e s of v a r i a n c e (two-between, O-within f a c t o r s ; T a b l e s 2.1 to 

2.3) showed t h a t n e i t h e r the volume of f l u i d emptied nor the a b s o l u t e volume 

of glucose emptied was s i g n i f i c a n t l y changed by o e s t r a d i o l benzoate 

treatment ( F i g u r e 2.5(a) and ( b ) ) . However, th 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 i n the volume of f l u i d s e c r e t e d over time, r e s u l t i n g i n a 

s i g n i f i c a n t treatment x time period i n t e r a c t i o n ( F = 5.14; with df. = 2, 30; 

p < 0.05, F i g u r e 2 . 6 ) . These r e s u l t s suggest, then, that a r a p i d change 

i n g a s t r i c s e c r e t i o n occurs soon a f t e r the i n g e s t i o n of a meal, and t h a t 

t h i s change takes p l a c e e a r l i e r i n the o e s t r a d i o l t r e a t e d r a t . 

2.5 Experiment 4 : The e f f e c t of o e s t r a d i o l benzoate on the stomach 

emptying of f a t s i n the female r a t 

T r i g l y c e r i d e s i n j e c t e d i n t o the duodenum i n h i b i t the m o t i l i t y of a 

t r a n s p l a n t e d f u n d i c pouch ( F a r r e l l and I v y , 1926), and i t i s g e n e r a l l y held 

t h a t a hormone, probably enterogastrone, mediates the slowing of stomach 

emptying by f a t s (Hunt and Knox, 1964). More r e c e n t l y Knoebel (1S76) 

suggested t h a t the emptying of f a t s , p r o t e i n and d i g e s t i o n products from the 

stomach was under endocrine c o n t r o l , and a l s o i n v o l v i n g other hormones such 

as c h o l e c y s t o k i n i n and s e c r e t i n . The f o l l o w i n g experiment i n v e s t i g a t e d the 

e f f e c t of o e s t r a d i o l benzoate on the emptying of g l y c e r o l t r i o l e a t e (an 

unsaturated f a t t y a c i d ) from the stomach, i n female r a t s . 

2.5.1 Method 

Experimental animals 

T h i r t y - t w o young (120 day o l d ) hooded female r a t s , and weighing between 

230 and 263 g, were kept i n a r e v e r s e d l i g h t room and given food and water 
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Experiment 3. Mean volume of f l u i d (± standard e r r o r ) secrotod i n t o the; 
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( c o n t r o l ) or o e s t r a d i o l bonaoato (OH), a f t e r 15, 3Q nr ftp 
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Table 2.1 

Experiment 3. E f f e c t of o e s t r a d i o l benzoate on g a s t r i c s e c r e t i o n i n the 
female r a t : Glucose load. Summary of an a l y s i s of variance 

Source df ss. MS. F - r a t i o P 

Subjects 35 2.4964 

Treatment 1 0.0003 0.0003 < 1 ns. 

Time period 2 0.2606 0.1303 2.35 ns. 

Treatment x Period 2 0.5706 0.2853 5.14 < 0.05 

Er r o r 30 1.6650 0.0555 

Wi t h i n c e l l 0 0.0 

Table 2.2 

Experiment 3. E f f e c t of o e s t r a d i o l benzoate on g a s t r i c emptying i n the 
female r a t : Glucose load. Summary of an a l y s i s of variance 

Source df SS. MS. F - r a t i o P 

Subjects 35 11074 .37 

Treatment 1 89 .62 89 .62 < 1 ns. 

Time period 2 539 .66 269 .83 < 1 ns. 

Treatment x Period 2 45 .32 22 .66 < 1 ns. 

E r r o r 30 10399 .78 346 .66 

Wi t h i n c e l l 0 0 .0 



Table 2.3 

Experiment 3. E f f e c t of o e s t r a d i o l benzoate on absolute volume of glucose 
emptied. Summary of analysis of variance 

Source df SS. MS. F - r a t i o P 

Subjects 35 16.95 

Treatment 1 0.12 0.12 < 1 ns. 

Time period 2 0.96 0.48 < 1 ns. 

Period x Treatment 2 0.25 0.12 < 1 ns. 

E r r o r 30 15.62 0.52 

W i t h i n c e l l 0 0.0 
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ad l i b . They were ovariectomlzed under ether anaesthesia one month before 

the s t a r t of the experiment. 

Experimental procedure 

The r a t s were randomly a l l o c a t e d t o two groups, which received e i t h e r 

5 u.g o e s t r a d i o l benzoate i n 0.1 ml arachis o i l or a c o n t r o l i n j e c t i o n of 0.1 

ml arachis o i l only. A l l the i n j e c t i o n s were administered subcutaneously. 

The animals were food deprived and i n j e c t e d according t o the schedule i n 

Experiment 1. Stomach lo a d i n g began two hours a f t e r the s t a r t of the dark 

period, at 14.00 h, and 24 hours a f t e r the food was removed. The l o a d i n g 

procedure was determined by a sequence of random numbers. 

The r a t s were l i g h t l y e t h e rised and each r a t was loaded w i t h 5 ml 

of g l y c e r o l t r i o l e a t e (BDH Chemicals, Poole) through an i n t r a - g a s t r i c 

polyethylene tube. The time i n t e r v a l between l o a d i n g and stomach removal was 

10 minutes. The r a t s were k i l l e d by ether. The stomachs were q u i c k l y removed 

as described i n Experiment 2, and emptied. There was no aqueous phase i n 

the recovered f l u i d . The volume of f a t recovered was measured w i t h a 

m i c r o p i p e t t e . 

2.5.2 Results 

Figure 2.7 shows the volume of f a t emptied by the stomach i n 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 benzoate or the o i l vector only. A t - t e s t showed t h a t the 

d i f f e r e n c e between the means f o r the two groups i s s i g n i f i c a n t (n = 36; 

w i t h d f . = 34; t = 2.398; p < 0.05). There was no secreted f l u i d recovered. 

This suggests two a l t e r n a t i v e s (1) e i t h e r the f a t load i n h i b i t e d s e c r e t i o n 

or (2) the secreted f l u i d bypassed the f a t load and passed through i n t o the 

duodenum. An obvious i n t e r p r e t a t i o n of the r e s u l t of t h i s experiment i s t h a t 

the f a t content of a meal a f f e c t s stomach emptying i n the o e s t r a d i o l t r e a t e d 

r a t , thereby i n h i b i t i n g food i n t a k e and enhancing s a t i a t i o n . 

2.6 General Discussion 

The experiments presented i n t h i s chapter i n v e s t i g a t e d the p o s s i b i l i t y 
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Figure 2.7 

Experiment 4. Mean volume of f a t (± standard e r r o r ) emptied from the 
stomach, i n ovariectomized r a t s t r e a t e d w i t h o i l only 
( c o n t r o l ) or o e s t r a d i o l benzoate (OB). 



t h a t o e s t r a d i o l a l t e r e d stomach emptying I n the female r a t , thereby g i v i n g 

r i s e t o a decrease i n meal s i z e . 

Gastric r e t e n t i o n was not s i g n i f i c a n t l y a f f e c t e d by o e s t r a d i o l 

benzoate when a 1.8% s a l i n e (Experiment 2) or a 40% glucose load (Experiment 

3) was used. However, a d i f f e r e n c e was observed i n the volume of f l u i d 

secreted i n t o the stomach. A l a r g e r volume of f l u i d was secreted e a r l i e r 

i n the hormone t r e a t e d r a t s . The amounts agree w e l l f o r both 2N s a l i n e 

and glucose loads. These f i n d i n g s suggest t h a t t h e re are ra p i d changes i n 

the g a s t r i c environment which po s s i b l y cause s a t i a t i o n , i n the o e s t r a d i o l 

t r e a t e d r a t . 

Two explanations present themselves. F i r s t , o e s t r a d i o l caused a 

l a r g e r volume of f l u i d t o be secreted e a r l i e r a f t e r the i n g e s t i o n of a meal. 

This would lead t o a f u l l e r stomach and also, p o s s i b l y , increase g a s t r i c 

d i s t e n s i o n . This f a c t o r i s known t o be an important s a t i e t y s i g n a l ; and 

i n e r t bulk i n the stomach i s as e f f e c t i v e as food i n producing short-term 

i n h i b i t i o n of e a t i n g (Janowitz and Grossman, 1549). Second, the composition 

of the secreted f l u i d may have been d i f f e r e n t . Thus i t i s possible t h a t 

substances which would normally increase s a t i a t i o n and mediate the t e r m i n a t i o n 

of a meal, were secreted e a r l i e r i n t o the stomachs of 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 benzoate. This would give r i s e t o smaller meals. As yet there i s 

no evidence f o r a g a s t r i c i n h i b i t i o n of t h i s type. 

Experiment 4, i n which an unsaturated f a t t y a c i d was i n j e c t e d i n t o 

the stomach, produced a s i g n i f i c a n t increase i n g a s t r i c r e t e n t i o n i n 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 benzoate. I t i s possible t h a t o e s t r a d i o l induced 

a n e u r a l l y mediated change i n the s e n s i t i v i t y of duodenal receptors t o f a t s . 

An a l t e r n a t i v e p o s s i b i l i t y i s t h a t o e s t r a d i o l mediates a change i n m o t i l i t y 

of the stomach, through a l t e r i n g the s e c r e t i o n or a c t i v i t y of a hormone 

(or hormones) known t o p a r t i c i p a t e i n the r e g u l a t i o n of stomach emptying, 

such as enterogastrone (Hunt and Knox, 1968; Thomas and Baldwin, 1968) or 



c h o l e c y s t o k i n i n ( A n t i n , Gibbs and Smith, 1978). Enterogastrone normally 

i n h i b i t s g a s t r i c emptying, and i s released i n the duodenum whenever e i t h e r 

the volume or osmotic pressure of a bolus of g a s t r i c contents i s very l a r g e 

(Thomas and Baldwin, 1968). I t has r e c e n t l y been shown t h a t c h o l e c y s t o k i n i n 

mimics the s a t i e t y e f f e c t of food i n the i n t e s t i n e on sham feeding ( A n t i n 

et a l . , 1978). 



CHAPTER 3 

OESTRADIOL, SEXUAL MOTIVATION AND REWARD IN THE FEMALE RAT 

3.1 I n t r o d u c t i o n : Studies on sexual m o t i v a t i o n I n the female r a t 

I n the o r i g i n a l study on animal d r i v e s by Moss (1924), the " d r i v e " 

was measured by the frequency w i t h which the animals ( r a t s ) crossed an 

e l e c t r i f i e d g r i d t o reach a reward. Subsequently, C. J. Warden's group 

adopted the same method as Moss', using the Columbia Obstruction Apparatus, 

and used i t t o measure "sex d r i v e " i n both male and female r a t s . The 

i n t e n s i t y of the d r i v e was measured by the number of times the animal 

crossed an e l e c t r i f i e d g r i d t o reach the i n c e n t i v e animal during a perio d 

of 20 minutes (Jenkins, Warner and Warden, 1926; Warner, Warden and Nissen, 

1928). 

Warner (1927) showed t h a t females i n oestrus crossed the e l e c t r i f i e d 

g r i d ten times as o f t e n as females i n d i o e s t r u s . Nissen (1929), using the 

same apparatus, showed t h a t the females' w i l l i n g n e s s t o cross the e l e c t r i c 

g r i d t o reach a male declined a f t e r ovariectomy, but could be restored by 

e x t r a c t s from cow placenta. Jenkins (1928), also using the Columbia 

Obstruction Apparatus, measured the e f f e c t s of sex segregation upon the 

sexual d r i v e of female r a t s . He found t h a t segregation at 30 days of age 

decreased the number of g r i d crossings i n i n t a c t oestrous r a t s when the 

i n c e n t i v e was a male; but increased, when compared t o non-segregated females 

when the i n c e n t i v e was a dioestrous female. 

More r e c e n t l y , a wide v a r i e t y of runway and maze techniques have 

been used i n the study of sexual m o t i v a t i o n i n male and female r a t s 

( S h e f f i e l d , 1951; Beach and Jordan, 1956; B o l l e s , Rapp and White, 1968; 

Drewett, 1973c; H i l l and Thomas, 1973; Meyerson and Lindstrom, 1S73; Gilman 

and Westbrook, 1978). One of the more common measures used i s the time 

taken t o run down a runway, and t h i s method was the one used by Bol l e s et a l 
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(1968). They found t h a t oestrous females ran f a s t e r than t h e i r dioestrous 

c o n t r o l s , but females d i d not run any f a s t e r t o a sex u a l l y a c t i v e as opposed 

t o a passive male. I t should be noted, however, t h a t the sex u a l l y passive 

males were not c a s t r a t e s . This suggests t h a t an i n t a c t male may have other 

rewarding c h a r a c t e r i s t i c s t o a female r a t apart from copulatory behaviour. 

Using a runway-choice technique, Meyerson and Lindstrb'm (1973) showed 

t h a t when a sex u a l l y a c t i v e male and an oestrous female were used as 

i n c e n t i v e animals, o i l - t r e a t e d c o n t r o l s chose the a c t i v e male i n the m a j o r i t y 

of the t e s t sessions, and a f t e r treatment w i t h oestradiol-178 there was a 

cl e a r c u t increase i n preference f o r the males, and t h i s p e r s i s t e d f o r several 

days. The choice time f o r the two i n c e n t i v e animals was not changed by 

o e s t r a d i o l replacement. There was no d i f f e r e n c e i n running times between 

t r i a l s i n which an a c t i v e male was chosen and t r i a l s i n which a female r a t 

was chosen, which i s i n agreement w i t h the f i n d i n g s of Bo l l e s et a l . (1968). 

However, a f t e r o e s t r a d i o l treatment running times were much s h o r t e r than f o r 

the o i l t r e a t e d animals, but only when the male was chosen. 

Male r a t s behave d i f f e r e n t l y towards oestrous females than t o d i e s t r o u s 

females- I n some of the experiments a d i f f e r e n c e i n the l e a r n i n g 

of the females i n the d i f f e r e n t c onditions was observed (e.g. Warner, 1927; 

Bermant, 1961; Bermant and Westbrook, 1966, using the bar-press method). 

T h i s t h e r e f o r e may have been due t o d i f f e r e n c e s i n the i n c e n t i v e value 

of the males' behaviour, r a t h e r than d i f f e r e n c e s i n the m o t i v a t i o n a l s t a t e 

of the females. The experiments by Meyerson and Lindstrom (1970, 1973) and 

Eliasson and Meyerson (1975) using several d i f f e r e n t techniques but s i m i l a r 

designs t o the previous s t u d i e s , are t o some extent open t o the same 

c r i t i c i s m s . Their males were kept behind a g r i d i n order t o avoid contact 

w i t h the females; but although the animals were not allowed t o mate, there 

was s t i l l no guarantee t h a t t h e behaviour of the males towards the o e s t r a d i o l -

t r e a t e d and untreated females was i d e n t i c a l . 
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I n order t o i l l u s t r a t e the point f u r t h e r , experiments by Carr, Loeb and 

Dissinger (1965) showed t h a t r e c e p t i v e female r a t s p r e f e r r e d the odour of 

normal males over t h a t of c a s t r a t e s . This would suggest t h a t the oestrous 

females i n the o p e n - f i e l d , i n c r e a s i n g b a r r i e r or runway choice t e s t s (as 

used by Meyerson and Lindstrom, 1970, 1973, and other experiments c i t e d e a r l i e r 

and using s i m i l a r techniques) might have selected a c t i v e or i n t a c t male 

r a t s over ca s t r a t e s independent of t h e i r copulatory behaviour, on the basis 

of t h e i r odour. 

Using a s i m i l a r runway-choice technique, B. Gorzalka (unpublished 

data, 1969, c i t e d i n Hardy and DeBold, 1972), used two i n t a c t potent male r a t s 

and prevented one male from achieving i n t r o m i s s i o n (and e j a c u l a t i o n ) by 

applying l i d o o a i n e anaesthetic ointment t o the penis. Receptive female r a t s 

p r e f e r r e d t h i s r a t t o the normal male which was capable of i n t r o m i s s i o n and 

e j a c u l a t i o n . But the p o s s i b i l i t y t h a t the female r a t s a lso p r e f e r r e d the 

"novel" odour of the anaesthetic cannot be discounted. However, there i s 

indeed a strong i n d i c a t i o n t h a t the behaviour of re c e p t i v e females towards 

males ( i . e . approaching the male, o r i e n t i n g behaviour and l o r d o s i s ) may be 

r e i n f o r c e d by the stimulus q u a l i t i e s of the males ( f o r example odour or pre-

copulatory behaviours, such as ano-genital s n i f f i n g and l i c k i n g ) and not 

j u s t by i n t r o m i s s i o n and e j a c u l a t i o n . 

Although t h e r e i s abundant evidence showing t h a t c o p u l a t i o n can r e i n f o r c e 

instrumental l e a r n i n g i n the male r a t (Beach and Jordan, 1956; Kagan, 1955; 

Kaufmann, 1953), the r o l e of reinforcement i n the sexual behaviour of the 

female l a b o r a t o r y r a t remains unclear. More s p e c i f i c a l l y , we do not know 

the r e i n f o r c i n g value of the d i f f e r e n t components of sexual behaviour of the 

male r a t such as mounting, i n t r o m i s s i o n and e j a c u l a t i o n . 

I n studies by Bermant (1961) and Bermant and Westbrook (1966), oestrous 

females t r a i n e d t o press a bar i n order t o achieve contact w i t h a male r a t , 

showed longer i n t e r v a l s between responses (bar-presses) w i t h i n c r e a s i n g 
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sexual s t i m u l a t i o n . For example, females were slower t o respond, or showed 

greater l a t e n c i e s , a f t e r I n t r o m i s s i o n and e j a c u l a t i o n than a f t e r mounting. 

Although the most l i k e l y inference from these two studies i s t h a t contact 

w i t h a male and subsequent copul a t i o n are r e i n f o r c i n g , a ppropriate c o n t r o l 

c onditions were not run t o show c o n c l u s i v e l y whether mating per se was 

r e i n f o r c i n g : the o p p o r t u n i t y t o engage i n s o c i a l or e x p l o r a t o r y behaviour 

could have been the source of the small amount of reinforcement shown i n 

these s t u d i e s . 

I n an attempt t o c l a r i f y the issue, H i l l and Thomas (1973) ran a 

s i m i l a r experiment t o B o l l e s ' , i n order t o examine the r o l e of reinforcement 

i n the c o n t r o l of sexual behaviour, and under more c o n t r o l l e d c o n d i t i o n s . 

I n c ontrast t o B o l l e s ' f i n d i n g s , H i l l and Thomas found t h a t females ran 

f a s t e r t o approach a c t i v e as opposed t o passive (non-castrate) males, but 

t h a t both types of males r e i n f o r c e d l e a r n i n g . Furthermore, H i l l and Thomas 

showed t h a t t h e re was no d i f f e r e n c e i n the runway performance of female r a t s 

i n n a t u r a l oestrus, and those i n induced oestrus. However, the odour of 

the passive males could have been d i f f e r e n t from t h a t of a c t i v e males, 

although t h e i r r e s u l t s i n d i c a t e t h a t females could indeed be running f a s t e r 

because of a mating reward. 

Using a T-maze, Drewett (1973c) examined the choice of an i n d i v i d u a l 

female r a t f o r a potent ( c o p u l a t i n g ) against an impotent ( c a s t r a t e ) male 

r a t . He found t h a t t h e absence of behavioural oestrus n e i t h e r reduced the 

females' preference f o r the potent males nor increased the l a t e n c y of the 

choice between the potent males and the c a s t r a t e s . Females chose the arm 

of the maze which housed a potent male over t h a t which housed an impotent 

male; and they took twice as long t o r e l e a r n the task d u r i n g r e v e r s a l 

t r a i n i n g . This experiment showed t h a t a potent male i s rewarding t o a female 

r a t , but d i d not s p e c i f y the nature of the reward. 
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3.2 Experiment 5(a) : Reassessing sexual m o t i v a t i o n I n the female r a t 

The experiments reported here were designed t o i n v e s t i g a t e f i r s t , 

the r e l a t i o n s h i p between running performance of rec e p t i v e females i n a 

s t r a i g h t a l l e y , and the gonadal s t a t e of the male (whether sexually a c t i v e 

or c a s t r a t e ) . Second, using e i t h e r s e x u a l l y r e c e p t i v e or unreceptlve 

females and a c t i v e or c a s t r a t e males, i t was hoped t o determine whether 

oestrus causes a female r a t t o seek sexual contact w i t h a male, as proposed 

by Meyerson and Lindstrfe'm (1973; Experiment 5 ( b ) ) . 

3.2.1 Method 

Animals 

A l l the animals used i n the f o l l o w i n g study were experimentally naive 

r a t s (MRC: derived from the Piebald VIROL-GLAXO s t r a i n ) , bred i n the animal 

wing of t h i s department. They were weaned and the two sexes separated at 21 

days of age, and kept i n group cages i n batches of 10 animals per cage under 

a 12 hr l i g h t - d a r k c y c l e , u n t i l they were used f o r experimentation at about 

f o u r months of age. Food (Rat and Mouse maintenance d i e t No. 1 - BP 

N u t r i t i o n , Witham) and water were given ad l i b . I f not otherwise s t a t e d , the 

animals were ovariectomized or cas t r a t e d when sex u a l l y mature and used i n 

the experiments no e a r l i e r than three weeks a f t e r surgery. 

Experimental subjects 

Sixteen female r a t s about 120 days of age were housed i n two group 

cages under a 12 hr l i g h t - d a r k reversed c y c l e . The animals were t r a n s f e r r e d 

t o the r e v e r s e d - l i g h t room at l e a s t one month before the s t a r t of any 

s u r g i c a l or experimental procedures, i n order t o allow f o r h a b i t u a t i o n . The 
o 

temperature was kept constant at 21 C. A l l the r a t s were ovariectomized, 

under e i t h e r anaesthesia, through a s i n g l e dorsal m i d - l i n e i n c i s i o n t h r e e 

weeks p r i o r t o the s t a r t of t e s t i n g f o r mating behaviour. 

I n c e n t i v e animals 

Twelve male r a t s were selected f o r sexual vigour, and housed i n two 
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group cages. A f t e r the o p e n - f i e l d t e s t i n g w i t h the ovariectomized females, 

s i z of these males were selected randomly and c a s t r a t e d . These served as 

the s e x u a l l y i n a c t i v e males, and were not used experimentally u n t i l a t 

l e a s t two months a f t e r c a s t r a t i o n . The a c t i v e males maintained t h e i r 

sexual vigour by mating w i t h oestrous females at l e a s t once a week i n the 

"o p e n - f i e l d " . The a c t i v e and c a s t r a t e males were kept separately i n two 

group cages f o r the r e s t of the experiment. 

Hormone i n j e c t i o n s 

O e s t r a d i o l benzoate and progesterone were dissolved i n benzyl a l c o h o l 

and arachis o i l ( i n a r a t i o o f 1:10) and i n j e c t e d i n a volume of 0.1 ml. 

The arachis o i l was i n j e c t e d as the o i l blank s o l u t i o n . Unless otherwise 

s t a t e d , the q u a n t i t i e s of hormone i n j e c t e d were as f o l l o w s : 

(1) O e s t r a d i o l benzoate: 5 Hg i n 0.1 ml of o i l . 

( 2 ) Progesterone: 500 M-g i n 0.1 ml of o i l . 

A l l i n j e c t i o n s were given subcutaneously, and were administered about 

2 hours before the s t a r t of the dark p e r i o d , a t 10.00 h. 

Test i n g room 

The experiments were performed i n a screened room, separate from the 

animal house i n which a l l t he r a t s used i n t h i s study were housed. The room 

was windowless and q u i e t . L i g h t came from two 60 watt red l i g h t s , s u f f i c i e n t 

t o permit the experimenter t o make h i s records. The experiments s t a r t e d 

about two hours a f t e r the s t a r t of the dark period, at 14.00 h r s . Ex p e r i ­

mental and i n c e n t i v e animals were t r a n s f e r r e d t o the t e s t i n g room at l e a s t 

h a l f an hour before the s t a r t of the experiment. Care was taken not t o keep 

the male and female cages i n the immediate v i c i n i t y of each other. The 

temperature i n the t e s t i n g room was the same as i n the maintenance room, 
o 

t h e r m o s t a t i c a l l y c o n t r o l l e d at 21 C. 

Test apparatus 

A diagrammatic r e p r e s e n t a t i o n of the runway i s given i n Figure 3.1. 
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The main components of the apparatus were: a s t a r t box or female 

h o l d i n g box, a s t r a i g h t runway and a goal box or male h o l d i n g box. The 

s t a r t box measured 20 x 17 x 30 cm, and was covered by a p l e x i g l a s s l i d . 

The runway measured 122 x 17 x 30 cm, w h i l e the male h o l d i n g box, which was 

also covered by a perspex l i d , measured 28 x 17 x 30 cm. Metal s l i d i n g 

doors, operated by l e v e r s , sectioned the apparatus i n t o three p a r t s . The 

female r a t s were timed by e l e c t r i c timers operated by microswitches on the 

doors and p h o t o c e l l s i n the runway (see Figure 3.1), t o the nearest 0.01 

seconds. 

T e s t i n g f o r mating behaviour 

G e r a l l and Dunlap (1973) have shown t h a t female r a t s show increased 

r e c e p t i v i t y i f they are given p r i o r experience w i t h both hormone i n j e c t i o n s 

and sexual behaviour t e s t s . Although h a b i t u a t i o n t o the hormone i n j e c t i o n 

i t s e l f might not be the only reason f o r increased r e c e p t i v i t y , t h i s procedure 

i s necessary i n order t o e s t a b l i s h responsiveness t o the hormone i n ovariec-

tomized animals. Beach and Orndoff (1974) showed t h a t female r a t s are less 

responsive t o o e s t r a d i o l treatment a f t e r oestrogen d e p r i v a t i o n ( i n o v a r i -

ectomized subjects) as i n d i c a t e d by the l o r d o s i s response. E a r l i e r s t u d i e s , 

although using d i f f e r e n t experimental designs, also showed some i n d i c a t i o n 

of t h i s e f f e c t (Damassa and Davidscn, 1973; Whalen and Nakayama, 1965). 

Therefore t h i s procedure was est a b l i s h e d t o give t h e subjects mating experience 

as w e l l as a s i m i l a r , c o n t r o l l e d amount of sexual behaviour f o r each 

i n d i v i d u a l . This procedure also establishes responsiveness i n the animals 

t o o e s t r a d i o l treatment. 

There were two mating t e s t s which took place every week. A l l the 

females were brought i n t o oestrus w i t h two subcutaneous i n j e c t i o n s of 

o e s t r a d i o l benzoate (5 Hg/0.1 ml arachis o i l ) 48 and 24 hours before r e s t i n g , 

and 500 u.g progesterone i n 0.1 ml o i l , 6 hours before t e s t i n g . Each animal 

was t e s t e d about 6 hours a f t e r progesterone treatment, and was subjected 
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d u r i n g each session t o 6 mounts by a s e x u a l l y vigorous male. 

The t e s t i n g took place i n a c i r c u l a r arena measuring SO cm i n diameter, 

having a 30 cm high c i r c u l a r w a l l . The arena was painted black, and 

sawdust was spread on the f l o o r of the cage. I l l u m i n a t i o n consisted of a 

dim, 60 watt red l i g h t bulb which was placed d i r e c t l y above the open f i e l d . 

By the second mating session, a l l the animals displayed a c l e a r c u t l o r d o s i s 

response. 

P r e t e s t i n g 

This consisted of three mating experiences i n the t e s t runway w i t h a l l 

the doors open, d u r i n g which each female received s i x mounts by a s e x u a l l y 

vigorous male. Each mating t e s t took place every f o u r days, the females 

being brought i n t o oestrus as described i n the previous s e c t i o n . I n a d d i t i o n , 

p r i o r t o the t e s t - m a t i n g experiences, both males and females were given two 

f i f t e e n minutes e x p l o r a t i o n / h a b i t u a t i o n periods i n the apparatus w i t h a l l 

doors open. 

T r a i n i n g 

A l l the females were i n j e c t e d subcutaneously w i t h 5 \ig o e s t r a d i o l 

benzoate i n 0.1 ml arachis o i l d a i l y , u n t i l r e c e p t i v i t y was e s t a b l i s h e d . These 

d a i l y i n j e c t i o n s continued d u r i n g the t r a i n i n g p e r i o d i n order t o maintain 

r e c e p t i v i t y . Females were brought i n t o oestrus by one week of o e s t r a d i o l 

i n j e c t i o n s . 

The s i x t e e n female r a t s were d i v i d e d randomly i n t o two groups of e i g h t , 

one group running t o potent males the other t o c a s t r a t e males. The females 

were t r a i n e d over ten days and each female was given f o u r ^ t r i a l s d a i l y f o r 
consecutive 

the f i r s t e i g h t days and then s i x ^ t r i a l s on each of the l a s t two days. Each 

t r i a l ran as f o l l o w s : a female was placed i n the s t a r t i n g box and a f t e r a 

short delay of a few seconds the door was opened and the female was allowed 

t o run t o the male h o l d i n g box. I f the female d i d not leave the s t a r t box 

w i t h i n 120 seconds, the t r i a l was terminated; and i f the female d i d not 
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traverse the runway wi t h i n 60 seconds a f t e r leaving the s t a r t box, the t r i a l 

was terminated. The next trial began immediately. 

When the female arrived at the male holding box, the door was opened 

and the female allowed to enter. The active males were allowed two i n t r o ­

missions i n each test t r i a l . I f no copulation occurred w i t h i n 60 seconds 

of the male holding box door being opened, the t r i a l was terminated, and 

the female returned to the s t a r t i n g box. Generally, however, i t was found 

that t h i s time period was adequate f o r the required number of intromissions 

to occur. To avoid the ejaculatory plug, each active male was removed 

a f t e r eight intromissions, and a fresh male was substituted f o r the next 

t r i a l . The castrate males were randomly yoked to an active male, so that 

each castrate received as much time with a female as one of the potent males. 

During t r a i n i n g , records were kept of (1) the time taken by a female 

to traverse the runway from the s t a r t box to the goal box, (2) the time taken 

fo r the required number of intromissions to take place; and (3) the number 

of males ejaculating. 

3.2.2 Results 

Because each rat was given four t r i a l s on the f i r s t eight days and six 

t r i a l s on the last two days (Days 9 and 10), the data f o r Days 1 to 8 and 

Days 9 and 10 were analysed separately using analysis of variance (one-

between, two-within f a c t o r s ) . Summaries of the relevant analyses are 

presented i n Table 3.1 (a and b). Figure 3.2 shows that female groups ran 

faster over time (Days 1 to 8: F = 28.73; with df. = 7, S8; p < 0.001), 

although i n i t i a l l y the running times f o r the two groups were comparable ( f i r s t 

t r i a l on Day 1: Active group: 35.1 +. 16.4 seconds; Castrate group: 44.9 ± 

21.3 seconds (mean + standard e r r o r ) . See also Appendix A, Table Al, f o r 

dai l y t r i a l means. There was no difference i n the overall running times 

between Days 9 and 10 (Table 3.1 ( b ) ) . Females ran faster to active males 

than to castrates (Days 9 and 10: F = 9.56; with df. = 1, 14; p < 0.01). 
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Table 3.1(a) 

Experiment 5(a). Oestrous females running to sexually active or castrate 
males: Days 1 to 8. Summary of analysis of variance 

Source df. SS MS F-ratio P 

Subjects 
Potency 
Error 

15 
1 
14 

277446.85 
92227.34 
185219.50 

92227.34 
13229.96 

6.97 < 0.05 

Days 
Days x 
Error 

Potency 
7 
7 

98 

672455.18 
35119.10 
327709.83 

96065.03 
5017.01 
3343.98 

28.73 
1.50 

< 0.001 
ns. 

T r i a l s 
T r i a l s 
Error 

x Potency 
3 
3 

42 

168316.92 
12537.84 
66084.87 

56105.64 
417S.28 
1573.45 

35.66 
2.66 0. 

< 0.001 
06 > p > 0.05 

Days x 
Days x 
Error 

T r i a l s 
T r i a l s x Potency 

21 
21 
294 

103488.22 
17704.76 
391563.19 

4928.01 
843.08 
1331.85 

3.70 
< 1 

< 0.001 
ns. 

Within c e l l 496 1794979.91 

Table 3.1(b) 

Experiment 5(a). Oestrous females running to sexually active or castrate 
males: Days 9 and 10. Summary of analysis of variance 

Source df. SS MM F-ratio P 

Subjects 
Potency 
Error 

15 
1 
14 

20624.92 
8367.74 
12257.18 

8367.74 
875.51 

9.56 < 0.01 

Days 
Days x 
Error 

Potency 
1 
1 
14 

52.23 
21.47 

2346.93 

52.23 
21.47 
167.64 

< 1 
< 1 

ns. 
ns. 

T r i a l s 
T r i a l s 
Error 

x Potency 
5 
5 

70 

4534.56 
2006.82 
24626.67 

906.91 
401.36 
351.81 

2.58 
1.14 

< 0 r05 
ns. 

Days x 
Days x 
Error 

T r i a l s 
T r i a l s x Potency 

5 
5 
70 

2970.47 
2558.24 
33896.61 

594.09 
511.65 
484.24 

1.23 
1.06 

ns. 
ns. 

Within c e l l 176 73014.00 
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Experiment 5(a). Mean runway time ( i n seconds) of oestrous females running 
to either sexually active or castrate males. 



Generally females ran s i g n i f i c a n t l y slower over t r i a l s (see Table 3.1 (a) 

and ( b ) ) . Five ejaculations by males were recorded throughout the t r a i n i n g 

period. Discussion of these results w i l l follow a f t e r the next experiments. 

3.3 Experiment 5(b) : Sexual motivation i n the oestrous or anoestrous rat 

This experiment investigated the runway performance of oestrous and 

anoestrous rats running to active or castrate males, and followed on d i r e c t l y 

from Experiment 5(a). 

3.3.1 Method 

The two groups of female r a t s , which ran to either active or to 

castrate males i n Experiment 5(a), were used i n t h i s experiment; and the 

females were kept i n the same, previously allocated groups. This was 

necessary because of the nature of the experimental design. One week a f t e r 

the termination of t r a i n i n g i n Experiment 5(a), a "re-test" was run i n order 

to maintain running performance i n a l l the females. Oestrus was reinstated 

i n a l l the females with injections of oestradiol benzoate (5 \ig i n 0.1 ml 

arachis o i l / r a t ) given 48 and 24 hours before the test session, and 

progesterone (500 p,g i n 0.1 ml o i l / r a t ) 6 hours before the te s t . Otherwise, 

the same experimental procedure as the one used i n the previous experiment was 

employed. Each rat was given six t r i a l s , and a l l the females ran well within 

the c r i t e r i o n levels imposed (see Method section of Experiment 5(a) for details 

The experimental sessions consisted of two tests separated by a period of 

four days. A counterbalanced design was employed i n which the oestrous 

condition of the females and the gonadal, state of the males were varied 

systematically. This was achieved i n the following way: a f t e r the re-test, 

the females i n both groups were further divided i n t o two groups of four: 

one group i n the oestrous condition and the other i n the anoestrous condition. 

Subsequently, f o r the second test , the oestrous condition was reversed f o r 

each group, so that the oestrous animals i n the f i r s t test now became the 

anoestrous animals and vice-versa. For each test , oestrus was reinstated 
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i n an id e n t i c a l manner to that employed i n the re-test. The anoestrous 

animals received a placebo i n j e c t i o n of 0.1 ml arachis o i l per r a t . A l l 

the injections were administered subcutaneously. The experimental procedure 

was i d e n t i c a l t o the procedure described i n Experiment 5(a), with the 

following exceptions: 

1. Instead of having two groups of receptive rats running to either active 

males or castrates, females were either receptive (oestrous condition) or 

unreceptive (anoestrous condition), and ran to either active or castrate 

males. 

2. Each female was given eight t r i a l s per t e s t . 

During the experimental te s t i n g , the following were recorded: 

(1) time taken to traverse the runway from the s t a r t box to the male holding 

box and (2) occurrence of copulation. Each experimental session started at 

14.00 hours, two hours a f t e r the st a r t of the dark cycle. 

3.3.2 Results 

Only two ejaculations were observed throughout t e s t i n g . Further, i t was 

noticed that females ran much slower a f t e r a male had ejaculated. A summary 

of the analysis of variance (two-between, two-within factors) i s presented 

i n Table 3.3. A l l the females ran faster to active males than to castrate 

males (F = 4.78; with df. = 1, 12; p < 0.05; Figure 3.3). This replicates 

the findings of the previous experiment, using a d i f f e r e n t method f o r r e i n ­

s t a t i n g oestrus i n the females, and extends them to include anoestrous females. 

Females i n oestrus also ran faster than anoestrous females (F = 8.95; with 

df. = 1, 12; p < 0.05; Figure 3.4). Again, as i n Experiment 5(a), females 

ran s i g n i f i c a n t l y slower over t r i a l s . The interaction between t r i a l s and 

oestrous condition i s represented i n Table 3.2. This shows that over t r i a l s 

females i n oestrus ran faster than anoestrous females, and that t h i s 

difference i s si g n i f i c a n t (F = 3.34; with df. = 7, 84; p < 0.01). This 

manifests i t s e l f p a r t i c u l a r l y over the last two t r i a l s . 
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Table 3.2 

Experiment 5(b). Mean runway times ( i n seconds) f o r oestrous and anoestrous 
females over t r i a l s . The interaction i s s i g n i f i c a n t at 
the 1% level 

T r i a l s Oestrous Females Anoestrous Females 

1 5.4 7.2 

2 15.3 8.6 

3 27.7 11.1 
4 13.7 31.0 

5 13.5 24.4 

6 24.5 21.8 

7 19.8 49.4 

8 17.6 60.9 



Table 3.3 

Experiment 5(b). Oestrous or Anoestrous females running to sexually active 
or castrate males. Summary of analysis of variance 

Source df SS MS F-ratio P 

Subjects 15 64055.70 
Bl 1 16213.88 16213.88 4.78 < 0.05 
B2 1 3687.83 3687.83 1.09 ns. 
B12 1 3442.17 3442.17 1.01 ns. 
Error 12 40711.82 3392.65 

Wl 1 5937.67 5937.67 8.95 < 0.05 
W1B1 1 33.68 33.68 < 1 ns. 
W1B2 1 1816.68 1816.68 2.74 ns. 
W1B12 1 21.18 21.18 < 1 ns. 
Error 12 7964.69 663.72 

W2 7 26300.83 3757.26 4.69 < 0.001 
W2B1 7 5934.34 847.76 1.06 ns. 
W2B2 7 4241.28 605.90 < 1 ns. 
W2B12 7 2923.51 417.64 < 1 ns. 
Error 84 67281.20 800.97 

W12 7 22098.20 3156.89 3.34 < 0.01 
W12B1 7 4842.37 691.77 < 1 ns. 
W12B2 7 2838.47 405.50 < 1 ns. 
W12B12 7 3338.23 476.89 < 1 ns. 
Error 84 79369.08 944.87 

B : Between Group; Bl : Active/Castrate; 

W : Within Group. B2 : Group; 

Wl : Oestrus/Anoestrus; 

N2 : T r i a l s 
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Experiment 5(b). Mean runway time ( i n seconds) of females running to active 
or castrate males. 
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Experiment 5(b). Mean runway timo ( i n seconds) of oestrous and anoestrous 
females running to males. 
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However, there was no sign i f i c a n t interaction between gonadal 

condition of the males (that i s , active or castrate) and the rocoptivo 

state of the females (oestrus or anoestrus). That i s to say, the moan 

difference i n runway times between oestrous and anoestrous females running 

to active males (8.9 seconds) and oestrous and anoestrous females running 

t o castrate males (10.3 seconds) was not s i g n i f i c a n t . The result of t h i s 

experiment can thus be adequately summarised i n Figure 3.5, which shows 

the mean runway times f o r females i n the d i f f e r e n t receptive conditions 

running to the d i f f e r e n t incentive males. There were no other s i g n i f i c a n t 

interactions (see also Appendix A, Table A2). 

3.4 Experiment 6 : Oestrus and food reward i n the female rat 

Drewett (1974) argues that the hyperactivity shown by the oestrous 

rat might be an example of deprivation-induced a c t i v i t y , a t t r i b u t a b l e to the 

anorexic properties of oestradiol (the female rat eats less at oestrus), 

and not to the stimulating effect of t h i s oestrogen on sexual behaviour. 

Thus, i f the rat's s e n s i t i v i t y to the resulting energy d e f i c i t were not 

reduced, signs of a hunger drive might appear at oestrus, even though i t s 

expression i n increased food intake were suppressed by the simultaneously 

enhanced sa t i a t i o n . The following experiment investigated the runway 

performance of ovariectomized female rats, brought into oestrus by injections 

of oestradiol benzoate and progesterone, running to a food reward. This 

experiment served as a control f o r Experiment 5(b). 

3.4.1 Method 

Experimental animals 

Ten hooded female rats, about 120 days of age, served. A l l the rats 

were ovariectomized six weeks before the s t a r t of the experiment. Their 

mean weight at the s t a r t of behavioural t e s t i n g was 253 ±16 g. 

Apparatus 

The test apparatus consisted of the perspex runway used i n Experiment 5 
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Experiment 5(b). Moan runway time ( i n seconds) of oestrous and anoestrous 
females running to sexually active or castrate males. 



(Figure 3.1), with some s l i g h t modification. A removable food cup was 

placed at the end of the goal box, and a photocell was attached to the 

wall of the runway, 10 cm i n front of the food cup. Thus microswitches, 

and the breaking of successive photobeams a f t e r opening the s t a r t box door 

registered the time taken by a female to traverse the runway from the 

s t a r t box to the food cup, to the nearest 0.01 second. Each rat received 

a habituation period of six ten-minute periods p r i o r to t r a i n i n g , with a l l 

the doors open. 

Training 

The deprivation schedule employed during t r a i n i n g proceeded as follows. 

The rats were deprived of food 24 hours before t r a i n i n g . They were then 

trained to run to a food reward i n the runway, and fed again at least half 

an hour a f t e r the completion of t r a i n i n g . The reward consisted of two 45 mg 

Noyes food p e l l e t s , and the rats were rewarded on every t r i a l (a continuous 

reinforcement schedule). Food was removed again 72 hours (on the t h i r d day) 

a f t e r the preceding deprivation. The running order of the animals was 

determined by a sequence of random numbers. A new sequence was generated f o r 

each t r a i n i n g session. There were ten t r i a l s i n each session, which lasted 

about t h i r t y minutes with an i n t e r - t r i a l i n t e r v a l of ten seconds. This 

period was spent i n the s t a r t box. Training continued according to t h i s 

schedule: a rat was placed i n the s t a r t box and a f t e r 10 seconds delay, the 

door was opened and the rat allowed to run to the goal box. The second 

door, which was kept open during the s t a r t of the t r i t y l , was shut a f t e r 

the rat had entered the goal box. After 60 seconds had elapsed from entry 

i n t o the goal box, the rat was replaced i n t o the s t a r t box and the procedure 

was repeated. The rats were considered trained once the following c r i t e r i a 

were met: (1) a rat l e f t the s t a r t box with i n 120 seconds, (2) ran along 

the runway within 60 seconds and (3) ate the food pell e t s w i t h i n 60 seconds, 

(4) on ten consecutive t r i a l s . A t r i a l was terminated i f any of these time 



periods were exceded, and the rat was replaced i n the s t a r t box. The rats 

ate the food pellets well w i t h i n the allocated time and the rest of the time 

was spent i n the goal box. I t proved unusually d i f f i c u l t to t r a i n these 

ovariectomized rats to c r i t e r i o n , so that t r a i n i n g took a t o t a l of t h i r t y 

consecutive sessions, over a period of 90 days. 

Experimental t e s t i n g 

After t r a i n i n g the rats were randomly allocated to two groups, f i v e 

rats i n each group. One group served as the experimental group (injected with 

oestradiol benzoate and progesterone), the other as control (injected with 

arachis o i l only). At t h i s time, the rats were re-caged so that l i k e -

condition animals were caged together. Seven days a f t e r the end of t r a i n i n g , 

the rats were deprived according to the deprivation schedule already outlined, 

and each rat was given a preparatory or reacquisition session of ten t r i a l s 

i n the runway. During these sessions the rats always ran to c r i t e r i o n . 

Oestrus was reinstated i n rats i n the following way. After two days of ad 

l i b i t u m feeding, each rat i n the experimental group was injected with 5 g.g 

of oestradiol benzoate i n 0.1 ml arachis o i l . The rats in the control group 

were injected with 0.1 ml arachis o i l only. The food was removed 24 hours 

l a t e r , at 14.00 h, and both groups of rats were given the same treatment 

as above. On the day following focd removal, and 6 hours before t e s t i n g 

began, each experimental rat was injected with 500 p,g progesterone i n 0.1 ml 

arachis o i l ; the control rats received another i n j e c t i o n of the o i l blank 

solution only. During t e s t i n g a record was kept of the time taken by a 

female to traverse the runway, from the s t a r t box to the food cup. After 

t e s t i n g , the rats were fed on normal maintenance diet f o r a week. Following 

t h i s period of ad l i b . feeding, the group treatments were reversed and the 

t e s t i n g procedure was repeated. 

3.4.2 Results 

The results of t h i s experiment are presented i n Figure 3.6. The runway 



54 

10 

8 u Q> 
C 
o 
a> 
E 
Q> 
.1 4 

I — ^ 
o 

§ 2 

Oest rous 

F e m a l e s 

Anoestrous 

F e m a l e s 

Figure 3.6 

Experiment 6. Mean runway time ( i n seconds) of oestrous and anoestrous 
females running to a food reward. 



times f o r the experimental and control groups were analysed with analysis 

of variance, a summary of which i s presented i n Table 3.4. There was no 

evidence that treatment with oestradiol benzoate i n combination with 

progesterone affected i n any way the females' runway performance; and there 

were no s i g n i f i c a n t interactions. Therefore, oestrus does not a l t e r a 

female's runway performance when food i s used as a reward, but only when a 

male i s . 

3.5 General Discussion 

In Experiment 5(a) receptive female rats were allowed to run to active 

or castrate male rats. As shown i n Figure 3.2 females ran faster to an 

active male. These results are consistent with the observations of Drewett 

(1973c), Meyerson and Lindstrom (1973), H i l l and Thomas (1973) and Eliasson 

and Meyerson (1975). The results of t h i s experiment, however, contrast with 

the findings of Beach (1958), Bolles et a l . (1968) and Williams and Drewett 

(unpublished observations, cited i n Drewett, 1973c), a l l of which demonstrated 

that females did not run any faster to sexually active than to sexually 

passive males. The study by Bolles et a l . was not very adequate, since by the 

eighth and f i n a l t r i a l a l l the females were running rapidly whether to a 

potent or impotent male - the p o s s i b i l i t y of c e i l i n g effects, although 

unlikely, cannot be discounted. Further, i t i s possible that the females 

did not run as fast a f t e r an ejaculation, as a f t e r a mount with intromission 

( t h i s was noticed i n the present study). No details are given by Bolles et a l . 

and Beach as to the number of ejaculations during the experimental t e s t s . 

The results of Experiment 5(b) showed that an active male was a more 

ef f e c t i v e incentive than a castrate, irrespective of whether the females were 

sexually receptive or unreceptive. This experiment also demonstrated that 

females i n oestrus ran faster than females i n anoestrus when a male rat was 

used as an incentive (and irrespective of the gonadal state or sexual 

a c t i v i t y of the male). When food was used as an incentive, i n Experiment 6, 



Table 3.4 

Experiment 6. Oestrous and anoestrous females running to a food reward. 
Summary of analysis of variance 

Source df. SS MS F-ratio P 

Subjects 9 19317.70 
Groups 1 202.63 202.63 < 1 ns. 
Error 8 19115.07 2389.38 

Oestrous/Anoestrous 1 25.78 25.78 < 1 ns. 
Oestrous state x Group 1 722.11 722.11 < 1 ns. 
Error 8 9826.31 1228.29 

T r i a l s 9 4570.02 507.78 1.68 ns. 
T r i a l s x Group 9 3111.99 345.78 1.13 ns. 
Error 72 21946.87 304.82 

Oestrous state x T r i a l s 9 1926.63 214.07 < 1 ns. 
Oestrous state x T r i a l s x Group 9 1287.04 143.00 < 1 ns. 
Error 72 16140.35 224.17 

Within c e l l 190 59557.11 
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oestrous females did not run faster than anoestrous females. Further, i n 

the studies by Meyerson and Lindstrom (1973) female rats treated with 

oestradiol benzoate had shorter running times than a f t e r o i l blank treatment; 

but t h i s effect was si g n i f i c a n t only when a male was chosen. In a recent 

study, Gilman and Westbrook (1978) found that females did not run s i g n i f ­

i c a n t l y faster when sexually receptive than when unreceptive; but they 

preferred sexually active males s i g n i f i c a n t l y on more t r i a l s when i n a 

sexually receptive condition. Gilman and Westbrook used a biweekly i n t e r v a l 

between t e s t i n g sessions. Furthermore they tested the females three times 

(without p r i o r t r a i n i n g ) , twice i n the oestrous condition separated by a 

test i n the anoestrous condition. Thus, procedural differences could account 

f o r the absence of a si g n i f i c a n t difference in running times between oestrous 

and anoestrous rats. 

Taken together, the experimental results presented i n t h i s chapter, 

and other studies also cited here, suggest that the opportunity f o r a 

female to seek contact with a male conspecific i s 

reinforcing. This indicates that social factors are also present as a possible 

source of reward. However, i n the present study, sexual components are 

obviously evident, since receptive females ran s i g n i f i c a n t l y faster to 

sexqally active males than to castrate males. Had social and exploratory 

factors been the primary motivation, as suggested by Bolles et a l . (1968), 

female rats should have run as fast i n both sexually receptive and unreceptive 

conditions. What these experiments do not specify i s the nature of the 

reward; that i s whether i t i s behavioural (such as mounting and intromission) 

or olfactory or both. 

In summary, then, the performance i n an instrumental task by a female 

rat when a male i s used as an incentive i s dependent upon both the hormonal 

condition (sexual r e c e p t i v i t y ) of the female and the gonadal condition 

(sexual a c t i v i t y ) of the male; and these are independent and additive. They 



do not i n t e r a c t i n such a way t h a t the e f f e c t of a given v a r i a t i o n i n 

i n c e n t i v e (using sexually a c t i v e or c a s t r a t e males) i s i t s e l f dependent 

upon the current l e v e l of d r i v e ( u s i n g s e x u a l l y r e c e p t i v e or unreceptive 

females). I n the next chapter, the reward c h a r a c t e r i s t i c s of male sexual 

behaviour are considered. 
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CHAPTER 4 

OESTRADIOL, SEXUAL MOTIVATION AND REWARD IN THE FEMALE RAT (continued) 

4.1 I n t r o d u c t i o n 

Female r a t s l e a r n t o approach an i n t a c t and s e x u a l l y potent male i n 

preference t o a c a s t r a t e d ( i . e . s e x u a l l y i n a c t i v e ) male i f given the choice 

i n a T-maze (Drewett, 1973) or a Y-maze (Gilman and Westbrook, 1978). The 

experiments described i n Chapter 4 showed t h a t females also run f a s t e r t o 

an a c t i v e male than t o a c a s t r a t e , when t e s t e d i n a s t r a i g h t runway. These 

experiments show t h a t a s e x u a l l y a c t i v e male i s d i f f e r e n t , from a c a s t r a t e 

male, i n i t s reward value f o r a female r a t but do not s p e c i f y the nature of 

the d i f f e r e n c e . 

H i l l and Thomas (1973) found t h a t female r a t s i n a s t r a i g h t a l l e y ran 

f a s t e r t o a sexually a c t i v e male than t o a male t h a t i s i n t a c t but s e x u a l l y 

i n a c t i v e . One might i n f e r from t h i s study t h a t the important d i f f e r e n c e i s 

i n the behaviour of the males, since uncastrated s e x u a l l y passive males 

would presumably smell s i m i l a r t o sexually a c t i v e males. However, one 

cannot be sure on t h i s p o i n t . I t i s possible t h a t the males' sexual i n e r t n e s s 

i s due t o hormonal d e f i c i e n c i e s . 

On the other hand, Meyerson and Lindstrom (1973) found t h a t females 

chose an i n t a c t , a c t i v e male over an oestrous female, even when d i r e c t 

sexual contact was prevented by a g r i d between the animals. This suggests 

t h a t the odour of the i n t a c t male might be rewarding even when d i f f e r e n c e s 

i n sexual a c t i v i t y are e l i m i n a t e d . That a female r a t i s able t o d i s c r i m i n a t e 

between the odour of a s e x u a l l y a c t i v e and a c a s t r a t e male i s i n no doubt. 

Carr and Caul (1962) demonstrated t h a t both normal and ovariectomized 

female r a t s are capable of d i s c r i m i n a t i n g between the odours of s e x u a l l y 

a c t i v e and castrated males. Carr, Loeb and Dissinger (1965) showed t h a t , 

regardless of t h e i r oestrous s t a t e at the time of t e s t i n g , s e x u a l l y 
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experienced female r a t s spent s i g n i f i c a n t l y more time i n v e s t i g a t i n g the 

odour(s) from sexually a c t i v e males than from c a s t r a t e s . 

The f o l l o w i n g experiments independently vary the odour and sexual 

a c t i v i t y of the male r a t . The f e a s i b i l i t y of such an i n v e s t i g a t i o n i s made 

possible by studies on the various behavioural and p h y s i o l o g i c a l p r o p e r t i e s 

of the androgen, dihydrotestosterone, and i t s combined a c t i o n w i t h o e s t r a d i o l . 

I t i s t o these studies t h a t we now t u r n . 

4.2 Behavioural and p h y s i o l o g i c a l e f f e c t s of dihydrotestosterone i n the 
male r a t 

The a c t i v e form of testosterone i n 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 

5a - reduced met a b o l i t e , dihydrotestosterone (Bruchovsky and Wilson, 1968; 

Wilson and Gloyna, 1970). While t h i s compound i s very a c t i v e p e r i p h e r a l l y , 

i t appears t o exert no e f f e c t on the neural mechanisms c o n t r o l l i n g sexual 

behaviour i n the male r a t . 

I n studies using long term castrated male r a t s , several workers have 

shown t h a t dihydrotestosterone does not res t o r 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 behaviour (McDonald, Beyer, Newton, B r i e n , Baker, Tan, Sampson, 

K i t c h i n g , G r e e n h i l l and P r i t c h a r d , 1970; Feder, 1971). Other studies 

(Brown-Grant, Munck, N a f t o l i n and Sherwood, 1971; McDonald, 1970; McDonald 

et a l . , 1970) demonstrated t h a t dihydrotestosterone does not produce 

sexual (hypothalamic) d i f f e r e n t i a t i o n . However, the potent e f f e c t of t h i s 

androgen i n s t i m u l a t i n g accessory sex s t r u c t u r e growth, such as 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 coagulating glands, and p e n i l e p a p i l l a e , 

i s i n no doubt (Wilson and Gloyna, 1970; P a r r o t t , 1975). 

On the other hand, o e s t r a d i o l treatment s t i m u l a t e s sexual behaviour 

i n c a s t r a t e d male r a t s ( P f a f f , 1970; Larsson, Sodersten and Beyer, 1973) 

wit h o u t s t i m u l a t i n g accessory sex s t r u c t u r e growth (Larrson et a l . , 1S73) 

and f u n c t i o n ( P r i c e and Williams-Ashman, 1961). When o e s t r a d i o l i s combined 

w i t h dihydrotestosterone, sexual behaviour, as w e l l as accessory sex 



s t r u c t u r e growth and f u n c t i o n , are stimulated t o l e v e l s comparable w i t h the 

testosterone t r e a t e d c a s t r a t e or i n t a c t male (Baum and Vreeburg, 1973; 

Larsson et a l . ( 1973; Feder, N a f t o l i n and Ryan, 1974; Larsson, Sodersten, 

Beyer, M o r a l i and Perez-Palacios, 1976). 

4.3 Experiment 7 : A t t r a c t a n t q u a l i t i e s of u r i n e from castrated male r a t s 

t r e a t e d w i t h dihydrotestosterone and o e s t r a d i o l benzoate 

Le Magnen (1952) found t h a t i n t a c t male r a t s p r e f e r r e d the arm of a 

T-maze which contained the odour from a female i n oestrus t o the arm which 

contained the odour from a female i n d i o e s t r u s or a male r a t . 

Carr et a l . (1965) showed t h a t s e x u a l l y experienced male and female 

r a t s p r e f e r the odour from s e x u a l l y a c t i v e ( i n t a c t ) t o t h a t from the i n a c t i v e 

( c a s t r a t e or ovariectomized) members of the opposite sex. Among se x u a l l y 

naive r a t s , however, only females i n oestrus ( n a t u r a l or induced) p r e f e r 

the odour of a c t i v e males; s e x u a l l y naive male r a t s show no preference f o r 

e i t h e r female odour. Thus i n males, the preference f o r the odour from 

se x u a l l y r e c e p t i v e females over t h a t from non-receptive females requires both 

the presence of gonadal hormones and previous sexual experience (although 

mounting experience i s s u f f i c i e n t (Stern, 1970)); i n females the preference 

of odour from i n t a c t males over t h a t of castrates requires e i t h e r the 

presence of ovarian hormones c>r previous sexual experience. This preference 

i s dependent on c i r c u l a t i n g androgens or oestrogens, because i t disappears 

a f t e r c a s t r a t i o n or ovariectomy and can be restored by t e s t o s t e r o n e or 

o e s t r a d i o l i n j e c t i o n s (Carr and Caul, 1962; Carr e t a l , 1965; Stern, 1970). 

More r e c e n t l y , accessory sex glands of the male and female r a t have 

been i m p l i c a t e d i n the production of sex pheromone(s). (Orsulak and 

Gawienowski, 1972; Gawienowski, Orsulak, Stacewicz-Sapuntzakis and Joseph, 

1975.) 

Since there are no d i f f e r e n c e s i n the p e r i p h e r a l , s t i m u l a t o r y e f f e c t s 

of dihydrotestosterone, when i n j e c t e d alone or i n combination w i t h 



o e s t r a d i o l , on the accessory sex s t r u c t u r e s of castrated male r a t s (e.g. 

Larsson et a l . , 1973), one would not expect t o f i n d d i f f e r e n c e s i n odours 

from castrates t r e a t e d w i t h dihydrotestosterone only or i n combination w i t h 

o e s t r a d i o l . The f o l l o w i n g experiment checked t h i s s u p p o s i t i o n by 

i n v e s t i g a t i n g the responses of female r a t s t o sawdust impregnated w i t h 

u r i n e from castrated male r a t s t r e a t e d w i t h e i t h e r o i l placebo, or dihydro­

test o s t e r o n e , or dihydrotestosterone i n combination w i t h o e s t r a d i o l benzoate. 

4.3.1 Method 

Experimental animals 

Six experimentally and s e x u a l l y naive female Wistar r a t s , about 150 

days of age and weighing 261 +. 20 g, were housed i n a group cage. They were 

ovariectomized 25 days before the s t a r t of the experiment. 

Male r a t s 

Eighteen experimentally and s e x u a l l y naive male r a t s , about 180 days 

of age and weighing 373 ± 18 g, were housed i n three group cages. They were 

c a s t r a t e d approximately 12 weeks before the s t a r t of the experiment. 

T e s t i n g room 

The experiments were performed i n a windowless, a i r conditioned, q u i e t 

room, l i t by one 60 watt dim red l i g h t . 

O l f a c t o r y choice box 

A diagram of the o l f a c t o r y choice box i s presented i n Figure 4.1. I t 

consisted of a wooden enclosure (60 x 60 x 30 cm) w i t h a removable wir e 

mesh f l o o r f i t t e d 10 cm from the base. A metal t r a y c o n t a i n i n g deodourising 

l i t t e r ( K a t - L i t ) beneath the cage f l o o r . One side of the cage consisted of 

a c l e a r perspex observation window. Three wooden olfacti o n - b o x e s were 

attached t o the remaining sides. Each box measured 20 x 20 x 30 cm and was 

separated from the main enclosure by a t i g h t - f i t t i n g s l i d i n g door. A hole, 

3.5 cm i n diameter and 2 cm from the bottom edge of each door, allowed a 

r a t t o i n s e r t i t s head i n t o the box and, w i t h some d i f f i c u l t y , enter i t . The 
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boxes had removable w i r e mesh f l o o r s , 10 cm from the base, which separated 

a t e s t animal from perspex sawdust containers. Each of these containers 

measured 20 x 20 x 10 cm, and could be removed w i t h ease. Three e l e c t r i c 

t i m e r s , operated by on/off keys by the experimenter, were used t o record 

the time the r a t spent i n v e s t i g a t i n g each box. 

Experimental schedule 

A l l the animals were housed s i n g l y i n p l a s t i c cages, 15 days before 

t e s t i n g began. The males were a l l o t t e d t o three groups of 6 r a t s at random 

and I n j e c t e d f o r 15 days p r i o r t o the s t a r t of experimental t e s t i n g , and 

d u r i n g the t e s t i n g p e r i o d . They were i n j e c t e d w i t h e i t h e r (1) arachis o i l , 

0.1 ml/rat/day only or (2) w i t h dihydrotestosterone (DHT), 1 mg i n 0.1 ml 

o i l or ( 3 ) w i t h 1 mg DHT and 5 \Lg o e s t r a d i o l benzoate (OB). The females 

were a l l o c a t e d t h r ee males each, one from each group, at random. 

For the t e s t i n g sessions, oestrus was r e i n s t a t e d i n a l l the females 

w i t h i n j e c t i o n s of o e s t r a d i o l benzoate (5 |j,g i n 0.1 ml arachis o i l / d a y , 

d a i l y f o r seven days before and then throughout the t e s t i n g p e r i o d ) . The 

experimental females were considered i n oestrus when the f o u r ovariectomized 

" t e s t " females, of comparable age and body weight t o the experimental females, 

showed l o r d o s i s t o 8 out of 10 mounts by "st u d " males. This occurred on the 

seventh day of i n j e c t i o n s , so t e s t i n g began on Day 8 (Experimental day 1 ) , 

The females were f i r s t t e s t e d w i t h clean sawdust placed i n a l l 3 containers 

(Days 1 t o 3 ) , and then w i t h sawdust from the males' cages (Days 4 t o 6; 

inexperienced c o n d i t i o n ) . For the next three days, the females were again 

t e s t e d w i t h clean sawdust i n the containers (Days 7 t o 9 ) . But, i n a d d i t i o n , 

a f t e r each t e s t i n g session, the females were placed w i t h t h e i r a l l o c a t e d 

males f o r a period of 15 minutes w i t h each male. The order i n which females 

were placed w i t h the males was counterbalanced across groups (6 possible 

combinations over three days). A f t e r t h i s p e r i o d , the females wero t e s t e d 

w i t h u r i n e - t r e a t e d sawdust i n the containers (Days 10 t o 12; experienced 
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c o n d i t i o n ) . F i n a l l y , (Days 13 t o 15), the females were t e s t e d w i t h clean 

sawdust again. A time schedule f o r the experimental procedure i s given i n 

Table 4.1. 

Te s t i n g sessions s t a r t e d about two hours a f t e r the s t a r t of the dark 

p e r i o d , at 14.00 h. To c o n t r o l f o r p o s i t i o n a l preferences by the r a t s , 

the p o s i t i o n of the sawdust containers f o r each r a t was determined by a 3 x 3 

counterbalanced l a t i n square design (Winer, 1971, p. 690); so t h a t each 

container appeared i n each possible p o s i t i o n i n the o l f a c t i o n box only once 

f o r each r a t , during the three days. Because s i x r a t s were used, the design 

allowed two r e p l i c a t e s of each possible p o s i t i o n per day. The same perspex 

containers were kept f o r each group of male r a t s , and each container was 

wiped clean w i t h warm water a f t e r each t e s t . Fresh sawdust was placed i n 

a l l the cages a f t e r each d a i l y t e s t i n g session. There were s i x t e s t s i n each 

session (one t e s t per r a t ) , and each t e s t l a s t e d f o r f i v e minutes. 

A female was placed i n the middle of the mesh f l o o r f a c i n g the 

observation window, and the stop-watch was s t a r t e d . I n v e s t i g a t i o n time was 

recorded when a female i n s e r t e d her snout through the c i r c u l a r aperture 

i n t h e door, or entered the box. At the end of f i v e minutes, the female 

was removed from the enclosure and returned t o her cage. During t e s t i n g the 

f o l l o w i n g were recorded: ( 1 ) the f i r s t choice box i n v e s t i g a t e d by a female; 

(2 ) the i n v e s t i g a t i o n time ( i n seconds) of each box; and (3) the number of 

times a female entered a p a r t i c u l a r box. At the end of the experiment a l l 

the males were k i l l e d , and t h e i r seminal v e s i c l e s were removed and weighed 

i n t a c t . 

4.3.2 Results 

A l l the females mated when they were placed w i t h s e x u a l l y a c t i v e males 

( i . e . males t r e a t e d w i t h DffT and OB. On the other hand, males t r e a t e d w i t h 

DHT or o i l only d i d not e x h i b i t any sexual behaviour. The t o t a l i n v e s t i g a t i o n 

time ( t h a t i s , the i n v e s t i g a t i o n time f o r each t h r e e day period) by each 



Table 4.1 

Experiment 7. Time schedule f o r experimental procedure 

Sexual 
Experience Sexually Naive Sexually Experienced 

Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sawdust 

Contr o l X X X X X X X X X 

Urine-
t r e a t e d X X X X X X 
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female of u r i n e impregnated sawdust, was analysed w i t h a n a l y s i s of variance 
(two-between, O-within f a c t o r s ) . A summary of t h i s a n a l y s i s i s presented i n 
Table 4.2. 

Figure 4.2 shows t h a t a r a t i n v e s t i g a t e d u r i n e impregnated sawdust 

more than clean sawdust, during a t e s t session. Throughout the three c o n t r o l 

sessions, the r a t s were seen t o enter the boxes on only f i v e occasions (the 

same r a t was observed on f o u r of thes e ) ; whereas r a t s entered the boxes on 

43 instances when urine-impregnated sawdust was placed i n the cont a i n e r s . 

These c o n t r o l sessions r e l i a b l y demonstrate t h a t ( 1 ) o e s t r a d i o l benzoate 

treatment d i d not induce a general increase i n i n v e s t i g a t o r y or e x p l o r a t o r y 

behaviour by females, d u r i n g the course of the experiment; (2) the increase 

i n the time spent i n v e s t i g a t i n g urine-impregnated sawdust a f t e r sexual 

experience could not be a t t r i b u t e d t o h a b i t u a t i o n t o the apparatus; (3) 

sexual experience d i d not increase e x p l o r a t i o n when clean sawdust was placed 

i n the containers. 

Figure 4.3 shows t h a t females i n v e s t i g a t e d urine-impregnated sawdust 

of males t r e a t e d w i t h e i t h e r DHT only, or i n combination w i t h OB, more than 

sawdust from r a t s t r e a t e d w i t h o i l only. The o v e r a l l d i f f e r e n c e i n mean 

i n v e s t i g a t i o n time i s s i g n i f i c a n t ( f = 9.83; w i t h d f . = 2, 25; p < 0.01). 

I n d i v i d u a l post hoc comparisons using the Least S i g n i f i c a n t D i f f e r e n c e t e s t 

(Keppel, 1973), showed t h a t females i n v e s t i g a t e d the sawdust from cages of 

males t r e a t e d w i t h DHT and OB more than from cages of males t r e a t e d w i t h 

o i l only ( f = 9.37; w i t h d f . = 1, 25; p < 0.01). However, females d i d not 

spend more time i n v e s t i g a t i n g sawdust of males t r e a t e d w i t h DHT than of 

males t r e a t e d w i t h DHT and OB ( f = 1.56; w i t h d f . = 1, 25; p = n s . ) . 

There was no s i g n i f i c a n t i n t e r a c t i o n between socio-sexual experience 

and i n v e s t i g a t i o n time of the various u r i n e impregnated sawdust of males 

(Table 4.3). Females entered boxes which contained sawdust from cages of 

males t r e a t e d w i t h e i t h e r DHT alone or i n combination w i t h OB on a s i m i l a r 



Table 4.2 

Experiment 7. Urine odour preference and socio-sexual experience: Summary 
of a n a l y s i s of variance 

Source d f . SS MS F - r a t i o P 

Subjects 5 70566.92 
Experience 1 32100.69 32100.69 5.87 < 0.05 
Treatment 2 107525.17 53762.58 9.83 < 0.01 
Treatment x Experience 2 2997.39 1498.69 < 1 ns. 
E r r o r 25 25(5468.10) 5̂ K»8 • ' 0 
Wi t h i n c e l l 30 279325.83 

Table 4.3 

Experiment 7. Mean i n v e s t i g a t i o n times (± standard e r r o r ) of se x u a l l y naive 
and experienced females i n v e s t i g a t i n g sawdust impregnated w i t h 
u r i n e from c a s t r a t e males t r e a t e d w i t h e i t h e r o i l only (OIL), 
or dihydrotestosterone (DHT), OR DHT i n combination w i t h 
o e s t r a d i o l benzoate (DHT-OB) 

OIL DHT DHT-OB 

Sexually Naive 69.17 221.00 168.00 
± 27.92 ± 58.38 ± 39.39 

Sexually Experienced 147.67 256.00 233.67 
± 21.13 + 21.67 ± 15.92 



I I 

69 

220 

200 

5180 
0) i/t 
C 160 
O 
Q) 
E 140 

0) 120 

•=100 

.1 80 
O 
O>60 

2 40 
_c 

20 

Control Urine 

DAYS 1.23 4,5,6 
Sexually Na ive-

Control 

78,9 

Urine Control 

10,11,12 13,14,15 
Sexually Experienced-

Fjgure 4.2 

Experiment 7. Mean i n v e s t i g a t i o n time (± standard e r r o r ) of receptive 
females i n v e s t i g a t i n g untreated sawdust, or sawdust 
impregnated w i t h male u r i n e . The days i n the f i g u r e 
correspond t o the experimental time schedule. 



70 

250 

240 -

220 

" ^ 2 0 0 

* 180 
c 
« 160 
E 

^ 1 4 0 
0> 
.§ 120 
»-

100 
c 
.2 80 
o 
.2* 60 
Ml 

5! 40 

20 

0 

F i g . 4.3 

OIL DHT DHT - OB 

4 r 
CD 

o> 3 
"5 

'3J 
> 

E 

F i g , 4.4 

OIL DHT DHT-OB 

Experiment 7, 

Experiment 7. 

Figure 4.3 
Mean i n v e s t i g a t i o n time (± standard e r r o r ) of receptive females 
i n v e s t i g a t i n g sawdust impregnated w i t h u r i n e from c a s t r a t e males 
t r e a t e d w i t h e i t h e r the o i l v e h i c l e only (OIL), or w i t h dihydro-
testosterone (DHT), or w i t h DHT i n combination w i t h o e s t r a d i o l 
benzoate (DHT-OB). 

Figure 4.4 
Seminal v e s i c l e weight of c a s t r a t e male r a t s t r e a t e d w i t h e i t h e r 
o i l only (OIL), or dihydrotestosterone (DHT) or DHT i n combination 
w i t h o e s t r a d i o l benzoate (DHT-OB). 



number of occasions, when se x u a l l y naive or experienced (naive: 7 vs 6 

times; experienced 13 vs 12 times r e s p e c t i v e l y ) . Sexually naive females 

entered boxes w i t h sawdust from cages of o i l - t r e a t e d c astrates on three 

occasions, and s e x u a l l y experienced females on two occasions. 

F i n a l l y , a r e l i a b l e i n d i c a t i o n of the p e r i p h e r a l e f f e c t s of the 

hormones i s given by seminal v e s i c l e weight. Figure 4.4 shows t h a t t h i s was 

high and equal i n the DHT and DHT-03 groups, and low i n the o i l - t r e a t e d 

c a s t r a t e s . 

4.3.3 Discussion 

The r e s u l t s of t h i s experiment show t h a t u r i n e of castrated male r a t s 

t r e a t e d w i t h DHT or DHT and OB has an odour which i s more a t t r a c t i v e t o female 

r a t s than t h a t from u r i n e of those males t r e a t e d w i t h o i l alone. This does 

not depend on the female having previous sexual experience, and agrees 

i n t o t o w i t h the f i n d i n g s of Carr et a l . (1965). I n the study by Carr et a l . 

(1965), the s e x u a l l y experienced, r e c e p t i v e females spent much more time 

i n v e s t i g a t i n g i n t a c t male odours than they d i d i n v e s t i g a t i n g c a s t r a t e d male 

odours, but t h i s was not s t a t i s t i c a l l y s i g n i f i c a n t . However, Carr (1974) 

presents more d e t a i l e d a nalysis of t h i s study, and showed t h a t a preference 

f o r i n t a c t male odours d i d e x i s t . 

To summarise the f i n d i n g s of t h i s experiment; dihydrotestosterone 

sti m u l a t e s the s e c r e t i o n o f substances i n t o the u r i n e of male r a t s , which 

a t t r a c t female r a t s . The nature of t h i s s e c r e t i o n does not seem t o be 

impaired by the a d d i t i o n a l a d m i n i s t r a t i o n of o e s t r a d i o l benzoate ( e l i c i t i n g 

s i m i l a r i n v e s t i g a t i o n times i n females, i n e i t h e r case). These f i n d i n g s 

s t r o n g l y suggest t h a t odour production i n the male r a t requires the presence 

of dihydrotestosterone. Further, c a s t r a t e d male r a t s t r e a t e d w i t h 

dihydrotestosterone have the same odour, but lack the sexual a c t i v i t y of 

castrated males t r e a t e d w i t h dihydrotestosterone i n combination w i t h o e s t r a d i o l 

benzoate. 
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I n the f o l l o w i n g experiments, the odour and the sexual a c t i v i t y of the 

male r a t are v a r i e d independently, w i t h a view t o determining whether one or 

both are e f f e c t i v e sources of i n c e n t i v e t o a female r a t . 

4.4 Experiment 8 : The sexual a t t r a c t i v e n e s s of male r a t s ; An endocrin­
o l o g i c a l d i s s e c t i o n 

Meyerson and Lindstrom (1973) showed t h a t the odour of an i n t a c t male 

r a t i s rewarding t o a female r a t ; whereas H i l l and Thomas (1973) suggested 

t h a t the d i f f e r e n c e was i n the behaviour of a s e x u a l l y a c t i v e male towards 

a female. 

This experiment i n v e s t i g a t e d the approach of r e c e p t i v e female r a t s t o 

(1) c a s t r a t e d males, which n e i t h e r smell nor behave l i k e i n t a c t males, ( 2 ) 

cas t r a t e d males t r e a t e d w i t h dihydrotestosterone, which smell l i k e i n t a c t 

males but behave l i k e c a s t r a t e males and (3) castrated males t r e a t e d w i t h 

dihydrotestosterone and o e s t r a d i o l benzoate, which both smell and behave l i k e 

i n t a c t males. 

4.4.1 Method 

Experimental animals 

The animals used were twenty-four 120 day o l d Wistar females and 

twenty-four 180 day o l d Wistar males. They were kept i n group cages, 8 

animals i n each cage. 

A l l s t a r t e d experimentally naive and se x u a l l y inexperienced, and were 

given a c o n t r o l l e d amount of sexual experience and habituated t o the runway 

as f o l l o w s . The females were ovariectomized under either anaesthesia, and 

two weeks l a t e r oestrus was r e i n s t a t e d w i t h i n j e c t i o n s o f OB (5 u.g i n 0.1 ml 

arachis o i l , administered subcutaneously 48 h and 24 h before the t e s t ) 

and progesterone (500 p.g i n 0.1 ml arachis o i l , 6 hours before t e s t i n g ) . 

Each male and female then received c o n t r o l l e d amounts of sexual experience 

before the experiment proper: ten mounts per r a t , repeated three times, 

twice i n an open f i e l d ( c i r c u l a r t e s t i n g arena) and once i n the runway w i t h 



a l l the doors open. 

The males were then c a s t r a t e d and allowed a two-month recovery per i o d 

before the i n j e c t i o n s began. During the recovery period both males and 

females received c o n t r o l l e d amounts of h a b i t u a t i o n / e x p l o r a t i o n i n the runway, 

separately, w i t h a l l the doors open: three f i f t e e n - m i n u t e periods per r a t , 

on three separate days. Each period was separated by an i n t e r v a l of t h r e e 

days. The males were t e s t e d on separate days from the females, and a f t e r 

each session the runway was cleared w i t h warm water, and the sawdust i n the 

l i t t e r t r a y s changed. T r a i n i n g took place i n a perspex runway, d e t a i l s of 

which have already been given i n Chapter 4. 

Experimental schedule 

Before the t r a i n i n g sessions began, each female was randomly a l l o c a t e d 

t o a male ( a l l the animals were ear cl i p p e d f o r i d e n t i f i c a t i o n ) . The males 

were a l l o t t e d t o three groups a t random, and i n j e c t e d f o r 15 days p r i o r t o 

the s t a r t of t r a i n i n g , and then throughout the t r a i n i n g p e r i o d . One group 

of male r a t s was i n j e c t e d w i t h 0.1 ml of arachis o i l / d a y , a second group w i t h 

1 mg DHT i n 0.1 ml o i l / d a y ; and a t h i r d group received 1 mg of DHT i n 0.1 ml 

o i l and 5 \ig of OB i n 0.1 ml of o i l / d a y . 

Each female was given 8 t r i a l s d a i l y f o r a peri o d of 3 days. Each 

t r i a l ran as f o l l o w s : a male was placed i n the goal box and i t s a l l o c a t e d 

female i n the s t a r t box, and a f t e r a delay of a few seconds the door was 

opened and the female was allowed t o run t o the male h o l d i n g box. I f the 

female d i d not leave the s t a r t box w i t h i n 120 seconds, or t r a v e r s e the runway 

w i t h i n 60 seconds of l e a v i n g t h e s t a r t box, the t r i a l was terminated. When 

the female a r r i v e d at t h e male h o l d i n g box, the door r e l e a s i n g the male was 

opened. The t r i a l was terminated a f t e r one mount or i n t r o m i s s i o n , or i f none 

occurred a f t e r 60 seconds. The female was then replaced i n the s t a r t box. 

Since t h e grasping of a female by the experimenter's hand may i m i t a t e a mount 

by a male p a r t i c u l a r care was taken not t o handle the females i n an e r o t i c 
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manner: a l l females were picked up by the t a l l . Each female was then 

replaced in the s t a r t box. The in t e r v a l between t r i a l s was about 10 seconds. 

During the experiment the following were recorded: (1) running time from the 

st a r t box to the goal box and (2) occurrence of copulation. The animals were 

run i n th e i r respective groups, and the running order of the groups was 

determined by a sequence of random numbers. A new sequence was generated 

for each day of training. There was a half-hour i n t e r v a l between the 

testi n g of the groups, during which the runway was wiped clean with warm water, 

and fresh sawdust placed i n the l i t t e r tray. 

At the end of the experiment the males were k i l l e d and t h e i r seminal 

v e s i c l e s removed and weighed to the nearest 0.1 g. 

4.4.2 Results and Discussion 

The results were analysed with analysis of variance (one-between, 

two-within factors) and appropriate post-hoc comparisons. A summary of the 

analysis of variance i s presented in Table 4.4. 

The mean runway time for the f i r s t t r i a l on Day 1 was si m i l a r for a l l 

three groups of females (females running to o i l treated males: €8.7 ± 23.1 

(standard error) seconds; for females running to DHT treated males: 48.9 ± 

10.3 seconds; and for females running to DHT-OB treated males: 52.3 + 7.2 

seconds. See also Appendix A, Table A3, for daily t r i a l means). This shows 

that a l l the females started with the same l e v e l of performance. A l l female 

groups ran fa s t e r over time (F = 20.28; with df. = 2, 42; p < 0.001; Figure 

4.5). There was no si g n i f i c a n t interaction between treatment and days. 

The three groups, however, were c l e a r l y different, as shown in Figure 4.6. 

The females ran f a s t e r to the DHT group than to the control group, and f a s t e r 

to the DHT-OB group than the DHT group. The overall difference was s i g n i f ­

icant (F = 15.50; with df. =2, 21; p < 0.001), and both individual Least 

Significant Difference t e s t s (Keppel, 1973) were also s i g n i f i c a n t (Control 

vs DHT: F = 8.97; with df. = 1, 21; p < 0.01; and DHT vs DHT-OB groups: 



Table 4.4 

Experiment 8. The sexual attractiveness of male r a t s : An endocrinological 
dissection. Summary of analysis of variance 

Source df. SS MS F-ratio P 

Subjects 23 795025.28 
Treatment 2 473915.58 236957.79 15.50 < 0.001 
Error 21 321109.70 15290.94 

Days 2 265013.78 132506.89 20.28 < 0.001 
Days x Treatment 4 61289.57 15322.39 2.34 ns. 
Error 42 274481.69 6535.28 

T r i a l s 7 107281.29 15325.90 8.98 < 0.001 
T r i a l s x Treatment 14 67850.75 4846.48 2.84 < 0.001 
Error 147 250913.42 1706.89 

T r i a l s x Days 14 25761.35 1840.10 1.33 ns. 
T r i a l s x Days x Treatment 28 59822.34 2136.50 1.54 < 0.05 
Error 294 407480.76 1385.99 

Within c e l l 552 1519894.94 
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F = 6.59; with df. = 1, 21; p < 0.05). 

Figure 4.7 shows that females running to DHT-OB treated males maintained 

t h e i r running performance over t r i a l s ; whereas females running to DHT males 

started the same but did not maintain t h e i r performance over t r i a l s . The 

interaction was sig n i f i c a n t (F = 2.84; with df. = 14, 147; p < 0.001). 

This result suggests that copulatory behaviour may have a proactive effect 

on the runway performance of female r a t s . There was a si g n i f i c a n t t r i a l s x 

days x treatment interaction (Table 4.4); but t h i s did not lend i t s e l f 

readily to meaningful interpretation. 

Seminal v e s i c l e weight for the DHT-OB treated males was s i g n i f i c a n t l y 

greater than for the DHT treated animals; but both were much higher than those 

of placebo treated r a t s , as shown in Figure 4.8(A). One DHT treated rat 

mounted on 4.9% of the t r i a l s , whereas the males treated with DHT and OB 

mounted on nearly a l l the t r i a l s (Figure 4.8(B)). The f i r s t result was 

somewhat surprising i n view of published evidence, and suggests that OB may 

also act peripherally. I t seems, then, that the hormones did not have the 

expected e f f e c t . 

4.5 Experiment 9 : The effects of dihydrotestosterone alone, and in 
combination with oestradiol benzoate, on seminal 
v e s i c l e weight i n the male rat 

This experiment tested the e f f e c t s of DHT administered alone or i n com­

bination with OB on seminal v e s i c l e weight of castrated male rats, in order 

to e s tablish whether or not the effects obtained in Experiment 8 were due 

to chance alone s 

4.5.1 Method 

Experimental animals 

Twenty-four sexually inexperienced male Wistar rats, about 150 days of 

age and weighing 443 ± 13 g, were housed i n two group cages. The animals 

were transferred to the reversed l i g h t room at leas t one month before the 

st a r t of any surgi c a l or experimental procedures. 
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The males were castrated and allowed a two month recovery period 

before in j e c t i o n s began. The males were a l l o t t e d to two groups at random 

and injected for 21 days. One group was injected with 1 mg DHT in 0.1 ml 

arachis oil/rat/day; and the second group with DHT, 1 mg in 0.1 ml o i l , in 

combination with OB, 5 u,g in 0.1 ml arachis oil/day. A l l the in j e c t i o n s 

were administered subcutaneously. Body weight was measured every t h i r d day 

to the nearest 1.0 g at 11.00 h, one hour before the s t a r t of the dark 

period. A l l the rats were k i l l e d , and t h e i r seminal v e s i c l e s removed and 

weighed intact and with seminal f l u i d expressed, 21 days aft e r the s t a r t 

of i n j e c t i o n s . The order in which the seminal v e s i c l e s of rats from the two 

treatment groups were dissected out was determined by the toss of a coin. 

The seminal v e s i c l e s were weighed i n t a c t . The seminal f l u i d was then 

expressed, the v e s i c l e s washed in physiological s a l i n e , dried between paper 

towelling, and weighed again on a Mettler balance to the nearest 0.1 g. 

4.5.2 Results 

Figure 4.9 shows mean seminal v e s i c l e weight intact, and with f l u i d 

expressed. A Student's t - t e s t t e s t i n g the difference between the means for 

seminal v e s i c l e weight, with and without seminal f l u i d , was carried out on 

the data. There was no s i g n i f i c a n t difference between the two groups ( i n t a c t 

weights: t = 0.3496; with df. = 22; p = ns.; with seminal fuid expressed: 

t = 0.8154; with df. = 22; p = n s . ) . 

4.6 Experiment 10 : A second study on the sexual attractiveness of male 

r a t s : Olfactory and behavioural components 

The findings of Experiment 9, that injections of dihydrotestosterone 

alone or i n combination with oestradiol benzoate do not have d i f f e r e n t i a l 

e f f e c t s on seminal v e s i c l e weight, in agreement with published data, 

suggested that the result obtained in Experiment 8 was i n fact due to chance. 

Experiment 8 was therefore repeated. 
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Experiment 9. Mean seminal v e s i c l e weight (±. standard e r r o r ) , intact and with 
f l u i d expressed, of castrate males treated with either dihydro-
testosterone (DHT) or DHT in combination with oestradiol benzoate 
(DHT-OB). 
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4.6.1 Method 

Experimental animals 

Twenty-four 120 day old females and twenty-four 180 day old males were 

used. A l l the animals were experimentally naive and sexually inexperienced. 

They were given controlled amounts of sexual experience and habituated to 

the runway, as follows. The females were ovariectomized under ether 

anaesthesia and oestrus was reinstated with injections of OB and progesterone 

as in Experiment 8. Each female was randomly allocated to a male and the 

same pairing was kept throughout the experiment proper (during t r a i n i n g ) . 

Sexual experience consisted of 10 mounts per rat, repeated 3 times, twice 

In an open f i e l d and once in the runway with a l l the doors open. The males 

were then castrated under ether anaesthesia, and allowed a three-month recovery 

period before injections began. During the recovery period, a l l the animals 

received controlled amounts of habituation/exploration in the runway as 

described In the 'Method' section of Experiment 8. 

Experimental schedule 

This was the same as in Experiment 8. The running order of the individual 

animals was determined by a sequence of random numbers, without a break in 

continuity of testing. At the end of the experiment a l l the males were 

k i l l e d and t h e i r seminal v e s i c l e s removed and weighed. 

4.6.2 Results and Discussion 

The r e s u l t s were analysed using analysis of variance (one-between, two-

within factors; Table 4.5), and appropriate post hoc comparisons. Figure 

4.10 shows that males treated with DHT and OB mounted on almost a l l the 

t r i a l s , while the males treated with DHT alone, l i k e the placebo treated 

controls, did not mount at a l l . Seminal v e s i c l e weight however - a measure 

of the peripheral effect of the hormones - was equal and high in the DI-fT and 

DHT-OB groups and low in the control group. The hormones, then, had the 

expected e f f e c t . 



Table 4.5 

Experiment 10. The sexual attractiveness of male r a t s : Olfactory and 
behavioural components. Summary of analysis of variance 

Source df. SS MS F-rati o P 

Subjects 23 655632.49 
Treatment 2 402099.81 201049.90 16.65 < 0.001 
Error 21 253532.69 12072.99 

Days 2 118298.34 59149.17 19.44 < 0.001 
Days x Treatment 4 13436.83 3359.21 1.10 ns. 
Error 42 127783.30 3042.46 

T r i a l s 7 92676.99 13239.57 8.43 < 0.001 
T r i a l s x Treatment 14 59992.45 4285.18 2.73 < 0.001 
Error 147 230905.27 1570.78 

T r i a l s x Days 14 40766.59 2911.90 1.52 ns. 
T r i a l s x Days x Treatments 28 71092.07 2539.00 1.33 ns. 
Error 294 562471.22 1913.17 

Within c e l l 552 1317423.06 
i 
t 

1 
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Experiment 10. (A) Mean seminal v e s i c l e weight ( + standard error) of castrate 
males treated with either o i l only (OIL), or dlhydrotest-
osterone (DHT), or DHT in combination with oestratiiol 
benzoate (DHT-OB). 

(B) T r i a l s with one mount (%) for castrate males treated with 
either o i l only, or DHT or DHT-OB. 
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As regards running speed, a l l the female groups started at the same 

l e v e l of performance ( f i r s t t r i a l means for Day 1: o i l group: 27.7 ± 6.2 s; 

DHT group: 24.6 ± 3.3 s; DHT-OB group: 27.9 ± 5.8 s. See also Appendix A, 

Table A4, for d a i l y t r i a l means), and ran fa s t e r over time (F = 19.23; 

with df. = 2, 42; p < 0.001; Figure 4.11). There was no si g n i f i c a n t 

interaction between treatment and days. The three groups, however, were 

different i n t h e i r l e v e l of performance. As in Experiment 8, the females 

ran f a s t e r to the DHT than to the placebo-treated males; and fast e r to the 

DHT-OB males than to the DHT males. The overall difference was s i g n i f i c a n t 

(F = 16.65, with df. = 2, 21; p < 0.001; Figure 4.12). Least Significant 

Difference t e s t s (Keppel, 1973) between individual groups were also s i g n i f i c a n t 

( o i l vs DHT: F = 13.04; with df. = 1, 21; p < 0.01; DHT vs DHT-OB: F = 

4.38; with df. = 1, 21; p < 0.05; two-tailed). The interaction between 

treatment and t r i a l s was also s i g n i f i c a n t (F = 2.73; with df. = 14, 147; 

p < 0.001), and i s shown in Figure 4.13. This demonstrates that females 

running to DHT treated males ran as fast as females to the DHT-OB treated 

males on every f i r s t t r i a l ; but subsequently showed a decrement in performance 

as a function of t r i a l s . The o i l group also showed a sim i l a r decrement. 

However, the females running to the active males (DHT-OB) maintained t h e i r 

i n i t i a l performance over t r i a l s . As in Experiment 8, t h i s suggests that 

copulatory behaviour may have a f a c i l i t a t o r y or proactive effect on the 

runway performance of female r a t s . 

Experiment 8 and Experiment 10 : R e l i a b i l i t y of Results 

I t was decided a poste r i o r i to te s t the robust nature of these findings 

with an analysis of variance on the treatment means of the two experiments. 

A summary of such an analysis i s presented in Table 4.6. There was no overall 

difference between experiments. However, the effect due to treatment was 

very large. In summary, then, and in view of the previous experimental 

findings, comparisons of the treatment means suggest that treatment effect 



Table 4.6 

R e l i a b i l i t y of effects obtained in Experiments 8 and 10. Summary of 
analysis of variance 

Source df. SS MS P 

Experiment (E) 1 80.60 80.60 3.84 ns. 

Treatment (T) 2 4544.22 2272.11 108.56 < 0.01 

Error (T x E) 2 41.86 ' 20.93 

Total 5 4666.68 
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Experiment 10. Daily mean runway time of receptive females running to castrate 
males treated with either o i l only (OIL), or dihydrotostosterone 
(DHT), or DHT in combination with oestradiol benzoate (DHT-OB). 
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Experiment 10. Mean runway time of receptive females running to castrate malos 
treated with either o i l only (OIL), or dihydrotestostorone (DHT), 
or DHT in combination with oestradiol benzoate (DHT-OD), averaged 
across the 3 experimental days. 
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Experiment 10. Mean runway time of r e c e p t i v e females running to c a s t r a t e 
males t r e a t e d with e i t h e r o i l only ( O I L ) , or d i h y d r o t e s t o s t e r o n e 
(D11T), or DHT i n combination with o e s t r a d i o l benzoate (DHT-0D) 
as a f u n c t i o n of t r i a l s (averaged over 3 d a y s ) . 
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can be e x p l a i n e d i n the f o l l o w i n g way: t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 

i n the performance of females running t o hormone t r e a t e d males than t o the 

placebo t r e a t e d c o n t r o l s . Females ran f a s t e r t o the hormone t r e a t e d 

animals ( F = 179.79; with df. = 2, 2; p < 0.01). I n a d d i t i o n , females ran 

f a s t e r to the s e x u a l l y a c t i v e males (DHT-OB) than to t h e c a s t r a t e s t r e a t e d 

w i t h DHT only ( F = 37.32; w i t h d f . = 2, 2; p < 0.05). 

These r e s u l t s show, then, t h a t the rewarding c h a r a c t e r i s t i c s of the 

t e s t o s t e r o n e t r e a t e d male can be s p l i t i n t o somatic and b e h a v i o u r a l components; 

and t h a t both are e f f e c t i v e . The b e h a v i o u r a l component must i n c l u d e mounting 

and i n t r o m i s s i o n . The somatic component i s l i k e l y to be o l f a c t o r y i n nature, 

s i n c e a c c e s s o r y sex glands i n the male r a t r e l e a s e an odour which i s 

a t t r a c t i v e to the female r a t (Gawienowski e t a l . , 1975). 

4.7 Experiment 11 : Sexual behaviour and p r o a c t i v a t i o n i n the female r a t 

The runway performance of females over t r i a l s i n Experiment 8 and 10 

suggests t h a t mating may have a p r o a c t i v e e f f e c t ( s e e a l s o F i g u r e s 4.7 and 

4.13). One way of i n v e s t i g a t i n g the r o l e of p r o a c t i v e e f f e c t s would be t o 

t e s t animals u s i n g d i s c r e t e t r i a l s w i t h a " r e s t p e r i o d " i n between s u c c e s s i v e 

t r i a l s . 

I n t h e f o l l o w i n g experiment, s e x u a l l y r e c e p t i v e female r a t s were 

allowed t o run to e i t h e r ( 1 ) c a s t r a t e d males or ( 2 ) c a s t r a t e d males t r e a t e d 

w i t h DHT or ( 3 ) c a s t r a t e d males t r e a t e d w i t h DHT and OB ( s e x u a l l y a c t i v e 

m a l e s ) , on one t r i a l every day. T h i s e f f e c t i v e l y introduced an i n t e r - t r i a l 

i n t e r v a l of approximately 24 hours. I t was hoped t h a t t h i s experiment would 

( 1 ) e x p l a i n the r o l e of p r o a c t i v a t i o n i n copulatory behaviour and ( 2 ) 

c orroborate and f u r t h e r endorse the f i n d i n g s r e l a t i n g t o the reward 

c h a r a c t e r i s t i c s of a s e x u a l l y a c t i v e male r a t . 

4.7.1 Method 

Twenty-four 120 day o l d females and twenty-four 180 day old males 

served as experimental animals. A l l the animals were e x p e r i m e n t a l l y and 



(1 
92 

s e x u a l l y I n e x p e r i e n c e d . The procedures f o r g i v i n g the animals s e x u a l 

experience and h a b i t u a t i o n to the runway were i d e n t i c a l to the procedures 

used i n Experiment 10. Each r a t was given one t r i a l on every day, and a l l 

the females were allowed 60 seconds of contact w i t h t h e i r a l l o c a t e d males. 

Records were kept of the number of c o p u l a t i o n s during each t r i a l , a s w e l l 

as the time taken by a female to t r a v e r s e the runway from the s t a r t box to the 

male h o l d i n g box. 

4.7.2 R e s u l t s and D i s c u s s i o n 

S i n c e i t was a n t i c i p a t e d t h a t t h e r e would be v a r i a b i l i t y i n runway 

performance f o r the f i r s t few t r i a l s , i t was decided a p r i o r i t o a n a l y s e 

data which showed u n i f o r m i t y i n runway time. Thus a n a l y s i s of v a r i a n c e (one-

between, one-within f a c t o r ) w i t h a p p r o p r i a t e post hoc comparisons was c a r r i e d 

out on the data obtained f o r t r i a l s ( d a y s ) 9 to 17, F i g u r e 4.14. A f t e r 17 

days, the t r i a l s were disc o n t i n u e d , s i n c e i t was n o t i c e d t h a t one female was 

becoming i n c r e a s i n g l y a g g r e s s i v e t o a DHT t r e a t e d male. A summary of the 

a n a l y s i s of v a r i a n c e i s presented i n Ta b l e 4.7. 

The males t r e a t e d w i t h DHT and OB copulated on approximately 70% of 

the t r i a l s , whereas the males t r e a t e d w i t h DHT or o i l only d i d not mount a t 

a l l . There was a mean of 1 CI 0.07) c o p u l a t i o n per t r i a l , and no e j a c u l a t i o n s 

were observed. 

A l l t h e females ran f a s t e r over t r i a l s ( F = 2.2!); w i t h d f . = 8, 168; 

p < 0.05). The t h r e e female groups, however, were d i f f e r e n t i n t h e i r runway 

performance. As i n Experiment 8 and 10, the females ran f a s t e r to males 

t r e a t e d w i t h DHT than to males t r e a t e d with o i l only; and f a s t e r to males 

t r e a t e d w i t h DHT-OB than t o the DHT t r e a t e d males ( F i g u r e 4.15). There was 

no i n t e r a c t i o n between t r i a l s and treatment over the l a s t n ine days. 

The one t r i a l paradigm was used because t h i s e f f e c t i v e l y a b o l i s h e d 

p o s s i b l e immediate a c t i v a t i o n a l e f f e c t s due to c o p u l a t i o n . I f the d i f f e r e n c e s 

i n runway performance over t r i a l s observed i n t h e two pre v i o u s experiments 



T a b l e 4.7 

Experiment 11. Sexual behaviour and p r o a c t i v a t i o n i n the female r a t . 
Summary of a n a l y s i s of v a r i a n c e 

Source df. SS MS F - r a t i o P 

S u b j e c t s 23 1641.58 
Treatment 2 801.08 400.54 10.01 < 0.01 
E r r o r 21 840.50 40.02 

T r i a l s 8 189.08 23.63 2.29 < 0.05 
T r i a l s x Treatment 16 73.35 4.58 < 1 n s . 

E r r o r 168 1734.08 10.32 

Within c e l l 192 1996.51 
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Experiment 11. Mean runway time (± standard e r r o r ) of r e c e p t i v e females 
running to c a s t r a t e males t r e a t e d with e i t h e r o i l only ( O I L ) , 
or d i h y d r o t e s t o s t e r o n e (DHT), or DHT i n combination with 
o e s t r a d l o l benzoate (DHT-OB), averaged a c r o s s Day 5 to Day 17. 
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were due t o a p r o a c t i v e e f f e c t of copulatory behaviour, one would not have 

expected t o f i n d a d i f f e r e n c e between the s e two groups on a one t r i a l a day 

b a s i s . However, such a d i f f e r e n c e was observed, s u g g e s t i n g t h a t p r o a c t i v e 

e f f e c t s do not account f o r the d i f f e r e n c e s i n Experiments 8 and 10. These 

r e s u l t s agree u n e q u i v o c a l l y w i t h those of Experiments 8 and 10, i n t h a t they 

show t h a t non-copulatory ( o l f a c t o r y ) as w e l l as copulatory s t i m u l i can 

r e i n f o r c e and enhance an i n s t r u m e n t a l response of a s e x u a l l y r e c e p t i v e female 

r a t . 

4.8 General D i s c u s s i o n 

An experiment by P f a f f and Pfaffman (1969) s u p p c r t s the idea t h a t u r i n e 

odours e l i c i t i n v e s t i g a t o r y responses i n r a t s . P f a f f and Pfaffman exposed 

male r a t s t o two s m a l l b o t t l e s c o n t a i n i n g u r i n e from oestrous and d i o e s t r o u s 

females, and d i s c u s s t h e i r f i n d i n g s t h u s : 

"Some of the b e h a v i o u r a l data r a i s e the q u e s t i o n of whether the 
d i f f e r e n t i a l b e h a v i o u r a l responses by the normal males were 
more e x p l o r a t o r y or more hedonic i n n a t u r e . Normal males f a i l e d 
t o show a s e l e c t i v e response when only t h e i r time of s n i f f i n g 
a t the most concentrated source of odor (th e openings of the 
b o t t l e t o p s ) was measured, although they did respond s e l e c t i v e l y 
when times of s n i f f i n g along the s i d e s of the b o t t l e was 
i n c l u d e d . T h i s suggests t h a t the normal males d i d not simply 
p r e f e r the odor of r e c e p t i v e female u r i n e , i n the hedonic sense, 
but i n s t e a d t h a t the odor of r e c e p t i v e female u r i n e enhanced 
the response of e x p l o r a t i o n and s n i f f i n g along the s i d e s of the 
b o t t l e . " 

(pp. 264-265) 

Brown (1978) found t h a t both o e s t r a d i o l and o e s t r a d i o l p l u s progesterone 

f a i l e d to s t i m u l a t e p r e f e r e n c e s f o r male odours and urine-marking i n o v a r i e c t -

omized females. However, h i s t e s t i n g procedures d i f f e r e d markedly from 

Experiment 7 and other published s t u d i e s ; and the r e s u l t s of Experiments 10 

and 11 show t h a t o l f a c t o r y as w e l l as b e h a v i o u r a l components of male s e x u a l 

behaviour a r e e f f e c t i v e i n c e n t i v e s . The s t u d i e s of Orsulak and Gawienowski 

(1972) and Orsulak et a l . (1975) c l e a r l y demonstrated t h a t the p r e p u t i a l 

gland i s r e s p o n s i b l e f o r the s e c r e t i o n of an a r o u s a l or a t t r a c t a n t pheromone 

i n both male and female r a t s . The r o l e of t h i s gland i n the s e x u a l behaviour 



of the r a t has been suspected f o r some time ( S t a n l e y and Powell, 1941). 

I t a l s o a c t i v e l y metabolises t e s t o s t e r o n e to d i h y d r o t e s t o s t e r o n e i n the 

normal r a t ( T v e t e r and Aakvaag, 1969; Richardson and Axelrod, 1971), and 

t h i s androgen i n p a r t i c u l a r s t i m u l a t e s p r e p u t i a l gland growth, as w e l l a s 

t h a t of other a c c e s s o r y sex s t r u c t u r e s , i n c a s t r a t e d r a t s ( P r i c e and 

Williams-Ashman, 1961). (Seminal v e s i c l e weights were recorded i n t h i s 

and other experiments because of t h e i r a c c e s s i b i l i t y and s i z e , as w e l l as 

being a r e l i a b l e measure of the p e r i p h e r a l 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 ) . 

According to Gawienowski e t a l . (1975), the nature of the pheromone appears 

t o be a v a r i e t y of v o l a t i l e , l i p i d - s o l u b l e substances ( a l i p h a t i c a l c o h o l s ) ; 

but t h e s e authors do not exclude the p o s s i b i l i t y t h a t other substances may 

a l s o have a t t r a c t a n t q u a l i t i e s , such as the more s t a b l e f r e e f a t t y a c i d s . 

Other candidates could i n c l u d e m e t a b o l i t e s of gonadal s t e r o i d s , a l r e a d y 

known to be the case i n dogs (Kloek, 1961). 

Krames and Mastromatteo (1973) suggest t h a t o l f a c t o r y s t i m u l i from male 

p a r t n e r s may i n f l u e n c e copulatory behaviour of the female r a t at t h r e e 

s t a g e s : approach, i n i t i a t i o n and maintenance. The idea t h a t 3 v a r i e t y of 

pheromones, of both a v o l a t i l e and more s t a b l e nature, a r e produced s e r v i n g 

the f u n c t i o n of s t i m u l a t i n g e x p l o r a t i o n and then e l i c i t i n g s e x u a l a r o u s a l i n 

female r a t s , i s given f u r t h e r support by some recent o b s e r v a t i o n s by Wiepkema 

(unpublished data, p e r s o n a l communication, 1978). He found t h a t the longer 

the male groomed h i s f l a n k , f a c e and an o g e n i t a l region, t h e more i n t e n s e was 

the performance of e a r v i b r a t i o n , d a r t i n g and hopping by a female who could 

s m e l l but not see the male. A p o s s i b l e e x p l a n a t i o n of t h i s grooming behaviour 

i s t h a t the male may be s t i m u l a t i n g odour-producing glands, or spreading 

g e n i t a l s e c r e t i o n s over h i s body by f i r s t l i c k i n g h i s g e n i t a l i a , and then 

grooming h i s f l a n k and f a c e . None of the s o l i c i t i n g behaviours observed by 

Wiepkema were observed i n females during t e s t i n g i n Experiment V. 

Using a Y-maze, Oilman and Westbrook (1978) showed t h a t s e x u a l l y 
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r e c e p t i v e female r a t s demonstrated a p r e f e r e n c e f o r s e x u a l l y a c t i v e males 

over c a s t r a t e d males or females. However, i n t h e i r experiments, the females 

could have been responding to the odour of a s e x u a l l y a c t i v e male a t the 

choice p o i n t . I n an e l e g a n t experiment, Mendelson, C h i l l a g and Quadagno (1978) 

demonstrated t h a t non-copulatory s t i m u l i emanating from an i n t a c t male hamster 

r e i n f o r c e d an i n s t r u m e n t a l response, which c o n s i s t e d of making a c o r r e c t choice 

f o r an i n t a c t s e x u a l l y a c t i v e male i n a T-maze, of a female hamster i n o e s t r u s . 

The importance of odour i n the i n i t i a t i o n and maintenance of s e x u a l behaviour 

i n the hamster has been given great emphasis ( s e e Johnston, 1977). L i k e w i s e , 

Krames and Mastromatteo (1973) have a l s o emphasised the importance of o l f a c t o r y 

s t i m u l i , emanating from the male r a t , i n the performance of s e x u a l behaviour 

by the female r a t . 

S e v e r a l r e cent s t u d i e s (Johnston and Zahorik, 1975; Johnston, Zahorik, 

Immler and Zakon, 1978, i n the hamster; and Goldfoot, Kravetz, Goy and Freeman, 

1976, i n the rhesus monkey) have emphasised the p o s s i b i l i t y t h a t , u n l i k e 

i n s e c t pheromones, o l f a c t o r y s t i m u l i i n v o l v e d i n mammalian s e x u a l behaviour 

might owe some of t h e i r p r o p e r t i e s t o l e a r n i n g p r o c e s s e s . Obviously, i n the 

case of the a t t r a c t i o n of the female t o the male, the odour of the male might 

become a t t r a c t i v e as a r e s u l t of i t s a s s o c i a t i o n w i t h mating. The 

experiments presented i n t h i s chapter were not designed to answer such a 

question; but they provide a b a s i s f o r doing so, s i n c e they i l l u s t r a t e a method 

f o r v a r y i n g s y s t e m a t i c a l l y the r e l a t i o n s h i p between the odour of the male and 

h i s s e x u a l a c t i v i t y . 



CHAPTER 5 

BEHAVIOURAL EFFECTS OF ETHYNYL OESTROGENS IN THE FEMALE RAT 

5.1 I n t r o d u c t i o n 
1 2 

E t h y n y l O e s t r a d i o l and Mestranol play a unique r o l e , as f a r as 

oestrogens are concerned among the s t e r o i d a l c o n t r a c e p t i v e agents. E t h y n y l 

O e s t r a d i o l was f i r s t s y n t h e s i s e d and developed as a potent, o r a l l y a c t i v e 

oestrogen i n the 1930s by Inhoffen, Logemann and Hohlweg and S e r i n i (1938) 

and together with i t s 3-methyl e t h e r , mestranol, has become an agent of 

major c l i n i c a l importance. One or the other of these e t h y n y l oestrogens 

i s an e s s e n t i a l i n g r e d i e n t i n n e a r l y a l l o r a l c o n t r a c e p t i v e formulations 

i n use at present, i n combination with the progestagen component. 

In view of the m i l l i o n s of women who use these o r a l l y potent 

c o n t r a c e p t i v e formulations the world over, a d e t a i l e d knowledge of t h e i r 

pharmacological p h y s i o l o g i c a l and behavioural p r o p e r t i e s seems n e c e s s a r y . 

Knowledge of the pharmacological and p h y s i o l o g i c a l p r o p e r t i e s of e t h y n y l 

oestrogens i s j u s t beginning to accumulate, more than a decade a f t e r t h e i r 

c l i n i c a l u t i l i z a t i o n became world-wide (Helton and Goldzieher, 1977). 

However, s t u d i e s of the behavioural e f f e c t s of these compounds i n animals 

are n o n - e x i s t e n t . T h i s l a c k of knowledge was the major s t i m u l u s f o r 

c a r r y i n g out the s e r i e s of experiments d e s c r i b e d i n t h i s chapter, 

5.2 Pharmacological and P h y s i o l o g i c a l p r o p e r t i e s of E t h y n y l oestrogens i n 
the female r a t 

5.2.1 G a s t r o i n t e s t i n a l absorption 

The i n t r o d u c t i o n of the 17o'-ethynyl group ( i n the case of ethynyl 

o e s t r a d i o l ) and an a d d i t i o n a l 3-mythoxy group ( i n the case of mestranol) 

1 
2 

E t h y n y l O e s t r a d i o l : 17rv-ethynyl-l, 3, 5(10) e s t r a t r i e n 3, 17p,-diol. 
Mestranol : 17ry-ethynyl-3-methoxy-l,3,5(10)-estratrien-17R-ol. 
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to the o e s t r a d i o l molecule ( F i g u r e 5.1) makes the compound o r a l l y a c t i v e . 

I t causes a r e t a r d a t i o n of the breakdown of the s t e r o i d molecule by the 

l i v e r . 

Evidence of r a p i d g a s t r i c absorption of e t h y n y l oestrogens i n the 

human female i s provided by s t u d i e s of plasma l e v e l s of e t h y n y l o e s t r a d i o l 

a f t e r o r a l a d m i n i s t r a t i o n of commercially t a b l e t e d f o r m u l a t i o n s : peak 

values a r e u s u a l l y observed w i t h i n one hour a f t e r a d m i n i s t r a t i o n (de l a 

Pena, Chenault and Goldzieher, 1975). 

5.2.2 T i s s u e d i s t r i b u t i o n 

S t u d i e s of t i s s u e d i s t r i b u t i o n of ethynyl o e s t r a d i o l and i t s 3 - methyl 

e t h e r mestranol have been performed i n rodents p a r t i c u l a r l y i n r a t s . 

S t e i n e t z , M e l i , Giannina, Beach and Manning (1967) compared t i s s u e 

d i s t r i b u t i o n of o e s t r a d i o l - 1 7 f l to t h a t of ethynyl o e s t r a d i o l and q u i n e s t r o l 

( 3 - c y c l o p e n t y l e t h e r of ethynyl o e s t r a d i o l ) i n the r a t . Both o e s t r a d i o l 

and ethynyl o e s t r a d i o l accumulated i n u t e r i n e t i s s u e to a much g r e a t e r extent 

than q u i n e s t r o l , although the d e p o s i t i o n of t h i s oestrogen i n f a t t y t i s s u e 

by f a r exceeded t h a t of e i t h e r o e s t r a d i o l or ethynyl o e s t r a d i o l . The 

enhanced o r a l a c t i v i t y of q u i n e s t r o l i s a t t r i b u t e d to i t s g r e a t e r storage 

and r e l e a s e from body f a t , and a s i m i l a r mechanism i s thought to be 

a p p l i c a b l e i n the g r e a t e r volume d i s t r i b u t i o n of mestranol as compared t o 

o e s t r a d i o l or e t h y n y l o e s t r a d i o l ( M e l i , Wolff and Honrath, 1963). B o l t 

and Remmer (1972) suggest t h a t mestranol i s taken up by the body f a t i n 

c o n s i d e r a b l e amounts, and by r e d i s t r i b u t i o n i t i s t r a n s l o c a t e d s l o w l y from 

f a t t y t i s s u e s i n t o the l i v e r where i t i s metabolised. 

Kappus, B o l t and Remmer (1972) showed t h a t four hours a f t e r the 

intravenous i n j e c t i o n of r a d i o l a b e l l e d oestrogens, t h e r e was 200 t o 300 per 

cent more mestranol i n b r a i n and adrenal t i s s u e than o e s t r a d i o l . The study 

a l s o put forward the p o s s i b i l i t y t h a t the s t e r o i d nucleus of mestranol 

was being degraded, and t h i s would a l s o account f o r i t s low u r i n a r y 
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S t r u c t u r a l formulae f o r 0 e 3 t r a d i o l - 1 7 R t E t h y n y l O e s t r a d i o l and Mestranol 
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e x c r e t i o n . The authors suggest that mestranol binds i r r e v e r s a b l y to 

t i s s u e and t h a t t h i s phenomenon might account f o r i t s prolonged r e t e n t i o n 

i n the body. I n mice, however, e t h y n y l a t e d oestrogens disappear more 

r a p i d l y than o e s t r a d i o l , i . e . they are bound more r a p i d l y by the l i v e r 

( B o l t and Remmer, 1972). The above s t u d i e s i n d i c a t e t h a t e t h y n y l oestrogens 

accumulate i n t i s s u e s t o a two or t h r e e - f o l d g r e a t e r extent than o e s t r a d i o l 

( a n a t u r a l oestrogen), and t h a t e t h y n y l o e s t r a d i o l but p a r t i c u l a r l y mestranol 

may form d i f f e r e n t m e t abolites to o e s t r a d i o l , which may account f o r t h e i r 

g r e a t e r i r r e v e r s i b l e binding. 

5.2.3 Conversion of Mestranol to E t h y n y l O e s t r a d i o l 

An important aspect of the metabolism of mestranol i s i t s conversion 

to ethynyl o e s t r a d i o l . Brown (1962) and Breuer, Knuppen, Gross and 

Mitternmayer (1964) demonstrated that methylated oestrogens a r e demethylated 

i n v i v o . Jensen, Jacobson, F l e s c h e r , Saha, Gupta, Smith, C o l u c c i , S h i p l a c o f f , 

Neumann, De Sombre and Jungblut (1966) showed th a t demethylation d r a m a t i c a l l y 

i n c r e a s e s u t e r i n e oestrogen receptor binding, and t h a t mestranol i s 

demethylated t o e t h y n y l o e s t r a d i o l . They p o s t u l a t e d that t h i s step i s 

n e c e s s a r y f o r mestranol t o become hormonally a c t i v e . A s i m i l a r mechanism 

may operate i n b r a i n t i s s u e , s i n c e b r a i n and u t e r i n e oestrogen c y t o s o l 

r e c e p t o r s a r e s i m i l a r . Other s t u d i e s by Korenman (1969) supported t h i s 

theory by demonstrating t h a t e t h y n y l o e s t r a d i o l was h i g h l y c o m p e t i t i v e w i t h 

o e s t r a d i o l f o r binding with the oestrogen r e c e p t o r whereas mestranol was not 

as c o m p e t i t i v e . S t u d i e s u s i n g r a b b i t s and mice showed th a t mestranol 

could compete w i t h and e f f e c t i v e l y i n h i b i t o e s t r a d i o l - 1 7 R i n binding to 

u t e r i n e c y t o s o l r e c e p t o r s : the c o n c e n t r a t i o n of mestranol used was f i v e 

times that of o e s t r a d i o l - 1 7 B (Hahn, McGuire, Greenslade and Turner, 1971). 

These s t u d i e s suggest t h a t mestranol has some "o e s t r o g e n i c c h a r a c t e r " , 

but more important i s the suggestion t h a t demethylation enhances oestrog-

e n i c i t y . Kappus, B o l t and Remmer (1973) s t u d i e d the problem of demethylation 



f u r t h e r . They demonstrated t h a t the progestogens ethynodiol d i a c e t a t e , 

norethynodrel and progesterone a l s o I n h i b i t e d the demethylation of 

mestranol to et h y n y l o e s t r a d i o l , but added t h a t the amount of progestogens 

i n o r a l c o n t r a c e p t i v e s i s not high enough to a f f e c t demethylation i n v i v o . 

5.2.4 E x c r e t i o n 

The l i p o p h i l i c p r o p e r t i e s of mestranol l e a d to an e x c r e t i o n p a t t e r n 

d i f f e r e n t from t h a t of ethynyl o e s t r a d i o l . Twenty-four hours a f t e r 

a d m i n i s t r a t i o n of r a d i o l a b e l e d mestranol t o r a t s , 19% of the r a d i o ­

a c t i v i t y was r e t a i n e d i n f a t t y t i s s u e and then r e l e a s e d g r a d u a l l y u n t i l 

the tenth day a f t e r a d m i n i s t r a t i o n . However, the amount of r a d i o a c t i v i t y 

recovered a f t e r intravenous a d m i n i s t r a t i o n of mestranol or et h y n y l 

o e s t r a d i o l was 57% i n ten days, whereas f o r o e s t r a d i o l the recovery 

amounted to 75% w i t h i n t h r e e days. No f u r t h e r s i g n i f i c a n t amounts of 

r a d i o a c t i v i t y from mestranol or ethyn y l o e s t r a d i o l were e x c r e t e d a f t e r ten 

days ( B o l t and Remmer, 1972a,b). However, the method of a d m i n i s t r a t i o n of 

these hormones, whether by an intravenous, i n t r a p e r i t o n e a l or subcutaneous 

route, l e a d s to d i f f e r e n t metabolic and excretory r a t e s , and t h e r e i s s t i l l 

a p a u c i t y of such information ( B o l t and Remmer, 1972b). 

5.2.5 A n t i - f e r t i l i t y p r o p e r t i e s of E t h y n y l Oestrogens 

The s t u d i e s of Goldzleher and h i s co-workers (Gual, B e c e r r a , R i c e -

Wray and Goldzieher, 1967) were the f i r s t which s p e c i f i c a l l y i n v e s t i g a t e d 

the a n t i - o v u l a t o r y potency of ethyn y l oestrogens i n primates and showed 

q u i t e c o n c l u s i v e l y t h e i r high suppression of p i t u i t a r y a c t i v i t y , such as 

gonadotrophin i n h i b i t i o n , r e l a t i v e t o other o e s t r o g e n i c e f f e c t s . I t i s 

i n t e r e s t i n g t o note, then, t h a t a n t i - o v u l a t o r y a s s a y s i n l a b o r a t o r y rodents 

f a i l e d t o demonstrate, to such a l a r g e extent, the a n t i - o v u l a t o r y potency 

of t h e s e s t e r o i d s observed i n primates (Helton and Goldzieher, 1977). The 

a n t i - f e r t i l i t y a c t i v i t y of va r i o u s s t e r o i d s which were administered o r a l l y 

or subcutaneously, a t d i f f e r e n t times during the oestrous c y c l e , u s i n g 

d i f f e r e n t doses, and t h e i r probable mode of a c t i o n , have been reported f o r 
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d i f f e r e n t animal s p e c i e s ( e.g. see Chang and Yanagimachi, 1965). 

McCann and T a l e i s n i k (1961) suggested t h a t oestrogens could i n h i b i t 

the r e l e a s e of both f o l l i c l e s t i m u l a t i n g hormone and l u t e i n i z i n g hormone 

from the p i t u i t a r y , thereby i n h i b i t i n g o v u l a t i o n . Watnick, Gibson, Vinegra, 

and T o l k s d o r f (1964) found t h a t e t h y n y l o e s t r a d i o l i n h i b i t e d p i t u i t a r y 

gonadotrophin r e l e a s e but not ova t r a n s p o r t or n i d a t i o n . Treatment w i t h 

t h i s oestrogen a l s o caused f o e t a l r e s o r p t i o n . Evidence t h a t other f a c t o r s 

b e s i d e s i n h i b i t i o n of o v u l a t i o n a r e i n v o l v e d comes from the s t u d i e s by 

K i n d and Dorfman (1964, 1965). They e s t a b l i s h e d that the doses of 

o e s t r a d i o l - l 7 R and mestranol needed t o produce a n t i - f e r t i l i t y i n the r a t 

or p a r a b i o t i c r a t were about one hundred times l e s s than those needed f o r 

an a n t i - o v u l a t o r y e f f e c t i n the r a b b i t . On the other hand, compounds 

having p r o g e s t a t i o n a l a c t i v i t y , such as progesterone, 19-norprogesterone 

and norethindrone were c o n s i d e r a b l y more a c t i v e i n the a n t i - o v u l a t i o n t e s t 

i n the r a b b i t and only very weakly a c t i v e as a n t i - f e r t i l i t y agents i n the 

i n t a c t and p a r a b i o t i c r a t . Although such i n t e r - s p e c i f i c comparisons 

ar e not s t r i c t l y j u s t i f i e d , t h i s suggests t h a t other f a c t o r s b esides 

i n h i b i t i o n of o v u l a t i o n a r e i n v o l v e d . Using s i l a s t i c tube implants of 

o e s t r a d i o l - l 7 B and ethynyl o e s t r a d i o l , Casas and Chang (1970) demonstrated 

t h a t t h e a n t i - f e r t i l i t y p r o p e r t i e s of t h e s e oestrogens may be due to 

a d i s t u r b a n c e i n the a c t i v i t y of the e x i s t i n g corpora l u t e a . T h e i r r e s u l t s 

suggest t h a t both o e s t r a d i o l and e t h y n y l o e s t r a d i o l could maintain the 

l i f e span of the corpus luteum e i t h e r by a d i r e c t e f f e c t or through the 

hypothalamo-pituitary a x i s , thereby c a u s i n g a derangement not only of the 

o v u l a t o r y mechanism, but a l s o of f e r t i l i s a t i o n , ova t r a n s p o r t and 

i m p l a n t a t i o n . They conclude, however, th a t the a n t i - f e r t i l i t y property of 

these oestrogens, as r e v e a l e d i n the study, was as a r e s u l t of a d i s t u r b a n c e 

i n the mechanism of i m p l a n t a t i o n . 

F u r t h e r s t u d i e s by the G o l d z i e h e r group showed t h a t i n humans the 

p i t u i t a r y - s u p p r e s s i n g p r o p e r t i e s of e t h y n y l oestrogens was due to a 
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synergism between t h e s e oestrogens and the 19-norprogestogens; so t h a t 

q u a n t i t i e s of the s e s t e r o i d s which by themselves were i n s u f f i c i e n t f o r 

the complete i n h i b i t i o n of o v u l a t i o n , were h i g h l y e f f e c t i v e when administered 

together (Goldzieher, de l a Pena, Chenault and Cervantes, 1975). The 

e f f e c t s of an oestrogen-progestogen formulation on hypothalamic and 

p i t u i t a r y f u n c t i o n i n r a t s have been d e s c r i b e d by Minaguchi and Meites 

(1967). They used a norethynodrel (98.5%) - mestranol (1.5%) combination, 

which i s widely used as an a n t i - f e r t i l i t y agent, and may be regarded as 

a prototype of other s t e r o i d combinations used f o r t h i s purpose. Both 

norethynodrel and mestranol have been shown to i n h i b i t o v u l a t i o n i n r a b b i t s 

and the former a l s o i n h i b i t e d o v u l a t i o n i n r a t s ( K i n d and Dorfman, 1964). 

Minaguchi and Meites found t h a t t h i s s t e r o i d f o r m u lation reduced p i t u i t a r y 

l u t e i n i z i n g hormone and f o l l i c l e s t i m u l a t i n g hormone, but i n c r e a s e d p r o l a c t i n 

c o n c e n t r a t i o n . Furthermore, t h i s treatment a l s o s t i m u l a t e d u t e r i n e growth 

and mammary development i n i n t a c t animals, but had no e f f e c t on the o v a r i e s 

or mammary glands of hypophysectomized r a t s . These e f f e c t s are thought to 

r e f l e c t the mode of a c t i o n of norethynodrel-mestranol formulations on the 

p i t u i t a r y . A major d i f f e r e n c e i n the f i n d i n g s between the human and r a t 

s t u d i e s i s the a b i l i t y of oestrogen-progestogen combinations to extend 

l u t e a l l i f e i n r a t s , presumably by the enhanced r e l e a s e of p r o l a c t i n , which 

i s l u t e o t r o p h i c i n r a t s but not i n women ( S c h a l l y , C a r t e r , S a i t o , Arimura 

and Bowers, 1968). 

5.3 Experiment 12 : The e f f e c t s of ethynyl oestrogens on food i n t a k e , 

water i n t a k e and body weight i n the female r a t . 

An understanding of the e f f e c t of et h y n y l oestrogens on behavioural 

changes could be of value f o r s e v e r a l reasons. T h i s work may provide a 

val u a b l e approach t o the study of the e f f e c t s of oestrogens on ne u r a l 

processes r e g u l a t i n g feeding, d r i n k i n g , s e x u a l behaviour and body weight, 

s i n c e the pharmaco-kinetic p r o p e r t i e s ( r a t e s and mechanisms of uptake, 

metabolism, e x c r e t i o n e t c . ...) of these oestrogens vary c o n s i d e r a b l y . 
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Secondly, i t should reveal new i n f o r m a t i o n about the behavioural e f f e c t s of 

ethyn y l oestrogens i n the female r a t . And t h i r d l y , since there has been 

a great deal of emphasis r e c e n t l y on the possible involvement of 

contraceptive s t e r o i d s i n changes i n human s e x u a l i t y and sexual behaviour 

(Cullberg, 1974), t h i s work could be of some p r a c t i c a l importance. The 

e f f e c t s of ethynyl oestrogens on sexual behaviour i n the ovariectomized 

female r a t are considered i n Experiment 13 and Experiment 14. 

This experiment i n v e s t i g a t e s the e f f e c t s of oestradiol-178, and the 

ethynyl oestrogens, mestranol and ethynyl o e s t r a d i o l on food i n t a k e , water 

i n t a k e and body weight i n the ovariectomized female r a t . 

5.3.1 Method 

Experimental animals 

Twenty experimentally and sex u a l l y naive female Wistar r a t s , about 120 

days of age, were used. Two of these r a t s served as spare animals. Ten 

days before they were ovariectomized, the r a t s were housed s i n g l y i n p l a s t i c 

cages, which had been pr e v i o u s l y modified f o r the measurement of food 

intake as described i n Chapter 2. 

Body weight, food and water i n t a k e were measured t o the nearest 1.0 g, 

0.1 g and 0.1 ml r e s p e c t i v e l y , on f o u r consecutive days p r i o r t o ovariectomy, 

i r r e s p e c t i v e of the stage of the oestrous cycle. The r a t s were ovariectomized 

under ether anaesthesia during the course of one day. They were then 

returned t o t h e i r r e spective cages and body weight, food and water con­

sumption were monitored p o s t - o p e r a t i v e l y i n order t o determine when n u t r i e n t 

i n take and body weight had returned t o , more or l e s s , pre-operative l e v e l s . 

Because the dorsal wound of one animal d i d not heal s a t i s f a c t o r i l y and 

became inflamed, the animal was k i l l e d and s u b s t i t u t e d w i t h one of the 

spare animals chosen at random. So the f i n a l number of animals e v e n t u a l l y 

used i n the experiment was 18, and, e i g h t days a f t e r ovariectomy they had 

a mean post-operative body weight of 270 ± 13 g. 
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Hormone I n j e c t i o n s 

Equimolar s o l u t i o n s of oestradiol-17B (mol. wt. = 272.4); ethynyl 

o e s t r a d i o l (mol. wt. = 296.4) and mestranol (mol. wt. = 310.4; Sigma 

Chemical Co. - Poole) were prepared using a dose of 5 u.g/0.1 ml of arachis 

o i l / r a t of o e s t r a d i o l as a reference standard. The dose of ethynyl 

o e s t r a d i o l used was 5.44 H-g/0.1 ml o i l / r a t and t h a t of mestranol, 5.69 Hg/0.1 

ml o i l / r a t . Using equimolar s o l u t i o n s of the hormones ensured t h a t the 

doses of a l l the hormones were the same f o r a l l the animals. The hormones 

were kept i n blackened b o t t l e s and maintained a t room temperature t o avoid 

decomposition. Fresh s o l u t i o n s of the hormones were prepared before each 

treatment p e r i o d . 

Experimental schedule 

Rather than randomizing the treatment order f o r the eighteen r a t s , 

the order was counterbalanced across the animals so t h a t t h e re were three 

r e p l i c a t i o n s of the s i x possible orders. There were three "treatment 

periods" separated by ten "tr e a t m e n t - f r e e " or "recovery" days, which allowed 

f o r body weight, food and water i n t a k e t o r e t u r n t o near normal l e v e l s . 

Each treatment p e r i o d consisted of fo u r days d u r i n g which the animals were 

given hormone i n j e c t i o n s . The animals were i n j e c t e d w i t h one of the th r e e 

hormones from Monday t o Thursday of each treatment week. Food and water 

i n t a k e were measured from Monday t o Friday of each week: the food hoppers 

and water b o t t l e s were f i l l e d on Sunday and 24 hours l a t e r the remainder, 

together w i t h any s p i l t food was weighed, t h i s procedure was repeated f o r 

the other week-days. The animals were weighed d a l l y from Monday t o Friday 

and a l l the measurements were made between 09.00 h r and 10.00 h r , 2 hours 

before l i g h t s - o u t . 

On f o u r days du r i n g the recovery period (from Tuesday t o Fr i d a y ) 

body weight, food and water i n t a k e were measured as f o r the treatment 

p e r i o d . Thus records were kept f o r both treatment and recovery periods; 

the o v e r a l l d u r a t i o n of the experiment was s i x weeks. A time schedule f o r 
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the experiment i s presented i n Table 5.1. The main features of the 

experimental design may be summarised as f o l l o w s : 

1. Each animal received each hormone treatment once, thus a c t i n g as 

i t s own c o n t r o l . The design, t h e r e f o r e allowed f o r economy i n the number 

of animals used. 

2. Each treatment p e r i o d s t a r t e d w i t h each r a t at or around the same 

body weight. The r a t s were not obese and t h e r e f o r e t h i s weight was 

comparable t o normal body weight (pre-operative w e i g h t ) . 

3. Food intake and water consumption were also comparable t o pre­

operative ( o r normal) l e v e l s . 

4. The recovery t o approximately normal l e v e l s of the above measures 

was achieved by a l l o w i n g an extended treatment-free period (10 days) between 

treatments. 

5.3.2 Results 

Pre-experimental measures 

Figure 5.2 shows food i n t a k e , water i n t a k e and body weight before and 

a f t e r ovariectomy. I t can be seen t h a t by Day 6 a l l the measures had 

returned t o approximately pre-operative l e v e l s . 

The mean food i n t a k e f o r the f o u r days preceding ovariectomy (measured 

i r r e s p e c t i v e of the stage of the oestrous c y c l e ) was 17.2 ±0.3 g, and 

by Day 8 p o s t - o p e r a t i v e l y i t was 17.6 ± 0.6 g (± standard e r r o r ) . The 

depression i n food i n t a k e immediately a f t e r ovariectomy was probably due t o 

po s t - s u r g i c a l trauma. The mean pre-operative water consumption was 28.8 

1 2 ml, and by Day 8 p o s t - o p e r a t i v e l y mean water i n t a k e was 29.3 ± 2 ml. 

Mean body weight before the s t a r t of the experiment was 270 ± 3 g. This 

compared w e l l w i t h the pre-operative l e v e l (on Day -1) of 267 + 3 g. 

So at the s t a r t of the experiment body weight, food and water i n t a k e 

were comparable t o normal or pre-ovariectomy l e v e l s . Day 1 of the 

experiment proper corresponds t o Day 9 a f t e r ovariectomy (see Table 5.1). 
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Figure 5.2 

(A) Mean food i n t a k e ( i n g ) . 
(B) Mean water intake ( i n m l ) , and body weight ( i n g) of 

female r a t s before and a f t e r ovariectomy. V e r t i c a l bars 
represent two standard e r r o r s (2SE). 



I l l 

Experiment r e s u l t s 

The r e s u l t s f o r the experimental and recovery periods were analysed 

using analysis of variance (O-between, two-within f a c t o r s ) . The Least 

S i g n i f i c a n t D i f f e r e n c e t e s t was used f o r post hoc comparisons between 

means. 

Food Intake 

1. Experimental period: 

Figure 5.3 shows the e f f e c t of oestrogen treatment on d a i l y food 

i n t a k e . Table 5.2 i s a summary t a b l e of the an a l y s i s of variance. As 

expected, oestrogen treatment depressed food i n t a k e (when compared w i t h 

pre-experimental l e v e l s ) . Although o e s t r a d i o l caused a drop i n food i n t a k e , 

mestranol caused a greater drop and ethynyl o e s t r a d i o l caused the greatest 

depression i n food i n t a k e . The o v e r a l l d i f f e r e n c e i n food i n t a k e was 

s i g n i f i c a n t (F = 54.24; w i t h d f . = 2 , 34; p < 0.001), and both i n d i v i d u a l 

comparisons were also s i g n i f i c a n t ( o e s t r a d i o l vs mestranol: F = 15.17; 

w i t h d f . = 1, 34; p < 0.001; mestranol vs ethyn y l o e s t r a d i o l : F = 41.30; 

w i t h df. = 1 , 34; p < 0.001). The d i f f e r e n c e i n food i n t a k e between the 

f i r s t day before oestrogen treatment (Day 1: food i n t a k e was measured f o r 

the preceding 24 hours before i n j e c t i o n s were g i v e n ) , the f o u r t h day of 

oestrogen treatment (Day 5) and the seventh day of the recovery p e r i o d 

(Day 12: f o r d e t a i l s see Table 5.1) i s shown i n Figure 5.4. Food i n t a k e 

i s equal and high on the f i r s t and t w e l f t h days, and low on the f i f t h day. 

The d i f f e r e n c e between oestrogen treatments i s n o t i c e a b l e ( t h e values 

show the mean ± standard e r r o r ) . 

2. Recovery pe r i o d : 

Figure 5.3 shows the mean d a i l y food i n t a k e on fo u r days during the 

recovery period (Days 9 t o 12). Table 5.2 shows t h a t food i n t a k e increased 

when oestrogen treatment was withdrawn (F = 13.29; w i t h d f . = 3 , 51; p < 

0.001); and the o v e r a l l d i f f e r e n c e i n food i n t a k e was s t i l l s i g n i f i c a n t 



Table 5.2 

Experiment 12. E f f e c t of Ethynyl Oestrogens on Food Intake i n the Rat: 
Experimental Condition. Summary of Analysis of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 221.78 

Treatment 
E r r o r 

2 
34 

862.52 
270.28 

431.26 
7.95 

54.24 < 0.001 

Days 
E r r o r 

3 
51 

640.13 
182.18 

213.38 
3.57 

59.73 < 0.001 

Days x Treatment 
Er r o r 

6 
102 

19.71 
359.49 

3.28 
3.52 

< 1 ns 

Within c e l l 198 2334.30 

Table 5.3 

Experiment 12. E f f e c t of Ethynyl Oestrogens on Food Intake i n the Rat: 
Recovery Condition. Summary of Analysis of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 155.58 

Treatment 
E r r o r 

2 
34 

143.66 
199.33 

71.83 
5.86 

12.25 < 0.001 

Days 
E r r o r 

3 
51 

60.67 
77.62 

20.22 
1.52 

13.29 < 0.001 

Days x Treatment 
E r r o r 

6 
102 

25.14 
160.16 

4.19 
1.57 

2.67 < 0.05 

Wi t h i n c e l l 198 666.58 
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Figure 5.3 

Experiment 12. Food in t a k e from Day 2 t o Day 5 of ovariectomized r a t s i n j e c t e d 
w i t h equimolar doses of e i t h e r o e s t r a d i o l or ethynyl o e s t r a d i o l 
or mestranol, and a f t e r i n j e c t i o n s were stopped (Day 9 t o Day 12). 
The days i n the f i g u r e correspond t o the time schedule of the 
experiment. 



111 

18 0 16 2 14 

rji 12 
IU 
< 10 

8 

O E S T R A D I O L 

•
D A Y 1 M O N D A Y 
Pre-treatment 

Figure 5.4 

Experiment 12. Comparison of food intake of ovariectomized r a t s , i n j e c t e d 
w i t h equimolar doses of e i t h e r o e s t r a d l o l or ethynyl oe^st narii o l 
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(F = 12.25; w i t h d f . = 2 , 34; p < 0.001). This was mainly due t o the gradual 

increase i n food i n t a k e of the mestranol t r e a t e d r a t s which manifested 

i t s e l f i n a s i g n i f i c a n t days x treatment i n t e r a c t i o n (F = 2.67; w i t h d f . = 

6, 102; p < 0.05). Post-hoc analysis using comparisons of weighted means 

revealed t h a t 90% of the variance was a t t r i b u t a b l e t o the l i n e a r t r e n d i n 

food i n t a k e shown by r a t s t r e a t e d w i t h mestranol (MS = 22.58; F = 
comp. 

14.38; w i t h d f . = 1, 102; p < 0.001). The r e s i d u a l variance estimate was not 

s i g n i f i c a n t (MS = 0.51; F < 1; w i t h d f . = 5, 102; p = n s ) . However, 
1*0 S 1 Q • 

by Day 12, food i n t a k e approached normal l e v e l s (Figure 5.4). 

Water Intake 

1. Experimental period: 

A summary of the analysis of variance i s presented i n Table 5.4. 

Figure 5.5 shows t h a t the depression of water consumption by oestrogen 

a d m i n i s t r a t i o n was s i m i l a r t o the depression i n food i n t a k e , and the o v e r a l l 

d i f f e r e n c e was s i g n i f i c a n t (F = 26.36; w i t h d f . = 2, 34; p < 0.01). I n d i v i d u a l 

comparisons, however, showed t h a t there was no d i f f e r e n c e i n water con­

sumption between o e s t r a d i o l and mestranol t r e a t e d r a t s (F = 4.08; w i t h d f . = 

1, 34; 0.06 > p > 0.05). However, comparisons between these two treatment 

groups (between means on the f o u r t h day of t r e a t m e n t ) , using the a p p r o p r i a t e 

e r r o r term, revealed t h a t there was a r e l i a b l e d i f f e r e n c e i n water i n t a k e 

(F = 7.63; w i t h d f . = 1, 102; p < 0.01) on t h a t day. Rats t r e a t e d w i t h 

ethynyl o e s t r a d i o l drank s i g n i f i c a n t l y l ess than mestranol t r e a t e d r a t s 

(F = 25.26; w i t h d f . = 1, 34; p < 0.001). Figure 5.6 shows the d i f f e r e n c e 

between the pre-experimental, experimental and post-experimental l e v e l s i n 

water i n t a k e . 

2. Recovery pe r i o d : 

Figure 5.5 shows water intake on four days d u r i n g the recovery 

pe r i o d , and the a n a l y s i s of variance i s summarised i n Table 5.5. There was 

no s i g n i f i c a n t o v e r a l l increase i n water consumption over days, but i t i s 



Table 5.4 

Experiment 12. E f f e c t of Ethynyl Oestrogens on Water Intake i n the Rat: 
Experimental Condition. Summary of Analysis of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 4057. 11 

Treatment 2 1441. 14 720.57 26.S6 < 0.01 
Er r o r 34 929. 59 27.34 

Days 3 162. 66 54.22 4.02 < 0.05 
Er r o r 51 687. 74 13.49 

Days x Treatment 6 63. 91 10.65 1.06 ns 
E r r o r 102 1026. 63 10.07 

W i t h i n c e l l 198 4311. 67 

Table 5.5 

Experiment 12. E f f e c t of Ethynyl Oestrogens on Water Intake i n the Rat: 
Recovery Condition. Summary of Analysis of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 3555.94 

Treatment 
E r r o r 

2 
34 

5fifis3« 
1345.78 

283.18 
39.58 

7.15 < 0.01 

Days 
Er r o r 

3 
51 

68.76 
585.94 

22.92 
11.49 

1.99 ns 

Days x Treatment 
E r r o r 

6 
102 

162.78 
1186.58 

27.13 
11.63 

2.33 < 0.05 

Wi t h i n c e l l 198 3916.20 
• 
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Figure 5.5 

Water intake (from Day 2 t o Day 5) of ovariectomized r a t s 
i n j e c t e d w i t h equimolar doses of e i t h e r o e s t r a d i o l or ethyn y l 
o e s t r a d i o l or mestranol, and a f t e r i n j e c t i o n s were stopped 
(Day 9 t o Day 12). The days i n the f i g u r e correspond t o the 
time schedule of the experiment. 
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Experiment 12. Comparison of water i n t a k e of ovariectomized r a t s , i n j e c t e d 
w i t h equimolar doses of e i t h e r o e s t r a d i o l or et h y n y l o e s t r a d i o l 
or mestranol, on separate days during the experiment. The 
values show the mean ± standard e r r o r . The days shown i n the 
f i g u r e correspond t o the time schedule of the experiment. 



c l e a r t h a t mestranol t r e a t e d r a t s showed a slower recovery i n d r i n k i n g 

than r a t s t r e a t e d w i t h e i t h e r o e s t r a d i o l or ethynyl o e s t r a d l o l (F = 2.33; 

w i t h d f . = 6, 102; p < 0.05). Post-hoc a n a l y s i s of t h i s i n t e r a c t i o n 

a t t r i b u t e d 8 1 % of the variance t o the l i n e a r trend i n water i n t a k e shown 

by females t r e a t e d w i t h mestranol (MS = 132.1; F = 10.84; w i t h d f . = 
comp. 

1, 102; p < 0.01). The r e s i d u a l variance estimate was not s i g n i f i c a n t 

( M S r e s i d = 6 , 1 4 ; F < 1 ; W i t h d f ' = 5 ' 1 0 2 ' p = — F 1 e u r e 5 - 6 shows 
t h a t by Day 12 water i n t a k e was s i m i l a r t o normal or pre-experimental 

l e v e l s . 

Body Weight 

1. Experimental period: 

The r e s u l t s were expressed as Per Cent Change i n Body Weight and 

analysed w i t h a n a l y s i s of variance. Table 5.6 presents a summary of the 

a n a l y s i s . Figure 5.7 shows t h a t t h e re was a s i g n i f i c a n t change i n weight 

w i t h oestrogen treatment (F = 20.23; w i t h d f . = 2 , 34; p < 0.001). Rats 

t r e a t e d w i t h mestranol and o e s t r a d i o l d i d not show any d i f f e r e n c e i n 

percentage weight change (F = 0.67; w i t h d f . = 1 , 34; p = n s ) , although 

by Day 5 a d i f f e r e n c e appeared (F = 5.23; w i t h d f . = 1 , 102; p < 0.05). 

Rats t r e a t e d w i t h ethynyl o e s t r a d i o l s i g n i f i c a n t l y l o s t more weight than 

mestranol t r e a t e d r a t s (F = 25.26; w i t h d f . = 1 , 34; p < 0.001). These 

r a t s a l so showed a greater weight loss over days than e i t h e r o e s t r a d i o l or 

mestranol t r e a t e d r a t s (F = 10.80; w i t h d f . = 6, 102; p < 0.001). Body 

weight on pre-experimental, experimental and recovery days (expressed i n 

grams) i s shown i n Figure 5.8. 

2. Recovery p e r i o d : 

The prolonged recovery of body weight by r a t s t r e a t e d w i t h mestranol 

can be seen i n Figure 5.7, and a summary of the a n a l y s i s of variance i n 

Table 5.7. Four days a f t e r the withdrawal of oestrogen treatment, r a t s 

which had been t r e a t e d w i t h e i t h e r o e s t r a d i o l or ethynyl o e s t r a d i o l had 



Table 5.6 

Experiment 12. E f f e c t of Ethynyl Oest rogens on Change i n Body Weight 
the Rat: Experimental Condition Summary of Analysis 
of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 250.86 

Treatment 
Err o r 

2 
34 

396.85 
333.55 

198.42 
9.81 

20.23 < 0.001 

Days 
Erro r 

3 
51 

504.97 
42.20 

168.32 
0.83 

203.45 < 0.001 

Days x Treatment 
E r r o r 

6 
102 

52.05 
81.93 

8.68 
0.80 

10.80 < 0.001 

With i n c e l l 198 1411.55 

Table 5.7 

Experiment 12. E f f e c t of Ethynyl Oestrogens on Per Cent Change i n Body 
Weight i n the Rat: Recovery Condition. Summary of 
Analysis of Variance 

Source df SS MS F - r a t i o P 

Subjects 17 414.31 

Treatment 2 257.74 128.87 4.86 < 0.05 
Er r o r 34 901.97 26.53 

Days 3 224.01 74.67 84.05 < 0.001 
E r r o r 51 45.31 0.89 

Days x Treatment 6 10.81 1.80 1.88 i 
ns 

E r r o r 102 97.89 0.96 

Wi t h i n c e l l 198 
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Experiment 12. Per cent change I n body weight (from Day 2 t o Day 5) of 
ovarlectomlzed r a t s i n j e c t e d w i t h equimolar doses of e i t h e r 
o e s t r a d i o l or ethy n y l o e s t r a d i o l or mestranol, and a f t e r 
i n j e c t i o n s were stopped (Day 5 t o Day 12). The days i n the 
f i g u r e correspond t o the time schedule of the experiment. 
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recovered 3% and 4% of t h e i r body weight respectively, whereas mestranol 

treated rats had recovered only 1% of t h e i r body weight. The rate in 

weight gain was si m i l a r , and the increase i n weight was s i g n i f i c a n t a f t e r 

t h i s period (F = 84.05; with df. = 3, 51; p < 0.001). Although an 

overall difference in oestrogen treatment was s t i l l evident during the 

recovery period (F = 4.86; with df. = 2, 34; p < 0.05), i t was not great 

and the body weight of a l l the animals approximated normal l e v e l s by Day 

12 (Figure 5.8). 

5.3.3 Discussion 

The anorexic effect of oestradiol-170, and the related decrease i n 

water intake and body weight are well documented ( T a r t t e l i n and Gorski, 

1971; Drewett, 1973a,b; Redick, Nussbaum and Mook, 1973). The experiment 

reported here shows that t h i s effect i s also produced by the two synthetic 

oestrogens used i n oral contraceptive formulations, ethynyl oestradiol 

and mestranol. 

Mestranol and oestradiol-17fl had similar effects, with one important 

difference: mestranol treated rats showed a slower recovery to "control" 

l e v e l s of food intake, water intake and body weight. Ethynyl oestradiol 

treatment produced the greatest depression of a l l three measures which were 

recorded during the experiment. Clearly, such effects must r e f l e c t 

differences in the pharmaco-kinetic properties of these oestrogens. An 

explanation which would account for the depression in food intake would 

necessarily explain the decrements in water consumption and body weight 

since changes i n the l a t t e r were quite l i k e l y r e sults of changes i n the 

former. The rats ate l e s s food and therefore drank l e s s and also l o s t 

weight. Let us now look at one possible explanation which would account for 

the observed differences. 

Although the metabolism of oestradiol to oestrone, leading to 

catecholoestrogen formation, i s one step in oestradiol metabolism, i t i s 



by no means unique. Competitive hydroxylation also occurs at the carbon-16 

position, giving r i s e to o e s t r l o l formation, which i s highly utero- and 

vaginotrophic (Fishman, Bradlow and Gallagher, 1960). On the other hand, 

hydroxylation at the carbon-2 position, and therefore catecholoestrogen 

formation, i s the major metabolic process for ethynyl oestradiol. In the 

rat t h i s process i s in fact 50% higher than for oestradiol (Bolt et a l . , 

1973). Because of the highly l a b i l e nature of the catechol-oestrogens, 

direct experimentation with these compounds i s d i f f i c u l t . However, 

preliminary studies showed that catecholoestrogens s i g n i f i c a n t l y reduced 

food intake in rats (Garattini and Fishman, 1975; cited i n Fishman, 1976). 

Therefore, one p o s s i b i l i t y i s that the greater suppression of food intake 

by ethynyl oestradiol i s in some way influenced by the increased metabolism 

of ethynyl oestradiol to catecholoestrogen. The mechanisms by which t h i s 

could affect food intake have yet to be determined. 

The differences in food intake observed in rats treated with mestranol 

are probably due to the action of i t s major metabolite, ethynyl oestradiol, 

since mestranol i t s e l f i s of very low "oestrogenicity". Further, since 

mestranol i s capable of binding to oestrogen receptors in a form with low 

oestrogenic a c t i v i t y (Hahn et a l . , 1971), the number of receptors available 

for the uptake of i t s active metabolite, ethynyl oestradiol, would thus 

be reduced. The "activation" of such receptors would depend, to a large 

extent, on (1) the high l i p o p h i l i c i t y of mestranol, leading to i t s greater 

storage by body f a t , brain and adrenal tissue, and consequently i t s slower 

release rate (Bolt and Remmer, 1972a,b) and (2) i t s rate of metabolism to 

ethynyl oestradiol by the l i v e r . 

Such an explanation would also account for the slower recovery to 

normal l e v e l s of feeding, drinking and body weight i n mestranol treated 

rats, associated with the different pattern of excretion of mestranol from 

either ethynyl oestradiol or oestradiol-17fl. Although these two oestrogens 
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have different excretory patterns, the similar recovery to normal l e v e l s 

of feeding, and, to a certain extent, drinking and body weight suggests 

that a factor or factors common to both oestradiol and ethynyl oestradiol 

may influence the mechanisms controlling feeding behaviour i n the female 

rat treated with these steroids. 

5.4 Experiment 13 : The eff e c t s of ethynyl oestrogens on sexual behaviour 

in the female rat 

As yet, there has been no systematic investigation reporting the 

effects of ethynyl oestrogens on the sexual behaviour of the female r a t . 

Watnick et a l . (1964) make a cursory reference to the sexual receptivity 

of rats treated with ethynyl oestradiol and stated that t h i s oestrogen 

increased receptivity i n some of the females. No de t a i l of measures of 

sexual receptivity was reported. Furthermore, t h i s study used intact 

females, and the p o s s i b i l i t y of ovarian influences on the ensuing l e v e l s 

of performance of sexual behaviour could not be excluded. 

I f the absolute effects of the hormones are to be investigated, 

ovariectomized rats must be used i n order to exclude interference or i n t e r ­

active effects of ovarian hormones with the hormones used i n the study. 

5.4.1 Method 

Experimental animals 

Twenty-four female Wistar rats, about 150 days of age, were used as 

the experimental animals. A l l the females were ovariectomized at l e a s t 

three weeks before the st a r t of any experimental procedures, and were 

given sexual experience by allowing them ten mounts by active males on 

three separate occasions i n a test i n g arena. The females were randomly 

divided into three groups, consisting of eight rats i n each group. Twenty 

sexually experienced Wistar males (proven copulators) were used in the 

te s t s for sexual behaviour. 



126 

General procedure 

The males had already been thoroughly habituated to testing arenas; 

nonetheless they were given two additional half-hour habituation periods 

i n the testing arena. At the end of t h i s period, a l l the males copulated 

within 2 minutes of being placed in the arena and presented with "teaser" 

females. A l l the females received three half-hour habituation periods on 

three separate days. 

The testing arena was 90 cm in diameter, and had a c i r c u l a r blackened 

wall 30 cm high. Experimental testing was carried out during the dark 

period of the animals' light-dark cycle in a room l i t by a 60 watt red 

light-bulb. 

The female was placed with a sexually active male u n t i l the male 

performed 10 mounts with pelvic thrusting. The term "lordosis" was used 

to define pronounced or deep concave arching of the back by a female i n 

response to mounting by a male. During testing, the number of lordosis 

responses by a female to ten mounts with pelvic thrusting by a male was 

recorded. In addition to t h i s measure, a general measure of proceptive 

(or s o l i c i t i n g ) behaviour (see Beach, 1976) was also recorded. "Hopping 

and darting" or hop-dart i s a rapid staccato-like alternation between running 

and stopping, which i s usually characterised as a major component of 

s o l i c i t i n g behaviour, and which i s often exhibited by highly receptive 

females. Clawing at or nipping the male's face were also considered as 

proceptive behaviours and usually preceded hopping and darting (Hemmingsen, 

1933; McClintock, 1974); but the most r e l i a b l e were found to be the dart-

hop movements. A measure of proceptivity was thus obtained by counting the 

number of inter-mount i n t e r v a l s during which some or a l l of these behaviours 

were observed to occur. 

Experimental schedule 

Each group of females received each hormone treatment once, and the 



treatment order for each group was such that no two groups received 

Identical treatments at the same time ( 3 x 3 L a t i n square design). There 

were three experimental (or testing) periods separated by ten days during 

which no treatment was given. This period minimised any possible i n t e r ­

action between the oestrogens. 

Each experimental period consisted of four days during which the 

animals received subcutaneous injections of either oestradiol-178 at a dose 

of 5 u.g/0.1 ml oil/rat/day, or 5.44 u.g ethynyl oestradiol in 0.1 ml of o i l 

per rat per day, or 5.69 p.g mestranol i n 0.1 ml of o i l per rat per day. 

These injections were administered 96 hr, 72 hr, 48 hr, and 24 hours before 

experimental testing. On the f i f t h day a l l the rats were injected with 500 u.g 

of progesterone in 0.1 ml arachis o i l per rat, 6 hours before testing began. 

This commenced at 15.00 hrs, three hours a f t e r the s t a r t of the dark cycle, 

and usually lasted for about 2$ hours. I t i s obvious that testing could 

not be carried out instantaneously, so the running order of the animals 

was determined by a sequence of random numbers. A new sequence was generated 

for each experimental test.ing session. Moreover, during experimental 

testing, the observer was not aware of which group of rats received which 

treatment. 

5.4.2 Results and Discussion 

Because of evident " c e i l i n g " and "base" effects inherent in data of 

t h i s kind, a Friedman two-way analysis of variance was employed. The 

Wilcoxon matched-pairs signed-ranks t e s t was used for post hoc comparisons 

between groups. 

The overall difference in Lordosis behaviour was s i g n i f i c a n t (n = 24; 

Chi-square = 37.02; with df. = 2; p < 0.001). The difference in the number 

of lordosis responses to ten mounts by a male, between the oestradiol and 

ethynyl oestradiol treated females and the mestranol treated females i s 

evident from Figure 5.9. Females treated with ethynyl oestradiol, however, 
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showed a higher number of lordosis responses than females treated with 

oestradiol (n = 24; Z = 2.551; p < 0.01, two-tailed). 

Proceptivity was also different between the groups (n = 24; Chi-square 

= 36.02; with df. = 2; p < 0.001); amd the rats treated with ethynyl 

oestradiol showed s i g n i f i c a n t l y more s o l i c i t i n g behaviour than females 

treated with oestradiol (n = 24; Z = 2.229; p < 0.05; two-tailed). Rats 

treated with mestranol showed no s o l i c i t i n g behaviour (Figure 5.10). However, 

these rats did not ac t i v e l y reject the males' attempts to mount. They a l l 

showed a noticeable s t i f f e n i n g of the t a i l , a c h a r a c t e r i s t i c also shown 

by sexually receptive females, but were remarkably passive during mounts 

with p e l v i c thrusting by the males (Figure 5.11). Some females sniffed or 

chewed the sawdust, and continued doing so during mounts. Others investigated 

the males' ano-genltal region quite thoroughly, but did not show any 

s o l i c i t i n g behaviours. This p a s s i v i t y i s uncharacteristic of dioestrous 

females, which show active rejection of the male (Pfaff and Lewis, 1974). 

I t i s possible that the administration of exogenous progesterone may 

have inhibited the demethylation of mestranol, thereby rendering t h i s 

oestrogen "honnonally inactive", as proposed by Jensen et a l . (1966). This 

i s unlikely for the following reasons. F i r s t l y , Kappus, Bolt and Remmer 

(1973) suggest that t h i s amount of progesterone i s not s u f f i c i e n t to in h i b i t 

demethylation in vivo. Secondly, the progesterone administration was 

preceded by four days of oestrogen injections, which i s a considerable period 

of time for the uptake of mestranol by neural t i s s u e to take place; t h i s 

generally occurs within a few hours a f t e r systemic injection (Kappus, 

Bolt and Remmer, 1972a,b). This p o s s i b i l i t y i s , nonetheless, investigated 

in the next experiment. 

5.5 Experiment 14 : A second experiment on the effects of ethynyl 
oestrogens on sexual behaviour in the female rat 

Davidson, et a l . , (1968a) showed that daily injections of oestradiol-17B, 
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Experiment 13. 
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Figure 5.11 

Experiment 13. (a) Posture adopted by mestranol treated r a t s . 

(b) Posture adopted by rats treated with either othynyl 
oestradiol or oestradioi-l/fi. 
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using "physiological" doses induced high l e v e l s of sexual behaviour within 

f i v e days of treatment. This response i s not dependent on the production 

of progesterone by the adrenal glands, or any of the other adrenal 

steroids, since comparable l e v e l s of response to oestradiol were found in 

ovariectomized rats as well as ovarlectomized-adrenalectomized rats 

(Davidson et a l . , 1968b; Pfaff, 1971). The following experiment investigated 

the effects of daily administration of equimolar doses of ethynyl 

oestrogens in the absence of exogenous progesterone. In addition, female 

rats were treated with oestradiol for comparative purposes. 

5.5.1 Method 

The animals were 42 female Wistar rats, 150 to 200 days of age. 

Eighteen of these rats were used i n Experiment 13. The remaining 24 females 

were ovariectomized at l e a s t two weeks before the s t a r t of any experimental 

procedures. 

A l l the rats were given sexual experience by allowing them ten mounts 

each by sexually active males, on three separate occasions, in a testing 

arena. Each rat was randomly allocated to one of three groups: one group 

received 5 \lg of oestradiol in 0.1 ml arachis o i l per rat per day. A second 

group received 5.44 |J,g of ethynyl oestradiol in 0.1 ml o i l ; and a third 

group received 5.69 \ig of mestranol in 0.1 ml oil/rat/day. A l l injections 

were administered subcutaneously, at 09.00 h every morning. The difference 

in previous hormone treatment between these rats was compensated for by 

equating the previously treated rats over the three groups. 

Experimental procedure 

The room, tes t i n g arena and testing procedure were the same as those 

used in Experiment 13. In addition to measures of lordosis and proceptivity, 

a rejection measure was also obtained. This was done by counting the number 

of inter-mount intervals during which either kicking away the male, or 

fighting or "boxing" (as described by Pfaff and Lewis, 1974) were observed 
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to occur. These behaviours are also shown by dioestrous females in 

resiponse to mounts or attempted mounts by a male. 

The lordosis quotient was derived by applying the following formula: 

^. Number of lordosis responses 
Lordosis quotient = — 2- ° ^ x 100 ... Eq.(5.1) 

Number of mounts 

Similarly, for s o l i c i t i n g behaviour, 

„ .,.,•.„ „ . . . Occurrence of s o l i c i t i n g behaviour _ ,„ „. 
Proceptivity quotient = — — — — - — 7 x 100 ... Ea.(5 2) 

J Number of inter-mount i n t e r v a l s 4 , 1 

and, for rejection behaviour, 
0 . . . _ .. . Occurrence of rejection behaviour _ ,„ 
Rejection quotient = — — — J — — — — x 100 ... Eq. (5.3) 

Number of inter-mount in t e r v a l s 

The animals were tested according to a repeated counterbalanced sequence 

of numbers (a repetition of s i x possible permutations, i . e . 123, 132 etc. ...) 

and, except for one day (Day 6) a l l testing during the experiment was run 

"blind". 

5.5.2 Results 

The Lordosis, Proceptivity and Rejection quotients for each day were 

analysed using a Kruskal-Wallis one-way analysis of variance. Mann-Whitney 

U-tests were used In conducting post hoc analyses betv/een groups. 

Figure 5.12 shows lordosis quotients for a l l three oestrogen treated 

groups (expressed as medians per group per day). The scores on Day 1 were 

the same for a l l three groups, and were therefore excluded from the analy s i s . 

However, as Table 5.8 shows, there was an overall s i g n i f i c a n t difference 

i n the performance of lordosis between groups, from Day 3 to Day 9 i n c l u s i v e . 

The difference i n lordosis responses between ethynyl oestradiol and 

oestradiol treated females over mestranol treated females i s obvious and 

large. (Two mestranol treated rats showed a very small number of lordosis 

responses on Day 8 and Day 9, which do not appear in Figure 5.12, since 

the r e s u l t s were expressed as medians.) Females treated with oestradiol 

and ethynyl oestradiol did not show a difference in lordosis behaviour up 

to and including Day 3; but ethynyl oestradiol treated females lordosed more 



Table 5.8 

Experiment 14. Kruskal-Wallls one-way analysis of variance: Lordosis 
responses (Scores for Day 1 were the same for a l l three 
groups, and were excluded from the a n a l y s i s ) 

Day Chi-Square 

1 -
2 2.10 
3 9.62 *+ 
4 29.00 *** 
5 31.55 *** 
6 32.41 *** 
7 31.78 *** 
8 30.29 *** 
9 31.50 *** 

Two-tailed p: (**) < 0.01; (***) < 0.001 

Table 5.9 

Experiment 14. Mann-Whitney U-test summary table: Lordosis responses. 
Post hoc comparisons between oestradiol and ethynyl 
oestradiol groups. (Scores for Day 1 were the same for 
both groups, and were excluded from the a n a l y s i s ) 

Day U Z 

1 - -
2 91.0 0.60 
3 84.5 0.68 
4 29.0 3.19 *** 
5 25.0 3.38 *** 
6 36.0 2.88 ** 
7 40.5 2.72 ** 
8 59.5 1.86 
9 53.0 2.26 * 

Two-tailed p: (*) < 0.05; (**) < 0.01; (***) < 0.001 
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often in response to mounts by a male thereafter, with the exception of 

Day 8 (Z = 1.86; p < 0.06; Table 5.S). These r e s u l t s followed a s i m i l a r 

trend to the one observed in Experiment 13. 

Figure 5.13 shows the change in s o l i c i t i n g behaviour over days 

(expressed as median proceptivity quotient per group per day). There 

appeared a s i g n i f i c a n t change aft e r Day 3 of testing (Table 5.10). The 

mestranol treated females showed l e s s s o l i c i t i n g behaviour than the two 

other oestrogen treated groups, and s i g n i f i c a n t l y l e s s than the oestradiol 

group (Table 5.11). A difference in proceptivity between oestradiol and 

ethynyl oestradiol females did not appear u n t i l the fourth day of testing 

and lasted u n t i l the seventh day. Females from both groups showed a 

sim i l a r amount of s o l i c i t i n g behaviour on Day 8 and Day 9 (Table 5.11). 

The rejection of a male by a female was frequent and similar for 

a l l three groups during the f i r s t two days of treatment (Figure 5.14). 

During the next seven days, however, there was an overall s i g n i f i c a n t change 

in rejection behaviour (Table 5.12). Females treated with mestranol 

rejected the males' attempts to mount more often than oestradiol treated 

females; but females treated with ethynyl oestradiol rejected males on a 

fewer number of occasions than oestradiol treated females (Figure 5.14). 

This difference proved s i g n i f i c a n t between Day 4 and Day 7 of hormone 

treatment (Table 5.13). I t i s interesting to note that females showed 

s o l i c i t i n g and lordosis behaviour to mounts by a male rat, while s t i l l 

showing some rejection of the male (for example, Quotients for Day 4 for 

females treated with ethynyl oestradiol). 

The most frequently observed s o l i c i t i n g behaviours were the dart-hop 

movements by a female, and these proved to be the most r e l i a b l e . Mestranol 

treated rats showed some pas s i v i t y to attempted mounts by males, p a r t i c u l a r l y 

during the l a s t two days of treatment; but generally they were not as 

passive as the mestranol plus progesterone treated females in Experiment 13, 

frequently rejecting and fighting with the males. 
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Table 5.10 

Experiment 14. Kruskal-Wallls one-way analysis of variance: S o l i c i t i n g 
behaviour. (Scores on Days 1 and 2 were the same for a l l 
three groups, and were excluded from the a n a l y s i s ) 

Day Chi-square 

1 -
2 -
3 5.19 *** 
4 17.68 *** 
5 24.92 *** 
6 28.73 *** 
7 31.99 *** 
8 30.74 *** 
9 35.66 *** 

Two-tailed p: (***) < 0.001 

Table 5.11 

Experiment 14. Mann-Whitney U-test summary table: S o l i c i t i n g behaviour. Post 
hoc comparisons between ethynyl oestradiol and oestradiol 
treated rats, and between oestradiol and mestranol treated r a t s . 
(Scores for Days 1 and 2 were the same for a l l three groups, 
and were excluded from the an a l y s i s ) 

Day Ethynyl Oestradiol/Oestradiol 
U Z 

Oest radiol/Mest ranol 
U Z 

1 - - - -
2 - - - -
3 90.5 0.433 77.0 1.797 
m 
* oo.u 1.663 56.0 2.689 ** 
5 50.5 2.212 * 35.0 3.496 *** 
6 45.5 2.441 * 14.0 4.282 *** 
7 51.0 2.369 * 0.0 4.764 *** 
8 69.0 1.527 0.0 4.652 *** 
9 77.0 1.797 0.0 4.736 *** 

Two-tailed p: (*) < 0.05; (**) < 0.01; (***) < 0.001 
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Table 5.12 

Experiment 14. K r u s k a l - W a l l i s one-way a n a l y s i s of v a r i a n c e : R e j e c t i o n 
behaviour. (Scores f o r Days 1 and 2 were the same f o r a l l 
t h r e e groups, and were excluded from the a n a l y s i s ) 

Day Chi-square 

1 -
2 -
3 8.54 * 
4 30.25 *** 
5 31.94 *** 
6 34.26 *** 
7 30.19 *** 
8 29.16 *** 
9 33.02 *** 

Two - t a i l e d p: (*> < 0.05; (***) < 0.001 

Tab l e 5.13 

Experiment 14. Mann-Whitney U - t e s t summary t a b l e : R e j e c t i o n behaviour. Post 

t r e a t e d r a t s , and between o e s t r a d i o l and mestranol t r e a t e d 
r a t s . ( S c o r e s f o r Days 1 and 2 were the same f o r a l l t h r e e 
groups, and were excluded from the a n a l y s i s 

Day E t h y n y l O e s t r a d i o l / O e s t r a d i o l 
U Z 

Oes t r a d i o l / M e s t r a n o l 
U Z 

1 - - - -
2 - - - -
3 84.5 0.69 63.0 2.41 * 
4 11.0 4.05 *** 41.0 2.98 ** 

5 8.0 4.20 *** 24.0 3.54 *** 

6 16.5 3.80 *** 0.0 4.59 *** 

7 36.0 2.99 ** 8.5 4.16 *** 
8 79.5 1.07 7.0 4.27 *** 

9 69.5 1.83 0.0 4.61 *** 

Tw o - t a i l e d p: (*) < 0.05; (**) < 0.01; (***) < 0.001 
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5.5.3 D i s c u s s i o n 

Two main p o i n t s have emerged from the present experiment. F i r s t , 

and perhaps the most obvious, the q u a l i t y of female mating behaviour i s 

a f f e c t e d by the administered oestrogen. Second, d a i l y treatment w i t h 

t h e s e oestrogens l e a d s to the d i f f e r e n t i a l appearance of b e h a v i o u r a l 

components of the mating sequence. 

The most s a l i e n t female s e x u a l behaviours seen i n response to 

a d m i n i s t r a t i o n of o e s t r a d i o l - 1 7 f l or e t h y n y l o e s t r a d i o l were ( 1 ) l a c k of 

mate r e j e c t i o n , ( 2 ) l o r d o s i s behaviour, and ( 3 ) s o l i c i t i n g behaviour. 

While female aggression was apparent during the i n i t i a l days of 

hormone treatment, and c h a r a c t e r i z e d male-female i n t e r a c t i o n s , females 

g r a d u a l l y showed l o r d o s i s t o a male's mount (w i t h the exception of mestranol 

t r e a t e d r a t s ) . T h i s type of l o r d o s i s behaviour seemed s i m i l a r to the 

" f o r c e d " l o r d o s i s d e s c r i b e d by Zemlan and Adler (1977), the female some­

times moving away as the male dismounted. With continued hormone treatment, 

the e l i c i t e d l o r d o s e s were more i n t e n s e , w i t h deeper a r c h i n g of the back, 

and the posture was kept a f t e r the male dismounted. Komisaruk and Diakow 

(1973) have e l e g a n t l y shown t h a t the degree of c o n c a v i t y of the back during 

l o r d o s i s i s more pronounced as the oestrous period progressed. Zemlan and 

A d l e r (1977) demonstrated s i m i l a r e f f e c t s with i n c r e a s i n g , exogenously 

a d m i n i s t e r e d oestrogen doses. 

I n a d d i t i o n t o l o r d o s i s behaviour, a p p e t i t i v e components of female 

c o p u l a t o r y behaviour were observed i n t h i s study. According to Hemmingsen 

(1933), s o l i c i t i n g behaviour c o n s i s t s of e a r v i b r a t i o n , n i p p i n g the male's 

f a c e and dart-hop movements. I n the present study, high p r o c e p t l v i t y 

q u o t i e n t s were a s s o c i a t e d w i t h high l o r d o s i s l e v e l s . The spontaneous 

occurrence of dart-hop movements, e a r v i b r a t i o n and l o r d o s i s i s i n d i c a t i v e 

of the very h i g h e s t l e v e l s of r e c e p t i v i t y at o e s t r u s (Hemmingsen, 1933). 

Spontaneous l o r d o s i s was never observed i n t h i s experiment, and e a r 

v i b r a t i o n was seen most f r e q u e n t l y i n females t r e a t e d w i t h e t h y n y l 



o e s t r a d i o l ; but the amount of s t i m u l a t i o n n e c e s s a r y to e l i c i t l o r d o s i s 

behaviour was reduced w i t h d a i l y hormone treatment. Females which 

demonstrated i n t e n s e l o r d o s i s showed the response when a male bumped i n t o 

the back of a female, p r i o r to mounting her. 

E t h y n y l o e s t r a d i o l enhanced l o r d o s i s behaviour and reduced r e j e c t i o n 

behaviour i n females to a g r e a t e r extent than o e s t r a d i o l . The t r a n s i e n t 

d i f f e r e n c e i n s o l i c i t i n g behaviour between the two female groups appeared 

more g r a d u a l l y and, by the f i n a l day, a l l the females t r e a t e d with 

o e s t r a d i o l or e t h y n y l o e s t r a d i o l showed high and s i m i l a r l e v e l s of s o l i c i t i n i 

behaviour. One point t h a t i s of i n t e r e s t i s t h a t during the development of 

se x u a l behaviour i n females which were t r e a t e d with e i t h e r o e s t r a d i o l or 

eth y n y l o e s t r a d i o l , females showed l o r d o s i s and s o l i c i t i n g behaviour as w e l l 

as r e j e c t i n g the males ( f o r example, compare F i g u r e s 5.12, 5.13 and 5.14). 

These r e s u l t s suggest t h a t although the females r e a d i l y showed l o r d o s i s 

a f t e r an adequate mount by a male, they did not r e a d i l y accept a l l h i s 

mounting attempts. The former i s c o n s i s t e n t w i t h enhanced r e c e p t i v i t y , but 

the l a t t e r i s the converse. T h i s was complicated even more by the f a c t t h a t 

a proportion of the females d i s p l a y e d hopping and d a r t i n g . Mestranol 

t r e a t e d r a t s , however, d i d not e x h i b i t any s i g n s of r e c e p t i v i t y . These 

v a r i o u s behaviours may, though not n e c e s s a r i l y , have s e p a r a t e neuroendocrine 

c o n t r o l mechanisms i n v o l v i n g d i f f e r e n t t h r e s h o l d responses and must 

n e c e s s a r i l y r e f l e c t d i f f e r e n c e s i n the pharmaco-klnetic p r o p e r t i e s of 

o e s t r a d i o l - 1 7 R and the e t h y n y l oestrogens. L u t t g e and Whalen (1972) suggest 

t h a t o e s t r a d i o l uptake by the b r a i n "... i s a comparatively i r r e v e r s i b l e 

p r o c e s s . T h i s i s not meant to imply t h a t once a molecule of o e s t r a d i o l 

had been 'bound' i t w i l l remain bound f o r e v e r " . A s s o c i a t e d w i t h the uptake 

and storage q u a l i t i e s of mestranol are i t s r e l e a s e or "unbinding" from 

t i s s u e (and b r a i n oestrogen r e c e p t o r s ? ) and metabolism to ethynyl o e s t r a d i o l 

These p r o p e r t i e s have been d i s c u s s e d e a r l i e r i n t h i s chapter. The 
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o b s e r v a t i o n t h a t mestranol suppressed food i n t a k e , but f a i l e d to s t i m u l a t e 

s e x u a l behaviour may be a t t r i b u t a b l e , i n p a r t , to the d i f f e r e n t response 

t h r e s h o l d s of these two b e h a v i o u r a l systems to oestrogen; f o r example, 

Drewett (1973b) demonstrated t h a t doses of o e s t r a d i o l which r e l i a b l y 

depressed food i n t a k e were c o n s i d e r a b l y lower than those which s t i m u l a t e d 

e i t h e r running a c t i v i t y (Young and F i s h , 1945; F i n g e r , 1969) or s e x u a l 

behaviour (Davidson et a l . , 1968a; Zemlan and Adler, 1977) i n the female 

r a t . 

These experiments provide a f i r s t demonstration of c e r t a i n b e h a v i o u r a l 

changes caused by e t h y n y l oestrogens, i n the female r a t . As they a r e used 

i n o r a l c o n t r a c e p t i v e s , however, these oestrogens a r e combined w i t h 

progestogens. The ensuing experiments, t h e r e f o r e , i n v e s t i g a t e the b e h a v i o u r a l 

e f f e c t s of combinations of t h i s s o r t . 

5.6 Experiment 15 : Behavioural e f f e c t s of oestrogen-progestogen 

combinations I n the female r a t 

C l i n i c a l i n v e s t i g a t i o n s on mental, somatic and behavioural changes of 

women t a k i n g c o n t r a c e p t i v e s t e r o i d s have assumed t h a t the progestogens i n 

the p i l l a r e r e s p o n s i b l e , i n p a r t , f o r the observed changes (e.g. Grant 

and Pryse-Davies, 1968) through t h e i r d i r e c t e f f e c t s on c e n t r a l nervous 

system f u n c t i o n , and have ignored p o s s i b l e i n t e r a c t i v e e f f e c t s w i t h oestrogens, 

or e f f e c t s mediated s o l e l y by the oestrogen component w i t h no progestogenic 

involvement. I t i s worth mentioning again t h a t i n v e s t i g a t i o n s i n t o the 

be h a v i o u r a l e f f e c t s of these s t e r o i d s u s i n g animal models a r e s t i l l l a c k i n g . 

These wouid be of p a r t i c u l a r r e l e v a n c e because progestogens have v a r y i n g 

l e v e l s of o e s t r o g e n i c i t y , p a r t i c u l a r l y those d e r i v a t i v e s of oestrane, as 

measured by the A l l e n - D o i s y ( c o m i f i c a t i o n of the v a g i n a l mucosa) and other 

t e s t s . Other progestogens, u s u a l l y d e r i v a t i v e s of androstane, and some 

d e r i v a t i v e s of pregnane, have a n a b o l i c e f f e c t s , and yet o t h e r s have none 

of these p r o p e r t i e s (Brotherton, 1976, g i v e s an e x c e l l e n t treatment of 
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t h e s u b j e c t ) . 

I t would be of I n t e r e s t t o see whether the oestrogen and progestogen 

components i n t e r a c t i n such a way t h a t the behavioural e f f e c t s shown by 

the e t h y n y l oestrogens, and p a r t i c u l a r l y ethynyl o e s t r a d i o l , a r e suppressed 

or enhanced by progestogenlc a c t i o n on the c e n t r a l nervous system, an 

analogy w i t h the I n t e r a c t i o n s of o e s t r a d i o l and progesterone. O e s t r a d i o l 

suppresses food i n t a k e and body weight (Drewett, 1973a,b; Wade 1975), 

whereas progesterone alone has a s l i g h t a n a b o l i c e f f e c t (Wade, 1975). 

However, when the two hormones a r e administered together over a period of 

days, t h e r e i s no depression of food i n t a k e and body weight and no i n d u c t i o n 

of s e x u a l behaviour. 

I n the f o l l o w i n g experiment, the p o s s i b l e i n t e r a c t i v e e f f e c t s between 

an e t h y n y l oestrogen and two progestogens on feeding, d r i n k i n g , s e x u a l 

behaviour and body weight were i n v e s t i g a t e d . E t h y n y l o e s t r a d i o l was chosen 

as the oestrogen component because of i t s potent behavioural e f f e c t s ( a s 

d e s c r i b e d i n t h i s c h a p t e r ) . The two progestogens used were N o r e t h i s t e r o n e 

a c e t a t e , which i s an oestrane d e r i v a t i v e and has a c o n s i d e r a b l e degree of 

o e s t r o g e n i c a c t i v i t y ; and Medroxyprogesterone a c e t a t e a pregnane d e r i v a t i v e 

w i t h no o e s t r o g e n i c a c t i v i t y but w i t h some a n a b o l i c c h a r a c t e r i s t i c s 

( B rotherton, 1976). These two progestogens are widely used i n combination-

type o r a l c o n t r a c e p t i v e s . 

5.6.1 Method 

Experimental animals 

The animals were twenty-four female W i s t a r r a t s about 210 days of age, 

and weighing 284 + 14 g. The animals were p r e v i o u s l y used i n Experiment 14, 

and had t h e r e f o r e r e c e i v e d the same s e x u a l experience. Seven days before 

the s t a r t of any hormone i n j e c t i o n s , the r a t s were housed s i n g l y i n p l a s t i c 

cages, which had been p r e v i o u s l y modified f o r the measurement of food i n t a k e 

as d e s c r i b e d i n Chapter 2. 
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Hormone I n j e c t i o n s 

The s t e r o i d combinations used were based on two commercially a v a i l a b l e 

o r a l c o n t r a c e p t i v e formulations - "Anovlar-21" and "Nogest". A n o v l a r - 2 l 

c o n t a i n s 50 M-g of eth y n y l o e s t r a d i o ! plus 4 mg of n o r e t h l s t e r o n e a c e t a t e . 

Nogest c o n t a i n s 50 |J,g e t h y n y l o e s t r a d i o l p l u s 5 mg Medroxyprogesterone a c e t a t e . 

The above q u a n t i t i e s , reduced t e n - f o l d , were used i n p r e p a r i n g the hormone 

s o l u t i o n s . Consequently, one group of r a t s r e c e i v e d 5 u-g e t h y n y l o e s t r a d i o l 

i n 0.1 ml a r a c h i s o i l / d a y p l u s an o i l blank s o l u t i o n of 0.1 ml. A second 

group r e c e i v e d 5 \ig e t h y n y l o e s t r a d i o l i n 0.1 ml a r a c h i s o i l p l u s 400 u.g 

n o r e t h i s t e r o n e a c e t a t e i n 0.1 ml o i l / d a y ; and a t h i r d group r e c e i v e d 5 |i.g 

e t h y n y l o e s t r a d i o l i n 0.1 ml o i l p l u s 500 u-g medroxyprogesterone a c e t a t e i n 

0.1 ml o i l / d a y . 

Experimental schedule 

Each r a t was randomly a l l o c a t e d t o one of t h r e e groups: one group 

r e c e i v e d e t h y n y l o e s t r a d i o l , another group, ethynyl o e s t r a d i o l p l u s nore­

t h i s t e r o n e a c e t a t e , and a t h i r d group, ethy n y l o e s t r a d i o l p l u s medroxy­

progesterone a c e t a t e . Body weight, food and water i n t a k e were measured to 

the n e a r e s t 1.0 g, 0.1 g, and 0.1 ml r e s p e c t i v e l y , on s i x c o n s e c u t i v e days 

p r i o r t o s t e r o i d treatment; and then on the f i r s t four c o n s e c u t i v e days of 

hormone i n j e c t i o n s . The r a t s were i n j e c t e d f o r f i v e days, and on the f i f t h 

day they were given sexual behaviour t e s t s . The room, t e s t i n g arena and 

t e s t i n g procedure have a l r e a d y been d e s c r i b e d i n the "General procedures" 

s e c t i o n of Experiment 13. Thus l o r d o s i s q u o t i e n t s were obtained f o r the 

t h r e e groups of r a t s u s i n g formula 5.1 d e s c r i b e d i n Experiment 14. The 

t e s t i n g of the groups was run " b l i n d " , and proceeded u s i n g a generated 

sequence of random numbers. 

5.6.2 R e s u l t s 

B a s e l i n e body weight, food and water i n t a k e were determined by 

averaging data f o r the t h r e e days p r i o r to hormone treatment, when the 
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t h r e e measures had s t a b i l i s e d . The data f o r each group were then expressed 
as per cent change from b a s e l i n e . The r e s u l t s a re s e l f - e v i d e n t . 

Food i n t a k e 

A l l t h r e e groups showed an i n i t i a l l a r g e decrease of about 50% i n 

food i n t a k e with hormone treatment ( F i g u r e 5.15) during the f i r s t day. 

The mean standard e r r o r f o r a l l t h r e e groups was + 5.5%. Taking t h i s i n t o 

account, i t i s obvious from F i g u r e 5.15 t h a t t h e r e i s no i n t e r a c t i o n 

between the d i f f e r e n t hormones, and no s i g n i f i c a n t d i f f e r e n c e between 

treatments. 

Water i n t a k e 

The per cent change i n water i n t a k e followed a s i m i l a r t r end t o 

the one observed f o r food i n t a k e , and i s presented i n F i g u r e 5.16. Again, 

a l a r g e i n i t i a l decrease of about 50% i n water i n t a k e i s evident a f t e r 

one day of hormone treatment. The mean standard e r r o r was + 6.9%; and 

i t i s a l s o c l e a r from F i g u r e 5.16 t h a t t h e r e i s no d i f f e r e n c e and no 

i n t e r a c t i o n between the v a r i o u s hormones. 

Body weight 

The change i n body weight i s presented i n F i g u r e 5.17. The animals 

showed a decrease i n body weight of about 9%, a f t e r four days of hormone 

treatment. The mean standard e r r o r f o r each group was ± 0.8%, and the l a c k 

of i n t e r a c t i o n between the groups i s obvious from F i g u r e 5.17. 

Sexual behaviour 

F i g u r e 5.18 shows the mean l o r d o s i s quotient (* standard e r r o r ) f o r 

the t h r e e groups, and i t i s e vident from t h i s t h a t t h e r e was no d i f f e r e n c e 

between the groups. 

5.6.3 D i s c u s s i o n 

These r e s u l t s show t h a t e t h y n y l o e s t r a d i o l does not i n t e r a c t w i t h 

e i t h e r Norethisterone a c e t a t e or Medroxyprogesterone a c e t a t e ; and t h a t 

the observed e f f e c t s were s o l e l y due to e t h y n y l o e s t r a d i o l . Three 
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F i g u r e 5.15 

Experiment 15. Food i n t a k e (% change) of ovariectomized r a t s i n j e c t e d with 
e i t h e r ethynyl o e s t r a d i o l alone or i n combination with e i t h e r 
norottriaiterpne a c e t a t e or medroxyprogesterone a c e t a t e , f o r 4 
days. The s t a r t of the i n j e c t i o n s i s . i n d i c a t e d by the arrow 
(Day Q), a f t e r a 3-day b a s e l i n e . 
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e i t h e r n o r e t h i s t o r o n e a c e t a t e or medroxyprogesterone a c e t a t e , 
f o r 4 days. The s t a r t of the i n j e c t i o n s i s i n d i c a t e d by the 
arrow (Day Q), a f t e r a 3 day h a s e l l n e , 
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F i g u r e 5.17 

Experiment 15. Body weight (% change) of ovariectomized r a t s i n j e c t e d with 
e i t h e r e t h y n y l o e s t r a d i o l alone, or i n combination with e i t h e r 
n o r e t h i s t e r o n e a c e t a t e or medroxyprogesterone a c e t a t e , f o r 4 
days. The s t a r t of the i n j e c t i o n s i s i n d i c a t e d by the arrow 
(Day "OT, a f t e r a 3-day b a s e l i n e . 
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L o r d o s i s q u o t i e n t s (%) of ovariectomized r a t s injejctod .with 
e i t h e r e t h y n y l o e s t r a d i o l alone, or i n combination with e i t h e r 
n o r e t h i a t e r o n e a c e t a t e or medroxyprogesterone a c e t a t e , f o r 
5 days. 
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ex p l a n a t i o n s present themselves. F i r s t , n e i t h e r of the progestogens c r o s s e d 

the blood-brain b a r r i e r . Secondly, the progestogens c r o s s e d t h i s b a r r i e r , 

but were not taken up by any ( p r o g e s t e r o n e ? ) r e c e p t o r s . T h i r d l y , the 

progestogens were bound by r e c e p t o r s , i n the b r a i n , i n an i n a c t i v e form. 

The o e s t r o g e n i c p r o p e r t i e s of n o r e t h i s t e r o n e a c e t a t e and the s t r o n g 

progestogenic p r o p e r t i e s of the pregnane d e r i v a t i v e , medroxyprogesterone 

a c e t a t e , do not seem t o mediate beh a v i o u r a l changes, suggesting t h a t t h e s e 

two progestogens do not i n f l u e n c e c e n t r a l nervous mechanisms c o n t r o l l i n g 

f e e d i n g and s e x u a l behaviour i n the female r a t . 

5.7 Experiment 16. A second experiment i n v e s t i g a t i n g the b e h a v i o u r a l e f f e c t s 

of oestrogen-progestogen combinations i n the female r a t 

I t i s p o s s i b l e t h a t , i n i n t a c t r a t s , o v a r i a n s e c r e t i o n s may i n t e r a c t 

w ith the administered s t e r o i d s by a t t e n u a t i n g the e f f e c t s of t h e s e hormones. 

The next experiment, t h e r e f o r e , i n v e s t i g a t e s the e f f e c t s of e t h y n y l 

o e s t r a d i o l administered i n combination w i t h n o r e t h i s t e r o n e a c e t a t e on 

feeding, d r i n k i n g , body weight and s e x u a l behaviour i n c y c l i n g female r a t s . 

5.7.1 Method 

Experimental animals 

The animals were ei g h t female Wistar r a t s , about 120 days of age, and 

weighing 261 ± 20 g. Two weeks before the s t a r t of hormone i n j e c t i o n s , the 

r a t s were housed s i n g l y i n p l a s t i c cages, modified f o r the measurement of 

food and water i n t a k e as d e s c r i b e d i n Chapter 2. Food and water i n t a k e , and 

body weight, were measured d a i l y . 

Experimental schedule 

A f t e r one week the r a t s were t e s t e d d a i l y f o r l o r d o s i s behaviour, a t 

14.00 h, by simultaneous f l a n k and a n o g e n i t a l p a l p a t i o n manually ( a s 

d e s c r i b e d by Zucker, 1967; t h i s method does not give f a l s e p o s i t i v e r e s u l t s ) . 

Females showing l o r d o s i s were considered to be i n b e h a v i o u r a l o e s t r u s . 

Hormone i n j e c t i o n s commenced on the morning f o l l o w i n g the s t a r t 



152 

of the next behavioural o e s t r u s . The r a t s were i n j e c t e d with 5.0 M>g 

ethy n y l o e s t r a d i o l i n 0.1 ml a r a c h i s o i l / d a y p l u s 400 ug of n o r e t h i s t e r o n y 

a c e t a t e i n 0.1 ml o i l f o r f i v e days. Food, water i n t a k e and body weight 

were measured over the f i r s t four clays; and the r a t s were given s e x u a l 

behaviour t e s t s on the f i f t h day of hormone i n j e c t i o n s . The method of 

t e s t i n g has been d e s c r i b e d p r e v i o u s l y i n Experiment 13. 

5.7.2 R e s u l t s 

The data from a l l the r a t s were a l i g n e d together by matching be h a v i o u r a l 

o e s t r u s f o r each r a t , and expressed as per cent change from b a s e l i n e . 

The r e s u l t s f o r food and water I n t a k e and body weight a r e presented i n 

F i g u r e s 5.19 and 5.20. On the f o u r t h day of hormone i n j e c t i o n s , the r a t s 

a t e l e s s food than on the day of behavioural o e s t r u s . A matched-pairs 

t - t e s t between the mean values f o r Day 0 and Day 4 showed t h a t t h i s d i f f e r e n c e 

was s i g n i f i c a n t ( t = 3.1775; w i t h df. = 7; p < 0.02). The mean of the 

d i f f e r e n c e of the change was about 31%. On the other hand, water i n t a k e on 

Day 4 was not s i g n i f i c a n t l y d i f f e r e n t from I n t a k e on Day 0 ( t = 0.7149; 

with df. = 7; p = n s ) . The s l i g h t l e v e l l i n g o f f i n food and water i n t a k e 

during the f i r s t two days a f t e r b ehavioural o e s t r u s may have been p o s s i b l y 

due t o the o v a r i a n s e c r e t i o n of progesterone. 

The per cent change i n body weight, however, showed a s i g n i f i c a n t 

d i f f e r e n c e between Day 0 and Day 4 ( t = 3.2813; with df. = 7; p < 0.02). 

The mean of the d i f f e r e n c e of the change was 4.4%. As f o r s e x u a l behaviour, 

on the f i f t h day a f t e r b ehavioural o e s t r u s the mean l o r d o s i s q u o t i e n t was 

92.5%. T h i s value suggests that the e t h y n y l o e s t r a d i o l - n o r e t h i s t e r o n e 

a c e t a t e combination maintained s e x u a l r e c e p t i v i t y i n the female r a t a f t e r 

the period of behavioural o e s t r u s . 

5.7.3 D i s c u s s i o n 

These r e s u l t s a re c o n s i s t e n t w i t h the f i n d i n g s of Experiment 15, i n t h a t 

e t h y n y l o e s t r a d i o l i n combination w i t h n o r e t h i s t e r o n e a c e t a t e reduced food 
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Experiment 16. Body weight (% change) of c y c l i n g female r a t s i n j e c t e d w i t h 
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i n d i c a t e s the morning f o l l o w i n g behavioural oestrus t e s t s , 
and the s t a r t of i n j e c t i o n s . 
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i n t a k e and body weight s i g n i f i c a n t l y . The decrease i n water intake was 

s i m i l a r t o the decrease observed at oestrus; but i t was s i g n i f i c a n t l y 

d i f f e r e n t from i n t a k e during the r e s t of the c y c l e . The s e c r e t i o n of 

ovarian progesterone may have been responsible f o r a t t e n u a t i n g the decrements 

i n feeding, d r i n k i n g and body weight on the f i r s t two days a f t e r oestrus. 

Thereafter, food i n t a k e , body weight, and t o a l e s s e r extent water i n t a k e , 

showed a decrease, which may have been due t o a decreasing i n t e r f e r e n c e by 

ovarian progesterone. 

I n j e c t i o n s of o e s t r a d i o l benzoate on any day of the oestrous cycle, 

except on the second day a f t e r the d i s p l a y of spontaneous oestrus, prolong 

the d u r a t i o n of r e c e p t i v i t y i n the female r a t (Sb'dersten and Hansen, 1977), 

and t h i s i s probably due t o the s y n e r g i s t i c a c t i o n of o e s t r a d i o l benzoate 

w i t h progesterone se c r e t i o n by the ovary. I t i s l i k e l y , then, t h a t i n t h i s 

study ethynyl o e s t r a d i o l maintained sexual r e c e p t i v i t y i n female r a t s by i t s 

s y n e r g i s t i c a c t i o n w i t h the (subsequent?) ovarian s e c r e t i o n of progesterone. 

Further studies are needed, i n t h i s respect, on the e f f e c t of various hormones 

used i n o r a l contraceptive formulations administered during various stages 

of the oestrus c y c l e , s i m i l a r i n method t o the i n v e s t i g a t i o n by S6"dersten 

and Hansen (1977). I t i s hoped t h a t these experiments w i l l provide the 

necessary stimulus f o r doing so, since i t i s of major importance t h a t the 

behavioural e f f e c t s of these s y n t h e t i c s t e r o i d s be evaluated i n a wide 

range of animals i n view of t h e i r widespread use as a n t i - f e r t i l i t y agents 

by women. 
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CHAPTER 6 

BEHAVIOURAL EFFECTS OF CONTRACEPTIVE STEROIDS IN THE HUMAN FEMALE 

6.1 Sexual Behaviour I n the Human Female 

6.1.1 Changes during the menstrual cycle 

Although i t i s o f t e n claimed t h a t sexual responsiveness i n human 

females i s independent of hormonal c o n t r o l , there i s no s u b s t a n t i a l body 

of evidence which would allow d i r e c t comparisons of endocrine e f f e c t s i n 

women w i t h those known t o e x i s t i n females of other species. Feminine 

sexual c h a r a c t e r i s t i c s have not been conceptualized i n terms of a t t r a c t i v i t y , 

p r o c e p t i v i t y and r e c e p t i v i t y as they have been f o r the r a t , other rodents 

and primates; and the methods c u r r e n t l y being used f o r studying human sexual 

behaviour make i t very d i f f i c u l t t o d i s t i n g u i s h between p r o c e p t i v i t y and 

r e c e p t i v i t y . 

Udry and Morris (1970) have reported rhythmical changes i n sexual 

i n t e r a c t i o n s i n humans during the menstrual cycle, although c o n t r a d i c t o r y 

reports continue t o appear (Udry, Morris and Waller, 1973), and maximum 

l e v e l s are as commonly found e a r l y i n the f o l l i c u l a r phase as at midcycle 

(McCance, L u f f and Widdowson, 1937; Hart, 1960; James, 1971; S p i t z , Gold 

and Adams, 1975). I t has been reported t h a t female sexual a c t i v i t y d e clines 

d u r i n g the l u t e a l phase (as i n monkeys) of the menstrual c y c l e , and t h a t 

t h i s d e c l i n e can be prevented by t a k i n g contraceptive s t e r o i d s (Udry, 

et a l . , 1973). 

S p i t z , Gold and Adams (1975) present three f i n d i n g s which may have 

d i r e c t relevance t o the general understanding of human female sexual 

behaviour: (1) the post-menstrual peak and menstrual trough i n i n t e r c o u r s e 

d u r i n g the cycle of menstruation, (2) the c o r r e l a t i o n of sexual arousal 

w i t h type of sexual encounter, and not w i t h periods of the menstrual 

c y c l e , and (3) the e f f e c t of o r a l contraceptives, which l e d t o a great e r 
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number of Intercourse-days and a smaller number of intercourse-sessions 

per intercourse-day among women t a k i n g o r a l contraceptives compared t o 

women using a diaphragm or women whose partner used a male p r o p h y l a c t i c . 

These general f i n d i n g s are i n agreement w i t h Ford and Beach's (1951) 

proposals regarding s o c i a l and c u l t u r a l i nfluences on human sexual behaviour. 

Ford and Beach, and more r e c e n t l y Beach (1976), contend t h a t throughout the 

higher primates, and p a r t i c u l a r l y i n man, sexual behaviour has become 

prog r e s s i v e l y less influenced by hormones and more influenced by l e a r n i n g , 

s o c i a l and c u l t u r a l c o n d i t i o n i n g . 

The consequences of i n h i b i t i n g or removing endocrine secretions, or 

treatment w i t h s t e r o i d s , have u s u a l l y been assessed and categorized i n 

terms of loss or gain of " l i b i d o " , although some studies have used other 

c r i t e r i a such as the occurrence of orgasm or " c o i t a l s a t i s f a c t i o n " . These 

studies do not i n d i c a t e , however, whether loss of l i b i d o involves changes 

i n r e c e p t i v i t y , p r o c e p t i v i t y or both. Furthermore, changes i n l i b i d o may 

occur secondary t o those i n a t t r a c t i v i t y , as i n monkeys (Baum, E v e r i t t , 

Herbert and Keverne, 1977), or t o mental or somatic changes. 

I t i s g e n e r a l l y agreed t h a t ovariectomy does not d i m i n i s h the human 

female's l i b i d o c o n s i s t e n t l y (Kinsey, Pomeroy, Ma r t i n and Gebhard, 1953), 

and the same conclusions have been reached i n studies of menopausal women 

(Money, 1961). I n s o f a r as comparisons are j u s t i f i e d , t h i s c o r r e l a t e s w i t h 

f i n d i n g s i n ovariectomized monkeys (Baum et a l . , 197.7). Adrenalectomy, 

however, has been found t o diminish l i b i d o i n the human female (Waxenburg, 

D r e l l i c h and Sutherland, 1959), and testosterone a d m i n i s t r a t i o n t o i n t a c t 

women st i m u l a t e d sexual i n t e r e s t i n many cases (Salmon and Geist, 1943). 

This suggests t h a t t h ere may be a r o l e f o r androgens i n the human female's 

s e x u a l i t y comparable w i t h t h a t experimentally determined f o r the rnesus 

monkey, but not the r a t , although exact correspondence awaits f u r t h e r 

c l i n i c a l i n v e s t i g a t i o n . 
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6.1.2 Ovarian c o n t r o l of human pheromones? 

Several authors have presented evidence f o r the possible existence 

of human pheromones (Comfort, 1971; Schneider, 1971; Michael, Bonsall and 

Warner, 1974). Michael et a l . (1974) suggest, f o r example, t h a t vaginal 

secretions may communicate some i n f o r m a t i o n r e l a t e d t o the stage of the 

menstrual c y c l e . The pro p o r t i o n s of the components of vaginal s e c r e t i o n s 

vary across the cycle (Michael et a l . , 1974; P r e t i and Huggins, 1975), 

and the odours of secretions from the menstrual or l u t e a l phases of the 

cycle (Doty, Ford P r e t i and Huggins, 1975). 

I n the female macaque, pheromonal production i s f a c i l i t a t e d by 

oestrogen and suppressed by progesterone. The l a t t e r hormone also i n h i b i t s 

both female sexual a c t i v i t y and the a t t r a c t i v e n e s s of the female t o the 

male (Michael, Herbert and Welegalla, 1967). Further, vaginal secretions 

c o l l e c t e d from oestrogen t r e a t e d monkeys increased the sexual a t t r a c t i v e n e s s 

when ap p l i e d t o the sexual s k i n of untreated, ovariectomized females 

(Michael, Keverne and Bonsall, 1971). 

I t has been demonstrated t h a t many mammals can d i s c r i m i n a t e between 

the odours of conspecifics (see Miller-Schwarze, 1974, f o r a review). 

More r e c e n t l y , Wallace (1977) showed t h a t both men and women could 

d i s c r i m i n a t e between human odours on the basis of o l f a c t o r y cues from the 

hand. The accuracy of female observers was improved when the two stimulus 

i n d i v i d u a l s were g e n e t i c a l l y u n r e l a t e d , and when they were on d i f f e r e n t d i e t s . 

P i e t r a s and Moulton (1974) showed t h a t the performance of four-day 

c y c l i n g female r a t s i n an odour d e t e c t i o n task f l u c t u a t e d w i t h the phases 

of the oestrous c y c l e . This c y c l i c i t y occurs f o r o—ionone, eugenol, 

cyclopentanone and E x a l t o l i d e , i s s i g n i f i c a n t f o r every compound but the 

l a s t , and i s not odour s p e c i f i c . Ovariectomy e l i m i n a t e d the c y c l i c i t y i n 

performance, but elevated performance scores above those of c o n t r o l s . 

E x a l t o l i d e i s a s y n t h e t i c compound which can be detected by ad u l t women, but 



not by men or pre-pubertal g i r l s . The a b i l i t y t o perceive t h i s odour 

reaches a maximum during the f o l l i c u l a r phase and a minimum du r i n g the 

l u t e a l phase of the menstrual c y c l e , when progesterone l e v e l s are high. 

S i m i l a r hormone-dependent responses i n human males have not yet been 

demonstrated. 

I t i s i n t e r e s t i n g t o note, then, t h a t Michael (1969) suggests t h a t 

o r a l contraceptives may adversely e.ffect the sexual behaviour of men v i a 

changes i n odour and behaviour of t h e i r female partners, caused by these 

s t e r o i d s . Male monkeys found females less " a t t r a c t i v e " a f t e r the females 

had been t r e a t e d w i t h o r a l c o n t r a c e p t i v e preparations. Such e f f e c t s could 

be mediated by the progestogenic component of o r a l contraceptives; but 

the evidence f o r t h i s i s s t i l l l a c k i n g . 

6.1.3 Oral contraceptives and sexual behaviour 

The most common form i n which s t e r o i d s are given t o women i s the 

contraceptive p i l l , which u s u a l l y consists of a v a r i a b l e mixture of an 

oestrogen and a progestogen. A number of i n v e s t i g a t i o n s on the e f f e c t 

c o n t r a c e p t i v e s t e r o i d s have on l i b i d o present equivocal and c o n f l i c t i n g 

r e s u l t s . Table 6.1 i s a b r i e f survey of some recent c o n t r o l l e d studies on 

the mental and somatic e f f e c t s of o r a l contraceptives. Most of these 

st u d i e s i n d i c a t e t h a t some) women develop mental and somatic symptoms d u r i n g 

the f i r s t months of o r a l c o n t r a c e p t i v e use. These rea c t i o n s seem t o 

disappear a f t e r the i n i t i a l months, however. I n some cases, "loss of 

l i b i d o " has been reported, and t h i s has been a major f a c t o r i n women 

d i s c o n t i n u i n g t h e i r use of the p i l l ( f o r example, the studies by Grounds, 

Davies and Mowbray, 1970; Marcotte, Kane, Obrist and L i p t o n , 1970). The 

study by Grounds et a l . r e p o r t s l i b i d o l o s s i n e i g h t out of a sample of 

ten p a t i e n t s during the f i r s t month; but only i n two out of ten "double-

b l i n d " c o n t r o l s . Marcotte et a l . r e p o r t a loss of the capacity f o r orgasm 

i n the t h r e e subjects (out of f o u r ) who completed the study. Another 
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study r e p o r t i n g a decrease i n l i b i d o i s the one by Grant and Pryse-Davies 

(1968). However, i n s p i t e of thorough questionnaires and p s y c h i a t r i c 

assessment, there i s no evidence f o r a primary decrease i n l i b i d o i n the 

other c o n t r o l l e d studies (Nilsson and S o l v e i l , 1967; Herzberg, Draper, 

Johnson and N i c o l , 1971; Cullberg, 1972). The way i n which such data are 

c o l l e c t e d may have a c r u c i a l e f f e c t on the apparent change i n behaviour. 

Furthermore, i f d i r e c t e f f e c t s on behaviour do occur, they may be a t t r i b u t e d 

as much t o s o c i a l or c o g n i t i v e f a c t o r s as t o endocrine f a c t o r s . However, 

women t a k i n g the p i l l excrete less androgen metabolites ( B u l l b r o o k , Hayward, 

Herian, Swain, Tong and Wang, 1973) and have no mid-cycle peak i n e i t h e r 

t e s t o s t e r o n e or oestrogen, which may provide an endocrine explanation f o r 

some cases of decreased l i b i d o . 

Data from a study by Morris and Udry (1971) i n v e s t i g a t i n g the e f f e c t s 

of hormones on c o i t a l frequency, agrees w i t h such an idea. Morris and 

Udry found no d i f f e r e n c e i n in t e r c o u r s e rates between a group of women 

randomly selected t o use o r a l contraceptives and another group randomly 

selected t o use placebos. This f i n d i n g deserves some a t t e n t i o n because 

hormonal f a c t o r s and c o g n i t i v e f a c t o r s associated w i t h d i f f e r e n t c o n t r a c e p t i v e 

methods were not confounded. A l l subjects were i n s t r u c t e d t o continue 

using t h e i r usual ( n o n - p i l l ) means of contraception. I n t h i s respect, 

the Herzberg et a l . (1971) r e s u l t s should be assessed i n connection w i t h 

the f a c t t h a t o r a l contraceptive users as a group seem t o d i f f e r from non-

users i n several important respects, f o r example, smoking h a b i t s , s o c i a l 

class and sexual a c t i v i t y (Kay, Smith and Richards, 1969; Appelgren, 1972, 

c i t e d i n Cullberg, 1972). This would suggest t h a t there may e x i s t d i f f e r e n c e s 

i n mental a t t i t u d e s between women using i n t r a - u t e r i n e device and those 

using o r a l contraceptives, making the former group less s u i t e d as a c o n t r o l 

group. 

There are other complications. C l i n i c a l depression, of which 
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diminished l i b i d o i s one symptom, sometimes occurs i n women t a k i n g 

contraceptive s t e r o i d s (see Table 6.1); the converse (euphoria) may also 

occur, although t h i s has not been demonstrated t o date. For example, i n 

the study by Grounds et a l . (1970), nine out of ten p a t i e n t s showed an 

increase i n depression during the f i r s t month of o r a l c ontraceptive 

use, and t h i s was not r e l a t e d t o q u e s t i o n n a i r e - r e l a t e d neuroticism. The 

way i n which such data are c o l l e c t e d may have a c r u c i a l e f f e c t on the 

apparent change i n behaviour, and may r a i s e i n t e r p r e t a t i v e problems. Such 

a problem can be found i n the i n v e s t i g a t i o n by S i l b e r g e l d , Brast and Noble 

(1971). They studied mental and somatic parameters i n e i g h t female 

volunteers d u r i n g a period of fo u r months. The women were given "Enovid" 

(5 mg Norethynodrel + 0.075 mg mestranol) d u r i n g two months and placebo 

treatment d u r i n g another two months i n a double-blind, cross-over design. 

Thus Enovid on the one hand was found t o have a very s i g n i f i c a n t 

t r a n q u i l i z i n g e f f e c t as measured by one method (q u e s t i o n n a i r e ) and on the 

other hand t h e s e l f - r a t e d "Anxiety" and " H o s t i l i t y outwards" were found 

t o increase. 

6.1.4 Possible oestrogenic and progestogenic e f f e c t s on c e n t r a l 
nervous system f u n c t i o n i n g 

A l l o f the studies l i s t e d i n Table 6.1, as w e l l as i n the t e x t , 

a t t r i b u t e some degree of e f f e c t t o the progestogenic component of the p i l l , 

the oestrogenic component or t o both. Some of these i n v e s t i g a t i o n s f a i l e d 

t o d i f f e r e n t i a t e between f i r s t , and the most obvious from Table 6.1, the 

d i f f e r e n t preparations themselves. Secondly, the parent d e r i v a t i v e s of 

the progestogens: some progestogens are d e r i v a t i v e s of Gonane ( f o r 

Norgestrel o n l y ) , others of Oestrane (and have some oestrogenic p r o p e r t i e s ) , 

from Pregnane, and yet others of Androstane (and possess some anabolic 

e f f e c t s ) . T h i r d l y , the type of oestrogen used i n the d i f f e r e n t o r a l 

c o n t r a c e p t i v e preparations (whether e t h y n y l o e s t r a d i o l or mestranol). 

F o u r t h l y , and w i t h the exception of one study ( C u l l b e r g , 1972), the oestrogen-
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type/progestogen-derivative r a t i o i n the for m u l a t i o n s used. 

Consequently, i n studies where pooled data from women on d i f f e r e n t 

o r a l contraceptives are used (e.g. Herzberg and Coppen, 1970; Herzberg 

et a l . , 1971) a reported "no change i n L i b i d o " may have been due t o a 

c a n c e l l i n g out of e f f e c t s . Other undetected changes i n mental or somatic 

parameters can be a t t r i b u t e d t o such pooling of o r a l contraceptives and 

the ensuing data. Grounds et a l . (1970) and Marcotte et a l . (1970) re p o r t 

a decrease i n l i b i d o i n women t a k i n g e i t h e r "Ovulen" or "Ortho-Novum". 

Both of these preparations contain mestranol as the oestrogen component. 

In t h i s respect i t i s i n t e r e s t i n g t o note t h a t mestranol was found not t o 

f a c i l i t a t e sexual behaviour i n the ovariectomized female r a t (Chapter 5 ) . 

Although oestrogens are not thought t o have a pronounced e f f e c t on human 

female sexual behaviour (Kinsey et a l . , 1953), mestranol may be a c t i v e l y 

competing f o r receptor s i t e s which are, i n some way, involved i n the c o n t r o l 

of sexual behaviour; or by i n t e r f e r i n g w i t h synaptic transmission. I t must 

also be remembered, however, t h a t the studies by Grounds et a l . and 

Marcotte et a l . were conducted over a very short period of time, using a 

small number of women. On the other hand, these studies were very thorough. 

Of p a r t i c u l a r i n t e r e s t here are studies which t r y t o d i f f e r e n t i a t e 

between progestogen and oestrogen dominated p i l l s . There i s , however, no 

cle a r c u t evidence as t o which preparations show more adverse mental e f f e c t s . 

Whereas several studies r e p o r t adverse mental r e a c t i o n s t o f o r m u l a t i o n s 

w i t h higher p r o g e s t a t i o n a l content (e.g. Grant and Pryse-Davies, 1968; 

Petersen, 1969), other authors re p o r t the opposite (e.g. Goldzieher, Moses, 

Averkin, Scheel and Taber, 1971; Kutner and Brown, 1972; Cullberg, 1972). 

Grant and Pryse-Davies (1968) re p o r t a "dramatic r i s e " i n monoamine oxidase 

(MAO) a c t i v i t y of the endometrium i n the l a t e secretory phase o f the menstrual 

c y c l e . They also f i n d a r i s e i n monoamine oxidase a c t i v i t y i f the p a t i e n t s 

received a preparation c o n t a i n i n g a strong progestogenic compound i n 
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combination w i t h a weak oestrogen. I t i s hypothesised t h a t progestogen 

s t i m u l a t i o n causes a general change i n monoamine oxidase a c t i v i t y , and 

t h a t t h i s "... may be a f a c t o r i n the occurrence of depression and loss of 

l i b i d o i n susceptible women". This presupposes t h a t monoamine oxidase 

increase also occurs i n the c e n t r a l nervous system. As yet, the d i r e c t 

e f f e c t s of s y n t h e t i c progestogens on c e n t r a l nervous system f u n c t i o n i n g 

have not been demonstrated. Mental symptoms associated w i t h o r a l con­

t r a c e p t i v e use are g e n e r a l l y of the d y s p h o r i c - i r r i t a b l e type w i t h no 

d i u r n a l rhythm, and consequently not t y p i c a l of the endogenous depressive 

syndrome. 

I n healthy women, plasma MAO a c t i v i t y i s lowest at the time of 

o v u l a t i o n , when o e s t r a d i o l production i s greatest; but a c t i v i t y increases 

d u r i n g the l u t e a l phase when progesterone i s secreted (Briggs and Briggs, 

1972). Contrary t o the f i n d i n g s of Grant and Pryse-Davies (1968), Briggs 

and Briggs found t h a t plasma MAO a c t i v i t y was s i g n i f i c a n t l y reduced i n 

women t a k i n g o r a l c ontraceptive preparations (these authors, however, do not 

mention which type of o r a l contraceptives were used), but not i n women 

r e c e i v i n g depot i n j e c t i o n s of medroxyprogesterone acetate. Grant and Pryse-

Davies measured endometrial enzymic a c t i v i t y , whereas Briggs and Briggs 

monitored plasma enzymic a c t i v i t y . These f i n d i n g s argue against using 

plasma MAO a c t i v i t y as an i n d i v i d u a l measure of b r a i n MAO a c t i v i t y . 

However, there i s evidence from work w i t h female r a t s t h a t b r a i n MAO 

l e v e l s may be i n f l u e n c e d by o e s t r a d i o l . The area w i t h highest MAO a c t i v i t y 

i n female r a t s i s the medial hypothalamus ( Z o l o v i c k , Pearse, Boehlke and 

E l e f t h e r i o u , 1966), which i s also known t o contain l a r g e numbers of 

o e s t r o p h i l i c c e l l s ( P f a f f and Keiner, 1973). The a c t i v i t y of b r a i n MAO 

v a r i e s considerably throughout the oestrous c y c l e . I t i s lowest d u r i n g 

d i o e s t r u s and p r o g r e s s i v e l y increases t o a maximum at oestrus ( Z o l o v i c k 

et a l . , 1966). I f b r a i n MAO i s influenced by n a t u r a l and s y n t h e t i c sex 
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hormones I n the same way as the plasma enzyme, then t h i s would o f f e r a 

method of i n v e s t i g a t i n g d i f f e r e n c e s i n b r a i n f u n c t i o n between women 

r e c e i v i n g d i f f e r e n t o r a l contraceptive f o r m u l a t i o n s . 

Cullberg's (1972) and Kutner and Brown's (1972) r e s u l t s give some 

evidence t h a t the progestogens might have sedative p r o p e r t i e s s i m i l a r t o 

those of n a t u r a l progesterone. Such e f f e c t s were f i r s t reported by Selye 

(1942) who found t h a t progesterone was one of the most e f f e c t i v e compounds 

among the sedative s t e r o i d hormones. The marked de c l i n e i n progesterone 

l e v e l s before menstruation and a f t e r p a r t u r i t i o n could t h e r e f o r e be 

im p l i c a t e d i n mental disturbances a t these times. L a d i s i c h (1977), however, 

could not e s t a b l i s h a c l e a r r e l a t i o n s h i p between progesterone l e v e l s i n 

women and progestogen (Medroxyprogesterone) treatment. L a d i s i c h suggests 

t h a t progesterone a f f e c t s s e r o t o n i n metabolism i n the b r a i n ; and he based 

t h i s suggestion on h i s f i n d i n g s using ovariectomized i'emale r a t s . Such 

e x t r a p o l a t i o n s , i f a t a l l j u s t i f i e d , must be t r e a t e d w i t h c a u t i o n . I t i s 

possible t h a t exogenous progestogen treatment may a f f e c t endogenous 

progesterone uptake or metabolism, and t h a t such disturbances could w e l l 

be r e l a t e d t o a f f e c t i v e changes. This i s yet t o be shown. 

6.2 Food Intake i n the Human Female 

6.2.1 Changes d u r i n g the menstrual cycle 

Ovarian c o n t r o l of sexual behaviour i n women has received a good deal 

of a t t e n t i o n , but the studies have not been very methodical and the r e s u l t s 

equivocal and d i f f i c u l t t o i n t e r p r e t . However, the p o s s i b i l i t y of ovarian 

c o n t r o l over food i n t a k e has scarcely been considered. The decrease i n food 

i n t a k e at oestrus has been thoroughly i n v e s t i g a t e d i n the r a t (Drewett, 

1973a), and t o a c e r t a i n extent i n other rodents; but there are few o b j e c t i v e 

studies w i t h primates. 

G i l b e r t and Gillman (1956) found a c o r r e l a t i o n between food intake 

and c i r c u l a t i n g oestrogen "levels i n t h e i r study of a p p e t i t e p a t t e r n s during 
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the menstrual cycle of the baboon. They found an increase i n a p p e t i t e 

from two t o f i v e days before menstruation ( d u r i n g the l u t e a l phase), 

and a decrease during the f o l l i c u l a r phase (between Day 7 and Day 11 of 

the c y c l e ) . Krohn and Zuckerman (1937), observing food i n t a k e during three 

menstrual cycles of the p i g - t a i l e d macaque, and Czaja (1975) i n the 

rhesus monkey, found i d e n t i c a l feeding p a t t e r n s . G i l b e r t and Gillman also 

showed t h a t progesterone i n j e c t i o n s increased food i n t a k e i n an i n t a c t 

baboon when given during the f o l l i c u l a r depression of i t s menstrual c y c l e . 

There are obvious d i f f i c u l t i e s w i t h conducting such st u d i e s on women. 

Data would be p a r t i c u l a r l y hard t o c o l l e c t as the d i e t and a c t i v i t y of 

humans cannot be e a s i l y c o n t r o l l e d . M o n i t o r i n g feeding p a t t e r n s would 

present an a d d i t i o n a l problem. However, some d i e t i c i a n s have reported on 

t h e i r own food i n t a k e d u r i n g the menstrual c y c l e . Yudkin (1951) re p o r t s 

a study by f i v e d i e t e t i c students who measured t h e i r own food consumption 

du r i n g one menstrual c y c l e . Yudkin comments t h a t "there was no obvious 

r e l a t i o n s h i p between food consumption and menstruation". Chappel (1955) 

and Taggart (1962) d i d not f i n d any evidence f o r cycle i n f l u e n c e on food 

i n t a k e , water i n t a k e , water balance or body weight. They comment on the 

f a c t t h a t changes due t o the menstrual cycle may have been masked by 

v a r i a b i l i t y from other sources, which was considerable. There are, however, 

c l i n i c a l reports which show t h a t a p p e t i t e increases pre-menstrually ( f o r 

example: Thorn, Nelson and Thorn, 1938; C r i t c h l e y , 1962; Dalton, 1964). 

I n t h i s respect i t i s i n t e r e s t i n g t o note a study by Crean (1963) who 

reported increases i n g a s t r i c emptying rates d u r i n g the l u t e a l phase 

(presumably r e l a t i v e t o the f o l l i c u l a r phase i n the c y c l e ) . 

6.2.2 Oral contraceptives and food i n t a k e 

Studies on t^e e f f e c t s of o r a l c o n t r a c e p t i v e preparations on food i n t a k e 

and meal pat t e r n s are t o t a l l y l a c k i n g . However, there are sparse reports 

on changes i n weight (see Table 6.1). Nilsson and S o l v e i l (1967) and 
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Nllsson et a l . (1967) report weight gain i n women t a k i n g Anovlar (a 

combination of ethynyl o e s t r a d i o l and nor e t h i s t e r o n e a c e t a t e ) ; but i t i s 

not known whether such an increase i s due t o an increase i n food i n t a k e 

or water r e t e n t i o n . I n Chapter 5 i t was shown t h a t t h i s hormonal com­

b i n a t i o n reduced food i n t a k e and body weight i n both the ovariectomized 

and i n t a c t r a t . Obviously, comparisons between e f f e c t s observed i n r a t s 

and i n humans should not be made too r e a d i l y . The p a t t e r n of weight gain 

was not reported i n human s t u d i e s . I t i s possible t h a t the weight gain 

was caused by an increase i n food i n t a k e by women as a r e a c t i o n t o an 

i n i t i a l weight l o s s . From studies presented i n Table 6.1 and others, the 

general impression i s t h a t weight change i s h i g h l y v a r i a b l e : some women 

put on weight w h i l e others lose weight. I t i s q u i t e l i k e l y t h a t t h i s 

v a r i a b i l i t y i s due t o the lack of c o n t r o l i n these s t u d i e s . S t r i c t 

c o n t r o l over a more constant d i e t i n a d d i t i o n t o a more uniform environment 

would be necessary t o show such changes r i g o r o u s l y . I t would be of 

p a r t i c u l a r i n t e r e s t t o see whether the i n i t i a l nausea and vomiting which 

occur i n women t a k i n g c e r t a i n o r a l contraceptives (those w i t h a high 

oestrogen content) are i n any way r e l a t e d t o changes i n food i n t a k e . 

6.2.3 Oestrogens and feeding disorders 

The question of whether food intake i n women i s f r e e from oestrogenic 

i n f l u e n c e s i s of more than academic i n t e r e s t . C e r t a i n e a t i n g disorders 

show, f i r s t l y , a remarkable sex d i f f e r e n c e i n t h e i r incidence, and secondly, 

a frequent a s s o c i a t i o n w i t h changes i n or disorders of gonadal f u n c t i o n . 

A c l i n i c a l syndrome associated w i t h disturbances i n food i n t a k e i s 

anorexia nervosa, which occurs ten times as f r e q u e n t l y i n women as i n men. 

Anorexia nervosa i s becoming more common (Garrow, 1976), but the reason 

f o r t h i s i s not known. 

^.oth ovarian (Drewett, 1973a) and neuroendocrine ( R u s s e l l , 1975) 

i.-.volvement i n the m a n i f e s t a t i o n of anorexia nervosa have been proposed; 
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but conclusive evidence i s s t i l l l a c k i n g . These p o s s i b i l i t i e s stem from 

the i n t r i g u i n g f a c t t h a t most, i f not a l l , of the symptoms shown by 

anorexic p a t i e n t s can be reproduced i n some species by endogenous or 

exogenous oestrogens. The drop i n food i n t a k e and body weight at oestrus 

(Drewett, 1973a), and s i m i l a r phenomena shown by ovariectomized 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 (Wade, 1975) are w e l l documented. Further, 

ethynyl oestrogens, and p a r t i c u l a r l y ethynyl o e s t r a d i o l , have been shown 

t o reduce food i n t a k e and body weight considerably i n the female r a t 

(Chapter 5 ) . Vomiting, which i s a common symptom i n women w i t h anorexia 

nervosa, i s impossible i n the r a t (Code and Schlegel, 1968). However, nausea 

i s a common side e f f e c t of oestrogen a d m i n i s t r a t i o n i n women (Astwood, 

1965), and i n women t a k i n g combined o r a l c ontraceptive formulations (see 

Table 6.1). 

6.2.4 A possible a s s o c i a t i o n between o r a l contraceptives and anorexia 
nervosa 

I t has already been mentioned t h a t the incidence of anorexia nervosa 

i s on the increase. Oral contraceptive use has also increased d r a m a t i c a l l y 

over the l a s t decade. I t would not be unreasonable t o look f o r a possible 

a s s o c i a t i o n between the two. Studies on the behavioural e f f e c t s and 

metabolism of o e s t r a d i o l and the ethynyl oestrogens, both i n r a t s and i n 

humans, may shed some new l i g h t on the possible involvement of contraceptive 

s t e r o i d s w i t h c e r t a i n f eeding d i s o r d e r s . 

Fishman, Boyar and Hellman (1975) i n v e s t i g a t e d the metabolism of 

o e s t r a d i o l i n g i r l s w i t h anorexia nervosa, and compared i t - w i t h obese 

subjects and normal weight, age and sex-matched c o n t r o l s . I t was noted t h a t 

the malnourished females converted o e s t r a d i o l t o the catecholoestrogen, 2-

hydroxyoestrone, t o a f a r greater extent than e i t h e r obese p a t i e n t s or the 

normal weight c o n t r o l s . Increasing body weight was accompanied by a sharp 

decrease i n catecholoestrogen formation and an increase i n o e s t r i o l 

production. The r e c i p r o c a l r e l a t i o n s h i p found i n women w i t h anorexia nervosa 
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and obese women provides s t r o n g evidence t h a t the a l t e r a t i o n s i n o e s t r a d i o l 

metabolism a r e not s p e c i f i c t o the s e d i s o r d e r s , but are r e l a t e d to changes 

i n body weight, body composition and/or n u t r i t i o n . I t i s p o s s i b l e t h a t 

the e x c e s s i v e 2-hydroxyoestrone formation was the cause r a t h e r than the 

r e s u l t of the hypophagia i n these women. I n t h i s r e s p e c t , G a r a t t i n i and 

Fishman (1975; c i t e d i n Fishman, 1976) eval u a t e d the e f f e c t of t h i s 

oestrogen on food i n t a k e i n r a t s . They report t h a t i n i n i t i a l t r i a l s 2-

hydroxyoestrone s i g n i f i c a n t l y reduced food i n t a k e . 

The demonstrated r o l e of body weight i n i n f l u e n c i n g the d i r e c t i o n 

of o e s t r a d i o l metabolism may pla y a s i g n i f i c a n t r o l e i n such body weight 

and body composition r e l a t e d e n d o c r i n e - c o n t r o l l e d events as the onset of 

puberty, anovulation and b r e a s t or endometrial carcinoma. Anorexia nervosa 

begins most f r e q u e n t l y i n adolescence, and a n o r e x i c p a t i e n t s behave as i f 

they had an abnormally low body weight " s e t p o i n t " ' ( R u s s e l l , 1975; R u s s e l , 

Campbell and Slade, 1975), but e q u a l l y they might experience a t h r e s h o l d 

weight below which they need to be. Drewett (1973a) suggests that a n o r e x i a 

nervosa may represent a h y p e r s e n s i t i v i t y r e a c t i o n to oestrogens during 

puberty. Adolescents t a k i n g o r a l c o n t r a c e p t i v e s may, l i k e w i s e , show a 

r e a c t i o n t o the oestrogen component i n the p i l l . T h i s could give r i s e t o 

changes i n o e s t r a d i o l metabolism l e a d i n g to decreased food i n t a k e and 

consequently, lower body weight. T h i s new low l e v e l i n body weight could 

then i n f l u e n c e subsequent oestrogen metabolism; t h a t i s , a p o s i t i v e feedback 

system. An analogous s i t u a t i o n occurs i n obese women: the i n c r e a s e i n the 

amount of adipose t i s s u e r e s u l t s i n f u r t h e r r a i s e d l e v e l s of o e s t r i o l 

(Wolff, 1976). T h i s oestrogen i s h i g h l y u t e r o t r o p h i c , and f u r t h e r i t i s 

not converted t o cate c h o l o e s t r o g e n (Fishman e t a l . , 1960). 

E t h y n y l o e s t r a d i o l i s used e x t e n s i v e l y as the oestrogen component 

i n combined-type c o n t r a c e p t i v e s t e r o i d s . I n t h i s t h e s i s , evidence was 

presented (Chapter 5) t h a t both e t h y n y l o e s t r a d i o l and mestranol reduced 
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food i n t a k e s i g n i f i c a n t l y , and more so than o e s t r a d i o l , i n the female r a t . 

I t was argued t h a t the g r e a t e r metabolism of et h y n y l o e s t r a d i o l to 

catecholoestrogen may have caused, p a r t l y , the se v e r e decrease i n food 

i n t a k e shown by r a t s t r e a t e d with t h i s oestrogen. C l e a r l y , much 

confirmatory work needs t o be done; but the r o l e of catecholoestrogens i n 

the c o n t r o l of food i n t a k e warrants a t t e n t i o n . 

6.2.5 General c o n s i d e r a t i o n s 

As w i t h s e x u a l behaviour, the choice of food and the meal p a t t e r n s 

a s s o c i a t e d with food i n t a k e i n humans seem to have become more i n f l u e n c e d 

by s o c i a l and c u l t u r a l c o n d i t i o n i n g , to the extent t h a t hormonal e f f e c t s a r e 

masked. I t i s p o s s i b l e , however, t h a t changes i n the former l e a d to 

changes i n the l a t t e r , w i t h s e r i o u s consequences. For example, changes 

i n e a t i n g h a b i t s i n f l u e n c e d by cur r e n t s o c i a l and c u l t u r a l trends, and which 

give r i s e t o a decrease i n body weight, could cause hormonal changes i n 

some women. These changes could be a prelude to the appearance of c e r t a i n 

c l i n i c a l d i s o r d e r s , such as anorexia nervosa. The a d d i t i o n a l i n t r o d u c t i o n 

of potent, exogenous oestrogens I n the form of c o n t r a c e p t i v e s t e r o i d s may 

be a f u r t h e r s t i m u l u s i n t r i g g e r i n g metabolic changes, p a r t i c u l a r l y i n the 

immediate years f o l l o w i n g , puberty. P r o s p e c t i v e s t u d i e s employing randomized 

c l i n i c a l s t u d i e s , and other s c r e e n i n g procedures over not l e s s than four 

y e a r s a r e needed and a r e e t h i c a l l y j u s t i f i e d . 

6.3 Concluding Comments 

I n t h i s chapter, an attempt i s m&de t c r e l a t e work on the c o n t r o l of 

fee d i n g and sexual behaviour i n the r a t to c l i n i c a l o b s e r v a t i o n s of 

behav i o u r a l changes i n women, with p a r t i c u l a r r e f e r e n c e to the e f f e c t s of 

hormones used i n o r a l c o n t r a c e p t i v e s on sexual behaviour and food I n t a k e . 

I t i s not easy to demonstrate any r e l a t i o n s h i p s t h a t may e x i s t w i t h 

s a t i s f a c t o r y r i g o u r , l a r g e l y because of the l a c k of adequate experimental 

s t u d i e s on mental, somatic and sexu a l changes i n women t a k i n g c o n t r a c e p t i v e 
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s t e r o i d s . I t i s of some concern t h a t so many women the world over a r e 

t a k i n g o r a l c o n t r a c e p t i v e s , which have not as yet been t e s t e d f o r behaviouiux 

e f f e c t s , although much has been done w i t h regard to t h e i r pharmacological 

p r o p e r t i e s . I t i s hoped t h a t experiments presented i n t h i s t h e s i s w i l l 

provide the nec e s s a r y s t i m u l u s and o u t l i n e the trend f o r such work. 



APPENDIX A 

T h i s Appendix p r e s e n t s t a b l e s of means f o r Experiments 5 ( a ) , 5 ( b ) , 

and 10. A note regarding the Analyses of Variance presented i n t h i s 

t h e s i s i s i n c l u d e d a t the end of the Appendix. 



T a b l e A l ( i ) 

Experiment 5 ( a ) . R e a s s e s s i n g s e x u a l motivation i n the female r a t . D a i l y 
mean runway times ( i n seconds) of s e x u a l l y r e c e p t i v e 
females running t o c a s t r a t e males, over t r i a l s 

^ \ T r i a l 
Day 1 2 3 4 5 6 

1 44.85 137.64 180.00 180.00 - -

2 51.22 129.35 111.99 143.72 - -

3 51.34 77.92 111.33 92.49 - -

4 18.20 70.09 76.26 52.93 - -

5 30.26 93.28 120.38 86.29 - -

6 10.97 24.33 50.63 21.22 - -

7 7.10 33.80 32.02 36.82 - -

8 12.36 15.60 21.59 10.46 - -

9 6.23 14.47 35.78 30.05 23.64 10.60 

10 4.73 9.27 11.00 18.55 34.46 32.50 



T a b l e A l ( i i ) 

Experiment 5 ( a ) . R e a s s e s s i n g s e x u a l m otivation i n the female r a t . D a i l y 
mean runway times ( i n seconds) of s e x u a l l y r e c e p t i v e 
females running t o s e x u a l l y a c t i v e males, over t r i a l s 

^ \ T r i a l 
Day 1 2 3 4 5 6 

1 35.14 121.18 116.31 118.62 - -

2 40.76 112.45 89.50 121.54 - -

3 15.31 40.91 72.01 67.58 - -

4 8.77 32.24 25.93 35.97 - -

5 6.44 37.88 21.43 21.31 - -

6 5.63 13.69 26.86 22.90 - -

7 3.83 9.78 7.77 9.98 - -

8 4.89 8.45 7.80 14.66 -

9 3.76 7.21 4.44 8.16 8.18 5.80 

10 2.84 2.81 5.65 7.00 9.81 7.18 
.• 



T a b l e A2 

Experiment 5 ( b ) . Sexual m o t i v a t i o n i n the oestrous or anoestrous r a t . 
Mean runway times ( i n seconds) of oestrous and anoestrous 
females running to s e x u a l l y a c t i v e or c a s t r a t e males, 
over t r i a l s 

S e x u a l l y A c t i v e Males C a s t r a t e Males 

T r i a l s Oest rous 
Females 

Anoestrous 
Females 

Oest rous 
Females 

Anoestrous 
Females 

1 4.38 5.59 6.43 
I 

8.86 

2 6.07 6.31 24.49 10.80 

3 8.56 10.24 46.75 11.98 

4 8.93 22.88 18.43 39.15 

5 6.78 11.07 20.17 37.67 

6 24.56 18.74 24.43 24.86 

7 9.94 28.26 29.64 
i 

70.60 

8 7.38 44.75 27.79 77.07 



177 

T a b l e A3 

Experiment 8. The s e x u a l a t t r a c t i v e n e s s of male r a t s ; An e n d o c r i n o l o g i c a l 
d i s a e c t i o n . D a l l y mean runway times ( I n seconds) over t r i a l s 

( i ) Females running t o o i l t r e a t e d c a s t r a t e s 

Day 
s T r i a l 1 2 3 4 5 6 7 8 

1 68.68 118.80 107.66 145.49 172.70 175.11 143.66 130.66 

2 35.34 56.44 61.71 97.84 103.06 76.58 62.56 88.67 

3 16.86 22.02 69.11 49.71 76.03 60.08 91.26 98.72 

( i i ) Females running t o c a s t r a t e males t r e a t e d w i t h d i h y d r o t e s t o s t e r o n e (DHT) 

^ \ T r i a l 
Day 1 2 3 4 5 6 7 8 

1 

1 48.89 16.32 61.51 74.81 106.67 125.68 103.14 
! 

95.37 

2 13.56 40.11 76.86 68.58 58.57 64.97 69.59 41.16 

3 6.63 4.91 14.42 17.88 41.00 27.59 27.45 16.23 

( i i i ) Females running t o c a s t r a t e males t r e a t e d w i t h DHT i n combination w i t h 
o e s t r a d i o l benzoate (DHT-OB) 

^ \ T r i a l 1 2 3 4 5 6 7 

1 

8 
Day 

1 52.28 22.74 47.64 20.24 25.80 24.87 46.02 23.55 

2 12.04 7.71 5.53 11.35 12.75 13.70 13.49 18.27 

3 6.83 5.83 9.83 4.14 16.51 11.33 9.10 22.55 
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Ta b l e A4 

Experiment 10. A second study on the s e x u a l a t t r a c t i v e n e s s of male r a t s : 
O l f a c t o r y and b e h a v i o u r a l components. D a i l y mean runway 
times ( i n seconds) over t r i a l s 

( i ) Females running to o i l t r e a t e d c a s t r a t e s 

Day 
T r i a l 1 2 3 4 5 6 7 

1 
8 

1 27.68 63.03 117.51 145.82 117.22 150.41 125.52 89.42 

2 25.35 67.53 45.75 80.10 80.91 34.23 96.69 102.76 

3 31.70 42.62 54.74 116.92 87.95 69.04 57.47 71.65 

( i i ) Females running t o c a s t r a t e males t r e a t e d w i t h d i h y d r o t e s t o s t e r o n e (DHT) 

T r i a l 
Day 1 2 3 4 5 6 7 8 

1 24.58 30.41 63.54 36.53 91.69 56.03 73.95 99.44 

2 11.16 26.50 25.74 74.08 46.10 25.46 61.53 32.24 

3 7.80 16.95 15.03 19.76 23.32 31.42 17.52 19.42 

( i i i ) Females running t o c a s t r a t e males t r e a t e d w i t h DHT i n combination w i t h 
o e s t r a d i o l benzoate (DHT-OB) 

T r i a l 
Day 1 2 3 4 5 « 1 » 

1 i 
8 

1 

i 
1 

1 27.92 20.43 17.93 15.86 38.46 39.00 33.86 1 
33.91 ! 

2 9.69 10.34 14.00 13.76 12.26 8.82 11.17 
i 

8.40 

3 4.61 6.29 6.70 6.78 6.39 7.53 4.93 7.72 
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A n a l y s i s of Variance 

Analyses of v a r i a n c e were performed u s i n g a standard, t e s t e d computer 

programme - "BWANOVA". The output (means, sums of squares, r a t i o s , e t c . 

...) from t h i s programme was given a c c u r a t e t o 4 decimal p l a c e s . However, 

the v a l u e s presented i n summary t a b l e s , and t a b l e s of means, were c o r r e c t e d 

to 2 p l a c e s of decimal. 
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