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FERNANDEZ-GUASTI, A., K. LARSSON AND C. BEYER. Prevention of progesterone-induced lordosis behavior by 
alpha or beta adrenergic antagonists in ovariet'tomized estrogen-primed rats. PHARMACOL BIOCHEM BEHAV 22(2) 
279--282, 1985.--.The effect of systemic administration of adrenergic alpha (phenoxybenzamine and prazosin) and beta 
(propranolol) antagonists on the lordosis behavior induced by progesterone (2.0 mg/rat) was studied in ovariectomized 
estradiol benzoate (4.0 p.g/rat) primed rats. The effect of these antagonists was also tested on the lordosis behavior induced 
in ovariectomized rats by estradiol benzoate alone (1.25 /~g/rat each two days). Phenoxybenzamine (0.8, 4.0 and 20.0 
mg/kg), propranolol (0.8, 4.0 and 20.0 mg/kg) and prazosin (0.2 and 1.0 mg/kg) caused a dose-dependent reduction of 
progesterone induced lordosis. By contrast, phenoxybenzamine (4.0 mg/kg), propranolol (4.0 mg/kg) or prazosin (1.0 
mg/kg) did not affect estrogen induced lordosis behavior. Results suggest the following conclusions: (1) blockage of either 
alpha or beta adrenoreceptors prevents progesterone induced lordosis behavior and (2) the adrenergic neuron involved in 
progesterone facilitation of lordosis behavior is not a pan of the reflex arc for lordosis but probably modulates the activity 
of this system. 
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LORDOSIS behavior is dependent on the sequential action 
of estrogen and progesterone (P) in the brain [16]. Our un- 
derstanding of  the mechanism by which these steroids inter- 
act to stimulate lordosis is limited. Indirect evidence 
suggests that estrogen acts by stimulating protein synthesis 
[1] but the mechanism of  P action is uncertain. We have 
recently proposed [I] that one of  the key molecular events 
induced by P to stimulate lordosis is a rise in cAMP levels 
leading to the phosphorylation and activation of proteins 
previously induced by estrogen. This model of P action is 
supported by the following experimental data: (I) P increases 
cAMP levels in the hypothalamus of ovariectomized 
estrogen-primed rats (CoUado and Beyer, unpublished data), 
(2) administration of cAMP analogues [2] and adenylate cyc- 
lase activators [4,10] induce lordosis and, (3) treatment with 
phosphodiesterase inhibitors potentiate the effect of P on 
lordosis in ovariectomized estrogen-primed rats [3]. 

There is no evidence that P acts directly on membrane 
receptors linked to an adenylate cyclase-cAMP system. On 
the contrary, recent data show that adrenergic beta blockers 

interfere with the P effect on hypothalamic cAMP levels 
(Collado and Beyer, unpublished data). Therefore, it appears 
likely that P facilitates lordosis by favouring the release or 
the action of norepinephrine (NE). This idea is supported by 
the following observations: (I) P induces NE release both in 
vivo [17] and in vitro [13], (2) NE and epinephrine (E) induce 
lordosis when infused into the ventromedial hypothalamic 
(VMH) nucleus of estrogen primed rats [111 and, (3) NE and 
E act on the hypothalamus by raising cAMP levels [20]. 

Therefore, in the present study we decided to test the 
effect of various adrenergic blockers,  both alpha 
(phenoxybenzamine or prazosin) and beta (propranolol), on 
(1) the facilitatory effect on lordosis behavior exerted by P in 
estrogen-primed rats and (2) on the lordosis behavior in- 
duced by repeated injections of  estradiol benzoate to 
ovariectomized rats. This last experiment was made in order 
to determine whether these antagonists act by interfering 
with the adrenergic transmission in the reflex arc for lor- 
dosis. 

'Requests for reprints should be addressed to Dr. Knut Larsson, University of G6teborg, Department of Psychology, Unit of Psychobiol- 
ogy, Box 14 158. S-400 20 Grteborg, Sweden. 
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METHOD 

GENERAL METHODS 

Animals 

Female Wistar  rats (250-300 g body wt) bred and main- 
tained in our laboratory were used in this study. The rats 
housed in a temperature controlled (24°C) room under in- 
verted light-dark cycle (14 hr light-l0 hr dark) were fed with 
Purina rat chow and water  available ad lib. The rats were 
ovariectomized using ether anesthesia three weeks before 
drug treatment.  

Drugs 

Estradiol benzoate and progesterone (purchased from 
Sigma Chemical Co.) were dissolved in oil and SC injected. 
Phenoxybenzamine (a gift of  Smith, Kline and French) was 
dissolved in dichloromethane and thereafter in oil and in- 
jected SC. Propranolol (purchased from Sigma Chemical 
Co.) was dissolved in saline and injected IP. Prazosin (a gift 
of Pfizer) was dissolved in acetic acid 100% and 5% glucose- 
saline, buffered to a pH of  7.4 with a solution of NaOH 2 M 
and injected IP. 

Behavioral Tests 

Tests were conducted in a circular Plexiglas arena, 50 cm 
diameter. Sires were vigorous experienced males. During the 
test, each female received a total of 10 mounts with pelvic 
thrusts. Receptivity was quantified by a lordosis quotient 
(LQ=number  of  lordosis/10 mounts × 100). Data were 
statistically compared using the KruskaI-Wallis analysis of 
variance followed by the Mann Whitney U test or by the 
Wilcoxon T test [22]. 

EXPERIMENT I. EFFECT OF ADRENERGIC ANTAGONISTS ON 
ESTROGEN-PROGESTERONE INDUCED LORDOSIS BEHAVIOR 

Rats received initially a subcutaneous injection of 4.0 
tzg/rat of estradiol benzoate (EB) dissolved in 0.2 ml of 
sesame oil, and were injected 44 hr later with 2.0 rag/rat P 
dissolved in 0.2 ml of sesame oil. Two hours after P treat- 
ment, the animals were injected with either phenoxyben- 
zamine or propranoiol.  Additional groups were treated with 
prazosin, administered 1 hour after P. Controls were injected 
with vehicle 2 hours after P treatment.  Tests for lordosis 
behavior were conducted at 4 and 8 hr after P injection. The 
following groups and treatments were used in this experi- 
ment: 

Group 1. 2.0 ml/kg vehicle, 7 rats; Group 2. 0.16 mg/kg 
phenoxybenzamine,  7 rats; Group 3.0.8 mg/kg phenoxyben- 
zamine, 6 rats; Group 4. 4.0 mg/kg phenoxybenzamine,  7 
rats; Group 5.20.0 mg/kg phenoxybenzamine,  7 rats; Group 
6.0.04 mg/kg prazosin, 7 rats; Group 7.0.2 mg/kg prazosin, 6 
rats; Group 8. 1.0 mg/kg prazosin, 6 rats; Group 9. 0.16 
mg/kg propranolol,  7 rats; Group I0. 0.8 mg/kg propranolol,  
7 rats; Group 11. 4.0 mg/kg propranolol,  8 rats; Group 12. 
20.0 mg/kg propranolol,  7 rats. 

EXPERIMENT 2. EFFECT OF ADRENERGIC ANTAGONISTS ON 
ESTROGEN INDUCED L O ~ S I S  BEHAVIOR 

Animals in this experiment were injected every other day 
with 1.25 #.g/rat EB. In order to establish baseline levels for 
lordosis behavior, the rats were tested daily for lordosis and 
animals showing a LQ of 70 or higher were selected for ex- 
perimental treatment. The LQs established in the pretest 

were considered as controls for each experimental treat- 
ment. Following the pretest, animals were injected with 
either phenoxybenzamine (4.0 mg/kg), propranolol (4.0 
mg/kg) or prazosin (I.0 mg/kg) in dosages found to be effec- 
tive in preventing the effect of P in Experiment I. Rats were 
tested for lordosis behavior 2 and 6 hours (phenoxyben- 
zamine and propranolol) or 3 and 7 hours (prazosin) after 
drug administration. Hours of observation in this experiment 
correspond to hours of observation after drug treatment in 
Experiment I. 

RESULTS 

EXPERIMENT I. EFFECT OF ADRENERGIC ANTAGONISTS ON 
ESTROGEN-PROGESTERONE INDUCED LORDOSIS BEHAVIOR 

Control rats show a LQ of 71 and 80 at 4 and 8 hours 
respectively after P administration. Treatment with 
phenoxybenzamine (Fig. l) or propranoloi (Fig. 2) in dosages 
larger than 0.8 mg/kg, or prazosin (Fig. 3) in dosages larger 
than 0.2 mg/kg caused a dose-dependent reduction of lor- 
dosis behavior. Administration of  0.16 mg/kg of  either 
phenoxybenzamine or propranolol (Figs. 1 and 2, respec- 
tively) or of 0.04 mg/kg prazosin (Fig. 3) was followed by a 
non-signficiant reduction of the LQ. These results show that 
treatment with either alpha or beta adrenergic blockers pre- 
vents P induced lordosis behavior. None of the dosages of 
the drugs used in this experiment caused other behavioral 
alterations. 

EXPERIMENT 2. EFFECT OF ADRENERGIC ANTAGONISTS ON 
ESTROGEN INDUCED LORDOSIS BEHAVIOR 

Table I shows the results of  this experiment. 
Phenoxybenzamine, propranolol or prazosin at dosages that 
effectively prevent P-induced lordosis behavior, (Experi- 
ment l) did not affect lordosis induced by repeated injections 
of  EB. 

DISCUSSION 

Present results demonstrate that treatment with either 
alpha or beta adrenergic antagonists prevents, in a dose de- 
pendent manner, the display of  lordosis induced by P in es- 
trogen primed rats (Experiment 1). By contrast, these ad- 
renergic antagonists did not affect the ongoing lordosis be- 
havior induced by repeated injections of  estradiol benzoate 
(Experiment 2). The fact that adrenergic antagonists inter- 
fere with estrogen-progesterone-, but not with ongoing 
estrogen-, induced lordosis behavior, indicates that these 
agents do not act at synapses of  the reflex arc for lordosis, 
but rather interfere with the facilitatory activity of a system 
influenced by P. The possibility that both alpha and beta 
adrenergic blockers act as antiprogestins, e.g., interfering 
with the binding of P to its receptors,  appears unlikely. A 
more plausible explanation is that these agents act on a 
noradrenergic system activated or modulated by P adminis- 
tration. 

Surprisingly, few studies have tried to prevent the action 
of  P on lordosis by administering adrenergic antagonists. Re- 
cently, Collado, Rodriguez-Manzo and Beyer (unpublished 
data) in our laboratory found that propranolol (a beta 
antagonist) could depress P induced lordosis in rats, a finding 
in agreement with the present study. Davis and Kohl [9] 
reported that phenoxybenzamine,  an alpha blocker, given 4 
hours after P, failed to block the ongoing lordosis behavior in 
the rat. This last result contrasts with our observation show- 
ing that phenoxybenzamine prevents the display of  lordosis 
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Effect of phenoxybenzamine, administered 2 hr after FIG. I. 
progesterone, on the lordosis behavior induced by estradiol ben- 
zoate (4.0 p,g/rat) followed 44 hr later by progesterone (2.0 rag/rat) in 
ovariectomized rats. Bars represent mean lordosis quotient after oil 
or different dosages of phenoxybenzamine. Hours indicate time of 
observation after progesterone administration. Mann Whitney U 
test tp<0.05, *tp<0.01, *'t,p<0.001. Kruskal Wallis analysis of 
variance p<0.001. 
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FIG. 3. Effect of prazosin, administered 1 hr after progesterone, on 
the lordosis behavior induced by estradiol benzoate (4.0/~g/rat) fol- 
lowed 44 hr later by progesterone (2.0 rag/rat) in ovariectomized 
rats. Bars represent mean lordosis quotient after vehicle or different 
dosages of prazosin. Hours indicate time of observation after 
progesterone administration. Mann Whitney U test tp<0.05, 
÷t'tp<0.001. Kruskal Wallis analysis of variance p<0.01. 

when given 2 hours after P. This discrepancy may be due to 
the different time schedules used to interfere with the effect 
of P, since at 4 hours lordosis is already expressed. These 
data suggest that the noradrenergic neurons do not partici- 
pate directly in the expression of lordosis but, induce 
changes in the excitability of the reflex arc for lordosis be- 
havior occurring before lordosis is overtly displayed. 

The finding that both alpha and beta adrenergic blockers 
interfere with the stimulatory effect of P on lordosis appears 
somewhat puzzling. Yet, these results agree well with sev- 
eral biochemical and pharmacological studies on the mech- 
anism of action of NE in the hypothalamus. Both alpha and 
beta agonists can increase cAMP levels in the rat hypothal- 
amus [6,23]. Moreover, according to Daly et  al.  [61 who 
studied the effect of various adrenergic agonists and 
antagonists on brain cAMP levels, "the hypothalamus is 
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FIG. 2. Effect of propranolol, administered 2 hr after progesterone, 
on the lordosis behavior induced by estradiol benzoate (4.0 ~tg/rat) 
followed 44 hr later by progesterone (2.0 mg/rat) in ovariectomized 
rats. Bars represent mean lordosis quotient after saline or different 
dosages of propranolol. Hours indicate time of observation after 
progesterone administration. Mann Whitney U test t~'p<0.01, 
**tp<0.001. Kruskal Wallis analysis of variance p<0.01. 

TABLE 1 

EFFECT OF ALPHA (PHENOXYBENZAMINE AND PRAZOSIN) OR 
BETA (PROPRANOLOL) ADRENERGIC BLOCKING AGENTS ON THE 
LORDOSIS BEHAVIOR lNDUCED BY ESTRADIOL BENZOATE (I.25 

ttg/RAT EACH TWO DAYS) IN OVARIECTOM1ZED RATS 

Lordosis Quotient 
Treatment n mean _+ S.D. 

A. Phenoxybenzamine 6 
(4.0 mg/kg) 

Pretest 83 -+ 12 
2 hr after drug 82 -+ 13 
6 hr after drug 78 - 20 

B. Prazosin 6 
(1.0 mg/kg) 

Pretest 86 _+ 15 
3 hr after drug 86 +- 10 
7 hr after drug 80 -+ 19 

C. Propranolol 6 
(4.0 mg/kg) 

Pretest 81 -+ 12 
2 hr after drug 88 -+ 12 
6 hr after drug 85 4" 13 

No statistical differences were found using Wilcoxon T test. 

unique in being the only brain region in which potentiative 
interactions between alpha and beta adrenergic mechanisms 
were found to be significant." This peculiar condition of the 
hypothalamus can explain why either alpha or beta 
antagonists can block adrenergic responses in the hypothal- 
amus [20], and strongly suggest that functions mediated by E 
or NE in this brain region should be depressed by either 
alpha or beta antagonists. Indeed, phenoxybenzamine and 
propranolol can inhibit intraspecies aggressive behavior in 
isolated mice [7,25] and, as shown in the present study, can 
prevent estrogen-P induced lordosis behavior. 
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Implan t a t i on  and  up take  s tud ies  [12,211 indicate  tha t  P 
ac ts  on  V M H  n e u r o n s  to s t imula te  lordosis .  This  a rea  ap- 
pears  to be the  site o f  in te rac t ion  of  P and  NE,  s ince  ad- 
renerg ic  f ibers  ar is ing in the  lateral  t e g m e n t u m  es tab l i sh  
synap t ic  c o n t a c t s  wi th  dendr i t e s  o f  the V M H  neu r ons  [5,14] 
and E or  N E  infus ion into this  nuc leus  s t imula tes  lordosis  in 
e s t rogen  pr imed  rats  [I 1]. A l though  the  a b o v e  s tudies  point  
to the V M H  as the  site for  s teroid  c a t e c h o l a m i n e  in te rac t ion .  
the  prec ise  cel lular  m e c h a n i s m s  invo lved  in the  p rocess  are 
unce r t a in .  Nock  and  F e d e r  [18,19] have  p roposed  a model  
for  the  in te rac t ion  b e t w e e n  s tero ids  and  N E  to induce  lor- 
dosis  b e h a v i o r  in the  gu inea  pig. This  model  suggests  that  
N E  act iv i ty  inc reases  the  n u m b e r  o f  in te race l lu la r  P recep-  

tors ,  a condi t ion  favour ing  the  display of  lordosis  in es t rogen  
pr imed females  [15]. A l though  this  m e c h a n i s m  may also 
opera te  in the  rat ,  an a l t e rna t ive  model  in which  P acts  at a 
m e m b r a n e  level  modula t ing  no rad rene rg ic  t r ansmis s ion  can 
also be p roposed  from the fol lowing data:  (1) P faci l i tates  
adrenerg ic  and  noradrenerg ic  t r ansmiss ion  in the  per iphera l  
n e r v o u s  sys t em [8], (2) P r ecep to r s  have  been  recent ly  de- 
sc r ibed  in s y n a p t o s o m e s  of  rat bra in  [24], (3) P induces  hypo-  
tha lamic  N E  re lease  [17] and  (4) P increases  N E  pass ive  
efflux and  inhibi ts  N E  reup take  in rat bra in  s y n a p t o s o m e s  
[13]. F u r t h e r  s tudies ,  howeve r ,  are necessa ry  to es tab l i sh  the 
prec ise  m e c h a n i s m  th rough  which  sex s te ro ids  and ca techol -  
amines  in te rac t  to facil i tate lordosis  behav ior .  

REFERENCES 

1. Beyer, C., E. Canchola, M. L. Cruz and K. Larsson. A model 
for explaining estrogen-progesterone interactions in the induc- 
tion of lordosis behavior. In: E'ndo,'rinoh~gy' 1980. edited by J. 
A. Cumming. J. W. Funder and F. A. O. Mendelsohn. Can- 
ben-a: Australian Academy of Science and Elsevier, 1980. 615- 
618. 

2. Beyer, C., E. Canchola and K. Larsson. Facilitation of lordosis 
behavior in the ovariectomized estrogen primed rat by di- 
butyryl cAMP. Physiol Behav 26: 24%251, 1981. 

3. Beyer, C. and E. Canchola, Facilitation of progesterone in- 
duced lordosis behavior by phosphodiesterase inhibitors in es- 
trogen primed rats. Physiol B~,hav 27: 731-733, 1981. 

4. Beyer, C., A. Fernfi.ndez-Guasti and G. Rodfigeuz-Manzo. In- 
duction of female sexual behavior by GTP in ovariectomized 
estrogen primed rats. Physiol Behav 28: 1073-1076, 1982. 

5. Dahlstrfm, A. and K. Fuxe. Evidence for the existence of 
monoamine-containing neurons in the central nervous system: 
I. Demonstration of monoamines in the cell bodies of brain stem 
neurons. A~ta Physiol S , a n d  62: Suppl 232, 1-55, 1964. 

6. Daly. J. W.. W. Padgett, C. R. Creveling, D. Cantacuzene and 
K. L. Kirk. Cyclic AMP-generating systems: Regional differ- 
ences in activation by adrenergic receptors in rat brain. ,/ 
Neuro.~'i I: 4%59. 1981. 

7. DaVanzo. J. P.. M. Daugherty, R. Ruckart and L. Kang. Phar- 
macological and biochemical studies in isolation-induced fight- 
ing mice. Psy~hopharma~ologia 9:210-219, 1966. 

8. Davis. A. O. and R. J. Lefkowitz. Regulation of adrenergic 
receptors. In: Receptor Regulation. edited by R. J. Lefkowitz. 
London: Chapman and Hall, 1981, pp. 85-121. 

9. Davis, G. A. and R. Kohl. The influence of alpha receptors on 
lordosis in the female rat. Pharmacol Blot.hem Betulv 6: 47-53. 
1977. 

10. Fermindez-Guasti, A.. G. Rodn'guez-Manzo and C. Beyer. Ef- 
fect of guanine derivatives on lordosis behavior in estrogen 
primed rats. Physiol B~,tlav 31: 589-592, 1983. 

I I. Foreman, M. M. and R. L. Moss. Role of hypothalamic alpha 
and beta adrenergic receptors in the control of lordotic behavior 
in the ovariectomized estrogen primed rat. Pharma~~d Bioth~'m 
Bt,h,~" 9: 235-241, 1978. 

12. Heritage, A. S., W. E. Stumpf, M. Sar and L. D. Grant. Brain 
stem catecholamine neurons are target sites for sex steroid hor- 
mones. St it'nt'e 207: 1377-1379. 1980. 

13. Janowsky, D. S. and J. M. Davis. Progesterone-estrogen effects 
on uptake and release of norepinephrine by synaptosomes. L(li ~ 
St'i 9: 52.5--531, 1970. 

14. Lindvall. O. and A. Bj6rklund. Organization of catecholamine 
neurons in the rat central nervous system. In: tlandhooa o f  
Pharma,'ology. Vol 9. ('hemi~al Path,'ay~" h~ the" Brain. edited 
by I,. L. Iversen, S. D. lversen and S. H. Snyder. New York: 
Plenum Press, 1978. 

15. Moguilewsky, M. and J. P. Raynaud. The relevance ofhypotha- 
lamic and hypophyseal progestin receptor regulation in the in- 
duction and inhibition of sexual behavior in the female rat. En- 
d~wrinology 105: 516-522. 1979. 

16. Moral/, G. and C. Beyer. Neuroendocrine control of mamma- 
lian estrous behavior. In: End~crinc Control o['S~,xua/Behav- 
i~r. edited by C. Beyer. New York: Academic Press. 1979. pp. 
33-75. 

17. Nagle, C. A. and J. M. Rosner. Rat brain norepinephrine release 
during progesterone induced LH secretion. Nt'uro¢,ntlo<rin,d- 
,~gy 30: 33-37. 1980. 

18. Nock. B. and H. H. Feder. Noradrenergic transmission and 
female sexual behavior of guinea pigs. Brain Rc.~ 166: 369-380, 
1979. 

19. Nock. B. and H. H. Feder. Neurotransmitter modulation of 
steroid action in target cells that mediate reproduction and re- 
productive behavior. N~'ur~s¢ i Bioh,,hat' Rt,v 5: 437-447, 1981. 

20. Palmer, G. C., F. Susler and G. A. Robison. Effects of 
neurohumoral and adrenergic agents on cAMP levels in various 
areas of rat brain in t'itr~. Neur~pharma~ology 12: 327-337, 
1973. 

21. Rubin. B. S. and R, J. Barfield. Progesterone in the ventrome- 
dial hypothalamus facilitates estrous behavior in ovariec- 
tomized estrogen primed rats. I-,nd~,'rinology 113: 797-804. 
1983. 

22. Siegel, S. Non Parametrit  St,tisti~'s .[~r the" Behavioral S~ i- 
em ~'.~. New York: McGraw Hill Book Co., 1956. 

23. Skolnick, P. and J. W. Daly. Interactions of clonidine with pre- 
and post-synaptic adrenergic receptors in rat brain: effects on 
cAMP generating systems. I:'ur d Pharmat'ol 39: I 1-21. 1976. 

24. Towle. A. C. and P. Y. Sze. Steroid binding to synaptosomes: 
differential binding of glucocorticoids and gonadal steroids. A 
Steroid Bio~hem 18: 135-143. 1983. 

25. Valzelli, L., E. Gialcone and S. Garattini. Pharmacological con- 
trol of aggressive behavior in mice, I:'ur,I Pharma~, l  2: 144-- 146. 
1967. 


