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LARSSON, K., H. H. FEDER AND B. R. KOMISARUK. Role of the adrenal glands, repeated matings and monoamines in 
lordosis behavior of  rats. PHARMAC. BIOCHEM. BEHAV. 2(5) 685-692, 1974. - Tetrabenazine, a potent monoamine 
depictor, was administered to estrogen-primed rats which were ovariectomized or ovariectomized and adrenalectomized. 
The drug treatment facilitated sexual receptivity in the nonadrenalectomized rats but had no such effects in adrenalec- 
tomized ones. Injection of saline, the solvent of tetrabenazine, in combination with repeated mating exerted the same 
facilitatory effect as the drug on the lordosis behavior. As in the case of tetrabenazine the effects only occurred in the 
presence of the adrenals. The facilitatory effect on the lordosis behavior was interpreted as due to adrenal steroids with 
progestational action which were secreted as a response to tetrabenazine, saline or/and repeated mating. 
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OVARIECTOMIZED female rats may show sexual recep- 
tivity after treatment with estrogen alone [6],  but the 
effects of estrogen are facilitated by subsequent injection of 
progesterone [3]. This synergistic action of estrogen and 
progesterone on sexual receptivity is probably a feature of 
the normal estrous cycle of rats because in this species 
elevated levels of systemic plasma progesterone are found 
to coincide with spontaneously occurring sexual receptivity 
[9]. The biochemical basis of the facilitatory effect of 
progesterone on the lordosis response is unknown. 

Meyerson [20, 21, 22, 23] found that injection of 
reserpine (or other drugs which deplete brain monoamines) 
induced lordosis in estrogen-primed female rats. On the 
basis of these data he suggested the existence of a central 
monoaminergic mechanism inhibitory to lordosis which 
could be inactivated by a depletion of monoamines. 
Reserpine was thought to be a pharmacological mimic of 
progesterone in this respect. 

Meyerson did not adequately consider an alternative 
explanation for these findings with reserpine. Evidence has 
accumulated that the adrenal cortex is involved in the facili- 
tation of lordosis following reserpine administration. The 
adrenal gland of the female rat secretes progesterone and 

compounds with progestational activity [4, 15, 16, 17, 19]. 
Injection of ACTH into spayed rats results in increased 
concentrat ion of systemic progesterone [16,17], and 
spayed estrogen-primed rats treated with ACTH display 
lordosis [8]. These findings, together with the fact that 
treatment of rats with reserpine produces increased secre- 
tion of ACTH [ 10, 11, 12], suggest that reserpine causes 
secretion of adrenal progesterone which, in turn, acts 
synergistically with previously injected estrogen to induce 
sexual receptivity. Indeed, direct evidence that adrenal 
secretions act synergistically with previously injected 
estrogen in facilitating the lordosis response has recently 
been obtained in mice [14,17] and rats [24]. Spayed 
estrogen-primed mice displayed lordosis after injection of 
reserpine but failed to do so after adrenalectomy. Similarly, 
injection of reserpine into spayed estrogen-primed rats 
resulted in exhibition of lordosis and increased secretion of 
systemic progesterone. Both these effects were suppressed 
by dexamethasone, a corticotropin suppressor. 

The present study was aimed at investigating further 
Meyerson's hypothesis of monoamine depletion and induc- 
tion of lordosis. For this purpose we administered tetra- 
benazine (TBZ), a potent monoamine depletor [25],  to 
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estrogen-primed rats which were ovar iec tomized or ovariec- 
tomized and adrenalec tomized.  

EXPERIMENT l 

Method 

Animals. Sprague-Dawley female rats (50 days old) were 
purchased f rom CAMM-Laboratories ,  Wayne, N. J. They 
were housed individually in a tempera ture  control led  room,  
at about  22°C, with lights of f  be tween  0 5 . 0 0 - 1 9 . 0 0 .  Food  
and water  were available ad lib. Adrena lec tomized  animals 
(see below) were given 0.9% saline solut ion as drinking 
water. Exper imenta l  work began no sooner  than 1 week 
after arrival of  the animals at the laboratory.  Adult ,  sexu- 
ally exper ienced male rats of  the Sprague-Dawley strain, 
about  5 months  old, were used as st imulus males. 

Procedure .  All operat ions  were per formed under  
Equithesin anesthesia and the rats received Terramycin  
(2.5 mg) on the day of  the operat ion.  (In the adrenalec- 
tomized  animals, ovar iec tomy was per formed  immedia te ly  
after  adrenalec tomy) .  The animals were al lowed 2 weeks to 
recover  whereupon  exper imenta l  t r ea tment  was begun. 

Except  for the group A O N T  animals (see Table 1), all 
females were injected with estradiol benzoate  (EB, 3.3 ug/ 
animal in 0.1 ml sesame oil). Depending upon the group 
assignment, the animals were injected 40 hr later with 
progesterone (P), te t rabenazine  methanesul fona te  ( T B Z ) o r  
saline (S) in dosages indicated in Table I. The hormones  
were injected intramuscular ly  in the hind legs and the drug 
and saline solut ions were injected intraper i toneal ly .  The 
TBZ dosage was selected for producing a significant lower- 
ing of  m o n o a m i n e  levels [ 1 ]. 

Testing for lordosis posture  (depression of  the back, 
raising of  the hind-legs and raising of  the head) was per- 
formed in a circular Plexiglas cage, 53 cm in dia., 42 cm 
height, with the f loor  covered with wood  shavings. The 
fol lowing procedures  were used to elicit lordosis: 

(a) Manual palpat ion of  the flanks and the lower  back 
(back-scratching). 

(b) Manual palpat ion s imultaneously of  the lower back, 
flanks and the per ineum (back-perineum-st imulat ion) .  

(c) Presentat ion to a male. The female was presented to 
a sexually vigorous male, who was permi t ted  to per form 5 
mounts  with pelvic thrusting. The ratio of  lordosis to 
mounts  by the male (LQ) was used as an index of  sexual 
receptivi ty.  

(d) Cervical s t imulat ion:  a glass rod (1 cc syringe 
plunger) was inserted into the vagina unti l  it con tac ted  the 
cervix, while s imul taneously  the flanks, lower  back, and 
per ineum were palpated manual ly  [ 18 ]. 

In assessing the effects  of  te t rabenazine  (TBZ), pro- 
gesterone (P) or saline (S), a posit ive lordosis response was 
recorded only if 2 observers could elicit lordosis by manual  
s t imulat ion.  In pretests per formed to el iminate any rats 
which showed lordosis in response to estrogen alone, 
lordosis ident i f ied by only 1 observer was sufficient  to 
el iminate that  rat f rom fur ther  testing. All behavior  tests 
were conduc ted  with a double-bl ind procedure.  

Testing with males was per formed  3 hr af ter  the injec- 
t ion of  TBZ, P or S, and cervical probing was per formed  
4 hr after the injections.  The animals were tested with back- 
scratching and back-per ineum palpat ion immedia te ly  before  
the inject ions (pre-exper imental  tests) and at 1/2, 1, 2, 3, 4, 
5, 6, 7 and 8 hr  af ter  the inject ions (exper imenta l  tests). 

Experimental design. The animals were assigned to one 
of  7 groups and treated as indicated in Table 1. Each animal 
par t ic ipated in 2 tests which were pe r fo rmed  1 week apart. 
In groups treated with TBZ and P, the animals first received 
ei ther  P or TBZ. On the second test the t rea tment  of  these 
2 groups was reversed. 

Statistical analysis. Animals in the three control  groups 
(AOS, OS and AONT),  which had been treated identical ly 
in the two  series of  tests, were selected randomly f rom the 
first and second series for the purpose of  the statistical 

TABLE 1 

GROUPS AND TREATMENTS IN EXPERIMENT 1 

Body weight 
Groups N M ± SE Operation Treatment 

AOS 13 210 +~ 8.25 

AOT 35 
201 -+ 4.38 

AOP 35 

AONT 7 250 + 3.54 

OS 10 222 -+ 5.22 

OT 19 
218 -+ 3.05 

OP 19 

Adrenalectomy + ovariectomy 

Ovariectomy 

3.3 ~g/animal EB + 1.0 ml/kg saline i.p. 

3.3 #g/animal EB + 10 mg/kg tetrabenazine in 10 mg/ml saline i.p. 

3.3 ~g/animal EB + 0.6 rag/animal progesterone in 0.1 ml sesame oil i.m. 

No treatment 

3.3 #g/animal EB + 1.0 ml/kg saline i.p. 

3.3 tzg/animal EB + 10 mg/kg tetrabenazine in 10 mg/ml saline i.p. 

3.3/~g/animal EB + 0.6 mg/animal progesterone in 0.1 ml sesame oil i.m. 

AOS Adrenalectomy-Ovariectomy-Saline); AOT (Adrenalectomy-Ovariectomy Tetrabenazine); AOP (Adrenalectomy-Ovariectomy- 
Progesterone); AONT (Adrenalectomy-Ovariectomy-NonTreatment); OS (Ovariectomy-Saline); OT (Ovariectomy Tetrabenazine); OP 
(Ovariectomy- Progesterone). 
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analysis. Statistical analysis was performed by the Mann- 
Whitney U test corrected for ties and the Wilcoxon 
matched-pairs signed-rank test. Since the hypothesis tested 
predicts unidirectional changes in the behavior (facilitation 
of lordosis) one-tailed tests were used throughout and 
probability values less than or equal to 0.05 were con- 
sidered significant. 

Results 

The AOS group showed a significantly lower frequency 
of lordosis in response to back-perineum stimulation than 
the OS group (Tables 2, 3 and 4). In addition the AOS 
never displayed lordosis to back-scratching. 

Inspection of Table 3 shows that in the OS group the 
lordosis frequency increased progressively during the course 
of testing until in the final tests half of  the animals showed 
lordosis to back-perineum stimulation. A more detailed 
statistical analysis confirmed this trend. During the first 
4 hr no systematic group differences occurred (z = 0.72, 

NS) but during the last 4 hr the OS group showed a 
markedly higher percentage of  animals displaying lordosis 
to  back-perineum stimulation than the corresponding 
adrenalectomized controls (z = 2.90, p<0.002). This 
suggests that adrenal secretions which were released by the 
procedure of  repeated testing facilitated the display of 
lordosis. 

Similar observations were made in the P-treated groups. 
During the first 4 hr no difference in the frequency of 
lordotic responses was recorded to back-perineum stimula- 
tion between AOP and OP groups (z = 1.28, NS). During 
the final 4 hr, the nonadrenalectomized P-treated groups 
exhibited a significantly higher proportion of females dis- 
playing lordosis (z = 2.82, p<0.002).  In response to male 
mounting, no group differences were found in the LQ, but 
during the entire 8 hr testing period nonadrenalectomized 
rats showed a higher frequency of earwiggling than the 
corresponding adrenalectomized animals (z = 1.84, 
p<0.03). 

TABLE 2 

PERFORMANCES OF THE VARIOUS GROUPS IN EXPERIMENT 1 

Groups AOS AOT AOP AONT OS OT OP 

N 13 30 27 7 10 17 14 

Lordosis response to 

Male mounting* 
Percentage animals 
showing lordosis 

LQ 

Back-perineum stimulation t 
Percentage animals 
showing lordosis 

Percentage tests 
with lordosis 

Backscratching t" 
Percentage animals 
showing lordosis 

Percentage tests 
with lordosis 

20 13 88 0 30 41 100 

10 15 81 0 20 18 86 

23 40 70 0 60 41 100 

13 14 37 0 29 22 61 

0 0 48 0 20 0 57 

0 0 20 0 4 0 28 

Earwiggling to backscratching 

Percentage animals 
showing earwiggling 

Percentage tests 
with earwiggling 

0 0 67 0 30 0 86 

0 0 26 0 8 0 42 

Lordosis to cervical probing 
with back-perineum palpations 

Percentage animals 
showing lordosis 100 100 100 100 100 100 100 

*Based on performances during I test 
tBased on performances during 9 tests 
~This test was performed at the end of the 8-hr testing procedure. 
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T A B L E  3 

PERCENTAGE OF ANIMALS SHOWING LORDOSIS TO BACKSCRATCHING (Bsc) AND TO 
BACK-PERINEUM STIMULATION (Bps) ON THE SUCCESSIVE TESTS 

Groups AOS AOT AOP AONT OS OT OP 

N 13 30 27 7 10 17 14 

Hours after injection 

1/2 Bsc 0 0 0 0 0 0 0 

Bps 23 33 4 0 10 24 0 

1 Bsc 0 0 4 0 0 0 14 

Bps 23 33 11 0 0 24 29 

2 Bsc 0 0 11 0 0 0 29 

Bps 8 13 30 0 10 24 57 

3 Bsc 0 0 37 0 10 0 50 

Bps 23 13 63 0 33 24 71 

4 Bsc 0 0 33 0 10 0 43 

Bps 8 3 70 0 33 24 64 

5 Bsc 0 0 33 0 0 0 29 

Bps 8 7 52 0 33 29 71 

6 Bsc 0 0 22 0 33 0 29 

Bps 8 7 59 0 50 24 93 

7 Bsc 0 0 19 0 0 0 29 

Bps 8 0 56 0 50 12 93 

8 Bsc 0 0 7 0 0 0 43 

Bps 8 7 33 0 40 12 71 

Unde r  the  c o n d i t i o n s  of  th is  e x p e r i m e n t  no  fac i l i t a to ry  
effects  of  TBZ on the  display of  lordosis  were observed  t h a t  
could  be a t t r i b u t e d  to the  drug a lone  (Tables  2 and  3). 

In con t r a s t  to  the  S- and  P- t rea ted  animals ,  t he  TBZ- 
t r ea ted  rats  did no t  show any  a l t e ra t ions  in lordosis  fre- 
q u e n c y  as a conse quence  of  r epea ted  test ing.  Ne i the r  were 
sys temat i c  d i f fe rences  b e t w e e n  a d r e n a l e c t o m i z e d  and  non-  
a d r e n a l e c t o m i z e d  groups  n o t e d  dur ing  the  first  4 h r  (z = 0, 
NS) or  dur ing  the  last 4 hr  o f  t e s t ing  (z = 1.12, NS). TBZ 
caused seda t ion ,  ptosis  and  p i loe rec t ion  in all rats. 

The  relat ively h igh f r e q u e n c y  of  l o rdo t i c  responses  to  
back -pe r ineum s t i m u l a t i o n  d isp layed  by  the  nonad rena l ec -  
t omized  rats  c o m p a r e d  wi th  the  a d r e n a l e c t o m i z e d  ones,  
and  the  progressive increase  in the  lordosis  f r e q u e n c y  wi th  
repea ted  t es t ing  seen in the  n o n a d r e n a l e c t o m i z e d  rats  give 
some s u p p o r t  to  the  a s s u m p t i o n  t h a t  adrena l  secre t ions  
may  faci l i ta te  the  e l i c i t a t ion  o f  lordosis  in e s t rogen-pr imed  
rats. The  fai lure o f  TBZ,  in the  dosage appl ied  to  in f luence  
the  o c c u r r e n c e  of  the  l o rdo t i c  response  leaves the  ques t ion  

unso lved  o f  w h e t h e r  or n o t  TBZ affec ts  lordosis  behav io r  
via the  adrena l  gland. A second  e x p e r i m e n t  was the re fo re  
p e r f o r m e d  in which  Meyerson ' s  dosage,  rou te  of  in jec t ion ,  
and  schedule  of  t e s t ing  were closely fol lowed.  However ,  t he  
cr i ter ia  for  posi t ive  lo rdo t i c  responses  were the  same as in 
ou r  previous  expe r imen t .  

EXPERIMENT 2 

Me th od 

Animals. A new group  of  an imals  used in this  s t udy  was 
o f  the  same s t ra in  as in E x p e r i m e n t  1 and  was m a i n t a i n e d  
u n d e r  the  same cond i t ions .  

Procedure. The an imals  were pr io r  to  the  e x p e r i m e n t a l  
t r e a t m e n t  divided i n t o  8 groups  which  were t r ea ted  as 
i nd ica t ed  in Table  5. They  were all in jec ted  wi th  EB (10  
ug/kg)  i n t r amuscu la r ly  and  this  was fo l lowed 50 h r  l a te r  by  
S, TBZ or P. 

The  an imals  were t es ted  wi th  sexual ly  act ive males and  
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T A B L E 4  

GROUP COMPARISONS OF THE FREQUENCY OF LORDOSIS 
PATTERNS DISPLAYED IN RESPONSE TO MALE MOUNTING 
(I TEST) AND TO BACK-PERINEUM STIMULATION (9 TESTS) 

l oca t i on  for  a b o u t  30 min  dur ing  each  tes t  per iod.  At  the  
6 hr  tes t ing  per iod ,  t h e y  were p laced i n to  a s imilar  cage 
wi th  an  active male  and  received 10 m o u n t s .  The  non-  
hand l ed  con t ro l s  were lef t  in t he i r  h o m e  cages and  racks 
un t i l  t he  6 h r  ma t ing  test .  

LORDOSIS TO 

Groups Back-pedneum 
Compared Mount p Stimulation 

AOS-AOT z = 0.33 NS z = 0.24 NS 

AOS-AOP z = 2.88 p <0.002 z = 2.59 p<0.005 

AOT-AOP T = 3 p <0.01 T = 9.5 p<0.01 

OS-OT z = 0.41 NS z = 1.44 NS 

OS-OP z = 3.04 p <0.001 z = 2.79 p<0.003 

OT-OP T = 0 p <0.02 T = 0 p<0.01 

AOS-OS z = 0.47 NS z = 2.02 p<0.02 

AOT-OT z = 1.15 NS z = 0.18 NS 

AOP-OP z = 0.63 NS z = 2.34 p<0.01 

the  cr i ter ia  used for  i den t i f y i ng  lordosis  in  response  to  the  
male ' s  m o u n t i n g  were the  same as in E x p e r i m e n t  1. Tes t ing  
was p e r f o r m e d  at 2, 4 and  6 h r  a f te r  the  in jec t ions  of  S, 
TBZ or  P. In o rde r  to  rep l ica te  t he  p r o c e d u r e  used by  
Meyerson  n o  pre- tes ts  were pe r fo rmed .  Ne i ther  were any  
a t t e m p t s  made  to  p r ovoke  lordosis  behav io r  by  back-  
sc ra tch ing  or  b a c k - p e r i n e u m  s t imu la t ion ,  because  such  
s t i m u l a t i o n  was no t  used by  h im.  

The  h a n d l e d  con t ro l s  were b r o u g h t  to  the  tes t ing  r o o m  
in t he i r  h o m e  cages at the  2 and  4 hr  t e s t ing  per iods  and  
p laced  in an  obse rva t ion  cage, wh ich  has previously  been  
used for  m a t i n g  tests ,  for  5 min,  a f te r  wh ich  t hey  were 
p laced in a second  obse rva t ion  cage for  5 min.  This  pro- 
cedure  resu l ted  in the  ra ts  be ing  ou t  of  the i r  h o m e  rack 

Results 

The LQ was s igni f icant ly  h igher  in  the  TBZ- in jec ted  
n o n a d r e n a l e c t o m i z e d  rats  t h a n  in the  TBZ- in jec ted  adre- 
na l ec tomized  rats  in each tes t  pe r iod  (Tables  6 and  7). 
However ,  a s imilar  d i f fe rence  was observed  in the  saline 
con t ro l  group in t he  final tes t  (i.e., a s ignif icant ly  h igher  LQ 
was observed  in the  n o n a d r e n a l e c t o m i z e d  rats  c o m p a r e d  to  
t he  a d r e n a l e c t o m i z e d  rats).  

In the  n o n a d r e n a l e c t o m i z e d  rats  TBZ induced  lordosis  
even in the  first test .  The  poss ibi l i ty  t h a t  TBZ induced  
lordosis  by  causing an  early release of  P c a n n o t  be exc luded  
since in jec t ions  of  P also resul ted  in lordosis  behav io r  even 
in the  first test .  Thus  TBZ appears  to  be u n a b l e  to  fac i l i ta te  
recept iv i ty  in the  absence  of  the  adrenals ,  bu t  i t  may  release 
adrena l  proges t ins  which  in t u r n  faci l i ta tes  lordosis.  Pro- 
ges te rone  was equal ly  effect ive  in i nduc ing  lordosis  in the  
ad rena l ec tomized -ova r i ec tomized ,  and  the  ova r i ec tomized  
groups.  In the  tes ts  fo l lowing  the  first one  a t e n d e n c y  was 
observed for  a s t eady  increase  in LQ in the  nonadrena lec -  
t omized  groups.  Since no  fac i l i t a t ion  of  lordosis  was 
observed in e i the r  of  the  h a n d l e d  groups,  it appears  t h a t  
r epea ted  m o u n t i n g  and  in t romiss ions  bu t  no t  hand l ing  
in f luence  the  ad rena l -med ia t ed  effects  on  lordosis  behavior .  

DISCUSSION 

Comparing corresponding data in the present two experi- 
ments, the nonadrenalcctomized rats showed in the second 
experiment a higher LQ in response to TBZ than in the first 
experiment. While this difference presumably mainly reflects 
differences in the dosages of TBZ administered the possible 
importance of procedural deviations between the two 
experiments should not be overlooked. 

Previous studies showed that TBZ in the dosages applied 
causes a marked reduction of the levels of monoamines and 
facilitates the display of lordosis in ovariectomized, 
es t rogen-pr imed  rats  [1, 2, 20 ] .  The present  f indings 

T A B L E  5 

GROUPS, TREATMENT AND HOURS OF TESTING IN EXPERIMENT 2 

Groups N Operation Treatment Hours tested 

AOS 12 259 -+ 9.32 Adrenalectomy + ovariectomy 10 #g/kg EB + 2 ml/kg saline s.c. 2 4 6 

AOT 12 253 -+ 2.11 10 #g/kg EB + 40 mg/kg tetrabenazine s.c. 2 4 6 

AOP 11 244 -+ 1.55 10 #g/kg EB + 0.6 rag/animal progesterone i.m. 2 4 6 

OS 10 268 -+ 9.56 10 #g/kg EB + 2 ml/kg saline s.c. 2 4 6 

OT 11 248 -+ 6.81 10 t~g/kg EB + 40 mg/kg tetrabenazine s.c. 2 4 6 

OP 10 270 -+ 9.29 10 #g/kg EB + 0.6 mg/animal progesterone i.m. 2 4 6 

OS - Handled 10 237 + 5.68 10/~g/kg EB + 2 mg/kg saline s.c. 6 

OS - Nonhandled 10 265 + 4.01 10 ~g/kg EB + 2 mg/kg saline s.c. 6 

Ovariectomy 
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T A B L E  6 

LQ SHOWN BY THE VARIOUS GROUPS IN TESTS WITH MALE 
RATS PERFORMED 2, 4 AND 6 HR AFTER INJECTION IN 

EXPERIMENT 2 

Groups 2 4 6 

AOS 11 22 18 

AOT 3 8 8 

AOP 56 73 71 

OS 10 34 50 

OT 36 44 53 

OP 42 74 68 

OS - Handled - - 12 

OS - Nonhandled - - 12 

suggest  t ha t  these  fac i l i t a tory  effects ,  wh ich  were a t t r i b u t e d  
to  TBZ by Meyerson  [ 2 0 ] ,  may be due to release of  adrena l  
s te ro ids  i nduced  e i the r  by  T BZ  or  by  repea ted  behav iora l  
test ing,  r a the r  t h a n  to  a direct  ac t ion  of  T B Z  on neura l  
t issues regula t ing  the  express ion  of  lordosis .  The  idea t h a t  
m o n o a m i n e  dep le to r s  such  as T BZ  can faci l i ta te  lordosis  by  
s t imu la t i ng  ad renoco r t i c a t  sec re t ion  is c o n s o n a n t  wi th  o t h e r  

e x p e r i m e n t s  showing  t h a t  reserp ine  does no t  faci l i ta te  
lordos is  unless  the  adrena l  g lands  are p resen t  [ 24,27 ]. One 
of  the  ways in which  these  pharmaco log ica l  agents  may  
cause increases  in  adrena l  cor t ica l  ac t iv i ty  is by  dep le t ing  
brain  ca t echo l amines  which  no rma l ly  exer t  a ton ic  inh ib i -  
t o ry  in f luence  on  the  h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l  axis 
[ 2 8 ] .  The wri t ings  o f  Meyerson  favor  the  view t h a t  
m o n o a m i n e  dep le to r s  such  as reserp ine  or  TBZ af fec t  
female  behav io r  by ac t ing  d i rec t ly  on  neura l  t issues 
med ia t i ng  express ion  of  lordosis  r a the r  t h a n  by  ac t ing 
ind i rec t ly  to  s t imu la t e  ad renoco r t i c a l  secre t ion .  The exper i -  
m e n t s  r epo r t ed  here  suggest t ha t  add i t iona l  con t ro l s  and  
behaviora l  obse rva t ions  may  have led to  a d i f f e ren t  in ter -  
p re t a t ion .  In the  p resen t  s t udy  we found  t h a t  7 of  11 
ova r i ec tomized ,  a d r e n a l e c t o m i z e d  ra ts  d isp layed  lordosis  
a f te r  be ing  given on ly  es t rogen  (10  ug /kg  EB b.w.),  and  were 
t he r e fo re  unsu i t ab le  for  t e s t ing  possible  Iordos is - fac i l i ta tory  
ac t ions  o f  TBZ.  Meyerson  did no t  s ta te  t ha t  he  exc luded  
such  an imals  f r o m  his s tudy .  It  is no t  cer ta in ,  the re fo re ,  
tha t  the  lordosis  responses  observed  in ova r i ec tomized ,  
ad rena t ec tomized ,  e s t rogen- t r ea ted  (10  ug EB/kg  b . w . ) r a t s  
a f te r  reserp ine  a d m i n i s t r a t i o n  were a t t r i b u t a b l e  to  th is  drug 

[201.  
A second  f ind ing  which  casts  d o u b t  on  Meyerson ' s  view- 

po in t  is t ha t  the  behav io r  displayed by  our  TBZ- t r ea t ed  rats  
d i f fe red  f rom tha t  exh ib i t ed  by  females  in s p o n t a n e o u s  
es t rus  or  e s t rogen-p roges te rone - induced  estrus.  TBZ- t rea ted  
females  rarely s h o w e d  h e i g h t e n e d  l o c o m o t o r  act ivi ty ,  
hopp ing ,  sniff ing,  p r e s e n t a t i o n  to the  male  or ear v ibra t ion .  
R a t h e r  t h a n  exh ib i t i ng  these  charac te r i s t i c  es t rous  behav io r  

T A B L E  7 

RESULTS OF STATISTICAL ANALYSIS IN EXPERIMENT 2 (MANN-WHITNEY U TEST 
CORRECTED FOR TIES) 

Hour tested 

2 4 6 
Groups 
compared z p z p z p 

AOS - AOT l. 13 NS 0.42 NS 0,80 NS 

AOS - AOP 2.68 <0.004 2.65 <0,004 5,34 <0.001 

A O S -  OS 0.67 NS 0.76 NS 1.68 <0.05 

AOS - OT 1.73 <0,04 0.09 NS 2,02 <0.02 

AOS - OP 1.72 <0.04 2.69 <0.004 2,33 <0.01 

A O T -  AOP 3.34 <0.001 2.56 <0.005 3.25 <0.001 

AOT - OS 0.29 NS 1.12 NS 2.57 <0.005 

AOT - OT 2.35 <0.009 1.93 <0.03 2.80 <0.003 

AOT -- OP 2.49 <0.006 3.16 <0.001 2.81 <0.003 

AOP-~ OS 2.81 <0.003 1.76 <0.04 1.50 NS 

AOP - OT l. 11 NS 1.66 <0.05 0.82 NS 

A O P -  OP 0.87 NS 0.00 NS 0.27 NS 

OS - OT 2.86 <0.002 0.46 NS 0.43 NS 

O S -  OP 1.92 <0.03 1.85 <0.03 1.46 NS 

OS - OP 0.26 NS t.68 <0.05 0.76 NS 
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p a t t e r n s  the TBZ-treated females generally remained 
motionless in a corner of  the testing arena. The behavior 
seen in TBZ-treated females could not be accurately 
described as estrous. Furthermore, the TBZ-treated animals 
sometimes displayed a response to back-perineum stimula- 
tion which superficially resembled a lordosis. However, this 
was a hunching of  the back with the rump and middle of 
the back held high (Fig. 1) while the head was depressed, 
rather than a true lordosis, in which the head and rump are 
elevated while the middle of  the back is depressed. Neverthe- 
less, it should be noted that all the rats were capable of 
showing the lordosis reflex when cervical probing was applied 
i~n co_njunct_ion with back-perineum palpation (Table 2)- 

A third factor not  adequately considered by Meyerson 
involves the effects of  repeated testing on female recep- 
tivity. Work in other laboratories has suggested that 
repeated testing causes an increase in lordosis frequency 
[5,13]. In the present study we found that in rats treated 
with S or TBZ repeated testing and mating facilitated the 
occurrence of  lordosis (using criteria described in Methods) 
only in rats with intact adrenals. Testing was carried out in 
this study as described by Meyerson [20].  Interestingly, in 
Meyerson's study utilizing repeated testing, the proportion 
of animals showing lordosis increased from 8% at 2 hr after 
TBZ to 92% at 6 hr after TBZ. However, Meyerson inter- 

preted these data as indicative of  an effect of TBZ on 
lordosis, rather than an effect of repeated testing. This 
conclusion is put  into question by our observation (Table 6) 
that the OS controls showed the same increase in lordosis 
frequency as the OT animals. Furthermore, Meyerson did 
not use a control group comparable to our AOS controls. 

The criticisms of Meyerson's hypothesis that we have 
offered on the basis of data reported here do not preclude 
the possibility that monoamines are directly involved in 
facilitating lordosis [7,26]. Indeed, a recent report suggests 
that drugs which interfere with serotonergic activity (PCPA, 
methysergide) are effective in facilitating lordosis in 
ovariectomized, estrogen-primed rats whose adrenals were 
removed [29].  Although TBZ depletes serotonin, perhaps 
the reason for a failure to facilitate lordosis in the present 
study is that TBZ also depletes the other monoamines, 
adequate levels of which may be necessary for the lordosis 
response in the absence of adrenal secretions. If this is the 
case then we must somehow account for the occurrence of 
lordosis in rats with intact adrenals which received a 
comparable dosage of TBZ. Two possibilities are that (1) 
the presence of  the adrenals counteracts general debilitating 
effects of TBZ and (2) steroids of adrenal origin may exert 
facilitatory effects on the lordosis response independent of 
the monoamines. 

FIG. 1. A behavior pattern superficially resembling lordosis displayed by an AOT - rat in 
response to back-perineum stimulation. Note a hunching of the back with the rump and 

middle of the back held high while the head was depressed. 

REFERENCES 

1. Ahlenius, S., J. Engel, H. Eriksson and P. Sodersten. Effects of 
tetrabenazine on lordosis behaviour and on brain monoamines 
in the female rat. J. Neural Transmission33: 155-162, 1972. 

2. Ahlenius, S., J. Engel, H. Eriksson, K. Modigh and P. Soder- 
sten. Importance of central catecholamines in the mediation of 
lordosis behaviour in ovariectomized rats treated with estrogen 
and inhibitors of monoamine synthesis. J. Neural Transmission 
33: 247-255, 1972. 

3. Boling, J. L. and R. J. Blandau. The estrogen-progesterone 
induction of mating responses in the spayed female rat. 
Endocrinology 25: 359- 364, 1939. 

4. Byrnes, W. W. and E. G. Shipley. Guinea pig copulatory reflex 
in response to adrenal steroids and similar compounds. 
Endocrinology 57: 5-9, 1955. 



692 LARSSON,  F E D E R  AND K O M I S A R U K  

5. Clemens, L. G., M. Hiroi and R. A. Gorski. Induction and 
facilitation of female mating behavior in rats treated neonataUy 
with low doses of testosterone propionate. Endocrinology 84: 
1430-1438, 1969. 

6. Davidson, J. M., R. R. Smith, C. H. Rodgers and G. J. Bloch. 
Relative threshold of behavioral and somatic responses to 
estrogen. Physiol. Behav. 3: 227-229, 1968. 

7. Eriksson, H. and P. Sodersten. A failure to facilitate lordosis 
behavior in adrenalectomized and gonadectomized estrogen- 
primed rats with monoamine synthesis inhibitors. Submitted 
for publication to Horrn. Behav. 1972. 

8. Feder, H. H. and K. B. Ruf. Stimulation of progesterone 
release and estrous behavior by ACTH in ovariectomized 
rodents. Endocrinology 84: 171-174, 1969. 

9. Feder, H. H., J. A. Resko and R. W. Goy. Progesterone levels in 
the arterial plasma of pre-ovulatory and ovariectomized rats. J. 
Endocr. 41: 563-569, 1968. 

10. Ganong, W. F. Evidence for a central noradrenergic system that 
inhibits ACTH secretion. In: Brain-endocrine Interaction, 
edited by K. M. Knigge, D. E. Scott and A. Weindl. Basel: S. 
Karger, 1972, pp. 254~-266. 

I1. Ganong, W. F. The central nervous system and the synthesis 
and release of adrenocorticotropic hormone. In: Advances in 
Neuroendocrinology, edited by A. V. Nalbandov. Urbana: 
University of Illinois Press, 1963, pp. 92-122. 

12. Ganong, W. F. and L. Lorenzen. Brain neurohumors and 
endocrine function. In: Neuroendocrinology, Vol. 2, edited by 
L. Martini and W. F. Ganong. New York: Academic Press, 
1967, pp. 583-640. 

13. Green, R., W. G. Luttge and R. E. Whalen. Induction of recep- 
tivity in ovariectomized female rats by a single intravenous 
injection of of estradiol-17/3. Physiol. Behav. 5: 137-141, 
1970. 

14. Hansult, C. D., L. L. Uphouse, K. Schlesinger and J. R. Wilson. 
Induction of estrus in mice: Hypophyseal-adrenal effects. 
Horm. Behav. 3" 113-121, 1972. 

15. Heuverswyn, J. van., V. J. Collins, W. L. Williams and W. V. 
Gardner .  The progesterone-like activity of desoxycor- 
ticosterone. Proc. Soc. exp. Biol. Med. 41: 552-554, 1939. 

16. Holzbauer, M. and H. M. Newport. The effect of stress on the 
concentration of 3-hydro×ypregn-5-en-20-one (pregnenolone) 
and pregna-4-ene-3, 20-dione (progesterone) in the adrenal 
gland of the rat. J. Physiol. (Lond.) 193: 131-140, 1967. 

17. Kincl, F. A. Copulatory reflex response to steroids. In: 
Methods in Hormone Research, Vol. 3, edited by R. I. 
Dorfman. New York: Academic Press, 1964, pp. 477-484. 

18. Komisaruk, B. R. and C. Diakow. Lordosis reflex intensity in 
rats in relation to the estrous cycle, ovariectomy, estrogen 
administration and mating behavior. Endocrinology 93: 548-  
557, 1973. 

19. Marvin, H. N. Copulatory reflex by progesterone and desoxy- 
corticosterone acetate. Proc. Soc. exp. Biol.. Med. 101: 
197-198, 1959. 

20. Meyerson, B. J. Estrus behavior in spayed rats after estrogen or 
progesterone treatment in combination with reserpine or tetra- 
benazine. Psychopharmacologia 6: 210-218, 1964. 

21. Meyerson, B. J. The effect of neuropharmacological agents on 
hormone activated estrus behavior in ovariectomized rats. 
Archs lnt. Pharmacodyn. 150: 4-33,  1964. 

22. Meyerson, B. J. Oestrous behaviour in oestrogen treated 
ovariectomized rats after chlorpromazine alone or in combina- 
tion with progesterone, tetrabenazine or reserpine. Acta 
pharmac, tox. 24: 363-376, 1966. 

23. Meyerson, B. J. The effect of imipramine, and related anti- 
depressive drugs on estrus behaviour in ovariectomized rats 
activated by progesterone, reserpine or tetrabenazine in 
combination with estrogen. Acta physiol, scand. 67: 411-422,  
1966. 

24. Paris, C. A., J. A. Resko and R. W. Goy. A possible mechanism 
for the induction of lordosis by reserpine in spayed rats. Biol. 
Reprod. 4: 23-30, 1971. 

25. Pletscher, A., A. Brossi and K. F. Gey. Benzoquinolizine 
derivates: a new class of monoamine decreasing drugs with 
psychotropic action. Int. Rev. Neurobiol. 4: 275-306, 1962. 

26. Sodersten, P. and S. Ahlenius. Female lordosis behavior in 
estrogen-primed male rats treated with p-chlorophenyl-alanine 
or c~-methyl-p-tyrosine. Horra. Behav. 3: 181-189, 1972. 

27. Uphouse, L. L., J. R. Wilson and K. Schlesinger. Induction of 
estrus in mice: the possible role of adrenal progesterone. Horm. 
Behav. 1: 255-264, 1970. 

28. Van Loon, G. R., U. Scapagnini, G. P. Moberg and W. F. 
Ganong. Evidence for central adrenergic neural inhibition of 
ACTH secretion in the rat. Endocrinology 89" 1464-1469, 
1971. 

29. Zemlan, F. P., I. L. Ward, W. R. Crowley and D. L. Margules. 
Activation of lordotic responding in female rats by suppression 
of serotoninergic activity. Science 179: 1010-1011, 1973. 


