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NANCE, D. M., J. E. SHRYNE, J. H. GORDON AND R. A. GORSKI. Examination o f  some factors that control the effects 
of  septal lesions on lordosis behavior. PHARMAC. BIOCHEM. BEHAV. 6(2) 227-234, 1977. - Various experimental 
parameters related to the effects of septal lesions on the lordosis behavior of rats have been examined. First, the failure of 
septal lesions to facilitate lordosis behavior in male rats appears to be related to the degree of exposure to androgens 
neonatally. The normal facilitation in lordosis behavior associated with septal destruction in adult female rats does not 
occur if these female rats are treated with 1.0 mg of testosterone propionate (TP) on Day 1 of life. Yet female rats given 
270 ug of TP on Day 3 of life respond the same as do normal females to septal lesions. Second, these sexually dimorphic 
effects of septal lesions can be modified in adult rats by chronic treatment with gonadal hormones following septal 
destruction. Whereas previous studies indicated that chronic estrogen injections permit a facilitation in lordosis behavior to 
occur in septal lesioned male rats, the present results showed that chronic injections of TP following a septal lesion 
attenuates the facilitation in lordosis behavior typically observed in adult female rats following a septal lesion. Third, 
examination of the time course for the facilitation in lordosis behavior following a septal lesion revealed a four to six day 
delay before the appearance of heightened female sexual behavior. Fourth, in support of the possibility that modifications 
in lordosis behavior by septal lesions may be mediated by a depletion or imbalance in brain amines, amphetamine was 
found to reduce the high levels of lordosis behavior of septal lesioned female rats to control levels. Finally, further evidence 
of a potential role for brain amines in the effects of septal lesions was provided by the observation of significantly lower 
content and turnover of dopamine in the amygdala of septal lesioned female rats, relative to sham operated controls. 
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ALTHOUGH septal  lesions marked ly  increase the ef fec ts  o f  
estrogen on lordosis behavior  of  female rats [14 ,15] ,  
lordosis behavior  of  male rats is no t  al tered by septal  
des t ruc t ion  [16] .  However ,  chronic  exposure  to es t rogen or 
h y p o t h y r o i d i s m  after  septal  des t ruc t ion  modi f ies  the 
effects  o f  septal  lesions in males,  in tha t  these male rats 
t rea ted  af ter  a septal  lesion subsequen t ly  show a marked  
and sustained increase in responsiveness  to es t rogen similar 
to that  of  female rats [16 ,19] .  Addi t ional  factors  which  
might  also mod i fy  the ef fec ts  of  septal  lesions on lordosis 
behavior  of  rats have no t  been  tested.  

In the present  series of  exper iments ,  the sex d i f ference  
in the ef fec ts  of  septal lesions on lordosis  behavior  is 
repl icated and evidence is p resen ted  tha t  this d imorph i sm is 
related to  the degree of  neona ta l  androgeniza t ion .  Fur ther -  
more,  it is now shown that  in the female the effects  o f  
septal lesions on lordosis  behavior  can be modi f i ed  by 
exposure  to h o r m o n e s  during the post  lesion period.  
Finally,  the t ime course of  the onse t  of  the facil i tat ion in 
lordosis behavior  p roduced  by septal  ' les ions  has been 
de t e rmined  and the possibil i ty that  the effects  of  septal  
lesions on lordosis  behavior  are med ia ted  by a l tera t ions  in 
brain amines examined .  

G E N E R A L  METHODS AND P R O C E D U R E  

Simonsen Sprague-Dawley rats were used in all ex- 
per iments .  Animals were housed six to eight per cage, given 
ad lib access to Purina rat chow and tap water  and 
mainta ined in a reversed light room (lights on f rom 10:00 
p.m. to 11:00 a.m.). Brain surgery was pe r fo rmed  under  
sodium me thohex i t a l  (Brevital) anesthesia,  whereas for 
castrat ions,  if pe r fo rmed  o ther  than at the time of  
lesioning, e ther  was used as anesthesia.  Bilateral septal 
lesions (de Groo t  [5 ] ,  coordinates :  1.4 mm anter ior  to 
bregma,  lateral 0.75 mm and 4.0 mm below the dura) were 
p roduced  by passing anodal  current  (2 m A / 2 0  sec) th rough 
a 00 stainless steel insect pin,  insulated except  for  0.75 mm 
at the tip. Sham opera t ions  were identical  to the lesioning 
procedure  excep t  that  no current  was passed. 

Tests for  female sexual behavior  were essentially the 
same in all expe r imen t s  and started around 1:00 p.m. Test 
animals were placed in a Plexiglas arena that  was illumi- 
na ted  wi th  a 25 W red bulb with two or three sexually 
exper ienced  Long-Evans male rats which had been adapted  
to the test arena for  at least 15 rain. Af ter  the test  animal 
had been m o u n t e d  the desired n u m b e r  of t imes (see specific 
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expe r imen t s ) ,  a lordosis  q u o t i e n t  (LQ) was c o m p u t e d  for  
each an imal  by  dividing the  n u m b e r  of  lo rdo t i c  responses  
by the  n u m b e r  of  m o u n t s  and mul t ip ly ing  by 100. 

At  the  end  of  the  e x p e r i m e n t ,  an imals  were sacrif iced 
wi th  e ther ,  pe r fused  wi th  10 pe r cen t  Fo rma l in ,  the i r  bra ins  
removed  and  e x a m i n e d  his tological ly .  Data  only  f rom 
animals  wh ich  had  bi la tera l  lesions which  general ly  inc luded  
the en t i re  a n t e r i o r - p o s t e r i o r  e x t e n t  of  the  lateral  s e p t u m  
and occas ional ly  the  media l  s ep tum were inc luded  in the  
lesion groups  for  analysis.  In all ins tances ,  lesions were 
comparab le  to those  previously  r epor ted  using ident ica l  
lesioning pa rame te r s  ( refer  to  [14]  for  r epresen ta t ive  
mic ropho tog raphs ) .  An analysis  of  var iance  wi th  repea ted  
measures  and t - tes ts  were used to tes t  for  s tat is t ical  
significance,  and compar i sons  b e t w e e n  means  tha t  are 
refered to as s ignif icant  were at a p robab i l i t y  of  0.05 or less 
[24 ] .  

EXPERIMENT IA. EFFECTS OF SEPTAL LESIONS IN MALE, 
FEMALE AND AN D ROGENIZED FEMALE RATS ON 

LORDOSIS BEHAVIOR 

Since the  ef fec ts  of septal  lesions can be marked ly  
al tered by ch ron ic  exposure  to es t rogen in male  rats  [ 1 6 ] ,  
it appea red  possible t ha t  the  abi l i ty  of  the  in tac t  n o r m a l  
and androgen ized  female (90  ug t e s to s t e rone  p r o p i o n a t e  
(TP) in jec ted  on Day 3 of life) to  r e spond  to septal  
de s t ruc t i on  by  increasing behaviora l  sensi t ivi ty  to  es t rogen 
[14] may  be re la ted to the i r  exposure  to e n d o g e n o u s  
ovarian h o r m o n e s  close to the  t ime  of septal  de s t ruc t i on  
[ 1 4 , 1 5 ] .  This  poss ibi l i ty  was tes ted  in the  first expe r imen t .  

M e t h o d  and Resu l t s  

Three  groups  of animals ,  males,  females  and  andro-  
genized female ra ts  (270  ~g TP in jec ted  on Day 3 of  life), 
were all g o n a d e c t o m i z e d  at 28 days  of age (one  week af te r  
weaning) .  At  75 days of age, each of  these th ree  g roups  was 
fu r the r  divided in to  two  groups  and given e i the r  septa l  
lesions or sham opera t ions .  One  and two  m o n t h s  post-  
surgery,  all an imals  were tes ted  twice for  lordosis  behav io r  
fol lowing th ree  days of 2 ug E B / d a y  and tes ted  on  the  
f o u r t h  day (20  m o u n t  test) .  

Results ,  s h o w n  in Fig. 1, ind ica ted  t h a t  for  female  and 
TP female  rats, septal  les ioned animals  had  a s ignif icant ly  
higher  m e a n  LQ than  sham ope ra t ed  animals  across b o t h  
behavior  tests  (analysis  of  var iance for  repea ted  measures ,  
[24]  ). In con t ras t ,  lordosis  behav io r  of  septal  les ioned male  
rats was comparab l e  to sham ope ra t ed  male  rats. 

Discussion 

These resul ts  ind ica te  t ha t  septal  lesions are capable  of  
increasing behaviora l  sensi t iv i ty  to  es t rogen in female  rats  
i n d e p e n d e n t  of the i r  exposure  to e n d o g e n o u s  ovar ian 
es t rogen a round  the  t ime  of  septal  des t ruc t ion ,  and conf i rm 
the lack of  any reliable ef fec t  of  septal  lesions on  the  
lordosis  behav io r  of male ra ts  in the  absence  of  ch ron ic  
es t rogen exposure .  Effec ts  of septal  lesions in the  andro-  
genized females  were comparab l e  to those  in n o r m a l  female  
rats  in t h a t  the  les ioned animals  showed  a s ignif icant ly  
higher  LQ t h a n  sham ope ra t ed  animals  on  b o t h  tests.  Thus ,  
in spi te  of the well es tab l i shed  s imilar i ty  be t w een  andro-  
genized females  given this  dose of TP and male  rats, in 
t e rms  of  the i r  s imilar  n e u r o e n d o c r i n e  regu la t ion  and sexual  
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FIG. 1. Mean lordosis quotients (_+ SE) of septal lesioned and sham 
operated male, androgenized (TP) female (injected with 270 #g 
testosterone propionate on Day 3 of life) and female rats tested 
twice for lordosis behavior following 2 ~g estradiol benzoate 
(EB)/day for three days and tested on the fourth day. The behavior 
tests were separated by a one-month interval. Number of animals/ 
group is indicated at the bottom of the bar graph; SE by the vertical 

bars at the top of the bar graphs. 

behavior ,  the  f o r m e r  r e spond  to septal  de s t ruc t i on  the  same 
as do female rats. In a second expe r imen t ,  we examined  
w h e t h e r  this  d i f fe rence  be tween  male  and androgen ized  
female rats  was re la ted to the  n e o n a t a l  dose of  androgen ;  
i.e., 270  ug TP on Day 3 may  be insuf f ic ien t  to  mascul in ize  
comple t e ly  the responsiveness  of female  rats  to  septal  
lesions. 

EXPERIMENT 2B. EFFECTS OF SEPTAL LESIONS 
ON THE LORDOSIS BEHAVIOR OF HIGHLY 

ANDROGENIZED FEMALES 

The  abil i ty of neona t a l  exposure  of  female  rats  to 
androgens  to mod i fy  sexually d imorph i c  pa t t e rns  of go- 
n a d o t r o p i n  regula t ion ,  sexual behav io r  and b o d y  weight  
regula t ion  [8, 9, 23] appears  to  be d i rec t ly  related to b o t h  
the  dose of  TP and the  age at the  t ime of exposure .  In 
general ,  the  h igher  dose and the  younge r  the  animal ,  the  
more  effect ive the  mascu l in iza t ion .  Thus ,  we examined  the  
effects  of  septal  de s t ruc t i on  on  the lordosis  behav io r  of  
female rats  given a high dose of  TP on Day I of life. 

M e t h o d  and Resu l t s  

Eighteen  female rats  were in jected wi th  1 mg TP on Day 
1 of  life. At  70 80 days of age, all an imals  were 
ovar iec tomized  and androgen- induced  s ter i l iza t ion con-  
f i rmed by the  absence  of  co rpora  lu tea  in the  small  ovaries. 
A majo r i ty  of  these androgen ized  females  showed  some sign 
o f  p e r i p h e r a l  mascu l in iza t ion ,  cl i toral  h y p e r t r o p h y  
and a lack of  vaginal canal iza t ion.  Beginning three  weeks  
later,  an imals  were divided in to  two groups  and given e i ther  
septal  lesions or sham opera t ions .  One and two m o n t h s  
pos tsurgery  animals  were tes ted twice for  lordosis  behav io r  
on the  f o u r t h  day fol lowing 0.5 ug EB/day  for three  days 
and 2.0 ug EB for three  days, respect ively.  As shown  in Fig. 
2, septal  lesions had no  reliable ef fec t  on  the  lordosis  
behav ior  of  these highly androgen ized  female rats. For  b o t h  
pr iming  doses of  EB, septal  lesioned animals  were com- 
parable  to  sham ope ra t ed  rats. 
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Discussion 

Resul ts  of  E x p e r i m e n t  l b  ind ica te  t ha t  the  sexual ly  
d i m o r p h i c  ef fec ts  of  septal  lesions on  lordosis  behav io r  of  
rats  ( E x p e r i m e n t  l a) are re la ted  to the  degree of  andro-  
geniza t ion .  P r e s u m a b l y  the  more  ch ron ic  exposure  to 
e n d o g e n o u s  androgens  dur ing  b o t h  p rena t a l  and  n e o n a t a l  
d e v e l o p m e n t  in male  ra ts  a ccoun t s  for  the  d i f fe rence  
b e t w e e n  males and  females  t r ea ted  on  Day 3 wi th  270  ug 
TP as s h o w n  in E x p e r i m e n t  la .  Thus ,  wi th  respec t  to  the  
effects  of septal  lesions,  females  exposed  to the  h igh  (1.0 
nag) dose of  TP on Day 1 of  life are more  comparab l e  to  
n o r m a l  male  rats  t h a n  are females  t r ea ted  wi th  less TP at 
la ter  ages. 
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FIG. 2. Mean lordosis quotients (-+ SE) of septal lesioned and sham 
operated female rats (eight animals/group) that were highly andro- 
genized by a 1.0 mg dose of testosterone propionate on Day 1 of 
life. Animals were tested twice following 0.5 and 2.0 #g estradiol 
benzoate (EB)/day for three days and tested on the fourth day, 
respectively. The two tests were separated by a one-month interval. 

EXPERIMENT 2. EFFECTS OF CHRONIC ANDROGEN 
EXPOSURE FOLLOWING SEPTAL LESIONS IN FEMALE RATS 

ON LORDOSIS BEHAVIOR 

Since exposure  to  androgens  n e o n a t a l l y  can p reven t  the  
effects  of  septal  lesions on  lordosis  behav io r  of  female  rats  
( E x p e r i m e n t  lb ) ,  it seemed possible  t ha t  chron ic  exposure  
to androgens  af te r  septal  d e s t r u c t i o n  migh t  l ikewise a t t en-  
uate  the  ef fec ts  of septal  lesions on  lordosis  behav io r  of  
adul t  female  rats. However ,  the  abi l i ty  of  septal  lesions to 
al ter  lordosis  behav io r  in adu l t  male  ra ts  depends  u p o n  
expos ing  the  animals  to  daily in jec t ions  of  es t rogen 
fo l lowing septal  d e s t r u c t i o n ;  the re fo re ,  the  possible  ef fec ts  
of ch ron ic  exposure  to t e s t o s t e r one  fo l lowing septal  les ions 
in female  rats  was examined .  

M e t h o d  and  Resu l t s  

Seventy-f ive  day old female  ra ts  were ova r i ec tomized  
and,  beg inn ing  one  week later ,  were given septal  les ions and 
sham opera t ions .  These  two  surgical g roups  were each 
fu r the r  divided in to  two  groups  which  were given e i the r  
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FIG. 3. Mean lordosis quotients (+ SE) of septal lesioned and sham 
operated female rats which were given chronic daily injections of 
either 1.0 mg testosterone propionate (TP) or sesame oil (OIL) for 
30 days following brain surgery. The first behavior test (Test 1) was 
conducted one month following the termination of chronic injec- 
tions, and the second test occurred 30 days later. Animals were 
primed with 2 /~g estradiol benzoate (EB) for three days and tested 
on the fourth day for the first and second behavior test, whereas 
Test 3 was conducted the day following Test 2 and 4 - 6  hr 
following 0.5 mg progesterone (P). Number of animals/group is 

indicated at the bottom of the bar graph. 

daily in jec t ions  of  1.0 mg TP or oil for  30 days fo l lowing 
surgery.  One  m o n t h  fo l lowing the  ch ron ic  in jec t ions ,  all 
animals  were tes ted  for  lordosis  behav io r  on  the  f o u r t h  day 
fo l lowing daily in jec t ions  of  2.0 #g EB for  three  days. One  
m o n t h  later,  the  behav io r  tes t  was rep l ica ted  wi th  the  same 
pr iming  dose of EB and t hen  the  animals  tes ted  a th i rd  t ime 
the  nex t  day and 4 - 6  hr  a f te r  0.5 mg of  p roges te rone .  

Resul ts ,  s h o w n  in Fig. 3, ind ica te  t ha t  for  b o t h  Tes t  1 
and Test  2 (es t rogen  only) ,  the on ly  s ignif icant  g roup  
di f ference  was tha t  the septal  les ioned females  t rea ted  wi th  
oil for  30 days showed  a s ignif icant ly  h igher  m e a n  LQ than  
the o the r  three  groups  ( individual  t - test) .  In par t icular ,  
mean  LQs of the septal  lesioned female rats  t rea ted  
chronica l ly  wi th  TP were comparab l e  to  sham opera ted  
animals.  All groups  r e sponded  appropr i a t e ly  to  the syner- 
gistic e f fec ts  of  p roges t e rone  on  lordosis  behav io r  [ 9 ] .  

Discussion 

Resul ts  of E x p e r i m e n t  3 show t h a t  increased behaviora l  
responsiveness  to  es t rogen is no t  an inevi table  consequence  
of septal  lesions in female  rats, bu t  ra ther ,  m u c h  like in the  
male rat ,  the  behaviora l  consequences  of  septal  damage can 
be modi f ied  by  the h o r m o n e  e n v i r o n m e n t  dur ing  the  
pos t les ion  per iod  in female  rats. Whereas ch ron ic  es t rogen 
exposure  may  faci l i ta te  the  display of  female sexual  
behav io r  by  b lock ing  or inh ib i t ing  recovery  f rom bra in  
damage in septal  les ioned male rats  [ 1 6 ] ,  the  p resen t  results  
suggest t ha t  chron ic  exposure  to  and rogen  may  faci l i ta te  
recovery  in septa l  les ioned female  rats. A l t h o u g h  the  ac tual  
m e c h a n i s m  unde r ly ing  these l e s ion -ho rmone  in t e rac t ions  
remains  to be expla ined ,  it is clear t ha t  sex s teroids  can 
have a power fu l  e f fec t  on  the  behaviora l  consequences  of 
septal  lesions in b o t h  sexes, p r e s u m a b l y  by in te rac t ing  wi th  
dynamic  neura l  processes  dur ing  the pos t les ion  period.  In 
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addi t ion ,  these da ta  s u p p o r t  an earl ier  c o n t e n t i o n  tha t  
septal  lesions may  act  p r imar i ly  on  behaviora l  sensi t ivi ty  to  
es t rogen [15]  and no t  behaviora l  sensi t iv i ty  to  pro- 
gesterone.  

E X P E R I M E N T  3. O N S E T  O F  T H E  F A C I L I T A T I O N  I N  L O R D O S I S  

B E H A V I O R  P R O D U C E D  BY S E P T A L  L E S I O N S  

A l t h o u g h  it is possible  t ha t  septal  lesions could  p roduce  
an i m m e d i a t e  d i s inh ib i t ion  of  lordosis  behavior ,  as f o u n d  
wi th  e m o t i o n a l  react iv i ty  [ 2 ] ,  a more  gradual  change  in 
lordosis  behav io r  fo l lowing septal  damage migh t  also occur  
as a resul t  of a more  d y n a m i c  neura l  process  induced  by 
septal  lesions on which  gonada l  h o r m o n e s  could act. 

Since septal  lesions can acute ly  induce  the  release of  
adrenal  s te ro ids  (p roges t e rone )  [ 2 0 ] ,  wh ich  in tu rn  could  
synergize wi th  es t rogen  resul t ing in h igh levels of  re- 
cept iv i ty  [6[ i n d e p e n d e n t  of  any specific effects  of  septal  
de s t ruc t i on  on  lordosis  behavior ,  and rogen ized  female  rats  
were used ins tead of  no rma l  females.  A ndr ogen i zed  female  
rats ( d e p e n d i n g  on the  dose of TP and age of  in jec t ion)  are 
behaviora l ly  unrespons ive  to the synergis t ic  ef fec ts  of  
p roges te rone  on lordosis  behav io r  [ 9 ] ,  bu t  as shown  in 
E x p e r i m e n t  1, r e spond  like n o r m a l  female  rats  to septal  
lesions in t e rms  of  behaviora l  responsiveness  to  es t rogen.  

M e t h o d  and Resu l t s  

Female  rats  were given 270 ug TP on Day 3 of life. At  
65 days of  age, all an imals  were ova r i ec tomized  and the  
ef fec t iveness  of the TP t r e a t m e n t  in induc ing  s ter i l i ty  was 
verif ied by  the  presence  of  small  ovaries and lack of  co rpo ra  
lutea.  Beginning th ree  weeks  later ,  all an imals  were given 
daily in jec t ions  of  0.5 ug EB/day ,  and th is  t r e a t m e n t  
c o n t i n u e d  t h r o u g h o u t  the  ent i re  expe r i m en t .  On the  
seventh  and t e n t h  in jec t ion  days, all an imals  were given 
pre l iminary  tests  for  lordosis  behav io r  (15 m o u n t  test) .  On 
Day 12, animals  were given e i the r  septal  lesions or sham 
opera t ions .  Beginning the  nex t  day,  an imals  were tes ted  
daily for  six days and once  more  on  Day 9 fo l lowing bra in  
surgery. 

Results ,  s h o w n  in Fig. 4, ind ica ted  t ha t  dur ing  the  two 
pre l iminary  tests,  th ree  and six days before  bra in  surgery,  
the  androgen ized  animals  showed  low levels of  lordosis  
behavior .  Fo l lowing  surgery,  sham ope ra t ed  animals  main-  
ta ined the i r  low level of lordosis  r e spond ing  across the  
remain ing  behav io r  tests.  The  septal  les ioned group  was 
comparab le  to sham ope ra t ed  an imals  for  the first three  
days fo l lowing surgery,  bu t  by Day 4, and then  t h r o u g h o u t  
the rest  of the  e x p e r i m e n t ,  these animals  showed  sig- 
n i f icant ly  h igher  levels of  lordosis  behav ior  t han  sham 
opera ted  animals  (analysis  of variance for  repea ted  mea-  
sures and individual  t - test) .  It should  be n o t e d  t ha t  
a l t hough  lordosis  scores of  rats  in the  les ioned group were 
s ignif icant ly  h igher  t han  the  sham opera ted  animals  by  Day 
4, the  lesion ef fec t  does  no t  appear  to  peak un t i l  two  days 
later ,  on  Day 6. 

Discussion 

Since the  fac i l i t a t ion  of behaviora l  sensi t ivi ty  to  es t rogen 
is no t  an i m m e d i a t e  ef fec t  of  septal  des t ruc t ion ,  it appears  
tha t  the  effects  of septal  lesions on lordosis  behav io r  
represen t  more  t han  a release f rom some type  of  neura l  
inh ib i t ion .  The four  to six day delay in the appea rance  of  
the fac i l i t a t ion  in lordosis  behav io r  suggests t ha t  septal  
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FIG. 4. Onset of the facilitation in lordosis behavior following septal 
lesions in androgenized female rats (injected with 270 ttg testo- 
sterone propionate on Day 3 of life). Animals were injected daily 
with 0.5 ttg estradiol benzoate throughout the experiment. Mean 
lordosis quotients (_+ SE) are plotted for 2 presurgery tests (PRE-) 
that were conducted on the seventh and tenth injection day and 
occurred six and three days prior to brain surgery, respectively. On 
Day 12, animals were given either septal lesions or sham operations 
and, beginning the next day, were tested daily for six days and once 
more on Day 9 following brain surgery. Mean lordosis quotients (:~ 
SE) on the postlesion tests are plotted and the number of 

animals/group indicated at the top of the figure. 

lesions in i t ia te  some neura l  process  t ha t  requires  several 
days for express ion.  This  could  be an adequa te  interval  for  
some type  of dene rva t ion  hypersens i t iv i ty  to develop,  or 
else pe rmi t  the  occur rence  of  a les ion- induced dep le t ion  or 
change in b ra in  amine  func t ion .  T h a t  changes  in bra in  
amines  (dep le t ion  of  d o p a m i n e )  can marked ly  increase 
lordosis  behav io r  in es t rogen pr imed  female and male rats  
has been  well d o c u m e n t e d  [7 ,22 ] .  Thus ,  in the next  
expe r imen t ,  we tes ted  the  effects  of a m p h e t a m i n e ,  which  is 
general ly regarded as a c a t echo l amine  releasing agent  [ 7 ] ,  
on the  lordosis  behav io r  of  septal  lesioned female  rats. 

E X P E R I M E N T  4.  M O D I F I C A T I O N  IN T H E  L O R D O S I S  

B E H A V I O R  O F  S E P T A L  L E S I O N E D  F E M A L E  R A T S  BY 

A M P H E T A M I N E  

If the effects  of  septal  lesions are med ia ted  by an 
imba lance  in the bra in  amines ,  then  it should  be 
possible to  a t t e n u a t e  or normal ize  the  hyper-  
responsiveness  to  es t rogen of septal  les ioned animals  by  
appropr ia te  pharmacolog ica l  in t e rven t ion .  Pre l iminary  
e x p e r i m e n t s  involving a pharmacolog ica l  e levat ion in 
brain se ro ton in  levels by  admin is te r ing  100 mg/Kg of  
5 - h y d r o x y t r y p t o p h a n  to septal lesioned rats  failed to 
modi fy  the increased responsiveness  to es t rogen in 
septat  lesioned female rats (Nance,  unpub l i shed  data) .  
However ,  the  ineffect iveness  of these m a n i p u l a t i o n s  in 
se ro ton in  (5-HT) levels is no t  en t i re ly  unexpec t ed  if 
we consider  t ha t  5-HT may  be more  related to the 
behaviora l  ac t ion  of p roges te rone  (see Everi t t  et aL 
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[7]) combined with the evidence that septal lesions 
may act primarily on responsiveness to estrogen. Since 
recent work of Everitt et  al. [7] clearly suggests an 
inhibitory role for dopamine (DA) on the lordosis 
behavior of estrogen primed animals, this experiment 
examined the effects of alterations in the catechol- 
amines on the lordosis behavior of septal lesioned 
female rats. 

M e t h o d  and Resu l t s  

Seventy-five day old female rats were ovariectomized 
and given septal lesions and sham operations. Beginning 
six to eight weeks later, animals were primed for three 
days with 2 ug EB/day and tested on the fourth day 
for lordosis behavior (20 mount  test). Approximately 
three weeks later, animals were again primed for three 
days with 2 ug EB/day. On the fourth day and 
30 90 min prior to the behavior test (20 mounts), 
animals were injected with 1.0 mg/Kg d-amphetamine 
sulfate (Silasiand Company) (1.0 ml/100 g body 
weight) IP. Twenty-four hours later, all animals were 
given a post-amphetamine behavior test for lordosis 
behavior. 

Illustrated in Fig. 5 are the results of the three 
behavior tests, indicating the preamphetamine and 
postamphetamine mean LQs for sham and septal 
lesioned animals. Dates of the behavior tests are also 
indicated. Septal lesioned animals showed significantly 
higher levels of lordosis responding than the sham 
operated group on the first test. However, following 
pretreatment with amphetamine just prior to the 
second test, the septal lesioned animals were not 
significantly different from the sham operated rats. Yet 
when the animals were tested the day following the 
amphetamine-test, septal lesioned females showed a 
significantly higher mean LQ than that of the sham 
animals. Although as shown in Fig. 5, amphetamine 
tended to depress the lordosis behavior of the sham 
operated animals, the septal lesioned rats showed a 
much larger absolute and relative decrease in mean 
LQ. 

Discussion 

These data at least suggest that administration of 
amphetamine can reduce the hyperresponsiveness to 
estrogen typically shown by septal lesioned female rats. 
In general, these results are compatible with the 
possibility that the modifications in lordosis behavior 
produced by septal lesions may in part be mediated 
by lesion induced changes in the catecholamines. The 
last experiment examined the possibility that detectable 
differences in the levels and turnover of brain amines 
in various areas would differ between septal lesioned 
and sham operated rats at a point in time during 
which reliable behavioral differences would normally be 
present. 

E X P E R I M E N T  5. E F F E C T S  OF" S E P T A L  L E S I O N S  ON 

BRAIN A M I N E  L E V E L S  A N D  T U R N O V E R  

Some alterations in brain amine levels have been 
reported following septal lesions [2,10]. However, 
these studies utilized male rats and also a relatively 
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FIG. 5. Effects of d-amphetamine (1.0 mg/kg) on the mean lordosis 
quotient (+ SE) of septal lesioned and sham operated female rats. 
The first behavior test, indicated as PRE-, was conducted approx- 
imately three weeks prior to the amphetamine test and occurred on 
the fourth day following 2#g estradiol benzoate (EB)/day for three 
days. For the second test (amphetamine), animals were primed with 
the same dose of EB for three days and d-amphetamine injected 
30-90 rain prior to the behavior test on Day 4. Animals were tested 
a third time the next day (24 hr postamphetamine). Number of 

animals/group and dates of the behavior test are indicated. 

short lesion-to-assay interval. Since the effects on 
lordosis behavior of septal lesions are long-lasting, if 
not a permanent alteration in a hormone dependent 
behavior, more long-term changes in brain amine 
function should also be present if the brain amines are 
in some manner related to the behavioral effects of 
septal lesions. 

M e t h o d  

In this last experiment we utilized septal lesioned 
and sham operated female rats which had been tested 
twice for lordosis behavior and shown to exhibit the 
septal lesion effect in a preliminary and unrelated 
experiment. At the time of sacrifice, animals were 
approximately 150 days old and had been spayed and 
given septal lesions or sham operations approximately 
two to three months earlier. Animals had not been 
tested nor given steroids for at least three weeks prior 
to the present experiment. All rats were injected with 
2 #g EB/day for three days. Instead of receiving a 
standard behavior test on Day 4, all animals were 
killed by decapitation, their brains quickly removed for 
dissection and assay at the same time behavior tests 
were ordinarily conducted. Two hours prior to 
sacrifice, animals were randomly divided into two 
groups and given either saline or 250 mg/Kg 
alpha-methyltyrosine methylester HCL (AMT) (Sigma), 
in order to index turnover following synthesis 
inhibition. After the brains were removed, they were 
rinsed with ice cold saline, then placed on a saline 
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soaked paper towel  with the dorsal side down.  A 
frontal  cut was then made perpendicular  to the ventral  
surface of the brain about  1.0 mm poster ior  to the 
optic  chiasm. The anter ior  por t ion  of  brain tissue was 
then placed in 10% Formal in  and saved for subsequent  
histological conf i rmat ion  of  the septal lesions. The 
poster ior  section of  the brain was placed on solid 
CO 2. This entire procedure  took  less than one min. The 
frozen brains were then stored at -40 ° C. 

In order  to examine  the con ten t  and turnover  of  
the brain amines in specific brain areas, the f rozen 
brains were placed on a luminum blocks in an ice bath 
and al lowed to thaw for a few minutes  just  prior to 
dissection. A frontal  cut  was made perpendicular  to 
the ventral  surface of  the brain just  anter ior  to the 
mammil lary  bodies. The fol lowing samples were then 
dissected from this f rontal  section: dorsal h ippocampus ,  
cortex (midline cingulate region), amygdala ( including 
the adjacent  pyr i form cortex),  and medial  and lateral 
hypothalamus.  Three addit ional  frontal  cuts were made 
in the remaining poster ior  section of brain tissue, with 
one cut  being just anter ior  to the in terpeduncular  
nucleus and two more at 2 mm intervals. F rom these 
later sections, the interpeduncular-substant ia  nigra area 
and central  gray were identif ied and dissected out.  

All tissue samples from individual rats, ranging in 
size f rom 5 50 mg, were homogenized  in 500 **1 
0.4 N perchloric  acid, centr ifuged at 10,000 X G for 
30 min, and the clear supernatant  taken for the assay 
of norepinephr ine  (NE), DA and 5-HT. The perchloric  
acid extract  was adjusted to pH 7.0 by an equal  
vo lume of 0.4 M K s HPO~/0.2  N NaOH and the 
KC104 centr i fuged down.  The supernatant  was ex- 
tracted with 600 ul 0.1 M d ie thy lhexylphosphor ic  acid 
in ch loroform.  The amines were then eluted from the 
organic phase with 200 ul 0.2 N perchtoric acid. NE 
and DA were then assayed f luor imetr ical ly  using 0.1 
the volumes described by Shellenberger  and Gordon  
[21] .  The 5-HT was assayed using 0-phthala ldehyde 
described by McCamen et al. [13] .  All est imates of  
amine levels were based upon four  to six animals per 
group. 

Resu l t s  and  Discuss ion  

No significant differences in brain levels of  NE and 
5-HT were found be tween  septal lesioned and sham 
operated animals in all brain areas assayed, and septal 
lesions had no effect  on the rate of  decline in NE 
when measured 2 hr fol lowing AMT in any brain loci 
sampled (t-test for independent  groups). However ,  
septal lesioned animals were found to have significantly 
lower mean levels of  DA in the amygdala than sham 
operated animals, 0.67 ~ 0.07 vs 1.16 + 0.15 pmo l /mg  
tissue, respectively,  for the saline treated groups. 
Lesioned animals also showed an apparent  slower rate 
of turnover  in DA in the amygdala than sham animals, 
as indexed by AMT deple t ion  and relative to the brain 
levels of  the saline groups. Mean DA levels 2 hr after 
AMT were 0.38 + 0.10 vs 0.18 + 0.2 pmol /mg  for 
septal lesioned and sham operated animals, respectively.  
Al though there was a tendency for decreased levels 
and slower turnover  rates for DA in the h ippocampus  
and lateral hypotha lamus  of septal lesioned animals, 
the low endogenous levels and sensitivity of  the assay 

precluded our detect ing any significant group dif- 
ferences in these areas. It should also be noted that  
the forebrain section that  was uti l ized for histological 
verif ication of septal damage conta ined mesol imbic  and 
striatal areas which are impor tan t  dopamine  containing 
regions, and may also be modif ied by septal lesions 
[4] ,  a possibility current ly  under  investigation. 

These prel iminary results suggest that  further  
considerat ion of brain amines may provide a potent ia l  
b i o c h e m i c a l  i n d e x  o f  l e s i o n - i n d u c e d  changes in 
hormone  sensitive brain areas. We have recently 
reported addit ional  lesion exper iments  [18] which 
indicate a potent ia l  faci l i tatory role for the amygdala 
region in the effects  of  septal lesions on lordosis 
behavior.  Thus, the modif ied DA funct ion in the 
amygdala repor ted  here provides convergent  evidence of a 
potent ia l  role for the amygdala and possibly DA in relation 
to the effects  of septal lesions on behavioral sensitivity to 
estrogen. 

G E N E R A L  DISCUSSION 

The present  data indicate that  there are at least 
three factors which can modi fy  the effects  of septal 
lesions on the lordosis behavior  of adult rats primed 
with estrogen. First, presumably as a result of  early 
exposure to endogenous  androgens in the male or 
exogenous  inject ions of  a large dose of TP in neonatal  
female rats, septal lesions do not  alter the behavioral  
responsiveness to estrogen when measured by lordosis 
behavior.  This is in marked contrast  to the effects of  
septal lesions on the lordosis behavior of  normal  
female and androgenized female rats treated with lower 
doses of  TP at later ages ( [14 ] ,  and Exper iment  1). 
Second, the sexually d imorphic  effects  of  septal lesions 
can be modif ied in adult male and female rats by 
chronic t rea tment  with gonadal hormones  fol lowing 
septal destruct ion.  Whereas estrogen facilitates the 
expression of  lesion induced changes in the lordosis 
behavior of  male rats [16] ,  androgens at tenuate  the 
lesion dependent  changes in lordosis behavior normal ly  
observed in female rats (Exper iment  2). And finally, 
pharmacological  in tervent ion at the t ime of  testing can 
modify behavioral  responsiveness to estrogen induced 
by septal ablation. Whether  these three exper imenta l  
situations represent  independent  phenomena ,  each with 
its own underlying mechanism,  or reflect different  
types of modula t ions  of  a more unitary process of 
neural, hormona l  and behavioral integration or some 
combina t ion  of these two possibilities is presently 
unknown.  

Conceptual ly ,  the generat ion of  a viable explanat ion 
of these phenoma  would be easier if a c o m m o n  
mechanism could be discerned. With this bias in mind,  
some c o m m o n  features among these exper imental  
situations can be recognized. First,  and most  obvious,  
is that the analysis of  these phenomena  has utilized 
the same dependent  variable, lordosis behavior.  The 
expression of  lordosis behavior in the rat is entirely 
hormone  dependent ,  at least as tested in the present 
exper iment .  Thus, behavioral differences in lordosis 
behavior are generally ascribed to differential  sensitivity 
to the activational effects of hormones.  At present,  it 
appears that hormones  could produce ei ther an 
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increase in sensi t iv i ty  to  s t imul i  associated wi th  be ing  
m o u n t e d  [ 1 1 ] ,  selective a l t e ra t ions  in m o t o r  sys tems  
[ 9 ] ,  or bo th .  Wha teve r  the neu r a l - hum or a l  d imens ion  
t ha t  med ia tes  the behav iora l  ac t ion  of h o r m o n e s ,  it 
seems reasonab le  to  cons ider  t ha t  h o r m o n e  sensi t ivi ty 
may be a second  c o m m o n  fea ture  of  all these  
e x p e r i m e n t a l  s i tua t ions .  However ,  is this  m o d u l a t i o n  in 
behaviora l  sens i t iv i ty  to es t rogen  a general ized increased 
s tate  of  h o r m o n e  sensi t iv i ty ,  or a selective effect  on  
cer ta in  h o r m o n e  d e p e n d e n t  sys tems  such as those  
which  subserve lordosis  behavior?  

The  ef fec ts  of  septal  lesions on  and rogen  and 
es t rogen induced  male sexual  behav io r  in b o t h  male 
and  female  rats  has  been  e x a m i n e d  in p re l imina ry  
e x p e r i m e n t s  (Chr i s t ensen  and  Gorski ,  u n p u b l i s h e d  data) .  
Much like the  lack of  any reliable ef fec t  of  septal  
lesions on the  lordosis  behav io r  of septal  les ioned male  
rats, male  sexual  behav io r  is no t  marked ly  a l tered by  
septal  lesions in male  rats. In con t ras t ,  female  rats, 
wh ich  show an increase in lordosis  behav io r  a f te r  a 
septal  lesion,  also t end  to show increased re- 
sponsiveness  to  h o r m o n e s  w h e n  indexed  by  male  
sexual  behavior .  However ,  the  ef fec ts  of  septal  lesions 
on g o n a d o t r o p i n  regu la t ion  [14]  and h o r m o n e  induced  
changes  in daily food  in take  and b o d y  weight  
( add i t iona l  h o r m o n e  d e p e n d e n t  sys tems [ 1 7 ] )  appear  
less r emarkab le  than  the  lesion ef fec ts  on sexual  
behav io r  of  female  rats  (Nance  and Gorski ,  un-  
pub l i shed  data) .  Thus ,  it is l ikely t ha t  there  are b o t h  
general ized and  selective a l t e ra t ions  in several h o r m o n e  
sensit ive sys tems,  and f u r t h e r  analysis  of  these  
po ten t i a l ly  in t e r re l a t ed  neura l -behav iora l  sys tems  may 
pe rmi t  some c lar i f ica t ion  of  the  neura l  c ircui ts  or 
h o r m o n e  sensi t ive neura l  sites involved in the  
med ia t i on  of  these behaviors  as well as the i r  
mod i f i c a t i on  by  lesions. Also, by  compar ing  males,  

females  and animals  t rea ted  chronica l ly  wi th  h o r m o n e s  
af te r  septal  de s t ruc t i on  in t e rms  of  these var ious 
h o r m o n e  d e p e n d e n t  variables,  it shou ld  be possible  to  
de t e rmine  w h e t h e r  the  same or separate  neura l  sys tems 
are be ing  m o d u l a t e d  by these deve lopmen ta l ,  pos t les ion  
induced  and pharmaco log ica l ly  a l terable  effects  of  bra in  
lesions on  h o r m o n e  d e p e n d e n t  behaviors .  

A p o t e n t i a l  c o m m o n  unde r ly ing  m e c h a n i s m  is 
suggested by resul ts  of the last two  expe r imen t s .  Some 
d e v e l o p m e n t a l  change in bra in  amine  act ivi ty  has been  
suggested as an i m p o r t a n t  d imens ion  of  neura l  con t ro l  
for sexual ly d i f f e ren t i a t ed  func t ions  [ 1 2 ] .  In add i t ion ,  
modi f i ca t ions  in brain  amine  levels (DA) in adults ,  
a l t hough  unab le  to subs t i tu t e  for the  pr iming  effects  
of es t rogen,  can b o t h  faci l i ta te  and inh ib i t  the 
express ion  of  lordosis  behav io r  in b o t h  male  and 
female rats [ 7 , 22 ] .  Data  p resen ted  here suggest tha t  
septal lesions can modi fy  the c o n t e n t  and tu rnove r  of  
DA in selective brain  areas, and the express ion  of  
lesion d e p e n d e n t  changes  in lordosis  behav io r  can be 
pharmacolog ica l ly  modi f ied  at  the t ime of  behaviora l  
testing. To add to the complex i t y ,  however ,  gonadal  
h o r m o n e s  can also mod i fy  bra in  levels and t u r n o v e r  of  
amines  [1] and can even in te rac t  wi th  drugs at the  
r ecep to r  level in the  h y p o t h a l a m u s  [3 ] .  Thus,  at 
present ,  it appears  tha t  the act ivi ty of cer ta in  
n e u r o t r a n s m i t t e r s  in selected brain  areas may  accoun t  
for  some of the  fac tors  which  can mod i fy  the effects  
of brain lesions on h o r m o n e  d e p e n d e n t  behaviors .  
Hopeful ly  a more  t h o r o u g h  e x a m i n a t i o n  of  neuro-  
t r ansmi t t e r s  will pe rmi t  a more  c o h e r e n t  in tegra t ion  of  
these d ivergent  p h e n o m e n a .  

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the excellent histological 
assistance of Mrs. Erna Freiberg. 

REFERENCES 

1. Anton-Tay, F., S. M. Anton and R. J. Wurtman. 
Mechanism of changes in brain norepinephrine metabolism 
after ovariectomy. Neuroendocrinology 6 : 2 6 5  273, 1970. 

2. Bernard, B. K., J. R. Berchek and D. A. Yutzey. 
Alterations in brain monoaminergic functioning associated 
with septal lesion induced hyperreactivity. Pharm. Bio- 
chem. Behav. 3: 121-126,  1975. 

3. Breuer, H. and G. K6ster. Interaction between oestrogens 
and neurotransmitters at the hypophysial-hypothalamic 
level. J. Steroid Biochem. 5: 961-967 ,  1974. 

4. Brownstein, M., J. M. Saavedra and M. Palkovits. 
Norepinephrine and dopamine in the limbic system of the 
rat. Brain Res. 79: 431-436 ,  1974. 

5. De Groot, J. The rat forebrain in stereotaxic coordinates. 
Verb K. ned. Acad. Wet. 5 2 : 1  40, 1959. 

6. Eriksson, H. and P. S~Sdersten. A failure to facilitate 
lordosis behavior in adrenalectomized and gonadectomized 
estrogen-primed rats with monoamine-synthesis inhibitors. 
Hormones Behav. 4 : 8 9  97, 1973. 

7. Everitt, B. J., K. Fuxe, T. H6kfelt and G. Jonsson. Role 
of monoamines in the control by hormones of sexual 
receptivity in the female rat. J. comp. physiol. Psychol. 
8 0 : 5 5 6  572, 1975. 

8. Gorski, R. A. Gonadal hormones and the perinatal 
development of neuroendocrine function. In: Frontiers in 
Neuroendocrinology, edited by L. Martini and W. F. 
Ganong. New York: Oxford University Press, 1971, pp. 
237-290.  

9. Gorski, R. A. The neuroendocrine regulation of sexual 
behavior. In: Advances in Psychobiology, Vol. 2, edited 
by G. Newton and A. H. Riesen. New York: John Wiley 
and Sons, 1974, pp. 1-58.  

10. Heller, A., J. A. Harvey and R. Y. Moore. A 
demonstration of a fall in brain serotonin following 
central nervous system lesions in the rat. Biochem. 
Pharmac. 1 1 : 8 5 9  866, 1962. 

11. Kow, L. and D. W. Pfaff. Dorsal root recording relevant for 
mating reflexes in female rats: Identification of receptive fields 
and effects of peripheral denervation. 9,. Neurobiol. 6: 23-37,  
1975. 

12. Ladosky, W. and L. C. J. Gaziri. Brain serotonin and sexual 
differentation of the nervous system. Neuroendocrinology 6: 
168 174, 1970. 

13. McCaman, M. W., D. Weinreich and R. E. McCaman. The 
determination of picomole levels of 5-hydroxy-tryptamine and 
dopamine in aplysia, tritonia and leech nervous tissues. Brain 
Res. 53:129 137,1973. 

14. Nance, D. M., J. Shryne and R. A. Gorski. Septal lesions: 
Effects on lordosis behavior and pattern of gonadotropin 
release. Hormones Behav. 5: 73-81 ,  1974. 

15. Nance, D. M., J. Shryne and R. A. Gorski. Effects of septal 
lesions on behavioral sensitivity of female rats to gonadal 
hormones. Hormones Behav. 6" 59-64 ,  1975. 



234 NANCE, SHRYNE,  GORDON AND GORSKI 

16. Nance, D. M., J. Shryne and R. A. Gorski. Facilitation of 
female sexual behavior in male rats by septal lesions: An 
interaction with estrogen. Hormones Behav. 6 : 2 8 9  299, 
1975. 

17. Nance, D. M. and R. A. Gorski. Neurohormonal determinants 
of sex differences in the hypothalamic regulation of feeding 
and body weight. Pharmac. Biochem. Behav. 3: SUPPL. 1, 
155-162, 1975. 

18. Nance, D. M., M. McGinnis and R. A. Gorski. Interaction of 
olfactory and amygdala destruction with septal lesions: Effects 
on lordosis behavior. Abst. Sixth Annual Meeting, Society for 
Neuroscience, Toronto, Nov. 1976. 

19. Nance, D. M., C. Phelps, J. E. Shryne and R. A. Gorski. 
Alterations by estrogen and hypothyroidism in the effects of 
septal lesions on lordosis behavior of male rats. Brain Res. Bull. 
2:49 53, 1977. 

20. Seggie, J. and G. M. Brown. Septal lesions and resting adrenal 
function: A possible explanation of conflicting findings. 
Neuroendocrinology 8: 367-374, 1971. 

21. Shellenberger, M. K. and J. H. Gordon. A rapid simplified 
procedure for simultaneous assay of norepinephrine, dop- 
amine, and 5-hydroxy-tryptamine from discrete brain areas. 
Analyt. Biochem. 39: 356-372, 1971. 

22. S~Sdersten, P. and S. Ahlenius. Female lordosis behavior in 
estrogen-primed male rats treated with p-chlorophenylalanine 
or c~-methyl-p-tyrosine. Hormones Behav. 3:181 189, 1972. 

23. Tarttelin, M. F., J. E. Shryne and R. A. Gorski. Patterns of 
body weight change in rats following neonatal hormone 
manipulation: A "critical period" for androgen-induced growth 
increases. Acta Endocr. 79: 177-191, 1975. 

24. Winer, B. J. Statistical Principles in Experimental Design. New 
York: McGraw-Hill, 1962, pp. 28-40 and 298 312. 


