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LANDAU, I. T. Effect o f  subcutaneous vs intraperitoneal administration o f  an anti-estrogen, CI-628. on estradiol- and 
estradiol benzoate-stimulated lordosis in the ovariectomized rat. PHARMAC. BIOCHEM. BEHAV. 5(4)473-476 ,  1976. - 
The anti-estrogen CI-628 (3 mg) inhibited estradiol (E, 150 ~g, SC in oil)-stimulated lordosis in ovariectomized rats, when 
the anti-estrogen was given intraperitoneally (IP) at the time of E injection (Hr 0). No lordosis inhibition occurred after 
similar treatment, if the CI-628 was given subcutaneously. For estradiol benzoate (EB, 2 t~g, SC in oil)-stimulated lordosis, 
CI-628 (Hr 0) had a substantial inhibitory effect whether it was given IP or SC, the greater percentage inhibition occurring 
after SC CI-628 (Experiment 1). All animals received sequential injections of estrogen and progesterone (500 =s,g, SC in 
oil) and were then tested to 10 mounts by an intact male. These results suggested that, after E injection, neural tissues 
mediating lordosis have a shorter period of sensitivity to the behavioral effects of CI-628 than after EB injection. Thus, 
inhibition of E-stimulated lordosis apparently required the more rapid onset of intracellular estrogen retention inhibition 
resulting from CI-628 given IP rather than SC. This was not the case for EB-stimulated lordosis, where a longer period of 
sensitivity to CI-628 seemed likely. This hypothesis was supported by the data of Experiment 2, in which CI-628 (3 mg, 
IP) was first given 3 hr after E or EB treatment. In this paradigm, CI-628 no longer inhibited E-stimulated lordosis. In 
contrast, the anti-estrogen's effect on EB-stimulated lordosis was at least equal to the inhibition occurring after CI-628 (IP) 
given at Hr 0. 
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THE lordosis  response  in ova r i ec tomized  rats,  el ici ted a f te r  
es t rogen  and  p roges t e rone  admin i s t r a t i on ,  can be i nh ib i t ed  
to vary ing  degrees by  a class of  pha rmaco log ic  c o m p o u n d s  
k n o w n  as an t i -es t rogens  [2, 12, 14, 15] .  In par t icu lar ,  the  
an t i -es t rogens  CI-628 and  MER-25  have been  r epo r t ed  to 
inh ib i t  the  fac i l i t a to ry  e f fec ts  of  s u b c u t a n e o u s  (SC) injec- 
t ions  of  es t radiol-17t3-benzoate  (EB)  on  lordosis  [2, 8, 9, 
12] .  However ,  tw o  previous  r epor t s  [9 ,12]  have ci ted the  
inabi l i ty  of  these  two  ant i -es t rogens ,  w h e n  given SC, to  
inh ib i t  lordosis  a f te r  a c o n c u r r e n t  SC in j ec t ion  of  unes te r -  
fied es t radio l -17#(E) .  

For  neura l  t issues t h a t  med ia te  lordosis  [3,11 ],  da ta  on  
the  b iochemica l  effects  of  E, EB, and  CI-628 suggest a 
possible e x p l a n a t i o n  for  this  d i f fe rence  in the  behaviora l  
e f fec ts  of  CI-628 af te r  E vs EB in jec t ions .  R e t e n t i o n  of  
rad ioac t iv i ty  in the  nucle i  of  the  media l  basal  h y p o t h a l a -  

mic-preopt ic  area (HPOA),  a f te r  an SC in jec t ion  of  t r i t i a t ed  
EB (3 H-EB) in ova r i ec tomized  rats,  persists  at near  max ima l  
levels for  more  t han  24 hr  [8 ] .  This  has  been  cor re la ted  
wi th  a c o m p a r a b l y  long per iod  of at  least  par t ia l  sensi t ivi ty  
to  the  behaviora l  ef fects  of  CI-628 in jec t ions  [8 ] .  A m u c h  
shor te r  to t a l  du ra t i on  of  es t rogen r e t e n t i o n  is r epo r t ed  a f te r  
i n t r ape r i t onea l  (IP) in jec t ions  of 3 H-E, wi th  nuc lea r  levels 
of  rad ioac t iv i ty  reaching  a peak wi th in  the  first 2 hr  and  
d imin ish ing  rapid ly  the rea f t e r  [ 1 0 ] .  A similarly br ie f  cell 
rad ioac t iv i ty  r e t e n t i o n  t ime  also seems likely af te r  SC 
in jec ted  3 H-E [6 ] .  Thus,  the  more  pulsat i le  a c c u m u l a t i o n  
and  decl ine in neura l  t issue es t rogen levels a f te r  an in jec t ion  
of  3H.E (as c o m p a r e d  to 3H-EB) suggests tha t  the  t ime  
per iod  dur ing  which  an t i -es t rogens  may  inf luence  the  
eventua l  behaviora l  response  may  be cons iderab ly  br iefer  
a f te r  E t h a n  af te r  EB in jec t ion .  

1 Address reprint requests to: Dr. I. Theodore Landau, Institute of Animal Behavior, Rutgers University, Newark, New Jersey 07102. This 
research was supported by NIH Research Grant HD-04467 to Dr. Harvey H. Feder. The author is grateful to H. H. Feder for his comments in 
reviewing this manuscript. The CI-628 was generously supplied by Parke-Davis Co., Ann Arbor, Michigan. This is contribution number 256 of 
the Institute of Animal Behavior. 
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CI-628,when given SC 20 min before an SC inject ion of  
3H-EB, did not  begin to inhibit  HPOA nuclear estrogen 
re tent ion  unti l  more than 3 hr after inject ion [8] .  However,  
when the same dose of  CI-628 was given IP, a more rapid 
onset of  nuclear inhibi t ion of estrogen re tent ion resulted 
[8].  In both cases, the inhibi t ion persisted for many hours 
after its initial onset. These results suggest that  IP injected 
CI-628, by nature of its more rapid latency to nuclear 
estrogen re tent ion  inhibi t ion,  might be able to inhibit  
E-stimulated lordosis at a t ime when SC injected CI-628 
would not  (e.g. [12]) .  Evidence of  a rapid onset of  
hypotha lamic  nuclear estrogen re tent ion  inhibi t ion after  

H-E by intraperi toneal  [ 15] or intravenous [4] CI-628 
injections agrees with this hypothesis .  For  EB-st imulated 
lordosis, where the period of  sensitivity to anti-estrogens is 
expected to be longer, both  SC and IP inject ions of  CI-628 
are likely to be effective (e.g. [2 ,12]) .  The present 
exper iments  test these predictions.  

Note that  the doses of  E and EB used in this s tudy are 
very different.  This reflects the relatively large difference in 
threshold doses of the two estrogens required to st imulate 
lordosis (cf. [12] ). The possibili ty that the relatively large 
dose of  E used may be affecting the ability of  CI-628 to 
inhibit  E-stimulated lordosis will be discussed. 

M E T H O D S  

Experiment 1 

The animals used in this exper iment  were 31 female 
Sprague-Dawley rats (Charles River). Animals  were housed 
individually in wire rack cages, supplied with food and 
water ad lib, and maintained on an LD 14:10 cycle (lights 
on at 1300). Animals were 250 300 g at the t ime of  
bilateral ovar iec tomy (Equithesin anesthet ic;  0.25 cc /100 g 
body weight). Behavior testing began 2 weeks after ovariec- 
tomy,  with the animals divided into 4 groups as follows: (1) 
CI-628(SC)/EB (n = 8); (2) CI-628(IP)/EB (n = 8); (3) CI- 
628(SC)/EB (n = 8); (4) CI-628(IP)/E (n = 7). The 
two EB injected groups received - E B  (2 ug, SC in oil) at a 
t ime designated as Hr 0, progesterone (500 ug, SC in oil) at 
Hr +42, and were tested for lordosis responses to 10 mounts  
(with thrusting) by an intact  male at Hrs +47 to +49. The 2 
E injected groups (150 ug, SC in oil) were similarly treated. 
The 150 ug dose of E was chosen after prel iminary testing 
established that this was approximate ly  the minimal dose 
necessary to bring 100% of control  animals into heat  (2 ug 
of EB similarly brought  100% of control  animals into heat). 
In addit ion to the E (or EB) and progesterone given on every 
test. the animal was given 3 mg of CI-628, ei ther SC orIP,  on 
one test, and the 10% ethanol  vehicle (SC or IP) on another  
test. These injections were given 20 min before E or EB (i.e. 
Hr 0). The 3 mg dose of  CI-628 was chosen to equate the 
CI-628(EB ratio with that used in a previous exper iment  
measuring nuclear radioaci t ivty re tent ion  after 3 H-EB [8] .  

Thus, each female was tested twice (with and wi thout  
CI-628), with the tests separated by 1 2 weeks and the 
order of testing counterbalanced for exper imenta l  treat- 
ment.  Testing was begun 1 hr after the start of  the dark 
cycle in a 20 in. d iameter  Plexiglas arena. The arena was 
i l luminated by a 25 W red light. Each male was given at 
least 5 rain in the arena prior to the in t roduct ion  of the 
female. 

A lordosis quot ien t  = (number  of  lo rdoses /number  of 
mounts)  x 100 and a measure of  mean lordosis intensity 
(on a scale of 0 3) were determined for each test (see 

[ 12] ). Differences be tween separate tests of the same group 
were evaluated by the Wilcoxon T-test;  differences between 
groups were evaluated by the Mann-Whitney U test. 

Experiment 2 

The 31 animals from the previous exper iment  were used 
again in this study. Each animal received the same 
hormone ,  E or  EB, as it had been given previously,  with 
group assignment counterbalanced for previous anti- 
estrogen t reatment .  Four  groups were formed as follows: 
( I )  Vehicle (Hr +3)/EB (n = 8); ( 2 )CI -628(Hr  +3)/EB (n = 
8); (3) Vehicle (Hr +3)/E (n = 7); (4) CI-628(Hr +3)/E (n = 
8). All CI-628 inject ions (3 mg) were given IP at 3 hr af ter  
E or EB injection.  Each animal was tested only once. All 
o ther  details of  the testing procedure  remain as described 
above. 

R E S U L T S  

Experiment 1 

For E injected animals, CI-628 (3 mg) given SC at Hr 0 
was wi thout  inhibi tory effect  (Table 1), in agreement  with 
previous results [ 12].  However,  the lordosis intensi ty scores 
of the IP injected CI-628 group receiving E were signifi- 
cantly lower than both its own vehicle injected control  
scores and those of the CI-628(SC)/E group. The reduced 
lordosis quot ients  (LQs) of  the CI-628(IP)/E group similar- 
ly approached statistical significance (Table 1 ). 

For  EB injected animals, LQs and lordosis intensi ty 
scores were significantly reduced for both SC and IP CI-628 
groups. In contrast  to the E-injected animals, the scores of 
the CI-628(SC)/EB group were significantly lower than 
those of  the CI-628(IP)/EB group (Table 1). 

Experiment 2 

Even though CI-628 given IP at Hr 0 could inhibit  both  
EB- and E-stimulated lordosis, a shift in the t ime of  
anti-estrogen inject ion was predicted to affect  E injected 
animals more than those receiving EB. This is because the 
shortened durat ion of nuclear radioact ivi ty re tent ion  after 
3H_E vs 3H_EB [8,10] suggests a shorter  period of  
sensitivity to the behavioral effects  of  CI-628 after E than 
after EB injection.  This exper iment  assessed the effects  of  
IP injected CI-628 given 3 hr after either E or EB. 

For  E injected animals, CI-628 no longer significantly 
reduced lordosis scores (Talbe 2). Thus, the shift in t ime of  
CI-628 (IP) inject ion to 3 hr after E was enough to prevent  
CI-628's behavioral inhibi tory effects. This is consistent  
with the need for a rapid neural effect  of  CI-628, when it is 
given at Hr 0, if it is to inhibit  lordosis (see above). 

In contrast ,  EB injected animals receiving CI-628 (IP) at 
Hr +3 had mean LQs and lordosis intensi ty scores below 
that of any other  group in ei ther exper iment .  While 
comparisons with the Hr 0 groups of  the previous experi- 
ment  must be made with caution (due to the differences in 
testing experience and prior hormonal  t reatment) ,  there is a 
strong suggestion that the Hr +3 (IP) group receiving EB was 
inhibited to a greater extent  than the CI-628(IP)/EB (Hr 0) 
group shown in Table 1. Thus, the Hr +3 (IP) CI-628 
injections were at least equally effect ive as Hr 0 injections 
for the inhibi t ion of  EB-stimulated lordosis, perhaps more 
SO. 

D I S C U S S I O N  

A 3 mg dose of CI-628, when given IP at Hr 0, 
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T A B L E  1 

THE EFFECT OF INTRAPERITONEAL (IP) VS. SUBCUTANEOUS (SC) INJECTED CI-628 (3 rag), GIVEN 
AT Hr 0, ON E- AND EB-STIMULATED LORDOSIS IN OVARIECTOMIZED RATS 

Mean (± SEM) % of control 
Group Hormone LQ LI LQ LI 

1. Vehicle (SC) EB 97.50 ± 1.64 2.13 ± 0.12 
CI-628 (SC) EB 16.25 ± 7.06t 0.23 _-. 0.09t 17% 11% 

2. Vehicle (IP) EB 98.75 ± 1.25 1.94 ± 0.10 
CI-628 (IP) EB 43.75 _ 12.53t 0.80 ± 0.25t 44% 41% 

3. Vehicle (SC) E 98.75 ± 1.25 1.86 ± 0.17 
CI-628 (SC) E 76.25 ± 13.35 1.31 ± 0.28 77% 70% 

4. Vehicle (IP) E 85.71 ± 5.71 1.27 ± 0.18 
CI-628 (IP) E 37.14 ± 17.005 0.46 ± 0.22* 43% 36% 

*Vehicle vs. CI-628 significant at p <0.05, Wilcoxon T. 
tVehicle vs. CI-628 significant at p<0.01, Wilcoxon T. 
5Vehicle vs. CI-628; p<0.06, Wilcoxon T. 
For EB injected animals, SC CI-628 reduced lordosis scores below that of lP CI-628: significant at 

p <0.05 for lordosis intensity; p <0.06 for LQ (Mann-Whitney U). 
For E injected animals, IP CI-628 reduced lordosis scores below that of SC CI-628: significant at 

p <0.05 for lordosis intensity; p<0.06 for LQ (Mann-Whitney U). 
E = estradiol-17# (150 ~ g, SC); EB = estradiol-17 #-benzoate (2 ~ g, SC); Vehicle = 10% ethanol; 

LQ = lordosis quotient; LI = lordosis intensity; % of control = lordosis inhibition in CI-628 group 
expressed as a percentage of the scores of corresponding vehicle injected control group. 

All animals also received progesterone (500 /z g, SC) 5-7 hr before behavioral testing. 

T A B L E  2 

THE EFFECT OF INTRAPERITONEALLY INJECTED CI-628 (3 rag) GIVEN 3 HR AFTER E OR EB ON 
LORDOSIS IN OVARIECTOMIZED RATS 

Mean (± SEM) % of control 
Group Hormone LQ LI LQ LI 

1. Vehicle EB 97.50 ± 2.50 1.96 ± 0.16 
2. CI-628 EB 3.75 ± 2.63* 0.05 _+ 0.03* 4% 3% 
3. Vehicle E 92.50 ± 4.12 1.15 ± 0.22 
4. CI-628 E 83.75 ± 8.85 1.64 ± 0.23 91% 143% 

*Vehicle vs. CI-628 (for groups receiving same hormone) significant at p <0.001, Mann-Whitney U. 
EB = estradiol-17# -benzoate (2 /~ g, SC); E = estradiol-17# (150 ~ g, SC); Vehicle = 10% ethanol; 

LQ = lordosis quotient; LI = lordosis intensity; % of control = lordosis inhibition in CI-628 group 
expressed as a percentage of the scores of corresponding vehicle injected group control. 

All animals also received progesterone (500 tz g, SC) 5-7 hr before behavioral testing. 

substantial ly inhibi ted E-st imulated lordosis  scores. Fur- 
ther,  in agreement  wi th  previous results [12 ] ,  SC admini-  
stered CI-628 had no significant ef fect  on E-st imulated 
lordosis (Table 1). These results,  toge ther  wi th  the data on 
nuclear es t rogen re t en t ion  [8, 10, 15] detai led in the 
In t roduc t ion ,  suggest tha t  the per iod during which CI-628 
must  antagonize  the effects  of  E in neural  tissues media t ing  
lordosis (e.g. HPOA) is relatively short ,  if this antagonism is 
to have a behavioral  effect .  Thus, the more  rapid onset  of  
nuclear es t rogen re t en t ion  inhib i ton  af ter  IP injected 
CI-628, as opposed  to SC inject ions,  is apparen t ly  necessary 
to significantly affect  this brief  sensitive period.  

In contras t ,  CI-628, given ei ther  IP or SC, significantly 
reduced lordosis  scores of  EB injected animals,  wi th  SC 
CI-628 causing the greater percentage  inhibi t ion (Table 1). 
This is cons is tent  with the  hypo thes i s  that  the long per iod 
of nuclear  es t rogen re t en t ion  after  EB inject ion [8] implies 
a longer per iod of  sensitivity to the ef fec ts  of  ant i -estrogens 
than af ter  E injection.  Thus,  for  the inh ib i t ion  of  EB- 

s t imulated lordosis,  the rapid onset  o f  IP injected CI-628's  
(Hr 0) nuclear inh ib i tory  effects  is nei ther  essential nor 
perhaps  even desirable; it is the slower onset  of  nuclear 
estrogen re ten t ion  inhibi t ion after  SC injected CI-628 and 
the long pers is tance of this inhibi t ion in bo th  cases that  is 
most  likely of greater impor tance .  

Similarly, in Exper imen t  2, Hr + 3 ( I P ) i n j e c t i o n s  of 
CI-628 reduced EB-st imulated lordosis  responses  to a lower  
level than  for any Hr 0 injected group in Exper imen t  1. 
This agrees with the p roposed  impor tance  of  b iochemical  
effects  beyond  the initial 3 hr per iod after  EB inject ion for 
the eventual  inhibi t ion of  EB-st imulated lordosis.  In con- 
trast,  IP inject ions of  CI-628, when given at Hr+3, were no 
longer effective in inhibi t ing E-st imulated lordosis (Table 
2). This agrees with t he ' p roposed  brief  per iod of  sensitivity 
to CI-628 for E-st imulated lordosis.  CI-628 given IP 1 hr or 
more  before E inject ion is apparent ly  equally ineffect ive in 
inhibit ing lordosis  (Landau,  unpubl i shed  data).  This sug- 
gests the impor tance  of  a concur ren t  presence  of  initial 
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levels of CI-628 and E for  the inh ib i t ion  of  lordosis  t ha t  is 
no t  necessary for  EB-s t imula ted  lordosis  [8 ] .  

However ,  when  E is given in t ravenous ly  ( IV) [ 1 5 , 1 7 ] ,  
CI-628 can inh ib i t  lordosis  over a m u c h  wider  range of  
in jec t ion t imes.  While the  exact  reason  for  this  inconsis-  
t ency  wi th  the  present  results  is no t  clear, it may  be related 
to the  fact  tha t ,  in the  previous  studies,  behav ior  tes t ing 
began a round  24 hr  a f te r  E in jec t ion ,  r a the r  t han  48 hr.  
Also of possible  i m p o r t a n c e  is the  m u c h  lower  behaviora l  
th resho ld  dose of  E required when  it is given IV. 

Powers [12]  has p roposed  tha t ,  because  es t radiol  levels 
r e tu rn  to baseline in plasma [16]  and brain  [ I ,  5, 6, 8, 10, 
15] faster  af ter  E in jec t ions  t han  af ter  EB, h igher  doses of  
E relative to EB would be necessary to ma in t a in  suff ic ient  
estradiol  levels for the  m i n i m u m  dura t ion  required for the  
s t imula t ion  of  lordosis  (cf. [7,1 3] ). This would resul t  in an 
init ial  large excess of  es t radiol  af ter  E in jec t ion  wi th  which 
CI-628 could no t  effect ively compe te .  This would accoun t  
for b o t h  the  h igher  behavioral  th resho ld  dose of  E relative 
to EB and the  inabi l i ty  of  CI-628 (SC; Hr 0) to inh ib i t  
E-st imulated lordosis  [ 12] .  

However,  the  p resen t  results  suggest t ha t  it is the  
delayed HPOA nuclear  i n h i b i t o r y  effects  of  C1-628 given 
SC, r a the r  than  specifically the  high E dosage, t ha t  p reven ts  
CI-628 's  i nh ib i t i on  of lordosis.  This is seen as why the  same 
dose of CI-628, when  given IP, was able to inh ib i t  
E-s t imulated lordosis  ( E xpe r i m en t  1). The f indings tha t :  (1)  
3 mg of CI-628, given IP at  Hr 0, could  on ly  par t ia l ly  
an tagonize  EB-s t imula ted  lordosis  yet  could  also inhib i t  the  
behavioral  responses  to a dose of  E tha t  was 75 t imes  h igher  
than  the dose of  EB used in this  s tudy (Table  1 ) and (2) for 
E-s t imulated lordosis,  IP CI-628 caused greater  inh ib i t ion  
than SC CI-628, while the reverse was t rue for EB 

s t imula ted  lordosis,  f u r the r  suggest tha t  the  d i f ferences  
be tween  E and EB responsiveness  to CI-628 are no t  s imply 
a m a t t e r  of  h igher  E dose used or t ha t  CI-628 given IP may 
resul t  in an ini t ial ly h igher  effect ive dose than  when  given 
SC. 

In summary ,  resul ts  suggest tha t  the  d i f ference  in 
behaviora l  th resho ld  doses for E vs EB is related to the 
shor te r  per iod of in t racel lu lar  estrogen r e t e n t i o n  af ter  E 
in jec t ion  [8, 10, 12].  (This is no t  m e a n t  to imply tha t  EB 
itself is re ta ined  intracel lular ly  longer than  E. Instead,  
results  [5] suggest tha t  EB is rapidly me tabo l i zed  to E 
upon  en te r ing  systemic c i rcula t ion,  and tha t  the  increase in 
total  du ra t ion  of radioaci tv i ty  p resen t  is due to the  
benzoa te  m o i e t y  causing a s lower  release of the h o r m o n e  
f rom the  SC in jec t ion  site.) This higher  requi red  E dose is 
likely to make it more  diff icul t  for CI-628 to inh ib i t  
E-s t imulated lordosis  as opposed  to EB-s t imula ted  lordosis  
( [12]  and E x p e r i m e n t  1). Despite this, CI-628 can slill 
effect ively inh ib i t  E-s t imulated lordosis  if the ant i -es t rogen 
is given at a t ime (Hr 0) and by a route  of  admin i s t r a t i on  
(IP) l ikely to affect  init ial  nuc lear  a ccumula t i on  of  estro- 
gens in neural  tissues ( [8 ]  and E x p e r i m e n t  1). For  
EB-s t imula ted  lordosis,  CI-628 was general ly more  effect ive 
over a wider range of  in jec t ion  t imes,  ind ica t ing  a longer 
per iod of  behavioral  sensi t ivi ty to  CI-628 af te r  EB ( than  
af ter  E) in jec t ion  ( [8]  and E x p e r i m e n t  2). The results 
suppor t  an i m p o r t a n c e  of  the  c o n t i n u e d  presence of  
estrogen in neural  tissue for the  eventual  in i t ia t ion  of 
lordosis (i.e. ma in t enance  func t i on )  a f te r  EB, but  no t  a f te r  
E, inject ion.  This may be because ini t ial ly h igher  intra-  
cellular es t rogen levels a f te r  SC E (vs EB) in ject ions  lead to 
an earl ier  t e rmina t i on  of the  per iod  dur ing which  es t rogen 
direct ly acts to  media te  an eventua l  behavioral  response.  
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