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QUADAGNO, D. M., S. M. ALBELDA, T. E. MCGILL AND L. J. KAPLAN. Intracranial cycloheximide: effect on male 
mouse sexual behavior and plasma testosterone. PHARMAC. BIOCHEM. BEHAV. 4(2) 185-189,  1976. - Cycloheximide 
(Cyclo), an inhibitor of protein synthesis, infused bilaterally into the preoptic area (POA) of intact B6D2F I male mice 
significantly inhibited male sexual behavior when the males were presented with receptive females 12 hr after treatment. 
The few males that ejaculated appeared to copulate normally. This finding suggests that Cyclo acts primarily by inhibiting 
sexual arousal rather than sexual performance. The inhibition of sexual behavior was not observed when the males were 
tested 84 hr after treatment. After exposure to an estrous female, plasma testosterone levels were measured in males with 
POA infusions of Cyclo or saline vehicle. No significant difference was found, but both groups had significantly higher 
levels of plasma testosterone than males not exposed to estrous females. It is suggested that the interference with sexual 
behavior by Cyclo was not due to interference with the neuroendocrine mechanisms controlling blood andorgen levels, but 
due to Cyclo acting directly on the neural circuits controlling sexual responsiveness. 
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C Y C L O H E X I M I D E  (Cyclo)  is an  inh ib i to r  o f  p ro te in  
synthes i s  by  direct  ac t ion  at the  r ibsomal  level [ 181. This  
c o m p o u n d  has recen t ly  been  used to s tudy  the  role of  
var ious bra in  regions in the  m e d i a t i o n  of  specific behaviors .  
For  example ,  the  i n h i b i t o r y  ac t ion  of  p roges t e rone  on  
es l rous  behav io r  was b locked  in the  female  guinea  pig by  
the  infus ion of  Cyclo in to  the  v e n t r o m e d i a l  h y p o t h a l a m u s  
[191.  Preopt ic  area (POA)  infus ions  of  Cyclo have been  
shown to inh ib i t  reversibly ma te rna l  behav io r  and  s teroid-  
induced  sexual  recept iv i ty  in the  female  rat  [9 ,171.  

The  POA has  also been  impl ica ted  in the  con t ro l  of  male  
sexual b~havior  [5 ] .  Tes to s t e rone  p r o p i o n a t e  implan t s  into  
this  region caused a r e s to ra t ion  of  sexual  behav io r  in 
cas t ra ted  male  ra ts  [4 ,10]  while  comple t e  lesions of  the  
POA abol i shed  the  display of  male  sexual behav io r  in in t ac t  
rats  [2, 7, 11] .  

The  ef fec ts  of  Cyclo infus ions  in the  POA of  males  has 
not  previously  been  s tudied.  The  purpose  of  the  present  

e x p e r i m e n t  was to s tudy  the  effects  of  such infus ions  on  
sexual behav io r  and plasma t e s to s t e rone  (T) levels in in tac t  
male mice. 

METHOD 

Experiment 1 

Animals. Male B6D2F~ mice,  resul t ing f rom a cross 
b e t w e e n  C 5 7 B L / 6 J  females and  D B A / 2 J  males,  were used. 

Procedure. Lit ters  were weaned  at 28 days  of  age. The  
males were housed  wi th  the i r  b r o t h e r s  f rom weaning  unt i l  
isolat ion in individual  cages at  a p p r o x i m a t e l y  8 weeks of  
age. The  ent i re  co lony  was ma in ta ined  on  a 12:12  reversed 
l igh t /dark  cycle. 

At a p p r o x i m a t e l y  l0  weeks of  age behaviora l  tes t ing  was 
begun.  All tes t ing  occur red  unde r  no rma l  r o o m  i l lumina t ion  
dur ing  the  middle  of  the  dark  phase of  the  cycle. The  tes t  
animals  were presen ted  wi th  s t imulus  females  of  the  
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BALB/cJ  s train b rough t  in to  behaviora l  estrus by in jec t ions  
of 0.01 mg of  aqueous  es t radiol  in 0 .02 ml disti l led wate r  
24 hours  before  testing. 

A test  session began when  an es t rous  female was 
in t roduced  in to  the  h o m e  cage of the  test  male.  The  lid of 
the test  male 's  cage con ta in ing  l bod  and water  was replaced 
by a clear flat plastic lid af ter  i n t r o d u c t i o n  of  the  es t rous  
female.  The  test  male was observed while wi th  the  s t imulus  
female for  1 hr. 

Sexual behav ior  of  the  male house  mouse  consis ts  of  a 
series of m o u n t s  and in t romiss ions .  A m o u n t  may  be 
cons idered  an unsuccessful  a t t e m p t  to  pene t r a t e  the  female 
while an in t romiss ion  is a successful pene t r a t ion .  When the  
male mount s ,  he palpates  the  female 's  sides wi th  his 
forepaws and execu tes  a series of  very rapid,  probing ,  pelvic 
thrusts .  If he gains in t romiss ion ,  the  ra te  of  t h ru s t i ng  is 
reduced to abou t  2 per  sec. A typical  in t romiss ion  consis ts  
of  a p p r o x i m a t e l y  25 thrusts .  After  a series of  a b o u t  20 
in t romiss ions  the  e jacula tory  reflex (ER)  occurs.  As a male  
mouse approaches  e jacula t ion,  the  speed of  th rus t ing  is 
increased;  the  male then  quivers s t rongly,  c lu tches  the  
female with all four  l imbs,  and falls to his side af te r  
e jacula t ion [131.  

The fol lowing behavioral  pa ramete r s  were recorded 
during the I hr obse rva t ion  per iod:  (1)  m o u n t  l a tency  (ML) 

t ime f rom i n t r o d u c t i o n  of  the  female to the first m o u n t ,  
wi th  or w i thou t  in t romiss ion ,  by the  male,  (2)  in t romiss ion  
la tency (IL) - t ime f rom i n t r o d u c t i o n  of  the  female to the  
first in t romiss ion ,  and (3) e jacula t ion  la tency (EL) - t ime 
from the  first in t romiss ion  to the  beg inn ing  of  the  
e jacula tory  reflex (ER).  The n u m b e r s  of  m o u n t s  and 
in t romiss ions  were also recorded.  If e jacu la t ion  did not  
occur  dur ing  the 1 hr test  period,  the  s t imulus  female was 
left overn ight  wi th  the  male,  and  the  fol lowing morn ing  the 
s t imulus  female ' s  vagina was examined  for  a c o p u l a t o r y  
plug. The presence of  a copu la to ry  plug indica ted  tha t  an 
ER had occurred  dur ing  the  night.  

The  males were tes ted  twice  weekly wi th  a m i n i m u m  of 
72 hr be tween  ERs. When a male exh ib i t ed  2 consecut ive  
e jacula tory  responses  (e i ther  direct  obse rva t ion  of an ER or 
the presence of a vaginal plus in the  s t imulus  female),  he 
was selected for expe r imen ta l  t r e a t m e n t .  Af ter  the  second 
consecut ive  ER, the  animal  was given the usual 72 hr per iod 
before  the  next  sex test. l lowever ,  12 hr before  the  next  
test the males were r andomly  assigned to 1 of 4 t r e a t m e n t  
groups:  (1)  bi lateral  preopt ic  area (POA) infusions  of  50 ug 
Cyclo/l ul saline per side (N = 10 successful p l acement s  of  
13 animals  infused) ;  (2)  bi lateral  POA infusions  of  1 ul of  
saline so lu t ion  (N = 15 successful p l acement s  of  17 an imals  
infused);  (3) bi lateral  caudate  nuc leus  (CN) infusions  of  50 
ug Cyclo/ l  ul saline per side (N = 4 successful p lacements  of  
4 infused) ;  and (4) 100 ug Cyclo /2  ul saline s u b c u t a n e o u s  
under  the  nape of  the  neck (N = 4). Thus,  a f te r  2 
p r e t r c a t m e n t  tests  those  animals  exh ib i t ing  2 consecut ive  
ERs were t rea ted  wi th  saline or Cyclo. 

Twelve hr  af ter  Cyclo or  saline t r e a t m e n t ,  the  animals  
were again tes ted for  male sexual behavior  as previously 
described.  At the end of  1 hr, direct  obse rva t ion  was 
t e rmina ted ,  but  the  test an imal  and s t imulus  animal  were 
left toge ther  for  6 more  hr. At the end of  tha t  t ime,  the  
s t imulus  female was removed  and her  vagina examined  for 
the presence of  a copu la to ry  plug. The test  was t e rmina ted  
at this  po in t  since it has been  shown  tha t  the  effect  of  
Cyclo is inh ib i t ing  s te ro id- induced  sexual recept iv i ty  in 
female rats is reversible a f te r  24 - 3 6  hr [ 17] .  

The test  an imal  was rested for  a n o t h e r  72 hr and 
retested.  This  was repea ted  so tha t  the  tes t  an imal  had 3 sex 
tests  af ter  the  Cyclo or saline t r e a t m e n t ,  1 a f te r  12 hr, 1 
af ter  84 hr, and 1 a f te r  156 hr. On the  first sex test a f te r  
t r e a t m e n t  the  s t imulus  female  was on ly  left  in wi th  the  
male for a to ta l  of  7 hr, bu t  on  the  last 2 tests  the female 
was left wi th  the  male overnight .  When the  female was 
removed,  her vagina was examined  for  a copu la to ry  plug. 

Cyclo was dissolved in a vehicle consis t ing of  9 par ts  
saline (0 .85% NaCI) and one  part  India ink marker .  The 
final c o n c e n t r a t i o n  was 50 ug Cyclo per  ul of solut ion.  
S te reo tax ic  surgery,  while the  an imals  were unde r  e the r  
anesthesia ,  was used and the  infus ions  were done  wi th  a 
microl i te r  syringe. When the  desired brain  loca t ion  was 
reached the  Cyclo or saline so lu t ion  was injected and the  
b lun t -end  needle  (28 ga) left in place for  30 sec before  it 
was removed  f rom the  brain.  The s te reo tax ic  coord ina te s  
for the  POA and cauda te  nucleus  were modi f ied  from 
M o n t e m u r r o  and Dukelow [16]  and Cook [3 ] .  ] 'he  
boundar i e s  of  the  POA were def ined,  relative to bregma,  as 
0.00 an te r io r -pos te r io r  plane;  0 .05 m m  lateral f rom midl ine  
and 4.6 mm ventra l  to the  cortex.  The  boundar i e s  of  the  
caudate  nucleus  were def ined ,  relative to bregma,  as 0 .00  
an te r io r -pos te r io r  plane, 2,5 mm lateral  f rom midl ine  and  
3.0 m m  ventra l  to the  cor tex.  

Immedia te ly  fol lowing the  th i rd  behaviora l  test  a f te r  
expe r imen ta l  t r e a t m e n t ,  the  test  animals  were perfused 
th rough  the  heart  wi th  physiological  saline fol lowed by 
10% Formal in .  The brains  were r emoved  and fixed in 10% 
Formal in  for at least 48 hr. The  bra ins  were t hen  sec t ioned  
at 50 u intervals  while f rozen and s tained wi th  cresyl violet. 
Only data  f rom animals  with  infus ions  in the  correct  bra in  
areas were uti l ized in the  present  s tudy.  

Experiment 2 

In an a t t e m p t  to  e lucidate  the mechan i sm of  ac t ion  of  
Cyclo,  plasma t e s t o s t e rone  levels were examined  af ter  test  
males were exposed to recept ive  females.  

Animals. Male B6D2F~ mice of  app rox ima te ly  20 weeks 
of age were used. 

Procedure. Mice were weaned,  housed and fed in the  
same m a n n e r  as the  subjects  in E x p e r i m e n t  1. Each male  
selected for the  s tudy  had shown  4 ERs (as evidenced by  
copu la to ry  plugs). The mice were r a n d o m l y  divided into 2 
groups.  One  group received saline into the  POA (N = 16 
successful p l acement s  of  18 an imals  infused)  and the  o t h e r  
group received Cyclo into the  POA (N --= 10 successful 
p l acement s  of  18 animals  infused).  The  animals  were 
anes the t i zed  and the  app rop r i a t e  infusion was made  in the  
same m a n n e r  as in Exper imen t  1. Af ter  an overn ight  
recovery per iod ( 1 2 - 1 8  hr af ter  infusion) ,  a wire mesh was 
placed across the  cen te r  of  the  an imal ' s  cage and an es t rous  
female (BALB/CJ  s t ra in  b rough t  into  behaviora l  estrus by  
inject ions of 0.01 mg estradiol  24 hr  be fore  the  test)  was 
placed on the  oppos i t e  side of  the divider. The  wire barr ier  
al lowed visual, aud i to ry ,  and o l fac to ry  c o m m u n i c a t i o n  
be tween  the  mice, bu t  p reven ted  any actual  physical  
contac t .  After  30 rain of exposure ,  the an imal  was r emoved  
f rom the cage and a b lood  sample ( app rox ima te ly  0.2 ml)  
was ob ta ined  from the  unanes the t i zed  animal  by  punc-  
tur ing  the  op tha l amic  venous  plexus. The serum was 
removed and  f rozen unt i l  the  assay was pe r fo rmed .  Af ter  
bleeding,  the  mice were killed and the  bra ins  fixed in 
Formal in .  The  brains  were subsequen t ly  frozen,  sect ioned 
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T A B L E  1 

INFLUENCE OF CONTROL PROCEDURES AND INFUSIONS OF CYCLOHEXIMIDE (CYCLO) INTO THE PREOPTIC AREA (POA) 
ON MALE SEXUAL BEHAVIOR IN THE INTACT MALE MOUSE 

Group + 12 hr Posttreatment + 84 hr Posttreatment + 156 hr Posttreatment 

% MT % INTRO % ER % MT % INTRO % ER % MT % INTRO % ER 

Saline-PO A 100 100 73 100 100 80 100 100 100 

(N = 15) (60) (66) (80) 

Cyclo-SC I00 100 100 100 100 100 100 100 100 

(N = 4) (75) (100) (100) 

Cyclo-CN 100 100 100 100 100 100 100 100 100 

(N = 4) (100) (100) (100) 

Cyclo-POA 40* 40~" 20 ,  100 100 80 § 100 100 90 § 

(N = 10) (20) (70) (80) 

Ejaculation was measured as the percentage of animals to ejaculate during the 1 hr observation period; or if ejaculation did not occur 
during the observation period ejaculation was also measured as the percentage of stimulus females that showed a copulatory plug after 
being housed overnight with the test male. The numbers in parentheses indicate the percentage showing the ejaculatory response (ER) in 
the presence of the observer during the I hr test period. The percentage of animals to mount (MT) without intromission and to intromit 
(INTRO) during the 1 hr observation period is also shown. SC-subcutaneous, CN-caudate nucleus. 

*Significantly different from Saline POA at 12 hr test (x 2 = 11.84, p<0.001) 
"~Significantly different from Saline POA at 12 hr test (x 2 = 11.84, p<0.001) 
~tSignificantly different from Saline POA at 12 hr test (x 2 = 6.83, p<0.01) 
§Significantly different from Cyclo POA at 12 hr test (x ~ = 5.05, p<0.05) 

at 50 u, and  s ta ined wi th  cresyl violet .  Only  data  f rom 
animals  wi th  infus ions  in the  correc t  b ra in  areas were 
ut i l ized in the  present  s tudy.  

The  serum was ex t r ac t ed  wi th  e ther .  The  e the r  ex t rac t s  
were assayed w i t h o u t  c h r o m a t o g r a p h y  because  c i rcula t ing 
levels of  the  on ly  in te r fe r ing  s tero id  ( d i h y d r o t e s t o s t e r o n e )  
are very low in the  mouse  [ 6 ] .  The  r a d i o i m m u n o a s s a y  
p rocedure  o f  Lucas and  A b r a h a m  was used [ 1 2 ] .  The 
values of  the  u n k n o w n  samples  were calcula ted by  inter-  
po l a t ion  f rom a s t andard  curve a f te r  co r rec t ions  for  
recoveries  and  p o r t i o n  size were inc luded.  Sensi t iv i ty  of  the  
assay was 5 pg. Precision,  def ined  as the  coeff ic ient  of  
var ia t ion  for  dupl ica te  d e t e r m i n a t i o n s ,  was 7.7% for inter-  
assayed samples  and  10.9% for in t ra-assayed samples.  
Buffer  b lank  values averaged 0.1 ng/ml .  

RESULTS 

Experiment 1 

The  effect  of  POA infus ions  of  Cyclo and  of  con t ro l  
p rocedures  on  the  pe rcen t  f rom each g roup  to m o u n t ,  
i n t romi t ,  and  e jacula te  is s h o w n  in Tab le  I. The  da ta  were 
ana lyzed  using the  Chi square  test .  Twelve hr  a f te r  POA 
infus ions  of  Cyclo s ignif icant ly  fewer  males  m o u n t e d ,  
i n t r o m i t t e d ,  and  e jacu la ted  w h e n  c o m p a r e d  to the  males  
receiving POA infus ions  of  saline or the  o t h e r  con t ro l  
groups  (Table  1). During the  tes t ing  per iod  the  males  
receiving POA infus ions  of  Cyclo exp lored  the  cage, sniffed 
the  geni ta l  region of  the  s t imulus  female ,  bu t  general ly  did 
not  in i t ia te  m o u n t i n g  or in t romiss ion  behavior .  The  an imals  

all appeared  in exce l len t  hea l th  at the  t ime of  test ing.  At 84 
and 156 hr  a f te r  t r e a t m e n t  all g roups  showed  comparab l e  
levels of  m o u n t i n g ,  i n t romi t t i ng ,  and e jacula t ion .  There  
were no signif icant  d i f ferences  b e t w e e n  any  of  the  g roups  
at these  t imes.  

The  effect  of  POA infus ions  o f  Cyclo and  of  con t ro l  
p rocedures  on  the  la tencies  to first m o u n t ,  in t romiss ion ,  
and e jacula t ion ,  plus f r equency  of  m o u n t s  and  intro-  
missions,  was examined  by  analysis  of  var iance fol lowed by  
post  hoc  analysis  wi th  the  S t u d e n t - N e w m a n - K e u l s  test .  No 
signif icant  d i f fe rences  exis ted b e t w e e n  any  of  the  g roups  12 
hr  a f te r  t r e a t m e n t .  The  2 an imals  receiving POA infus ions  
of  Cyclo t ha t  showed  the  en t i re  sequence  o f  mat ing  
behavior ,  i.e., m o u n t i n g ,  in t romiss ion ,  and  e jacu la t ion  
showed  la tencies  and  f requencies  wi th in  the  range set by  
the  cont ro ls .  When the  same stat is t ical  tests  were appl ied to 
the  sexual  behav io r  data  measured  84 and  156 hr  a f te r  
t r e a t m e n t  there  again were no s ignif icant  d i f fe rences  
b e t w e e n  any  of  the  groups.  

Experiment 2 

The inf luence  of  POA infus ions  of  Cyclo or saline on  
serum t e s to s t e rone  levels in male  mice exposed  to recept ive  
females  is s h o w n  in Table  2. A l though  the  m e a n  testos-  
t e r o n e  level for  the  saline g roup  was sl ightly h igher  t h a n  
tha t  o f  the  Cyclo group,  the  d i f fe rence  was no t  s ignif icant  
when  ana lyzed  with the  Mann-Whi tney  U-test  (U = 104). 

Also s h o w n  in Table  2 are the  resul ts  for  a separate  
g roup  of  14 males  tha t  were no t  exposed  to recept ive  
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TABLE 2 

SERUM TESTOSTERONE LEVELS OF CONTROL AND HYPOTHAMICALLY INFUSED MALE B6D2F~ MICE 

Group Treatment No. of Animals Testosterone Levels 

(ng/ml) 

Cyclo-POA 1/2 hr non-contact sexual exposure 10 14.7 _~ 2.3 (SEM) 

Saline-POA 1/2 hr non-contact sexual exposure 16 17.4 +_ 2.8 (SEM) 

Control none 14 4.1 ± 0.3 (SEM) 

females, but bled immediately after removal from the home 
cage. 

Both experimental groups in Table 2 had significantly 
higher plasma testosterone values than the males not 
exposed to estrous females (Mann-Whitney U = 18, p<0.02 
for Cyclo group versus non-exposed group and U = 32, 
p<0.002 for saline group versus non-exposed group). Thus 
it would appear that the interference in sexual respon- 
siveness seen in Experiment 1 was not due to interference 
with the neuroendocrine reflexes controlling blood an- 
drogen level. 

DISCUSSION 

The data presented in this report demonstrate that 
Cyclo, an inhibitor of protein synthesis, infused into the 
POA of male mice disrupts sexual responsiveness. Unlike 
lesions of the POA which permanently abolish male sexual 
behavior [2, 7, 11], Cyclo's effect was totally reversible 
with complete restoration of  mating behavior 84 hr after 
treatment. These findings are in agreement with previous 
reports that Cyclo in the POA of female rats reversibly 
blocks both maternal and sexual behavior [9,17]. 

Not all of our Cyclo-treated males showed complete 
abolition of sexual behavior. Four of 10 males mounted 
and intromitted 12 hr after infusion. Two of these achieved 
ejaculations in what appeared to be normal matings, i.e., 
their behavioral measures were within the range set by 
control groups. It is possible that these two animals 
received sub-threshold doses of Cyclo; although the histo- 
logical marker indicated infusion into the POA, some of the 
substance may have returned up the cannula tract. The dose 
of Cyclo has been shown to be critical for the inhibition of 
steroid-induced sexual receptivity in the female rat [8]. 

While the data base is limited, it may be useful to put 
these results into a theoretical framework. The most 
influential theory of rodent sexual behavior is the dual- 

mechanism proposal of Beach [1]. The theory postulates 
an arousal mechanism (AM) that is responsible for the 
initiation of sexual behavior (measured by ML and IL), and 
a copulatory mechanism (CM) that controls the mating 
pattern from the first intromission to ejaculation. The CM 
is measured by such variables as EL and number of 
intromissions. 

Our results indicate that Cyclo-induced inhibition of 
protein synthesis in the POA affects the AM in at least one 
and perhaps two ways. Sixty percent of POA Cyclo infused 
males did not mount receptive females 12 hr after 
treatment. Thus one effect is complete suppression of the 
AM. Of the 4 males that did initiate a mating sequence, 2 
ceased copulating prior to the ER even though their MLs 
and ILs were within the normal range. Incomplete mating 
may represent a second effect of POA Cyclo on the AM, 
perhaps produced by a dose level lower than that required 
for complete suppression of the AM. 

Obviously the effect of POA Cyclo on the CM cannot be 
determined for those males in which complete suppression 
of the AM occurred. The CM of the 2 POA Cyclo males 
that ejaculated appeared normal, but it is possible that 
particular dose levels may affect this mechanism. 

Considering the major effect of POA Cyclo in the 
present experiment (complete suppression of the AM), 
there are several possible physiological pathways of Cyclo 
action. While the treatment might have affected hormone 
levels and thus acted to inhibit sexual behavior, our data 
would appear to eliminate this possibility since there was 
no significant difference in the plasma testosterone levels of 
Cyclo or saline treated mice; both groups showed the 
characteristic testosterone surge after 30 min of non- 
contact sexual exposure to a receptive female. It appears, 
then, that Cyclo acts directly on the sensory, motor, or 
associative functions of those neurons involved in sexual 
arousal. 
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