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The effect  of compounds of the phenothiazine ser ies  (fluacizine, chloracizine,  t r i f luoroperazine,  
and chloromazine) on the sex cycle was studied in female ra ts .  The compounds were found to 
depress  the es t rous  cycle and to al ter  the rat io between the generative elements  in the gonads. 
The link between the chemical  s t ructure  of the compounds and their  action on the sex cycle 
is discussed.  

It is stated in the l i terature  that psyehotropic drugs can affect the reproduct ive function. Chlorpro-  
mazine,  for instance, can inhibit the es t rous  cycle and suppress  ovulation in animals [1, 5] and delay ovula- 
tion and menstruat ion in women [2, 9]. A disturbance of the es t rous  cycle has been descr ibed following the 
adminis t ra t ion of haloperidol [8], imipramine,  and desmethyl imipramine [7] to rats .  According to Crans-  
ton [4], depression of gonadal function and a decrease  in the number of es t rous  cycles  are  found in mice af-  
te r  adminis t rat ion of reserp ine ,  chlorpromazine,  promethazine,  promazine,  meprobamate ,  phenobarbital,  
and ethyl alcohol. 

In the opinion of mos t  workers  the action of the psychotropic drugs on the es t rous  cycle takes place 
at the level of the central  nervous system and consis ts  essent ial ly  of a disturbance of the neurohormonal  
regulation of the sex cycle.  Because of the extensive use of psychopharmacological  agents in clinical p rac -  
tice this fact deserves  the c loses t  attention. 

The object of this investigation was to study the action of derivatives of the phenothiazine ser ies  - 
fluacizine, chloracizine,  and tr if luoperazine - on the hormonal  and generative function of female ra ts .  
Chlorpromazine,  as the compound which has been studied the mos t  from this standpoint, was used for com- 
parison. Except  chloracizine,  all the compounds studied are  psychopharmacological  agents. F luaciz ineand 
chloracizine are  original preparat ions synthesized in the Institute of Pharmacology,  Academy of Medical 
Sciences of the USSR. The effect  of these compounds on the gonads and their  functions has not been studied. 
So far  as tr if luoperazine is concerned, it is stated that this has an inhibitory action on the es t rous  cycle in 
mice [3]. In experiments  on ra ts ,  t r if luoperazine has also been shown to have a lactogenic action [6]. 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on 50 sexually mature noninbred ra t s  weighing 180-200 g. The periods 
of the es t rous  cycle were f i rs t  determined in the animals.  The stages of the cycle were identified from the 
cytological  picture of vaginal smears .  The vaginal smea r s  were taken daily for 2 weeks. Animals with 
normal  cycles,  with a duration of 4-5 days, were chosen for the experiments.  

Trif luoperazine,  fluacizine, chloracizine,  and chlorpromazine were given to the animals by gas t r ic  
tube in a dose of l0 mg/kg  body weight daily for 15 days (this is equivalent to about 1/80 LDs0 for oral  ad- 
ministration).  The animals of the control  group received water.  
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Fig. I. Effect of compounds of the pheno- 
thiazine series on the estrous cycle: I) 
fluacizine; II) chloracizine; Ill) chlorpro- 
mazine; IV) trifluoperazine. 1) Diestrus, 
2) estrus, 3) intermediate stages. 

The vaginal  s m e a r s  were  s tudied daily throughout the 
pe r iod  of a d m i n i s t r a t i o n  of the drugs  and t he r e a f t e r  until  
the a n i m a l s '  no rma l  cycle  was r e s t o r e d .  F o r  the h i s to lo -  
g ica l  study of the gonads the ova r i e s  were  taken f rom some 
of the a n i m a l s  immed ia t e ly  a f te r  the end of a d m i n i s t r a t i o n  
of the drug  and f rom o the rs  a f te r  r e s t o r a t i o n  of the no rma l  
rhy thm of the e s t r o u s  cyc les .  The ova r i e s  were  fixed in 
fo rmal in ,  and s e r i a l  sec t ions ,  7 ~ in th ickness ,  were  s ta ined 
with hematoxyl in  and eosin.  F o r  the h i s to log ica l  study of 
the gonads the number  of s t r u c t u r a l  components  of the o r -  
gan a l so  was counted in o r d e r  to obtain a more  accura te  de-  
t e rmina t i on  of i ts  morpho log ica l  changes.  The number  of 
fo l l i c les  (p r imary ,  r ipening,  a t re t ic )  and of c o r po r a  lutea 
was counted in e v e r y  fifth sec t ion  through the ovary ,  and the 
total  number  of genera t ive  e l emen t s  was de t e rmined  as the 
mean  value per  sect ion.  

Ra ts  with an e x p e r i m e n t a l l y  produced pe rmanen t  e s -  
t rus  a l so  were  used in the e xpe r i m e n t s .  F o r  this  purpose ,  
on the second- four th  day a f te r  b i r th ,  newborn r a t s  were  giv-  
en a subcutaneous inject ion of 0.25 ml  of a 1% oily solut ion 
of t e s to s t e rone  propionate .  N~ne weeks l a t e r , r a t s  with pe r -  
manent  e s t r u s  as  shown by the cy to logica l  p ic ture  of the 
vaginal  s m e a r s  were  chosen. The compounds were  given to 
these  an ima l s  by g a s t r i c  tube in a dose of 10 m g / k g  dai ly  
for  15 days.  

EXPERIMENTAL RESULTS AND DISCUSSION 

The study of the rhythm of the estrous cycles in the experimental and control animals by examination 
of vaginal smears showed that fluacizine, chloracizine, and trifluoperazine, like chlorpromazine, induce 
disturbances of the estrous cycle expressed as changes in the alternation and duration of the individual 
phases of the cycle or as lengthening of the diestrus phase (Fig. I). Depending on the intensity of their in- 
hibitory action and on the rate of its development, the compounds could be arranged in the following order: 
fluacizine, chloracizine, trifluoperazine. Fluacizine disturbed the regular rhythm of the estrous cycle in 
allthe rats. Chloracizine, in addition, induced lengthening of die strus in four of the six rats. Trifluopera- 
zine produced continuous diestrus in all the animals. 

The action of fluacizine was weaker and that of trifluoperazine stronger than the action of chlorproma- 
zine. The inhibitory action of chloracizine on the estrous cycle was similar in intensity to that of chlor- 
promazine. 

Changes in the estrous cycle occurred after the first-third doses of the compounds and were rever- 
sible, for the normal cycle was restored 2-30 days after administration of the compounds ended. The pro- 
cedure of in t roducing  the tube into the s tomach  of the cont ro l  an ima l s  did not cause any d is turbance  of the 
e s t rous  cycle .  No s igni f icant  change in the weight of the a n i m a l s  was obse rved  during the pe r iod  of ad-  
m i n i s t r a t i o n  of the compounds.  The weight of the ova r i e s  and u te rus  (ca lcula ted  per  100 g body weight) was 
v i r t ua l ly  the same in the e x p e r i m e n t a l  and cont ro l  an ima l s .  The h i s to log ica l  study of the ova r i e s  showed 
that, a f t e r  a d m i n i s t r a t i o n  of the compounds,  the functional  d i s tu rbances  and changes in the rhythm of the 
e s t r o u s  cyc le s  were  accompanied  by some changes in the s t ruc tu r e  of the gonads and in the r a t i o  between 
the numbers  of genera t ive  e l emen t s .  Ripening of the fo l l i c les  was inhibited,  the number  of p r i m a r y  fol- 
l i c l e s  was reduced,  the number  of co rpo ra  lutea was i nc rea sed ,  and the i r  reduc t ion  was inhibi ted (Table 1). 
The in tens i ty  of these  changes a f t e r  a d m i n i s t r a t i o n  of the va r ious  compounds was about the same.  During 
the ac t ion of c h l o r p r o m a z i n e , c o n s i d e r a b l e  a t r e s i a  of the f o l l i c l e s  was,  however ,  observed.  

Af te r  the end of a d m i n i s t r a t i o n  of the compounds and r e s t o r a t i o n  of the no rma l  rhythm of the e s t rous  
cyc les ,  the ra t io  between the numbers  of s t r u c t u r a l  components  of the ovary  was pa r t ly  r e s t o r e d  to normal ,  
and the number  of r ipen ing  fo l l i c l e s  i n c r e a s e d  although reduc t ion  of the c o r p o r a  lutea was de layed by com-  
pa r i son  with the ova r i e s  of the cont ro l  an ima l s .  
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T A B L E  1. 
A d m i n i s t r a t i o n  of Compounds  of  the P h e n o t h i a z i n e  S e r i e s  

Compound 

Control 
Trifluoperazine 

A 
P 

B 
Fluacizi ne 

A 
P 

B 
Chloracizine 

A 
P 

B 
Chlorprom azine 

A 
P 

B 

N u m b e r  of G e n e r a t i v e  E l e m e n t s  in the O v a r i e s  A f t e r  

primary 
No. of fo l l i c l e s  

ripening 

4,5----- 1,42 

2,0--+0,53 
<0,02 
4,0 + 1,53 

2,8----- 1,45 
<0,05 
5.0-+ 1,23 

2,8----- O, 69 
<0,05 
4,22+--0,78 

2,5~-0,98 
<0~02 
5,5 + 1,2 

atretic 

5,0-+-0,89 

5,0--0,93 
<0,05 

6,0-+0.94 

6,6----- 2,01 
< 0,02 

4,0-+ 1,42 

4,2-- + 1,53 
<0,02 

5,5----- 1,28 

l 7,0----- 1,92 
< 0,02 

11,0--- + 1.84 

No. of 
corpora 
lutea 

7,3+---2.44 

15,0~3,2 
<0,02 

12,0 -+ 1,8 

13,8-----2,78 
<0,02 

14,0+3,2 

8,04--- + 1.8~ 
<0,02 

9,33"- 0,8 

I 6.0-+ i ,84 
<0,05 

10.0-+ 1,28 

4,0--2,2 

3,0-----0,24 
< 0,05 
2,0-+0.28 

1,8-----0,46 
<0,02 
2,0-+---0,08 

t ,93•  0,35 
<0,05 
2,0• 

2,4-+0.2 
<0.02 

1,5-+0,62 

Total No. 
of genera~ 
tive elements 

20,8 

25,0 

24,0 

25,0 

25.0 

17,03 

2t ,05 

37,9 

28,0 

Legend :  A) a f t e r  end  of a d m i n i s t r a t i o n  of  compound;  B) a f t e r  r e -  
c o v e r y  of  n o r m a l  e s t r o u s  c y c l e s .  

The compounds  had  no d e t e c t a b l e  a c t i o n  on the a n i m a l s  wi th  p e r m a n e n t  e s t r u s .  

The  i n v e s t i g a t i o n s  showed  tha t  f l u a c i z i n e ,  e h l o r a c i z i n e ,  and  t r i f l u o p e r a z i n e ,  l ike  c h l o r p r o m a z i n e ,  in -  
h i b i t  the h o r m o n a l  func t ion  of the gonads  in f e m a l e s :  the r h y t h m  of  the gonads  i s  d i s t u r b e d ,  the d u r a t i o n  
and  sequence  of the i nd iv idua l  p h a s e s  of  the c y c l e  a r e  upse t ,  and  the p e r i o d  of d i e s t r u s  i s  l eng thened .  In the 
o v a r i e s  of  the e x p e r i m e n t a l  a n i m a l s  the n u m b e r  of p r i m a r y  f o l l i c l e s  was  r e d u c e d ,  r i p e n i n g  of the  f o l l i c l e s  
was  inh ib i t ed ,  the n u m b e r  of  r i p e n i n g  f o l l i c l e s  was  r e d u c e d ,  r e a c t i v e  c h a n g e s  w e r e  found in the c o r p o r a  
lu tea ,  and  the n u m b e r  of c o r p o r a  lu tea  was  i n c r e a s e d  th rough  inh ib i t i on  of  r e d u c t i o n  of the l u t e i n i z i n g  c e i l s .  

The  compounds  had  no a c t i o n  on the a n i m a l s  wi th  p e r m a n e n t  e s t r u s ,  i . e . ,  wi th  a d i s t u r b e d  h y p o t h a l a -  
m i c  funct ion.  T h e s e  o b s e r v a t i o n s ,  t o g e t h e r  wi th  an  a n a l y s i s  of  the l i t e r a t u r e ,  s u g g e s t  tha t  the c ha nges  in 
the s ex  c y c l e  u n d e r  the inf luence  of  t he se  compounds  w e r e  due,  i n t e r  a l i a ,  to a d i s t u r b a n c e  of the n e u r o -  
h o r m o n a l  r e g u l a t i o n  of  the s ex  c y c l e  a t  the h y p o t h a l a m i c  l eve l .  

The r e s u l t s  i nd i ca t e  tha t  the i n t e n s i t y  of  the i n h i b i t o r y  a c t i o n  of  c o m p o u n d s  con ta in ing  a c h l o r i n e  a t o m  
in p o s i t i o n  2 ( c h l o r p r o m a z i n e ,  c h l o r a c i z i n e )  on the sex  c y c l e  was  v i r t u a l l y  equa l ,  d e s p i t e  d i f f e r e n t  subs t i=  
t u e n t s  in p o s i t i o n  10 ( e h l o r p r o m a z i n e  is  an a m i n o a l k y l  d e r i v a t i v e ,  c h l o r a e i z i n e  an a m i n o a c y ]  d e r i v a t i v e ) .  
R e p l a c e m e n t  of Cl  by  the C F  3 g roup  r e d u c e s  the a c t i o n  of the  compound  s o m e w h a t .  H o w e v e r ,  r e p l a c e m e n t  
of the  a m i n o a e y l  g roup  by  a p i p e r a z i n o p r o p y l  g roup  in p o s i t i o n  10 l e a d s  to a m a r k e d  i n c r e a s e  in the  inh ib -  
i t o r y  e f f ec t  ( t r i f l u o p e r a z i n e ) .  

T h e s e  r e s u l t s  a g r e e  wi th  those  ob t a ined  by  I<hazan e t  a l .  [6], who s t ud i e d  the m a m m o t r o p i c  e f f ec t  of 
t r a n q u i l i z e r s ,  and  with  the c o n c l u s i o n s  r e a c h e d  b y  B h a r g a v a  e t  a l .  [3], n a m e l y  tha t  a p a r a l l e l  e x i s t s  b e t w e e n  
the i n t e n s i t y  of  a c t i o n  of  compounds  of the pheno th i az ine  s e r i e s  on the s ex  c y c l e  and  t h e i r  n e u r o l e p t i c  
p r o p e r t i e s .  In f ac t ,  t r i f l u o p e r a z i n e  i s  a m o r e  ac t i ve  n e u r o l e p t i c  than  c h l o r p r o m a z i n e , a n d  in the p r e s e n t  e x -  
p e r i m e n t s  i t  had  a s t r o n g e r  a c t i o n  on the s ex  cyc le .  

T h e s e  r e s u l t s  m u s t  be b o r n e  in m i n d  d u r i n g  the c l i n i c a l  a p p l i c a t i o n  of  t he se  d r u g s .  
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