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FREGLY, M. J. Effect o fan oral contraceptive on NaCl appetite and preference threshold in rats. PHARMAC. BIOCHEM. 
BEHAV. 1(1) 61 65, 1973.-Dietary administration of the oral contraceptive, Envoid R, to male rats at 7.5 mg/kg of food 
for 25 days was accompanied by a spontaneous appetite for salt solution when the rats were given choice between 
distilled water and 0.15 M. NaCI solution to drink. Administration of the progestational component of Enovid R, 
norethynodrel, at 7.5 and 15.0 mg/kg of food for two weeks induced a spontaneous NaC1 appetite in other male rats. The 
estrogenic compound, ethynyl estradiol, administered in food at 1.0 and 2.0 mg/kg for two weeks, was also accompanied 
by an appetite for NaCI solution in male rats. Thus, the NaCI appetite induced by Enovid R may be associated with both its 
estrogenic and progestational components. Other studies have been conducted to determine the effect of chronic 
administration of Enovid R at 7.5 mg/kg of food on preference (detection) threshold of female rats for NaC1 solution. Drug 
treatment was accompanied by a significant reduction in preference threshold (0.015 M) compared to controls (0.030 M). 
The volume of NaC1 solution ingested by treated rats was greater than that of control rats at all concentrations tested 
above threshold, including hypertonic concentrations. Thus, the results suggest that Enovid R not only induces an appetite 
for NaC1 solution but also reduces the preference threshold for this salt. 
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CHRONIC die ta ry  adm i n i s t r a t i on  of  the  oral con t racep t ive ,  
Enovid  R, to  ova r i ec tomized  rats  given a choice  b e t w e e n  
dist i l led wa te r  and  NaC1 so lu t ion  to dr ink  was a c c o m p a n i e d  
by  a s p o n t a n e o u s  NaC1 appe t i t e  [ 8 ] .  A pre fe rence  for  the  
salt so lu t ion  was present  when  a c o n c e n t r a t i o n  of  e i ther  
0.15 or  0.25 M was offered.  An init ial  ob jec t ive  of  these  
studies was to d e t e r m i n e  w h e t h e r  E nov i dR  would  induce  a 
salt appe t i t e  in in tac t  male rats. Since Enovid  R is a mix tu re  
of  b o t h  a p roges ta t iona l  and  an es t rogenic  agent ,  a second 
object ive  was to de t e rmine  w h e t h e r  these  individual  con-  
s t i tuen t s  could induce  an  appe t i t e  for  NaC1. A n u m b e r  of  
s tudies  has now shown  t h a t  a cor re la t ion  exists  be tween  
i n d u c t i o n  of  a s p o n t a n e o u s  appe t i t e  for  NaC1 so lu t ion  and  
r educ t i on  in the  p re fe rence  t h r e sho ld  for  this  salt [5,  10, 
11, 18] .  Hence,  a fu r the r  objec t ive  was to d e t e r m i n e  
w h e t h e r  admin i s t r a t i on  of  Enovid  R to rats was accom- 
panied  by  a r educ t i on  in the i r  p re fe rence  th re sho ld  for  
NaC1 solut ion.  

METHOD 

Experiment 1 

Ten  male rats of  the  Long Evans h o o d e d  strain,  weighing 

3 5 0 - - 3 8 0  g, were kep t  in individual  cages in a windowless  
room m a i n t a i n e d  at  25 -+ I°C and i l lumina ted  f rom 8 a.m. 
- 6 p.m. Half  of  the  rats were given g round  Pur ina  
L a b o r a t o r y  Chow in to  which  Enovid  R (each  tab le t  con-  
ta ined  5.0 mg n o r e t h y n o d r e l  and  0 .075 mg mes t rano l )  was 
mixed at a c o n c e n t r a t i o n  of  7.5 mg/kg  of  food  t h r o u g h o u t  
the  ent i re  expe r imen t .  The  remain ing  five rats  received 
Pur ina  L a b o r a t o r y  Chow w i t h o u t  the  drug. Dur ing the  first 
seven days of  drug t r e a t m e n t ,  tap  wa te r  was given to dr ink.  
Dur ing the  nex t  th ree  days, each rat  was given choice  
be tween  0.15 M NaCI so lu t ion  and  disti l led wate r  to  dr ink.  
Fluid and  food  in takes  were no t  measured  dur ing these  
three  days bu t  were measured  daily dur ing  the  five 
fol lowing days. At  the  end  of  this  t ime,  all ra ts  were given 
tap wate r  to  dr ink.  On  the  22nd  day of  drug t r e a t m e n t ,  
each  rat  was again given choice  b e t w e e n  0.15 M NaC1 
so lu t ion  and  dist i l led wate r  to  d r ink  for  th ree  days pr ior  to  
m e a s u r e m e n t  o f  food  and  fluid in takes .  During the  
fo l lowing five days, f luid and  food  in takes  were measured  
daily. Fluid con ta ine r s  were i n fan t  nurs ing bo t t l e s  wi th  cast 
a l u m i n u m  caps as descr ibed by  Lazarow [13 ] .  Food  
con ta ine r s  have been  descr ibed in detai l  by  Fregly [ 4 ] .  A 
regression analysis  of  food  in take  on  body  weight  was 
pe r fo rmed  using the  Hewle t t  Packard C o m p u t e r  Model  

~Supported by grant HL/HD 14526-01 from the National Institutes of Health. Research reported here was conducted in facilities 
accredited by the American Association for Accreditation of Laboratory Animal Care. 
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9100A and program 70803.  

Ext)eriment 2 

Thir ty  male rats of  the Long Evans strain, weighing 
initially f rom 340 360 g, were maintained in individual 
cages under  the same condi t ions  as in Exper iment  1. The 
rats were divided into five equal groups. Group 1 served as 
the cont ro l  group;  Group 2 and 3 received e thynyl  estradiol 
at 1.0 and 2.0 mg/kg of  ground Purina Labora tory  Chow 
respectively, while Groups 4 and 5 received nore thynodre l  
at 7.5 and 15.0 mg/kg of  ground Purina Laboratory  Chow 
respectively. Trea tment  began two weeks prior to the 
exper iment .  During this t ime all rats received tap water  to 
drink. Three days prior to beginning the exper iment ,  each 
rat was given choice be tween  0.15 M NaC1 solut ion and 
distilled water  to drink. On the f i f teenth  day after 
beginning t rea tment ,  food and fluid intakes were measured 
for one week. 

RESULTS 

Experiment 1 

Adminis t ra t ion of  Enovid R for ten days reduced food 
intake significantly (p<0 .01)  while increasing intake of 
NaCl solut ion in excess of  s imultaneous water  intake in two 
of  five rats. The resultant large variability precluded 
statistical significance (Table 1). Af ter  25 days of  treat-  
ment ,  a significant (p<0 .05)  reduct ion in food intake and a 
significant increase (p<0 .01)  in intake of  0.15 M NaC1 
solut ion was observed. In nei ther  s tudy was ei ther water  
intake or body weight affected significantly by t reatment .  

A regression analysis of  body weight (x) in g on food 
intake (y) in g/day was per formed for both groups of  rats 
during the entire exper iment  (Fig. 1). The slopes of  the 
lines are significantly different  (p<0.01 }, but the intercepts  
do not differ. Thus at a given body weight above 200 g, less 
food was consumed daily by EnovidR-t rea ted  rats than by 
controls.  

Experiment 3 

Twelve female rats of  the Blue Spruce Farms strain, 
weighing 180 210 g were kept  in individual cages under  
the same condi t ions,  including food and fluid containers,  as 
those described in Exper iment  1. Two weeks prior to 
ini t iat ion of  the exper iment  half of  the rats received food 
with Enovid R mixed  into it at a concen t ra t ion  of  7.5 mg/kg 
of  ground Purina Labora tory  Chow. During this period each 
rat was al lowed to choose its drinking fluid f rom either of  
two bott les,  each containing distilled water.  Observations of  
the daily fluid intake by each rat indicated that roughly 
half was ingested f rom each bottle.  

At the beginning of  the  exper iment  during the first 
two-day test period, each rat was allowed to choose 
between two bott les  of  distilled water. During subsequent  
two-day test periods, each rat was given choice be tween 
water  and the fol lowing molar  NaC1 solut ions in chrono-  
logical sequence:  0.0006,  0.001,  0.003,  0.006, 0.009,  
0.012, 0.015, 0.020, 0.025,  0.030, 0.050,  0.075,  0.100 
0.150, 0.200,  0.250,  and 0.00 (distilled water). Each 
concent ra t ion  was made f rom a single stock solut ion by 
serial dilution,  and each di lut ion was checked for accuracy 
by de te rmina t ion  of  sodium concent ra t ion  by flame photo-  
met ry  using l i thium as the internal standard. Positions of 
the two bott les  on each cage were interchanged daily to 
discourage habit fo rmat ion  in select ion of  drinking fluids. 
Daily intakes of  water  and NaC1 solutions were measured 
and expressed as ml /100  g body weight /day to relate fluid 
intake to a unit of  body weight.  

The cr i ter ion of  preference threshold used was similar to 
that  of  Richter  [17 ] ;  namely,  the concen t ra t ion  of  NaCI 
solut ion at and above which s imultaneous mean volume 
taken f rom the bott le  containing NaC1 solut ion exceeded 
that taken f rom the water  bottle.  A second technique  was 
also used to compare  threshold concentrat ions.  Simul- 
taneous intakes o f  distilled water  and NaC1 solut ion were 
graphed for each rat. The concent ra t ion  at which NaC1 
intake increased and remained elevated, while water  intake 
decreased and remained low (cross-over concent ra t ion) ,  was 
then determined [ 7] .  Individual data for rats in each group 
were averaged and the means were compared statistically 
usitlg tl f test [ 201. 
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FlG. 1. Regression of food intake (g/day) on body weight (g) is 
shown for control (solid line) and Enovid R treated rats (dashed line) 
in Experiment 1. One standard error is set off at each point. The 
equation of the regression for control and Enovid R treated rats is 

shown in the figure. The correlation coefficient (r) is also given. 

Experiment 2 

Adminis t ra t ion of  e thynyl  estradiol at both  1.0 and 2.0 
mg/kg of  food for two weeks prior to the exper iment  
significantly increased (p<0 .05)  intake of  0.15 M NaCI 
solut ion and decreased significantly (p<0 .01)  both water 
intake and food intake (Table 2). Body weight was also 
s i g n i f i c a n t l y  (p<0 .01)  reduced. Adminis t ra t ion of  
nore thynodre l  at 7.5 and 15.0 mg/kg of  food for two weeks 
prior to the exper iment  also increased (p<0.01)  intake of  
0.15 M NaC1 solut ion and decreased significantly (p<0.01)  
both  water  intake and body weight (Table 2). Al though 
food intakes of  the nore thynodre l  t reated groups were less 
than that  of  the control  group, the differences were not  
significant. 
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EFFECT 

TABLE 1 

OF DIETARY ADMINISTRATION OF AN ORAL CONTRACEPTIVE 
SPONTANEOUS INTAKE OF 0.15 M NaCI SOLUTION BY MALE RATS 

ON 

Number of 
Experimental No. of days given 

Group Rats drug prior 
to expt. 

Intakes (ml or g/100g b.w.) of: Mean 
water 0.15 M NaCI food body wt 

solution (g) 

Study 1 
Control 5 

Enovid-treated* 
(7.5 mg/kg food) 5 10 

Study 2 
Control 5 

Enovid-treated* 
(7.5 mg/kg food) 5 25 

6.56 1.49 5.83 360 
-+0.38 t -+0.68 -+0.10 -+ 7 

5.17 5.11 4.58 356 
+-l.30 -+2.15 -+0.325 +-26 

5.69 2.30 5.74 378 
-+0.83 -+ 1.00 -+0.25 + 3 

4.60 8.03 5.00 36l 
_+0.99 _+1.52 § -+0.21 § _+24 

*Intakes measured for 5 days 
-~± one standard error of the mean 
$Significantly different from control (p<0.01) 
§ Significantly different from control (p<0.05) 

TABLE 2 

EFFECT OF CHRONIC DIETARY ADMINISTRATION OF ETHYNYL ESTRADIOL AND 
NORETHYNODREL ON SPONTANEOUS INTAKES OF DISTILLED WATER, 0.15 M NaCI 

SOLUTION AND FOOl) 

Treatment No. of Mean Intakes (ml or g/100 g body wt/day) of: 
rats body Water 0.15 M NaC1 Food 

wt. (g) solution 

Control 6 418- + l 9 * 8.2_+0.4 2.1 _+0.5 5.4_+0.1 

Ethynyl estradiol 6 329 +_ 13 $ 2.7_+ 1.1 $ 11.7 _+ 1.5 ? 2.9_+0.5 $ 
(1.0 mg/Kg food) 

Ethynyl estradiol 6 314_+11 $ 3.2+_0.95 15.1 ±3 .7 :~  3.5_+0,45 
(2.0 mg/Kg food) 

Norethynodrel 6 352+_ 12 $ 4.0-+0.45 12.1 -+3.2 t 4.7_+0,3 
(7.5 mg/Kg food) 

Norethynodrel 6 359+_ 10 $ 5.2_+0.5 $ 7.8-+ 1.0~ 5.2+-0,2 
(15.0 mg/Kg food) 

*One standard error of mean 
tSignificantly different from control (.o<0.05) 
$Significantly different from control (p<0,01) 
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Exl) er imen t d 

Adminis t ra t ion  of  Enovid R was accompanied  by a 
significant (p<0 .01)  reduct ion in preference threshold for 
NaC1 solut ion (Fig. 2). The treated rats, as a group,  
de tec ted  the difference be tween distilled water and NaC1 
solution when the concen t ra t ion  of  the lat ter  was 0.015 M 
while controls  detected  the difference be tween  the two 
bott les when the NaCI concent ra t ion  was 0.030 M. Thus, 
the preference threshold o f  the t reated group lies be tween  
0.012 and 0.015 M while that  of  the control  group lies 
be tween  0,025 and 0.030 M. The cross-over concent ra t ion  
values for the t reated and control  groups are 0.009 + 0.004 
and 0.030 _+ 0.007 (S.E.) respectively (p<0 .01) .  Thus, the 
cross-over concent ra t ion  of  the control  group agrees with 
its preference threshold while that  of  the Enovid R t reated 
group is somewhat  lower than its preference threshold.  
However ,  the preference threshold lies within one standard 
error of  the cross-over concent ra t ion  and would not  appear 
to be di f ferent  f rom it. 
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FIG. 2. Spontaneous intakes ot NaCI solution (solid line) and 
distilled water (dashed line) are shown for control rats (upper panel) 
and Enovid R treated (lower panel) rats. One standard error is set off 

at each mean. 

The results indicate that  Enovid R treated rats could 
dif ferent ia te  be tween NaC1 solut ion and distilled water  at 
approximate ly  one-third to one-half  the concent ra t ion  
required by control  rats. It should also be noted in Fig. 2 
that  the vo lume of  NaC1 solut ion ingested by treated rats 
was greater than that  of  cont ro l  rats at all concent ra t ions  
tested above threshold,  including hyper tonic  concen- 
trations. Mean food intake of  t reated rats (g/100 g body 
weight /day;  not  shown in Fig. 2) was slightly less than that  
of  controls  at all periods th roughout  the exper iment  
al though the difference from control  value was never 

significant. Mean body weight of  t reated rats (not shown in 
Fig. 2) was also less than that of  controls,  and the 
difference from the control  group was always significant 
tp<0 .05) .  Mean body weights of  the control  group at the 
beginning and end of the exper iment  were 195 and 236 g 
respectively while mean body weights of  the treated group 
were 175 and 199 g respectively,  

D I S C U S S I O N  

Adminis t ra t ion  of  the oral contracept ive,  Enovid R, to 
male rats for ten days increased their  spontaneous  intake of  
0.15 M NaC1 solution. Adminis t ra t ion of  the drug for 25 
days resulted in a greater intake of  0.15 M NaC1 solution.  
These results conf i rm those of  a previous study in which a 
salt appeti te  was repor ted  to accompany  an eight mon th  
adminis t ra t ion of  Enovid R to ovar iec tomized rats I8] .  
Since the NaCI appet i te  appears in male rats administered 
Enovid R (Table 1) as well as intact female rats (Fig. 1), 
neither the presence nor absence of  ovaries is a prerequisi te  
to induct ion  of  a NaC1 appeti te.  The NaC1 appet i te  induced 
by Enovid R may be related to both its progestat ional  and 
estrogenic componen t s  since adminis t ra t ion of  each singly 
was accompanied  by a spontaneous  NaC1 appet i te  (Table 
2). [ towever,  the results with e thynyl  estradiol must be 
accepted with caut ion because the lowest dose of  the 
compound  used here was thir teen t imes that present in 
Enovid R. Nore thynodre l  was administered at the same (7.5 
mg/kg food)  and at twice (15.0 mg/kg food)  the amount  
present in EnovidR.  
Both the perference threshold and the cross-over concen- 
trat ion for NaCI solut ion were reduced by adminis t ra t ion of  
Enovid R. Thus, t reated rats could different iate  be tween  
water and NaC1 solut ion at a concent ra t ion  one-third to 
one-half  that  of  their  controls.  The preference threshold of  
the cont ro l  rats observed here was similar to values reported 
earlier f rom this laboratory (0.029 and 0.023 M) [5, 10] 
but was higher than that reported by Weiner and Stellar 
(0.009 M) [23] and Richter  (0 .0094)  [18] , both  of  whom 
used different  strains of  rats. The preference threshold 
concent ra t ion  of  Enovid R treated rats was similar to that  
reported earlier for hydrochloro th iaz ide  [5] and pro- 
phyl thiouraci l  t reated [10] rats. It is of  interest that  all 
exper imenta l  procedures thus far tested inducing a chronic 
appet i te  for NaCI solution, viz., adrenalec tomy,  hypo-  
thyroidism and adminis t ra t ion of  certain hormones  and 
d r u g s ,  including desoxycor t icos te rone  acetate,  pro- 
pyl thiouraci l  or  hydrochloroth iaz ide ,  are also accompanied  
by a reduced preference threshold for NaC1 solution [5, 10, 
11, 17, 18]. To this list may now be added t rea tment  with 
Enovid R. 

The apparent  relationship be tween reduced preference 
threshold for NaC1 solut ion and NaC1 appet i te  has not  been 
explained satisfactorily,  a l though a number  of  possibilities 
exist and have been presented [6] .  For  example,  it has been 
suggested that these two phenomena  may be related 
direct ly to the Na/K ratio of  the saliva bathing taste 
receptors and indirectly to blood level of  aldosterone,  
which appears to control  salivary Na/K ratio [6] .  Blood 
levels of  a ldosterone may be altered by oral contraceptives.  
Thus, increases in renin act ivi ty and in blood levels of  renin 
substrate, as well as an increased excret ion of  aldosterone,  
are repor ted  for women  ingesting oral contracept ives  [ 1 3, 
19, 22/  and rats administered estradiol [14] or diethyl- 
stilbestrol [ 15, 16]. It is also possible that the salt appeti te  
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and  reduced  pre fe rence  th re sho ld  are induced  by  cen t ra l  
n e r v o u s  m e c h a n i s m s  r e spond ing  to  e i the r  a l te red  
a ldos te rone  or e lec t ro ly te  c o n c e n t r a t i o n s  of  b lood  or  to  
a l tered ext race l lu lar  f luid volume.  Changes  in b o d y  sod ium 
c o n t e n t  resu l t ing  f rom increased renal  sod ium loss i nduced  
at least  b y  n o r e t h y n o d r e l  may  also play a role [ 1 2 ] .  I t  is 
di f f icul t  to  s ta te  which,  if any,  of  the  suggest ions men-  
t ioned  above  can expla in  the  s p o n t a n e o u s  appe t i t e  and 
reduced  pre fe rence  th re sho ld  for  NaC1 solut ion.  F u r t h e r  
s tudies will be requi red  to  separate  these  possibil i t ies.  

T r e a t m e n t  w i th  Enovid  R was a c c o m p a n i e d  by  a reduced  
gain in b o d y  weight.  A l t h o u g h  food  in take  of  the  t r ea ted  
group was always less t h a n  t h a t  of  the  con t ro l  g roup  in 
E x p e r i m e n t  3, the  d i f ference  b e t w e e n  groups  was never  
s ignif icant .  These  s tudies  provide  no clue regarding the  
m e c h a n i s m  of  the  weight  loss. Wade [21]  in a r ecen t  review 
emphas ized  the  cent ra l  ne rvous  effect  of  es t rogenic  com- 
p o u n d s  in reduc ing  food  in take  and  increasing s p o n t a n e o u s  
muscu la r  act ivi ty.  However ,  t he  dose of  Enovid  R used here  
reduced  s p o n t a n e o u s  r unn i ng  act iv i ty  at least  t empora r i ly  
[8, 9 ] ,  as did its es t rogenic  c o m p o n e n t  when  tes ted  
separa te ly  [9 ] .  Thus ,  it seems unl ike ly  t ha t  Enovid  R 

increased s p o n t a n e o u s  act ivi ty  and  t ha t  this  cou ld  expla in  
the  r e d u c t i o n  in b o d y  weight .  O t h e r  s tudies  have also 
s h o w n  t h a t  the  food  in take  of  Enovid  R t rea ted  rats 
increases to  the  same level as tha t  of  con t ro l s  w h e n  exposed  
to air a t  6°C [8 ] .  Thus ,  Enov idR  does no t  b lock  the  cold 
induced  increase in food  intake.  F u r t h e r  s tudies  are needed  
to focus  a t t e n t i o n  on  the  energy exchange  of  Enovid  R 
t r ea ted  rats  so t h a t  the  in t e r r e l a t ionsh ip  a m o n g  food  in take ,  
muscu la r  act ivi ty,  and  b o d y  weight  may  be b e t t e r  under-  
s tood.  

The  dose of  Enovid  R used here  was chosen  because of  
its use in o t h e r  s tudies  [9 ] .  A compar i son  b e t w e e n  the  
daily dose of  drug ingested by  these  rats  and t ha t  used 
clinically indica tes  t h a t  the  rats received a b o u t  2.8 t imes  
the  daily dose ingested by  h u m a n s  when  equa ted  to a uni t  
of  b o d y  weight.  Thus ,  the  appl icabi l i ty  of  these  results  to  
h u m a n s  c a n n o t  be s ta ted  wi th  cer ta in ty .  
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