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TORRELLAS, A., C. GUAZA, J. BORRELL AND S. BORRELL. Pituitary-adrenal responses to sub-chronic treatment 
with phenobarbital and~or phenytoin (diphenylhydantoin) in rats. PHARMAC. BIOCHEM. BEHAV. 15(2) 235-241, 
1981 .--The response of the pituitary-adrenal axis of the male rat to sub-chronic dose treatment with phenobarbital and/or 
phenytoin under basal and stress conditions was investigated. Plasma corticosterone levels were measured in rats sac- 
riticed either in the morning or in the afternoon, subjected or not to 2 hours of immobilization stress. Phenobarbital did not 
seem to significantly affect the pituitary-adrenal activity under basal conditions or in the response to stress. Phenytoin 
induced a disruption of the corticosterone diurnal variation present in the rat under basal conditions and seemed to partially 
inhibit the pituitary-adrenal response to stress when applied in the morning. The combined treatment with phenobarbital 
and phenytoin affected the afternoon rise in corticosterone levels present under basal conditions, as well as the stress 
response at the same time of the day. The reported results agree with the hypothesis about the existence of mechanisms 
controlling ACTH release under basal conditions, dissociable from those controlling ACTH release in response to stress 
situations, and that phenytoin could influence some or others differently, depending on the animal's endocrine situation. 

Corticosterone Stress Phenobarbital Phenytoin Corticosterone circadian variations 

EXPERIMENTS in animals and observations in man indi- 
cate that treatment with anticonvulsant drugs can influence a 
variety of metabolic and endocrine events. However, dis- 
crepancies exist concerning the effects of some of these 
drugs upon the pituitary-adrenal axis. 

Several studies have indicated that barbiturates are able 
to modify the pituitary-adrenal function under different ex- 
perimental conditions [5, 9, 10, 11, 14]. On the other hand, it 
has been suggested that phenytoin has a stimulatory action 
upon the pituitary-adrenal axis [4, 6, 20]. Still other studies 
[3] indicate that rats treated with phenytoin fail to show the 
expected depletion of adrenal ascorbic acid following certain 
stimuli that normally elicit this depletion. It has even been 
suggested [19] that acute treatment with phenytoin in small 
doses results in stimulation, whereas large doses or chronic 
administration causes inhibition of the adrenal cortex. 

The aim of the present study was to investigate the effects 
of sub-chronic dosing treatment with phenobarbital or 
phenytoin upon the pituitary-adrenal activity in rats sac- 
rificed in the morning or in the afternoon, subjected or not to 
immobilization stress. Since therapy with both drugs has 
been widely used in the treatment of epilepsy and other con- 
vulsive disorders, experiments were also run in which the 
effects of the combined treatment of phenobarbital plus 
phenytoin were studied. 

METHOD 

Male wistar rats weighing 250-300 g were used. They 
were housed in groups of 4 and maintained under a con- 
trolled light-dark-schedule (the light was on between 7.00 
and 19.00) in a temperature controlled room (25_+2°C). Food 
and water were available ad lib. The sodium salts of 
phenobarbital (Merck, Germany), at doses of 50 mg/kg, and 
phenytoin (Diphenylhydantoin, Barcia, Spain), at doses of 
60 mg/kg body weight, were prepared daily in a solution of 
80% propylenglycol in ethanol. Drugs were injected sub- 
cutaneously in a volume of 0.5 ml and control animals re- 
ceived the same volume of vehicle. 

The experimental design was as follows: sacrificing was 
performed at two times in the day, the first time correspond- 
ing to 3 hr after the switch to light (morning experiments), 
during the time of the diurnal trough in corticosterone levels 
as was previously determined in our laboratory (unpub- 
lished), and the second 2 hr before the switch to dark (after- 
noon experiments) at the time of the diurnal peak in the 
plasma levels. 

Rats were injected daily for 8 days with phenobarbital 
and/or phenytoin at the doses mentioned above. Rats being 
sacrificed in the morning were injected daily at 18.00 hr; rats 
being sacrificed in the afternoon were injected at 9.00 hr. 
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Under this time schedule of drug treatment,  rats sacrificed in 
the morning received the last dose of  drug approximately 16 
hr before killing, while rats sacrificed in the afternoon re- 
ceived the last dose 8 hr before killing. This time schedule 
was used with the aim that animals treated during the time of 
the diurnal trough in corticosterone levels were sacrificed 
during the diurnal peak, and inversely for animals sacrificed 
during the time of the diurnal trough. Immobilization stress 
was effected by securing a rat in the prone position to indi- 
vidual wire nets. The immobilization duration was 2 hr. 
Groups of drug-treated rats, as well as control rats, were 
submitted to this stress immediately before killing. The 
animals were sacrificed by decapitation with the aid of  a 
guillotine. Trunk blood samples were collected in hep- 
arin tubes and centrifuged; afterwards, the plasma 
was pipetted off and stored. The adrenal glands were 
promptly removed, weighed, kept on ice, and homogenized 
in water. Samples were stored at -20°C until assay. Adrenal  
and plasma corticosterone levels were measured according 
to the procedure described by Matsumura et al. [12]. An 
Aminco-Bowman spectrophotofluorometer was used. 

Results are expressed as means-+SEM of 7-10 animals 
per group. In addition to plasma and adrenal corticosterone 
concentration values, the relative increments induced by 
stress in both parameters were also calculated from the 
difference between non-stressed and stressed values for each 
time of the day studied. The student 's  t-test was used to 

"establish the significance of difference between two means 
[ 15]. Groups were considered significantly different at a level 
of p<0.05.  

RESULTS 

Non-Stressed Rats 

Figure 1 shows the plasma and adrenal corticosterone 
levels of  control, phenobarbital and/or phenytoin-treated 
rats sacrificed in the morning or in the afternoon without 
being subjected to immobilization stress. In control animals, 
plasma and adrenal corticosterone values were significantly 
higher in the afternoon than in the morning (p<0.01 and 
p <0.01, respectively). This was a consequence of the circa- 
dian rhythm of  the pituitary-adrenal axis. The relative in- 
crease in plasma and adrenal corticosterone levels, as calcu- 
lated from the difference between morning and afternoon 
values, is also shown in Fig. 1. We used this measure in 
order to better evaluate drug effects on the diurnal variations 
of  plasma and adrenal corticosteroids presented under basal 
conditions. 

Animals submitted to phenobarbital treatment and sac- 
rificed in the morning or in the afternoon showed plasma and 
adrenal corticosterone levels, as well as the relative in- 
creases between morning and afternoon hormone values, not 
significantly different from the corresponding control values. 

Phenytoin-treated rats sacrificed in the morning showed 
plasma and adrenal corticosterone levels significantly higher 
than in the corresponding controls. Phenytoin-treated ani- 
mals sacrificed in the afternoon showed plasma and ad- 
renal hormone levels not significantly different from the 
corresponding controls. It is remarkable that plasma and ad- 
renal corticosterone levels in the phenytoin-treated rats sac- 
rificed in the afternoon were within the same range as the 
corresponding values obtained in the group of  animals 
treated with the drug and sacrificed in the morning; as a 
consequence, the relative increases between morning and 
afternoon plasma and adrenal hormone values in the 

phenytoin-treated rats were significantly lower than in con- 
trol animals. 

In animals subjected to the combined treatment of 
phenobarbital plus phenytoin, morning plasma and adrenal 
corticosterone levels were not significantly different from 
those measured in the corresponding controls or pheno- 
barbital-treated rats; but they were significantly lower 
than those detected in phenytoin-treated rats sacrificed at 
the same time of  the day. Plasma and adrenal hormone levels 
in rats subjected to the combined treatment and sacrificed in 
the afternoon, were significantly lower than the correspond- 
ing values detected in control, phenobarbital,  or phenytoin- 
treated animals sacrificed at the same time of the day. There 
were no significant differences between the plasma or ad- 
renal corticosterone levels of  phenobarbital plus phenytoin- 
treated animals sacrificed in the morning and in the after- 
noon. The relative increases between morning and afternoon 
plasma and adrenal corticosterone levels in rats treated with 
phenobarbital plus phenytoin were significantly lower than 
the corresponding values detected in controls or pheno- 
bartial-treated rats with regard to phenytoin-treated 
animals, a significantly higher value in this parameter  in the 
animals subjected to the combined therapy was observed. 

Stressed Rats 

Non-drug treated rats sacrificed in the morning or in the 
afternoon immediately after being submitted to 2 hr im- 
mobilization stress (Table 1) showed plasma and adrenal 
corticosterone levels significantly higher than in the corre- 
sponding unstressed control animals. It is remarkable that 
the increments of the hormone levels resulting from a stress 
situation differed significantly in the morning from those ob- 
served in the afternoon, but the final levels of the hormone 
measured after immobilization did not differ significantly be- 
tween morning and afternoon. For  this reason, in addition to 
plasma and adrenal corticosterone concentrations, the rela- 
tive increments in both parameters,  as calculated from the 
difference between non-stressed and stressed values for each 
time of the day studied, were also calculated. These meas- 
ures allow a closer evaluation of the drug effects on the 
pituitary-adrenal response to the stress situation. 

Figure 2 shows data obtained on the effects of drug treat- 
ment upon plasma and adrenal corticosterone response to 
immobilization. Phenobarbital-treated rats showed, at both 
times of the day, plasma and adrenal corticosterone values, 
as well as the corresponding relative increments in response 
to stress of  both parameters,  that were not significantly dif- 
ferent from the values obtained in the corresponding im- 
mobilized control group of rats. 

Phenytoin-treated rats showed morning plasma and ad- 
renal corticosterone levels within the same range as those 
detected in the corresponding control rats. However,  the 
relative increments induced by immobilization in both 
plasma and adrenal corticosterone levels were significantly 
lower in phenytoin-treated rats than in controls. Plasma cor- 
t icosterone levels in phenytoin-treated rats sacrificed in the 
afternoon were not significantly different from those de- 
tected in the corresponding controls. However,  adrenal cor- 
t icosterone concentration in the same group of animals was 
significantly lower than in the control groups. No significant 
differences between phenytoin-treated and control animals 
were detected concerning plasma and adrenal corticosterone 
increments induced by immobilization in the afternoon. It 
must be pointed out that, in phenytoin-treated rats, adrenal 
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FIG. 1. Effects of sub-chronic drug treatment on plasma and adrenal corticoste- 
tone levels in non-stressed rats sacrificed in the morning or in the afternoon. 
Results are expressed as means -+SEM. Significance of differences as compared 
with the corresponding (1) Control group, ***p<0.001; (2) Phenobarbital-treated 
group, AAp<0.005, AAAp<0.001; (3) Phenytoin-treated group, Op<0.05, 
OOp<0.005, OOOp<0.001. [] Controls ~ Phenobarbital ~ Phenytoin • 
Phenobarbital plus phenytoin 

corticosterone levels were significantly lower in the after- 
noon than in the morning (p <0.02), compared to the control 
values mentioned above. 

In rats subjected to the combined treatment of phenobar- 
bital plus phenytoin and then sacrificed in the morning, 
plasma corticosterone concentration had the same range as 
those detected in controls or phenobarbital-treated rats; a 
significantly higher value for this parameter was observed in 
the drug combined treated rats group compared with 
phenytoin-treated animals. A similar pattern of response was 
detected in the same group of animals concerning plasma 
corticosterone increments in response to stress. The morn- 
ing adrenal corticosterone concentration in phenobarbital 

plus phenytoin-treated rats was not significantly different 
from the values detected in control, phenobarbital, or 
phenytoin-treated rats. The relative increment in the level of 
the hormone in the adrenal gland of rats subjected to the 
combined treatment and sacrificed in the morning, was not 
different from control or phenobarbital-treated rats, but it 
was significantly greater than in phenytoin-treated rats. The 
plasma corticosterone concentration, as well as the corre- 
sponding relative increment in the hormone levels in re- 
sponse to stress, in rats subjected to the combined treatment 
and sacrificed in the afternoon were both significantly 
greater than in control, phenobarbital or phenytoin-treated 
rats sacrificed at the same time of day. Adrenal corticoste- 
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T A B L E  1 

LEVELS OF PLASMA AND ADRENAL CORTICOSTERONE IN NON-DRUG TREATED RATS SACRIFICED IN THE MORNING OR IN THE 
AFTERNOON, SUBJECTED OR NOT TO 2 HR OF IMMOBILIZATION STRESS 

Corticosterone 

Increments in 
response to stress 

Plasma (p.g/lO0 ml) Adrenal (/xg/g) Plasma Adrenal 
Unstressed Stressed p* Unstressed Stressed p* (/xg/lO0 ml) (/zg/g) 

Morning 8.5 _+ 2.40 53.8 _+ 2.86 <0.001 21.3 -+ 4.40 62.9 _+ 3.19 <0.001 45.3 _+ 2.90 41.6 ± 3.09 
Afternoon 30.7 _+ 1.34 45.1 _+ 2.43 <0.001 48.5 ___ 4.00 60.3 -+ 4.07 <0.05 14.4 ± 2.42 11.8 ± 4.06 

p t  <0.01 ns <0.01 ns <0.001 <0.001 

Results are expressed as means _+ SEM of 7-10 animals per group. 
*Significance of the differences vs corresponding unstressed group. 
tSignificance of the differences vs corresponding morning group. 

rone  c o n c e n t r a t i o n  in the  a b o v e - m e n t i o n e d  group  of  ra ts  was  
not  s ignif icant ly  di f ferent  in cont ro l ,  p h e n o b a r b i t a l  or  
p h e n y t o i n - t r e a t e d  rats .  T he  re la t ive  i n c r e m e n t  in the  level  of  
the  h o r m o n e  in the  adrena l  g land o f  ra ts  sub jec t ed  to the  
c o m b i n e d  t r e a t m e n t  and  sacr i f iced in the  morn ing  was  not  
d i f ferent  f rom cont ro l  or  p h e n o b a r b i t a l - t r e a t e d  rats .  The  
p l a s m a  co r t i cos t e rone  c o n c e n t r a t i o n ,  as well  as the  corre-  
spond ing  re la t ive  i n c r e m e n t  in the  h o r m o n e  level  in r e s p o n s e  
to s t ress ,  in ra ts  sub jec ted  to the  c o m b i n e d  t r e a t m e n t  and  

sacr i f iced in the  a f t e rnoon ,  were  b o t h  s ignif icant ly  grea ter  
t han  in cont ro l ,  p h e n o b a r b i t a l  or  p h e n y t o i n - t r e a t e d  rats  sac- 
r i f iced at  the  same  t ime  o f  day.  Adrena l  c o n c e n t r a t i o n  of 
co r t i co s t e rone  in the  a b o v e - m e n t i o n e d  g roup  o f  ra t s  was  not  
s ignif icant ly different  in con t ro l ,  p h e n o b a r b i t a l  or  phen-  
y to in - t r ea ted  rats .  The  re la t ive  i n c r e m e n t  in the  adrena l  
h o r m o n e  level  in r e s p o n s e  to s t ress  in the  same  group  of 
an imals  was  in the  same  range  as those  m e a s u r e d  in cont ro l  
or  p h e n o b a r b i t a l - t r e a t e d  rats ,  bu t  it was  s ignif icant ly  g rea te r  
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FIG. 2. Effects of sub-chronic drug treatment on plasma and adrenal corticosterone levels in response to 2 hr of immobilization 
stress on rats sacrificed in the morning or in the afternoon. Results are expressed as means+SEM. Increments in response to 
stress were evaluated as the differences between non-stressed and stressed values for each time of the day studied in the 
corresponding experimental groups. Significance of differences as compared with the corresponding (1) Control group, *p<0.02, 
**p<0.005, ***p<0.001; (2) Phenobarbital-treated group, ZXp<0.01, ALXp<0.005, &&Ap<0.001; (3) Phenytoin-treated group, 
Op<0.02, OOOp<0.001. [] Controls _= Phenobarbital ~ Phenytoin • Phenobarbital plus phenytoin 
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FIG. 3. Plot of mean values of adrenal corticosterone levels vs mean values of plasma 
corticosterone levels from unstressed or stressed rats subjected to drug treatment and 
sacrificed in the morning or in the afternoon. Each point represents the mean of values 
from 7 to 10 animals. 

than in phenytoin-treated rats. It must be mentioned that, as 
was reported in phenytoin-treated animals, the adrenal con- 
centration of  the hormone in phenobarbital  plus phenytoin- 
treated stressed rats was significantly lower (o<0.05) in the 
afternoon than in the morning. 

In Figure 3 is presented the mean values of  adrenal corti- 
costerone levels plotted against the mean values of  plasma 
corticosterone levels from unstressed or  stressed rats sub- 
jected to drug treatments and sacrificed in the morning or in 
the afternoon; a significant positive correlation (p<0.01) be- 
tween plasma and adrenal levels of  cort icosterone for the 
overall  experimental  groups studied was observed in control 
and phenobarbital  treated rats (A and B, respectively). 
However ,  in phenytoin-treated rats (C) such correlation was 
not observed and in the group of  animals subjected to the 
combined treatment with both drugs (D) the correlation, al- 
though significant (p<0.05), was less apparent than in con- 
trol or  phenobarbital- treated rats. 

D I S C U S S I O N  

The study of  the effects of  phenobarbital  and/or pheny- 
toin sub-chronic treatments upon the pituitary-adrenal ac- 
tivity on basal and stress situations was the object of  the 

present experiments.  Several previous studies have indi- 
cated that barbiturates are able to modify the pituitary- 
adrenal function under different experimental  conditions [5, 
9, 10, 11, 14]. It has also been reported [13] that the resting 
plasma corticosteroid concentrations appear  to be un- 
changed in barbitone-dependent animals, but that stress- 
induced increments in the concentration of  corticosterone in 
plasma are less in dependent  animals. Under  the schedule of 
treatment followed in the present experiments,  phenobarbi- 
tal did not seem to significantly affect the pituitary-adrenal 
activity under basal  conditions or in the response to im- 
mobilization stress. These results contrast  with those report- 
ing [9, I0, 14] a depressive effect of  barbiturates on ACTH 
release. Nevertheless,  it must be pointed out that in our 
experiments a sub-chronic treatment with sub-anesthetic 
doses of  phenobarbital  was performed, while in other studies 
acute administration of  anesthetic doses of  barbiturates were 
mainly used. Moreover,  it has been reported [11] that, in 
rats, phenobarbital  at low doses exerted an anti-stress effect, 
followed by significantly less effectiveness with medium 
doses,  and good effectiveness with anesthetic doses. On the 
other hand, the present study used 2 hr of  immobilization as 
a stress situation, which can be considered to induce a high 
activation of  the pituitary-adrenal axis; it must be noted that 
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in other studies less potent stress situations were used, and 
this fact could also explain the differences in the results ob- 
tained. 

Several studies have reported that phenytoin causes 
hypertrophy of the adrenal glands in rats and mice [4, 6, 17]. 
Other investigators [20] found an increase in plasma cor- 
ticosteroids in rats treated for 12 days with the drug. On the 
other hand, reported results on the effect of phenytoin 
treatment upon the response to stress situations [3] indicated 
that rats treated with the drug fail to show the expected 
depletion of adrenal ascorbic acid following certain stimuli 
that normally elicit this depletion. The results here reported 
seem to support the suggestion that different effects of 
phenytoin upon the pituitary-adrenal axis is a function of the 
endocrine status of the animals. Thus, in non-stressed 
animals the drug seems to activate the pituitary-adrenal 
function in the morning, when the resting levels of both 
plasma and adrenal corticosterone are lower; however, in 
the afternoon, when the resting levels of the hormone are 
higher, phenytoin does not modify the pituitary-adrenal ac- 
tivity. This fact points to a disruption of the corticosteroids 
diurnal variation present in rats under basal conditions. This 
finding is at odds with that reported on man [1] that the drug 
did not appear to modify the diurnal rhythm of plasma cor- 
ticosteroids. 

In the response of the pituitary-adrenal axis to immobili- 
zation stress, a different effect of phenytoin from that in 
non-stressed drug-treated animals is observed. Although 
morning plasma and adrenal corticosterone levels in the 
group of rats treated with the drug and subjected to im- 
mobilization were in the same range as those measured in 
controls, it is remarkable that stress response, evaluated by 
the relative increments in the hormone levels as calculated 
from the difference between non-stressed and stressed val- 
ues, was significantly less in phenytoin-treated rats than in 
controls. This fact points to the possibility that phenytoin- 
treatment could influence the pituitary-adrenal response to 
stress when it is applied in the morning. This fact may seem 
to be in contradiction to that mentioned above concerning 
the ACTH releasing effect of phenytoin in unstressed rats. 
It might be considered that the morning plasma corticoste- 
rone increase, induced by the drug in the non-stressed 
animals, may cause sufficient steroid feedback action to in- 
fluence subsequent ACTH release in response to stress im- 
mobilization. However, several reports indicated that some 
psychotherapeutic drugs increase pituitary-adrenal activity 
in non-stressed rats, but decrease the ACTH response to 
different stress situations [9, 11, 18]. This points to the no- 
tion that the neuroendocrine mechanisms controlling the cir- 
cadian variations of the pituitary-adrenal activity are dissoc- 
iable from those controlling the release of ACTH in response 
to stress immobilization. 

The effects of the combined treatment with phenobarbital 
plus phenytoin are more difficult to interpret. Under non- 
stress situations the combined treatment seems to affect the 
pituitary-adrenal function in such a way that no differences 
in the plasma and adrenal levels between morning and after- 
noon are detected in the treated rats. This effect resembles 
that observed in non-stressed phenytoin-treated rats. How- 
ever, it must be pointed out that, in this latter-mentioned 
experiment, disruption of the corticosteroid diurnal variation 
was due to increases in the morning hormone levels; while in 
the phenobarbital plus phenytoin treated animals the same 
effect seems to be more accurately ascribed to decreases in 
the afternoon corticosteroids levels. On the other hand, re- 
sults obtained in the group of rats subjected to the combined 
treatment and sacrificed in the afternoon showed an in- 
creased plasma corticosterone response to the immobiliza- 
tion stress. That is, under this endocrine situation, in which 
the single treatment with phenobarbital or phenytoin did not 
seem to modify the pituitary-adrenal activity, the combined 
treatment seemed to be able to increase such activity. 

It is interesting to note that statistical analysis of the cor- 
relation between adrenal and plasma corticosterone levels 
for the overall experimental groups studied, shows a positive 
correlation between both parameters in control and 
phenobarbital treated-rats; however, in phenytoin-treated 
rats such correlation was not observed, and in the group of 
animals subjected to the combined treatment with both drugs 
the correlation was less apparent than in control or 
phenobarbital-treated rats. This observation once again indi- 
cates that, under our experimental conditions, phenytoin is 
able to alter in a significant way the pituitary-adrenal axis, 
while phenobarbital does not seem to exert a clear effect. 

Taken together, the results reported here agree with the 
hypothesis mentioned above [8,21] that, although the mech- 
anisms were related, the one controlling basal ACTH secre- 
tion might be dissociable from that controlling ACTH release 
in response to stress and that phenytoin could influence one 
or the other differently, depending on the animal endocrine 
situation. It is known that several central neurotransmitters 
are involved in the control of the pituitary-adrenal activity, 
and a direct effect of the studied drugs on such neurotrans- 
mitters must also be considered because the depressant and 
anticonvulsant properties of these drugs are directly related 
to neurotransmission effects on several brain regions [2, 7, 
16]. 
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