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Perphenazine is a phenothiazine deriva- 
tive that is an effective sedative in the rat 
(1) .  Secretion of prolactin is stimulated by 
perphenazine as measured by assays of pro- 
lactin (2-6) and by the lactogenic response 
of the mammary glands ( 7 ) .  The response 
to perphenazine involves depletion of hypo- 
thalamic catecholamine stores (8) ,  and de- 
creased concentration ( 9 )  and synthesis 
( 10) of prolactin-inhibiting factor. Per- 
phenazine induces prolactin secretion only 
after inhibition of gonadotropin secretion 
by estrogen (1  1)  or agents that act simi- 
larly (12)  and gonadotropins remain in- 
hibited during an ensuing period of pseudo- 
pregnancy (13, 14) .  Some evidence for 
stimulation of ACTH release has been re- 
ported (1), but growth hormone secretion 
is unaffected by the tranquillizer (8) .  

The administration of perphenazine pro- 
vides a useful method for the study of the 
effects of endogenously released prolactin 
under conditions of suppressed gonadotropic 
secretion. Although prolactin is luteotropic 
in the rat as judged by morphologic criteria 
(15, 16) ,  the ovarian response has not 
been characterized in terms of serum con- 
centrations of the steroid hormones. 

Materials and Methods. Animals. Rats 
weighing between 180 and 2 0 0 g  were ob- 
tained from Hormone Assay Laboratories, 
Chicago. Animal quarters were lighted from 
0500 to 1900 hr. Rats exhibiting at  least 
two normal estrous cycles of 4 or 5 days 
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based on evaluation of daily vaginal smears 
were selected and treatment was begun ap- 
proximately 12 hr before or 12 hr after 
the predicted time of ovulation. Perphena- 
zine,2 5 mg/kg body wt, was administered 
subcutaneously once daily for 3 days as a 
5 mg/ml solution in 0.03 N HCl. On the 
4th day, the rats were sacrificed in the 
same room in which they were housed by 
decapitation, and blood was collected for 
analysis. Untreated rats were sacrificed on 
the 3rd day of diestrus. Serum was sepa- 
rated and stored at -20". 

Technical procedures. Solvents for ex- 
traction and chromatography were all Nano- 
grade (Mallinckrodt Chemical Co.) except 
that diethyl ether of reagent grade was puri- 
fied by distillation on the day of use. Water 
was distilled in an all-glass still. Silica gel G 
(Brinkmann Instruments) was extracted 
with reagent-grade methanol in a soxhlet 
apparatus for at least 12 hr before prepar- 
ing 0.25-mm thickness layers on glass plates. 
Chromatography was carried out in solvent 
System A, dichloromethane-diethyl ether 
( 15 : 7) .  Steroids were eluted according to 
the mobility of I4C-labeled standards chro- 
matographed in parallel; the standards were 
located by the use of a radiochromatogram 
scanner. Estradiol- 17p and corticosterone 
were eluted with ethyl acetate-water ( 1  : 1) 
and progesterone and 20a-hydroxypregn-4- 
en-3-one were eluted with 5% methanol in 

~~~ 

2 Crystalline perphenazine NF was gratuitously 
supplied by Dr. P. L. Perlman, Schering Corpora- 
tion, Bloomfield, NJ. 
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dichloromethane. Quantification of radio- 
activity was carried out by liquid scintilla- 
tion spectrometry using diotol (17) scintil- 
lation fluid. 

Analyses. Approximately 5000 cpm each 
of estradiol-17p-l,2,6,7-:%H, progesterone- 
1,2-W, ~orticosterone-l,2-:~H, and 20a- 
hydroxypregn-4-en- 3-one- 1,2-::H prepared 
from progesterone- 1,2-:'H by the method of 
Wiest (18)  were added to 1 ml thawed 
serum samples. Methanol (2.3 ml) was 
added to each sample to precipitate serum 
protein, and after centrifugation at 4", the 
supernatants were decanted. The precipitates 
were resuspended in 70% methanol and 
centrifuged again. The pooled methanolic 
supernatant solutions were evaporated to an 
aqueous residue, 3 ml of water was added, 
and the steroids were extracted into diethyl 
ether. After evaporation of the ether, the 
residue was partitioned between 0.4 N aque- 
ous NaOH and benzene-ethanol (25 : 1 ). 
The 0.4 N NaOH fraction was neutralized by 
the addition of 2 N NaH,PO, and estrogens 
were extracted with ethyl acetate. The ethyl 
acetate solutions were washed once with 
water, evaporated, and chromatographed 
on thin-layer plates in System A. After elu- 
tion, one-fifth of each sample was counted 
to determine losses during purification, and 
aliquots of the remaining solution were dried 
in 12 X 75 mm disposable glass tubes for 
radioimmunoassay. A 1 /50,000 dilution of 
an anti-estradiol-17P antiserum3 was em- 
ployed according to Mishell et al. (19) .  

The nonphenolic steroids partitioned into 
benzene-ethanol (25 : 1 ) were chromato- 
graphed in System A after evaporation of 
the solvent. The R f  values of progesterone, 
20a-hydroxypregn-4-en-3-one, and corticos- 
terone in this system were 0.58, 0.37, and 
0.13, respectively. Aliquots for determina- 
tion of procedural losses and for assay were 
taken as in the estradiol-17p assay. Proges- 
terone and corticosterone were assayed by 
a radioligand method employing serum from 
women in the last month of pregnancy as 

3 Anti-estradiol-17p antiserum was kindly pro- 
vided by Dr.  Ian Thorneycroft, Department of 
Obstetrics and Gynecology, University of Southern 
California. 

a source of steroid-binding globulin. This 
serum was stripped of endogenous steroids 
by activated charcoal at 40" before dilu- 
tion to a final concentration of 0.2% in 
water for the assay. The assay procedure 
was essentially that described by Murphy 
(20) .  The radioligand in each case was the 
same as the steroid to be assayed. Florisil 
was used to separate protein-bound from 
free steroid. 20a-Hydroxypregn-4-en-3-one 
was assayed similarly except that serum 
from male rabbits diluted to a final con- 
centration of 0.5% was used as a source 
of binding protein. The radioligand used 
in the assay was corticosterone-l,2-3H. Rab- 
bit serum was also stripped of endogenous 
steroids before use in the assay. 

The assays had the following character- 
istics. Displacement of estradiol- 17p- 1,2, 
6,7-3H from the antibody by 10 pg of 
estradiol- 17p was 28 % ; displacement by 10 
ng of progesterone, 20a-hydroxypregn-4-en- 
3-one, and corticosterone in the respective 
assay systems was 43, 38, and 49%.  The 
respective blanks for assays of the above 
steroids were 0.6 pg, 0.02 ng, 0.22 ng, and 
0.00 ng. Coefficients of variation calculated 
from the duplicate assays of progesterone, 
20a-hydroxypregn-4-en-3-one, and corticos- 
terone in rat serum were +9, +13, and 
? 16%,  respectively. Because of the low 
serum concentration of estradiol- 17p in 
these animals, only single determinations 
could be made on each sample. 

Results. The concentrations of proges- 
terone, 20a-hydroxypregn-4-en-3-one, cor- 
ticosterone, and estradiol- 17p in peripheral 
serum of normal rats on the third day of 
diestrus are shown in Table I. The corre- 
sponding concentrations of these hormones 
24 hr after the last of three daily injections 
of perphenazine is shown in Table 11. Retro- 
spectively, it was observed according to the 
presence of cornified epithelial cells in the 
vaginal smears that the first four animals 
in Table I1 had been given the first injec- 
tion of perphenazine on 1400 hr of the day 
before ovulation. The remaining animals 
received the first injection at 1400 hr after 
ovulation and leukocytic infiltration was 
observed in the vaginas on the following 
day. The level of progestins on the third 
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TABLE I. Serum Steroids in Rats on the Third Day of Diestrus. 

20a-Hydroxy- 
Progesterone pregn-4-en-3-one Corticosterone Estradiol-17p 

Rat No. (ng/m'> (nglml) (nglml) (pglml) 

5 
8 
9 

10 
20 
21 
25 
27 

mean 

7 
11 
16 
5 
6 
7 
7 
4 
7.9 

66 
79 
36 
46 
4 0  
55 
48 
29 
49.9 

- 
55 
79 
70 

136 
51 
40 
38 
67 .O 

11 
59 
2 
2 

40 
23 

107 
38 
35.2 

day of diestrus was less than that observed 
in another strain previously (21) ,  but the 
ratio of 20a-hydroxypregn-4-en-3-one to 
progesterone was the same. Overall, per- 
phenazine administration resulted in more 
than a 14-fold increase in serum proges- 
terone levels without a significant change 
in 20a-hydroxypregn-4-en-3-one. However, 
rats in which treatment was begun after 
ovulation had a significantly ( P  < .05) 
greater serum concentration of progesterone 
than those started on the day before 
ovulation. 

At the time of sacrifice, the untreated 
rats all contained nucleated epithelial cells 
in the vaginal smears, thus providing evi- 
dence of prior estrogen secretion; rats 
treated with perphenazine had only leuko- 

cytes in vaginal smears on the day of 
autopsy. Although the serum concentrations 
of estradiol- 17p were variable among the 
normal rats, the average concentration was 
about 6 times greater than that assayed in 
serum of perphenazine-treated rats. The 
variability is assumed to be due to differ- 
ences in the rate of follicular maturation in 
normal rats. Despite the lower average con- 
centration of estradiol-17P in rats treated 
with perphenazine, detectable concentra- 
tions were found in the serum of all animals. 

Serum concentrations of corticosterone in 
perphenazine-treated rats were three-fold 
greater than in the untreated, normal ani- 
mals. All rats were handled daily for 
vaginal examination, and decapitation for 
collection of serum was performed without 

TABLE 11. Scrum Steroids in Rats Trcated for Thrcc Days with Pcrphenazine. 

20a-Hydroxy- 
P rogcs terone pregn -4 -en- 3-one Corticosterone Es trad iol- 1 7p 

Rat Treatment startcd (nglml) (ng Iml) (nglml) (pglml) 

11 
15 
17 
26 

mean 

6 
23 
24 
28 
30 
32 

mean 

Bcfore ovulation 
Bcforc ovulation 
Bcforc ovulation 
Before ovulation 

After ovulation 
After ovulation 
After ovulation 
After ovulation 
After ovulation 
After ovulation 

96 
87 
69 
87 
84.8 

66 
17G 
133 
152 
148 
150 
137.5 

38 
27 
30 
44 
34.7 

18 
54 
28 
37 
47 
61 
40.8 

115 
316 
331 
141 
225.7 

165 
314 

GO 
287 
123 
348 
216.2 

- 
14 
9 
5 
9.3 

1 

I 
4 
5 

10 
4.2 

- 
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oxciting the animals. In order to compare 
the effect of the treatment paradigm with 
normal hormone levels, normal rats were 
not injected with the 0.03 N HC1 vehicle. 
However, since the last injections were 
made 24 hr before sacrifice, the effect of the 
injections on adrenal function is considered 
to be minimal. Nevertheless, the component 
of the treatment paradigm responsible for 
elevated corticosterone levels is not estab- 
lished by the experiment. 

Discussion. The effect of perphenazine 
administration on prolactin secretion by the 
rat pituitary has been well-documented 
(2-7). Estrous cycles are suspended by the 
administration of perphenazine ( 13, 14) or 
by prolactin (22-24), indicating that the 
normal preovulatory release of LH is in- 
hibited. Since similar effects can be achieved 
by the administration of as little as 1.5 mg 
of progesterone per day (25), inhibition of 
ovulation may be brought about by an in- 
crease in progesterone secretion. Despite the 
failure of prolactin added to the incubation 
medium to stimulate steroidogenesis in vitro 
(26), evidence that in vivo treatment of rats 
with prolactin results in an increased capacity 
for in vitro steroidogenesis has been reported 
(27), and by morphologic criteria, i.e., 
vaginal mucification of estrogen-treated hy- 
pophysectomized rats ( 16) and deciduomata 
development in hypophysectomized rats 
( 15), prolactin free of gonadotropic ac- 
tivity has been shown to stimulate progestin 
secretion. 

In the present study, perphenazine ad- 
ministration, which may induce serum pro- 
lactin levels as high as 400 ng/ml, (3) ,  
resulted in 17.5 times the concentration of 
progesterone present in normal rats when 
treatment was begun after ovulation. Ac- 
cording to the studies of Armstrong et al. 
(27), prolactin administration alone in- 
creased in vitro synthesis of progesterone 
only at the expense of its reduction product, 
2 Om-h y dr ox ypr egn-4-en- 3 -one, a1 t hough they 
also found that serum progesterone levels 
were elevated to a greater extent than 20a- 
hydroxypregn-4-en-3-one levels were de- 
creased. The extremely high serum proges- 
terone values obtained after perhenazine 
treatment in the present study were 

observed with little change in the con- 
centration of 20a-hydroxypregn-4-en-3-one. 
High levels of serum progesterone would be 
expected to inhibit preovulatory release of 
LH as well as LH-dependent follicular ma- 
turation (28, 29). In fact, the serum estra- 
diol-l7/? concentration in perphenazine- 
treated rats was on the average only 
one-sixth of that in normal rats. From this 
it must be concluded that the serum con- 
centrations of progesterone observed were 
obtained under conditions of very low 
serum LH concentration. The mechanism 
by which prolactin promotes steroidogenesis 
is not well-understood, but availability of 
precursor cholesterol appears to be a factor 
(27). Even so, the rate-limiting step is 
thought to be conversion of cholesterol to 
pregnenolone (30), a pracess which re- 
quires LH or HCG. The results, therefore, 
raise an important question about the rate- 
limiting steps in steroidogenesis in other 
than acute in vitro conditions. 

The greater serum concentrations of pro- 
gesterone observed in rats that were started 
on perphenazine treatment after ovulation 
as compared with those started before 
ovulation (all rats treated for 3 days, in- 
jections made between 2 and 4 P.M.) in- 
dicate that the response increases with time 
of exposure of the newly formed corpora 
lutea to prolactin as found previously (31). 
In both groups, prolactin secreted in re- 
sponse to perphenazine presumably hastened 
luteolysis of corpora lutea from the pre- 
vious cycle (32). Rat No. 6 had a vaginal 
smear indicative of late estrus or early 
metestrus at the time treatment was begun; 
treatment may have been begun too late 
for an adequate stimulatory effect by 
prolactin. 

Elevation of corticosterone in perphena- 
zine-treated rats may be the results of in- 
creased ACTH secretion ( 1 ), although 
obviously the stimulation of secretion of 
ACTH is not as great as the increase in 
prolactin secretion. Alternatively, the pro- 
duction of adrenocortical steroids may be 
increased via a decrease in adrenal 51~~- 
reductases as a result of elevated serum 
prolactin (33). Since adrenal steroidogenesis 
was increased only sufficiently to increase 
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serum corticosterone three-fold it is ap- 
parent that most of the increase in serum 
progesterone was of ovarian origin. 

Sunzmary. A comparison of the concen- 
tration of steroids in peripheral serum was 
made between normal rats in the third day 
of diestrus and rats injected subcutaneously 
for 3 days with 5 mg/kg body wt/day 
perphenazine. Progesterone levels were most 
markedly altered. When perphenazine treat- 
ment was begun on the afternoon following 
ovulation, the average progesterone level 
was increased 17-fold over that of untreated 
control rats; when treatment was begun on 
the afternoon preceding ovulation, the con- 
centration of progesterone was increased 
only ten-f old. 20a-H y drox y pregn-4-en- 3 -one 
was only slightly decreased by the treatment. 
Irrespective of the day treatment was ini- 
tiated, corticosterone was increased (three- 
fold) and estradiol- 17p was decreased (six- 
fold) by perphenazine administration. The 
results are discussed in relation to the 
known effects of perphenazine administra- 
tion on prolactin secretion. 
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