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Chlorpromazine [Thorazine, largactil, megaphen, 4560 RP, 2-chloro-10(di-
methylamino propyl)-phenothiazine] is an extremely interesting drug with
regard to its effect on endocrine function. The observation of its hypothermic
and hypometabolic effects in 1951 by Laborit and Huguenard (163) was the first
stimulus that attracted the interest of endocrinologists to investigate its effects
on endocrine activity together with its effect on metabolism and autonomic
nervous activity under conditions of temperature changes and other types of
“stress.” The development of the drug as a tranquilizer and its subsequent wide-
spread clinical use led to the discovery of side-effects such as galactorrhea and
amenorrhea. These aroused the interest of many clinicians in its effects on
endocrine function. The influence of chlorpromazine (CPZ) and other pheno-
thiazines on the activity of the endocrine glands controlled by the pituitary is
a subject of importance for the understanding of the action of these drugs on the
central nervous system, and, more generally, of the mechanism of the central
nervous control of pituitary function. This review was written to explore these
matters.

Chlorpromazine originated in France as a result of studies on phenothiazine an-

! Address: Department of Pharmacology, Medical Faculty, University of Utrecht,
Vondellaan 6, Utrecht, The Netherlands.

251



252 DE WIED

tihistaminics (Phenergan). The classical experiments of Courvoisier et al. (71) re-
vealed its manifold actions in animals. Its most important effect apart from its cen-
tral influences are its adrenergic blocking action together withweak antihistaminic,
anticholinergic and antispasmodic effects. It potentiates the effect of hypnotics,
alcohol, general anesthetics, local anesthetics and analgesics and it blocks the
antiemetic action of apomorphine. Courvoisier et al. (71) further found local
anesthetic, ganglion blocking and hypotensive effects in addition to diminished
capillary permeability, inhibition of clotting of blood and potentiation of the
effect of neuromuscular blocking drugs. Hypothermic, antipyretic and anti-
convulsive actions are other important features of CPZ. Many aspects of be-
havior have been studied under its influence (305, 306). It depresses conditioned
avoidance behavior, inhibits spontaneous motor activity, decreases agressiveness
and hostility, and in higher doses interferes with locomotor function (71, 191,
270, 305, 306). In man it may cause drowsiness and sedation in moderate doses
and in larger amounts it causes ataxia and somnolence. For the treatment of
mental disorders relatively high doses of CPZ are used ranging from 30 to 1200
mg per day (14).

I. CHLORPROMAZINE AND THE ADENOHYPOPHYSIS
A. Pituitary-gonad axis

In one of the first papers on the effect of CPZ on pituitary-gonadal relation-
ships, Courvoisier and Ducrot (70) reported lack of effect of relatively low doses
(1 to 5 mg per kg) upon growth and sexual maturation in the young rat or upon
ovulation, fertilization or lactation in the mature female. However, in various
species numerous investigators have now shown that CPZ can delay sexual
maturation, block ovulation, reduce the weight of ovaries, uteri and vaginae,
inhibit ovarian hypertrophy, induce pseudopregnancy, initiate and maintain
lactation, cause infertility and abortion, increase the length of gestation, delay
nidation, and increase the rate of mortality among the offspring. In the male,
atrophy of the sexual organs and a depression of sexual behavior has been found.

These effects suggest that CPZ blocks the release of follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) and simultaneously stimulates the
secretion of prolactin.

Blockade of the release of FSH and LH is shown by a delay in sexual maturation,
failure of ovulation, and atrophy of the ovary, uterus and vagina. Delay in sexual
maturation occurs when immature animals are treated for some time with CPZ.
Jarrett (133) found a delayed onset of sexual maturity in immature mice with
5 mg of CPZ per kg administered daily. Nagata (203) reported that 2.5 and 5
mg of CPZ per kg for 30 days retarded gonadal development in the female rat.
Barraclough and Sawyer (18) found that CPZ in a dose of 5 mg per kg blocks
ovulation when injected 3 to 4 hours before the “critical period,” which starts
at 2:00 p.M. on the day of proestrus under the lighting schedule maintained by
these investigators. CPZ also prevents the superovulation produced by a single
injection of pregnant mare serum gonadotrophin in immature rats (302). Since
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extracts of bovine median eminence elicited ovulation in animals so treated, we
can deduce that the site of action of the drug is in the central nervous system.

Although various authors failed to find gonadal atrophy in rats after CPZ in
doses between 1 and 40 mg per kg administered for various periods of time (12,
35, 70, 71, 183), Sulman (271) showed that treatment of female rats for 314
months with 10 mg of CPZ per kg reduced ovarian weight. The number of
corpora lutea in the ovaries was low. Ovarian atrophy was also observed by
Reiss (237) and Benson (23). Gitsch (111) showed that hypertrophy of implants
of ovaries and uteri in the spleen of castrated rats was prevented by daily doses
of 10 mg of CPZ per kg. The inhibited ovarian growth and histological charac-
teristics of the implants suggested that FSH release was blocked. Inhibition of
myometrial hypertrophy of implanted uteri suggested estrogen deficiency; this
could result from lack of FSH. Jarrett (133) observed that the ovarian hyper-
trophy that follows removal of one ovary in mice was inhibited by 10 daily
treatments with 10 mg of CPZ per kg. Histological changes in vaginae and uteri
of CPZ-treated mice were consistent with estrogen deficiency. This author also
found CPZ to increase the amount of gonadotrophin in the pituitary. KXhan and
Bernstorf (144) showed that compensatory ovarian hypertrophy in prepuberal
rats was inhibited by daily treatment with 10 mg of CPZ per kg for 33 days. The
fact that the remaining ovaries were small and immature indicates lack of secre-
tion of gonadotrophins.

The findings cited suggest that CPZ inhibits activity of gonadotrophic hor-
mones. This effect might be the result of blockade either of the release of these
hormones from the anterior pituitary or of their direct action on the target
glands. In fact, evidence has been obtained that the blocking action of CPZ is
exerted on the gonads by inhibition of the effect of gonadotrophins especially
when large doses of phenothiazines are used (302). Purshottam et al. (232) found
that CPZ (about 10 to 25 mg per kg) inhibits ovulation in mice on a regimen of
pregnant mare serum gonadotrophin and human chorionic gonadotrophin that
normally results in superovulation. Another phenothiazine, perphenazine,
(Trilafon), had the same effect with lower doses. Still another phenothiazine,
promethazine, depresses the effect of gonadotrophic hormone on the prostate
and vesicula seminalis of the rat (183). A similar effect was found with 6 mg of
CPZ per day for 3 days on the vesicula seminalis of therat treated with 2 IU of
human chorionic gonadotrophin (35). Dasgupta and Hiusler (80) observed that
it did not interfere with estrus induced with estrogen in ovariectomized rats.
Lewin et al. (169) also did not find an inhibitory effect of CPZ in castrated rats
treated with estrone. In mice made noncyclic by treatment with CPZ, Cranston
and Segal (74) found that the administration of pregnant mare serum gonado-
trophin induced estrus in all animals. Simultaneous administration of 10 IU of
pregnant mare serum gonadotrophin and 20 IU of human chorionic gonadotrophin
daily prevented ovarian atrophy in rats treated for 314 months with 10 mg of
CPZ per kg (271). In addition Chatterjee (52) showed that the administration
of 15 mg of CPZ per kg daily for 15 days, which induced pseudopregnancy, did
not interfere with an increase in folliculogenesis, estrous vaginal smears, or in-
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creased uterine weight induced by pregnant mare serum gonadotrophin. In
contrast, rabbits treated with 5, 10 or 20 mg of CPZ 1 hour before and 5 and 11
hours after 10 IU of chorionic gonadotrophin failed to ovulate (275).

CPZ seems to interfere with the effect of gonadotrophins on the gonads only
in high doses, but even these doses do not antagonize the effect of estrogens on
the target organs. It is therefore likely that the block of ovulation by CPZ in
moderate dosages is due to a decreased secretion of FSH and LH as a result of an
inhibitory action on centers in the brain involved in the release of gonadotrophins.
Blockade depends on the dose of the drug used and the intensity with which the
pituitary is forced to release gonadotrophins. For example, CPZ fed to a strain
of mice (C;H) as 0.2 and 0.3 % of the diet led to a decrease in estrous cycles,
but it did not inhibit subestrous in ovariectomized mice that secrete estrogens
from adrenal estrogen-secreting tumors. These tumors secrete in response to
gonadotrophin. Thus, whereas CPZ reduced the secretion of gonadotrophins in
intact mice, it failed to block the increased release of gonadotrophins in ovariec-
tomized animals (304).

Increased secretion of prolactin coincides with inhibition of FSH-LH release.
Initiation or maintenance of milk secretion and mammary growth, persistence
of corpora lutea, and the occurrence of pseudopregnancy as indicated by the
deciduoma reaction in the uterus, are parameters of an increased prolactin
secretion.

The elegant technique of Meites et al. (185) with cultured anterior pituitaries,
which secrete measurable quantities of prolactin, has been used to explore the
effect of drugs on prolactin release. Pasteels (217, 218) and later Meites et al.
(186) showed that adding extracts or explants of hypothalamus to the cultures
decreased the quantity of prolactin released into the medium. Danon et al. (78)
showed that hypothalamus obtained from rats treated with the phenothiazine
derivative, perphenazine, when added to cultures of pituitaries, does not inhibit
prolactin secretion. This strongly supports the hypothesis that phenothiazines
antagonize the normally operating inhibitory influence of the hypothalamus on
the secretion of prolactin. The prolactin-releasing effect of CPZ is also evident
from the finding by Assenmacher and Baylé (11) that CPZ administered to
immature pigeons leads to a significant thickening of the epithelium of the crop-
sac.

In mature animals phenothiazines inhibit the occurrence of estrous cycles. A
strain (ZBC) of mice treated for 20 days with CPZ or promazine in the diet had
a marked decrease in the number of cycles in doses which did not induce severe
loss of body weight. Since food restriction per se could not elicit such a high
incidence of esirus block, the estrus inhibition cannot be attributed to the re-
duction in food intake caused by the drug (74). Others also found prolongation
of estrous cycles in mice (133) and in rats (144, 159, 169). This may indicate
either blockade of ovulation or induction of pseudopregnancy. A decrease in the
number of corpora lutea in the cyclic or pregnant rat occurs after treatment with
CPZ (2, 48) and the drug antagonizes formation of deciduoma in rabbits (141,
142). However, in rats treated with CPZ, Barraclough (17) found pseudopreg-
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nancy, as shown by the occurrence of deciduoma. Barraclough and Sawyer (19)
showed that CPZ induces pseudopregnancy in every case when the treatment is
begun on day 1 of diestrus, whereas, if CPZ is given during proestrus or estrus,
pseudopregnancy occurs in 50 to 60% only. They reasoned that if CPZ is ad-
ministered too late, regression of corpora lutea might have taken place already
and that new corpora lutea had to be formed first before an effect is found. A
single injection of 10 mg of CPZ per kg delays the occurrence of subsequent
estrous cycles of all rats when injected at day 2 of estrus (144), whereas, if the
drug is injected at day 1 or 2 of diestrus, pseudopregnancy is observed in 50 to
60 %. No effect is found if CPZ is administered at day 1 of estrus. Accordingly,
induction of pseudopregnancy by CPZ seems to depend on the state of corpora
lutea present at the moment the treatment is started. The incidence of pseudo-
pregnancy is highest 24 hours after the day the earliest corpora lutea are found,
i.e., on the first day of diestrus in animals showing 1 day of estrus and on the
second day in animals showing 2 days of vaginal estrus. Khan and Bernstorf
(144) also found that the weight of the ovaries of prepuberal castrated rats
grafted in the stomach wall were increased by CPZ treatment. Corpora lutea
appeared to form the bulk of the graft. This finding again suggests enhance-
ment of prolactin secretion by CPZ. Others also found pseudopregnancy on
treatment with phenothiazines (228, 229, 284). Jarrett (133) failed to induce
pseudopregnancy in mice. This was thought to be due to species differences since
deciduoma formation does not take place in mice as readily as in rats.

CPZ stimulates mammary growth (114). Grénroos et al. (114) found that in
daily doses of about 15 mg per kg for 7 days it causes multiplication and epithelial
proliferation of the mammary ducts of female rats. Hardly any signs of secretory
activity were found in the alveoli. Treatment with CPZ causes the same alteration
in mammary gland cells as with prolactin (59). Talwalker et al. (278) found that
CPZ in doses of 5 or 15 mg per kg daily for 5 days caused alveolar growth and
milk secretion in virgin rats primed with estradiol. The higher dose also caused
maintenance of mammary lobulo-alveolar structure and secretion in postpartum
rats for 10 days after removal of the litter. Interestingly, neither prolactin nor
adrenocorticotrophic hormone (ACTH) alone could initiate mammary secretion
in rats primed with estrogen, as did CPZ, but when they were given in combina-
tion they were active. Accordingly, CPZ causes mammary growth and secretion
by release of both prolactin and ACTH. Since CPZ does not induce mammary
growth in hypophysectomized rats primed with estradiol, the pituitary or the
brain would seem to be the site of action of the drug. With 3 mg of CPZ per kg
daily in immature rats primed with estradiol, Langer and Gnudi (167) also found
tubulo-alveolar hyperplasia and secretion. Benson (23) reported that 2.5 and 5
mg of CPZ administered daily to female lactating rats had a weak retarding
effect on mammary involution, and these doses for 9 days did not cause ACTH
release from the pituitary as indicated by the absence of adrenal hypertrophy
and involution of the thymus. Yokoyama and Sawyer (301) found a well main-
tained lobulo-alveolar structure in the mammary glands 5 days after weaning in
mother rats treated with 5 or 10 mg of CPZ daily during the 5 last days of suck-
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ling. In a comparative study on the mammatropic effect of various phenothiazine
derivatives injected for 7 days in female rats, using microscopic examination of
the left inguinal mamma to determine the effect of the drugs, Khazan et al. (146)
found that CPZ was among the most active of the phenothiazines capable of
inducing secretory activity in the mammary gland. Finally, Mishinsky et al.
(193) showed that implantation of perphenazine crystals at the end of steel tubes
in the median eminence of rabbits caused a marked mammary development and
copious milk production. Accordingly, there exists abundant evidence in the
literature that CPZ causes the release of prolactin.

A number of observations may be best explained by interference of CPZ with
release of gonadotrophic hormone or by other effects of the drug. Delayed
implantation of the ova in the uterus has been observed after treatment with
CPZ. A dose of 0.1 ug of estradiol injected on days 3 and 4 of pregnancy in rats
prevents the delay in nidation due to CPZ (228, 230). Psychoyos (231) suggested
that the cause of the delay is a deficiency in estrogen. This is in agreement with
findings of Whitten (297) and Bloch (27). However, Chambon (50) obtained a
normal nidation in CPZ-treated rats by daily injection of progesterone or pro-
lactin. Since CPZ induces the secretion of prolactin and the subsequent produc-
tion of progesterone, it is difficult to interpret this finding. Delayed nidation also
occurs during lactation (68) and in rats bearing autografted pituitaries (91) or
with electrolytic lesions in the median eminence (102). Since in all these circum-
stances prolactin release is stimulated, but the release of FSH-LH is impaired, it
is inferred that delayed nidation is due to estrogen deficiency.

Chronic treatment of pregnant mice with CPZ by mouth in doses of 4 and 16
mg per kg leads to a significantly lower number of offspring, while mean litter
weights are lower (212). The drug apparently interferes with fertilization and
postconception implantation. In rats treated during pregnancy, Ordy et al. (212)
and others found longer gestation, higher fetal mortality rate, underdevelopment
of the offspring, and more frequent abortions (48, 49, 202, 240). In contrast, 10
mg of CPZ per kg daily administered to rats during pregnancy and lactation failed
to affect duration of pregnancy, and the offspring were indistinguishable from
those of control mothers (159). Similarly, Courrier and Marois (69) failed to
affect pregnancy in rats by treatment with 10 mg of CPZ per kg given between
the eighth and sixteenth day’s of gestation. However, Chambon (47) reported
that 10 mg of CPZ per kg every 8 hours for 3 days induced abortions, especially
in the early stage. The number of abortions was largest when the drug was given
during the sixth to tenth days of gestation and smaller when administered
between days 9 and 12, and none were induced when CPZ was injected after the
twelfth day. Accordingly, a rather high dose of the drug seems to be necessary
during a critical period in order to produce abortion.

Not much work has been done on the effect of CPZ on gonadal function in the
male. A dose of 2.5 mg per kg daily for 4 weeks did not affect the weight of the
male gonads (183). Sulman (271) found that 10 mg of CPZ per kg daily in long-
term experiments caused testicular atrophy. Male rats treated for 30 days every
second day with 25 mg of CPZ per kg had atrophied testes and seminal vesicles,
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which upon histological verification were indistinguishable from those found in
hypophysectomized rats (53). The author concluded that CPZ blocks release of
gonadotrophin in the male rat. However, CPZ in doses between 1.5 and 6 mg per
day for 3 days to male rats, inhibits the effect of gonadotrophins on vesiculae
seminales (35). This was also found with promazine (183). Nagata (203) reported
that 5 mg of CPZ per kg daily for 30 days retarded while 2.5 mg per kg stimulated
gonadal development in the male rat. Zimbardo and Barry (303) and Gillet (110)
found a reduction in the copulation rate but not the percentage of rats that would
copulate. In contrast, Foote and Gray (98) failed to observe a reduction in libido
of dogs trained to routine semen collection. The motility of sperm was unaffected
and sperm production was even higher than normal. The amount of CPZ (4.4
mg per kg) used was rather low. CPZ added in moderate doses to bull sperm in
vitro failed to affect motility and fertility (97) although levels above 0.2 mg per
ml were spermicidal.

B. Pituitary-thyroid axis

Conclusions drawn from experiments on the effect of CPZ on thyroid function
vary considerably. This is caused by the various measures used to determine
thyroid activity, the different dosages and the duration of the treatment em-
ployed, and differences in experimental circumstances, especially with regard to
environmental temperature. Using ®¥!I-uptake by the thyroid as a measure of
pituitary-thyroid activity, several workers observed a decrease in uptake after a
relatively high dose of CPZ (9, 96, 161, 174, 299). Doses of 10 mg of CPZ per kg
and lower generally do not depress ¥'I-uptake by the thyroid (8, 96, 299, 300),
but Milcou et al. (189) found a depression with about 6 mg per kg. Rats on a
low-iodine diet seem to be more sensitive to CPZ since 0.5 to 1 mg of the drug
per animal decreased the 5-hour ¥I-uptake (131).

Inhibitory effects on ®I-uptake may be the result of a central effect or of a
direct action of CPZ either on iodine trapping or on peripheral mechanisms.
Direct effects of CPZ on synthesis of thyroid hormone in a dose of about 10 mg
per kg have been observed by Ksycki and Lockett (161). In a dose of 0.25 mg
per mouse (£22 g) CPZ inhibited “¥1I-uptake by the thyroid, while carcass
retention of I was increased and urine ¥I-excretion was diminished. Incubation
of the thyroids of these mice revealed that CPZ inhibited organic binding of **!I.
The biosynthesis of tri-iodothyronine and thyroxine was significantly inhibited
but formation of mono- and di-iodothyronine was not disturbed. This is the result
etiher of a direct action of CPZ in the thyroid or of a central influence of the drug
on release of thyroid-stimulating hormone (TSH). Evidence for a direct action of
CPZ on the thyroid has been also derived from studies in vitro by Mayer et al.
(179). Incubation of CPZ with thyroid slices depressed *!I trapping by the gland,
while later stages of the iodine cycle proceeded abnormally only if high doses
were used. The amounts added to the incubation medium indicated that under
appropriate conditions CPZ might interfere directly with the synthesis of thyroid
hormone in vivo.

The amounts of CPZ necessary to reduce ®'I-uptake by the thyroid lower
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body temperature for about 12 hours (71, 124). A decrease in temperature
has been observed without a concomitant reduction in ¥ I-uptake (300), but
Aron et al. (8) showed that hypothermia rather than treatment with CPZ causes
a decrease in 2J-uptake. In addition, the administration of TSH to rats
made hypothermic by placement in a cold environment and treatment
with CPZ, fails to stimulate thyroid activity (255). High doses of CPZ also
lower blood pressure (269), inhibit excretion of I by the kidney, and increase
carcass retention of ¥ (161, 299). These alterations may cause changes in
distribution of ¥'I in the thyroid. In addition, potentiation of thyroxine by CPZ,
presumably by inhibition of its enzymic degradation (287) has been observed.
The fact that CPZ decreases basal metabolic rate and counteracts the effect of
thyroxine on body temperature (188, 255) further complicates an analysis of the
effect of CPZ on thyroid function after a single injection of the drug. Accordingly,
results with CPZ obtained by using "'I-uptake should be interpreted with
caution.

The rate of release of I by the thyroid has for some time been regarded as
the most reliable indirect parameter of pituitary-thyroid activity (42). It has been
employed by a few investigators for the study of CPZ on thyroid function (96,
108, 189, 246, 300). George and Lomax (108) found that 5 mg of CPZ per kg
decreased ®*!I-release by the thyroid in intact as well as in adrenalectomized rats.
Since TSH accelerated ¥!I-release in CPZ-treated animals, it seemed likely that
thyroid activity was not directly blocked by the drug. This finding has been
reported by others as well (96, 174). Decrease in rate of release of *'I has been
shown after exposure to a variety of stressful stimuli (42, 44, 85, 117) and in
response to the administration of adrenocortical steroids (41, 43), but adrenalec-
tomy does not alter the normal rate of release of I from the thyroid. The
results of George and Lomax (108) in adrenalectomized rats indicate that the
blocking action of CPZ on release of 31 by the thyroid is not due to stimulation
of glucocorticoid production by the drug (127). From these short-term studies it
may be inferred that CPZ, in a dose that, as we have seen, fails to affect 13!I-
uptake, decreases *'I-release from the thyroid. The depression in thyroid activity
may be the result of a reduction in the release of TSH from the pituitary, a direct
effect of CPZ on the synthesis of thyroid hormone, or an effect on the action of
thyroid hormone.

The effects of chronic treatment with CPZ on thyroid function have been
studied with a variety of functional and morphological parameters. A reduction
in 3 ]-uptake by the thyroid in rats chronically treated with CPZ (2 to 100 mg
per kg daily) has been demonstrated (9, 188, 214, 237, 299, 300). ¥I-release from
the thyroid is similarly depressed by chronic treatment (96, 246, 300). The effect
seems to depend on the dose used since CPZ given twice a day for 3 days inhibited
131]release in doses of 20 mg per day but not if 5 mg per day was administered
(96). These results suggest that thyroid function is blocked in animals on long-
term treatment with CPZ. However, not all experiments are consistent with a
reduction in thyroid function in animals treated chronically. Arvay et al. (9)
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showed that 40 to 100 mg of CPZ per kg injected daily inhibited uptake of 13!I
by the gland 3 hours or 2 days after onset of the treatment, had no effect after
10 days of treatment, and increased the uptake after 30 days of treatment. A
similar phasic effect of CPZ was noted by other workers (37). In rats treated with
CPZ for 12 days ' I-uptake was depressed during the first 3 days of treatment
and increased during the next 9 days (237). This rise was more significant if
higher doses were used. Panti¢ et al. (214) found that whereas 2 and 10 mg of
CPZ per kg did not affect ¥'I-uptake, 25 mg per kg increased the trapping of
the radioactive iodide. In rabbits treated for 3 weeks with 4 mg per kg CPZ
daily serum protein-bound iodine was increased (172).

Other parameters of thyroid function suggest a depression of activity of the
gland in animals under chronic treatment with the drug. Milin and Stern (190)
demonstrated that 2.5 mg of CPZ per kg for 7 to 14 days prevented manifesta-
tions of hyperthyroidism in captured hares exposed to barking dogs. A reduction
in O.,-consumption and hormone content in the thyroid and TSH activity in
the pituitary (3, 188) and histological signs of thyroid inactivity (255) have been
observed in rats treated for some time with CPZ. The goitrogenic effect of
methylthiouracil (3) and of propylthiouracil (183) is partly prevented by CPZ
treatment. However, CPZ itself may cause goiter. Sulman (271) showed hyper-
trophy of the thyroid and a decrease in basal metabolic rate in male and female
rats treated for 334 months with 10 mg of CPZ per kg daily. This would suggest
a direct effect of the drug on the thyroid, but no further relevant data were
provided. CPZ administered in a low-iodine diet induced goiter, but in female
rats only. Oophorectomized rats fed a similar diet for 2 weeks showed goiter only
if 10 ug of estradiol were given every other day. In contrast, Reiss (237) and
Radde and Kalow (234) observed reduction in thyroid weight. The latter authors
in a meticulous study showed that feeding rats a less potent phenothiazine deriva-
tive, levopromazine, in doses of 20 to 25 mg per kg daily for varying periods of
time caused a reduction in thyroid weight, a decrease in ®!I content of the
thyroid 24 hours after tracer administration, and a decrease in thyrotropic cells
in the pituitary gland. Renal excretion of ®'I in chronically treated rats was
accelerated and plasma I was decreased. Thus renal effects interfered with
11].uptake by the thyroid. It was concluded that the drug interfered with the
synthesis of thyroid hormone. The decrease in 8-cells in the pituitary as a result
of treatment suggested that the depression in thyroid activity was due to reduc-
tion in TSH release.

The effects of CPZ may depend on the experimental situation in which the
drug is studied. For example, characteristic changes in the thyroid after intense
emotional stress, 7.e., an increase in activity followed by a return to normal and
finally to hypofunction, are prevented by CPZ treatment (9). Similarly Féldes
et al. (96) found that CPZ inhibited the reduction in ®!I-uptake elicited by
formalin stress.

Chronic treatment with CPZ depresses thyroid activity. This effect may disap-
pear or even be reversed, depending on the dose, the duration of the treatment,
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and the experimental situation. Whether these alterations are solely caused by
differences in the rate of release of TSH from the anterior pituitary remains to
be clarified.

C. Pituitary-adrenal axis

Most of the reports on the effect of CPZ on pituitary function concern the
action of the drug on the pituitary-adrenal system. The results are conflicting
and, in spite of the abundance of papers, the influence of CPZ on this system is
still not clear. Inhibition of stress-induced ACTH release as well as release of
ACTH by the drug itself have been observed in animals and man.

Aron et al. (7) were the first to observe inhibition of stress-induced discharge of
ACTH in rats treated with CPZ. Doses of 10 and 50 mg per kg were used and
depletion of adrenal ascorbic acid (AAD) was the index of ACTH release. These
amounts suffice to stimulate pituitary-adrenal activity (116, 127, 157, 164, 203,
210, 249, 268). Castaigne (46) also found that CPZ blocked AAD induced by
stress in rats. Mahfouz and Ezz (173) found that CPZ in a dose of 2 mg per kg
in rats prevented the usual AAD that follows stress from heat, cold or ether.
Ascorbic acid concentration of adrenals of CPZ-treated rats was fairly low. The
stress did not further deplete the gland of ascorbic acid.

Incomplete inhibition of stress-induced ACTH release was shown by
Hamburger (116); in a dose of 100 mg per kg in rats 2 hours before the stress of
laparotomy, CPZ markedly prevented AAD, although the drug itself had already
caused a significant depletion. Cheymol et al. (57) found that 10 and 50 mg of
CPZ per kg partially prevented AAD after formalin stress.Rezabek and Votava
(238) also observed a partial inhibition of AAD in rats treated with 20 mg of
CPZ per kg 2 times within 1 hour before the stress of unilateral adrenalectomy.
A partial block of AAD was found in rats exposed to heat stress treated with 20
mg of CPZ per kg (136) and in rats treated with 5 mg of CPZ per kg and sub-
jected to shaking either at room temperature or at a high temperature (137).
The blocking action was correlated with the effectiveness of CPZ in protecting
against fatal effects of heat stress.

Holzbauer and Vogt (127) failed to find blockade of AAD in response to surgical
stress in rats treated with 10 mg of CPZ per kg 3 hours before the operation.
These authors concluded that the experiments did not substantiate the hope
expressed by Aron et al. (7) that CPZ might produce a kind of hypophysectomy.

With 2.5 mg of CPZ per kg, which in itself did not stimulate release of ACTH,
Nasmyth (204) failed to prevent AAD after adrenaline, surgical stress, or high
doses of histamine. The effect of small doses of histamine on AAD was inhibited.
However, with 3 mg of CPZ per kg 60 minutes before stress, Van Peenen and
Way (220) observed inhibition of adrenaline-induced AAD but not that of hista-
mine or aspirin. Morphine-induced depletion of adrenal ascorbic acid was par-
tially prevented by CPZ. Klepping et al. (152) also found AAD after adrenaline
weaker in rats treated with CPZ than in controls. The adrenolytic and antihis-
taminic activities of CPZ (71, 243) may well account for its effects on the release
of ACTH induced by adrenaline and histamine.
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The reports show that CPZ abolishes, partially prevents, or fails to block
stress-induced release of ACTH. In most of the studies, AAD was a parameter
of pituitary-adrenal activation. AAD is a reliable index of the release of ACTH
only when the adrenal gland is at rest and contains high concentrations of ascorbic
acid (289). Accordingly, the initial stimulating effect on ACTH release with the
subsequent AAD may obscure a further stimulation caused by the stress. Another
possible explanation of the discrepancy in results may be found in the hypo-
thermic effect of CPZ (71, 124). Georges and Cahn (109) suggested that hypo-
thermia is the important factor in the blockade of stress-induced ACTH release.
Aron et al. (8) showed that AAD in response to unilateral adrenalectomy was
blocked by pretreatment with 10 mg of CPZ per kg but was not inhibited in
hypothermic rats with a core temperature between 15° and 20°C. Curiously, like
Georges and Cahn (109), Aron et al. (8) found blockade only in rats with body
temperature between 25° and 27°C. The controversy as to the existence of CPZ-
induced blockade of the pituitary-adrenal response to stress might therefore be
explained by assuming that marked differences have existed in environmental
temperature under which the experiments were performed. Since nearly none of
the papers reviewed reported the body temperature of CPZ-treated animals at
the time stress-induced release of ACTH was studied, evidence for or against
this assumption is lacking.

The stimulating action of CPZ on pituitary-adrenal activity was first recog-
nized by Georges and Cahn (109) and Holzbauer and Vogt (127) and later
confirmed by many others. In his excellent review, Munson (201) calculated that
amounts higher than 20 mg per kg stimulated ACTH release in unanesthetized
rats. However, more direct parameters of adrenocortical activity have revealed
that doses as low as 2 mg of CPZ per kg already elicit a rise in pituitary-adrenal
activity (165, 268). Hamburger (116) found a dose-response relationship between
CPZ and AAD, and Sapeika (248), using doses as high as 300 mg per kg by
mouth, found an AAD lasting 3 to 6 hours. Kovécs et al. (157) showed that 15
mg of CPZ per kg in rats caused a significant AAD. Further depletion of AAD
in response to intraperitoneally administered hypertonic saline was not blocked.
Interestingly, the nuclear hypertrophy observed in the zona glomerulosa as a
result of salt loading was blocked by CPZ. Nagata (203) reported a significant
AAD with 8 mg of CPZ per kg. Lammers (164), using the rate of steroid pro-
duction by excised adrenal tissue as a parameter of pituitary-adrenal activity,
also demonstrated stimulation of ACTH release by CPZ in a dose-dependent
manner. Egdahl et al. (88), Egdahl and Richards (87), and Betz and Ganong
(25) observed an increase in circulating adrenal steroids after CPZ in dogs,
Sasaki (249) in guinea pigs, and Harwood and Mason (119) in monkeys. Egdahl
and Richards (87) showed that the rise in 17-OH-steroids in the adrenal efluent
was abolished in hypophysectomized dogs; this indicates that the action of the
drug is not at the adrenal gland directly.

The stimulating action of CPZ on ACTH release was carefully analyzed by
Smith et al. (268). These authors showed that sedative doses of CPZ elicited
ACTH release as measured by AAD and plasma corticosterone. Nonsedative
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TABLE 1

Effect of stress on piluilary-adrenal activity of male rats 12 hours after a single
subculaneous injection of 60 mg of chlorpromazine per kg

Corticosterone production sn vilro
ug/100 mg adrenal/hr
Treatment
Nonstressed I Strange environment i Ether anesthesia
1 i
Saline 2.6 + 0.5° | 9.7+ 009 | 125 + 1.0
P<.01 P<.05 | P<.01
Chlorpromazine 6.2 £ 0.5 6.9 + 0.8 8.1 £+ 1.4

e Standard error of the mean. Mean of 8 observations.

amounts did not affect pituitary-adrenal activity. High doses of CPZ caused a
persistent release of ACTH and reduced ACTH content in the pituitary. In
animals with a persistent ACTH release induced by 3 injections of 20 mg of
CPZ per kg spaced 8 hours apart, the effect of cold stress was markedly reduced.
This blocking action was explained on the basis of exhaustion of pituitary ACTH
stores. In a similar study by Lammers (164) a single subcutaneous injection of
50 mg of CPZ per kg elicited an ACTH release that lasted for at least 18 hours.
Exposure of rats with CPZ-induced persistent ACTH release to ether stress or
to the emotional stress of transfer to a strange environment, 12 hours after the
injection of the CPZ, did not significantly increase ACTH release from the
pituitary, as determined by the rate of corticosterone production by rat adrenal
tissue in vitro (table 1).

In CPZ-treated rats hypophysectomized 2 hours before 2 test doses of ACTH,
the sensitivity of the adrenal cortex to ACTH appeared to be moderately in-
creased (164). Pituitary ACTH content was not affected 12 hours after the
injection of 50 mg of CPZ per kg. Accordingly, the reduction in adrenal response
to stress in CPZ-treated animals could not be due to exhaustion of ACTH stores.
However, the sensitivity of the anterior pituitary to a crude corticotrophin-
releasing factor and to vasopressin used as a corticotrophin releaser was sig-
nificantly decreased (31, 164). Inhibition by CPZ of stress-induced release of
ACTH release could thus be explained by refractoriness of the anterior pituitary
to corticotrophin releasers. That this refractoriness was not merely the result
of long-term nonspecific stimulation of ACTH release by CPZ was shown by
the fact that the sensitivity of the anterior pituitary to vasopressin was not
diminished in rats in which bilateral nephrectomy had caused about the same
increase in pituitary-adrenal activity as in CPZ-treated rats (31).

Shuster and Hanna (263) showed that CPZ depresses incorporation of amino
acids into brain cells of rats; this indicates a depressed protein synthesis. This
effect could be abolished by placing the animals in an environmental temperature
of 35°C. However, in rats kept at 35° &= 2°C during the 12 hours of treatment
with the 50 mg per kg dose of CPZ, the anterior pituitary exhibited the same
reduced responsiveness to vasopressin as that of animals kept at 22° &+ 1°C
(De Wied, unpublished observations). Relatively small bilateral lesions in the
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anterior median eminence prevented the inhibitory effect of CPZ on vasopressin-
induced release of ACTH; the lesion did not interfere with the stimulatory
action of CPZ on ACTH release (31). These results suggest that CPZ may at the
same time activate and inhibit release of ACTH and that these 2 phenomena can
be separated by a lesion in the anterior median eminence of the hypothalamus.
The results are at variance with those of Smith et al. (268), who found a marked
depletion of ACTH from the pituitary after CPZ treatment. The facts that
these authors gave slightly more CPZ and measured pituitary ACTH content
20 hours, instead of 12 hours, after injection of the drug may explain the dis-
crepancy. It is worth noting that Reiss (236), with a single injection of 4 mg of
CPZ, found a slight increase in anterior pituitary ACTH for several days. In
addition, a low ACTH content in the pituitary does not necessarily mean that
ACTH release cannot be stimulated. Vernikos-Danellis (286) showed that
pituitaries low in ACTH can still release ACTH. Interestingly, Knigge et al. (155)
reported that the temporary block in ACTH release during severe stress was
removed by lesions of various loci around the median eminence. Kitay et al.
(150), who found effects on ACTH release with reserpine and adrenaline like
those observed by Smith et al. (268) with CPZ, explained the inability of the
drug-treated rats with persistent ACTH release to respond with an immediate
release of ACTH by the absence of readily available ACTH for immediate re-
lease, leaving chronic hypersecretion of ACTH unimpaired. For a more detailed
discussion on the significance of pituitary ACTH stores for release of ACTH the
reader is referred to the review of Munson (201).

Many reports appeared as to the occurrence of adrenal hypertrophy after
chronic treatment with CPZ (10, 25, 128, 210, 236, 271, 278). Tolerance to the
corticotrophic effect of CPZ does not seem to develop. In addition, chronic
treatment with the drug does not protect or only slightly diminishes pituitary-
adrenal response to stress. This holds for the rat as well as for the dog.

A low dose of CPZ, which causes a brief stimulation of pituitary-adrenal
activity, blocks the animal’s behavioral response to emotional stimuli (165, 270).
Two hours after the injection of 2 mg of CPZ per kg, adrenal activity is almost
normal again while the tranquilizing action of the drug reaches its maximum
effect at that time. If rats so treated, and clearly sedated, are exposed to emo-
tional stimuli like transfer to a strange environment, sound, pain, or a conditioned
emotional stressy, ACTH release is not impaired except for the corticotrophic
effect of pain stress, which is slightly reduced. Similar results were obtained by
Betz and Ganong (25) in the dog using immobilization as a stress. Pekkarinen
et al. (221) reported that CPZ in moderate doses failed to inhibit neurogenic
stress, induced by exposing rats to dogs and cats. Higher doses, which themselves
increased circulating corticosterone, reduced the pituitary-adrenal response to
neurogenic stress. Chronic administration of CPZ to guinea pigs did not reduce
the effect of a similar neurogenic stress as determined by urinary 17-ketosteroid
excretion. Accordingly, in unanesthetized rats, CPZ in relatively small amounts,
such as cause tranquilization, cannot reduce or block the effect of emotional
stress on ACTH release from the pituitary.
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Several authors have tried to overcome the stimulatory action of CPZ on
ACTH release by pretreating the rats with pentobarbital (Nembutal) before
giving CPZ, or by daily treatment with CPZ to obtain tolerance to the stimu-
latory effect or by injecting very low doses of CPZ, which do not stimulate or
only slightly stimulate pituitary-adrenal activity (10, 25, 166, 210, 260). Admin-
istration of 20 mg of CPZ per kg in rats pretreated with anesthetic doses of
pentobarbital blocked the effect of histamine, adrenaline, noradrenaline, and
unilateral adrenalectomy on AAD (210). Adrenal responsiveness to ACTH was
unaffected by CPZ. Sevy et al. (260) reported similar results and in addition
showed that the effect of pitressin in rats treated with pentobarbital and CPZ
was not blocked. Since pitressin possesses corticotrophin-releasing activity, the
site of the action of pentobarbital-CPZ block may be located in the brain. In an
attempt to reinvestigate the effect of stress in rats treated with pentobarbital
and CPZ, using the rate of corticosterone production by excised adrenal glands
as an index of ACTH release, CPZ in a dose of 20 mg per kg injected subcu-
taneously 15 minutes after an intraperitoneal injection of 42 mg of pentobarbital
sodium per kg completely blocked the ACTH release by histamine, nicotine or
unilateral adrenalectomy (164, 166). This amount of CPZ and even doses up to
50 mg per kg did not stimulate ACTH release in rats anesthetized with pento-
barbital. The sensitivity to ACTH of the adrenal cortex of rats anesthetized with
pentobarbital and treated with 20 mg of CPZ per kg was similar to that of animals
anesthetized with pentobarbital only and to that of hypophysectomized rats.
Lysine vasopressin in amounts of 300, 900 and 2700 mU per kg stimulated
pituitary-adrenal activity in rats treated with pentobarbital and CPZ much as
in animals treated with pentobarbital without CPZ. Since lysine vasopressin can
release ACTH in the rat made unresponsive to noxious stimuli by destruction
of the median eminence (see for review 103), the results indicate that the
blocking action of pentobarbital plus CPZ is located in the brain.

Betz and Ganong (25) failed to record a change in adrenal venous 17-hydroxy-
steroid output in surgically stressed dogs after injection of 2.5 mg CPZ per kg
followed by a 30-minute infusion of the same amount. It might be that the dose
of CPZ was not sufficient to block the release of ACTH and that the stress was
too strong. In fact, ACTH release may be stimulated in the pentobarbital-CPZ
blocked rat during severe surgical stress (De Wied, unpublished observations).
Thus, in the rat the combination of pentobarbital and CPZ blocks stress-induced
ACTH release. Pentobarbital alone can inhibit pituitary-adrenal activity in
response to mild stimuli only (38, 143, 208, 253). Severe stresses like surgical
trauma and the injection of substances like the catecholamines, serotonin,
carbachol, nicotine, efc., in sufficient amounts break through the pentobarbital
block. The combination with CPZ also inhibits the corticotrophic effect of the
latter category of stresses although very severe noxious stimulating may not
prevent stimulation of ACTH release.

The anesthetic action of pentobarbital is potentiated by CPZ (71). Brodie
et al. (39) showed that CPZ sensitizes the central nervous system toward the
action of pentobarbital and these workers regarded CPZ as a ‘“‘true potentiator.”
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Lessin and Parkes (168), however, thought that CPZ affects the metabolism of
pentobarbital. Be this as it may, CPZ also potentiates the inhibitory effect of
pentobarbital on stress-induced ACTH release. Whether or not intrinsic inhibitory
effects of the drug on ACTH release come into play cannot be determined. In
this respect it is worth mentioning that the combination pentobarbital-mepazine
has a much weaker inhibitory effect on stress-induced ACTH release than
pentobarbital-CPZ (211), and that potentiation of anesthesia by mepazine is
also much weaker (279).

D. Growth hormone

Treatment with daily doses of 2.5 mg per kg of CPZ administered by mouth
for 4 weeks does not affect body weight in male and female rats (183). In a strain
(ZBC) of mice fed 0.3 % of CPZ for a considerable time growth was retarded (74).
In rats treated for 314 months with 10 mg of CPZ, growth was stunted (271).
Administration of growth hormone returned the gain of body weight to normal.
From this experiment it was inferred that CPZ blocks release of growth hormone.
In fact Miiller et al. (200) found that CPZ inhibited depletion of growth
hormone in the pituitary in response to insulin hypoglycemia. This result, how-
ever, may be also explained by an anti-insulin action of CPZ (32, 51, 135, 207,
243). Meyer and Knobil (187), measuring growth hormone in blood by a radio-
immunoassay, found that CPZ in a dose of 1.2 to 1.5 mg per kg induced a large
increase in circulating growth hormone in the monkey. These doses effected a
marked tranquilization. Long-term experiments were not performed. The latter
results indicate that CPZ stimulates release of growth hormone as it stimulates
release of ACTH. In this respect it is worth mentioning that growth hormone
release is affected by the same stimuli as ACTH release (160, 187, 219).

11. CHLORPROMAZINE AND THE INTERMEDIATE LOBE OF THE PITUITARY
A. Melanocyte-stimulating hormone

A few papers were found in the literature on the effect of CPZ on melanocyte-
stimulating hormone (MSH). Scott (257) showed that CPZ causes melanophore
dispersion in the normal frog and in the sand dap. Scott and Nading (258) further
showed that CPZ and related phenothiazines, with the exception of mepazine,
cause melanophore dispersion in normal frogs. Since all drugs tested were without
effect in hypophysectomized frogs, it was concluded that these compounds bring
about release of MSH either by a direct action in the pituitary gland or indirectly
via the brain. The possibility was also recognized that the effect could be due to
potentiation of MSH instead of release of active hormone. However, one of the
drugs used (fluphenazine) did not delay paling when injected into frogs shortly
after hypophysectomy when circulating MSH is still present.

Evidence for an effect of CPZ on pituitary MSH in rats was provided by Kastin
and Schally (140). These authors showed that the MSH content in the pituitary
of rats treated with various phenothiazines decreased. In these rats injection of
MSH or MSH-release-inhibiting factor resulted in pituitary MSH levels higher
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than those of rats treated with the phenothiazine only. Since hypothalamic le-
sions in the frog decrease the MSH content of the pituitary (139) and addition
of hypothalamic extracts to rat pituitaries in vitro similarly decreases pituitary
MSH, the results indicate that the phenothiazines act in the hypothalamus. As
in the case of prolactin release (186), the phenothiazines seem to operate by re-
moving central inhibitory influences on MSH-release.

III. CHLORPROMAZINE AND THE POSTERIOR LOBE OF THE PITUITARY
A. Antidiuretic hormone

Most of the studies done with regard to the posterior lobe are on the effect of
CPZ on therelease of antidiuretic hormone (ADH). The drug induces anti-
diuretic as well as diuretic effects, and its action on ADH release is not clear (107).

Meier et al. (184) were the first to report the antidiuretic action of CPZ in
hydrated rats. A relationship between dose and antidiuretic response was found.
The dose-response curves of pitressin and CPZ, however, did not run parallel.
When the rats were hydrated with 0.9 % NaCl instead of water, the antidiuretic
effect of both pitressin and CPZ disappeared. A relationship between dose and
antidiuretic effect was also found by Supek et al. (273) with amounts of CPZ of
1 to 20 mg per kg. CPZ had nearly no effect on chloride excretion. In addition,
in rats anesthetized with alcohol a very low dose of CPZ (0.05 mg per kg) elicited
a marked antidiuresis while in rats with diabetes insipidus the antidiuretic effect
of CPZ was no longer demonstrable. The latter observation suggests that the anti-
diuretic effect of CPZ is due to increased release of ADH. Kovics et al. (158)
showed that 1.5 mg of CPZ per kg caused a brief antidiuretic effect in hydrated
rats. A dose of 2.5 mg of CPZ per kg elicited an evanescent inhibition of water
diuresis in the rat hydrated with 0.2 % NaCl solution (293). Since CPZ poten-
tiates the action of ADH, a peripheral mode of action for the antidiuretic effect
of the drug was suggested. (158). This is in accord with the findings of Supek et al.
(274) that CPZ in doses of 0.08 and 10 mg per kg significantly potentiated the
antidiuretic action of nicotine and of posterior pituitary extract. Interestingly,
the higher dose of CPZ reduced the chloruretic effect of these 2 substances, a
phenomenon which has been ascribed to an action of oxytocin on the kidney
(40). Tiwari et al. (280) further showed in the hydrated rat that substitution of
the propyl group by an ethyl group in the side chain may reverse the antidiuretic
action of CPZ and induce water diuresis.

In contrast to most investigators, Dasgupta, (79) failed to find an effect of
CPZ on urine excretion in hydrated rats. The drug was injected in a dose of 5 mg
per kg half an hour before water loading. Since the antidiuretic action is evanes-
cent, the timing of the experiment may have obscured an antidiuretic action.
However, Bachrach et al. (16) found that 10 mg of CPZ per kg 2 hours before
hydration induced a sustained antidiuresis. Boris and Stevenson (33) found that
8 or 10 mgof CPZ per kg injected into rats 1 hour before water loading induced a
significant antidiuresis while 4 mg per kg did not. These authors compared struc-
turally unrelated psychodepressants and considered the intensity of their anti-
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diuretic effects to be related to the severity of CNS depression they elicited. In
this respect it is of interest to note that Jacobson (130) found that lesions in the
septal area of rats, which cause a primary polydipsia, sensitized the animal to-
ward the antidiuretic effect of CPZ but not that of pitressin.

Studies of the rate of urine excretion in hydrated animals indicate that CPZ
in sedative amounts may inhibit water diuresis. Marked hemodynamic changes
may occur as a result of the treatment with CPZ (269). In addition it causes
renal ischemia in rabbits (16). These changes suffice to explain the transitory
antidiuretic action of CPZ.

ADH release, however, may take place after the acute administration of CPZ
and related drugs. Khazan ef al. (145) used the increase in water uptake through
the skin of amphibians as a bioassay of mammalian ADH. CPZ and other pheno-
thiazines promoted water uptake through the skin of Bufo viridis and Rana
pipiens. The effect was similar to that of pitressin or pituitary homogenates,
although the action of the phenothiazines was of much longer duration. Hypophy-
sectomy almost completely prevented the effect. Thus, the influence of the pheno-
thiazines on water uptake through the skin is mediated by the pituitary. Poten-
tiation of circulating ADH was not excluded as a possible explanation.

Several studies have been done with more direct parameters of activity of the
hypothalamo-neurohypophyseal system. Kivalo et al. (151) found that 25 mg of
CPZ per kg for 7 days to rats reduced neurosecretory material in the neuro-
hypophysis but not in the supraoptic and paraventricular nuclei. Animals treated
with the drug drank less water but produced more urine. Antidiuretic activity in
blood was less in CPZ-treated rats. According to these authors CPZ depresses
the hypothalamus, inhibits thirst and reduces release of ADH. Bachrach et al.
(16), working with lower doses, found no effect of 10 mg of CPZ per kg daily for
6 days on neurosecretory material in the neurohypophysis. Depletion of neuro-
secretorv material during dehydration was not affected by CPZ treatment. A 2%
saline solution given by mouth to rabbits induced a decrease in the number of
cells and in the size of the cells and granules in the hypothalamus. This was not
seen in animals treated with CPZ. Moses (195) found that daily administration
of 20 mg of CPZ per kg inhibits the pituitary depletion of ADH that normally
occurs during water deprivation for 48 hours. These amounts of CPZ also pre-
vent depletion induced by hypertonic saline. The rate of reaccumulation of ADH
in rat pituitaries at the end of the water deprivation period was unaffected by
CPZ. Interestingly, administration of CPZ to adrenalectomized rats maintained
on desoxycorticosterone and isotonic saline failed to inhibit dehydration-induced
depletion of ADH. Since glucocorticoids inhibit ADH release (181, 295) and
counteract the osmotic stimulus to ADH release presumably by a renal effect
(194), the results may be partly explained by the stimulatory effect of CPZ
on the pituitary-adrenal system (127). Shibusawa et al. (262) found that increased
neurosecretory activity in the supraoptic and paraventricular nuclei of the
hypothalamus observed after scalding in dogs was prevented bypretreatment
with 2.5 mg of CPZ. In hydrated rats 2.5 mg of CPZ per kg prevented the
antidiuretic response to painful stimuli but not to histamine or nicotine, which
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are thought to act in the hypothalamus (293). These results suggest that CPZ
inhibits central mechanisms involved in pain or emotion rather than the hy-
pothalamic neurons that produce and secrete ADH. In this respect it is
worth mentioning that CPZ in very high doses prevents EEG arousal in response
to painful stimulation (281).

The studies cited above indicate that CPZ may cause a brief stimulation of
ADH release. In high amounts given over several days CPZ may depress syn-
thesis of ADH and in lower dose levels may inhibit ADH release in response to
hypertonic salt loading or to painful stimuli. Until the influence of CPZ on anti-
diuretic activity in the circulation has been accurately assessed, the action of the
tranquilizer on ADH release cannot be determined with certainty.

B. Ozytocin

Not much is known about the effect of CPZ on release of oxytocin. Chaudhury
(54) found that CPZ in a dose of 5 mg per kg blocks milk ejection in the lactating
rat. The fact that administration of oxytocin overcomes the block, suggests that
inhibition of milk ejection is caused by inhibition of oxytocin release. Since doses
of CPZ lower than 0.5 mg per kg did not prevent reflex release of oxytocin, the
injection per se could not have acted as a nonspecific stress, for this is known to
block milk ejection (76). Neither ADH nor ACTH blocked milk ejection. In
another study Chaudhury et al. (55) showed that CPZ in a dose of 2.5 mg per kg
reduced stress-induced block of milk ejection in the guinea pig. Since Cross (75)
has shown that adrenaline released during stress may be responsible for the
blockade of milk ejection, the adrenolytic action of CPZ might have been respon-
sible for inhibition of the stress-induced block. However, Chaudhury et al. (55)
showed that neither a- nor 8-adrenergic blockers inhibit the stress-induced block.
The action of CPZ may be located in the brain, where it may weaken the effect
of stress and prevent inhibition of oxytocin release. Depletion of oxytocin in the
posterior pituitiary in response to scalding was found to be inhibited in dogs
pretreated with 100 mg of CPZ (262). In a recent study Yokoyama and Sawyer
(301) failed to observe CPZ-induced block of milk ejection in the lactating rat.
Pups suckling mothers treated with 5 or 10 mg of CPZ per day could obtain as
much milk in 2 hours as those of nontreated control mothers. These results are at
variance with those of Chaudhury et al. (55). In the studies of the latter worker,
the effect of CPZ was determined 25 minutes after injection of the drug while
Yokoyama and Sawyer (301) treated the animals for 5 days. Effectiveness of the
treatment was judged by sedative effects on the mother, signs of pseudopreg-
nancy, and maintenance of mammary function after weaning. However, in the
experiments of Yokoyama and Sawyer (301) milk ejection of placebo-treated
mothers declined at a faster rate during the 5 days of observation than that of
nontreated controls. This may be the result of the stress of handling and injection
which may have been reduced by CPZ.

The reports which have appeared indicate that CPZ may block the release of
oxytocin. However, firm conclusions have to await results in which more direct
parameters of oxytocin activity in the circulation are studied.
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IV. CLINICAL EFFECTS OF CHLORPROMAZINE ON ENDOCRINE FUNCTION

Clinical studies with CPZ have been performed mainly in patients with psy-
chiatric disorders. The results may therefore be clouded by changes which take
place after treatment with CPZ. An interesting study by Friedell (100) demon-
strates the influence of the state of the patient on the results obtained when
psychotropic drugs are given. Patients in a chronic tension state had a higher-
than-normal ¥I-uptake by the thyroid. In a double-blind study with 12 patients
treated with meprobamate with or without benactyzine or with a placebo, when
the tension, nervousness and excitement of the patients subsided as a result of
treatment, #I-uptake by the thyroid was brought back to normal. Accordingly,
relief of anxiety and tension by treatment with thedrug may not necessarily
reflect influences of CPZ on pituitary function.

A description of the most common clinical effects of CPZ are given below.
Effects on gonadal, on thyroid and on adrenal function are treated in subsequent
order, followed by a brief survey of the influence of CPZ on ADH release.

That CPZ may affect the pituitary-gonad axis in man much as it does in ani-
mals has been shown by Whitelaw (296), who studied the effect of CPZ on ovula-
tion in regularly cycling patients and found that an injection of 25 mg of CPZ
twice daily 1 to 3 days before ovulation, as assessed by morning temperature and
endometrial biopsies, postponed menstruation for 8 to 16 days. Administration
of CPZ at the end of the cycle did not delay menstruation. Accordingly, it can be
deduced that in women, as in animals, CPZ blocks ovulation and enhances secre-
tion of prolactin.

Therapy with CPZ is associated with menstrual irregularities, amenorrhea and
galactorrhea. Many reports have appeared on the effect of CPZ on gonadal func-
tion in female patients (13, 60, 63, 72, 82, 93, 101, 106, 122, 146, 162, 175, 225,
234, 240, 299). Most observations were done in mentally ill patients. The most
frequent disturbance found is amenorrhea and menstrual irregularities. Amenor-
rhea seems to be accompanied by galactorrhea in 80 % of cases (82). It is seen
only in patients treated with relatively high doses of the drug (13, 82, 162). The
amenorrhea may last several months or may disappear spontaneously either when
the treatment is stopped or when the dosage of CPZ is reduced.

The frequency with which galactorrhea occurs varies considerably. It is found
in women more often before than after the menopause (82) and it can be observed
8 to 30 days after onset of the treatment with doses between 25 and 600 mg daily
(see review 20). For example in a study with 145 psychiatric patients, Py and
Mathieu (233) found that more than 70 had galactorrhea while Robinson (239)
found galactorrhea in only 7 out of 66 patients treated with large doses of CPZ.
Khazan et al. (146) found galactorrhea in 33 cases of 650 psychiatric patients
treated with CPZ. Of the phenathiazines used, triflupromazine proved to cause a
higher incidence of galactorrhea than CPZ.

Vaginal smears of patients treated with CPZ indicate estrogen deficiency (63,
162, 225). Colmeiro-Laforet (63) observed proliferation in endometrial biopsies
in 2 women, 21 and 60 days after the last menstruation. Curiously, the admini-
stration of progesterone induced bleeding in one of the patients but administra-
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tion of estrogen did not. FSH excretion in the urine was normal in patients treated
with 150 to 200 mg and increased with doses between 300 and 400 mg of CPZ
(225). However, Hauser et al. (122) reported a decrease in FSH excretion in
women treated parenterally with 200 to 500 mg of CPZ daily. 17-Ketosteroid
excretion in the urine is within normal limits (225) or relatively low in patients
treated with fairly high doses of CPZ (122, 225). Urinary pregnandiol excretion
may be also decreased (122). These observations need to be extended. Conclu-
sions as to the mode of action of CPZ with respect to the induction of amenorrhea
and galactorrhea have to await careful analysis of gonadal activity in the human
being with more sophisticated methods.

A number of studies indicate that CPZ may decrease signs of hyperthyroidism.
CPZ in combination with mild hypothermia gave steady falls in pulse rate, tem-
perature, and other signs of thyrotoxicosis (86, 129). In 2 myxedematous patients
CPZ induced hypothermic coma within a short time (134). However, in euthy-
roid and hyperthyroid patients treated with 200 mg of promazine daily for 10
to 21 days, *I-uptake, serum protein-bound iodine and cholesterol levels did not
change (206). Lovei et al. (172) similarly failed to find an antithyroid effect of
CPZ in hyperthyroid patients.

In schizophrenic patients, amounts of 100 to 400 mg of CPZ daily given alone
or in combination with imipramine did not appreciably affect 3 I-uptake, serum
protein-bound iodine, cholesterol or basal metabolic rate (22). Reichlin et al. (235)
treated schizophrenic patients with 2000 mg of CPZ daily in addition to other
drugs for 30 days. These patients slept for 20 hours a day. In spite of these ex-
tremely high doses of the drug, serum protein-bound iodine was not changed; but
thyroxine turnover was accelerated during the last 10 days of treatment. If am-
bulatory psychiatric patients were treated daily with 600 mg of CPZ, a decrease
in protein-bound iodine was found, indicating a decrease inthyroid hormone pro-
duction. In contrast, in 20 psychotic patients with a normal thyroid function
Crammer and Pover (73) found no significant increase in *'I-uptake after giving
them 300 mg of CPZ daily for 3 months. In a study with 123 patients Blumberg
(28) found that CPZ caused an increase in *I-uptake. Amounts of 300 mg of
CPZ plus 3.75 mg of procyclidine were given daily and were augmented suc-
cessively at weekly intervals up to 1200 mg of CPZ plus 15 mg of procyclidine.
The latter drug was administered to prevent extrapyramidal symptoms even-
tually caused by CPZ. Procyclidine alone did not alter '*I-uptake. These results
indicate increased iodide trapping as a result either of increased TSH release or of
recirculation of the iodide. Alterations in renal clearance or iodide, especially in
patients treated with high doses of CPZ, may account for recirculation and the
consequent increase in uptake. Perry and Hughes (222) showed that decrease in
the renal excretion of iodide in renal disease may result in an increase by the
thyroid. Increased uptake of %I is also seen in liver disease (199), and since
chronic treatment with CPZ may cause liver damage, alterations in 3I-uptake
may be the result of this effect.

The pituitary-adrenal axis may be also affected by CPZ. A decrease in cir-
culating adrenal steroids has been reported after treatment with CPZ in doses
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between 300 and 450 mg daily (67). A decrease in excretion of adrenocortical
steroids in the urine during CPZ treatment was found by several authors (24, 67,
149, 224, 272). However, orally administered CPZ failed to affect 17-keto- or
17-hydroxysteroids in the urine whereas intramuscularly injected CPZ had a
transitory inhibitory effect (99). With high doses of CPZ Mefferd et al. (182)
failed to observe a decrease in urinary excretion of 17-ketosteroids or 17-hydroxy-
steroids. Kinberger et al. (149) found that intravenous injection of CPZ causes a
fall in circulating eosinophils, and Gold et al. (112) observed a moderate increase
in urinary 17-hydroxysteroid excretion. Both observations indicate a stimulation
of ACTH release.

Inhibition of stress-induced pituitary-adrenal activity in man by CPZ was
reported by Christy et al. (58). The rise in circulating adrenal steroids induced by
insulin coma was inhibited by CPZ. The drug increases blood glucose levels in
animals and counteracts insulin hypoglycemia (32, 51, 135, 207, 243). In addition
it causes an abnormal glucose tolerance curve in patients (51). However, Hassel-
blatt and Shuster (120) found that although CPZ inhibited hypoglycemia caused
by tolbutamide, it did not affect insulin hypoglycemia. In fact, Christy et al.
(58) found that CPZ did not affect insulin hypoglycemia while blocking insulin-
induced ACTH release. Kinberger et al. (149) failed to find inhibition of eosino-
penia during fever or after injection of adrenaline in patients treated with CPZ.
Fotherby et al. (99) found that the corticotrophic effect of typhoid vaccine was
partly inhibited in schizophrenics treated with CPZ. Since the adrenal response
to ACTH was similarly depressed, it would appear that CPZ had a direct action
on the adrenal cortex. Gold et al. (112) found the increase in circulating ACTH,
induced by methopyrapone in patients to be reduced by CPZ. The effect of
ACTH in patients treated with methopyrapone was also reduced. Sloane et al.
(265) also reported adrenal responsiveness to ACTH depressed in CPZ-treated
patients. Some authors, however, found a normal adrenal response to ACTH
(58, 149, 156) in patients treated with CPZ. The pituitary-adrenal response to
surgical stress does not seem to be affected by treatment with CPZ (58, 112, 283).
Kothari et al. (156) found that CPZ inhibited eosinopenia after heat stress in
psychiatric patients.

Not much is known of the effect of CPZ on posterior pituitary activity. Some
influences of the drug have been described on release of ADH.

Diuretic effects of CPZ have been found in patients. Cohen (61) showed that
3.5 mg of CPZ infused in approximately 2 hours caused a significant diuresis in
normal persons as well as in patients with cor pulmonale or congestive heart
failure. The diuresis was not accompanied by increased electrolyte excretion.
These small amounts of CPZ did not affect blood pressure. Diuretic effects of
CPZ were also reported by Moyer et al. (196). Parrish and Levine (216) found a
marked effect on renal hemodynamics when 25 mg of CPZ were given intra-
venously. It reduced glomerular filtration rate and renal plasma flow, and it
increased renal resistance without an alteration in blood pressure. These changes
returned to normal within an hour. It was held that CPZ caused renal vaso-
constriction involving both afferent and efferent arterioles. In fact, slightly larger
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doses than 3.5 mg of CPZ infused in approximately 2 hours, which decreased
blood pressure, reduced urine output to almost zero (61). The observed diuretic
effects of CPZ in man are thought to be caused by blockade of the release of
ADH. This is supported by findings of Parrish and Levine (216), who detected a
decrease in antidiuretic activity in urine of patients during CPZ-induced diuresis.
Mefferd et al. (182) found an increased urine flow in schizophrenic patients treated
for 6 months with approximately 400 mg of CPZ daily, but fluid intake was also
increased in these patients. Dilworth et al. (83) reported a case of fatal poisoning
in a boy of 3 who swallowed 800 mg of CPZ. During treatment of the acute poi-
soning, marked diuresis occurred. It was suggested that either kidney damage or
depression of endogenous release of ADH was the cause of this diabetes insipidus-
like effect. Accordingly, CPZ in human subjects induces diuresis rather than
antidiuresis, and this may be the result of inhibition of ADH release.

From the results cited, the action of CPZ on pituitary function in man cannot
be determined with certainty. Analysis of the action of the drug in patients must
necessarily take into account the duration of the treatment, the dosage employed,
the measures used to detect the functional state of the gland and the state of the
patient at the time activity is determined.

CPZ induces amenorrhea and galactorrhea when administered for several
months in relatively high doses. Results suggest that CPZ in female patients
under prolonged therapy, as in animals, may induce pseudopregnancy. The
effects of CPZ on thyroid function vary considerably and do not permit conclu-
sions about the mode of action of CPZ on thyroid function. The acute adminis-
tration of CPZ in man, as in animals, seems to increase, while chronic treatment
tends to decrease the activity of the pituitary-adrenal system. The activity of
this system in response to stress may or may not be reduced depending on the
type of stress used. Some evidence points to the adrenal cortex as the site of ac-
tion of CPZ in blocking pituitary-adrenal activity. CPZ may also affect the
posterior pituitary in man by inhibition of the release of ADH since diuresis
rather than antidiuresis was observed.

V. CENTRAL EFFECTS OF CHLORPROMAZINE AND THE NERVOUS CONTROL OF THE
PITUITARY GLAND

A. Dose-response and structure-activity relationships of chlorpromazine with respect
to pituitary activity

CPZ exhibits manifold influences on pituitary function. From the animal
studies cited above it may be inferred that a single injection of the drug inhibits
the release of TSH, FSH-LH and oxytocin while it stimulates the discharge of
ACTH, prolactin, growth hormone and presumably MSH and ADH. Chronic
treatment with CPZ leads to blockade of the release of TSH and FSH-LH and
stimulation of the release of ACTH and prolactin. Continuous administration of
CPZ does not markedly affect the release of oxytocin or ADH, but stress-induced
release of oxytocin or ADH may be partially blocked. Pituitary hormone secre-
tion is not necessarily affected by treatment with the phenothazines.
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The dose range required to elicit tranquilizing effects lies between 0.5 and 1.5 mg
per kg for most animals species (71, 165, 191). These amounts of CPZ do not
alter or only slightly alter pituitary function. Failure to inhibit TSH-release (299)
or to prevent oxytocin release (54) have been found with doses below 2.5 mg per
kg. Similarly, failure to stimulate ACTH release (268) and prolactin release (23)
or to elicit significant effects on antidiuresis (158, 273) were found with these
amounts of the drug. Doses of 5 mg or more, which exceed those necessary to pro-
duce psychodepressant effects, block TSH release (108), ovulation (18), and milk
ejection (54) and stimulate ACTH release (164, 268), growth hormone release
(187), prolactin release (17, 19, 52), MSH release (140, 258) and antidiuresis
(273, 293). Accordingly, CPZ-induced alterationsin pituitary activity are not neces-
sarily related to intrinsic psychodepressant properties of the drug. The same may
be said for its clinical application. High amounts of the drug given for a consider-
able time tend to produce endocrine dysfunction. The pituitary-gonad axis
seems to be most susceptible of all endocrine functions. Interestingly, this is also
the function that disappears first upon damage to the pituitary in animals and in
spontaneous pituitary insufficiency in man (104, 171, 223, 261).

Structure-activity relationship studies with respect to endocrine activities of
substituted phenothiazines in animal species, however, generally are well cor-
related with similar relationships on the therapeutic potency of these drugs (14).
Increased psychodepressant action in patients results from substitution in the
second position with a trifluoromethyl moiety for a chloride substitution and in
the tenth position with piperazine structures for the aliphatic side chain (14). In
fact, replacing the C1 with CF; increases the effect of CPZ on ACTH release
(268), prolactin release (21, 146, 284) and MSH release (258), on pituitary MSH
depletion (140), on blockade of induced ovulation (232) and, on the mortality
rate of offspring (202), but it reduces the effect on ADH release (145, 273). Re-
placement of the chloride by hydrogen, weakens the blocking effect of the pheno-
thiazine on ACTH release (210), prolactin relase (146), MSH release (258),
and ADH release (145, 273). Substitution with SCH; however, does not change
the antidiuretic potency of the phenothiazine (33) nor the effect on pituitary
MSH depletion (140).

Substitution at position 10 may also affect the potency of CPZ on pituitary
activity. Replacement of the aliphatic side chain by a piperidine does not
materially alter the influence on the pituitary. The stimulatory effect on ACTH
release of CPZ and mepazine is about the same (211, 268) and CPZ and thiorida-
zine are also nearly equipotent in producing antidiuresis (33) or pituitary MSH
depletion (140). Replacement with a piperazine side chain, however, enhances
MSH release, pituitary MSH depletion, and prolactin release (21, 140, 146, 258,
284) while the release of ADH is diminished (145, 280). Accordingly, a trifluoro-
methyl at position 2 and a piperazine side chain at position 10 except, for the
effect on ADH release, enhance the influence of the phenothiazines on the pitui-
tary. This is not in accord with clinical observations comparing psychodepressant
effects with the action of phenothiazines on endocrine function. In a review of
clinical effects, Ayd (14) stated that the more intense the psychodepressant



274 DE WIED

effect of the phenothiazine derivative, the less its sedative and hypnotic effect
and the less its effect on autonomic and endocrine activity. Among the deriva-
tives discussed, mepazine and CPZ appeared to be more sedative and to exhibit
more autonomic and endocrine effects than the piperazine derivatives with a
chloride or trifluoromethyl group in the second position, which seem to have more
affinity for limbic and extrapyramidal systems. The discrepancy between experi-
mental and clinical studies in this respect may be explained by the fact that in
general, relatively more of the drug is administered to animals than to human
beings, while the central nervous system of the latter group may be more sus-
ceptible to the psychodepressant action of the phenothiazines.

B. Influence of chlorpromazine on midbrain reticular-limbic-hypothalamic connec-
tions as a possible locus of action on pituitary activity

The powerful central effects of CPZ make it highly probable that the drug in-
terferes with pituitary function via influences exerted at central nervous struc-
tures and the abundance of data indicating that brain centers control pituitary
function suggests that the action of CPZ concerns those centers which regulate
pituitary activity. It is well accepted that the hypothalamus is the final com-
mon pathway through which stimuli are funneled to the adenohypophysis (117).
Various releasers are produced in this structure (115) and transported via the
portal vessel system to the adenohypophysis. Presumably the rate of stimulation
of the neurons in the hypothalamus that secrete the releasing factors is modified
by facilitatory and inhibitory influences exerted by higher brain centers. As
Nauta (205) pointed out, the hypothalamus represents a ‘‘nodal point’’ in a series
of networks which connect the mesencephalic and rhinencephalic limbic sys-
tem. By acting on these structures, CPZ may affect pituitary function. Killam
(147), who critically reviewed the literature concerning the influence of pheno-
thiazines on the midbrain reticular formation, concluded that evidence that
CPZ exerts its tranquilizing effect by a depression of this formation or by depres-
sion of incoming information is unconvincing. In a clinically effective dose, which
does not affect pituitary function, CPZ also does not depress activity of the mid-
brain reticular formation. In the dosage in which CPZ in animal experiments
alters pituitary function, it elevates the threshold for sensory-induced arousal
and also arousal produced by direct stimulation (36, 148, 225). This is shown by
findings of Barraclough and Sawyer (18), who showed that in rats a dose of 5 mg
of CPZ per kg, which blocks ovulation, also increases EEG arousal threshold to
direct stimulation of the midbrain reticular formation. These authors suggested
that CPZ, like atropine, morphine and the barbiturates, combines the inhibition
of activity in the midbrain reticular formation activity with blockade of the re-
lease of pituitary ovulation hormone. In later experiments Sawyer (250) demon-
strated that the threshold of the rhinencephalic-hypothalamic EEG afterreac-
tion, which seems to be affected by the concentration of LH in the blood, is more
sensitive to CPZ than the threshold of midbrain reticular arousal. It isof interest
to note that rhinencephalic-hypothalamic structures are more closely concerned
with pituitary-gonadal activity than the midbrain reticular formation (250).
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Since similar structures in the brain are involved in the release of the other pitui-
tary hormones, one might expect that the influence of CPZ on the mesencephalic-
limbic and on rhinencephalic-limbic structures alters the function of the pituitary
gland via the hypothalamus.

The fact that release of several of the pituitary hormones is blocked while at
the same time that of others is stimulated may be explained by assuming that
CPZ stimulates or depresses facilitatory and inhibitory areas in the brain involved
in the regulation of pituitary function. For example, electrical stimulation of the
anterior hypothalamus stimulates TSH release (6, 45, 118) whereas stimulation
of the posterior hypothalamus causes inhibition of thyroid activity in normal and
in adrenalectomized rabbits (118). In addition, Anderson et al. (4) showed that
lesions in the midbrain cause inhibiton of thyroid activity while destruction of
preoptic areas leads to its stimulation. In view of these considerations, CPZ may
stimulate inhibitory as well as suppress facilitatory areas in the brain to inhibit
TSH release. Rhinencephalic and mesencephalic areas exert inhibitory and
stimulatory influences on pituitary ACTH release as well. Electrical stimulation
of the amygdaloid complex elicits an increase in ACTH release (89, 178, 209,
259, 266). Stimulation of hippocampal areas inhibits ACTH release or prevents
stress-induced increase in the discharge of ACTH (90, 178, 276). Destruction of
the hippocampus, the septal or anterior hypothalamic areas (29, 154, 170) or the
posterior hypothalamus (34, 155) facilitates ACTH release. Local application of
CPZ in the mesencephalic reticular formation or in the posterior hypothalamus
stimulates ACTH release (30). On the other hand, application of CPZ in the
mesencephalic reticular formation, but not in the posterior hypothalamus, blocks
pituitary-adrenal activation in response to electrical shock, formalin injection, or
immobilization (30). Thus, under appropriate conditions CPZ may exhibit
facilitatory and inhibitory influences on ACTH release via the same structures in
the central nervous system. Lack of knowledge about the action of CPZ on mid-
brain reticular-rhinencephalic-hypothalamic connections and of the central
organization of the regulation of pituitary function makes it difficult if not im-
possible to determine the role of higher brain centers on CPZ-induced alterations
on pituitary activity. In addition, multiple sites of action of CPZ in the brain
must be considered as possible influences that influence pituitary function via
the hypothalamus. One may therefore assume that, either by depressing afferent
input or via the centersmentioned above, CPZ is of itself sufficient to cause altera-
tion in pituitary activity.

C. Influence of chlorpromazine on the hypothalamus as a possible locus
of action on pituitary activity
Studies indicate that CPZ is evenly distributed in the body and that most of
it is concentrated in the brain (245). The hypothalamus seems to contain more
than other areas in the brain. De Jaramillo and Guth (132) showed highest con-
centrations in the hypothalamus, medulla, hippocampus, and midbrain in the
dog. Wase et al. (292), using 35S-CPZ, found that phenothiazine was widely
distributed throughout the areas in the brain, but the hypothalamus exhibited
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continual accumulation, indicating specific affinity of CPZ for this brain area.
In contrast, Sjostrand et al. (264) found that %¥S-CPZ concentrated preferentially
in the cerebral cortex, the hippocampus, and the thalamic nuclei. Accumulation
studies are doubtful as an index of the site of action of a drug. Yet, other experi-
ments point to the hypothalamus as the locus of action of CPZ. Decsi and Méhes
(81) showed that the inhibitory effect of CPZ on oxidative phosphorylation in
various parts of the brain of cats and dogs is most marked in the hypothalamus.
In this structure, which represents the final common pathway to the pituitary,
the nuclei and nerve endings that elaborate the various releasers are situated. If
the main action of CPZ is on hypothalamic centers involved in the mechanism
of release of pituitary hormones, one has to postulate again that it blocks stimula-
tory or removes inhibitory influences, or that the regulation of the release of
a number of pituitary hormones is reciprocally organized.

Since the area in the hypothalamus that blocks ovulation after a lesion also
induces activation of the mammary glands (121, 251) and decreases prolactin
content of the anterior pituitary (138), Sawyer and associates proposed that this
region of the hypothalamus exerts a reciprocal control over ovulation and lacta-
tion; the evidence, however, is conflicting, and other authors maintain the view
that there are separate hypothalamic sites for the control of the secretion of
FSH-LH and that of prolactin (95, 241, 242). Similar reciprocal relationships
seem to exist between other pituitary hormones. A decrease in pituitary-thyroid
activity occurs after exposure to a variety of stressful stimuli (44, 117) and in
response to the administration of adrenocortical hormones (41, 43). Recently
Sakiz and Guillemin (244) showed that TSH release, as induced by thyrotrophin-
releasing factor in the rat, is accompanied by a decrease in ACTH release in
response to stress, and conversely, when the secretion of ACTH is inhibited by
dexamethasone and pentobarbital, the pituitary secretes higher quantities of
TSH in response to thyrotrophin-releasing factor. Ducommon et al. (85) showed
that TSH levels disappear in rats within minutes of minor nonspecific environ-
mental variations and exteroceptive stimuli, which are known to stimulate the
release of ACTH also within a few minutes (see for review 103). The same may
hold for oxytocin and ADH release. Very strong stimuli to the neurohypophyseal
system release both oxytocin and ADH (1, 117, 291). However, emotional stress
that stimulates ADH release (285) inhibits the discharge of oxytocin (76), and
recent findings of Dingman et al. (84) in human subjects indicate a reciprocal
relationship in the release mechanism of these 2 octapeptides. This may not
always be true. For example, after stalk destruction or pituitary transplantations
the anterior pituitary usually secretes prolactin in more-than-normal quantities,
while the secretion of other trophic hormones is negligible (see for review 92).
Cold environment may release TSH simultaneously with ACTH (5, 153). Several
agents that elicit ACTH release, like histamine, fail to promote mammary secre-
tion or pseudopregnancy (186, 277), and the stimulus of suckling or high osmotic
pressure releases both oxytocin and ADH (77, 125, 126). If it is accepted for a
moment that FSH-LH and prolactin, TSH and ACTH, and oxytocin and ADH
are reciprocally released, one may postulate that those areas in the hypothalamus
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which regulate the secretion of either of these hormones is at the same time
blocked for the release of the counterpart hormones. On the analogy of the stimu-
lation of prolactin secretion by CPZ as the result of blockade of inhibitory struc-
tures in the posterior tuberal region of the hypothalamus (138), one may postu-
late that CPZ blocks hypothalamic structures that normally inhibit the release
of ACTH, prolactin or ADH, or stimulate the release of TSH, FSH-LH or oxyto-
cin.

D. Chlorpromazine as a stressor agent

It has been inferred by various workers that CPZ acts as a noxious stimulus
and that this explains its effects on pituitary function. Actually, stress, like
CPZ, causes ACTH release (103), prolactin release (186), growth hormone re-
lease (187), and ADH release (192), while FSH-LH release (186), TSH release
(117) and oxytocin release (75) may be blocked. The manifold actions of CPZ in
the body, the profound metabolic effects, the marked hemodynamic influences,
elc. (71), may account for nonspecific activation of the pituitary gland. However,
certain aspects of the effect of CPZ on pituitary function argue against this
hypothesis. The persistent ACTH release after high doses of the drug (268, 294)
is not encountered in common stress situations. Paradoxically, the drug protects
against all sorts of stress (15, 26, 56, 62, 136, 137, 197, 198, 215). In addition,
induction of continuous blockade of estrous cycles is not related to loss of body
weight (74). These observations do not support the hypothesis that CPZ acts as
a mere nonspecific stimulus.

E. The antiadrenergic action of chlorpromazine as a possible mode of action
on pituttary function

It is widely accepted that catecholamines are formed and stored in the brain.
Comparative studies of the distribution of noradrenaline in the brain of different
species indicate that the highest levels are localized in the hypothalamus (226,
227, 247, 288, 290). There is evidence of a central antiadrenergic effect of CPZ
(123, 176). The effects of CPZ on pituitary function may therefore be explained
by its antiadrenergic effects in the hypothalamus.

Blockade of sympathetic activity blocks ovulation (252). In fact, Coppola et al.
(65) showed that depletion of brain norepinephrine in rats induced ovulatory
failure. The monoamine oxidase inhibitor etryptamine (a-ethyltryptamine,
Monase) in dogs and rats (105, 254, 282) and other monoamine oxidase inhibitors
in man (156) block stress-induced release of ACTH, while stress causes the libera-
tion of catecholamines from the brain (180, 213). However, Smelik (267) showed
that rats with reserpine implants in the anterior basal hypothalamus, which
deplete catecholamine stores, respond normally to stress with pituitary-adrenal
activation. Although Psychoyos (229) argued that CPZ-induced pseudopreg-
nancy is not due to its antiadrenergic or anticholinergic effect since dibenzyline
and methantheline both oppose the luteotrophic action of the drug, Coppola et
al. (66) showed that a-methyl dopa and tetrabenazine, which interfere with
catecholamine synthesis, produce pseudopregnancy. Only those drugs which
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reduce brain noradrenaline levels can stimulate prolactin release. In this respect
it is significant that hypothalamic extracts obtained from rats treated with per-
phenazine remove the normally operating inhibitory influence of this structure
on prolactin release from cultured pituitary tissue (78). Martini (177) showed
that introduction of adrenaline into the cerebrospinal fluid of dogs raised TSH
titers in plasma within half an hour. However, microinjection of noradrenaline
or adrenaline into the hypothalamus in rats did not release TSH (113). Adrenaline
can release ADH (64) and block oxytocin release (76). Accordingly, a decreasein
sympathetic tone in the hypothalamus may result in removal of inhibitory in-
fluences on pituitary secretion of ACTH, prolactin and ADH, and simultaneously
block the discharge of TSH, FSH-LH and oxytocin.

The interaction between the autonomic nervous system and pituitary function
is not clear. Recent studies from many laboratories using histochemical fluores-
cence techniques (94) as a measure of detecting the presence, the nature, and the
activity of these biogenic amines in the hypothalamus point to an intimate rela-
tionship between secretory activity of the pituitary gland and hypothalamic
sympathetic activity. Studies as to the effect of psychodepressants on pituitary
and on hypothalamic sympathetic activity may be fruitful and eventually demon-
strate that the autonomic nervous system is more implicated in the regulation of
pituitary function than is realized today.

VI. CONCLUSION

This review surveys the influence of CPZ on pituitary activity. Analysis of the
literature indicates that the tranquilizer affects pituitary activity only in amounts
that exceed those necessary to induce psychodepressant effects in animal species.
In these amounts CPZ appears to block the release of FSH and LH and to stimu-
late the release of prolactin. It inhibits the discharge of TSH and it stimulates
the secretion of ACTH and growth hormone. In addition it seems to increase
the release of MSH and ADH and it may block oxytocin-release. The influence
of the phenothiazines on pituitary secretion depends on the amount of the drug
given, the duration of the treatment and the circumstances, like environmental
temperature, under which experiments are performed. The pituitary-gonadal
axis of all pituitary functions seems to be most susceptible to the drug in animals
and man. Clinically the most frequently observed endocrine dysfunction lies in
the pituitary-gonadal axis since amenorrhea and galactorrhea are most commonly
seen in female patients treated chronically with relatively high doses of thedrug.

The locus of action of the drug with respect to pituitary activity must be
sought in the brain, but extremely high doses of CPZ may antagonize the effect
of pituitary hormones or the influence of the target hormones on their respective
target tissues. In the brain CPZ may facilitate or inhibit structures that are
involved in the control of pituitary secretions. Mesencephalic limbic and rhinen-
cephalic limbic structures as well as the hypothalamus, which are known to be
affected by CPZ and which are known to be involved in pituitary activity, should
be regarded as the site of action of CPZ.

Some of the effects of CPZ on pituitary activity may be explained by its
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adrenergic blocking properties. This is based upon the concept that blockade of
ovulation, stimulation of prolactin release, as well as MSH release induced by
CPZ can be brought about also by depletion of catecholamines in the hypothal-
amus.

The effect of CPZ and related drugs on pituitary activity is complicated by
the manifold actions of the phenothiazines in the body. Profound metabolic
influences, hemodynamic effects, and marked disturbances in thermoregulation
may affect pituitary secretion in a nonspecific manner. These considerations make
it difficult to analyze the site of the action of the drug. This can be overcome if
better methods become available to determine pituitary activity. It may then
be possible to re-evaluate the effect of the phenothiazines on endocrine activity.

Only if direct measures to determine the respective pituitary hormones in the
circulation are employed, and the effect of CPZ is assessed after a single injection
or after chronic administration of the drug in various dosages and during various
periods of time in animal and man under normothermic and hypothermic con-
ditions, can the influence of CPZ and related drugs on endocrine activity be
established with certainty.
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ERRATUM
In the review by F. Buffoni of Histaminase and Related Amine Oxidases, vol.

18, p. 1170, table 2, i, “cyclic” ought to be ‘“‘sulfur”.





