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In vitro studies utilizing anterior pituitary
tissue have been employed for a number of
years to study the physiologic role of specific
agents on one or more of the hypophyseal
hormones. One of the cells that remains via-
ble and secretes its hormonal product in cop-
ious amounts when placed into an artificial
environment is the prolactin cell (1, 2). A
number of compounds have been used to
determine their effect on prolactin (PRL) se-
cretion in vitro. Some of those which have
been shown to be stimulatory are estrogen
(3-5), testosterone (5), thyrotrophin releasing
hormone (TRH) (5=7), cyclic AMP (8), and
cations (9, 10), while inhibition has been ob-
served with dopamine hydrochloride (DA),
(8, 11, 12), apomorphine (8), progesterone (P)
(5) and the ergot alkaloids (8, 11, 13).

Several investigators have obtained en-
riched cell fractions of rat anterior pituitary
cells from normal hypophyses (14-16). Hy-
mer and coworkers have successfully isolated
a PRL-rich fraction of cells from adult female
rat pituitary glands by velocity sedimentation
at unit gravity (17) and have used these cells
to examine the kinetics of PRL secretion (18).
Clones of pituitary cells have been established
by Yasumura et al. (19) and Tashjian er al.
(20) from a rat pituitary tumor. These cells
were first reported to produce either adreno-
corticotrophin (ACTH) or growth hormone
(GH) (19). In a later study several of the GH-
secreting strains were also shown to secrete
PRL (21). An attempt was made by Steinber-
ger et al. (22) to establish gonadotrophin se-
creting cell clones from normal rat pituitary
tissue. They found that a majority of their
clonal cells secreted neither gonadotrophic
hormone and that gonadotrophs could not be
well maintained in culture. Recently, Ishi-
kawa er al. (23) reported the establishment
from Rathke’s pouch tissue derived from nor-
mal rat fetuses of 65 clonal strains of pituitary
cells which produce PRL, GH and/or ACTH.

The following investigation utilized one of
these clones (2B8) to examine the direct ef-
fects of several compounds on PRL secretion.

Materials and methods. A clone of pituitary
PRL cells, designated 2B8, was derived from
the epithelium of Rathke’s pouch as previ-
ously described (23). The cells were placed
into Falcon culture dishes (60 X 15 mm,
#3002) containing growth medium which
consisted of 85% Ham’s F10 medium and
15% virus screened fetal calf serum (Gibco
Biological Supplies), 50 pg/ml streptomycin,
50 U/ml penicillin and 0.5 pg/ml fungizone.
Each dish contained a total volume of 4 ml
of growth medium and approximately 1 X
10° cells. After seeding, the dishes remained
at room temperature for 2 hr and were then
transferred to a humidified CQO, incubator,
and maintained at 37° with a gas mixture of
5% COs, 5% O2, and 90% air for 10 days.
Following this, the medium was discarded
from each dish and replaced with fresh
growth medium containing 10~° M E; [estra-
diol sodium sulfate (Steraloids, Inc.)],' 2 X
107 M TRH (Beckman, Inc.), or a mixture
of both 10® M E; and 2 x 107° M TRH.
After 3 days, the medium was again discarded
and replaced with fresh growth medium con-
taining the aforementioned concentrations of
E,, TRH, or E; and TRH alone or in com-
bination with 107 M DA (Sigma Chemical
Corp.). After an additional 6 hr, the medium
was collected and stored frozen for subse-
quent quantitation of PRL content by ra-
dioimmunoassay. The 2B8 cells were also
cultured using the same protocol (10 days
growth medium-3 days growth medium con-
taining secretagogue-6 hr growth medium
containing secretagogue or inhibitor) with

! The estradiol and progesterone were initially dis-
solved in absolute alcohol and then put into the growth
medium. The final concentration of alcohol in the ste-
roid-containing medium was 0.5%.
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varying concentrations of Es or P [4-pregnen-
3,20 dione (Mochida Pharmaceuticals Co.
Ltd.)]! ranging from 107" M to 10~® M, 107®
M E; plus 107 M P, or with 10™° M to 10~°
M of DA. In all studies, 10 dishes were
cultured in triplicate for each dose level of
secretagogue or inhibitor employed. In addi-
tion, two types of control cultures were rou-
tinely performed using the aforementioned
10 day-3 day-6 hr protocol. In the first, a
series of dishes containing only growth me-
dium and no cells were utilized (“medium
only” control), and in the second, the dishes
contained growth medium and 2B8 cells only
(“cells only” control). After each experiment,
the cells were stained with 0.1% trypan blue
and counted using a hemocytometer.

The PRL concentration in the media was
measured by radioimmunoassay using a ho-
mologous rat PRL assay system employing
reagents supplied in kits by NIAMDD. The
rat PRL was iodinated using a slight modifi-
cation of the lactoperoxidase procedure as
described by Aubert et al. (24). The inter-
and intra-assay coefficients of variation were
8.2% and 6.7%, respectively. All values are
expressed in terms of NIAMDD rat PRL-
RP-1. The data were statistically analyzed by
analysis of variance and by the ¢ test for
comparison of differences between means.

Results. The amount of PRL released into
the media by the 2B8 cells incubated with
varying concentrations of E; and P is shown
in Fig. 1. The concentration of PRL in the
dishes containing 107! M E; was essentially
the same as the “cells only” control. In con-
trast, there was a dose-related increase in
PRL levels in the media from cells incubated
with 1071° M-10"% M E,, with the maximum
amount of PRL secretion occurring with 1078
M Es. When 1077 M and 107 M E; were
utilized, PRL release declined to levels which
closely approximated values recorded in the
“cells only” controls. In this study as well as
in the subsequent experiments, PRL was not
detectable in the “medium only” control. A
dose-related decrease in PRL secretion was
observed following the incubation of the 2B8
cells with concentrations of P ranging from
1071 M to 10~® M. Moreover, an inhibition
in the amount of PRL secreted by the cells
was recorded when 107 M E; and 107 M P
were simultaneously added to the culture me-
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FiG. 1. Prolactin concentration (mean + SE) in cul-
ture media from 2B8 cells incubated with E: (stippled
bars) or P (open bars), from 107''M to 107¢ M, or 1078
M E; and 107® M P (cross hatched bar). a = ns, b = P
< 0.001 as compared to “cells only” control (COC).

dium. This, however, was not as great as the
decrease noted with P alone. Besides affecting
PRL production by the 2B8 cells, E; and P
also induced changes in cell proliferation. E»
stimulated a significant increase in cell num-
ber at all concentrations examined which was
dose-related. This increase ranged from 5.4%
in the group incubated with the lower con-
centration of E; to 42.3% in the group incu-
bated with 107% M. The dose of E; which
caused the maximum release of PRL only
stimulated a 19.3% increase in cell number.
In contrast, P inhibited cell proliferation. This
effect was statisticallgl significant only with
concentrations of 10~ M-107% M. No change
in cell number was observed when the two
steroids were incubated together.

There was nearly a twofold rise in PRL
release from cells cultured with 107 M DA
(Fig. 2). However, with higher concentrations
of DA, a decline in PRL release was observed
which was significantly lower than the “cells
only” control at dosages of 1077 M-10"° M.
The total cell number in dishes containing
DA-supplemented media was the same as
that present in the “cells only” control.

The results of the study in which E; (1078
M), TRH (2 X 10~° M) and DA (10~° M)
were incubated alone or in combination are
shown in Fig. 3. Alone, E; and TRH mark-
edly stimulated PRL release. There was no
statistical difference in the amount of PRL
secreted by the cells incubated in the presence
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FiG. 2. Dose-related secretion pattern of PRL (mean
+ SE) by 2B8 cells following incubation with 107° M to
107° M DA. a = ns, b = P < 0.001 as compared to “cells
only” control (COC).
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FiG. 3. Effect of 107* M DA, 107 M Eyand 2 X 10~%

M TRH alone or in combination with each other on

PRL secretion (mean * SE) from 2B8 cells. a = ns, b =

P < 0.001 as compared to “cells only” control (COC).

of E; as compared to the response from TRH.
When the cells were cultured with a combi-
nation of E; and TRH, significantly more
hormone was released (P < 0.001) than when
each was incubated alone, albeit this effect
was not additive. Simultaneous incubation of
E: and DA or TRH and DA resulted in a
marked decrease in PRL release to levels
which were similar to that observed in the
“cells only” control. The inhibitory effect of
DA on the combination of TRH and E,,
however, was not as great. TRH and E; alone,
in combination with each other or with DA
significantly increased cell proliferation. DA
alone had no effect.

Discussion. The present investigation dem-
onstrates the first use of a normal diploid
clone of pituitary cells for the study of the
regulatory mechanisms that control PRL se-
cretion. The 2B8 clone has previously been
shown by radioimmunoassay to secrete only
PRL (23). The only other viable clones of
pituitary cells that have been extensively used
experimentally are those developed by
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Tashjian and coworkers from rat pituitary
tumors (19, 20). While these were initially
found to produce more than one hormone
(19-21), subsequent studies with subclones
derived from these strains have shown that
certain strains secrete only GH or PRL (21,
25).

In our experiments, the 2B8 cells have been
shown to be responsive to Ez, P and TRH
much like the GH tumor cells. In comparing
our observations with those of Haug and
Gautvik (5), it can be noted that the tumor
cells initially responded to tenfold less E
than the 2B8 cells; however, both cell strains
produced a maximum amount of PRL with
1078 M Es. At higher concentrations (up to
107 M), PRL secretion by the tumor cells
plateaued, while that of the 2B8 cells fell
precipitously. Observations similar to ours
with varying doses of E; have been obtained
in vitro using organ cultures of anterior pitui-
tary tissue (4) and in ovariectomized rats
given dosages of 0.1-500 ug estradiol ben-
zoate (26). At all dose levels of P tested, there
was significantly less PRL released from 2B8
cells than occurred in the “cells only” control
cultures. In contrast, Haug and Gautvik (5)
observed significant changes in the amount
of PRL released by the tumor cells only with
1078 M-107% M P. Although slightly less PRL
was seen in the media containing 10~° M P,
they reported no significant inhibition with
doses of 107! M-10"° M P. When the tumor
(5) or the 2B8 cells were incubated simulta-
neously with 107 M E; and 107° M P, less
PRL was secreted than with E» alone. The
suppressive effect of P on E; was greater on
the 2B8 cells than on the GH tumor cell line.
In the presence of the two steroids, the tumor
cells produced 124% more PRL than their
control cultures (5) while the 2B8 cells se-
creted 28% less than the “cells only” controls.
An inhibition of the stimulatory effect of Es
by P has also been observed in vivo following
the simultaneous administration of 1 ug Es
and 0.5, 1 or 4 mg P to ovariectomized rats
(26). Both the 2B8 and the tumor cells were
stimulated by TRH (Fig. 3; 5, 27). When the
2B8 cells were incubated with TRH and E,,
a 19% increase in PRL secretion was recorded
over that obtained with TRH alone. In con-
trast, the GHj cells produced more than twice
as much PRL under similar conditions (5).
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The discrepancy in the two studies may be
due in part to the difference in the amount of
TRH employed, which in our experiment was
100 times less than that used by Haug and
Gautvik (5); both investigations utilized the
same concentration of E;. The stimulation of
PRL secretion by either TRH or E; was
suppressed to control levels by DA, while
simultaneous incubation of the 2B8 cells with
TRH, E: and DA reduced PRL levels by
about 50%. These observations are consistent
with those of Hill-Samli and MacLeod (7).

Proliferation of the 2B8 cells was stimu-
lated by TRH and E, inhibited by P and not
affected by DA. There was no correlation
between cell proliferation and PRL release or
inhibition. Cell number was at its maximum
with the dose of E; that failed to stimulate
PRL release. Incubation of the cells with
TRH or E; lead to a 15-fold increase in PRL
release but only a 19-20% increase in cell
number. DA inhibited hormone release but
had no effect on cell proliferation. The degree
of inhibition of PRL release by P was much
greater than the extent to which cell number
was reduced. In their studies with the GHs
tumor cells, Haug and Gautvik (5) found no
change in cell growth (as determined through
quantitation of cell protein) with either E; or
P. They speculated that either the cells had
lost the ability to proliferate under the influ-
ence of E; or that the factor(s) responsible for
cell growth were of hypothalamic origin. In
light of our findings, the latter hypothesis
seems unlikely.

Heretofore, the only reported investigation
in which stimulation of PRL release was ob-
served with DA was that of Malarkey et al.
(28). They found an increase in PRL release
by GH tumor cells using 4.5 X 107> M DA.
A similar phenomenon was consistently ob-
served from the 2B8 cells with 10™° M DA.
Since concentrations of DA in the hypophy-
seal portal blood have been reported to be in
excess of 107° M (29), the significance of our
observations remain unclear. The secretory
pattern of the 2B8 cells was unaffected by
10® M DA. Likewise, no change in PRL
release was observed following incubation of
hemipituitary glands with approximately 1.2
X 107® M DA (30). Other investigators (7, 8,
12, 17) including ourselves who have em-
ployed DA at concentrations which more
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closely approximate those values found in the
hypophyseal portal blood (29) have obtained
a marked inhibition of PRL secretion. From
these reports one would assume that DA acts
to inhibit the secretion of PRL from the
anterior pituitary gland. However, this prem-
ise has recently been challenged by Neill et
al. (31) who failed to obtain a significant
correlation between peripheral PRL levels
and DA concentration in the portal blood
during the estrous cycle. This then raises the
question of what the physiological role of DA
is in the regulation of PRL secretion.
Summary. Prolactin (PRL) release was as-
sessed using clonal cells from the 2B8 strain
grown in the presence of estradiol (sodium
sulfate) (Ez), progesterone (P), thyrotrophin-
releasing hormone (TRH) and/or dopamine
hydrochloride (DA). Using concentrations of
E: ranging from 107" M to 107® M, it was
found that a significant amount of PRL was
released with doses of 107'° M to 1078 M. No
effect was observed with either higher or
lower concentrations of the steroid. Approx-
imately the same amount of PRL was re-
leased from pituitary cells incubated with 2
% 107 M TRH as was noted with 107° M E,.
When these two secretagogues were com-
bined, significantly more PRL was present in
the medium than when either was employed
alone. Prolactin release was significantly in-
hibited from cells cultured with 1077 M-10~°
M DA, lower concentrations were either in-
effective or were found to stimulate PRL
secretion. In combination with 1078 M E; or
2 x 107 M TRH, 10~ M DA significantly
reduced the stimulatory effect of either of
these two compounds. However, when Es and
TRH were incubtaed together in the presence
of DA, less of an inhibition of PRL was noted
than when DA was combined with either E,
or TRH. Inhibition of PRL release also oc-
curred when the cells were incubated with
107 M-10% M P. In addition, the stimula-
tory effect of 107 M E; was found to be
suppressed by 107® M P. The results indicate
that the 2B8 clonal strain is sensitive to agents
known to effect PRL secretion in vivo.
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