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Proliferative Activity of Pituitary Mammotrophs in Culture : 
a Morphological Study on DNA Synthesis Using In Vitro 

Bromodeoxyuridine Labeling ~ e t h o d t  
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= Abstract = The present study was designed to investigate the proliferative activity of 
mammotroph in the long-term monolayer cultures of male rat pituitaries by use of 
bromodeoxyuridine(BrdU)-labeling technique combined with double immunohistoche- 
mica1 staining. Rat anterior pituitary cells were exposed to 100 uM BrdU for 4 hrs at 4, 
7, 12, 15, 20, 25 and 30 days in the primary cultures. After fixation with modified 
Carnoy's fixative, double immunohistochemical staining with anti-BrdU and anti- 
prolactin antibody was performed. It was shown that the ratio of BrdU-labeled 
mammotrophs per 100 mammotrophs(BrdU Labeling Index) was 8.2% a t  4 day and 8. 
0% at  7 day in our cultures. Thereafter, it decreased until 30 days(l.7%). These results 
demonstrated that the increase in the proportion of mammotrophs observed in our pre- 
vious monolayer cultures is caused, a t  least in part, by the cell division of mam- 
mortrop hs. 
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understand the patterns of the cellular res- 
ponses to the culture environment. 

We had prev~ously observed that the pro- 

The cell culture system is known to be a portion of the mammotrophs increased while 

valid model for study~ng the dynamic proper- that of somatotrophs decreased during the 

ties of the hormone produc~ng cells. Since the monolayer pituitary cell cultures of the male rat 

cellular reactions during the culture vary with pituitaries(Eoh et a/. 1992; Lee et a/. 1993). The 

the type of cells, it must first be investigated to results were consistent with the reports of other 
researchers such as Tixier-Vidal et a/. (1975). 
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Baker et a/ .  (19761, and Shin et a/. (1988). The 
poss~ble hypotheses for these phenomena have 
been proposed by Olivier et a/. (1 974). First, 
multipotent stem cells remain in the adult an- 
terior pituitary gland. Second, the fully dif- 
ferentiated cells may be able to undergo mi- 
tos~s.  Third, a fully differentiated cell can be 
converted to another type of fully differentiated 
cell. 

Among these, the mitotic act~vity of mam- 



motrophs in culture was demonstrated by Lee 
et a / .  (1993) who used colcemid, the mitotic 
arresting drug. In addition, the proliferating ac- 
tivity of a cell population can be estimated by 
the thymidine index, which is expressed as the 
percentage of cells labeled by 3~- thymid ine 
(Baserga 1989). Since most pituitary cells which 
incorporate 3H-thymidine into DNA subse- 

3 quently divide, H-thymidine labeling is an in- 
direct estimate of cell mitosis. Although, the 
thymidine labeling index has been used as one 
of the most reliable criteria for the proliferating 
activity until now, it has several disadvantages 
including poor resolution and long exposure 
time. To overcome these problems, we used the 
bromodeoxyuridine(BrdU) labeling method in 
the present study. Bromodeoxyuridine, a syn- 
thetic thymidine analogue, incorporates into the 
replicating DNA, and visualization is possible by 
immunohistochemical staining using monoc- 
lonal antibody(Gratzner 1982). 

The purpose of this study is to show 
further evidence of the mitotic activity of the 
mammotrophs in the monolayer pituitary cell 
cultures using BrdU-labeling. 

Although there has been a report which 
used BrdU-labeling to study mammotroph pro- 
liferation during the postnatal period(Carbaj0- 
Perez and Watanabe 1990), as far as we know, 
this is one of the first reports that applied the 
BrdU-labeling technique combined with double 
immunohistochemistry for the study of the mam- 
motroph proliferation in the in vitro system. 

MATERIALS AND METHODS 

Animals 
Sprague-Dawley male rats weighing 200-250 

gm were housed in a temperature controlled 
(22-25°C) and artificially illuminated(lights on 
for 12 hrs) animal room. Food and water were 
available ad libitum. At least fifteen animals 
were killed between 09:OO-12:OO h by cervical 
dislocation. The pituitary glands were removed 
ase'ptically. The neurointermediate lobe was 
discarded, and the remaining tissue was used 
in this study. 

Cell dissociation and culture 
The anterior lobe was cut into small 

fragments in sterile Hanks' balanced salt sol- 
ution(HBSS, Gibco), transferred to a 15 ml coni- 
cal centrifuge tube containing 5 ml HBSS, and 
allowed to settle out. The supernatant was 
decanted and replaced with 10 ml HBSS con- 
taining 0.2 % collagenase(CLS, Worthington 
Biochemical Co.) and 50 pglml deoxyribonu- 
clease(Type IV, Sigma) and incubated for 1 hr 
at 37°C in a water bath. The cells were 
harvested by centrifugation for 10 min at 100 g. 
After two more washes in HBSS, the cell sus- 
pension was passed through a stainless steel 
mesh(pore size = 50 pm). The cells were finally 
suspended in a Dulbecco's Modified Eagle's 
Medium(DMEM, Gibco) containing 10 O/O fetal 
calf serum(Gibco), 2 mM L-glutamine, 25 mM 
HEPES, and 40 ,uglml gentamycin. 

Viable cells were counted by 0.2 O/O trypan 
blue and adjusted to a concentration of 3 x 1 0 5  
cells/ml. 100 p1 cell suspension was plated onto 
polylysine(0.1 mglml), coated fluorocarbon co- 
verslips(Allied Chemical), placed in plastic cul- 
ture petri dishes. The cells were incubated in a 
humidified atmosphere of 5 % C02- 95 '10 air at 
37°C. After the initial 48-72 hr incubation which 
allowed the cells to adhere to the coverslips, 
fresh culture medium was added to overflow 
the petri dishes. Thereafter, media were chan- 
ged every 3 days and the cell culture was 
maintained up to 30 days. 

BrdU-labeling and detection 
BrdU(Sigma) was added to culture medium 

to adjust the concentration to 100 11 M at 4, 7, 
12. 15, 20, 25 or 30 days in culture. After 4 hr in- 
cubation with BrdU, the coverslips were washed 
with phosphate buffered saline(PBS), and fixed 
in a modified Carnoy's fixative(methanol:acetic 
acid =3: l  V IV)  for 30 min at RT. Cells were 
washed with PBS, treated with 1 N HCI for 10 
min and with 2 N HCI for 15 min for DNA 

denaturation. 0.1 M borax solut~on was used for 
neutralization followed by inactivation of en- 
dogenous peroxidase by immersing the cover- 
slips in methanol containing 0.3% H202 for 30 



min. Cells were ~ncubated in 1:100 normal horse 
serum diluted in PBS for 30 min at RT. BrdU in- 
corporation was detected by incubating the cell 
with 1:50 anti-BrdU monoclonal antobody for 1 
hr, biotinylated anti-mouse gamma globulin for 
1 hr, ABC reagent(Vector, ABC kit PK6102) for 1 hr 
and 33-diaminobenzidine(DAB)(Sigma) for 1 min. 

lmmunohistochemical staining for prolactin 
In order to visualize mammotrophs in cul- 

ture, the pituitary cells which were already 
stained with anti-BrdU antibody were washed 

Fig. 1. Inverted photomicrographs of pituitary 
cells in the primary culture. Note two 
types of cells based on nuclear mor- 
phology. The pituitary secretory cells 
with smaller nuclei are more refringent, 
dense and round, while the cells with 

larger nuclei are the typical squamous 
fibroblasts. X 100. A : 5 days in culture, 
B : 20 days in culture 

with PBS, incubated with 1:5000 rabbit anti-rat 
prolactin antibody(UCB) at 4°C overnight, 
biotinylated anti-rabbit antibody for 1 hr, ABC 
complex(Vectastain kit) pk6101 for 1 hr and 
benzidine dihydrochloride (BDHC, Levey et a/ .  
1986) for 3 min. BDHC were used to produce 
blue-colored products. 

Quantitation of BrdU labeled mammotrophs 
The numbers of double immunostained 

mammotrophs were counted under a light micro- 
scope at a magnification of 400X. The bromode- 
oxyuridine labeling index(BL1 = ratio of the 
number of BrdU-labeled mammotrophs per 100 
mammotrophs) was calculated and analyzed. 

Fig. 2. Cultured mammotrophs after double 
immunocytochemical staining with anti- 
BrdU(brown) and anti-prolactin(b1ue) 
antibodies. X 400. A : BrdU-labeled and 
unlabeled mammotrophs, B : BrdU-labeled 
binucleated mammotrophs 



RESULTS 

lmmunohistochemical staining results for BrdU 
and prolactin 

Anterior pituitary cells were maintained in a 
monolayer culture system for up to 30 days. 
The types of cells could not be distinguished by 
shapes(Fig. 1). With the double immunohis- 
tochemical staining, cytoplasmic prolactin gran- 
ules were identified by the presence of the 
blue-colored BDHC reaction products and the 
BrdU-incorporation in the nuclei by the presence 
of the brown-colored DAB reaction products. 
Anti-BrdU immunoreactivity was found in the 
nuclei of other cell types as well as mammo- 
trophs(Fig. 2, 3) The patterns of nuclear BrdU 
staining in mammotrophs were various. That is, 
it showed a diffuse but unevenly stained ap- 
pearance in the overall nucleoplasm(Fig. 4A), 
preferential localization close to the nuclear 
boundary and the nucleolus(Fig. 4B), or limited 
localization close to the nuclear membrane(Fig. 
4C). 

Changes of the BLI of mammotrophs during 
the culture period 

Table 1 shows the time course of BLI of 

Fig. 3. Photomicrographs of BrdU incorporated 
anterior pituitary cells. lmmunoperoxidase 
stain for BrdU followed by counterstain 
with hematoxylin shows many labeled 
nuclei. X 200. 

mammotrophs cultured by this method. It 
showed that the mitotic activity could be found 
from 4 to 30 days in culture. Mammotrophs 
showed BrdU-labeling in 8.2 percent at 4 days 

Fig. 4. Nuclear BrdU staining patterns of cul- 
tured mammotrophs, X 1,000. 
A :  The staining is shown throughout the 

nucleus. Heterochromatin is more 
heavily labeled than interchromatin. 

B : The labeling is localized preferentialy 
close to the nuclear boundary and 
around the nucleolus. 

C :  Localization close to the nuclear 
membrane is observed. 

Table 1. The BrdU labeling index of mammo- 
trophs during the long-term monol- 
ayer pituitary cell cultures. 

Days in BrdU labeling index* 

culture 

4 8.2 + 1 .O 

7 8.0 f 3.0 

12 .4.6 k 1.7* 

15 4.4 -t 2.0 

20 3.0 + 0.9 

2 5 3.0 f 0.9 

30 1.7 f 0.3 

* Percent of BrdU labeled mammotrophs per 100 

mammotrophs. These values are the 95 O/O confi- 

dence intervals. (mean k t0.025 x SE) 

* The value is significantly d~fferent from those of 

the earl~er days in culture(p(0.05). 



in culture and in 8.0% at 7 days. 
However, at 12 days the value of BLI was 

reduced significantly (P ( 0.05). Thereafter, the 
values of the BLI decreased until it showed 
1.7% at 30 days. 

DISCUSSION 

Compared to other morphological methods 
which have been used for the study of pituitary 
cell proliferation, BrdU-labeling seems to be the 
most suitable technique because of its sim- 
plicity, reproducibility and high resolution. 
Moreover, it allows the detection of specific cell 
types when combined with double immunocy- 
tochemical staining. However, there has been 
no BrdU-labeling study, to our knowledge, that 
was able to distinguish the specific type of 
BrdU-labeled pituitary cells in the culture sys- 
tem. 

In the present study, we were able to dem- 
onstrate the proliferative activity of mammo- 
trophs in the monolayer cultures of male rat 
pituitaries by use of BrdU-labeling followed by 
double immunohistochemical staining. Optimi- 
zation of protocol was performed as follows: 

The commonly used concentration of BrdU 
has usually been 10 pM, but more than 10 pM 
of BrdU has not been reported to cause 
problems (Beisker et a / .  1987). After several pre- 
liminary studies, we determined the optimal final 
concentration of BrdU as 100 /tM. The minimum 
incubation time with BrdU was reported to be 6 
minutes in case of plasmacytoma cells in vitro 
(Gratzner 1982). However, in the present study. 
at least 1.5 hours was required for the detection 
of BrdU incorporation with monoclonal anti- 
body. Since the obtained BLI was lower than 
7 percent, which was not enough to evaluate 
the differences in the BLI during the culture 

period, we increased the incubation period up 
to 4 hrs. 

For fixation, cold methanol has been found 
to be better than 70% ethanol when used for 
NACM6 and PRE-B cell lines to show good 
morphological preservation and successful 
double immunohistochemical stain for BrdU 

and other antigens(Compana at al. 1988). The 
experiment by McNicol et a/. (1990), in which 
70% ethanol was used as a fixative, could not 
successfully show the results of the double 
immunohistochemical stain. Therefore, we used 
the mixture of methanol: acetic acid(3:l) which 
was used by Gratzner(1982). 

The present study confirmed that mam- 
motrophs are capable of mitosis and showed 
the changes of mitotic activity during the long- 
term pituitary cell cultures. From 4 to 7 days in 
culture, BLI was as high as 8.2% and then 
decreased. The time course of BLI was similar 
to that of our previous study using colcemid 
(Lee et a/ .  1993), but the magnitude was differ- 
ent. It was conceivable that the mitotic rate was 
higher with colcemid, because the longer incu- 
bation time was used with colcemid(24 hrs) in- 
stead of 4 hrs for BrdU labeling. Also, the DNA- 
replication and mitotic rates at a given point of 
time cannot be expected to be exactly same. 
However, our studies did not reveal the relative 
contribution of mamrnotroph mitosis and con- 
version of sommatotrophs into mammotrophs 
to the increase in the proportion of mammo- 
trophs in the culture system. 

It is known that the prolactin is secreted in 
high levels in the initial period(4 days) of the 
primary pituitary cultures due to the removal of 
hypothalamic inhibition(Linda et a/. 1979). 
Although the underlying mechanism has still 
not been fully elucidated, it was suggested that 
the increased secretion of prolactin is attributed 
to the increased number of mammotrophs 
(Daniel et a/. 1964; Antunes et a/ .  1980) as well 
as to the increased prolactin synthesis from 
each cell. Therefore, our results raised a ques- 
tion as to whether or not the high mitotic ac- 
tivity of mammotrophs demonstrated in the 
early period of our studies accompanied the 
disconnection from the hypothalamus. However, 
we cannot exclude the possibility of mitotic ef- 
fect of the steroids in the fetal bovine serum 

used for our culture media. Further studies are 
required to elucidate the mechanism of in vitro 
mammotroph proliferation. 



REFERENCES 

Antunes JL, Louis K, Cogen P. Section of the 
pituitary stak in the rhesus monkey. Neuro- 
endocrinol 1980; 30:76-82 

Baker BL, Reel JR, Van Dewark SD. Persistence 
of cell types in monolayercultures odf 
dispersed cells from the pituitary pars distalis 
as revealed by immuno histochemist ry. Anat 
Rec 1976; 179:93-106 

Baird A, Morm de P, Ying SY, Wehrenber WB, 
Ueno N, Ling N, Guillemin R. A non-mito- 
genic pituitary function of fibroblast growth 
factor: regulation of thyrotropin and pro- 
lactin secretion. Proc Nat Acad Sci USA 
1985; 82:5535-9 

Baserga R. Cell grwoth and division. IRL Press, 
1989 

Beisker W, Colbeare F, Gray JW. An improved 
immunocytochemical procedure for high 
sensitivity detection of incorporated bromod- 
eoxyuridine. Cytometry 1987; 8:233-9 

Billestrup N, Swanson LW, Vale W. Growth hor- 
mone-releasing factor stimulates proliferation 
in somatotrophs in vitro. Proc Nat Acad Sci 
USA 1986; 83:6854-7 

Bolam JP, lngham CA, lzzo PN, Levey Al, Rye 
DB, Smith AD, Wainer BH. Substance P-con- 
taining terminals in synaptic contact with 
cholinergic neurons in the neostriatum and 
basal forebrain : a double immunohisto- 
chemical study in the rat. Brain Res 1986; 
3971279-89 

Bower CY, Friesen HG, Hwang P. Prolactin and 
thyrotropin release in man by synthetic 
pyroglutamyl-histidyl-prolinamide. Biochen? 
Biophy Res Commun 1971; 45:1033-41 

Caron MG, Beaulieu M, Raymond V. 
Dopaminergic receptors in the anterior pitu- 
itary gland. J Biol Chem 1978; 253:2244-53 

Caselitz J, Saeger W. The ultrastructure of the 
pituitary gland under chronic stimulation of 
the ACTH cells in human pathology and ani- 
mal experiments. Endocrinology 1979; 
7311 63-76 

Cornpana D, Smith EC, Janossy G. Double and 

triple stainig methods for studying the pro- 
liferative activity of human B and T lymphoid 
cells. J Imm Met hods 1988; 1 07:79-88 

Daniel PM, Ducher LW, Prichard MML. The cy- 
tology of the pituitary gland of the rhesus 
monkey : changes in the gland and its target 
organs after section of the pituitary stalk. J 
Path Bact 1 964; 87:385-95 

Drouin J, Labrie F. Selective effect of andro- 
gens on LH and FSH release in anterior pitu- 
itary cells in culture. Endocrinology 1976; 
98.1 528-34 

Eoh W, Lee EY, Lee BL, Baik SH. Changes in 
the proportion of the prolactin and growth 
hormone cells in culture of rat pituitaries. 
Korean J Anat 1992; 25:22-30 

Gratzner HG. Monoclonal antibody to 5-bromo- 
and 5-iododeoxyuridine: a new reagent for 
detection of DNA replication. Science 1982; 
21 8:474-5 

Hunt TE. Mitotic activity in the anterior hy- 
pophysis of female rats of different age 
groups and at different periods of the day. 
Endocrinology 1943; 32:334-9 

Langer EM, R ttgers HR, Schliermann MG, Meier 
EM, Miltenburger HG, Schumann J, G hde W. 
Cycling-S-phase cells in animal and spon- 
taneous tumors. I. Comparison of the Brdurd 
and 3H-thymidine techniques and flow 
cytometry for the stimulation of S-phase fre- 
quency. Acta Radiol Oncol 1985; 24545-8 

Lee EY, Lee BL, Cha CI, Cho SS, Baik SH. Mor- 
phological evidence of mitotic activity of 
mammotrophs and somatotrophs in monno- 
layer cultured rat anterior pituitaries. Korean 
J Anat 1993; 26:3-16 

Levey Al, Bolam JP, Rye DB, Hallanger AE, 
Demuth RM, Mesulam MM, Wainer BH. A 
light and electron microscopic procedure for 
sequential double antigen localization using 
diaminobenzidine and benzidine dihydro- 
chloride. J Histochem Cytochem 1986; 
43:1449-57 

Vician L, Shupnik MA, Gorski J. Effects of estro- 
gen on primary ovine pituitary cell cultures: 
stimulation of prolactin secretion, synthesis 
and preprolactin messenger ribonucleic acid. 



Endocrinology 1979; 104(3): 736-43 
McNicol AM, Murray JE, McMeekin W. 

Vasopressin stimulation of cell proliferation 
in the rat pituitary gland in vitro. J Endocrinol 
1990; 126:255-9 

Meites J, Clemens JE. Hypoihalamic control of 
prolactin secretion. Vitam Horm 1972; 
30:165-221 

Nakane PK. Simultaneous localization of mul- 
tiple tissue antigens using the peroxidase- 
labeled antibody method : A study on pitu- 
itary glands of the rat. J Histochem 
Cytochem 1968; 1 6:557-60 

Oliver L, Vila-Porcile E, Racadot 0, Pellon F, 
Racadot J. Cited from "The anterior pituitary 
gland" Farguhar C & Tixier-Vidal A(eds). 
Academic Press, New Yourk, 1974 

Pomerat GR. Mitotic activit y in the pituitary of 

the white rat following castration. Am J Anat 
1941 ; 69:89-121 

Shin DH, Kim SU. H o r m o ~ a l  secretion by adult 
pituitary cells in culture. Hum Pathol 1988; 
19183-8 

St dler F, Stocker E, Dhom G, Tietze HU. 
Autoradiographic studies on nuclear DNA 
and RNA synthesis in the adenohypophysis 
of cast rated rats. Acta Endocrionol 1970; 
641324-38 

Stepi n H, Wolanluk A, Pawilikowski M. Effects 
of pimozide and bromocriptine on the an- 
terior pituitary cell population. J Neural 
Transrn 1978; 42:239-44 

Tixier-Vidal A. Gourdji D, Tougard C. A cell cul- 
ture approach to the study of anterior pitu- 
itary cells. Int Rev Cytol 1975; 41 :I  73-239 


