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Immunoassayable LH in media samples from rat anterior pituitary cell cultures declines
during storage and only 20% of the LH remains after 4 weeks at —20°C. The LH loss was not
due to bacterial contamination or to damage to the hormone from repeated freezing and
thawing. SDS—PAGE of 125I:LH in media samples showed greater recovery of ! 25IrLH when
1 mM bacitracin or 2% fetal calf serum were present in the medium. The ratio of intact: subunit
1251yLH was unchanged by the presence of bacitracin or fetal calf serum indicating that the
loss of immunoreactive LH was not due to dissociation of intact hormone. LH appears to be
irreversibly altered in stored culture media, a process which can be prevented by the addition of
bacitracin or fetal calf serum to the media prior to storage. The use of either substance allows
accurate and reproducible measurement of LH released from pituitary cells in culture.

Keywords: 1LH destruction; immunoassayable tLH; SDS—PAGE of rLH; rLH storage
losses.

The enzymatically dispersed pituitary cell culture method (Portanova et al.,
1970) has proven to be a powerful tool in the investigation of anterior pituitary
function. Numerous investigators have reported that gonadotropin-releasing hor-
mone (GnRH) stimulates release of luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) from cultured pituitary cells (Vale et al., 1972; Labrie et al.,
1973; Tang and Spies, 1975, 1976; Lloyd and McShan, 1976; Drouin et al., 1976;
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Hopkins and Gregory, 1977; Miller et al., 1977; Azhar et al., 1978). While investi-
gating the secretory dynamics of LH release from rat anterior pituitary cells, we
discovered that immunologically measurable LH in culture media was being lost
during storage at —20°. Such loss of end-product can greatly alter interpretation of
experimental results and precludes reassay of the media samples. To insure accurate
representation of the responsiveness of cell cultures, the experiments described in
this article were undertaken to document the LH loss and to investigate preventa-
tive measures.

MATERIALS AND METHODS

Cell dissociation and culture

The dissociated anterior pituitary cell culture method of Vale et al. (1972) was
modified as follows. Anterior pituitaries are removed from adult female rats (200—
225 g, Spartan) and rinsed 4—6 times in room-temperature sterile hepes-balanced
salt buffer. The pituitaries are minced into 1-2 mm pieces, rinsed a further 3—4
times, and then subjected to a 2-stage enzymatic dispersion by collagenase (1.4
mg/ml, CLS II, Worthington), followed by pancreatin (0.025%, Gibco). A ratio of 1
pituitary to 1 ml enzymatic buffer is used. Every 10 min, the suspension is vigor-
ously pipeted with a siliconized pasteur for 5 min. When the yield reaches 10®
cells/pituitary, the suspension is centrifuged at 250 g for 5 min. The pellet is
washed 4 times with Dulbecco’s modified Eagle’s medium (DMEM, Gibco) contain-
ing 10% fetal calf serum (FCS, Flow), 100 U/ml penicillin and 100 U/ml streptomy-
cin. Trypan blue exclusion is not used to check viability, since the validity of this
test in the presence of exogenous protein is doubtful (Simmons et al., 1976). Cells
are suspended in the culture medium (as above) at a concentration of 225000
cells/2 ml culture medium. The suspension is plated into Corning culture dishes
(35 X 10 mm) with a Cornwall repeating syringe (2 ml). Cultures are maintained in
a humidified atmosphere of 5% CO, and 95% air at 38°. Culture media is renewed
after 48 h.

Prior to the GnRH challenge (96 h after dissociation), the cells are washed once
with fresh DMEM, then incubated in DMEM (no FCS). 90—95% of the plated cells
remain attached to the dishes at this point. Triplicate dishes are exposed to 107! M
to 5 X107 M GnRH (Hoechst) as well as DMEM alone (basal release; controls).
After 4 h, the media is transferred from the plates to 12 X 75 mm culture tubes,
centrifuged to remove cells, and the supernatant stored at —20° for later assay.

LH assay

LH was measured by o-o1LH radioimmunoassay (RIA) (Niswender et al., 1968)
using LH RP-1 as standard with a 24 h : 24 h : 24 h (antisera : tracer : second anti-
body) incubation. DMEM, GnRH and other test substances were included in all
assays at the appropriate volumes and concentrations to exclude the possibility of
interference in the assay. During the sequential study on LH loss, the inter-assay
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and intra-assay coefficients of variation (CV) were determined from 5 standard sera
which were included 3 or more times in each LH assay.

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS—PAGE)

To examine the integrity of LH, samples to which iodinated rat LH (*?5IrLH)
had been added were subjected to SDS—PAGE. A known amount of *?*IrLH (6 X
10° dpm; ~1 ng) was added to media previously unexposed to cells (fresh media)
from cell incubations, both with and without inhibitors. Prior to analysis, samples
were stored for at least 72 h at 4° or —20°.

Polyacrylamide electrophoresis was performed according to the method of
Laemmli (1970) in 15% gels (15 X 15 X0.15 cm) containing 0.1% SDS. Protein
samples were prepared at concentrations of 0.5—1.0 mg/ml in sample buffer con-
sisting of 0.05 M Tris—HCI pH 7.5, 1% SDS, 10% glycerol and a trace of bromo-
phenol blue,

The electrophoresis was conducted at a constant 150 V until the dye reached the
front (56 h). The gel was stained in 0.2% Coomassie blue for 30—60 min and
destained in 10% methanol—7.5% acetic acid. The proteins were examined by auto-
radiography using Kodak XRS5 film, exposed for 72 h. The X-ray was utilized as a
guide to obtain radioactive gel slices. Care was taken to insure that all gel cuts were
the same height in the assay tube during gamma counting. Background was sub-
tracted prior to results being expressed as:

counts recovered from gel band
counts applied to sample lane
Inhibitors
Inhibitors were obtained from Sigma Chemical. The following final concentra-
tions were utilized: trasylol, 13 500 KIU/ml and bacitracin, 1 mM. Neither of these
concentrations in fresh media cross-reacted in the LH assay.

= % of applied counts recovered

RESULTS

Loss of LH detected by RIA

A dose—response curve of LH release in response to GnRH is shown in curve A
of Fig. 1. These results were obtained by RIA begun 1 day after GnRH challenge,
while the data shown in curve B was from a RIA of the same samples begun 14 days
after GnRH challenge. Samples were stored at —20° between assays. The later assay
results indicated lower LH values at all points on the dose—response curve. At the
maximum response (GnRH doses 5 X10™® M through 5 X 1078 M), LH levels (A
values — B values/A values) were decreased by 27.1%. Since LH RIA variations
(between assay CV, 16.7%) could not explain the declining LH values, 3 other
explanations were considered.

Bacterial contamination
To rule out bacterial degradation of LH, the experiment was repeated but steril-
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Fig. 1. LH release from cultured rat anterior pituitary cells in response to GnRH. Curve A
represents results from a LH RIA performed within 1 week of GnRH challenge. Curve B shows
the results from RIA of the same samples 2 weeks after GnRH challenge. Cultures contained
275 000 cells/dish; mean t S.E. of triplicate dishes are depicted.

ity was maintained throughout all procedures up to the LH assay. Aerobic and
anaerobic culture of the media from cell incubations did not reveal bacterial growth
and mycoplasma testing was negative. LH loss was still demonstrable in aliquots of
the media after one week of storage at —20°.

Damage from freezing and thawing

Samples from a dose—response experiment in which sterility was maintained
were aliquoted and subjected to 03 freeze/thaws before being pipeted into the
RIA. Aliquots of the samples, assayed after 3, 2 or 1 thaw(s) over a 1-month period
demonstrated a similar loss of LH. Samples not frozen, or frozen and thawed within
a few hours, showed equivalent LH values. Thus, damage induced by freezing and
thawing could not account for the decline in LH values.

Despite these negative results, sterility was maintained up to RIA and samples
were frozen and thawed as few times as possible during subsequent investigations.

Enzymatic degradation of LH

Several enzymatic inhibitors were utilized to examine the possibility that the
loss of LH was due to proteolysis. Two enzymatic inhibitors, bacitracin and
trasylol, and an exogenous protein source, FCS, were included in the incubation
during GnRH challenge. The results of this experiment are shown in Fig. 2. The
highest level of LH was measured when bacitracin or FCS were present. LH values
measured in the presence of trasylol were no different than those measured in
“media alone” samples.

To examine whether bacitracin and FCS would be effective at all dose ranges of
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Fig. 2. Basal release of LH, and response to GnRH (1078 M) in the presence and absence of the

inhibitors trasylol (dotted bars, T; 13 500 KIU/ml); bacitracin (slashed bars, B; 1 mM); fetal
calf serum (hatched bars, F; 2%); and media alone {(open bars, M). Means + S E, are shown.,

Fig. 3. Effect on immunoreactive LH of cultures incubated with bacitracin (»), fetal calf serum
{2} or media alone (o). Cultures contained 190 000 cells/dish; mean + S.E. of triplicate dishes
are represented.

GnRH, both were included in the dose—response curves depicted in Fig. 3. The
values of immunoassayable LH were higher when either the inhibitor or exogenous
protein source was included during the 4-h incubation with GnRH. To study the
effectiveness of both substances on LH during longer storage, the experiment was
repeated and selected samples were measured in 4 RIAs over a 6-week period.
Samples were stored at —20° between assays. The results from 2 of these RIAs per-
formed 6 and 31 days after the GnRH challenge are shown in Table 1. In media
alone samples a loss of LC occurred between 6 and 31 days after GnRH stimula-
tion. No detectable loss occurred over this period in samples from incubations con-
taining bacitracin or FCS. Further, when aliquots of the “media alone” samples
were stored in tubes containing bacitracin (1B-3B), media LH values were equiva-
lent to those found when bacitracin or FCS was present during the incubation.
Comparison of the two “media alone” aliquots (1—3 and 1B—3B) indicates that a
substantial loss of LH (approx. 60%) had already occurred by the time of the first
LH assay at 6 days. No further loss occurred between 31 days and 6 weeks of
sample storage.

SDS-PAGE

In order to document LH degradation, the simplest experiment would involve
adding a known amount of rat LH and following its disappearance from media pre-
viously exposed to cells. However, the amount of LH secreted by the GnRH-stimu-
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Table 2
SDS—PAGE of 125I:LH

Percent of applied counts recovered 3)

Intact LH band Subunit LH band
Fresh media
Media alone 13.1+1.1 433+5.0
Media + bacitracin 144:14 5423158
Media + FCS 155+2.5 564+64
Media from cell incubations
Basal
Media alone 11.6 £ 0.4 21.9+4.2
Media + bacitracin 20119 359:+49
GnRH stimulated
Media alone 11.8+1.8 305 4.2
Media + bacitracin 19.0+ 2.9 40.8+ 4.6
Media + FCS 175¢1.3 4591+ 29

a) 12511LH in media (+FCS or bacitracin) electrophoresed on SDS—PAGE. The figures shown
are mean + S.E. (for two or more lanes) of the counts recovered in either the intact LH band
or the subunit band, determined by cold marker proteins, expressed as a percentage of the
total counts applied to the lane.

lated cells is already so high that milligram amounts of rat LH would be required to
perform the experiment. We therefore utilized SDS—PAGE and '*’IrLH in an
effort to examine LH integrity in media samples from cell cultures.

Samples from a variety of experimental conditions were incubated with *2SIrLH,
then subjected to analysis by SDS—PAGE. The identification of radioactive bands
as intact LH or its subunits was confirmed by the corresponding movement of the
marker proteins oLH, BSA and lysosyme. Results from the SDS—PAGE experi-
ments are summarized in Table 2.,

125yLH in fresh media contained a small amount of intact LH, but the majority
of the hormone was seen as subunits, as previously reported by Gospodarowicz
(1972). The mean subunit: intact LH ratio observed was 3.3 : 1. The addition of
FCS or bacitracin to media not exposed to cells did not alter the subunit: intact
ratio, nor result in a significantly greater recovery of either intact or subunit LH
from the gel (Student’s ¢, p > 0.05).

Media from cell incubations, however, demonstrated a higher recovery of intact
LH and of subunit when bacitracin or FCS was included (p < 0.05). There were no
significant differences between samples containing either FCS or bacitracin. Total
recovery of radioactivity (intact LH + subunit) from the gels was also significantly
higher when either preventative was present [samples without inhibitor, 39.8 £
42% (mean = S.E.; n=7); with bacitracin, 57.9 +4.5% (n = 8); with 2% FCS,
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Fig. 4. Cumulative dose—response curves from 5 Expts. demonstrating the effectiveness of
bacitracin in preventing LH loss when present during the incubation (») or added to the media
storage tube after (®) the incubation. Results represented by o— — —o were from cultures
which lacked inhibitor. Basal release was subtracted from each experiment prior to data com-
bination. Cells/culture dish ranged from 175 000—245 000; mean + S.E. are shown. All LH
assays were begun within 8 days of GnRH challenge.

65.4 £ 3.3% (n = 8)]. In the absence of inhibitors, LH losses occurred which could
not be demonstrated by radioactive bands of fragments smaller than the subunits.
Under the conditions of the electrophoresis, small fragments may have migrated off
the gel and hence were undetected.

Resolution of LH loss

The inclusion of either bacitracin or FCS prior to LH RIA prevents LH loss. The
results of a series of experiments utilizing bacitracin either during the incubation or
added to the media after the incubation are shown in Fig. 4. To compare values
from different cultures, basal secretion has been subtracted in each experiment. As
previously indicated, the inclusion of bacitracin results in a 3-fold increase in the
amount of measurable LH released into the media in response to GnRH.

DISCUSSION

Our initial experiments with rat anterior pituitary cell cultures indicated that cell
responsiveness could not be reliably assessed when media samples were repeatedly
assayed for LH. During storage at —20°, there was an irreversible loss of immunoas-
sayable LH from media obtained under experimental conditions. LH loss still
occurred despite precautions against exogenous bacterial contamination and
damage by freezing and thawing. We were left with the possibility that an enzyme,
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released from pituitary cells, could be responsible for the observed LH losses.

Pituitary cells are known to contain enzymes capable of degrading GnRH (Koch
et al., 1974), but data on gonadotropins are lacking. The work of Freychet et al.
(1972) on proinsulin degradation, and of Gordon et al. (1978) on insulin break-
down led us to employ the enzymatic inhibitors trasylol and bacitracin. We specu-
lated that the enzyme may not normally degrade LH, but could do so in the
absence of normal substrate. Thus fetal calf serum, often excluded from cultures
during GnRH challenge, was incorporated to provide a rich source of other pro-
teins. Both bacitracin and fetal calf serum have proven to be effective in preventing
LH losses over time.

To conclusively demonstrate that an enzyme was responsible for LH loss, LH
degradation products must be determined. SDS—PAGE of media exposed to cells
failed to show any bands smaller than LH subunits, so we cannot be certain that the
LH is degraded. However, the SDS—PAGE results confirmed the physical loss of LH
previously detected by RIA. Since the LH intact: subunit ratio was unchanged in
the presence of bacitracin or FCS, the higher LH measured by RIA was not due to
increased dissociation into subunits. Recently, Loeber et al. (1978) reported that
highly purified human LH will dissociate into subunits at temperatures above 4°,
and that neither trasylol nor a variety of other inhibitors prevented the reaction. In
our experiments, bacitracin and fetal calf serum appear to have protected the rat
LH from a process other than dissociation,

It is extremely important to circumvent LH losses from pituitary cell culture
media. Our results indicate that substantial losses can occur within days of the
GnRH challenge (Table 1, samples 1B—3B vs. 1-3). Without preventative measures,
the time lapse between culture and LH immunoassay could become a major variable
in experimental results. Appropriate precautions maintain LH values that are repro-
ducible over repeated LH assays and that accurately reflect the responsiveness of
the culture. Both FCS and bacitracin are effective for this purpose, The unknown
steroid content of commercially available FCS would indicate that charcoal extrac-
tion is necessary prior to use in experimental incubations performed to assess
gonadotropin release. Alternatively, bacitracin can be added to the media storage
tube immediately following the incubation and need not be present during the
experiment. It is inexpensive, and effective at a final concentration of 0.1 mM,
although we routinely emply it at 1 mM. As demonstrated, measured LH in sam-
ples with bacitracin can be 3-fold higher than values from cultures without inhibi-
tor. We have not yet assessed whether other hormones secreted by cultured pitu-
itary cells, particularly folliclestimulating hormone and prolactin, may be subjected
to similar destruction during storage. It would seem important for other investiga-
tors utilizing these systems to determine whether the hormone of interest is stable
during storage.
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