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Abstract. The influence of triiodothyronine (T;) on growth hormone (GH) mRNA and
GH secretion has been examined in the chicken. Initially T, treatment in the diet for
three days did not aiter plasma concentrations of GH. Plasma concentrations of GH
were depressed with seven and 14 days of T, treatment (1 or 5 ppm in the diet). There
was a concomitant decline in pituitary GH mRNA with T; treatment. Pituitary GH
content was reduced with 14 but not seven days of T, treatment. No effect of T, was
observed on the percentage by somatotroph cells in the anterior pituitary gland by
fluorescence flow cytometry analysis. While exposure of pituitary cells in vitro from
young chickens to GHRF for 2 hr increased GH mRNA, no effect was observed with T,.
The presence of T, for 48 hr in vitro, tended to reduce GH mRNA in adenohypophyseal
cells from young chickens and decreased GH mRNA with anterior pituitary cells from
adult chicks. It is concluded that T, chronic administration of T, depresses circulating
concentrations of GH, at least in part, by decreasing GH mRNA and hence GH

synthesis.

[P.S.E.B.M. 1994, Vol 205]

r I Yhyroid hormones are thought to exert a pre-
dominantly stimulatory role on growth hor-
mone (GH) secretion and synthesis. In rodent

models, thyroid hormones consistently have been

found to elevate circulating concentrations of GH

(e.g., 1-5) and GH release in vitro (6, 7). Moreover,

triiodothyronine (T;) is reported to increase GH

mRNA in rodent pituitary tissues (7-12). While T,

seems to be required for GH synthesis in some spe-

cies, T, can also reduce GH mRNA levels in others.

For instance, T, depressed GH mRNA levels in bo-
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vine pituitary cells in vitro (13). Similarly, when rat
pituitary cells transfected with the human GH gene
were incubated with Tj, transcription of this gene was
reduced (14).

In chickens, GH release is inhibited by thyroid
hormones. Circulating concentrations of GH are re-
duced by the administration of either T; or T, (15-19)
but elevated in hypothyroidism (19-23). In addition, T;
blocks either GHRF- or TRH-induced GH release in
vivo (16, 24) and in vitro from chicken pituitary cells
(25, 26). Moreover, T; attenuates GH release in vitro
in the presence of 8-bromo cAMP or phorbol esters
(26). There is relatively little information on effects of
T; on GH synthesis in the fowl with the exception of
the report that T, depresses the accumulation of newly
synthesized GH in the pituitary (22). The present stud-
ies examine the effects of T; on GH mRNA in vitro
and in vivo in the chicken.

Materials and Methods

Animals. All studies utilized white Leghorn male
chickens. These were obtained at one day old from



Avian Service (Frenchtown, NJ). Prior to experimen-
tation chicks had feed (commercial chicken diet; Ag-
way, Flemington, NJ) and water available ad libitum.

To Examine the Effect of T, on GH Release and
GH mRNA in Vitro. Anterior pituitary glands were ob-
tained from young (4- to 8-week-old) or adult chickens
immediately following sacrifice. Adenohypophyseal
cells were dispersed by the method of Vale and col-
leagues (28), as modified in our laboratory (29). After
dispersion, cells (1 X 10° cells per well in 6-well Falcon
plates) were incubated in M199 supplemented with
20% fetal bovine serum, 2.0 mM glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin and 0.25 pg/ml fun-
gizone (Grand Island, NY), in a humidified incubator
(5% CO,, 95% air) at 37°C. Two incubation times were
employed: chronic exposure to test agents for 48 hr or
exposure to treatments for 2 hr (acute) after a 48-hr
preincubation period. For either acute or chronic stud-
ies, T (100 ng/ml media, Sigma Chemical) and/or
GHRF (GHRPF, 5 ng/ml; Peninsula Laboratories, Inc.,
Belmont, CA), were added to the cell culturesin2 X 2
factorial arrangement of treatments (for either 48 or 2
hr).

To Examine the Effect of T, on GH Secretion
and Pituitary GH mRNA in Vivo. Three studies were
performed each with two treatments: control and T,
(Study 1, 1 ppm in the diet; Study 2 and 3, S ppm). For
each treatment there were three or four cages each
containing 10 chicks. Birds (four to five weeks old)
were killed on Day 7, 8, and 9 (data are combined from
the three days) (Study 1), Day 7 (Study 2), and Day 3,
7, and 14 (Study 3). Blood was collected following
decapitation from six to eight birds per treatment; the
separated plasma being stored at —20°C prior to hor-
mone assay. Anterior pituitary glands were dissected
out immediately following death. Pools of 10 pituitary
glands were used for GH mRNA analysis. In addition,
pituitary GH content was determined with four chicks
per treatment (Study 3). Somatotroph number was es-
timated in pools of six pituitary glands per treatment
with adenohypophyseal cells dispersed as in the in
vitro studies.

Radioimmunoassay. Plasma and anterior pitu-
itary glands were assayed for GH by a homologous
chicken GH radioimmunoassay (RIA) (30). In each ex-
periment, samples were assayed in a single RIA, and
the intra-assay coefficient of variation was less than
5%. Plasma concentrations of T; were determined us-
ing an RIA kit (ICN Biomedicals, Irvine, CA).

RNA Isolation and mRNA Analysis. Immedi-
ately following removal, anterior pituitary tissue was
homogenized in an ice-cold solution of 4 M guanidine
thiocyanate (Amresco, Solon, OH), 25 mM sodium ci-
trate (pH 7.0) and 0.1 M B-mercaptoethanol. RNA was
then isolated by the method of Chomczynski and Sac-
chi (31). RNA was quantitated by uv absorbance, and

the quality of RNA assessed by calculating the 260/280
nm ratio. GH mRNA was detected by either slot blot
(31) or northern analysis. For the slot blots, 1 and 10
pg total RNA was loaded per slot. RNA was uv cross-
linked to a nylon membrane (Genescreen; New En-
gland Nuclear, Boston, MA). Slot blots were hybrid-
ized as described below.

For northern analyses, 2-5 pg total RN A was sub-
jected to electrophoresized on a formaldehyde, 1.2%
agarose gel. The RNA was then transferred to a nylon
membrane (Genescreen; New England Nuclear, Bos-
ton, MA) by capillary transfer, followed by uv cross-
linking. The nylon membranes containing the RNA
were prehybridized at 55°C for 4-6 hr in a prehybrid-
ization buffer (50% deionized formamide, 10% dextran
sulfate, 1 M NaCl, and 20% 5X hybridization buffer
[1% BSA, 1% polyvinyl pyrrolidone, 10% ficoll {MW
400,000}, 250 mM Tris HC1 {pH 7.5}, 0.5%
Na,P,0,10H,0, and 5% sodium dodecylsulfate SDS])
and containing 10 pg salmon sperm DNA (Sigma
Chemicals, St. Louis, MO) per ml of buffer.

Following the prehybridization, membranes were
incubated at 42°C for 18-24 hr with a 3?P-labeled
chicken GH ¢cDNA probe (33; kindly donated by Dr.
Foster, University of Minnesota, St. Paul, MN). The
probe was labeled by nick translation (Gibco/BRL,
Grand Island, NY). Membranes were exposed to
X-ray film (Eastman, Kodak), at —70°C, until devel-
oping. Autoradiographs were subjected to laser-
densitometry (Pharmacia, Piscataway, NJ) to assess
the relative intensity of the band produced by the
probe. To assess equal loading of RNA, ethidium bro-
mide staining intensity was evaluated.

Fixation, Staining, and Flow Cytometry of
Cells. The flow cytometric immunofluorescence
staining of anterior pituitary gland cells was performed
as described by Hatfield and Hymer (35) with minor
modifications (34). An aliquot of each pool of dis-
persed anterior pituitary cells was fixed with PBS-
buffered 4% w/v paraformaldehyde for 30 min. Cells
were then incubated for four wash periods with PBD-
azide (0.01% w/v), 0.1% BSA, 0.025% w/v Triton X-
100 for 20 min each wash step. After washing, the
suspension of cells in the PBS-azide/BSA/Triton X-
100 buffer was stored at 4°C until used for flow cyto-
metric analysis. Cells were stained for GH by incubat-
ing 4 x 10° cells with 500 .l of a 1:4000 dilution of the
primary antisera (rabbit anti-chicken GH 30) and incu-
bating for 12-16 hr at 22°C. Nonspecific binding tubes
were incubated with 500 pl of a 1:4000 dilution of nor-
mal rabbit sera. After incubation with the primary an-
tisera, cells were rinsed and subsequently incubated
with 500 wi of a 1:4000 dilution of fluorescein isothio-
cyanate (FITC)—conjugated goat anti-rabbit IgG (Or-
ganon Teknika, West Chester, PA) for 1 hr at 22°C.
Cells were then rinsed and incubated with 25 pl
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RNase (40 pg/ml; Serva Fine Biochemicals, Inc.,
Westbury NY). Immediately prior to analysis of the
cells on the flow cytometer, propidium iodide nuclear
staining solution (PI, Serva) was added to the cells and
the suspension was filtered through 46 pm nylon
mesh. Cells were analyzed on an EPICS 750 Series
Dual Laser Flow Cytometer (Coulter Electronics, Hi-
aleah, FL). A gate was set using the PI peak so that
only single, nucleated cells were analyzed. The per-
centage of GH-positive cell was determined from the
plot of Forward Angle Light Scatter (FALS) versus
FITC fluorescence.

Statistical Analysis. The data for each experi-
ment were subjected to ANOVA (36). In Study 3, bird
weight, pituitary weight and GH content, and plasma
GH were analyzed in a repeated measures analysis.
However, since only one time point (Day 14) was used
for the GH mRNA analysis, differences between the
two means were analyzed by one-way ANOVA.

Results

In Vitro Studies. As expected, GH release was
increased (P < 0.01) in the presence of GHREF for 2 hr
with anterior pituitary cells from young chickens (Fig.
1). The presence of T5 had no discernible effect on GH
release irrespective of the presence or absence of
GHREF (Fig. 1). While GHRF increase (P < 0.02) GH
mRNA levels in adenohypophyseal cells from young
chickens, T; treatment had no effect (Fig. 1). In con-
trast, with pituitary cells from adult chickens, neither
GHREF nor T; affected GH mRNA.

There were no effects of either GHRF or T; on GH
release with prolonged incubation (for 48 hr) of pitu-
itary cells from either young or adult chickens (Fig. 2).
Following incubation in the presence of T, there was
adecrease (P < 0.05) in GH mRNA with pituitary cells
from adult chickens.

In Vivo Studies. Treatment with T, for seven or
14 days had no effect on body weight in any study
(Table I). As was expected, T; treatment consistently
elevated (P < 0.001) plasma concentrations of T (e.g.,
Study 1 control 3.62 ng/ml, T5; 13.4 ng/ml pooled SEM
2.4 ng/ml [n = 15] per treatment; Study 3 see Fig. 3).
Treatment with T consistently decreased plasma con-
centrations of GH (Fig. 3 and 4). In Study 1 and 2,
plasma concentrations of GH were reduced by 57%
and 81% following treatment with 1 ppm and 5 ppm T,
respectively, for 7 days. In Study 3, T, treatment de-
creased (P < 0.01) plasma concentrations of GH after
seven days (by 74%) and 14 days (by 77%), but this
effect was not evident after three days treatment (Fig.
3). No effect of T, treatment on pituitary GH concen-
trations was observed after seven days (data not
shown). However a marked P < 0.02 (60.3%) reduc-
tion in pituitary GH was evident when exposure to T,
was extended to 14 days (Fig. 5).
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Figure 1. Effect of a 2-hr exposure in vitro to T; (100 ng/ml)
and/or GHRF (5 ng/ml) on GH release (open bars) and GH mRNA
(solid bars) in anterior pituitary cells from young (A) and adult
(B) chickens. Bars with different superscript letters differ P <
0.05. Vertical lines indicate SEM.

The level of GH mRNA in the anterior pituitary
glands was decreased (P < 0.05) in chicks receiving T,
treatment. The reduction in pituitary GH mRNA was
observed consistently irrespective of whether T, treat-
ment was for seven days (Study 1 and 2) (Fig. 4) or for
14 days (Study 3) (Fig. 5).

In view of the possibility that the decrease in pi-
tuitary GH content reflects a shift in the number of GH
producing cells, the proportion of somatotrophs in the
adenohypophysis was examined in control and Ts-
treated chicks by FACS analysis. No change in soma-
totrophs, as a percentage of anterior pituitary cells,
was observed (Fig. 5). The GH content per soma-
totroph tended to be depressed in T; chicks as re-
flected by intensity of the immunofluorescence (LIG
FL-volts control 0.0525 = [N = 4]SEM 0.0062; T,
treated 0.0467 = [4]0.0094). No difference in soma-
totroph cell volume/diameter was evident (FALS con-
trol 61.3 = [4]2.16; T, treated 60.2 * [4]0.7).

Discussion

In rodents T, exerts a stimulatory role on GH se-
cretion; this being mediated by two mechanisms. Thy-
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Figure 2. Effect of prolonged in vitro exposure to T, (100 ng/ml)
and/or GHRF (5 ng/ml) on GH release (open bars) and GH mRNA
(solid bars) in anterior pituitary cells from young (A) or adult (B)
chickens. Vertical bars indicate SEM.

Vehicle

roid hormone increases both GH synthesis and pitu-
itary GH mRNA in rat anterior pituitary tissue (6-11).
In addition, T; influences pituitary responsiveness to
GH secretagogues. For instance hypothyroid rats
show decreased GH release in response to TRH and
GHRH (1-5). The effects of T; on GH synthesis and
secretion are different in the chicken. In the present
studies, T; was observed to reduce GH release in
young chickens in vivo as indicated by plasma concen-

Table I. Effect of Triiodothyronine on Growth
(Body Weight) in Young Chicks

Body weight mean = SEM (N)*

Control Ts
Study 1 (1 ppm T,)
7-Day treatment 402 = 11 (3) 386 £ 4.3 (3)
Study 2 (6 ppm Ty)
7-Day treatment 358 £ 52 (4) 350 = 32.3 (4)

Study 3 (5 ppm Tj)
7-Day treatment
14-Day treatment

397 + 26.4 (4) 395+ 29.3 (4)
553 + 21.4 (4) 512 = 32.3 (4)

* N = three or four cages {each with eight to nine birds per
cage) per treatment.
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Figure 3. Effect of T, (5 ppm in the diet) on the plasma concen-
trations of GH (A) and T; (B) in young chickens. Vertical bars
indicated SEM (N = 8); O—O controis, @------ @ T,-treated.
*difference (P < 0.05) between T, treated and control chicks in
Study 3.

trations of GH. This is similar to previous reports
(e.g., 19, 26). Administration of T; in vivo also de-
creased the GH mRNA in the anterior pituitary gland.
This may be explained by terms of T; directly reducing
transcription of chicken GH gene or indirect effects
due say to a reduction of secretagogue-induced GH
synthesis/transcription.

The present in vivo studies provide support for the
hypothesis that T; can directly reduce somatotroph
GH mRNA presumably via decreased transcription.
Incubation of adenohypophyseal cells for 48 hr in the
presence of T, decreased GH mRNA with tissue from
adult chickens. The absence of an acute effect of T; in
a 2-hr incubation is consistent with the time periods
normally required for T; to exert effects. As T; re-
duces GH mRNA in the chicken pituitary gland under
both in vive and in vitro conditions, it would seem
clear that the inhibitory effects of T; on GH secretion
from chicken adenohypophyseal cells are mediated at
least partially at the level of GH mRNA and presum-
ably GH gene transcription.

T; AND GHMRNA 343



A 200
Study 1 Study 2
g 150} - T
|@))
-
Z 100}
© *
&
~ 50( .
O B

Pituitary GH mRNA, % of control

Study 1 Study 2

(@)
O
T

50

0

Figure 4. Effect of in vivo T, treatment on circulating concen-
trations of GH (A) and pituitary GH mRNA (B) in young chicks. In
Study 1, T, was administered in the diet at 1 ppm while in Study
2, the dietary concentration of T; was 5 ppm. Open bars, control;
solid bars, T;. Vertical lines indicate SEM (N = 3-4 for GH mRNA
and 8 for plasma GH). *difference P < 0.05.

In vivo administration of T; depressed pituitary
GH content after 14 days. This is consistent with the in
vivo observations of decreased adenohypophyseal GH
content after 48-hr incubation with T; (26). Thus, it
might seem that GH release declines following T ad-
ministration due to there being less GH available for
release. Alternatively, it can be argued that reduced
release of GH requires less synthesis of GH. The re-
lationship between GH release and synthesis is not
fully characterized. The temporal pattern of T, reduc-
tion of GH release and GH synthesis was similar, sug-
gesting tight coupling between release and synthesis.
The decline in pituitary GH content was, however,
delayed. This would suggest a later accommodation.
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In acute (2 hr) in vitro studies with adenohypo-
physeal cells from young chicks, GHRF increase GH
mRNA. The observed stimulatory effects of GHRF on
GH mRNA on chicken pituitary cells is similar to that
reported for rats (33, 34), cattle (12), and sheep (35).
These data are consistent with there being a common
promoter mechanism for GHRF stimulating GH tran-
scription and also GH release in mammals, birds, and
their common ancestor—the divergence of mammals
and birds occurring about 316 million years ago (40).
The inhibitory effects of T; on both GH release and
GH mRNA in vivo might be mediated by T, affecting
GHREF receptors. If T; suppressed GHRF receptors
on the surface of the chicken somatotroph, as T, does
with TRH receptors (41), then T; may be exerting its
inhibitory effect by effectively eliminating the stimu-
latory influence(s) of GHRF. There is evidence for this
from in vitro studies with chicken pituitary cells.
Chronic exposure of chicken anterior pituitary cells to
T, for 48 hr prevented any short-term (2-hr) GH secre-
tory response to GHRF, but only attenuated some-
what the response to signal transductors which bypass
the GHREF receptor diacylglycerol (26). In the present
in vitro studies, T did not affect GH release either in
acute (2-hr) or chronic (48-hr) studies. The absence of
an acute effect is not surprising in view of the time
required for T, to exert its effect. The absence of an
effect of prolonged exposure on basal GH release is
similar to previous studies from our laboratory (26).

There was some evidence that GHRF exerted a
greater effect in vitro on GH mRNA on pituitary cells
from young chickens. This is in good agreement with
observations on age differences in the ability of GHRF
to stimulate GH release in chickens; the maximal GH
secretory response to GHRF (increase in plasma con-
centrations of GH) being considerably greater in
young than adult chickens (42). Similarly T, appeared
to be more effective in reducing in vitro GH mRNA
with pituitary cells from adult than from young chicks.
This appears to be analogous to the greater ability of
T, to reduce secretagogue induced GH release in adult
than young chicks (24).

The administration of T, in vivo for 14 days re-
duced both pituitary GH content and pituitary weight
in chickens. Possible explanations for this include de-
creased number and/or size of the GH producing cells.
However, flow cytometric analysis indicates no
change in somatotroph diameter/volume. Moreover,
no change in the percentage of somatotrophs was ev-
ident. In view of the decrease in pituitary weight (and
hence volume) with T; treatment, it is reasonable to
conclude that T, treatment decreases the number of
somatotrophs. A corollary to this is that, if the per-
centage of somatotrophs does not change, then there
should be similar reductions in the number of other
adenohypophyseal cell types (e.g., thyrotrophs).
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