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Abstract. The changes in pituitary growth hormone (GH) mRNA levels have been deter- 
mined by Northern blot analysis and laser densitometry during embryonic development 
and posthatch growth of white Leghorn cockerels. Pituitary GH mRNA levels were 
observed to progressively increase between 18 days of embryonic development to a 
maximum at 4 weeks of age (posthatch). Subsequently, pituitary GH mRNA levels 
declined between 4 and 8 weeks of age, and between 12 weeks of age and adulthood. 
Pituitary GH contents showed increases during embryonic development and posthatch 
growth that paralleled the rise in GH mRNA. The decline in pituitary GH mRNA levels 
between 4 weeks of age and adulthood occurs when GH secretion has been observed 
previously to decline. [P.S.E.B.M. 1993, Vol2021 

n chickens, plasma concentrations of growth hor- 
mone (GH) rise in late embryonic development I and early posthatch growth to a maximum between 

2 and 6 weeks, and then decline to relatively low levels 
before sexual maturation (reviewed in [ 11). The decline 
in plasma concentrations of GH reflects decreased GH 
secretion and elevated metabolic clearance (2), with the 
decrease in secretion being due, at least in part, to 
reduced GH secretory responses to secretagogues (3, 4) 
and increased sensitivity to inhibition ( 5 ,  6). Also, 
intracerebroventricular injection of GH has inhibitive 
effects on circulating GH levels (7). 

Presently, there is no information on in vivo 
changes in GH mRNA in the chicken, and relatively 
little on other species. In sheep, hypothalamo-pituitary 
disconnection does not affect GH mRNA levels, despite 
the lack of releasing factors or the hypothyroidism 
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resulting from the surgical manipulation (8). Nutrition- 
ally deprived sheep have elevated levels of pituitary GH 
mRNA (9), which is reversed by refeeding (10). Onto- 
genic or age-related changes in GH mRNA have re- 
ceived little attention (except for Refs. 11-13) and, 
moreover, there have been no complete longitudinal 
studies. 

The purpose of the present study was to determine 
the ontogenic profile of pituitary GH mRNA in the 
chicken. Additionally, pituitary GH content was deter- 
mined to characterize GH ontogeny in the pituitary. 
Changes in pituitary GH content for most of the post- 
hatch growth period have been reported previously ( 14). 
In the present study, patterns similar to those reported 
(14) were observed, and observations were extended to 
older birds and to the perihatch period. These studies 
will be helpful in further elucidating the developmental 
control of GH. 

Materials and Methods 
Animals. White Leghorn male chickens were ob- 

tained at 1 day after hatching from Avian Services 
(Frenchtown, NJ). Birds were housed in floor pens and 
they received ad libitum a commercial diet (Broiler- 
maker; Agway, Allentown, NJ) and water. White Leg- 
horn embryos were incubated at Rutgers University re- 
search facilities or were received from Avian Services. 

In Study 1, ontogenic changes in the levels of 
pituitary GH mRNA were determined. Embryos were 
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sacrificed by decapitation at 18 and 20 days of incuba- 
tion. At each embryonic age, approximately 20 anterior 
pituitary glands were combined for each determination 
of GH mRNA levels (with three replicates per age). For 
the estimation of GH mRNA levels after hatching, two 
replicate samples for 8 weeks were collected, four rep- 
licates for 4 weeks and adulthood, and three replicates 
for all other time points studied. These samples con- 
sisted of pools of five to 15 anterior pituitary glands, 
depending on age and pituitary size. Pooled adenohy- 
pophysial tissue was obtained after hatching from 1 
day, and 2-, 4-, 8-, 12-, and 54 (adult)-week-old chickens 
immediately after decapitation. In Study 2, to monitor 
ontogenic changes in GH content in individual pitui- 
tary glands, embryos were sacrificed at 12, 15, and 18 
days of incubation. Birds were sacrificed 1, 3, and 7 
days after hatching, and 2, 5 ,  9, 12, 14, 19, and 24 
weeks after hatching. In addition, in Study 3, anterior 
pituitary gland weights were determined at 1 day and 
at 5 ,  12, 24, and 49 weeks. 

RNA Isolation. Total cellular RNA was isolated by 
the acid guanidinium thiocyanate/phenol chloroform 
extraction method of Chomczynski and Sacchi ( 15). 
The RNA was re-extracted twice with equal volumes 
of phenol and chloroform/isoamyl alcohol and precip- 
itated by the addition of one tenth a sample volume of 
3 M sodium acetate and at least two sample volumes 
of ethanol. Samples containing precipitated RNA were 
stored at -70°C before electrophoresis. 

Northern Blot Analysis of Pituitary GH mRNA. 
Concentrations of RNA were determined by UV ab- 
sorbance spectrophotometry at 260 nm and quality of 
the RNA was assessed using the 260 nm:280 nm ratio. 
Subsequently, RNA samples were electrophoresed in 
1.2% agarose and 6% formaldehyde gels at 90- 100 V. 
Equal quantities of total cellular RNA ( 1  pg) were 
loaded for each sample. Loading errors were controlled 
for by checking similarity in 28 S ribosomal bands. 
Three replicate gels were run, each including separate 
RNA samples from the different ages. RNA was South- 
ern-transferred ( 16) to Genescreen nylon membrane 
(Dupont NEN, Boston, MA) overnight. Membranes 
containing the UV cross-linked RNA were washed for 
1 hr in 1% sodium dodecyl sulfate at 42°C to remove 
any residual agarose. Membranes were prehybridized 
at 55°C for 4 to 6 hr and hybridized at 42°C for 18 to 
24 hr in hybridization cassettes (BIOS, New Haven, 
CT). Prehybridization and hybridization solutions con- 
tained: 0.2% bovine serum albumin (Armour, Blue 
Bell, PA), 0.2% polyvinylpyrrolidone (mol wt 40,000; 
Sigma, St. Louis, MO), 0.2% Ficoll (mol wt 400,000; 
Sigma), 50 m M  Tris-HC1 (pH 7 .9 ,  0.1% sodium py- 
rophosphate, 1 .O% sodium dodecyl sulfate, 50% deion- 
ized formamide, 10% dextran sulfate, 1 M NaC1, and 
0.1 mg/ml of salmon sperm DNA (Sigma). 

The chicken GH cDNA probe obtained from the 

pUC 1 19 vector (17) was labeled with [32P]dCTP by 
nick translation (BRL, Gaithersberg, MD). The probe 
was separated from free nucleotides by use of a Nuc- 
Trap push column (Stratagene, La Jolla, CA). After 
hybridization, the membranes were washed to remove 
any nonspecific radioactivity. The washes consisted of 
0.3 M sodium chloride, 0.03 M sodium citrate ( 2 ~  
saline-sodium citrate), and 1 % sodium dodecyl sulfate 
for 20 min at room temperature, followed by 20 min 
at 42°C with fresh solution. Then, membranes were 
washed a final time at room temperature with a solution 
containing 75.0 m M  sodium chloride and 7.5 mM 
sodium citrate ( 0 . 5 ~  saline-sodium citrate). Mem- 
branes were exposed to Kodak X-AR film and subse- 
quent autoradiographs were analyzed by laser densi- 
tometry (Electro Scan X-Excel; Pharmacia, Piscataway, 
NJ) and the bands identified as GH mRNA were ex- 
pressed as a percentage of the GH mRNA level found 
in the 4-week-old chicken pituitary samples of each 
blot. 

Pituitary GH Content. The GH content of individ- 
ual pituitary glands was measured by a homologous 
radioimmunoassay for GH (18). Frozen glands were 
homogenized in 0.5-1 ml of ice-cold water and an 
aliquot used in the assay. Interassay and intraassay 
coefficients of variation were less than 10%. 

Statistical Analysis. Pituitary GH mRNA data 
were analyzed by one-way analysis of variance and least 
significant difference multiple range test. All differences 
were considered to be significant if P < 0.05. Pituitary 
GH content and weight data were analyzed by one-way 
analysis of variance (P < 0.000 1). 

Results 
Figure 1 shows a representative Northern blot of 

pituitary RNA concentrations from all ages of chickens 
investigated. Only one RNA transcript was detected 
(approximately 0.8 kb) at any age investigated. It ap- 
pears that GH mRNA levels in the anterior pituitary 
gland increased during development/growth, peaked 
around 4 weeks of age, and subsequently decreased. To 
quantify these changes, laser densitometry was per- 
formed. The highest level of pituitary GH mRNA (rel- 

-0-75 
Kb 

1 2 3 5 6 7 
Figure 1. Northern blot analysis of anterior pituitary RNA from differ- 
ent aged chickens hybridized with a 32P-labeled cDNA probe for 
chicken GH. Lane 1: 18ed (ed = days of incubation of embryos); 
Lane 2: 20ed; Lane 3: 1 day; Lane 4: 2 weeks; Lane 5: 4 weeks; 
Lane 6: 8 weeks; Lane 7: 12 weeks; Lane 8: adult (54 weeks). 
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ative to total cellular RNA) was detected at 4 weeks of 
age and all data on RNA levels from all age groups 
were expressed as a percentage of this group (Fig. 2). A 
very large (at least 38.8-fold) increase (P < 0.05) in the 
levels of pituitary GH mRNA was observed between 
the 18th day of incubation and 4 weeks after hatching. 
These changes can be described by a linear increase (R2 
= 0.997). The pituitary GH mRNA levels increased 
between the 18th day of incubation and 2 weeks after 
hatching (P < 0.05), and between 2 weeks and 4 weeks 
after hatching (P < 0.05). There was a tendency for GH 
mRNA levels to increase between the 18th day of 
embryonic incubation and Day 1 after hatching. The 
accumulated GH mRNA transcripts decreased by 
75.3% between 4 weeks of age and 54 weeks (adult) of 
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Figure 2. (A) Variation in the accumulation of GH mRNA in the 
anterior pituitary gland during development of the chick embryo and 
during posthatch growth. RNA is expressed as a percentage of the 
4-week level; ed = days of incubation of embryos; vertical bars 
indicate SE (n = 3, except at 8 weeks of age where n = 2, and at 4 
weeks of age and adulthood where n = 4). Means with different 
superscript letters are different (P < 0.05) by analysis of variance and 
least significant difference; if percent data are arcsin transformed, 
substantially similar differences are observed. (6) Profile of plasma 
GH during growth in white Leghorn males (redrawn from Refs. 19 
and 20). 

age. The profile of GH mRNA in the pituitary gland is 
similar to previously reported ontogenic changes in 
plasma GH concentrations (Fig. 2). 

The changes in pituitary GH content and pituitary 
weight during growth and development are summarized 
in Figure 3. The increase in pituitary GH content is 
linear between Day 12 of embryonic development and 
24 weeks after hatching (R2 = 0.78; P < 0.001) (Fig. 
3A). Alternatively, the GH content appeared to increase 
logarithmically between 12 days of embryonic devel- 
opment and 9-12 weeks of age (Fig. 3C). After 9-12 
weeks of age, the pituitary GH content achieved a 
plateau level. Similarly, the weight of the anterior pi- 
tuitary gland increased during posthatch growth (Fig. 
3B). The increase in GH content (62.9-fold between 1 
day old and 5 weeks of age [Study 21) was dispropor- 
tionally greater than the 5.54-fold increase in the ante- 
rior pituitary gland weight over the approximate similar 
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Figure 3. Changes in pituitary GH content ([A] pg per gland; [B] log 
pg) during embryonic development and posthatch growth (ed = days 
of incubation of embryos; H = hatching; vertical bars indicate SE [n 
= 4-1 11). (C) Changes in pituitary weight during posthatch growth (n 
= 4). 
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time period (Study 3). In contrast, the changes in GH 
content between 5 weeks of age and 12 weeks, and 
between 12 weeks of age and adulthood (1 56.3% in- 
crease and 1 1 .O% decrease, respectively) were relatively 
similar to those for pituitary weight between 4 weeks of 
age and 14 weeks, and between 14 weeks of age and 
adulthood ( 175.0% increase and 15.6% increase, re- 
spectively). The increase in pituitary weight over the 
time period studied was also linear (R2 = 0.78; P < 
0.02). 

Discussion 
The patterns of increase in levels of pituitary GH 

mRNA and GH content in late embryonic/early post- 
hatch development are very similar, with progressive 
increases in late embryonic development and early 
posthatch life (Figs. 2 and 3). The changes in pituitary 
GH and GH mRNA levels during this early growth/ 
development are comparable to the increases in plasma 
GH reported previously (Fig. 2). It would appear, there- 
fore, that the perihatching elevation in plasma concen- 
trations of GH corresponds to increased GH content in 
pituitary gland and, hence, GH available for release. 
Taken together, the parallel rise in pituitary GH and 
GH mRNA would suggest that the ontogenic rise in 
GH is controlled at the transcriptional rather than the 
translational level. Similar ontogenic changes in GH 
mRNA levels have been observed by in situ hybridiza- 
tion in the mouse (12) and by Northern blot analysis 
in the human fetus ( 1  3). 

It is not clear whether the increase in GH mRNA 
accumulation is due to genesis and proliferation of 
somatotrophs, or to a higher GH mRNA transcription 
rate per somatotroph. The former is supported by im- 
munocytochemical studies in changes in the percentage 
of somatotrophs during embryonic development/early 
posthatch growth in chickens (S. Malamed, J. Gibney, 
F. Perez, and C. G. Scanes, unpublished observations); 
the percentage of somatotrophs was observed to in- 
crease from 3.4% of the adenohypophysial cells at 18 
days of embryonic development to over 20% of pitui- 
tary cells 4 days later (1-day-old chicks). 

The increase in pituitary GH content observed 
between 1 and 12 weeks of age was very similar to that 
reported previously in a broiler strain of chickens (14). 
In both studies, pituitary GH content reached a plateau 
at between 5 and 9 weeks of age and remained high for 
the rest of the growth period examined. In the current 
study, it was possible to verify that the GH levels in the 
pituitary remained high throughout the second half of 
the growth period (after 9 weeks of age) and into 
adulthood. Preliminary results in our laboratory indi- 
cate that pituitary GH concentrations, as well as con- 
tent, remain stable during this period. 

After 4 weeks of age, GH mRNA levels were ob- 
served to decrease (Figs. 1 and 2). An analogous decline 

in GH mRNA content has also been reported during 
aging in mice ( I  1). It is of note that both GH mRNA 
levels and plasma concentrations of GH declined after 
4 weeks of age (Fig. 2). The reduction in plasma con- 
centrations of GH reflects decreased GH secretion (2). 
It is, therefore, evident that during much of the middle 
and later phases of growth, both GH secretion and 
synthesis are declining. Moreover, the present data 
suggest that GH synthesis and release are tightly cou- 
pled during later phases of growth, as is the case during 
perihatch development (see above). The change in GH 
mRNA and GH release may represent a desensitization 
to secretagogues for GH during development. Also, 
increased circulating insulin-like growth factor-I levels 
during growth/development (2 I), which result from the 
increased plasma GH, may then inhibit secretion. In 
turn, transcription may be affected by some intracel- 
lular mechanism due to the consistently higher stored 
levels of GH in the somatotroph and/or the lower GH 
release from the pituitary. The discrepancy between the 
decrease in GH mRNA (and presumably GH synthesis) 
and the plateau in pituitary GH content may also be 
explained by an ontogenic change in the rate of intra- 
pituitary GH degradation. 

In summary, it seems that during ontogeny, GH 
synthesis is regulated primarily at the transcriptional 
level. Moreover, GH secretion and synthesis appear to 
be tightly coupled during growth/development. The 
factors that control the transcriptional regulation of 
GH mRNA during growth/development in chickens 
are presently being investigated. 

This is a paper of the Journal Series, New Jersey Agricultural 
Experiment Station (Project 06 140), supported by State and Hatch 
Act funds. 
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