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Abstract. Effects of activation or blockade of a,-adrenergic receptors on serum growth
hormone concentrations were studied in Holstein steers (115 * 4 days of age; 112 + 4
kg body wt). A pelieted diet was available ad libitum for 2 hr each day. Serum growth
hormone concentrations were greater for 80 min immediately before feeding compared
with 80 min immediately after removal of feed. Relative to saline-injected controls,
activation of a,-adrenergic receptors with clonidine (2 xg/kg body wt iv) before feeding
rapidly increased serum growth hormone concentrations, but clonidine had no effect
when administered after feeding. Compared with vehicle-injected controls, blockade of
az-adrenergic receptors with either idazoxan (20 mg/kg body wt sc) or yohimbine (5
mg/kg body wt sc) decreased serum growth hormone concentrations before as well as
after feeding. Feeding abolished the stimulatory «,-adrenergic receptor-mediated in-
crease in growth hormone secretion. Our data support the hypothesis that «,-adrenergic
receptor stimuiation is an essential event mediating pulsatility of growth hormone
secretion before feeding and is required to maintain basal concentrations after

feeding.
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mone (GHRF) stimulates, and somatostatin

(SRIF) inhibits, the secretion of growth hor-
mone from the anterior pituitary gland (1, 2). Monoam-
inergic neurotransmitters, primarily norepinephrine,
regulate the release of GHRF and SRIF into hypophy-
sial portal blood (3, 4). In rats, inhibition of norepi-
nephrine synthesis or blockade of a,-adrenergic recep-
tors reduces concentrations of growth hormone in
plasma and eliminates spontaneous pulses of growth
hormone (3, 5, 6). Conversely, activation of central c,-
adrenergic receptors stimulates secretion of growth hor-
mone (6, 7).

Timing of pulses in concentration of growth hor-
mone in serum of cattle with continuous access to feed
occurs unpredictably (8). However, restricting the time
that feed is available each day to 2 hr induces peaks in

Hypothalamic growth hormone-releasing hor-
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serum growth hormone concentration during the -2
hr before feeding. Concentration of growth hormone in
serum declines throughout feeding and remains low for
1 to 2 hr after eating (9, 10). Thus, the meal-fed steer
offers a unique opportunity to study neuroendocrine
regulation of growth hormone secretion under mark-
edly different physiological conditions within the same
animal in a relatively short time frame. We hypothesize
that meal-feeding-induced changes in the secretory pat-
tern of growth hormone in steers may represent a
coordination of hypothalamic GHRF and SRIF secre-
tion, possibly mediated by central noradrenergic neu-
rons.

Our objective was to determine whether activation
or blockade of a»-adrenergic receptors affected serum
growth hormone concentrations before and after meal
feeding. The results suggest that feeding inhibits spon-
taneous and a»-adrenergic receptor-mediated activation
of growth hormone secretion.

Materials and Methods

General. Holstein bull calves were castrated at 6
weeks of age. Steers were housed in individual stalls in
environmentally controlled rooms (four steers/room).
Temperature of animal rooms was 20 + 1°C. Lights
came on at 0300 hr and went off at 2100 hr.
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Animals were fed a pelleted diet (18% crude protein
and 19.6% acid detergent fiber; Countrymark Cooper-
ative, Indianapolis, IN) balanced to meet nutrient re-
quirements (11). Body weight gains were in excess of 1
kg/day. Bloat Guard (5-10 g; SmithKline Beecham
Anima] Health, Westchester, PA) was added to feed
each day to prevent bloating. To adapt the animals to
meal feeding, the time allowed for eating was reduced
gradually over 14 days. By Day 14, feed was available
only between 1000 and 1200 hr. The 2-hr meal-feeding
pattern was continued for a minimum of 10 days before
an experiment began. Water was available at all times.

Indwelling jugular catheters were inserted asepti-
cally 15-20 hr before blood collection (12). Blood sam-
ples (6 ml) were collected at 20-min intervals within
each experiment. After collection of each blood sample,
3-5 ml of 3.5% sodium citrate was injected into the
jugular catheter to maintain patency. Blood samples
were allowed to clot at room temperature and were
refrigerated overnight. Whole blood was centrifuged at
1500g for 25 min. Serum was harvested and frozen at
—20°C preceding growth hormone analysis (13). Intra-
and interassay coefficients of variation were 9.3% and
16.8%, respectively. Body weights of steers were re-
corded 1 day before each experimental day. Drugs to
- be injected were solubilized in sterile vehicle within 1
hr of use.

Concentrations of Growth Hormone in Serum
before and after Feeding. Blood samples were col-
lected between 0700 and 1500 hr from eight steers (97
+ 3 [mean *+ SE] days of age; 93 + 4 kg body wt) on 2
days with 1 day of rest between sampie days.

Effect of Activation of ax-Adrenergic Receptors
(Clonidine) on Serum Growth Hormone Concentra-
tions before and after Feeding. Twelve meal-fed steers
(106 x 2 days of age; 99 + 2 kg body wt) were used in
a 4 X 4 Latin square design of steer and day of experi-
ment. Clonidine (Sigma Chemical Co., St. Louis, MO)
was diluted in 0.9% saline (50 ug/ml) before intrave-
nous injection (2 ug/kg body wt). Treatments within
square were 2 X 2 factorial combinations of time rela-
tive to feeding (before or after) and drug treatment
(saline or clonidine). Thus, three steers received saline,
and three received clonidine at 0810 hr each day of the
experiment. Blood samples were collected between
0700 and 1000 hr. Of the remaining six steers, three
received saline and three received clonidine at 1310 hr,
and blood samples were collected between 1200 and
1500 hr. Sampling days were separated by 2 days of
rest.

The 2-ug/kg body wt dose of clonidine was based
on a preliminary study (data not shown) in which 0.4,
2, and 10 ug clonidine/kg body wt induced a dose-
responsive increase in the concentration of growth hor-
mone in serum of calves and increased the duration of
side effects (Iabored breathing, inability to stand). Com-

pared with vehicle-injected controls, the 2-ug/kg body
wt dose induced a significant increase in the concentra-
tion of growth hormone in serum with a minimum
duration of side effects (approximately 1 hr).

Effect of Blockade of ay-Adrenergic Receptors
(idazoxan and Yohimbine) on Serum Growth Hor-
mone Concentrations before Feeding. Sixteen steers
(98 + 4 days of age; 104 + 4 kg body wt) were used in
a completely randomized design. The specific a,-adre-
nergic receptor antagonist idazoxan (Sigma) was diluted
in water (150 mg/ml). Eight steers received water and
eight received idazoxan (20 mg/kg body wt sc) at 0730
hr. Blood samples were collected between 0700 and
1500 hr. The dose of idazoxan was identical to that
used in rats (14).

The objective of an additional experiment was to
determine whether yohimbine (Sigma), a less costly,
more readily available, albeit less specific «,-adrenergic
receptor antagonist, could be substituted for idazoxan
in future experiments. Sixteen steers (136 = 7 days of
age; 130 £ 5 kg body wt) were used in a single reversal
experimental design. Yohimbine was diluted in water
(15 mg/ml) before subcutaneous injection (5 mg/kg
body wt) at 0730 hr. Treatments were water and yohim-
bine. Blood samples were collected between 0640 and
1200 hr. One day of rest separated sampling days.

In a preliminary study, doses of 2.5, 5, and 10 mg
yohimbine/kg body wt were tested for suppression of
concentrations of growth hormone in serum of calves.
The 5-mg/kg body wt dose was chosen because it
suppressed growth hormone concentrations in serum
with a minimum duration of side effects (labored
breathing, inability to stand) (approximately | hr).

Effect of Blockade of a,-Adrenergic Receptors
(Yohimbine) on Serum Growth Hormone Concentra-
tions after Feeding. Sixteen steers (139 = 4 days of
age; 132 = 5 kg body wt) received water or yohimbine
(5 mg/kg body wt sc) at 1210 hr in a single reversal
experimental design. Blood samples were collected be-
tween 0700 and 1500 hr. Two days of rest separated
sampling days.

Statistical Evaluation. Areas under serum growth
hormone response curves were calculated using the
trapezoidal rule. Unless otherwise specified, areas be-
fore feeding were calculated between the first sample
taken after drug or vehicle injection and 1000 hr,
Similarly, areas after feeding were calculated between
the first sample taken after drug or vehicle injection
and 1500 hr. Because clonidine appeared to exert im-
mediate and longer-term effects on concentrations of
growth hormone in serum before and after feeding,
response areas for this experiment were arbitrarily di-
vided into two equal components before feeding (0820~
0900 hr and 0920-1000 hr) and two equal components
after feeding (1320-1400 hr and 1420-1500 hr).

Analysis of variance was performed for each exper-

a;-ADRENERGIC CONTROL OF GROWTH HORMONE 319



iment. Main effects in statistical models were treatment,
steer, and day as appropriate for each experiment.
Treatment means were compared with F tests. Proba-
bilities <0.05 were considered statistically different.

Results

Baseline Serum Growth Hormone Concentra-
tions for Meal-Fed Steers. Serum growth hormone
concentrations were greater before feeding (0820-0940
hr) compared with after feeding (1220-1340 hr)
(Fig. 1).

Serum Growth Hormone Concentrations after
Activation of a,-Adrenergic Receptors before and
after Feeding. Relative to saline-injected controls,
clonidine given before feeding (0810 hr) increased the
area under the growth hormone response curve between
0820 and 0900 hr, whereas clonidine injection after
feeding (1310 hr) did not affect the area under the
growth hormone response curve between 1320 and
1400 hr (Fig. 2).

In addition to the immediate effect, clonidine also
had a delayed inhibitory effect on serum growth hor-
mone concentrations before and after feeding. Specifi-
cally, the area under the clonidine-induced growth hor-
mone response curves eventually decreased below that
of saline-injected steers between 0920 and 1000 hr and
between 1420 and 1500 hr. The decreases were similar
between 0920 and 1000 and 1420 and 1500 hr.

Serum Growth Hormone Concentrations after
Blockade of a,-Adrenergic Receptors before and
after Feeding. Compared with controls, the specific
az-adrenergic receptor antagonist idazoxan suppressed
the area under the growth hormone response curve
before feeding (Fig. 3). Following a nadir at 0920 hr,
serum growth hormone concentration steadily in-
creased to a peak at 1200 hr in idazoxan-treated steers.

10
Feeding

Growth Hormone (ng/mil)

0 1 1 1 1 1 1 ]

0700 0800 0900 1000 1100 1200 1300 1400 1500

Time of Day

Figure 1. Serum growth hormone concentrations (mean + SE) in
meal-fed Holstein steers (n = 16 observations, eight steers on 2
sampling days/point).
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Figure 2. Serum growth hormone concentrations (mean + SE) in
meal-fed Holstein steers injected with sterile saline (solid line) or the
az-adrenergic receptor agonist clonidine (dashed line) (2 xg/kg body
wt iv) at 0810 and 1310 hr (n = 12 observations, 12 steers on 4
sampling days/point). Arrows point to last sample before injections.
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Figure 3. Serum growth hormone concentrations (mean + SE) in
meal-fed Holstein steers injected with sterile water (solid line) or the
az-adrenergic receptor antagonist idazoxan (dashed line) (20 mg/kg
body wt sc) at 0730 hr (n = eight observations, eight steers on 1
sampling day/point). Arrow points to last sample before injection.

Growth hormone concentrations peaked at 0920 hr for
water-injected controls (Fig. 3).

Compared with controls, injection of yohimbine
suppressed the area under the growth hormone response
curve before feeding (Fig. 4). Concentrations of growth
hormone in serum reached a nadir at 0900 hr and then
increased to a peak at 1120 hr. In contrast, peak serum
growth hormone concentrations for water-injected con-
trols occurred at 0920 hr.

Compared with controls, inhibition of a,-adrener-
gic receptors with yohimbine after feeding reduced the
serum growth hormone response curve area between
1220 and 1500 hr (Fig. 5).

Discussion

Growth hormone pulses are the consequence of
increased release of GHRF occurring together with
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Figure 4. Serum growth hormone concentrations (mean + SE) in
meal-fed Holstein steers injected with sterile water (solid line) or the
ap-adrenergic receptor antagonist yohimbine (dashed line) (5 mg/kg
body wt sc) at 0730 hr (n = 16 observations, eight steers on 2
sampling days/point). Arrow points to last sample before injection.
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Figure 5. Serum growth hormone concentrations (mean + SE) in
meal-fed Holstein steers injected with sterile water (solid line) or the
az-adrenergic receptor antagonist yohimbine (dashed line) (5 mg/kg
body wt sc) at 1210 hr (n = 16 observations, eight steers on 2
sampling days/point). Arrow points to last sample before injection.

decreased release of SRIF, while troughs in concentra-
tion of growth hormone in serum occur when SRIF
release is elevated and GHREF release is minimal (15,
16). Our data support the theory that meal feeding
induces an organization of endogenous GHRF and
SRIF secretion patterns which are manifested as spon-
taneous peaks (before feeding) and as a trough (imme-
diately after feeding) in serum growth hormone concen-
trations (9, 10). It is unlikely that time of day, instead
of time of feeding, accounts for these results because
pulses of growth hormone in cattle with free access to
feed occur randomly (8). Furthermore, the growth hor-
mone response to meal feeding at different times of day
among studies is virtually identical (9, 10, and present
study).

In the rat, stimulation of a»-adrenergic neurons
induces growth hormone secretory pulses (4, 17). In the
present study utilizing steers, stimulation of aj-adre-
nergic receptors with clonidine before feeding rapidly
increased serum growth hormone concentrations. In-
creased GHREF release or decreased SRIF release could
have mediated clonidine-induced increases in serum
growth hormone concentrations before feeding. Passive
immunization of rats with GHRF antibodies suppresses
the stimulatory effects of clonidine on growth hormone
release, thereby supporting the hypothesis that stimu-
lation of a,-adrenergic receptors increases GHRF re-
lease (18).

Clonidine did not stimulate growth hormone re-
lease after feeding. The possibility that ar-adrenergic
receptor stimulation with clonidine increased SRIF re-
lease after feeding is unlikely since this clearly was not
the case before feeding. Alternatively, ar-adrenergic
receptor stimulation may have increased GHRF release
after feeding, but somatotropes may have been nonres-
ponsive. Moseley et al. (9) reported a 40-fold greater
response of growth hormone concentrations in serum
when a GHRF challenge was given before feeding com-
pared with after feeding. However, in sham-fed steers,
GHREF induced similar, large increases in concentra-
tions of growth hormone in serum before and after
sham feeding (9).

While the effects of feeding on hypothalamic SRIF
release are unstudied, peripheral SRIF concentrations
increased within 5 min and remained elevated for 1 hr
after feeding in lactating cows (19). The growth hor-
mone-releasing effects of all growth hormone secreta-
gogues, including GHRF, are blocked by SRIF-me-
diated inhibition of adenylate cyclase activation and
reduction of intracellular Ca®* through G-protein-
linked receptor mechanisms (20). Thus, if feeding in-
creased SRIF concentrations in the present study, then
itis unlikely that a clonidine-induced increase in GHRF
release could increase growth hormone release from
somatotropes. An additional unstudied possibility is
that SRIF inhibited «,-adrenergic-stimulated GHRF
release.

A delayed decrease of similar magnitude before as
well as after feeding followed the immediate response
to clonidine injections. This delayed decrease in serum
growth hormone concentrations probably was not due
to depletion of pituitary stores of growth hormone,
since clonidine did not induce a pulse in serum growth
hormone concentrations after feeding. Alternatively,
clonidine-induced hypothalamic GHRF release may in
turn have triggered increased SRIF release via an ultra-
short feedback loop (4). In support of this hypothesis
are data showing that GHRF augments the release of
SRIF from isolated median eminence (3), and that
intracerebroventricular administration of GHRF in-
creases SRIF release (21, 22).
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Inhibition of a»-adrenergic receptors with idazoxan
or yohimbine decreased growth hormone concentra-
tions in serum regardless of time administered relative
to meal feeding. Injection of antibodies to SRIF did not
reverse the inhibitory effects of yohimbine on serum
growth hormone in rats (23), suggesting that reduced
GHREF release, and not increased SRIF secretion, me-
diates inhibitory aj-adrenergic receptor effects on
serum growth hormone concentrations. a>-Adrenergic
antagonists block postsynaptic a;-adrenergic receptors
and increase release of norepinephrine from presyn-
aptic terminals (24). The eventual increase in serum
growth hormone concentrations following idazoxan
and yohimbine injections may represent a diminution
of postsynaptic blockade, thereby restoring stimulatory
postsynaptic adrenergic-mediated GHRF release. These
data, coupled with our finding that yohimbine inhibits
release of growth hormone before and after feeding,
support the hypothesis that as-adrenergic neurons ton-
ically stimulate GHRF secretion.

In conclusion, the stimulatory «»-adrenergic in-
crease in growth hormone secretion before feeding was
abolished after feeding. Collectively, these data support
the hypothesis that ay-adrenergic receptor stimulation
1s an essential event mediating pulsatility of growth
hormone secretion before feeding and is required to
maintain basal concentrations after feeding.

This research was supported by the United States Department
of Agriculture Grant 91-37206-6718.

1. Guillemin R, Brazeau P, Béhlen P, Esch F, Ling N, Wehrenberg
WB. Growth hormone-releasing factor from a human pancreatic
tumor that caused acromegaly. Science 218:585-587, 1982.

2. Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J,
Guillemin R. Hypothalamic polypeptide that inhibits the secre-
tion of immunoreactive pituitary growth hormone. Science
179:77-79, 1973.

3. McCann SM, Krulich L. Role of transmitters in control of
anterior pituitary hormone release. In: DeGroot LJ, Ed. Endo-
crinology. Philadelphia: Saunders, Vol 1: pp117-124, 1989.

4. Miiller EE. Neural control of somatotropic function. Physiol Rev
67(3):962-1053, 1987.

5. Eden S, Eriksson E, Martin JB, Modigh K. Evidence for a growth
hormone releasing factor mediating alpha-adrenergic influence
on growth hormone secretion in the rat. Neuroendocrinology
33:24-27, 1981.

6. Terry LC, Martin JB. Evidence for a-adrenergic regulation of
episodic GH and prolactin secretion in the undisturbed male rat.
Endocrinology 108:1869-1873, 1981.

7. Krulich L, Mayfield MA, Steele MK, McMillan BA, McCann
SM, Koenig JI. Differential effects of pharmacological manipu-
lation of central «,- and «,-adrenergic receptors on the secretion
of thyrotropin and growth hormone in rats. Endocrinology
110:796-804, 1982.

322

10.

13.

14.

15.

16.

20.

21.

22.

23.

24.

a,-ADRENERGIC CONTROL OF GROWTH HORMONE

. Anfinson MS, Davis SL, Christian E, Everson DO. Episodic

secretion of growth hormone in steers and bulls: An analysis of
frequency and magnitude of secretory spikes occurring in a 24-
hour period. Proc West Sect Am Soc Anim Sci 26:175-177,
1975.

. Moseley WM, Alaniz GR, Claflin WH, Krabill LF. Food intake

alters the serum growth hormone response to bovine growth
hormone-releasing factor in meal-fed Holstein steers. J Endocri-
nol 117:253-259, 1988.

Wheaton JE, Al-Raheem SN, Massri YG, Marcek JM. Twenty-
four-hour growth hormone profiles in Angus steers. J Anim Sci
62:1267-1272, 1986.

. National Research Council. Nutrient Requirements of Dairy

Cattle (6th rev ed). Washington, DC: National Academy Press,
1989.

. Zinn SA, Chapin LT, Lookingland KJ, Moore KE, Tucker HA.

Effects of photoperiod on lactotrophs and on dopaminergic and
5-hydroxytryptaminergic neurons in bull calves. J Endocrinol
129:141-148, 1991.

Zinn SA, Chapin LT, Enright WJ, Tucker HA. Failure of pho-
toperiod to alter body growth and carcass composition in beef
steers. J Anim Sci 67:1249-1257, 1989.

Lookingland KJ, Ireland LM, Gunnet JW, Manzanares J, Tian
Y, Moore KE. 3-Methoxy-4-hydroxyphenylethyleneglycol con-
centrations in discrete hypothalamic nuclei reflect the activity of
noradrenergic neurons. Brain Res 559:82-88, 1991.
Tannenbaum GS, Ling N. The interrelationship of growth hor-
mone (GH)-releasing factor and somatostatin in generation of
the ultradian rhythm of GH secretion. Endocrinology 115:1952-
1957, 1984.

Plotsky PM, Vale W. Patterns of growth hormone-releasing factor
and somatostatin secretion into the hypophysial-portal circula-
tion of the rat. Science 230:461-463, 1985.

. Gil-Ad I, Laron Z, Koch Y. Effects of acute and chronic admin-

istration of clonidine on hypothalamic content of growth hor-
mone-releasing hormone and somatostatin in the rat. J Endocn-
nol 131:381-385, 1991.

. Miki N, Ono M, Shizume K. Evidence that opiatergic and alpha-

adrenergic mechanisms stimulate rat growth hormone release via
growth hormone-releasing factor (GRF). Endocrinology
114:1950-1952, 1984,

. Svennersten K, Nelson L, Arvinder K, Uvnas-Moberg K. Milking

and feeding-induced release of the gastrointestinal hormones
gastrin and somatostatin in dairy cows. J Dairy Sci 72:2276-
2282, 1989.

Frohman LA, Downs TR, Chomczynski P. Regulation of growth
hormone secretion. Front Neuroendocrinol 13:344-405, 1992.
Katakami H, Arimura A, Frohman LA. Growth hormone (GH)-
releasing factor stimulates hypothalamic somatostatin release: An
inhibitory feedback effect on GH secretion. Endocrinology
118:1872-1877, 1986.

Lumpkin MD, Samson WK, McCann SM. Effects of intraven-
tricular growth hormone-releasing factor on growth hormone
release: Further evidence for ultrashort loop feedback. Endocri-
nology 116:2070-2074, 1985.

Arnold MA, Fernstrom JD. Administration of antisomatostatin
serum to rats reverses the inhibition of pulsatile growth hormone
secretion produced by injection of metergoline but not yohim-
bine. Neuroendocrinology 31:194-199, 1980.

Goodman LS, Gilman A. The Pharmacological Basis of Thera-
peutics (8th ed). New York: The Macmillan Co., p223, 1992.



