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Abstract. In vitro and in vivo experiments were used to determine the relationship 
between 5-hydroxytryptaminergic and a,-adrenergic receptors in regulation of growth 
hormone secretion in cattle. Activation of 5-hydroxytryptaminergic receptors (1 0-', 
1 0-6, 1 0-4 M quipazine) or a,-adrenergic receptors (1 0-', 1 0-6, 1 0-4 M clonidine) had 
no effect on secretion of growth hormone from perifused anterior pituitary cells. In 
vivo, quipazine (0.2 mglkg body wt, iv) and clonidine (8 pg/kg body wt, iv), when 
injected separately, each maximized secretion of growth hormone in Holstein steers. 
However, concurrent administration of quipazine and clonidine at these doses addi- 
tively increased secretion of growth hormone (mean areas under curves = 439, 914, 
1425, and 2359 f a pooled SEM of 246 ng - ml-' - min for vehicle, clonidine, quipazine, 
and quipazine plus clonidine treatments, respectively). Blockade of 5-hydroxy- 
tryptaminergic receptors with cyproheptadine (0.2 or 1 .O mg/kg body wt, sc, 0740 hr) 
decreased basal concentrations of growth hormone but had no effect on the ability of 
clonidine (8 pg/kg body wt, iv, 0840 hr) to increase secretion of growth hormone 
(mean areas under curves = 591,1218, 363,1087, and 1002 f a pooled SEM of 177 
ng * ml-' - min for vehicle-vehicle, vehicle-clonidine, 0.2 mg cyproheptadine-vehicle, 
0.2 mg cyproheptadine-clonidine and 1 .O mg cyproheptadine-clonidine treatments, 
respectively). Blockade of a,-adrenergic receptors with either yohimbine (5 mg/kg 
body wt, sc, 0740 hr) or idazoxan (20 mg/kg body wt, sc, 0740 hr) suppressed both 
basal and 5-hydroxytryptaminergic receptor-stimulated (0.2 mg quipazinelkg body wt, 
iv, 0840 hr) secretion of growth hormone (mean areas under curves = 568,1252,410, 
and 558 f a pooled SEM of 108 ng - ml-' min for vehicle-vehicle, vehicle-quipazine, 
yohimbine-vehicle, and yohimbine-quipazine treatments, respectively, and means of 
553, 1468, 194, and 686 f a pooled SEM of 221 ng - ml-' . min for vehicle-vehicle, 
vehicle-quipazine, idazoxan-vehicle, and idazoxan-quipazine treatments, respec- 
tively). We conclude that two mechanisms in the central nervous system mediate 
5-hydroxytryptaminergic receptor-stimulated secretion of growth hormone in cattle; 
one independent and another dependent on a,-adrenergic receptors, possibly via 
regulation of basal growth hormone secretion. In contrast, a,-adrenergic receptor- 
induced secretion of growth hormone occurs independently of 5-hydroxytryptamin- 
ergic receptors. [P.S.E.B.M. 1996, Vol 2121 

onoamine neurotransmitters within the hy- 
pothalamus regulate the release of two hy- M pothalamic peptides,  growth hormone- 

releasing hormone (GHRH) and somatostatin (SRIF) 
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growth hormone from the anterior pituitary gland ( 1 ,  
2). Although 5-hydroxytryptaminergic (5-HT) or a2- . . _  

adrenergic-receptor-agonists do not stimulate secre- 
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-. 

4). In sheep, a 5-HT receptor-agonist also had no ef- 
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fect, whereas an a,-receptor-agonist inhibited se- 
cretion of growth hormone directly from somato- 
tropes (5). Analogous experiments have not been 
conducted in cattle. Thus, our first objective was to 
determine if 5-HT or a,-adrenergic receptor agonists 
directly affect secretion of growth hormone from bo- 
vine somatotropes. 

Stimulation of either 5-HT or a,-adrenergic recep- 
tors increased secretion of growth hormone in cattle 
(6-8). In rats, a,-adrenergic receptor-stimulated se- 
cretion of growth hormone required intact 5-HT ter- 
minals within the hypothalamus (9, lo), but the rela- 
tionships between these stimulatory pathways in other 
species has not been determined. Therefore, our sec- 
ond objective was to determine the relationships be- 
tween 5-HT and a,-adrenergic receptors in the regula- 
tion of growth hormone secretion in cattle. 

Materials and Methods 
Effects of Quipazine (5-HT Receptor Agonist), 

Clonidine (a,-Adrenergic Receptor Agonist), and 
GHRH on Secretion of Growth Hormone from An- 
terior Pituitary Cells In Vitro. The objective was to 
determine if either quipazine or clonidine directly 
stimulated secretion of growth hormone from anterior 
pituitary cells in vitro. Growth hormone-releasing hor- 
mone was used as a positive control to establish that 
cells contained growth hormone and were responsive. 
Anterior pituitary glands from cattle were collected at 
slaughter and enzymatically dispersed as descried pre- 
viously (1 1). Briefly, 1-mm’ pieces of adenohypophy- 
seal tissue were digested in a solution of calcium- 
magnesium-free Hanks’ Balanced Salt Solution (CMF- 
HBSS) and 0.3% collagenase (Type I) for 45 min at 
37°C. After enzymatic digestion, the tissue was tritu- 
rated 20 times by passage through a 10-ml serological 
pipette. The resulting cell suspension was filtered 
through sterile, presoaked gauze and then centrifuged 
(400 g for 5 min) to recover the cells. Cells were 
washed three times with CMF-HBSS and one time 
with Dulbecco’s modified Eagle’s medium with low 
glucose ( 4 0 0 0  mg/l) containing 1% newborn calf se- 
rum, 25 mM HEPES, 10 U penicillin/ml, 10 pg strep- 
tomycin/ml, and 0.25 pg fungizone/l. This mixture is 
hereafter referred to as DMEM. Cells were then sus- 
pended in DMEM at a concentration of lo6 cells/ml. 
After dispersion and resuspension, cell viability was 
greater than 90% as determined by trypan blue exclu- 
sion. All culture media and supplements were pur- 
chased from GIBCO Laboratories (Grand Island, 
NY). Collagenase was obtained from Worthington 
Biochemicals (Freehold, NJ). 

The perifusion system of Hassan et al. (12) was 
modified for use in this experiment. The barrels of 
3-ml syringes (Becton Dickinson, Franklin Lakes, NJ) 
served as perifusion chambers. Rubber serum stop- 

pers were placed on the tips of syringes and a layer of 
sterile glass wool was inserted to retain Cytodex I 
beads (Pharmacia Biotech, Piscataway , NJ). Syringes 
were packed by gravity to a volume of 0.5 ml with 
sterile Cytodex I beads, which were swollen in 0.9% 
NaCl. Aliquots (1 ml) of the cell suspension in media 
were pipetted into perifusion chambers. Syringes were 
then filled to the 3-ml mark with DMEM and placed in 
a humidified atmosphere of 95% 0 2 - 5 %  CO, at 37°C 
for 24 hr. 

After the initial incubation, perifusion chambers 
were connected to peristaltic pumps and perifused with 
DMEM, gassed with 95% 02-5% CO,, at a flow rate of 
0.15 mVmin for 320 min. After the first 120 min of peri- 
fusion, samples of effluent media were collected every 
20 min during a 200-min experimental period. In one 
experiment, six perifusion chambers containing anterior 
pituitary cells were assigned to each of the following 
treatments: control containing media alone, positive con- 
trol consisting of media plus low8 M GHRH, or media 
containing or M quipazine dimaleate 
(Research Biochemicals, Inc., Natick, MA). In another 
experiment, six perifusion chambers containing anterior 
pituitary cells were assigned to each of the following 
treatments: control containing media alone, positive con- 
trol consisting of media plus low8 M GHRH, or media 
containing or M clonidine hydrochlo- 
ride (Sigma Chemical Co., St. Louis, MO). Treatments 
were perifused between 40 and 60 min of the experimen- 
tal period. Between 120 and 140 min of the experimental 
period, chambers were perifused with DMEM containing 
60 mM KCl to test cell viability. Samples of media were 
frozen ( - 20°C) and later, concentrations of growth hor- 
mone were measured by radioimmunoassay as described 
previously (8). Intraassay coefficient of variation for 
concentration of growth hormone was 7.5%. 

General Protocol for Experiments with Calves. 
Holstein steer calves were housed in rooms main- 

tained at 20” * 1°C (four steers per room) with 18 hr of 
light and 6 hr of dark each day and fed a pelleted diet 
(18% crude protein, 19.6% acid detergent fiber; Coun- 
try mark Cooperative, Indianapolis, IN) balanced to 
meet nutrient requirements (13). Beginning at 8 to 10 
weeks of age, steers were adapted to meal-feeding 
over a 14-day period. Thereafter, steers had access to 
feed between 1000 and 1200 hr daily. Water was avail- 
able at all times. 

A catheter was inserted into a jugular vein of each 
calf at least 1 day before each experiment. A solution 
of 3.5% sodium citrate in sterile water was used as 
anticoagulant in catheters. Blood samples (6 ml) were 
collected at 20-min intervals before feeding (0700 to 
0940 hr). Samples were allowed to clot at room tem- 
perature and then were stored at 4°C. Blood was cen- 
trifuged the following day at 1500 g for 25 min. Serum 
was transferred to polypropylene tubes and frozen at 
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-20°C. Concentrations of growth hormone in serum 
were determined by radioimmunoassay as described 
previously (8). Intraassay coefficient of variation was 
7.4%. 

Steers were assigned to treatments in completely 
randomized designs. For experiments with more than 
one sampling day, either two or three nonsampling 
days separated sampling days. 

Effects of Quipazine on Secretion of Growth 
Hormone in Viwo. We showed previously that 0.2 mg 
quipazine/kg body wt increased concentration of 
growth hormone in serum of steers injected before or 
after feeding (8). The objective was to identify a dose 
of quipazine that maximally increased 5-HT receptor- 
stimulated secretion of growth hormone. Twelve meal- 
fed steers (170 * 6 days of age; 170 * 4 kg body wt 
[mean k SEMI) were sampled on 2 days. Quipazine 
was diluted in 0.9% sterile saline (10 mg/ml). Treat- 
ments were vehicle-injected control, 0.2, 0.4, and 0.6 
mg of quipazine per kg body wt. Either vehicle or 
quipazine was injected iv immediately after a blood 
sample was collected at 0820 hr. 

Effects of Clonidine on Secretion of Growth 
Hormone in Viwo. We showed previously that 2 pg 
clonidine/kg body wt increased concentration of 
growth hormone in serum of steers injected before 
feeding (7). The objective of this experiment was to 
identify a dose of clonidine that maximally increased 
a,-adrenergic receptor-stimulated secretion of growth 
hormone before feeding. Fourteen meal-fed steers (173 
* 7 days of age; 173 k 6 kg body wt) were sampled on 
a single day. Clonidine was diluted in 0.9% sterile sa- 
line (350 pg/ml). Steers were randomly assigned to the 
following treatments: vehicle-injected control or 8- or 
16-pg clonidine/kg body wt. Either vehicle or cloni- 
dine was injected iv immediately after collection of a 
blood sample at 0820 hr. 

Effect of Concurrent Administration of Qu i pa- 
zine and Clonidine on Secretion of Growth Hor- 
mone. The objective was to determine if concurrent 
activation of 5-HT and a,-adrenergic receptors addi- 
tively increased secretion of growth hormone. Doses 
of quipazine and clonidine that maximally increased 
5-HT receptor- and a,-adrenergic receptor-stimulated 
secretion of growth hormone were used. Seventeen 
steers (198 * 7 days of age; 194 * 6 kg body wt) were 
sampled on 3 days. Treatments were: vehicle-injected 
control, 0.2 mg quipazine/kg body wt, 8 pg clonidine/ 
kg body wt, and concurrent administration of 0.2 mg of 
quipazine plus 8 pg clonidine/kg body wt. Treatments 
were injected immediately after a blood sample was 
collected at 0820 hr. For the treatment in which quip- 
azine and clonidine were injected together, both drugs 
were diluted simultaneously in the same vial and then 
injected together. 

Effect of Pretreatment with Yohimbine or Ida- 

zoxan (a,-Adrenergic Antagonists) on Quipazine- 
Induced Secretion of Growth Hormone. The objec- 
tive was to determine if blockade of a,-adrenergic re- 
ceptors affected the magnitude of subsequent 5-HT 
receptor-stimulated secretion of growth hormone. 
Fourteen steers (139 k 6 days of age; 148 k 4 kg body 
wt) were sampled on 3 days. Yohimbine hydrochloride 
(Sigma) was diluted in sterile water (30 mg/ml). Treat- 
ments were factorial combinations of vehicle or 5 mg 
yohimbine/kg body wt injected sc immediately after a 
blood sample was collected at 0740 hr followed by 
vehicle or 0.2 mg quipazine/kg body wt injected iv 
immediately after a blood sample was collected at 0820 
hr. Previous work showed that 5 mg yohimbine/kg 
body wt suppressed secretion of growth hormone (7). 

The same objective was addressed in a second ex- 
periment using the more selective a,-adrenergic recep- 
tor antagonist, idazoxan. Eight steers (97 k 3 days of 
age; 101 k 4 kg body wt) were sampled on 3 days. 
Idazoxan hydrochloride (Sigma) was diluted in sterile 
water ( 150 mg/ml). Treatments were factorial combi- 
nations of vehicle or 20 mg idazoxadkg body wt in- 
jected sc immediately after a blood sample was col- 
lected at 0740 hr followed by vehicle or 0.2 mg quip- 
azine/kg body wt injected iv immediately after a blood 
sample was collected at 0820 hr. Previous work 
showed that 20 mg idazoxadkg body wt suppressed 
secretion of growth hormone (7). 

Effect of Cyproheptadine (5-HT Receptor An- 
tagonist) on Clonidine-Induced Secretion of 
Growth Hormone. The objective was to determine if 
blockade of 5-HT receptors with cyproheptadine af- 
fected the magnitude of clonidine-induced secretion of 
growth hormone. Seventeen steers (177 k 7 days of 
age; 177 * 6 kg body wt) were sampled on 3 days. 
Cyproheptadine hydrochloride (Sigma) was diluted in 
sterile water (5 mg/ml). Treatments were combinations 
of vehicle or 0.2 or 1 .O mg cyproheptadine/kg body wt 
injected sc immediately after collection of a blood 
sample at 0740 hr followed by vehicle or 8 pg cloni- 
dine/kg body wt injected iv immediately after collec- 
tion of a blood sample at 0820 hr. Previous work 
showed that 0.2 mg cyproheptadine/kg body wt sup- 
pressed secretion of growth hormone in cattle (8). 

Statistical Analyses. For all experiments, areas 
under growth hormone curves (ng - ml-' * min) were 
calculated using the trapezoidal rule and statistically 
analyzed (14). For in vitro experiments, areas under 
curves for samples collected at 20 and 40 min of the 
experimental period (basal) were used as covariates 
for the analysis of areas under curves for samples col- 
lected between 60 and 120 min of the experimental 
period. To achieve homogeneous variances among 
treatments, areas under curves were transformed to 
log,, before analysis ( 15). Depolarization-stimulated 
(60 mM KCl) secretion of growth hormone was calcu- 
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lated as the average of concentrations in media sam- 
ples collected at 140 and 160 min of the experimental 
period. Comparisons between basal and depolariza- 
tion-stimulated secretion of growth hormone were de- 
termined using Student's paired t test (15). 

For experiments with live calves, effects of recep- 
tor agonists and antagonists were evaluated using ar- 
eas under curves for 1 hr after injection of drugs. 
Where appropriate, areas under growth hormone 
curves were transformed to log,, before statistical 
analysis to achieve homogeneous variances among 
treatments (15). Terms in statistical models were steer, 
day, and treatment as appropriate (15). Differences 
among treatment means were determined with either 
orthogonal contrasts or Bonferroni t tests. Probability 
values ~ 0 . 0 5  were considered to be significant. In ad- 
dition to values for areas under curves, mean concen- 
trations of growth hormone in media and serum for 
each treatment at each sampling time are presented in 
figures because the units and scale are more readily 
comprehensible. 
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Results 
Effects of Quipazine, Clonidine, and GHRH on 

Secretion of Growth Hormone from Dispersed An- 
terior Pituitary Cells. Compared with perifusion of 
media alone, media containing either quipazine ( 

l op4  M) or clonidine ( lop8,  lop6, M) had 
no effect on secretion of growth hormone from dis- 
persed anterior pituitary cells (Fig. 1, A and B, respec- 
tively). In contrast, perifusion of media containing 
GHRH M) increased secretion of growth hor- 
mone compared with perifusion of media alone (P < 
0.05). For all treatments, perifusion of media contain- 
ing 60 mM KC1 increased (P < 0.05) concentration of 
growth hormone in samples collected at 140 and 160 
min compared with basal secretion (mean of samples 
collected at 20 and 40 min), indicating that cells re- 
mained viable throughout the experimental period. 

Effect of Quipazine on Secretion of Growth 
Hormone in Viwo. Quipazine doses of 0.2,0.4, and 0.6 
mg/kg body wt each similarly increased secretion of 
growth hormone above that of vehicle-injected control 
(Fig. 2) (P < 0.05). 

Effect of Clonidine on Secretion of Growth Hor- 
mone in Viwo. Clonidine doses of 8 and 16 pg/kg body 
wt each similarly increased secretion of growth hor- 
mone above that of vehicle-injected control (Fig. 3). (P 
< 0.05). 

Effects of Concurrent Administration of Quip- 
azine and Clonidine on Secretion of Growth Hor- 
mone. Compared with vehicle-injected control, cloni- 
dine and quipazine alone similarly increased secretion 
of growth hormone (Fig. 4) (P < 0.05). However, se- 
cretion of growth hormone in response to concurrent 
administration of clonidine and quipazine was greater 
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Figure 1. Effects of GHRH, quipazine, and clonidine on basal 
and KCI-stimulated secretion of growth hormone from dis- 
persed pituitary cells. (A) Mean areas under growth hormone 
curves (ng . ml - '  . min, 60 to 120 min): 169, 5522, 744, 106, and 
403 2 a pooled SEM of 402 (n = 6) for control, GHRH, 

M quipazine, respectively. (B) Mean areas under 
growth hormone curves (ng . ml- '  . min, 60 to 120 min): -808, 
4899, - 571, - 21 8, and - 765 2 a pooled SEM of 482 (n = 6) for 
control, GHRH, and M clonidine, respectively. 
Negative values reflect declines in secretion of growth hormone. 
Horizontal lines indicate times when treatments were perifused. 

and 

(P < 0.05) than that for either clonidine or quipazine 
injected alone. 

Effect of Pretreatment with Yohimbine or Ida- 
zoxan on Quipazine-Induced Secretion of Growth 
Hormone. Compared with vehicle-injected control, 
quipazine alone increased secretion of growth hor- 
mone in both experiments (Fig. 5 and 6) (P < 0.05). 
Also, yohimbine and idazoxan each suppressed basal 
and quipazine-induced secretion of growth hormone 
(P < 0.05). 

Effect of Cyproheptadine on Clonidine-Induced 
Secretion of Growth Hormone. Compared with ve- 
hicle-injected control, clonidine increased secretion of 
growth hormone (Fig. 7) (P < 0.05). In addition, 
cyproheptadine (0.2 and 1.0 mg/kg body wt doses) de- 
creased concentration of growth hormone in serum at 
0820 hr compared with vehicle-injected control (P < 
0.05), but had no effect on the magnitude of clonidine- 
induced secretion of growth hormone. 
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Figure 2. Effect of quipazine on secretion of growth hormone in 
vivo. Values are expressed as means * SEM. Arrow points to last 
sample before injection (0820 hr). Mean areas under growth hor- 
mone curves (ng . ml- '  - min, 0840 to 0940 hr) were 782, 1176, 
986, and 1382 2 a pooled SEM of 134 ( n  = 5 or 6) for vehicle- 
injected control, 0.2, 0.4, and 0.6 mg quipazinelkg body wt treat- 
ments, respectively. 

40 

P \ 
p 30 
Y 

0) 

! 
H 
0 20 c 
c 

10 

I 1 I 

0700 0800 0900 lo00 

Tlme of day 

Figure 3. Effect of clonidine on secretion of growth hormone in 
vivo. Values are expressed as means 2 SEM. Arrow points to last 
sample before (0820 hr) injection. Mean areas under growth hor- 
mone curves (ng . ml- '  - min, 0840 to 0940 hr) were 483, 1079, 
and 1272 * a pooled SEM of 276 (n  = 5 or 6) for vehicle, 8 pg 
clonidine, and 16 pg clonidine/kg body wt treatments, respec- 
tively. 

Discussion 
5-Hydroxytryptaminergic and a,-adrenergic re- 

ceptors regulate rates of synthesis and secretion of 
GHRH and SRIF, and thus regulate secretion of 
growth hormone (1, 2). We showed that stimulation of 
5-HT or a,-adrenergic receptors increased secretion of 
growth hormone, whereas blockade of 5-HT or a,- 
adrenergic receptors decreased secretion of growth 
hormone (7, 8). Our current observations that activa- 
tion of 5-HT or a,-adrenergic receptors stimulated se- 
cretion of growth hormone in steers is in agreement 
with previous reports (a), and support the hypothe- 
sis that these types of receptors are important in the 
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Figure 4. Effects of concurrent administration of clonidine and 
quipazine on secretion of growth hormone. Dose of clonidine = 
8 mg/kg body wt; dose of quipazine = 0.2 mg/kg body wt. Values 
are expressed as means * SEM. Arrow points to last sample 
before (0820 hr) injection. Mean areas under growth hormone 
curves (ng . ml- '  . min, 0840 to 0940 hr) were 439, 914, 1425, 
and 2359 -+ a pooled SEM of 246 ( n  = 10) for vehicle, 8 pg 
clonidine/kg body wt, 0.2 mg quipazine/kg body wt, and 8 pg 
clonidine/kg body wt plus 0.2 mg quipazine/kg body wt treat- 
ments, respectively. 
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Figure 5. Effect of yohimbine on quipazine-induced secretion of 
growth hormone. Dose of quipazine = 0.2 mg/kg body wt; dose 
of yohimbine = 5 mg/kg body wt. Values are expressed as 
means 2 SEM. First arrow (0740 hr) points to last sample before 
vehicle or yohimbine injection, and second arrow (0820 hr) 
points to last sample before vehicle or quipazine injection. Mean 
areas under growth hormone curves (ng . ml-' - min, 0840 to 
0940 hr) were 568,1252,410, and 558 2 a pooled SEM of 108 (n  
= 10 or 11) for vehicle-vehicle, vehicle-quipazine, yohimbine- 
vehicle, and yohimbine-quipazine treatments, respectively. 

regulation of growth hormone secretion in cattle. Be- 
cause 5-HT and a,-adrenergic receptor agonists did 
not stimulate secretion of growth hormone directly 
from the bovine somatotropes, the aminergic mecha- 
nisms involved are undoubtedly located within the 
brain. 

Results from our experiments demonstrate that 
two mechanisms mediate 5-HT receptor-stimulated se- 
cretion of growth hormone in cattle: one that is inde- 
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Figure 6. Effect of idazoxan on quipazine-induced secretion of 
growth hormone. Dose of quipazine = 0.2 mg/kg body wt; dose 
of idazoxan = 20 mg/kg body wt. Values are expressed as 
means 2 SEM. First arrow (0740 hr) points to last sample before 
vehicle or idazoxan injection and second arrow (0820 hr) points 
to last sample before vehicle or quipazine injection. Mean areas 
under growth hormone curves (ng . ml - '  - min, 0840 to 0940 hr) 
were 553, 1468, 194, and 686 2 a pooled SEM of 221 (n = 5 or 
6) for ve h i cle-ve h i cle, ve h i cle-q u i pazi ne , i dazoxan-ve h i cle , and 
idazoxan-quipazine treatments, respectively. 
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Figure 7. Effect of cyproheptadine on clonidine-induced secre- 
tion of growth hormone. Dose of clonidine = 8 kg/kg body wt. 
Values are expressed as means 2 SEM. First arrow (0740 hr) 
points to last sample before vehicle or cyproheptadine injection, 
and second arrow (0820 hr) points to last sample before vehicle 
or clonidine injection. Mean areas under growth hormone 
curves (ng - ml- '  min, 0840 to 0940 hr) were 591, 1218, 363, 
1087, and 1002 t a pooled SEM of 177 (n = 7, 8, or 9) for 
vehicle-vehicle, vehicle-8 pg  clonidine/kg body wt, 0.2 mg 
cyproheptadine/kg body wt-vehicle, 0.2 mg cyproheptadine/kg 
body wt-8 p,g clonidine/kg body wt, and 1 .O mg cyproheptadine/ 
kg body wt-8 pg clonidine/kg body wt treatments, respectively. 

pendent of a,-adrenergic receptors, and another that is 
dependent on a,-adrenergic receptors. The hypothesis 
that 5-HT receptor-stimulated secretion of growth hor- 
mone is independent of a,-adrenergic receptors is sup- 
ported by our observation that simultaneous adminis- 
tration of quipazine and clonidine, at doses that indi- 
vidually maximized secretion of growth hormone, 

additively increased secretion of growth hormone. If 
a,-adrenergic receptors mediate 5-HT receptor- 
stimulated secretion of growth hormone, then quipa- 
zine and clonidine should not have additively in- 
creased secretion of growth hormone. Further support 
for the concept that one mechanism of 5-HT- 
stimulated secretion of growth hormone is indepen- 
dent of a,-adrenergic receptors is the fact that quipa- 
zine stimulates secretion of growth hormone in the 
face of either yohimbine or idazoxan, although the 
magnitude was smaller than that observed for quipa- 
zine alone. 

On the other hand, evidence that 5-HT receptor- 
stimulated secretion of growth hormone is dependent 
on a,-adrenergic receptors is provided by our obser- 
vations that blockade of a,-adrenergic receptors with 
either yohimbine or idazoxan partially suppresses 
quipazine-stimulated secretion of growth hormone. 
Decreased responsiveness to the 5-HT receptor ago- 
nist quipazine may be due to suppression of tonic a2- 
adrenergic receptor-mediated basal secretion of 
growth hormone. 

Our results also demonstrate that a,-adrenergic re- 
ceptor-stimulated secretion of growth hormone occurs 
independent of 5-HT receptors. Specifically, blockade 
of 5-HT receptors with cyproheptadine had no effect 
on clonidine-induced secretion of growth hormone. If 
a,-adrenergic receptor-stimulated secretion of growth 
hormone was dependent on 5-HT receptors, then 
blockade of 5-HT receptors should have prevented 01,- 

adrenergic receptor-stimulated secretion of growth 
hormone. Our results are in contrast to results from 
experiments with rats, in which cyproheptadine, at 
lower doses than those used in the current experiment, 
blocked clonidine-induced secretion of growth hor- 
mone (9, 10). 

One hypothesis, which integrates these results, is 
that GHRH mediates the stimulatory effects of a,- 
adrenergic receptors on secretion of growth hormone, 
whereas GHRH and an additional growth hormone se- 
cretagogue, possibly thyrotropin-releasing hormone 
(TRH), mediate 5-HT receptor-stimulated secretion of 
growth hormone. Simmons et al. (16) showed that clo- 
nidine increased secretion of GHRH from perifused 
bovine hypothalamic slices, which supports the first 
portion of this hypothesis. The effects of stimulation of 
5-HT receptors on secretion of GHRH have not been 
reported for cattle. However, Chen and Ramirez (17) 
showed that stimulation of 5-HT receptors increased 
secretion of TRH in rats, and others (18, 19) showed 
that TRH increased secretion of growth hormone in 
cattle. 

In summary, current results suggest that mecha- 
nisms mediating monoaminergic regulation of secre- 
tion of growth hormone are located within the hypo- 
thalamus. Furthermore, two mechanisms may mediate 
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5-HT receptor-stimulated secretion of growth hor- 
mone in cattle: one that is independent of a2- 
adrenergic receptors and another that is dependent on 
a,-adrenergic receptors, possibly via regulation of 
basal secretion of growth hormone. Finally, a2- 
adrenergic receptor-stimulated secretion of growth 
hormone occurs independently of 5-HT receptors in 
cattle. 

The gifts of anti-serum to ovine growth hormone from the Na- 
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