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ABSTRACT: Growth hormone (GH) serum levels in response to the administration of aminergic drugs and thy-
roliberine (TRH) were determined in a group of 34 acromegalics. Administration of bromocriptine (10 mg single oral 
dose) was followed by a decrease in GH below 60% control values in 35% of the cases. Administration of diazepam 
(10 mg single oral dose) to those cases not responding to bromocriptine induced a decrease in GH in 58% of the cases 
and an increase in GH in 42%. Administration of cyproheptadine (24 mg/day for one month) to those cases not 
responding to bromocriptine or with increased GH after the administration of diazepam, decreased GH in 75%, while 
increased GH in 25% of the cases. TRH 200 (Xg single I.V. dose induced increase of 128% GH basal level in 65% of 
cases (TRH positive) which correlated with more benign clinical course, decreased GH levels in response to 
bromocriptine, increased PRL levels, PRL-GH mixed secreting adenomas in immunohistochemistry studies, presence 
of granulated cells in electron microscopy studies and normalization of GH in the majority of surgically treated cases. 
By contrast, TRH negative cells correlated with aggressive tumor growth, lack of response to bromocriptine, normal 
PRL levels, pure GH secreting adenomas by immunohistochemistry, poorly granulated cells and lack of response to 
surgical treatment. Results suggest that there is more than one type of acromegaly that might be distinguished by the 
aminergic control on GH secretion. 

RESUME: Reponse differentielle a des stimuli aminergiques et comportement biologique des adenomes pitu-
itaires secretant de I'hormone de croissance Les taux serique d'hormone de croissance (GH) ont ete etudies chez 34 
acrom6gales en reponse a I'administration de substances aminergiques et de thyreostimuline (TRH). L'administration 
de bromocriptine (dose orale unique de 10 mg) a ete suivie d'une baisse de la GH de 60% par rapport aux valeurs de 
controle dans 35% des cas. L'administration de diazepam (10 mg en dose orale unique) aux patients qui n'avaient pas 
r6pondu a la bromocriptine, a entraine une diminution de la GH dans 58% des cas et une augmentation dans 42%. 
L'administration de cyproheptadine (24 mg/jour pendant un mois) aux patients n'ayant repondu ni a la bromocriptine, 
ni au diazepam, augmenta la GH dans 75% et la diminua dans 25% des cas. La TRH administree a raison de 200 mg 
intraveineux provoqua une augmentation de 128% du taux basal de GH dans 75% des cas (positivite a la TRH). La 
r6ponse positive a la TRH etait en correlation avec une evolution clinique plus benigne, avec reponse a la bromocrip
tine, augmentation des taux aux de PRL (adenomes mixtes), presence de cellules granulees a la microscopie electroni-
que et normalisation de la GH dans la majorite des cas traites chirurgicalement. Par contre, la negativite a la TRH etait 
accompagnee d'une croissance agressive, d'une absence de reponse a la bromocriptine, de taux de PRL normaux 
(adenomes somatotropes purs), de cellules peu granulees et d'absence de reponse au traitement chirurgical. Ces 
rdsultats suggerent qu'il existe plus d'un type d'acromegalie. 

Can. J. Neurol. Sci. 1990; 17:78-82 

In normal conditions, growth hormone (GH) secretion is reg
ulated by hypothalamic hormones: somatostatin (GH-1H)12 and 
somatocrinine (GH-RH).3-4 In turn, GH-RH secretion in the 
hypothalamus is under the control of aminergic (dopamine and 
norepinephrine) and serotonine neurons in other nervous struc
tures, while there is no evidence of aminergic control on GH-IH 
secretion.5 In acromegaly, however, GH-IH secretion is under 
the control of dopamine and y-aminobutyric acid (GABA), 

while GH-RH is regulated by serotonine and norepinephrine but 
not by dopamine.6 

Thyroliberine (TRH), a hypothalamic hormone that in nor
mal conditions does not play a significant role in GH secretion, 
may become a powerful stimulus for increasing GH serum lev
els in acromegaly.7-8 Such differences in regulation of GH secre
tion in normal conditions and acromegaly, have been used for 
diagnostic and therapeutic purposes.9'10"-12 Changes in GH 
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serum level in response to the administration of amines and pep
tides agonists vary a great deal among acromegalics, suggesting 
that acromegaly results from the disfunction of more than one 
physiological mechanism controlling GH secretion, which in 
turn may determine the different biological behavior seen in GH 
secreting pituitary adenomas.8 

In the present report, differential responses to aminergic and 
peptidergic stimuli of a group of acromegalics were studied and 
the results tested against the biological behavior of the tumor. 

MATERIALS AND METHODS 

The study was carried out on thirty-four patients (22 male 
and 12 female), with ages between 14 and 60 years and with 
clinic diagnosis of acromegaly. Symptoms of acromegaly were 
noticed for the first time between 5 months to 16 years before 
the admission to the study. The diagnosis was confirmed by 
radiological (plain skull X rays, lineal tomography of the sella 
turcica and CT scan) and hormonal studies (radioimmunoassay 
determination of GH, PRL, LH and FSH). Afterwards, patients 
underwent the following protocol of study: in all studies, except 
cyproheptadine, patients were hospitalized at least 24 hours in 
advance, being on bed rest and fasting for periods between 8 to 
11 hours prior to the administration of the drugs which were 
given between 7:00 and 9:00 A.M. Blood samples were taken 
through an indwelling catheter in the antecubital vein main
tained with a slow infusion of normal saline and kept at 
-4°C temperature until duplicated determinations of GH, PRL 
and glucose in all samples were performed, according to the 
technique described elsewhere.7 Intra-assay variations for GH in 
our laboratory were 1.040 ± 0.220 ng/ml and inter-assay varia
tions of 2.008 ± 0.640 ng/ml. 

The 34 patients received bromocriptine, a dopamine ago
nist1314'15 in a single oral dose of 10 mg. Blood samples were 
taken at 15 min. before and 2, 3, 4 and 5 hours after administra
tion of bromocriptine. 

Twelve patients, among those who received bromocriptine 
and did not have significant decrease in GH serum levels in 
response to the drug (see results), received a single oral dose of 
10 mg of diazepam, (a GABA agonist),1617 while blood sam
ples were taken before, and 15, 30, 45 and 60 min. after 
diazepam administration, in the same way as that for the 
bromocriptine test. The diazepam test was performed at least 
one week after the bromocriptine test. Four patients that did not 
have a decrease in GH serum levels after the administration of 
either bromocriptine or diazepam received cyproheptadine, a 
potent serotonine antagonist, although also having anticholiner
gic and antihistaminic action,1819 in a daily oral dose of 24 mg 
for a minimum of a month. Blood samples for GH determina

tion were taken before cyproheptadine was started and every 15 
days thereafter. Blood samples were taken also after a night of 
rest and fasting of 8 to 12 hours, but patients were neither hospi
talized, nor was an indwelling catheter placed to take blood 
samples for this test. 

All patients were surgically treated and the surgical approach 
was decided on the basis of tumor extension and optic nerve 
involvement: 19 were treated through trans-sphenoidal 
approach, and 15 through subfrontal approach. The surgical 
specimen was studied with electron microscopy and immuno-
histochemistry according to the techniques described 
elsewhere.20'21 A post operative evaluation was carried out four 
months to one year later using clinical radiological and GH and 
PRL determinations as for the preoperative evaluation. Changes 
in GH serum levels comparing the control values with the value 
that presented the maximum modification after bromocriptine, 
diazepam, cyproheptadine and TRH were determined. Cases 
that presented significant decrease or increase in GH serum lev
els after the administration of one of the drugs (see results) were 
grouped and the mean value, standard deviation and standard 
error of GH changes for the group were calculated. Significance 
of changes was determined through paired student "t" test. 
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Figure 1 — Different response to aminergic and peptidergic stimula
tion in the group of 34 acromegalics. Filled circles indicate the 
mean value of the group that had positive responses and empty cir
cles the group with "negative" responses. The bars on top of circles 
indicate the standard error. Notice that TRH negative group had 
higher levels of GH to start with, which may lead to a misinterpre
tation of the results when the response is estimated as the percent 
increase over basal levels. However, even if results are estimated as 
increase in ng/ml, there is still a significant difference between 
positive and negative groups. 

Table 1: Differential Response to Aminergic Stimulation in Acromegalic Patients 

Bromocriptine + 
GH-Pre GH-Post % 

Bromocriptine -
GH-Pre GH-Post % 

Diazepam + Diazepam - Cyproheptadine + Cyproheptadine -
GH-Pre GH-Post % GH-Pre GH-Post % GH-Pre GH-Post % GH-Pre GH-Post % 

x 46.1 
SD 26.1 
SE 7.5 
t 6.03 
p <0.001 
n= 12 

17.4 -63 31.8 
14.1 
4.0 

18 
4.5 

18.0 
3.8 
1.32 

NS 
22 

30.1 
15.3 
3.2 

-2.2 25.1 15.0 -33 
17.4 
3.7 

10.1 
3.8 
2.99 

<0.01 
7 

4.5 
1.7 

16.1 
6.1 

29 
3.0 
1.3 
3.45 

<0.05 
5 

38 
7.2 
3.2 

+30 35.5 16.5 -55 27.5 32 +16 
\i 5.9 

3.4 
9.89 

<0.01 
3 

7.6 
4.4 

14 

Mean GH serum levels in ng/ml for each group pre and post different aminergic stimuli, as well as the percent of increments and decrements are pre
sented. The significance of changes for each group are given at the foot of each column. 
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Table 2: TRH Response and Biological Behavior 

Symptoms Tumor 
Evolution Size 

(Years) Grade 

Number Bromocriptine Cytoplasmic 
Granules 

Dense Sparced 

Immunohistochemistry 

GH-PRL GH 

Surgical 
Outcome 

Good Poor 

TRH+ 

TRH-

Significance 
of 

Differences 

X 

± 
X 

± 

4.37 
3.71 
1.96 
0.95 

I-II 
III-IV 
I-II 

III - IV 

Chi Square 
P 

18 
4 
1 

11 

14.157 
<0.001 

9 
1 
1 
1 

9 
3 
0 

10 

1.698 
NS 

9 9 
2 1 
0 1 
0 11 

11.437 
<0.01 

14 
1 
0 
2 

8.002 
<0.05 

4 
3 
1 
9 

15 3 
1 3 
0 1 
0 11 

13.694 
<0.001 

Cases have been divided in TRH (+) and TRH (-) groups and each group in grade I-II and III-IV subgroups. The differences between the four sub
groups have been evaluated by chi-square test and the results presented at the bottom lines with the significance of changes. 

The response to TRH administration was compared with the 
clinical course and tumor size, response to bromocriptine, elec
tron microscopy and immunohistochemistry, levels of PRL and 
outcome after surgical treatment. The statistical significance of 
differences between TRH positive and negative groups and bio
logical behavior of the tumor was evaluated through the chi 
square test. 

RESULTS 

Results of aminergic stimulations are presented in Table 1 
and Figure 1. Patients may be classified according to their 
response in the following categories: 

In 12 out of 34 cases bromocriptine induced a decrease from 
50 to 96% in the basal levels of GH (x = -63.3%, significance 

of change p < 0.01). Those patients were labeled as bromocrip
tine positive, while the other 22 patients showed responses that 
varied from a decrease of 33% to an increase of 31 % in the 
basal levels of GH (x = +2.2%, no significant change) and were 
labeled as bromocriptine negative. 

In 7 out of 12 bromocriptine negative patients, diazepam 
induced a significant decrease in GH serum levels (abnormal 
response), that varied from 15 to 62% of the basal values 
(x = -32.8%, p < 0.01) and were labeled as diazepam positive, 
while the other 5 patients had a significant increase (normal 
response) that varied from 10 to 58% of the control value 
(x = +30%, p < 0.05) and were labeled as diazepam negative. 

Cyproheptadine decreased GH serum levels in 3 out of 4 
bromocriptine negative, diazepam negative patients, varying 

Figure 2 — Electron microscope pictures from 2 GH secreting pituitary adenomas showing: A: Sparcely granulated cell with fibrous body near 
the nucleus (arrow). B: Portion of a densely granulated cell with granules measuring 300 nm in average (24500X) (uranyl-acetate-lead-cilrate 
preparation). 
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from 41 to 69% the basal levels (x = -54.6%, p < 0.01), while 
GH serum levels increased in 16% in the other patient. The for
mer 3 patients were labeled as cyproheptadine positive and the 
latter as cyproheptadine negative. 

Administration of TRH to the same 34 patients induced 
increase in GH serum levels over 100% of the control value 
(x = +128%, p < 0.001) in 22 patients labeled as TRH positive, 
while GH increased from 0 to 37% (x = +21%, not significant) 
in the other 12 patients and were labeled as TRH negative. It is 
important to mention that TRH negative cases had GH serum 
levels significantly higher than TRH positive cases. Still, the 
increase in absolute values of GH after administration of TRH 
was significantly larger in TRH positive than in TRH negative 
cases. 

Results of correlation between TRH test and clinical course 
plus tumor size and surgical outcome are presented in Table 2 
and Figure 2. It may be seen that although TRH positive cases 
presented symptoms over longer periods of time (4.3 ± 3.7 
years), than TRH negative cases (1.9 + 0.9 years), 18 out of 22 
TRH positive patients (81.8%) had tumors classified as stages I-
11 from the radiological point of view,22 i.e.: microadenomas or 
intrasellar non invasive macroadenomas. In contrast 11 out of 
12 TRH negative patients (91.6%) presented stages III and IV, 
i.e.: large invasive intrasellar or intrasellar and suprasellar 
tumors (p < 0.001). Ten out of 22 TRH positive cases (41.6%) 
were bromocriptine positive, while only 2 out of 12 TRH 
negative (16.6%) were bromocriptine positive. The difference, 
however, was not significant. Eleven out of 12 TRH negative 
(91.6%) had poorly granulated tumoral cells in electron 
microscopy studies, while TRH positive patients had poorly 
granulated cells in 8 out of 22 cases. (36.4%) being the differ
ence between groups significant (p < 0.01). TRH positive cases 
had increased PRL levels in 20 cases (91%), TRH negative had 
increased PRL in 4 cases (33.3%), being the difference between 
groups significant (p < 0.05), in spite of the fact that TRH nega
tive group had larger tumors and it is common to see increased 
PRL levels in large pituitary tumors due to compression of the 
pituitary stalk.23 In our cases, increased GH and PRL serum 
levels closely correlated with the presence of a GH-PRL mixed 
secreting pituitary cell tumor in the immunohistochemistry 
studies in the same case (17 out of 21). Sixteen of the TRH posi
tive cases (72.7%) had normalization of GH levels after surgery, 
while none of TRH negative cases presented normal GH levels 
in the post operative control study, which may be in part due to 
the smaller tumor size in TRH positive cases. The difference 
between groups was significant (p < 0.001). 

DISCUSSION 

There are limitations inherent to the protocol of study fol
lowed in the present report, for example: the number of cases is 
small, particularly for the group receiving cyproheptadine; sin
gle doses of bromocriptine and diazepam were used, and it is 
possible that larger doses given for longer periods of time, may 
have induced decrease in GH serum levels in those cases herein 
described as bromocriptine or diazepam negative, as has been 
the experience with bromocriptine treatment in acro
megaly.9'1024 The tumor size in some cases was rather large, 
which may interfere with the response to various stimuli by 
compression of the pituitary stalk and the hypothalamus. 

Finally, some of the drugs used for stimulation have a compli
cated and still debatable pharmacological mode of action, as is 
the case of diazepam in regard to GABA systems16'25 and 
cyproheptadine in regard to serotonine versus acetylcholine and 
histamine.18'19 At the side of these limitations, present results 
indicate that a group of acromegalics do not respond to 
bromocriptine and suggest that in those cases the increase in GH 
secretion depends on mechanisms other than the absolute or rel
ative decrease in DOPA control either on GH-IH secretion6 or 
secretion rate at the adenomatous cell itself. Some of those 
bromocriptine negative patients responded to the administration 
of a GABA agonist diazepam, decreasing the serum levels of 
GH, while the rest increased the levels of GH in response to the 
same drug. That is, considering only the effect of diazepam on 
GABA it seems that in some cases it decreases secretion of GH 
(diazepam positive), whereas in some others it increases secre
tion of GH (diazepam negative). The former has been reported 
as a characteristic response in acromegalics,16 whereas the 
increase in GH in response to diazepam is the normal response. 
If one evaluates all cases together, no significant changes are 
seen in response to diazepam as has been reported by others.17 

Among those diazepam negative cases the majority responded 
to the administration of cyproheptadine, suggesting an overac
tivity of serotonine suprahypophyseal control. There are a few 
cases (one in our series), that do not respond to any of the above 
mentioned stimuli, indicating that there may be other forms of 
control on GH abnormal secretion in acromegaly. Unfortunately, 
we did not perform diazepam or cyproheptadine tests in those 
bromocriptine positive patients, to explore the possibility that 
some patients with DOPA decreased activity may also have 
alteration in GABA or serotonine control. For what has been 
mentioned, it is possible that acromegaly results from the dis
ruption of more than one aminergic mechanism and therefore, it 
should be expected that medical treatment using a single drug 
may result in a number of failures. On the other hand, we have 
been impressed with the different biological behavior of the 
GH secreting tumors: while some patients have a rather slow 
growing tumor that never reaches a large size over many years, 
others return a few months after surgical treatment with tumor 
masses larger than those originally treated.26 The analysis of the 
clinical course, hormone secretion and histological features of 
the GH secreting tumors and their response to TRH and 
bromocriptine administration, led to some conclusions of prog
nostic value. For example, the difference in biological behavior 
of tumors between the TRH positive and TRH negative patients 
was striking: while the former had benign tumors the later had 
aggressive ones. Admittedly, the positive or negative response 
to TRH is taken on an arbitrary basis of 100% increase over 
control GH values, and although the control values were signifi
cantly higher for TRH negative group, the difference in 
response to TRH between the 2 groups was rather significant. 
The same favorable prognostic value of a TRH positive 
response has been found in the prolactin secreting pituitary 
adenomas.27 

It is not possible from this study to determine if this "para
doxical" response to TRH is due to a liberation of GH stored in 
intracytoplasmic granules of tumor cells or is the result of 
increased synthesis of GH in those cells; however, since it was 
found that intracytoplasmic granules are more abundant in the 
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cells of those TRH positive cases, it is possible that "paradoxi
cal" TRH response results from the liberation of previously 
stored GH. In vitro studies in prolactin secreting pituitary ade
nomas in regard to PRL secretion, indicate that the positive 
response to TRH is probably due to an increased release of PRL 
from cell granules.28 The above mentioned differences on amin-
ergic control, as well as the contrasting biological behavior of 
GH secreting adenomas, support the hypothesis that acromegaly 
may result from different etiologies and may be considered a 
syndrome rather than a disease. 
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