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Pituitary-dependent hyperadrenocorticism (PDH) is frequent in dogs. Little is known about its presenta-
tion in different age groups and its characteristics. Dividing the population under study (n = 107) into
three age groups we observed that 11.2% were young, 51.4% adults and 37.4% aged. Using magnetic res-
onance, pituitary tumours were intra-sellar (IS) in 30.8% and extra-sellar (ES) in 62.6% and the pars inter-
media (PI) was affected in 6.5%. ES are predominant in females and IS in males (p < 0.0001). In the adult-
aged population, the ES and PI are predominant, while in the young, the IS predominate (p < 0.0001).
ACTH concentration was greater in the ES vs. IS (p < 0.05). a-MSH did not present significant differences
according to tumour size, showing a negative correlation (r = �0.47; p < 0.01) vs. ACTH. Differences in
adenoma size according to gender and their age-related frequency of apparition could be because of dif-
ferent origins of the corticotrophinoma.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Cushing’s syndrome (CS) represents 23% (129/560) of the endo-
crinological cases seen in the Endocrinology Unit of the School
Hospital of the Faculty of Veterinary Sciences of the University of
Buenos Aires (UBA) in 2003–2008 period. According to our statis-
tics, 83% (107/129) of them are produced by a pituitary adenoma
that secretes ACTH or corticotrophinoma; therefore receiving the
name of pituitary-dependent hyperadrenocorticism (PDH) or
Cushing’s disease (CD). It is known that in general CS affects fe-
males more than males and that it is more frequent in adult dogs
(Ling et al., 1979). Nevertheless, when it is specifically produced
by a corticotrophinoma or dysfunctional pars intermedia, there
are insufficient reports on its presentation and on its functional
and morphological characteristics (evaluated by images) according
to gender and age group. What have been extensively reported are
the changes in activity of the adrenal axis as dogs get older, both in
regard to modifications of glucocorticoid inhibitory actions on the
hypothalamus–hypophysis (Reul et al., 1991; Rothuizen, 1991;
Rothuizen et al., 1993), and a greater secretion of cortisol by the
adrenal gland (Goy-Thollot et al., 2007).
ll rights reserved.
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Corticotroph cells in dog hypophysis can be found in the pars
distalis (PD) and in the pars intermedia (PI), both synthesizing
pro-opiomelanocortin (POMC) but differing in the presence of con-
vertase 1 and 2 (C1, C2). In the former, presence of C1 determines
synthesis and release of ACTH; whereas in the PI, C2 produces
cleavage of ACTH resulting in a-MSH and corticotropin-like inter-
mediate lobe peptide (Zhou et al., 1993; Don and Day, 2002; Tana-
ka, 2003). The factors that regulate (stimulating and inhibiting)
corticotroph cells (adrenalin, vasopressin, corticotroph releasing
hormone, glucocorticoids; among others) are widely known
(Antoni, 1986; Bosje et al., 2002). What is under discussion is
whether dopamine (DA) should be included with cortisol among
the inhibitors, because D2 dopaminergic receptors are found in
corticotroph cells of the PD, both in normal cells (Munemura
et al., 1980; Colao et al., 2000; Pivonello et al., 2004) and tumoural
ones (de Bruin et al., 2008). Also, in PI without irrigation, regulation
is carried out by dopaminergic neurons, which maintain a strong
and permanent inhibition on it (Peterson et al., 1986; Kemppainen
and Sartin, 1988; Meij et al., 1997a; Saiardi et al., 1997). Both in
humans and dogs it has been described that aged individuals show
dopaminergic neurodegeneration with a higher stimulation of the
corticotroph area because of the loss of the DA inhibitory effect
(Rothuizen, 1991; Hereñú et al., 2006). This could determine a dif-
ference in the origin of PDH according to the age of the animal.

Regarding gender, sexual dimorphism of the corticotroph area
of the hypophysis has been described in various species
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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(Oishi et al., 1993; Speert et al., 2002; Vidal et al., 1995; Filippa and
Mohamed, 2006) as has the effect that estrogens (E2) exert by
diverse proposed mechanisms over the corticotroph cells (Burgess
and Handa, 1992; Carey et al., 1995; Atkinson and Waddell, 1997).
Kipp et al. (2006) have recently shown that E2 have a neuroprotec-
tive effect on dopaminergic neurons. Thus, variations of E2 due to
the sexual cycle or their decrease because of ageing or after castra-
tion could be related to the development of PDH. According to all of
the above, appearance of this disease in the dog could present dif-
ferences according to age and gender. In humans, pituitary ade-
noma has been classified into micro and macro adenoma
according to its size evaluated by computed tomography (CT)
(Asa and Ezzat, 1998; Selvais et al., 1998). More recently, the CT
features of pituitary adenoma have been described also in canine
literature (Bosje et al., 2002; Ohlerth and Scharf, 2007; Van der
Vlugt-Meijer et al., 2002, 2003). Nevertheless, in human, nuclear
magnetic resonance imaging (NMRI) would be the most precise
image diagnosis method for detecting and evaluating hypophyseal
tumours (Lambrecht and Rubens, 1989; Korogi and Mutsumasa,
1995). There are also studies that describe the use of NMRI in dogs
with PDH with good results (Bertoy et al., 1995; Duesberg et al.,
1995). Using NMRI mid-line sagital sections, we have classified a
pituitary tumour as intra-sellar or extra-sellar, which allows us
to become independent of the difference in size between breeds
(Castillo et al., 2006, 2008; Hullinger, 1993).

The objective of the following study was to analyze PDH presen-
tation according to its distribution by age and gender, and to ana-
lyze morphological (according to images) and functional
differences of the corticotrophinoma.

2. Materials and methods

2.1. Population under study and diagnosis of PDH

A retrospective study using clinical histories from 2003–2008
was carried out on 107 dogs with PDH, involving various different
breeds (56%) and mongrels (44%). The animals were divided into
three groups: young: 6 6 years old; adults: P 7 610 years old
and aged, as from 11 years. All cases were attended to at the Endo-
crinology Unit of the School Hospital of the Faculty of Veterinary
Sciences-UBA. The following diagnostic criteria was used: urine
cortisol:creatinine ratio (C/CR) >70 nmol/L; >50% reduction with
respect to the basal value of C/CR, after administration of 0.1
mg/kg dexametasone every 8 h, according to that described by
Galac et al. (1997) and Rijnberk et al. (1988) and an increase in
ACTH and a-MSH. Presence of pituitary adenoma or alteration of
PI was confirmed by NMRI.

2.2. Diagnostic imaging

The sellar region was assessed using a closed NMR gear General
Electric 1T and the same operator, evaluating sagital, axial and
coronal sections every 2 mm, with gadolinium to contrast.

To evaluate tumour aspect and size, mid-line sagital sections
were used in accordance with Voutetakis et al. (2004) taking into
account the variability described in the size of the pituitary gland
in dogs (Hullinger, 1993). Those tumours that overlapped the
imaginary line that joins both ends of the sella turcica (cranial–
caudal) were classified as extra-sellar (ES); while those that re-
mained within the boundaries of the sella turcica were classified
as intra-sellar (IS) as described in human by Asa and Ezzat
(1998). Tumour size was evaluated measuring the maximum
height of the adenoma (Fig. 1) and the appearance of the PI was
also studied. According to our previous observations in healthy
dogs, PI was considered abnormal when its width was >0.5 mm
in the sagital section (Castillo et al., 2008).
Please cite this article in press as: Gallelli, M.F., et al. A comparative study by a
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2.3. Hormone measurements

Plasma ACTH concentration was measured by means of the
immunoradiometric assay (IRMA) using a commercial kit (Nichols
Advantage ACTH Assay, Nichols Institute Diagnostics, Bad Vilbel,
Germany). a-MSH (Euro-Diagnostica AB, Malmö, Sweden) was
measured by means of the radioimmuno assay (RIA).The intra-as-
say and inter-assay coefficients of variation for ACTH were 3%
and 6.8% respectively; and 2.9% and 4.0% respectively for a-MSH.

Urine cortisol was measured by means of RIA, using a commer-
cial kit (DPC Corporation, San Diego, California, USA).

The urine cortisol was expressed as a ratio of urine cortisol to cre-
atinine (measured in Metrolab Autoanalizer Merck, Germany).
The inter- and intra-assay coefficients of variation for cortisol were
8% and 5%, respectively.

2.4. Statistical–epidemiological analysis

A transversal retrospective study, based on clinical histories of
patients attended to during the 2003–2008 periods, was carried
out. A contingency table followed by Fischer’s exact test and a
calculation of the relative risk were used to compare qualitative
results between groups. To be able to use parametric tests, hor-
mone values were previously normalized by logarithmic transfor-
mation and were then expressed as mean ± standard deviation
(SD). Comparison between means (ACTH and a-MSH) of the three
groups was carried out using ANOVA followed by Bonferroni’s
test. Comparison by gender and by IS and ES projection was car-
ried out using an unpaired t test. A multiple linear regression was
used to evaluate if ACTH and a-MSH secretion was related to the
size of the adenoma and its IS and ES projection; Pearson’s corre-
lation was also carried out between ACTH and a-MSH. p < 0.05
was considered significant and the values were expressed as
mean ± SD.
3. Results

3.1. Population under study

Out of the total number of patients studied, a greater frequency
of presentation was observed in females 74.8% (80/107) than in
males 25.2% (27/107).

Regarding age distribution, the median for the whole female
population was 10 years (range: 4–16 years) and 9.5 in males
(range 4–15 years) showing no significant differences between
sexes; therefore the average age of presentation (both sexes) was
8.64 ± 3.2 years (mean ± SD). Analyzing the different groups,
11.2% were young dogs, the majority being females; 51.4% were
adults, 67.3% being female and 32.3% male; finally, 37.4% were
aged dogs, out of which, 80% were female (Fig. 1a). Regarding the
proportion of case presentations in females and males, no signifi-
cant differences were found between young, adult and aged dogs.
Average age for each group (both sexes) was: 4.5 ± 1.6 years in
young: 9.2 ± 1.1 years in adults and 12.6 ± 1.3 years in aged.

A progressive increase with age in case presentation was ob-
served in the females, being maximum between 7 and 10 years,
to then decline and increase once again between 12 and 14 years
of age (Fig. 1b). On the other hand, a different behavior was ob-
served in males: the increase in case presentation was in peaks
with maximum frequencies at 6, 8 and 10 years (Fig. 1b).

3.2. Diagnostic imaging

Using NMRI (Fig. 2) in both sexes, 62.6% (67/107) presented
adenomas of extra-sellar projection; 30.8% (33/107) intra-sellar
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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Fig. 1. (a) Proportional distribution of dogs with PDH by groups (young, adults and aged) and by gender and (b) age presentation frequency according to gender. Note the
progressive way cases increase in females, while in males the increase is acute; although an age-related increase is also evident. Full line: males, dotted line: females. Absolute
numbers are expressed between parenthesis (number cases/total number).
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and only 6.5% (7/107) presented PI alterations (Fig. 3a). Related to
the gender of the individuals (Fig. 3a), tumours with extra-sellar
projection were predominant in females (91%) as were PI altera-
tions. In males on the other hand, intra-sellar tumours were pre-
dominant (60.6%). This different presentation between genders
was significant (p < 0.0001) with a relative risk of 0.15 (CI
95% = 0.06–0.33). When analyzing adenoma presentation by age
group, significant differences were found (p < 0.0001) with IS being
predominant in young dogs (53.8%) and ES in adults and aged dogs
(67.8% and 94.4% respectively) (Fig. 3b). PI alteration in NMRI was
observed in the aged group, except for one case seen in a 10 year
old dog, but which was very close to being 11 years old (Fig. 3b);
and the majority were aged females (6/7).

3.3. Hormone measurements

In those dogs with visible adenoma, an equimolar secretion of
ACTH and a-MSH was observed in 47% (IS + ES: 47/100, IS 16,
ES:31) of the cases with adenomas. ACTH secretion was greater
than that of a-MSH in 18% (IS + ES: 18/100, IS: 4, ES: 14) of the
individuals evaluated, with the remaining 35% (IS + ES: 35/100,
Please cite this article in press as: Gallelli, M.F., et al. A comparative study by a
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IS: 13, ES: 22) secreting a-MSH predominantly. When considering
the adenoma projection and PI, no significant differences were
shown when analyzing these hormone proportions between IS
and ES projections (Fig. 4a). ACTH was the predominant hormone
in dogs with the PI affected (7/7). Neither was significant differ-
ences found between young, adult or aged dogs with respect to
the ACTH and a-MSH secretion.

Analyzing ACTH and a-MSH concentrations in the three age
groups, in young dogs the mean and SD was 18.7 ± 10.7 and
34.5 ± 29 pmol/L respectively; in adults 16.4 ± 11 and
30 ± 31.2 pmol/L and in aged dogs 14 ± 6.2 and 31.4 ± 30 pmol/L
respectively. No significant differences were found between these
hormone concentrations and the age groups or sexes.

Regarding the adenoma’s projection, ACTH concentrations were
significantly higher in ES vs. IS (p < 0.05), whereas a-MSH concen-
trations showed no significant differences (Fig. 4b).

The multiple regression and correlation analyses showed that
only ACTH correlates individually with adenoma size and projec-
tion (r = 0.37, p < 0.05) (Fig. 5a). No correlation was found between
adenoma size and projection and a-MSH. On the contrary, this hor-
mone showed a negative correlation with ACTH (r = �0.47;
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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Fig. 2. NMRI sagital sections, contrasted with gladolinium, in dogs with PDH. The dotted line indicates the upper limit of the sella turcica. IS do not surpass the line,
conversely ES projecting adenomas exceed that one. The pars intermedia (arrow) can be seen showing a greater width than normal pituitary.
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p < 0.01), observing lower concentrations of a-MSH as ACTH in-
creased (Fig. 5b).
4. Discussion

PDH is a frequent pathology in dogs that presents differences
between sexes and age groups, both in frequency of corticotrophi-
noma apparition and in morphology and hormone secretion. We
think that those differences could be due to different factors that
operate on the corticotroph area of the PD and PI of the pituitary
gland. Considering a decrease in dopaminergic tone due to neuron
degeneration (Rothuizen, 1991; Reul et al., 1991; Hereñú et al.,
2006) and the sexual dimorphism of the corticotroph cells (Carey
et al., 1995; Atkinson and Waddell, 1997; Kipp et al., 2006), said
factors can be: a different molecular origin of the ACTH producing
adenoma according to gender and age, and/or the effect of the sex-
ual hormones on the corticotroph cells. The highest prevalence of
PDH is in animals over 7 years of age, with only an 11.2% in young
dogs. These results coincide with reports in humans, where a low
prevalence was found in children and adolescents (Kane et al.,
1994; Leinung et al., 1995). The occurrence of cases increases pro-
gressively in females as from 7 years of age. On the other hand in
the male, presentation is in peaks, which also increase with age.
This different expression of PDH according to gender and age sug-
gests, on the one hand a probable effect of the sexual hormones on
the corticotroph, perhaps either unleashing the corticotrophinoma
or aiding its development. On the other hand, the fact that in the
healthy aged dog cortisol regulation of the hypothalamus and
Please cite this article in press as: Gallelli, M.F., et al. A comparative study by a
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hypophysis is altered (Rothuizen et al., 1993; Reul et al., 1991)
could cause an increased activity of the corticotroph area, possibly
leading to the formation of the ACTH producing adenoma.

With regards to the effect of the sexual hormones, different
mechanisms by which E2 and progesterone (P4) operate on the
hypothalamus–hypophysis axis (H–H-A) have been described. It
has been postulated in rats and sheep (Keller-Wood, 1998; Carey
et al., 1995; Atkinson and Waddell, 1997) that they could exert
their effect at the mineralocorticoid and glucocorticoid receptor le-
vel in hypothalamus and hypophysis, interfering with the endoge-
nous corticoid negative feedback. The corticotroph area presents
sexual dimorphism in various species, with increases in cortisol
plasma concentrations being observed in females during the proes-
trus (Atkinson and Waddell, 1997), as well as significant increases
in corticotroph cells as from puberty (Vidal et al., 1995) and a
greater number of corticotroph cells with respect to the males
(Filippa and Mohamed, 2006). These same authors point out that
as the animal gets older; there is a progressive increase in the size
of the area occupied by ACTH producing cells. Although progester-
one action on the corticotroph cell is still under discussion, with
studies reporting no observable effects on ACTH and cortisol secre-
tion after administration of medroxiprogesterone (Beijerink et al.,
2007), we observed that in five females that returned to oestrus
while receiving treatment with isotretinoin 9-cis (Castillo et al.,
2006) a-MSH concentration increased notably (data not shown).
It is probable that the natural or endogenous progesterone exerts
a direct effect at least on the PI (site of a-MSH synthesis in the
dog), whereas the synthetic forms do not have this effect. An anal-
ysis of a-MSH and ACTH variations during the female sexual cycle
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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Fig. 3. Proportional distribution of the adenoma projection and PI according to gender (a) and (b) according to age group. (a) Note the greater proportion of ES adenomas and
PI affected in females. On the contrary, in males IS predominate. (b) IS projection predominates in the young. ES predominate in adults and in aged, where the PI appears
affected. (a) ***p < 0.0001 ES vs. IS between females and males (X2, Fisher’s exact test). (b) ***p < 0.0001 ES vs. IS between young, adults and aged (X2, test and tendency).
Absolute numbers are expressed between parenthesis (number of cases/total number).
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remains for future studies. On the one hand, the cyclic action of
estrogens and progesterone in the female, which is different to
the secretion mode of androgens, could be a stimulating factor
for the development of the corticotrophinoma and would explain
why PDH is more frequent in females and also the higher risk of
suffering macro adenomas. On the other hand, if the neuroprotec-
tive action of E2, described by Kipp et al. (2006) is taken into ac-
count, the process of dopaminergic neuron degeneration could be
even more affected when E2 decline because of age or due to cas-
tration of the female, resulting in a lower inhibition both of the PD
corticotroph and of the PI. Therefore, if both the above and that de-
scribed by Rothuizen et al. (1993) and Reul et al. (1991) are taken
into account, the HHA alteration in aged dogs and dopaminergic
neurodegeneration would cause the differences observed in age
and gender in PDH.

Regarding the morphological characteristics of the adenoma
(evaluated by NMRI) the extra-sellar projection is clearly predom-
inant in adult and aged dogs and the IS predominates in young
dogs. This is similar to reports in man, where micro adenomas
are more frequent in children (Cannavó et al., 2003). When analyz-
ing gender differences we observed that, contrary to females, intra-
sellar tumours predominate in males. This reinforces the concept
Please cite this article in press as: Gallelli, M.F., et al. A comparative study by a
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of sexual dimorphism previously discussed in relation to the devel-
opment of the corticotrophinoma and its probable different molec-
ular origin according to gender and ages. The PI was only affected
in aged animals, a possible explanation being the above mentioned
dopaminergic neurodegeneration (Rothuizen, 1991; Hereñú et al.,
2006). It is evident that as the number of dopamine producing neu-
rons decreases, the inhibitory effect of this peptide on dopaminer-
gic receptors on the corticotroph of the PD and PI will be affected
(Munemura et al., 1980; Colao et al., 2000; Pivonello et al., 2004)
resulting in a greater stimulatory action on those cells; thus
increasing POMC and ACTH synthesis accompanied by hypertro-
phy of the area. The fact that no increase in a-MSH is observed, de-
spite the PI being more stimulated, would be due to a less
significant action of the convertase 2 enzyme (that cleaves ACTH
a-MSH) which is dependent on dopamine in aged individuals
(Tanaka, 2003). On the contrary, in dogs with a predominance of
a-MSH and an extra-sellar adenoma, its origin would be the PI
(melanocorticotrophinoma), as has already been proposed by
Hanson et al. (2006) and Peterson et al. (1986).

Regarding ACTH and a-MSH concentrations, our results show
that they are not significantly different between gender and age
groups of animals with PDH in agreement with Meij et al.
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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Fig. 4. Proportional distribution of ACTH and a-MSH according to whether their secretion is equimolar or one or other of them predominates according to the adenoma
projection (IS or ES) or PI (a) and (b) hormone concentration according to ES or IS adenoma projection in dogs with PDH. No significant differences were found between IS and
ES according to hormone secretion (X20 test). In all cases, ACTH was predominant in PI (a). In (b), ACTH concentration was significantly greater in ES vs. IS (*p < 0.05); on the
contrary, a-MSH did not present significant differences (Unpaired t test). (IS): intra-sellar; (ES): extra-sellar.
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(1997b) with respect to the gender. As has been described by other
authors (Losa et al., 2000; Bosje et al., 2002; Hanson et al., 2006),
we also found a correlation between ACTH and adenoma size. In
most cases equimolar secretion of ACTH and a-MSH is maintained,
both in intra-sellar and extra-sellar projecting tumours. Neverthe-
less, we noticed that equimolarity was lost the larger the adenoma;
with ACTH predominating in extra-sellar tumours. Noticeably,
a-MSH did not present differences between IS and ES, with a
decrease in concentration being noted in the latter as well as a neg-
ative correlation with ACTH. This could be explained if either dif-
ferent molecular origins are considered or different mutations
which lead to development of the adenoma, giving as a result a
greater corticotroph cell proliferation index in the PD (Kooistra
et al., 1997; Katznelson et al., 1998; Mu et al., 1998). It is known
that corticotrophinoma growth is self-limiting and that those that
progress to a larger size are the result of a greater number of muta-
tions or of the action of tumour growth stimulating cytokines pres-
ent in the hypophysis (Dahia and Grossman, 1999; Levy and
Lightman, 2003; Melmed, 2003). Therefore in extra-sellar project-
ing adenomas, particularly the larger ones, the change to a-MSH
Please cite this article in press as: Gallelli, M.F., et al. A comparative study by a
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could be lost, perhaps because of a decrease in C2 activity or due
to a decrease in dopaminergic receptors; or the greater number
of tumoral corticotroph cells coming from the PD, which would
make ACTH secretion predominate over a-MSH in this type of ade-
nomas (Laurent et al., 2002; Westphal et al., 1999; Pivonello et al.,
2004) and would explain the negative correlation observed be-
tween both hormones.

In conclusion, presentation of corticotrophinomas is more fre-
quent in adult and aged dogs; with a higher prevalence in females.
Tumoral size was associated with ACTH secretion and showed age
and gender related differences. Taking these results into account
can guide both clinical and surgical treatment of dogs with PDH.
This is important considering that the larger adenomas are those
displaying most difficulties when treated, are the most frequently
recurrent ones after surgery (Losa et al., 2000; Hanson et al., 2006)
and are also the most refractory to medical treatments (Castillo
et al., 2008).

Awareness of these differences opens up a way to studying the
probable action of other variables related to age and gender that
could influence the development of PDH.
ge and gender of the pituitary adenoma and ACTH and a-MSH secretion in
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Fig. 5. Multiple linear regression: (a) between adenoma size and projection vs. ACTH and a-MSH and (b) Correlation between ACTH vs. a-MSH. (a) Note that ACTH
concentrations (solid line) increase with adenoma size, while a-MSH (doted line) values decrease. (b) It can be seen that a-MSH correlates negatively with ACTH. Full squares:
ACTH; open triangles: a-MSH. Multiple linear regression (a); linear regression and Pearson’s correlation (b).
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