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ABSTRACT:

Objective and Study Design: Clinically nonfunctioning human pituitary adenomas (NFPAS) constitute about 25-
35% of pituitary tumours. Relatively few studies have been carried out to determine the cellular origin and
biology of the NFPAs. The present study was undertaken to assess the effect of surgical removal of adenoma on
peripheral prolactin (PRL) hormone. In addition, the pituitary PRL hormone has also been measured directly in
the adenoma tissue following its surgical removal and in the normal pituitary glands.

Material and Methods: The present study is based on 19 patients (16 males and 3 females), 30-50 year of age,
diagnosed for NFPAs on the basis of clinical and radiological evidence. An equal number of age matched healthy
subjects were included as controls. Prolactin hormone (PRL) was determined in serum before and following
trans-sphenoidal adenomectomy. The PRL content of the excised adenoma tissue was also measured in male
patients. All hormone determinations were carried out using commercially available immunoassay kits (ELISA
and IRMA) in duplicate.

Results: The mean serum PRL concentration in male patients before removal of the adenoma were significantly
higher (P<0.05) than values obtained after surgical removal of the adenoma and those of control subjects. In 5 of
these 16 patients (PAL, PA10, PA14, PA28, PA30) serum PRL concentrations were markedly above the normal
limit of circulating PRL levels (>17.0 ng/ml), the levels being ~ 2-fold of the mean control levels. The PRL levels
returned to normal range following ablation of adenoma in these patients. The individual and mean serum PRL
levels in the remaining 11 (68.75%) patients were in normal range before and after surgery. The mean PRL
concentration of the adenoma tissue in the 5 patients with higher circulating presurgical levels of the hormone
was significantly greater (P<0.05) than those of the rest of the patients with NFPAs and of the control pituitary
tissue. The presurgical mean serum PRL concentration were significantly higher in 2 of the 3 female patients
included in this study as compared to the control values and exceeded the normal range of PRL levels (1.2-19.5
ng/ml) described for healthy women. Following removal of adenoma, normal serum levels were attained. In the
remaining one patient (PA4) serum PRL concentration was within the normal range before and following
surgical removal of the adenoma.

Conclusions: Taken together, the present data suggest that a significant proportion of NFPAs may actively
synthesize and secrete pituitary hormones such as PRL, in amounts that may not be sufficient to produce any
overt clinical signs of hormone hypersecretion. The study also indicates the need of monitoring of hormone
profile of patients with NFPAs before and after surgery, on an individual basis, for efficient case management.
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INTRODUCTION

Pituitary tumours are abnormal growths on the pitu-  hormones and also in some instances, restrict the pitu-
itary gland that may secrete excessive amounts of itary gland resulting in lower peripheral levels of hor-
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mone secretion. In most cases, pituitary tumours re-
main confined to pituitary gland and the associated tis-
sues. Since these tumours do not spread to other parts
of the body, therefore, the term adenomas is generally
used to designate these growths.!?

Pituitary adenomas are usually well demarcated
and are seperated from the adjacent compressed non-
tumorous adenohypophysis by a pseudocapsule that
consists of condensed reticulin fibres.2® These ade-
nomas may be classified according to their size, radio-
graphic appearance, endocrine function, morphology
and cytogenesis. Clinicians frequently classify pitu-
itary adenomas on the basis of their size as determined
by imaging studies. Those smaller than 1 cm are desi-
gnated as microadenomas and larger than 1 cm are ca-
tegorized as macroadenomas. Microadenomas are also
classified as grade 0 or grade 1 tumours. Macroade-
nomas that may also cause diffuse sellar enlargement,
and extensive sellar destruction and erosion, are classi-
fied as grade 2-4.2*

Partial or complete hypopituitarism has also been
demonstrated in patients with large clinically non-fun-
ctioning tumours because of compression of the adja-
cent normal pituitary tissue. Visual symptoms are fou-
nd in 60-70% of cases and may be in the form of
visual blurring, a loss of temporal field in one or both
eyes and loss of visual acuity. Headache is observed in
about 40% of patients and is often non-specific dull
ache over vertex that does not vary with position or the
time of the day.>® There may also be other symptoms
including loss of libido in men, amenorrhea, sexual
disinterest, presence of smooth pale skin, and chronic
fatigue. These clinical findings are supported by peri-
pheral hormone levels that indicate significant pitu-
itary insufficiency.’

More than 20% of all pituitary adenomas fall in
the nonfunctional category, the predominant types
being the ‘null cell’” adenomas or gonadotrope adeno-
mas and ‘silent’ corticotrope adenomas®. Recent adva-
nces in immunoassay and immunocytochemical tech-
nigues have allowed a more specific characterization
of the secretory activity of the non-functional pituitary
adenomas (NFPAs). These nonfunctioning tumours
invariably contain cytoplasmic secretory granules,
suggesting that they do produce specific hormones,
biologically inactive precursors, or hormone frag-
ments. Some of these hormonally silent tumours are
revealed by immunohistochemistry to contain hor-
mones, but appear to be incapable of discharging these
hormones in sufficient quantities to disturb the endo-
crine equilibrium.®1°

The classification of pituitary adenomas on the
basis of their endocrine activity has considerable prac-
tical importance for both the clinical endocrinologists
and the neurosurgeons. Based on physical examination
and measurements of blood hormone levels in basal
and provoked states, pituitary tumours can be broadly
distinguished as being either functioning or nonfunc-
tioning.1%! The former category comprises the pitu-
itary tumours that produce growth hormone (GH),
prolactin (PRL), adrenocorticotropic hormone (AC-
TH), and thyroid stimulating hormone (TSH), which
generate the clinical phenotypes respectively, of acro-
megaly, amenhorrhea-galactorrhea syndrome in
women, decreased libido and impotence in men, Cus-
hing’s disease and hyperthyroidism.! Some pituitary
adenomas co-secrete more than one hormonal product,
and are designated plurihormonal pituitary adenomas.
Tumours that hypersecrete the gonadotrophic hor-
mones (LH and FSH) and / or glycoprotein hormonal
subunits, generally do not generate a clinically reco-
gnizable endocrine syndrome and are, therefore, gene-
rally classified as nonfunctioning.13

More than 20% of all pituitary adenomas fall in
the nonfunctional category, the predominant types
being the ‘null cell” adenomas or gonadotrope adeno-
mas and °‘silent’ corticotrope adenomas.'?* Recent
advances in immunoassay and immunocytochemical
techniques have allowed a more specific characte-
rization of the secretory activity of the non-functional
pituitary adenomas (NFPAs). These nonfunctioning
tumours invariably contain cytoplasmic secretory gra-
nules, suggesting that they do produce specific hor-
mones, biologically inactive precursors, or hormone
fragments. Some of these hormonally silent tumours
are revealed by immunohistochemistry to contain hor-
mones, but appear to be incapable of discharging these
hormones in sufficient quantities to disturb the endo-
crine equilibrium.*® Molecular techniques (in situ hy-
bridization and Northern blot analysis) have confirmed
that many NFPAs although incapable of producing
measurable hormone elevations in the blood, do in-
deed transcribe the genes for other anterior pituitary
hormones primarily for glycoprotein hormones and
less often for other adenohypophyseal hormones.!*
The nonfunctioning status of these endocrine-inactive
tumours has been further challenged by a variety of in
vitro techniques. A number of tissue culture studies
have confirmed that clinically diagnosed NFPAs are
not constantly hormonally inert and are capable of
low-level hormone release and many of these retain
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responsiveness to a variety of stimulatory and suppres-
sive agents.!>1°

OBJECTIVE

Few studies have been carried out to systematically
assess the effect of removal of nonfunctional pituitary
adenoma on peripheral adenohypophyseal hormones
and the correlation of the serum levels with the hor-
mone content of the adenoma tissue. The present study
was, therefore, undertaken to determine serum PRL
concentration in patients before and following removal
of pituitary adenomas diagnosed presurgically, as
nonfunctional. In addition we have measured hormone
content of the adenoma tissues for a possible corre-
lation with serum levels of PRL hormone.

MATERIALS AND METHODS

Study population

The present study initially included 22 patients 18 men

and 4 women, of 22-55 (44 + 2.3) years of age with

NFPAs. Three of these patients 2 men and 1woman

died during the follow-up period and were excluded

from the study. AIll patients underwent pituitary
tumour surgery. The adenoma was removed in 18 pati-
ents through transsphenoidal route whereas in one
female patient (PA 16) trans-cranial approach was
used. All cases were operated at the Department of

Neurosurgery, Lahore General Hospital, Lahore.
Patients with NFPAs were diagnosed on the basis

of the following criteria:

a) Presence of a sellar mass with or without extra-
sellar extension detected by magnetic resonance
imaging (MRI) or high resolution computed topo-
graphic (CT) scans.

b) Absence of signs or symptoms of functioning
pituitary adenomas (Patients presenting with
acromegaly, Cushing’s disease and hyperthyroi-
dism were not included in the study).

c) Patients presenting signs and symptoms of a sellar
mass such as headache and visual problems.

d) Histological confirmation by light microscopy of
pituitary tumour in the excised adenoma tissue.
The study also included 22 sex and age matched

healthy subjects that served as the control group with

22-55 years of age. Subjects included in the control

group had no medical history of any chronic disease

and endocrinopathies, and were not on current or past
medication of steroids, antipsychotropic and other
medications known to affect pituitary hormone secre-
tion. The subjects fulfilling inclusion criteria were

enrolled in the study after obtaining his/her written
informed consent. The study was approved by the
Ethical Committee and the Advanced Studies and
Research Board of the University of Health Sciences,
Lahore.

Sample collection

Blood samples from patients with pituitary adenomas
were obtained prior to surgery and 2 months after
removal of the pituitary adenoma. Following surgery,
patients received 10 mg prednisolone daily for 6
weeks. Postsurgical serum samples were obtained 2
weeks after the prednisolone treatment was disconti-
nued. Blood samples were also obtained from an equal
number of age and sex matched control subjects for
purpose of comparison. Five ml of blood sample were
drawn from each patient and blood was centrifuged at
3,000 rpm for 10-15 minutes to separate serum and
aliquoted in two portions and stored at -30°C until
analyzed.

The pituitary adenoma tissue was divided into two
parts. One part was fixed in buffered formalin and pro-
cessed for histological examination, whereas the other
half was weighed and homogenized in ice-cold phos-
phate buffer saline (PBS), at a dilution of approxi-
mately 50 mg/ml. The samples were centrifuged for 30
min at 10000 rpm and the supernatant was frozen at -
30°C. Pituitary tissue was also obtained from three
adult males at the post-mortem examination, pooled
and processed identically as the adenoma tissue for
extraction.

Tissue biology

Following fixation, adenoma tissue was processed for
histopathological examinations. Paraffin sections of
the tissue were cut at a thickness of 3-5um and stained
routinely with hemotoxylin and counterstained with
eosin.

Hormone determinations

Serum PRL were determined by ELISA in duplicate
using standard procedures with commercially available
assay kits (PRL: Monobind Inc, Costa Mesa, CA,
USA) with an automated EIA analyzer (Coda, Bio-
Rad Laboratories, Hercules, CA, USA). Hormone con-
tent of adenoma and pituitary tissue, was measured
with a specific radiometric assay in the extract obta-
ined, by commercially available IRMA kits (IRMA;
Immunoteck, Prague, Czech Republic), with an auto-
mated gamma counter (Perkin Elmer, Turku, Finland).
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Statistical Analysis

The significance of differences among different groups
was analyzed by one way analysis of variance {ANO-
VA} followed by Duncan’s multiple t-test. P value of
<0.05 was considered statistically significant. All cal-
culations were carried out with the SPSS version 12
(SPSS Inc, Chicago, IL, USA).

RESULTS

Prolactin (PRL)

Males

The mean serum PRL concentration in male patients
before removal of the adenoma were significantly

Table 1: Mean + SEM serum PRL levels and PRL
content of adenoma tissue, in male patients
with NFPA and normal subjects.

Group Adenoma tissue

Serum PRL PRL content
(ng/ml) (ng/g)

Control subjects (n= 16) 5.8+0.4

Patients with pituitary

adenoma (n=16) 2029 + 768

Pre-surgical 128+2.6
Post-surgical 7.0+£0.7*
Pooled pituitary tissue 12190

*Significantly different from postsurgical and control value
(P<0.05; ANOVA followed by Duncan’s t- test).

Table 2: Mean = SEM serum PRL levels and PRL content of adenoma tissue,

in male patients with NFPA and normal subjects.

higher (P<0.05) than values obtained after surgical
removal of the adenoma and those of control subjects
(Table 1 and Fig. 1). In 5 of these 16 patients (PAL,
PA10, PA14, PA28, PA30) serum PRL concentrations
were markedly above the normal limit of circulating
PRL levels (>17.0 ng/ml), the levels being ~ 2-fold of
the mean control levels as shown in Tables 2 and Fig.
2). The PRL levels returned to normal range following
ablation of adenoma in these patients. The individual
and mean serum PRL levels in the remaining 11
(68.75%) patients were in normal range before
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Figure 1: Mean = SEM serum concentration of PRL (ng/
ml) in 16 male patients with NFPA and age-mat-
ched control subjects. The values with different
superscripts (a, b) are different from each other
(P<0.05; ANOVA followed by Duncan’s t- test).

and after surgery (Tables 2,
and Fig. 3). The mean PRL
concentration of the adenoma

tissue in the 5 patients with

Group Serum PRL Adenoma tissue higher circulating presurgical
(ng/ml) PRL content (9/g)  |eyels of the hormone was
Males _ significantly greater (P<0.05)
Control Subjects (n=16) 58+04 than those of the rest of the
Patients with pituitary adenoma patients with NFPAs and of
(@) Subset I-with low or normal Lo .
PRL levels (n=11) 248 + 412 the control pituitary tissue.
Presurgical 6.5+1.2
Postsurgical 7.0+0.9 Females
(b) Subset I1-with elevated PRL levels (n=05) 4846 + 1805 The presurgical mean serum
Presurgical 26.6 + 2.4* PRL concentration were sig-
Postsurgical 7.0+1.0 nificantly higher in 2 (PA 16,
Pooled pituitary tissue 12190 PA 19) of the 3 female pati-
*Significantly different from postsurgical and control value (P< 0.05; ANOVA ents included in this study as

followed by Duncan’s t- test).

compared to the control val-
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ues and exceeded the normal range of PRL levels (1.2-
19.5 ng/ml) described for healthy women (Tables 4
and Fig. 5). Following removal of adenoma, normal
serum levels were attained. In the remaining one
patient (PA4) serum PRL concentration was with-in
the normal range before and following surgical re-
moval of the adenoma.
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Figure 2: Mean = SEM serum concentration of PRL (ng/
ml) in subset of 5 male patients with high pre-
suegical serum PRL levels and age-matched
control subjects. The values with different super-
scripts (a, b) are different from each other (P<
0.05; ANOVA followed by Duncan'’s t- test).

b a
8 [
4, |
ES T
(=)
£ 5
—
x
o o4
g
2 3]
[
8 = <
2 - L &
C z S
1 u
0
control Presurgical postsurgical

Figure 3: Mean + SEM serum concentration of PRL (ng/
ml) in 11 male patients with NFPA and age-mat-
ched control subjects.

Table 4: Mean £ SEM serum PRL levels and PRL
content of adenoma tissue, in female pati-
ents with NFPA and normal subjects.

Group Serum PRL
(ng/ml)
Females
Control Subjects (n=03) 51+£05
Patients with pituitary adenoma (n=03)
Presurgical 20.0 £ 7.3*
Postsurgical 9.1+£0.6

“Significantly different from postsurgical and control value
(P<0.05; ANOVA followed by Duncan’s t- test).
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Figure 5: Mean + SEM serum concentration of PRL (ng/

ml) in female patients with NFPA and age-mat-
ched control subjects. The values with different
superscripts (a,b,c) are different from each other
(P<0.05; ANOVA followed by Duncan’s t- test).

DISCUSSION

In the present study, we have attempted to assess the
hormonal contribution of the pituitary adenomas dia-
gnosed as nonfunctioning, by measuring pituitary
hormones in serum before and after surgical removal
of the tumour, and in the excised adenoma tissue.
Previous literature indicates that NFPAs are morpholo-
gically heterogeneous and can be separated into two
main categories based on immunohistochemical and
electron microscopic appearances’. According to this
classification one category of NFPAs ‘null cell adeno-
mas’, includes tumours lacking characteristics of nor-
mal adenohypophyseal cells and possessing neither
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morphological nor immunohistochemical markers
indicating their cytogenesis or direction of diffe-
rentiation. The second group generally termed as
‘silent adenomas’, includes tumours exhibiting immu-
nohistochemical and ultrastructural features of some of
the recognizable adenohypophyseal cells but without
any sign of hormone secretion. These ‘silent’ ade-
nomas may possess adenohypophyseal cell types
characteristic of normal adenohypophyseal tissue.”%12
These adenomas have also been shown to express the
messenger ribonucleic acid of the related hormone,
indicating gene expression and synthesize one or more
adenohypophyseal hormones as evidenced by immu-
nocytochemistry.®1!

In some previous studies, NFPAs have been sho-
wn to secrete adenohypophysial hormones, most
commonly PRL or GH."® Our study also demon-
strates that presurgical serum PRL levels in 7 patients
(37%) were significantly higher than those of control
subjects and the levels returned to normal range fol-
lowing removal of the tumour. This elevation of PRL
levels in these patients could also be attributed to
hypothalamic pituitary impairment with large tumours.
However, our suggestions that some of these adeno-
mas may actively produce PRL is supported by the
finding that the PRL content of the adenoma tissue in
the subset of patients with supranormal PRL levels
was significantly higher than those of the rest of the
patients with NFPAs. The remaining patients with nor-
mal blood level of PRL also had low adenoma tissue
PRL level.

The question why most of the NFPAs are clini-
cally or biochemically silent, has not been resolved.**
Some authors have insisted that silent adenomas may
produce biologically inactive hormones, precursor
proteins, or hormone fragments.®2 Others have sug-
gested that the abnormalities may occur in exocytosis
of hormone from the cell membrane so that despite
normal biosynthesis, active secretion of the hormone
does not take place.>"® Yamada et al® and Klibanski®?
are of the opinion that the amount of hormones dis-
charged by the adenoma cells is lower than the normal
range to produce any clinical findings, as only a few
cells in the tumour are involved in hormone secretion.

CONCLUSIONS

Taken together, the present data suggest that a signifi-
cant proportion of NFPAs may actively synthesize and
secrete pituitary hormones such as PRL, in amounts
that may not be sufficient to produce any overt clinical

signs of hormone hypersecretion. The study also indi-
cates the need of monitoring of hormone profile of
patients with NFPAs before and after surgery, on an
individual basis, for efficient case management.
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