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Among the methods for demonstrating the cel-
lular sites of production of anterior pituitary hor-
mones are special histochemical techniques cor-
related with clinical and experimental findings
(1-3), ultracentrifugation studies (4, 5), tissue
culture methods (6), and fluorescent antibody
methods (7-9). The fluorescent antibody tech-
nique has the distinct advantages of specificity
and of being applicable to pituitaries in histologic
section. The success of this method depends upon
the availability of highly purified hormones which
can be used as antigens and, indeed, its successful
application attests to the purity of such hormones.

The cellular site of human growth hormone in
human pituitary glands has previously been dem-
onstrated (9). The present report concerns the
localization of ACTHin human pituitaries.

METHODSAND MATERIALS

Highly purified porcine and human ACTH1 were
emulsified in complete Freund's adjuvant 2 and inj ected
into the foot pads of rabbits at 2-week intervals. Ani-
mals were bled when hemagglutinating antibody titers
(10) of 1: 3000 to 1: 5000 were obtained on test bleed-
ings.

The antisera were tested by hemagglutination inhibi-
tion against other pituitary hormone preparations for
species and hormone specificity (11, 12). Cross reac-
tions occurred only with preparations known by biologi-
cal assay to contain ACTH in amounts which roughly
correlated with the degree of cross-reaction demonstrated
(12). By using antisera to porcine ACTH, comparable
amounts of the original antigen, of pure ACTH supplied
by Dr. C. H. Li, of human ACTH, and of the beta
fraction of Bell inhibited the reaction, while the other
Bell fractions showed a weak cross-reaction, as did melano-
cyte-stimulating hormone (MSH) (Table I). The anti-

* Supported by a grant in aid, Medical Research Coun-
cil of Canada and Grant E1322(C2), U. S. Public Health
Service.

t Present address: Jewish General Hospital, Montreal.
1 Porcine and human ACTH supplied through the

courtesy of Nordic Biochemicals, Montreal.
2 Obtained commercially through Difco.

sera to porcine ACTH specifically inhibited the ACTH-
stimulated release of free fatty acids from the rat epi-
didymal fat pad in vitro (12). No precipitation oc-
curred between ACTH and anti-ACTH sera on ring
test or in gel, when a modification of the -method of
Preer was used.

Fluorescein isothiocyanate was conjugated to anti-
porcine-ACTH rabbit y globulin and antihuman-ACTH
rabbit by globulin by the method of Marshall, Eveland and
Smith (13). The conjugates were absorbed with mouse
liver powder prior to use (14), and where the layer tech-
nique (15) was employed, the unlabeled antiserum was
absorbed with human liver powder.

Nine pituitaries used for specificity studies were ob-
tained at surgery or at autopsy less than 2 hours post
mortem. They were frozen in liquid nitrogen and stored
at - 200 C. Five- to six-es sections were cut in a cryostat
and "fixed" in 95 per cent ethanol or reagent acetone at
370 C for 30 minutes. They were then washed in saline.
Staining procedure for the direct method was done ac-
cording to Vazquez and Dixon (16) and for the layer
technique, according to Weller and Coons (15).

The following sections of human pituitaries were made.
When possible, pars anterior and pars posterior were
included in the section. a) Stained, by the direct method,

TABLE I

Cross-reaction of various ACTHpreparations with antibodies
to porcine ACTH; hemagglutination inhibition used

Inhibition
Preparation factor *

Porcine ACTH 1P ia- ACTI -I I

HumanACTH
ACTH (Li)

ACTHfractions
Oil a2

7172
1H

Human MSH

I1
1

100
4

100
100
313

* The smallest amount of porcine ACTHrequired to in-hibit the reaction between porcine ACTH-sensitized redcells and antiporcine-ACTH is used as the standard of
comparison in each experiment and given a value of 1.The inhibition factor represents the relative amount, byweight, of other preparations required to produce inhibi-tion of the reaction. Each factor represents at least 3
experiments done in duplicate.

1720



THE CYTOLOGICALLOCALIZATION OF ACTH IN THE HUMANPITUITARY

with fluorescein-labeled antiporcine or antihuman-ACTH;
b) treated, by layer technique, with unlabeled antiporcine-
ACTHfollowed by fluorescein-labeled chicken antirabbit
'y globulin; c) unstained; d) stained directly with labeled
normal rabbit y globulin or labeled antirabbit ^y globulin;
e) stained directly with labeled antiporcine-ACTH which
had been absorbed in the test tube with excess ACTH;
f) treated with unlabeled anti-ACTH for 45 minutes fol-
lowed by labeled anti-ACTH for 15 minutes; g) treated
with unlabeled normal rabbit serum for 45 minutes fol-
lowed by labeled anti-ACTH for 15 minutes; and h)
treated with normal rabbit serum followed by fluorescent
anti-rabbit My globulin.

Procedures c, d, e, f and g together, and h constitute
the staining specificity controls.

Frozen sections of thyroid, parathyroid, liver, and
kidney were stained by the direct method a and the layer
technique b as tissue controls. Studies were also done
on 15 formalin-fixed, paraffin-embedded, normal human
pituitaries and pituitary adenomata from four patients
with acromegaly, four patients with no detectable en-

docrine disturbance, and one patient with Cushing's dis-
ease. The same specificity controls were employed.
These sections were cut and mounted in mirror-image
pairs, so that the uppermost surface of each section was

the adjacent aspect of the same interface, thus allowing
cell-for-cell comparison of the two slides (9). One sec-

tion was stained as by a and b above and the adjacent sec-

tion was stained by the aldehyde fuchsin technique (17)
with woodstain scarlet and light green as a counterstain.
The pairs were studied together, one with the fluorescence
microscope, the other with a conventional microscope.
Photomicrographs were made of identical mirror-image
fields. Those of the fluorescent sections were printed
from the reverse side of the transparency, so that re-

sultant prints were superimposable (9).

RESULTS

Fluorescent staining of human pituitary cells
was achieved with fluorescein-labeled antiporcine-
ACTH and antihuman-ACTH. The fluorescent
staining was brighter with antiporcine-ACTH,
which was the higher titered antiserum, and all
subsequent studies were therefore performed with
this fluor. Furthermore, it was felt that the use

of antiporcine-ACTH would reduce the possibility
of nonspecific fluorescent localization in human
pituitaries.

All frozen sections of human pituitaries treated
with fluorescent anti-ACTH showed specific stain-
ing of cells and groups of cells in the pars anterior
(Figure 1), and scattered sparsely throughout
the pars posterior, when included in the section,
there were occasional groups of two to five fluores-
cent cells around a small blood vessel (Figures 2,

3). In some of these sections there was a band
of fluorescent cells in the zone of basophilic infil-
tration in the margin of the pars posterior (Fig-
ure 4). The staining of cells in the region be-
tween the pars anterior and the pars posterior was
not consistent. In some pituitaries these cells
stained very brightly, showing much granularity
(Figure 5); in others, only scattered groups of
cells fluoresced.

Staining of sections from formalin-fixed, par-
affin-embedded blocks with fluorescent antiporcine-
ACTHwas inconsistent. Some pituitaries stained
as well as the frozen sections; some stained more
faintly; some did not stain (Figure 6). The
brightest staining in formalin-paraffin or frozen
sections was achieved by the layer technique.

Controls were performed in all experiments.
In the paired inhibition controls (f and g), in-
tensity of staining was much less in slides "inhibi-
ted" with unlabeled anti-ACTH than in those
treated with normal rabbit serum. As our anti-
ACTHis a nonprecipitating antibody, absorption
with ACTHcould not be complete. Slides stained
with fluorescent anti-ACTH which had been ab-
sorbed with excess ACTHshowed cells with very
faint or no fluorescent staining (Figures 7, 8).
When the layer technique was used, there was no
staining when nonfluorescent normal rabbit serum
was the first layer, and staining was much reduced
or absent when "absorbed" anti-ACTH was used.
Sections of pituitary left unstained, those treated
with nonspecific fluors, or sections of other tissues
treated with fluorescent anti-ACTH did not stain.

When mirror-image pairs of formalin-fixed sec-
tions were studied (Figures 9, 10), it could be
seen that the cells that fluoresced were basophils,
but that the intensity of basophilic granularity did
not correlate with the brilliance of fluorescent
staining. In most instances fluorescent cells cor-
responded to dark blue basophils, but in some
cases the fluorescent cells were pale blue, sparsely
granulated basophils and, in a few cases, purple
basophils. Not all basophils corresponded to
fluorescent cells. More than half did not show
fluorescence in the corresponding slide.

The pituitary adenoma from the patient with
Cushing's disease was studied with routine and
special stains, but the adenoma could not be clas-
sified pathologically; it appeared as a relatively
anaplastic chromophobe adenoma in which very
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few cells contained scanty basophil granules. At
the border there was a rim of compressed normal
pituitary tissue in which the cells were mainly
eosinophils.

When the section was stained with fluorescent
antihuman growth hormone (9), these eosinophils
fluoresced, but the adenoma cells did not. When
treated with fluorescent anti-ACTH, the adenoma
cells fluoresced but not the normal eosinophil cells
(Figures 11-14). The other pituitary adenomata
studied did not stain with fluorescent anti-ACTH.

DISCUSSION

When the specificity of antisera can be demon-
strated by immunochemical, biological, and im-
munohistological controls, specific staining in a
tissue with the fluorescent antibody technique is
presumptive evidence of the presence of the anti-
gen. Staining by histochemical methods is de-

FIG. 1. FROZEN SECTION OF NORMALHUMANPITUI-

TARY, PARS ANTERIOR "STAINED" WITH FLUORESCENT

ANTIPORCINE-ACTH. Acinus surrounded by cells which
show fluorescence in the cytoplasm but not in the nu-

cleus (200X).
FIG. 2. FORMALIN-PARAFFIN SECTION OF NORMALHU-

MANPITUITARY, PARS POSTERIOR, STAINED WITH FLUORES-

CENT ANTI-ACTH. Group of fluorescent cells around

small blood vessel (400X). This print was made from

the reverse side of the transparency. The fluorescent
cells are the same as those in Figure 3.

FIG. 3. IDENTICAL FIELD (SLIGHTLY ROTATED) AS FIG-

URE 2, STAINED BY THE ALDEHYDEFUCHSIN TECHNIQUE.
The upper surface ofthis section is the opposite aspect of

the same interface as Figure 2. This print was made

from the "correct" side of the transparency (400X).

For aldehyde fuchsin stain, see text.

FIG. 4. FORMALIN-PARAFFIN SECTION OF NORMALHU-

MAN PITUITARY SHOWINGTHE JUNCTION OF THE PARS

ANTERIOR AND THE PARS POSTERIOR STAINED WITH FLUOR-
ESCENTANTI-ACTH. A band of fluorescent cells extends
into the pars posterior. In this field the subjacent pars

anterior contains few fluorescent cells (10OX).
FIG. 5. FROZEN SECTION OF NORMAL HUMANPITUI-

TARY, CYSTIC REGION BETWEENPARS ANTERIOR AND PARS
POSTERIOR STAINED WITH FLUORESCENT ANTI-ACTH.
Note fluorescent cells with distinct granules (400X).

FIG. 6. FORMALIN-PARAFFIN SECTION OF NORMALHU-

MANPITUITARY, PARS ANTERIOR, STAINED WITH FLUORES-
CENT ANTI-ACTH. Note distinct fluorescence of many

cells (100X).
FIG. 7. FORMALIN-PARAFFIN SECTION OF NORMALHU-

MAN PITUITARY SHOWINGTHE JUNCTION OF THE PARS

ANTERIOR AND THE PARS POSTERIOR. Same specimen as

Figure 4, stained with fluorescent anti-ACTH which had

pendent upon chemical characteristics (e.g., 1 to 2
glycol groups), which may be shared by more
than one constituent of a cell. With a variety
of techniques, many attempts have been made to
correlate histochemical characteristics of human
pituitaries with clinical endocrinopathies and, by
deduction, to associate certain cells in the pitui-
tary with secretion or storage of individual hor-
mones. There is no good agreement among au-
thors with regard to the cellular site of ACTH
or the classification of basophils. It is not the
purpose of this paper to become involved in a dis-
cussion of the merits of the various nomenclatures
but rather to show that by using the fluorescent
antibody technique, a specific antiserum to ACTH
is localized in cells that stain as basophils when
techniques routinely applied to pituitary tissue are
used.

The studies presented here demonstrate di-
rectly that ACTH is located in basophil cells in

been absorbed with ACTH. Note absence of specific
staining (100X).

FIG. 8. FORMALIN-PARAFFIN SECTION OF NORMALHU-
MANPITUITARY, PARS ANTERIOR. Same specimen as Fig-
ure 6, stained with fluorescent anti-ACTH which had
been absorbed with ACTH. Note absence of specific
staining (100X).

FIG. 9. FORMALIN-PARAFFIN SECTION OF NORMALHU-
MANPITUITARY STAINED WITH FLUORESCENTANTI-ACTH.
This section is the mirror-image of Figure 10, but the
print was made from the reverse side of the transparency
to render it superimposable. Note "V" of fluorescent
cells (400X).

FIG. 10. ADJACENT SECTION To FIGURE 9 ALDEHYDE
FUCHSIN STAIN. Basophil cells which differ in color
and granularity are the same cells as those which fluoresce
in Figure 9. Some basophils and all other cells corre-

spond to cells which do not fluoresce in Figure 9 (400X).
FIG. 11. FORMALIN-PARAFFIN SECTION OF PITUITARY

ADENOMAFROM A PATIENT WITH CUSHING'S DISEASE.
Border between adenoma cells, left, and "normal" eosino-
phil cells, right. Aldehyde fuchsin stain, see text (200X).

FIG. 12. FORMALIN-PARAFFIN SECTION, SAMEADENOMA
AS FIGURE 11, SIMILAR FIELD, STAINED WITH FLUORES-
CENT ANTI-ACTH. Adenoma cells at the bottom are
fluorescent; normal pituitary cells are not (200X).

FIG. 13. FORMALIN-PARAFFIN SECTION, SAMEADENOMA
AS FIGURE 11, SIMILAR FIELD, STAINED WITH FLUORES-
CENT ANTIHUMAN GROWTHHORMONE. Adenoma tissue
is to the left of center. Note bright fluorescence in com-
pressed normal pituitary (100X).

FIG. 14. FORMALIN-PARAFFIN SECTION, SAMEADENOMA
AS FIGURE 11, SHOWINGTHE CENTEROF ADENOMASTAINED
WITH FLUORESCENTANTI-ACTH (400X).
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the human pituitary, that cells containing ACTH
may be densely or sparsely granulated, and that
minor variations in the color of the basophils-
i.e., light or darker blue, or purple by Gomori's
method (17)-may not be a function of the
hormone present in the cells.

When pituitaries obtained later than 2 hours
post mortem were studied, distinct localization of
ACTHwas not obtained but, rather, the sections
stained with fluorescent anti-ACTH showed cells
with poorly defined boundaries with fluorescence
seeming to diffuse out of the cells into the inter-
stitium. We believe this indicates ACTH leak-
age. With other methods (1-3) the freshness of
the pituitary was probably not so critical, since
no mention is made of this phenomenon.

It is quite possible that ACTH may exist in
two different forms (as well as in different quan-
tities) in pituitary cells. In ultracentrifugation
studies, Brown, LaBella and Ulvedal (4, 5)
showed that ACTHwas found in the microsomal
fraction and in the supernatant, but not in the
acidophilic granular fraction. The work of Currie
and Davies, who used extraction methods, also
suggests that ACTH is found in the pituitary in
two forms (18).

Using extraction and bioassay methods, Morris,
Russell, Landgrebe and Mitchell (19) suggested
that the cells in the zone of basophilic infiltration
in the posterior pituitary contain "intermedin"
(or melanocyte-stimulating hormone, MSH).
The present studies demonstrate the presence of
ACTH in many of the basophil cells in the pars
posterior. Although these cells could contain
MSHas well as ACTH, the degree of cross reac-
tivity between MSHand anti-ACTH serum can-
not account for the fluorescent staining seen. In
hemagglutination studies, 50 ug of MSHwas re-
quired to give the same inhibition as that obtained
with 0.16 ug of ACTH. This represents a factor
of over 300 by weight or a factor of 450 on a molar
basis. Since dilution by a factor of 2 of the fluor-
escent antiserum resulted in marked diminution of
fluorescent staining, localization of MSHis well
beyond the limits of sensitivity of this antiserum.

Though the value of the method presented here
is mainly investigative, it may have clinical ap-
plication as in the identification of hormones in the
cells of pituitary tumors.

SUMMARY

When adequately controlled, the fluorescent
antibody technique can be used to identify the cel-
lular site of ACTHin the human pituitary.

ACTH is present in basophil cells in the pars
anterior and the pars posterior.

The intensity of fluorescent staining does not
correlate well with the degree of basophilic granu-
larity or minor variations in the staining charac-
teristics of the basophil cells.
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