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ABSTRACT Utilizing the peroxidase-labeled antibody procedure with anti- 
serum to human thyrotropin (anti-TSH), the thyrotropic cell was studied in the 
rat hypophysis with respect to its cytology, distribution, and reactivity to histo- 
chemical stains. The presumptive thyrotropic cells were polygonal and stained 
with aldehyde fuchsin and the periodic acid-Schiff procedure. They were usually 
located centrally in cell cords. In the pars distalis thyrotropic cells were most 
numerous in the centromedian area of the lateral lobes and beneath the pars in- 
termedia, while being rare in the dorsocephalic region. 

Several steps were taken to verify the specificity of the immunochemical pro- 
cedure. After absorption with either human or bovine thyrotropin, anti-TSH was 
completely ineffective; staining was almost completely prevented by prior ab- 
sorption with either sheep or rat thyrotropin. Cytological alterations in thyro- 
tropic cells generally paralleled the differences in pituitary thyrotropic content 
associated with sex, thyroid deficiency, thyroxine administration, and with re- 
bound after cessation of treatment with propylthiouracil. Thyrotropic cells were 
differentiated from growth hormone, prolactin and corticotropic cells, as well as 
from presumptive luteinizing hormone cells, on the basis of shape, cytology, in- 
traglandular distribution, and by immunochemical double-staining. In this study 
they were not distinguished from follicle-stimulating hormone cells which remain 
unidentified in this laboratory. 

Our observations confirm those of earlier investigators, who used histochem- 
ical methods for identification of the thyrotropic cell, with regard to its cyto- 
logical features, intraglandular distribution and responsivity to altered levels of 
circulating thyroid hormone. 

Conclusive identification of the thyro- 
tropic cell in the rat, and differentiation of 
it from all other pituitary cell types, have 
not yet been achieved. When studied with 
the light microscope, much cytological and 
experimental evidence indicates that the 
thyrotropic cell of the rat pituitary gland 
is polyhedral and that its cytoplasm stains 
with aldehyde fuchsin as well as the peri- 
odic acid-Schiff (PAS) procedure (Purves 
and Griesbach, '5la,b,c; Halmi, '50, 52; 
D'Angelo, '63). However, since the cortico- 
tropic cell also appears to be aldehyde 
fuchsin-positive (Halmi, '50; Baker et al., 
' 70 ) ,  additional evidence is needed to ascer- 
tain if thyrotropin and corticotropin are 
produced by the same cell as has been 
claimed (Dhom, '63). Further, the cellular 
origin( s )  of follicle-stimulating (FSH) and 
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luteinizing (LH) hormones is still under 
investigation and the relationship of the 
thyrotropic cell to these cells merits addi- 
tional consideration because the three hor- 
mones are glycoproteins with some struc- 
tural similarities. Finally, our understand- 
ing of the cytological response of the thy- 
rotropic cell to hypothyroidism remains 
uncertain (D'Angelo, '63; Goluboff, '70). 

At the ultrastructural level, identifica- 
tion of the thyrotropic cell appears to be 
even more hazardous. Its differentiation 
from gonadotropic cells has been made 
chiefly on the basis of the diameter of 
secretory granules (Farquhar and Rine- 
hart, '54. The ultrastructural features that 

1 This investigation was supported in part by a 
grant, HD-03159-03, from the National Institute for 
Child Health and Human Development. 
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may distinguish it from the corticotropic 
cell are the subject of current debate 
(Kurosumi and Oota, '66; Kurosumi and 
Kobayashi, '66; Siperstein and Miller, '70). 

Clearly, a more precise method is needed 
for demonstrating the thyrotropic cell in 
order to clarify its relationship to other 
pituitary cell types, the manner in which 
it responds to alterations in circulating 
levels of various hormones, and to permit 
its identification when the cell is small and 
inactive. 

This report is based on a study of the 
thyrotropic cell in  the rat  as revealed by 
the peroxidase-labeled antibody technique 
(Nakane and Pierce, '67). Nakane ('68, 
'70) has already described some features 
of the thyrotropic cell as revealed by this 
method. However, additional information 
is needed to verify the specificity of the 
procedure. The objectives of this investiga- 
tion were ( a )  to correlate the presumptive 
thyrotropic cells as revealed immunochem- 
ically with those considered to be thyro- 
tropic cells after histochemical staining, 
( b )  to correlate the structural changes in 
thyrotropic cells with the known altera- 
tions in pituitary thyrotropin content that 
occur under varied experimental condi- 
tions, and (c )  to demonstrate the distribu- 
tion of thyrotropic cells in the gland. 

MATERIALS AND METHODS 

Young adult Sprague-Dawley rats were 
used. Except for observation of the influ- 
ence of sex on thyrotropic cells, all experi- 
ments were carried out on females. Unless 
otherwise stated the rats were fed ad 
libitum a diet of Purina Laboratory Chow 
and were kept in a room maintained at 
72°F in which 14 hours of light were alter- 
nated with ten hours of darkness. The ani- 
mals were decapitated while under light 
sodium amytal anesthesia after which their 
hypophyses were excised, fixed in Bouin's 
fluid, embedded in paraffin, and sectioned 
at 3 on either a frontal or transverse 
('dorsoventral) plane. 

Immunochemical staining. For im- 
munochemical staining the procedure of 
Nakane and Pierce ('67) was followed, 
with 3,3'-diaminobenzidine (DAB) and 
a-nanhthol being used as substrates for 
perokdase. Th; sections incubated in 
a-naphthol were stained subsequently with immunoreactive sites on the hormone anti- 

pyronin. An antiserum to human thyro- 
tropin (anti-TSH) supplied by Dr. William 
D. Ode11 was utilized for staining the thy- 
rotropic cell. Since the anti-TSH contained 
antibodies to luteinizing hormone (LH) it 
was employed at high dilution after having 
been absorbed (1/1 v) with human chor- 
ionic gonadotropin at a concentration of 
10,000 I.U./ml. 

Several steps were taken in an attempt 
to verify the specificity of the immuno- 
chemical staining procedure for thyro- 
tropin. Absorption of anti-TSH with bovine 
luteinizing hormone (NIH-LH-B-l , lot 
7231 ), ovine follicle-stimulating hormone 
(NIH-FSH-S-1 ), or bovine plasma albumen 
did not block the effectiveness of anti-TSH 
in the staining procedure, indicating that 
staining of Presumptive thyrotropic cells 
was not dependent on the presence of anti- 
bodies capable of cross-reacting with these 
hormones. Absorption of the an ti-TSH 
with human or bovine (Armour, lot 317- 
147) thyrotropins completely neutralized 
its effectiveness. Absorption with ovine 
thyrotropin (NIH-TSH-S-1) , or a partially 
purified preparation of rat thyrotropin 
(provided by ,4. F. Parlow), prevented the 
staining of almost all presumptive thyro- 
tropic cells. However, even after anti-TSH 
had been absorbed previously with human 
chorionic gonadotropin and was then com- 
bined at high dilution with a concentrated 
solution of ra t  thyrotropin, a few poly- 
gonal cells continued to stain lightly. This 
observation may suggest that the anti-TSH 
contained a low titer of antibodies to some 
other unidentified substance. Because of 
the small number of such cells, this de- 
ficiency in the procedure did not interfere 
seriously in evaluation of the structure of 
the thyrotropilc cell or the influence of ex- 
perimental treatments on it. 

Control procedures for the staining re- 
action itself included the following modi- 
fications of the peroxidase-labeled antibody 
procedure which resulted in failure of the 
thyrotropic cells to stain: incubation of the 
sections in the peroxidase substrate with- 
out prior treatment with antiserum to the 
hormone or with the gamma-globulin- 
peroxidase conjugate, substitution of nor- 
mal rabbit serum or antiserum to egg al- 
bumen for anti-TSH, and blockade of 
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body when attached to the thyrotropic cell 
by application of unconjugated anti-rabbit 
gamma-globulin prior to treatment with 
conjugated anti-r abbit g amma-globulin. 

As additional proof of the specificity of 
the staining procedure, the double stain- 
ing immunochemical method (Nakane, 
'68) was used to demonstrate the thyro- 
tropic cell alongside other cell types in the 
same section. For this purpose antisera to 
the following hormones were used as pre- 
viously described : rat prolactin (Baker et 
al., '69; Baker, '70); human growth hor- 
mone (Baker et al., '69); and porcine 
corticotropin (Baker et al., '70). Anti- 
serum to ovine LH was prepared by G. D. 
Niswender. 

The level of circulating thyroid hormone 
was modified by several experimental 
means In order to raise or lower the pitui- 
tary content of thyrotropin and thus 
change the staining capacity of the thyro- 
tropic cell. In  experiment one, thyrotropic 
cells were compared in seven male and 
seven female adult rats. In  experiment two, 
the effect of ovariectomy was observed in 
seven rats 54 days after the operation, 
with seven rats serving as controls. In  ex- 
periment three, the influence of hypothy- 
rodism was studied in five rats surgically 
thyroparathyroidectomized and injected 
with 100 ,Ci of I3lI to destroy remaining 
fragments of the gland. These thyroidec- 
tomized animals were then maintained on 
a low iodine diet (Nutritional Biochemicals 
Corp.) for 74 days. The nine control rats 
were fed laboratory chow. Thyroidectomy 
prevented a gain in body weight. Hypothy- 
roidism was induced also in experiment 
four by giving nine rats a 0.1 % solution of 
6-propylthiouracil (PTU) as drinking fluid 
for 53 days. The eight control rats drank 
tap water. 

Since a striking increase occurs in the 
pituitary thyrotropic content within a few 
days after cessation of PTU treatment 
(D'Angelo, '61) the rats of experiment five 
were divided into three groups. Group one, 
consisting of six animals, received labora- 
tory chow; the six rats in group two were 
given 0.1% PTU mixed with ground labo- 
ratory chow for 39 days; the six rats in 
group three were treated similarly with 
PTU for 30 days and then given laboratory 
chow for the final nine days. In experi- 

ments four and five, administration of 
PTU suppressed the expected gain in body 
weight. In  experiment six, a hyperthyroid 
state was induced by injecting seven rats 
subcutaneously each day with 1-thyroxine 
for 76 days, the daily dose being increased 
from 5 pg. at the beginning to 45 pg 
on the thirty-sixth day. Seven control 
animals received a comparable volume of 
the 0.9% NaCl solution used as vehicle. 
Treatment with thyroxine did not inter- 
fere with the gain in body weight. 

Histochemisty of the thyrotropic cell. 
Two procedures were followed to deter- 
mine the histochenical staining proper- 
ties of the thyrotropic cell as identified 
with immunochemical staining. After 
staining a section immunochemically with 
a-naphthol-pyronin the stain was removed 
from the cytoplasm by immersion in eth- 
anol and the section restained with either 
aldehyde fuchsin and the Masson proce- 
dure or with the PAS technique. Compari- 
son of photographs of sections made after 
each of the staining procedures revealed 
the reaction of thyrotropic cells to alde- 
hyde fuchsin and PAS. Also, adjacent sec- 
tions were stained either immunochemi- 
cally or chemically in order to observe 
staining of the same cell with the two 
methods. 

Distribution of thyrotropic cells in the 
gland. For observation of the distribution 
of thyrotropic cells in the pars distalis, 
hypophyses from both sexes were cut 
serially and thyrotropic cells stained im- 
munochemically in sections taken from 
various levels in the gland. In determining 
the effect of an experimental procedure on 
the thyrotropic cell, sections from several 
representative regions of the gland were 
studied. 

OBSERVATIONS 

Cytology of the thyrotropic cell 
The thyrotropic cell was polyhedral 

(figs. 2, 11) with the main portion of the 
cell body usually lying within a cell cord 
somewhat removed from a capillary wall. 
However, the cell often made contact with 
the capillary wall by means of one or more 

%Although it seems certain that the cells revealed 
by use of antiserum to LH are the source of this hor- 
mone, in our hands they have not yet been differen- 
tiated from those producing FSH. Therefore, for the 
present we are designating them gonadotropin cells. 
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cytoplasmic processes. Comparison of cells 
sectioned through the nucleus revealed a 
considerable variation in size. Particularly 
in female rats, some thyrotropic cells were 
comparable in size to the largest gonado- 
tropic cells (fig. 12); in  such instances the 
thyrotropic cell possessed abundant cyto- 
plasm. The cytoplasmic granules were 
PAS-positive (fig. 4 )  and colored intensely 
with aldehyde fuchsin (fig. 6 )  and with 
immunochemical staining (fig. 9).  Fre- 
quently, the cytoplasm was unusually 
dense in  the Golgi region and in the peri- 
nuclear zone. In such cases the peripheral 
cytoplasm was often vacuolated or con- 
tained fine granules surrounded by clear 
canals (fig. 10). 

Distribution of thyrotropic cells in the 
gland. As Makane ('68) and others be- 
fore him have noted, thyrotropic cells were 
often aggregated in clusters (fig. 3 ) .  In 
hypophyses of female rats (fig. 8), they 
were most numerous centromedially and 
ventrally in the lateral lobes of the pars 
distalis, and in the median bridge of pars 
distalis lying beneath the pars intermedia. 
The concentration of thyrotropic cells in 
these areas extended into the caudal por- 
tion of the gland. The number of thyro- 
tropic cells was far less in the dorsoce- 
phalic region. In some glands, the number 
of cells in the right and left lobes differed 
greatly but technical factors could not al- 
ways be ruled out as influencing this ap- 
pearance. No significant difference was 
observed in the intraglandular distribution 
of thyrotropic cells between the sexes (figs. 
7 ,  8c). 

Differentiation of tkyrotropic cells from 
other cell types. Double-staining with the 
immunochemxcal procedure showed that 
thyrotropic cells could be delineated 
sharply from prolactin cells (fig. g ) ,  corti- 
tropic cells (fig. l o ) ,  growth hormone cells 
fig. l l ) ,  and gonadotropic cells (fig. 12). 
These distinctions were made on the basis 
of color, size, morphology and distribution. 
In no case were reactions for more than 
one antibody observed in the same cell. 

As compared with thyrotropic cells, pro- 
lactin cells were generally smaller, with 
flatter or more concave sides; they were 
more generally distributed and more num- 
erous (Baker et al., '69). Corticotropic cells 
were smaller on the average, more stellate, 

and possessed long cytoplasmic processes 
which constituted a greater proportion of 
the cell volume ; likewise their distribution 
through the gland was more uniform 
(Baker, '70; Baker et al., '70). As compared 
with thyrotropic cells, growth hormone 
cells were more ovoid, smaller, possessed a 
more uniformly dense cytoplasm and were 
almost never vacuolated. The incidence and 
size of growth hormone cells were in- 
fluenced by sex in contrast to the minor 
influence of sex on thyrotropic cells. 
Growth hormone cells were far more num- 
erous and widely distributed through the 
gland (Baker et al. '69). Gonadotropic 
cells tended to be more spherical than 
thyrotropic cells and were uniquely differ- 
ent in distribution; they were most num- 
erous in the dorsocephalic region near the 
pars intermedia. 

Experimental modification of the 
{tkyrotropic cell 

In the subsequent description of struc- 
tural alterations induced in thyrotropic 
cells by a persistent elevation or depression 
in the level of circulating thyroid hormone, 
primary consideration is given to the in- 
tensity of the stain that could be developed 
with the peroxidase-labeled antibody pro- 
cedure utilized with anti-TSH, as well as 
to the size and number of the cells giving 
the reaction. From such observations broad 
inferences may be drawn regarding the 
amount of thyrotropin contained within 
the gland. 

Sex. Thyrotropic cells were not counted 
but comparison of sections taken from 
sequential zones through the hypophysis 
showed that the apparent number of thyro- 
tropic cells was similar in the sexes (figs. 
7 ,  8c). However, in five of seven pairs of 
rats, thyrotropic cells seemed to attain a 
larger size arid stain more intensely in 
female than in male rats. Because of the 
variable distribution of thyrotropic cells in 
the gland and the wide range in their 
size, this difference must remain some- 
what equivocal until more precise data are 
obtained. 

Ouariectomy. Following ovariectomy no 
consistent changes in number and size of 
thyrotropic cells were observed. Although 
many unstained gonadotropic cells con- 
tained "castration vacuoles," no vacuoles 
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of this type were observed i n  any thyro- 
tropic cells. 

Treatment with propylthiouracil. Under 
the conditions of experiment four the num- 
ber of cells which stained well following 
application of anti-TSH was reduced 
sharply by treatment with PTU (figs. 13, 
14). Although a few large, well-stained 
cells remained, they were smaller than thle 
thyrotropic cells of control rats. Also, these 
few cells might not be thyrotropic cellis 
since some antibodies could not be ab- 
sorbed from the anti-TSH with rat thyro- 
tropin in control procedures. Thus, the 
impressive fall in immunoreactive thyro- 
tropin indicates that the amount of stored 
thyrotropin was reduced by administration 
of propylthiouracil. 

Rebound after propylthiouracil treat- 
ment. After thyrotropic cells had lost 
their immunochemical stainability due to 
treatment with PTU for 30 days, with- 
drawal of the drug increased the staining 
reaction in the cytoplasm of many thyro- 
tropic cells within nine days (fig. 17).  This 
was a general response and seemed to in- 
volve all thyrotropic cells that could be 
identified. Apparently they had multiplied 
during the period of PTU treatment. 

Thyroidectomy. As after treatment with 
PTU, the number of intensely staineld 
thyrotropic cells was much lower and most 
of them were smaller in thyroidectomized 
rats than in their controls (figs. 13, 15). 
The overall reduced capacity of the gland 
to stain immunochemically with anti-TSH 
indicated that the glandular thyrotropic 
content was depressed by thyroidectomy. 

Administration of thyroxine. Long,- 
term administration of thyroxine at high 
dosage caused a striking regression of 
thyrotropic cells; in all of the five rats so 
treated their identification was difficult or 
impossible (fig. 16). 

DISCUSSION 

Specificity of the staining procedure 
for  thyrotropic cells 

Verification of the specificity of the 
peroxidase-labeled antibody procedure for 
demonstration of thyrotropic cells in the 
rat is of primary importance. Interference 
by the activity of peroxidase intrinsic to 
hypophyseal parenchymal cells did not 
occur since no staining developed during 

incubation in DAB if no antibodies had 
been applied to the pituitary section. In 
addition, the following several lines of 
evidence support the conclusion that the 
thyrotropic cell has been demonstrated. 

Immunological evidence. Because of 
the chemical similarities of thyrotropin, 
LH and FSH, possible contamination with 
these hormones in the thyrotropin prepara- 
tion used as the original antigen is a per- 
tinent consideration. Dr. W. D. Ode11 (per- 
sonal communication) has observed that 
the anti-TSH provided us contains anti- 
bodies to LH. When applied to sections at 
low dilution in the peroxidase-labeled anti- 
body procedure, a second population of 
cells was lightly stained. It was assumed 
that these cells belonged to the gonado- 
tropic class (fig. 1 ). However, interference 
from coupling of antibodies to gonado- 
tropic cells was avoided by dilution of the 
antiserum and by prior absorption of the 
anti-TSH with human chorionic gonado- 
tropin (fig. 2 ) .  Absorption of anti-TSH 
with numerous gonadotropic preparations 
including bovine LH and ovine FSH did 
not interfere with its effectiveness in the 
staining of thyrotropic cells. Indeed, fol- 
lowing prior absorption of anti-TSH with 
LH the staining reaction often seemed to 
be intensified. The prevention of immuno- 
chemical staining of thyrotropic cells by 
prior absorption of anti-TSH with human, 
bovine, ovine or murine thyrotropins indi- 
cates that the procedure is specific. 

Available information about the chemi- 
cal and immunochemical properties of 
mammalian thyrotropins suggests the ra- 
tionality of using antisera to human thyro- 
tropin with peroxidase-labeled antibody 
for demonstration of thyrotropic cells in 
the rat and other lower mammals. Al- 
though the chemical structure of rat thyro- 
tropin is unknown, recent studies attest to 
the chemical (Shome, Brown, Howard and 
Pierce, '68) and immunological (Shome, 
Parlow, Ramirez, Elrick and Pierce, '68) 
similarities of human, bovine and porcine 
thyrotropins. Thus, a considerable struc- 
tural uniformity may exist among the 
mammalian thyrotropic hormones. With 
respect to the interrelationship of bovine 
thyrotropin and LH, since the CI subunit 
of LH is structurally similar to the a-sub- 
unit of thyrotropin, and antiserum to the 
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former reacts with the complete thyro- 
tropic molecule (Liao et al., ’69), one 
would expect that the two hormones might 
be produced by a single cell. However, 
since immunological cross-reaction does 
not occur between the complete hormones, 
the supposition is strengthened that they 
may be secreted by different cells. 

Immunochemical double staining of 
thyrotropic cc7lls and other cell types. 
When sections of the hypophysis were 
stained for demonstration of thyrotropic 
cells alongside each of the other cell types, 
it was shown that thyrotropic cells can be 
distinguished clearly from the acidophilic 
types, namely, growth hormone cells and 
prolactin cells. 

Differentiation of thyrotropic from cor- 
ticotropic cells is of special significance 
because of earlier findings suggesting that 
corticotropin 1s produced by an  aldehyde 
fuchsin-positive cell (Kief, ’56) and be- 
cause the presumptive thyrotropic cell ex- 
hibits unique cytological changes under 
experimental conditions which cause an 
enhanced secretion of corticotropin. Thus, 
Halmi (’50) observed an increase in num- 
ber and enlargement of aldehyde fuchsin- 
positive cells in semi-adrenalectomized 
rats exposed 1.0 cold, a drop in their per- 
centage incidence in acute stress and after 
thyroidectomy, as well as a failure to 
change after castration. Since these alter- 
ations seemed to parallel the expected 
modifications in corticotropic content of 
the gland as known at that time, he con- 
cluded that the aldehyde fuchsin-positive 
cells should be considered as a possible 
source of corticotropin. Our previous 
demonstration (Baker et al., ’70) that 
many corticotropic cells of the rat are 
aldehyde f uchsin-positive lends credence 
to Halmi’s suggestion. It is now indicated 
that aldehyde fuchsin should be regarded 
as a delineator of both corticotropic and 
thyrotropic cells in the rat but that these 
are in fact distinct cell types. 

Differentiation of the cell types which 
secrete the glycoprotein hormones remains 
a problem that requires more extensive in- 
vestigation. The presumptive LH cell as 
demonstrated in this study with antiserum 
to ovine LH is large, usually ovoid, and 
has a unique distribution, being most nu- 

merous in the dorsocephalic “sex zone” and 
along the pars intermedia. With respect to 
shape and size of the cell, these observa- 
tions agree with those of Monroe and 
Midgley (’69 ) who used immunofluores- 
cence with aniibodies to human chorionic 
gonadotropin 1.0 demonstrate LH cells in 
the rat. Thus, on the basis of differences in 
cytology and distribution and the immuno- 
chemical differentiation of both types in a 
single section, it seems certain that thyro- 
tropic and presumptive LH cells as illus- 
trated here are distinctive types. 

With respect to the FSH cell we have 
not yet acquired adequate evidence to show 
that it is different from the LH cell on the 
one hand and from the thyrotropic cell on 
the other. The rat FSH cell has been 
demonstrated with immunofluorescence by 
Rennels (’63) while Nakane (’70), on the 
basis of immunocheinical evidence, con- 
cluded that FSH and LH are produced by 
a single cell type. Our present inability to 
make a clear distinction between the ori- 
gins of thyrotropin and FSH is reminiscent 
of suggestions by others that thyrotropic 
and gonadotropic cells may be identical 
(e.g., Yoshimura and Ishikawa, ’69). 

Intraglaiadular distribution of 
tlayrotropic cells 

Purves and Griesbach (’51a) studied 
the distribution of thyrotropic cells as re- 
vealed by staining with PAS. They con- 
cluded that thyrotropic cells are aggregated 
in the “central region throughout the whole 
anterior lobe,” and are infrequent else- 
where. Our preparations show that thyro- 
tropic cells are concentrated in the centro- 
median zone of the lateral lobes of the 
pars distalis and that they are common 
ventrally in a bridge of pars distalis 
beneath the pars intermedia. Further, the 
cells extend fam caudally in the gland. As 
Purves and Griesbach (’51a) pointed out, 
thyrotropic cells are rare in the cephalic 
and dorsal regions and do not accumulate 
around the larger blood vessels of that 
region as is characteristic of gonadotropic 
cells. Thus, the conclusions of all workers 
regarding intraglandular distribution of 
thyrotropic cells as observed with immuno- 
chemical and histological staining are in 
essential agreement. 
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Correlation o f  thyrotropic cell cytology 
with pituitary hormone content 

The following comparisons are made 
between changes in size and stainability of 
thyrotropic cells under different experi- 
mental conditions and the previously dem- 
onstrated alterations in thyrotropic content 
of the gland, in order to provide additional 
evidence regarding the specificity of the 
procedure. 

Sex. D'Angelo ('68) observed a some- 
what higher concentration of thyrotropin 
in hypophyses of adult female rats than in 
males although the difference was not sta- 
tistically significant. However, the differ- 
ence in total content was still greater be- 
cause the hypophyses were heavier in 
females. In our study, the size of thyro- 
tropic cells seemed slightly greater in the 
female, so that the higher amount of thyro- 
tropin observed by DAngelo in female hy- 
pophyses might be accounted for in this 
way. Without more precise information, a 
definitive comparison cannot be made be- 
tween the sexes with respect to the cytology 
of thyrotropic cells and pituitary hormone 
content. Nevertheless, the trend with re- 
spect to both features favors the female. 

T h e  influence of female sex hormone. 
Estrogen has a considerable influence on 
the thyrotropic content of the rat hypo- 
physis. A decline occurs in female rats, 
with advancing age (D'Angelo, '66), and 
three weeks or one year after ovariectomy 
both the concentration and total amount of 
thyrotropin are reduced in the pituitary' 
gland (D'Angelo, '66). On the other hand, 
although administration of estrogen does 
not affect thyrotropic pituitary content in 
thyroidectomized male rats, i t  causes ai 
decrease when given to intact males 
(Amesbury et al., '65) and within a re. 
stricted dose range in female rats also 
(D'Angelo, '68). 

In view of the severe depletion of pitui- 
tary thyrotropin reported to follow ovariec. 
tomy, a great change was expected in the 
thyrotropic cells. This did not occur, with 
changes in number, size and staining 
capacity being quite variable from one 
ovariectomized rat to another and no clear 
pattern of difference emerging between 
them and nonoperated controls. 

Alteration in the level o f  circulating thy-  
roid hormone. A few investigators (Zeck- 

wer, '36; Gordon et al., '45; Sinha and 
Meites, '65; Bakke and Lawrence, '64) 
have reported that the hypophyseal thyro- 
tropic content rises during thyroid defi- 
ciency. However, most evidence indicates 
that an impressive decline occurs after 
excision of the thyroid gland and/or its 
destruction by administration of 13'1 

(Turner and Cupps, '40; Mess, '58; Con- 
topoulos et al., '58; Salaman, '64; van Rees, 
'66), or after treatment with a goitrogenic 
drug (D'Angelo, '61). The fall in thyro- 
tropin may be severe; in one of D'Angelo's 
('69) experiments only about 4% of the 
normal amount remained in the hypo- 
physes of rats maintained on PTU for 270 
days. Depletion of pituitary thyrotropin in 
the hypothyroid rat seems to be assured if 
several weeks intervene between the times 
of thyroid inactivation and analysis of 
pituitary thyrotropin and if, according to 
D'Angelo ('69), the following additional 
experimental criteria are met: all thyroid 
fragments are destroyed, thyroid-like sub- 
stances are eliminated from the diet, and 
an effective level of the antithyroid drug is 
maintained in rats made hypothyroid by 
this means. 

In our experiments all of the criteria 
outlined by DAngelo for maintaining a 
state of severe hypothyroidism were prob- 
ably met. Hence, it may be expected that 
in accord with his observations the amount 
of thyrotropin was reduced sharply in the 
hypophysis. It follows that the sparsity of 
cells that stained immunochemically for 
thyrotropin in both thyroidect~mized-'~'I- 
irradiated and in PTU-treated rats is to be 
expected. The presence of some thyrotropin 
in the hypophysis of hypothyroid rats may 
be accounted for in part by scattered cells 
which seem to have been unaffected by 
the absence of thyroid hormone, and by 
the probability that some hormone was 
lost from the cells during fixation and 
embedding. 

The great resurgence in pituitary stor- 
age of thyrotropin in rats after cessation of 
propylthiouracil treatment (D'Angelo, '69) 
is correlated directly with an impressive 
recrudescence of the cells that react 
strongly to immunochemical staining for 
the hormone. 

As in hypothyroidism, elevation of the 
level of circulating thyroid hormone by 
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administration of a high dose of thyroxine 
also causes a fall in pituitary thyrotropic 
content to 2-3% of the normal level 
(D'Angelo, '58). In  accord with this condi- 
tion we found thyrotropic cells to be so de- 
pleted of hormone that they could no 
longer be stained immunochemically. 

It may be concluded from the above cor- 
relations that a parallelism exists between 
pituitary thyrotropic content and stain- 
ability of the gland with the peroxidase- 
labeled antibody procedure. Evidence of 
this nature tends to verify the specificity of 
the immunochemical procedure for dem- 
onstration of thyrotropic cells. Among the 
experimental conditions examined, only in 
the case of ovariectomy was such a correla- 
tion not established. 

Comparative usefulness of aldehyde 
fuchsin, PAS and peroxidase- 
labeled antibody for staining 

thyrotropic cells 
As used in this study the peroxidase- 

labeled antibody procedure appears to offer 
only slightly more sensitivity for detection 
of the thyrotropic cell than does staining 
with aldehyde fuchsin or PAS. In  almost 
every experimental situation used in this 
study for modification of pituitary thyro- 
tropic content, the changes we observed 
by immunochemical staining of thyrotropic 
cells have been reported previously by 
other workers who utilized aldehyde 
fuchsin and/or the PAS procedure. These 
effects include depletion of aldehyde 
fuchsin-positive granulation following ad- 
ministration of thyroxine (Purves and 
Greisbach, '51c; D'Angelo, '58), thyroidec- 
tomy (Halmi, '50; Purves and Griesbach, 
'51c; D'Angelo, ' 63 ) ,  or treatment with 
goitrogens, as well as restoration of alde- 
hyde fuchsin-positive granulation during 
the rebound period after cessation of PTU 
treatment. In addition, vacuolated thyroi- 
dectomy cells do not stain significantly 
with aldehyde fuchsin (D'Angelo, '63) and, 
when fully developed, show no response to 
immunochemical staining with anti-TSH 
(Baker et al., unpublished). Similarly, 
after cessation of thiouracil treatment, 
these vacuolated cells quickly recover 
their aldehyde fuchsin-positive granulation 
(D'Angelo, '61) ; also stain intensely with 

Baker et al. ('70) have shown that many 
corticotropic cells in the rat are also alde- 
hyde fuchsin-positive, a major advantage 
provided by immunochemical staining lies 
in its capacity to differentiate thyrotropic 
from corticotropic cells. Similarly, im- 
munochemical staining as used here per- 
mits clear differentiation of thyrotropic 
cells from a class of gonadotropic cells 
which appear to secrete LH. In our hands 
the cellular origin for FSH and its relation 
to the thyrotropic cell remain to be dem- 
onstrated. 
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PLATE 1 

EXPLANATION O F  FIGURES 

1 Hypophysis of a female rat stained immunochemically for thyrotropic cells with 
anti-TSH used at high concentration and without prior absorption with human 
chnrionic gonadotropin. Both thyrotropic ( T )  and ga'nadotropic ( G )  cells are 
stained. DAB. x 600. 

2 Section from the same hypophysis as illustrated in  figure 1. Stained immuno- 
chemically using anti-TSH after dilution and prior absorption with human 
chorionic gonadotropin. Gonadotropic cells no longer stain. T, thyrotropic cells. 
DAB. ;< 600. 

3 Hypophysis of a female rat stained immunochemically with anti-TSH. A cluster 
of thyrotropic cells (T)  is illustrated. a-Naphthol-pyronin. x 1000. 

4 Same field as illustrated i n  figure 3. After being stained immunochemically, the 
section was decolorized and restained with PAS, showing that the cytoplasm of 
the presumptive thyrotropic cells is PAS-positive. x 1000. 

Hypophysis of a female rat stained immunochemically with anti-TSH. Three thyro- 
tropic cells ( T )  are illustrated. a-Naphthol-pyronin. x 1000. 

Same iield as illustrated in  figure 5. After being stained immunochemically, the 
section was decolorized and restained with aldehyde fuchsin and the Massnn 
procedure, showing that thyrotropic cells (T) are aldehydte fuchsin-positive. x 1000. 

A view of part of a dorsoventral section through the middle of the hypophysis of a 
male rat showing the distribution of thyrotropic cells (black dots) in  the pars 
distalis (P.D.)  (plane of section comparable to that i n  figure 8c of the female). 
Thyrotropic cells appear chiefly in  the centromedial porti.ons of the lateral lobes of 
the pars distalis and ventral to the pars intermedia. Stained immunochemically 
with D.4B as substrate. P. I., pars intermedia; P. N., pars nervosa. x 39. 
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6 
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PLATE 2 

EXPLANATION OF FIGURE 

8 All photomicrographs represent portions of dorsoventral sections 
through the hypophysis of a female rat. They are taken from cephalic 
( a )  to caudal (e )  regions of the gland. Thyrotropic cells appear as 
black dots in the pars distalis (P.D.). They are scarce in the cephalic 
sections ( a  and b) .  In the middle section ( c )  thyrotropic cells are 
numerous in the centromedial region of the lateral lobes of the pars 
distalis and along the ventral zone. They are scarce in the dorso- 
lateral areas of the lateral lobes and in a narrow zone along the pars 
intermedia (P.I.). Thyrotropic cells remain numerous into the caudal 
( d  and e )  regions of the gland. 

As compared with the male hypophysis (fig. 7),  thyrotropic cells appear 

Immunochemically stained; DAB as substrate. P. N., pars nervosa. x 39. 
larger and possibly somewhat more numerous in the female (c) .  
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PLATE 3 

EXPLANATION O F  FIGURES 

All photomicrographs on this plate represent sections of female hypoph- 
yses which were stained immunochemically for the thyrotropic cell and, 
in each case, for one other cell type. For the double-staining method DAB 
was used as the substrate for one cell type and a-naphthol-pyronin for  the 
other. Thus, one cell type appeared gold with DAB and the other lavender 
with cr-naphthol-pyronin. x 1000. 

9 Thyrotropic cells (gold) and prolactin cells (lavender). Observe the 
coarse granulation and dense cytoplasm of the thyrotropic cells. 

Thyrotropic cells (gold) and three corticotropic cells (lavender). Ob- 
serve the peripheral vacuolation and dense perinuclear cytoplasm In 
the lower thyrotropic cells. 

Thyrotropic cells (gold) and growth hormone cells (lavender). Growth 
hormone cells are small and tend to be ovoid i n  contrast with the 
l a g e r  stellate thyrotropic cell near the center. 

12 Thyrotropic cells (gold) and gonadotropic cells (presumptive LH 
cells ) (lavender ). 

10 
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PLATE 4 

EXPLANATION OF FIGURES 

This plate demonstrates the effect of various experimental procedures on the thyro- 
tropic cell in the hypophyses of female rats. All  sections represented were stained 
immunochemically with DAB being used as substrate. All photographs were made in 
the centromedial area of the lateral lobe of the pars distalis. >: 160. 
13 

14 

15 

16 

17 

Hypophysis of a rat which served as a control for those treated with thyroxine. 
The thyrotropic cells (appearing black) as illustrated in this photograph did not 
differ significantly from those in the controls of all other experiments. Hence, i t  
may be considered the control picture for figures 14-17. 

Hypophysis of a rat treated with PTU for 53 days. Almost all thyrotropic cells 
have lost their capacity to stain immunochemically. A few small cells remained 
which were stained. These cells might not be thyrotropic cells but may appear due 
to the presence of antibodies in anti-TSH which could not be absorbed with rat 
thyrotropin. 

Hypophysis of a rat 74 days after thyroparathyroidectomy and administration of 
i311. Most thyrotropic cells have lost their staining capacity but, as in glands from 
rats treated with PTU (fig. 14), a few stained cells may still be identified. 

Hypophysis of a rat treated with thyroxine for 76 days. Thyrotropic cells no longer 
stain with sufficient intensity to permit accurate identification. 

Hypophysis of a rat given PTU for 30 days which resulted in failure of thyrotropic 
cells to stain (fig. 14). At this time treatment with PTU was stopped. During the 
subsequent nine days, stainability of thyrotropic cells was restored and apparently 
their number was increased above normal (cf., fig. 13). 
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