
A HISTOCHEMICAL AND BIOCHEMICAL STUDY 
O F  THE PAROTID GLAND IN NORMAL AND 

HYPOPHYSECTOMIZED RATS li2 

MAYNARD M. DEWEY * 
Department  of Anatomy, Universi ty  of Michigan Medical School, 

Ann. Arbor 

TWENTY FIGURES 

Baker and Abrams ( '55) demonstrated a marked reduction 
in weight of the parotid gland after hypophysectomy. Con- 
currently, the acinar cells became smaller, were depleted of 
zymogenic granules and their amylase content was reduced 
(Baker et al., '56). These observations suggest that main- 
tenance of the normal structure and function of the parotid 
gland is dependent on the action of hormones. 

Additional interest in the relationship of the parotid gland 
to the endocrine system is created by the postulation that it 
is itself an endocrine organ. Ito ('54) and I t o  and Okabe ('55) 
reported the chemical characteristics of a purified protein 
which they called parotin, that was extracted from the parotid 
gland of cattle and from human saliva. It was believed to be 
the salivary gland hormone described previously by Ogata 
(cited by Ito, '54). The following observations led to  the 
theory that secretion of parotin mediates the action of pitui- 
tary growth hormone. The tibia1 epiphysis failed to respond 
to pituitary growth hormone in hypophysectomized-sialo- 
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adenectomized rats (Shibata et al., '54). The acidophils of 
the anterior hypophysis hypertrophied after sialoadenectomy 
(Skazaki, cited by Shibata et al., '54), and conversely, hypo- 
function of the thyroid and reduction in the number of acido- 
phils in the anterior hypophysis occurred after chronic ad- 
ministration of parotin (Tasaka, cited by Shibata et al., '54). 

The objcxtives of this study were (a) to elucidate the histo- 
chemical and biochemical characteristics of the parotid gland 
in nonhypophysectomized and hypophysectomized rats, and 
(b) to provide basic information for a re-evaluation of the 
possible endocrine role of the parotid gland. 

MATERIALS AND METHODS 

Young, adult male Sprague-Dawley rats were maintained 
in individual cages and fed a diet consisting of Purina Labor- 
atory Chow. The animals were given water ad libitum but no 
food 24 hours prior to the termination of an experiment. The 
parotid glands were excised while the animals were under 
sodium amytal anesthesia. 

Hypophysec tomy .  Beginning 10 to 15 days after hypophy- 
sectomy, a nonhypophysectomized control animal was pair-fed 
against each operated rat. The completeness of hypophy- 
sectomy was ascertained by microscopic examination of serial 
sections of the pituitary region o r  by the reduced body weight. 
Incompletely hypophysectomized rats were discarded. 

Forty liypophysectomized and 40 nonhypophysectomized 
control rats were utilized. The mean body weight of the hypo- 
physectomized animals was 181 -+ standard deviation 4.8 gm 
before the operation and 142 t 5.8 gm at the termination of 
the experiment ; f o r  the nonhypophysectomized animals it was 
185 +_ 1.2 gm and 184 t 4.1 gm, respectively. The postopera- 
tive period was 40-111 days and did not vary more than 20 
days for the animals used for any one procedure. Several 
technical procedures were carried out on the parotid glands 
from each animal (table 1). 

Histological a d  histochemical techniques.  Small pieces of 
parotid gland were fixed in Zenker-formol, Regaud's fluid, 
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formalin-alcohol-acetic acid (FAA) and 1% trichloracetic acid 
in 80% ethanol. Specimens fixed in Zenker-formol and Reg- 
aud's fluid were treated subsequently with 3% K2Cr207 and 
double-embedded in celloidin and paraffin. Fixation in  F A A  
and subsequent dehydration mere carried out at 2°C. These 
tissues were embedded in paraffin. 

Fo r  tlie demonstration of mitochondria and zymogenic 
granules, sections of the glands fixed in Zenlrer-formol or  
Regaud's fluid were stained with Regaud's hematoxylin and 
the Altmann-Masson procedure (Severinghaus and Tliomp- 
son, '39). For  glycogen, carbohydrate-containing proteins, and 
nucleic acids, sections of specimens fixed in FAA were stained 
with the periodic acid-Schiff (PAS)  technique (Hotchkiss, 
'48) and counterstained with niethylene blue (pH 5.6). To 
verify wliich basophilic substances were composed of ribo- 
nucleic acid, sections were digested in a 1% ribonuclease at 
37°C before staining; control sections were incubated in dis- 
tilled water. I n  order to show which PAS-staining substances 
were glycogen, some sections were digested in 1% a-amylase 
(pH 7.0) while other control preparations were incubated in 
the buffer solution without amylase. 

Alkaline phosphatase was demonstrated on FAA-fixed 
specimens by the Gomori technique ( '39), sodium glycero- 
phosphate, fructose-diphosphate, glucose-6-phosphate, yeast 
nucleic acid and adenylic acid being used as  substrates. Con- 
trol sections were heated in boiling water, prior to incubation. 
Sulfliydryl and disulfide groups were studied on tlie triehlor- 
acetic acid-fixed glands by tlie method of Barrnett and Selig- 
man ( '52). Succinic dehydrogenase was demonstrated by the 
technique of Farber and Louviere ('56) in sections of non- 
fixed glands prepared in a Cryostat. They were incubated 
anaerobically. Other sections, which mere incubated in  a 
medium containing no sodium succinate, served as controls. 
Gomori's ( '52) technique, with a-naphthol butyrate as  the 
substrate, was used to  localize nonspecific esterase activity 
in nonfixed preparations which had been sectioned in  a Cryo- 
stat. Garnet GBC served as  the azo dye. The tissue was fixed 
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in formol-saline after incubation. Control sections were in- 
cubated in a medium which did not contain a-naphthol buty- 
rate. 

Bioche.l?zicnl techniques. Nonspecific esterases also were 
studied by the quantitative procedure of Gomori ( '53)  and the 
starch gel electrophoretic method of Hunter and Afarlicrt 
('57) for separation of the enzymes. For the quantitative pro- 
cedure, an aliquot of the homogenized gland was incubated at 
pH 7.0 in a solution containing a-naphthol butyrate and the 
azo-dye, diazotized-4-diethylsulfonamide-2-aminoanisole. Ac- 
tivity, as  determined with a Klett colorimeter, was expressed 
by reference to a standard curve worked out with known quan- 
tities of a-naphthol in the substrate. 

Fo r  the separation of nonspecific esterases by starch gel 
electrophoresis, small pieces of filter paper were saturated 
with the clear supernatant obtained from a centrifuged homo- 
genate of the gland and inserted into starch strips buffered 
with a 0.03 M borate buffer at p H  8.5. After 44 hours, ester- 
ases were visualized by incubating the strips at pH 7.0 in  
substrates containing a-naphthol butyrate or a-naphthol ace. 
tate and Garnet GBC. 

Measurement of ducts and height o f  their epithelium. Sec- 
tions stained with PAS and methylene blue were utilized in  
determining the effect of hypophysectomy on the diameter 
of the salivary portion of intralobular ducts and the height 
of their epithelium. The smallest diameter was recorded only 
for those intralobular ducts which were cut transversely. 
Measurements were made on 25 ducts in a single section from 
each animal. The data so obtained were treated statistically 
by variance analysis (Snedecor, '56 ; Ostle, '54). 

OBSERVATIONS 

The normal parotid gland 

Acinar cells. After fixation in  Zenker-formol or Regaud's 
fluid, the abundant zymogenic granules were of uniform size 
and morphology and stained intensely with aniline blue (fig. 1). 
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Following fixation in FAA, fewer granules were preserved, 
more being present in smaller acini than in the larger ones. 
The granules stained lightly with the PAS procedure. The 
cytoplasm of acinar cells stained with methylene blue (fig. 3) 
due to  the presence of ribonucleic acid since this staining 
capacity was lost after digestion with ribonuclease. No gly- 
cogen was observed. Mitochondria, which varied in shape 
from rods to filaments, were distributed uniformly throughout 
the cytoplasm. The nucleus usually contained a single promi- 
nent nucleolus and was compressed against the basal mem- 
brane of the cell by the abundant zymogenic granules. 

Two types of cytoplasmic inclusion bodies were observed 
occasionally in all nonhypophysectomized animals. One type, 
which appeared to  be of cytoplasmic origin, was spherical, in- 
ternally vacuolated, surrounded by a halo, and stained with 
PAS and aniline blue (fig. 6). I t  varied in size, sometimes 
filling the entire cytoplasmic space. The second type (fig. 6) 
appeared to be of nuclear origin. It was spherical, homo- 
geneous and intensely basophilic. Although variable in size, 
it often was larger than a typical nucleus. When present, no 
nucleus was observed, and the smaller ones appeared to have 
resulted from karyorrhexis. 

Sulfhydryl groups were stained in the cytoplasm, chromatin 
and the nuclear membrane. Incubation in thioglycolic acid, 
which reduces the disulfide groups to sulyhydryl groups, in- 
tensified tlie color (fig. 5). Since zymogenic granules were 
not preserved by the fixation, their content of sulfhydryl and 
disulfide groups could not be determined. 

No alkaline phosphatase was observed. The slight darken- 
ing of nuclei and cytoplasm was an artifact since it appeared 
in the control slides. However, alkaline phosphatase was 
present in the myo-epithelial cells surrounding portions of the 
acini (fig. 10). These cells were more uniformly active about 
acini which were located close to intercalated ducts. The peri- 
acinar capillaries exhibited a high degree of activity. The 
acinar cells contained a high concentration of esterase (fig. 15) 
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when a-naplithol butyrate was used as the substrate; naph- 
thol AS acetate gave negative results. 

Succinic dehydrogenase was demonstrated throughout the 
cytoplasm of acinar cells (fig. 17). This distribution corre- 
lated well with that of mitochondria. Within two hours after 
preparation of these slides, rather large pink droplets ap- 
peared within the acinar cells. They were of unknown nature 
but apparently dissolved the reduced neotetrazolium crystals. 

Zntercaluted ducts. The intercalated ducts were long, 
branched, and narrow. Their transition into the salivary por- 
tion of the intralobular ducts was abrupt. The ductular epi- 
thelium was squamous and extended into the acinus. After 
Zenker-formol fixation, the nucleus of the cell was elongated 
and contained coarse chromatin granules. The mitochondria 
were fine granules o r  short rods and were distributed in all 
parts of the cell. Basophilic material accumulated near the 
nucleus and extended more diffusely throughout the cyto- 
plasm. It was not observed after digestion with ribonuclease. 
The epithelial cells contained granules which stained with 
aniline blue or PAS (fig. 3). They were most abundant in 
the portion of the duct nearest the acinus and were resistant 
to  digestion with a-amylase. 

With the procedure for sulfhydryl groups alone, and for 
sulfhydryl and disulfide groups together, intercalated ducts 
stained more intensely than acinar cells (fig. 5). Thc inten- 
sity of the reaction was correlated with the abundance of cyto- 
plasmic granules. It was inferred that the granules contained 
a moderate concentration of sulfhydryl and disulfide groups. 

The myo-epithelial cells and the basal cytoplasm of the in- 
tercalated duct epithelium contained a large concentration of 
alkaline phosphatase (fig. 10). Little activity was observed in 
the more apical cytoplasm of the ductular cells except f o r  the 
luminal border. The endothelium of the capillaries associ- 
ated with these ducts exhibited a moderate amount of 
phospha tase. 

No difference in localization of alkaline phosphatase was 
observed with the various substrates utilized for the demon- 
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stration of the enzyme. However, variation was noted in the 
degree of activity and sharpness of localization. Sections 
incubated with fructose-diphosphate as the substrate showed 
the greatest blackening of the active areas. Little difference 
was observed when sodium glycerophosphate and glucose-l- 
phosphate were used. Adenylic acid and yeast nucleic acid 
gave the least activity and sharpness of localization. 

Esterase was present throughout the length of the inter- 
calated ducts (fig. 15). The level of activity was comparable 
to that observed in  acinar cells. The succinic dehydrogenase 
system was operative in the epithelial cells lining the inter- 
calated duct (fig. 17).  

Irh-alobular,  interlobular  and excretory ducts.4 The PAS 
procedure stained the cytoplasm, basal striations and luminal 
border of the epithelium (figs. 7, 9). Sparsely distributed 
granules were observed in the perinuclear and apical portions 
of the cell (fig. 9)  ; they stained weakly with PAS and were 
amylase-resis tant. Glycogen mas observed rarely. 

Basophilic material was present in the apical portion of the 
epithelial cytoplasm and less often in the middle and basal 
parts of the cell. I t  varied in form from a diffuse reticulum to 
clumps. This basopliilia was ascribed to the presence of ribo- 
nucleic acid since it was not observed after digestion with 
ribonucleaso. The cytoplasm of epithelium in the intralobular 
and interlobular ducts was a deep rose color after application 
of the procedure for sulfhydryl groups and prior reduction 
with thioglycolic acid intensified this reaction (fig. 5). Basal 
striations were delineated clearly. 

No alkaline phosphatase was observed (fig. 10).  The capil- 
laries and arterioles associated with the salivary ducts usually 
exhibited less activity than thosc surrounding the acini. Those 
adjacent to the interlobular and excretory ducts were always 
blackened intensely. 
‘ The term excretory duct ” encompasses the larger branches of the duct 

Bystem, which were isolated by the presence of extensive connective tissue and 
possesscd no intimate positional relationship to the parenchymal lobulcs. 
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The greatest esterase activity of the parotid gland was lo- 
calized in the intralobular, interlobular, and excretory ducts. 
However, this varied in degree between ducts and between 
cells within a single duct (fig. 13). Esterase was most active 
in the basal portion of the epithelium. Little or none could 
be demonstrated with naphthol AS acetate as the substrate. 

Succinic dehydrogenase was highly active in the epithelium 
of the intralobular, interlobular and exeretory ducts (figs. 17, 
18), the distribution of the reduced neotetrazolium correspond- 
ing with that of mitochondria. This relationship was quite 
obvious in the excretory ducts (fig. 19) where the cells were 
taller and had, proportionately, more apical cytoplasm con- 
taining no mitochondria. As compared with the ducts, the 
lesser deposition of neotetrazolium salt in the acinar cells was 
proportional to the smaller concentration of mitochondria 
found in them. 

Separation of esterases by electrophoresis. Zymogram B 
(fig. 20) shows the two distinct esterase-reactive bands which 
were present in all cases. No difference was observed when 
either a-naphthol butyrate or a-naphthol acetate was employed 
as the substrate. Neither hand was demonstrated after in- 
cubation with naphthol AS acetate. Zymogram C reveals the 
esterase-reactive hands from a liver homogenate. This il- 
lustrates the coiistant relationship of migration of the reactive 
proteins of the parotid gland to those of the liver. 

T h e  parotid glawd a f t e r  hypophysectomy 

Acinar  cells. A marked atrophy of the acinus occurred after 
hypophysectomy with reduction in the number and size of 
the intracellular zymogenic granules (fig. 2). After Zenker- 
formol fixation, most cells contained no zymogenic granules 
a t  all or only a few small ones in their most apical portion. A 
few cells, however, were filled with small zymogenic granules. 
These granules were usually brown and rarely stained as in- 
tensely with aniline blue as did those of the nonhypophy- 
sectomized animals. After fixation with Regaud’s fluid, small 
zymogenic granules were preserved in all acinar cells. With 
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the PAS procedure, the few granules present also stained less 
intensely than in nonhypophysectomized rats (fig. 4). 

The cytoplasm was as strongly basophilic as in nonhypo- 
physectomized controls. In  tlie basal portion of the cell, large 
intensely basophilic clumps appeared which were either homo- 
geneous or lamellar (fig. 4). The incidence of the two types of 
peculiar cytoplasmic inclusions was increased by hypophy- 
scctomy with probable involvement of more cells within an 
acinus. No change was observed after hypophysectomy in the 
cytoplasmic reaction fo r  sulfhydryl groups alone or for sulf- 
hydryl and disulfide groups together. 

Alkaline phosphatase was reduced markedly in the myo- 
epithelial cells associated with the acini (figs. 11, la ) ,  none 
being observed except on rare occasions. The activity of the 
peri-acinar capillaries was reduced but less uniformly. No 
alteration appeared in succinic dehydrogenase (fig. 18) while 
the basal concentration of esterase was increased (fig. 16). 

Little change was observed in the morphology of either the 
nucleus o r  mitochondria. In  those acini containing little 
granulation or vacuolation, the nucleus was more spherical 
and occupied a more central position than in nonhypophysec- 
tomized rats. Mitochondria were decreased in number com- 
mensurate with the decrease in cell size and restricted to  the 
perinuclear and basal positions of the cell. 

IYztercaZated ducts. After hypophysectomy, the intercalated 
ducts appettrcd somewhat wider, shorter and with a slightly 
thicker epithelium (fig. 4). The cytoplasmic granules were 
fewer in number but remained of the same size and mor- 
phology as those seen in the glands from nonhypophysecto- 
mized animals. Their depletion was seen most clearly in 
those cells nearest the salivary ducts. Basophilia of the epi- 
thelium was not altered. The concentration of sulfhydryl and 
disulfide groups was reduced commensurate with the reduction 
in cytoplasmic granules. Phosphatase (fig. ll), esterase (fig. 
16) and succinic dehydrogenase (fig. 18) were not changed in 
distribution or degree of activity. 
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Iuztralobular, ilzterlobular aizd excretory ducts. Little change 
occurred in the cytology of the cells lining the intralobular, 
interlobular and excretory ducts after hypophysectomy. These 
cells appeared somewhat narrower and the mitochondria more 
dense (fig. 2 ) .  

The mean diameter of the intralobular ducts in nonhypo- 
physectomized animals was 20.9 t standard deviation 0.17 p 
and in hypophysectomized animals, 21.1 L- 0.15 p. The height 
of the epithelium was 8.1 0.08 p for the control glands and 
8.3 0.06 p after hypophysectomy. These differences were 
not significant. Variance analysis showed highly significant 
differences between animals in both groups. These differences 
were not due to variation in body weight or  duration of the 
postoperative period. 

After hypophysectomy, the cytoplasm of epithelial cells 
lining the interlobular, intralobular and excretory ducts 
stained less intensely with PAS than in nonhypophysecto- 
mized animals. The basal striations, luminal border, and base- 
ment membrane reacted similarly. The most prominent altera- 
tion was an irregular increase in the amount of glycogen (fig. 
8) in the epithelium of interlobular and excretory ducts. It oc- 
curred chiefly in the apical cytoplasm. The interlobular ducts 
rarely showed such large accumulations. Occasionally glyco- 
gen occurred basally between the vertical striations. I n  all 
three portions of the duct system, great variation was ob- 
served in the amount of glycogen within different cells of one 
duct and between different ducts. Cytoplasmic basophilic ma- 
terial was reduced slightly by hypophysectoniy. No change 
was observed in either the distribution or intensity of staining 
for sulfhydryl groups alone or  sulfhydryl and disulfide groups 
together. 

As in the controls, no alkaline phosphatase was observed in 
either the intralobular (fig. l a ) ,  interlobular or excretory 
ducts after hypophysectomy nor did a reduction occur in the 
vessels associated with interlobular and excretory ducts. Hy- 
pophysectomy had no effect on the succinic dehydrogenase 
system (fig. 18). Of the 11 glands studied from hypophysec- 
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tomized animals, 9 exhibited a marked fall in the esterase 
activity of the intralobular and interlobular duct cells (fig. 14) 
but this did not occur in the main excretory ducts (fig. 14). 

Biochemical determination of esterase. A tendency toward 
an increase in the concentration of esterase occurred after 
hypophysectomy. The difference between a mean of 23.6 
standard error 2.9 p g  of a-naphthol/0.2 mg of tissue f o r  hypo- 
physectomized animals and 17.1 4 1.3 p g  for the nonhypo- 
physectomized animals was not significant (table 2, . lo > P > 
.05). However, when expressed in terms of total concentration, 
a reduction from 14.92 -f- 0.92 mg of a-naphthol for the non- 
hypophyseetomized animals to 10.89 5 1.2 mg f o r  the hypo- 
physectomized rats was observed, This difference was sig- 
nificant at  the one to  two per cent level. A test of variance 
homogeneity in the various groups showed a significant lack 
of homogeneity. Since the Fisher t-test assumes variance ho- 
mogeneity, a modified form of the test was used here. The 
length of the postoperative period had no linear effect upon 
the results. 

Separation of esterases b y  electrophoresis. Hypophysec- 
tomy had no effect on the esterase-active bands which were 
obtained with starch gel electrophoresis (fig. 20, zymogram 
A). This applies to  the intensity with which the bands stained 
and the distance which they migrated. Although the starch 
column was often digested at one end by the amylolytic activ- 
ity of glands from nonhypophysectomized rats, this was not 
observed in the preparation of zymograms from hypophysec- 
tomized animals. A marked reduction in amylase content of 
the gland was observed after pituitary ablation (Baker et al., 
'56). 

DISCUSSIOTU' 

T h e  normal gland 

Acinar  cells. In  contrast to  the findings of Noback and 
Montagna ('47), who observed only a faint apical basophilia 
in acinar cells, this study revealed a significant affinity of the 
entire cytoplasm for methylene blue. Since the zymogenic 
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granules stained lightly with PAS, it may be inferred that 
they contain carbohydrate. Similar results were obtained by 
Lillie ( '51) in man and some rodents. Duff and Corbett ('45) 
also found cytoplasmic inclusions in the pancreas of mice, 
rats, and rabbits and in the salivary glands of the rat. They 
suggested a viral etiology f o r  them. 

Although Deane ('47) described the presence of alkaline 
phosphatase in acinar cells, and Noback and Montagna ( '47) 
reported activity in the basal portions of the cell with only a 
faint apical reaction, no alkaline phosphatase was observed in 
the acinar cells in this material. The myo-epithelial or basket 
cells associated with the acini were intensely reactive, in 
agreement with the findings of Silver ('54) in sheep. Simi- 
larly, the myo-epithelial cells of the rat, guinea pig and human 
mammary gland (Dempsey, Bunting and Wislocki, '47) and 
of the eccrine and apocrine sweat glands of man (Kopf, '57) 
are exceedingly active. The function of this cell type in the 
parotid gland and the significance of its high concentration 
of alkaline phosphatase remain obscure. The intense alkaline 
phosphatase activity found in capillaries, arterioles and 
venules associated with the acini, agrees with the observations 
of Deane ('47) and Hill and Bourne ('54). 

There is disagreement concerning the presence of non- 
specific esterase in acinar cells. Chessick ('53) found no ac- 
tivity ; Hill and Bourne ( '54) observed slight activity through- 
out the cytoplasm and near the Golgi area; and Burstone ( '56) 
found a '' slight overall background reaction.'' The pro- 
nounced activity observed in the acini in the present investi- 
gation is undoubtedly due to better preservation of the en- 
zyme by avoidance of fixation. The significant concentration 
of esterase within acinar cells indicates that it has an impor- 
tant metabolic role. 

The distribution of succinic dehydrogenase reported here 
agrees with that described by Padykula ('52) even though the 
improved method of Farber and Louviere ( ' 5 6 )  was em- 
ployed. I t  is believed that this technique "actually localizes 
a carrier which reacts with succinic dehydrogenase " rather 
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than with the enzyme itself (Farber, Sternberg and Dunlap, 
'56). 

Irztercnluted ducts. The cytological and histochemical char- 
acteristics of the epithelium liiiing intercalated ducts strongly 
suggest that they perform a secretory function. The presence 
of cytoplasmic granules and the postulation that they repre- 
sent the stored secretion of these cells were reported by I t o  
and Narita (cited by Yoshiniura, '56). Hill arid Bourne ('54) 
described their marked affinity for leucofuchsin subsequent 
to  oxidation with periodic acid. The present work is in agree- 
ment with these findings. The granulcs probably contain a 
mucoprotein since they are resistant to digestion with saliva 
(Hill and Bourne, '54). 

Also suggestive of a secretory function was the high activity 
of alkaline phosphatase, esterase and succinic dehydrogenase 
in the epithelium. With respect to  alkaline phosphatase, this 
was in sharp contrast to the remaining portions of the duct 
system. The intense activity of thc underlying myo-epithelial 
cells raises the possibility that the blackening of intercalated 
ducts may have been an artifact due to  diffusion of the reaction 
products o r  the enzyme itself (Gomori, '52). The intensity 
and consistency of the reaction make this seem improbable. 
Finally, the granules are depleted and cytoplasmic ribonucleic 
acid increased following stimulation with pilocarpine (Dewey, 
unpublished). 

Irztmlobular, interlobular a!nd excretory ducts. The intra- 
lobular, interlohular and excretory ducts of the rat parotid 
gland were similar cytologically, except that the epithelium 
became taller and the basal striations higher and more promi- 
nent in progression towards the excretory duct. I n  the region 
of transition from intralobular to  intercalated duct, few basal 
striations were present. 

Much effort has been expended in attempts to demonstrate 
a secretory function by these ducts (Babkin, '50; Hill and 
Bourne, '54). As yet one can only point to the occurrence of 
various enzymes as being indicative of a high rate of metabo- 
lic activity, i.e., nonspecific esterase (Chessick, '53 ; Hill and 
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Bourne, '54 ; Burstone, '56), succinic dehydrogenase (Pady- 
kula, '52) and alkaline phosphatase (Deane, '47; Noback and 
Montagna, '47; Hill and Bourne, '54). With a few exceptions, 
this investigation agrees with these findings. I n  contrast to 
Deane ( '47) and Noback and Montagna ('47), who described 
alkaline phosphatase in the epithelium of the salivary duct, 
and Hill and Bourne ('54), who reported it to be present in 
the distal edges of some cells lining the larger intralobular 
and interlobular ducts, no activity was observed in either 
type of duct. Deane's photomicrographs suggest that she 
was dealing with intercalated ducts rather than salivary 
ducts. That these cells have an important function is sug- 
gested also by the presence of a large number of mitochondria, 
cytoplasniic PAS-stained granules (Hill and Bourne, '54) and 
ribonucleic acid. Bixler, Muhler, Webster and Shafer ( '57) re- 
ported the absence of stainable ribonucleic acid in these cells ; 
the observations of Noback and Montagna ('47) and this in- 
ves tigation disagree with their conclusion. 

The effects of hypophys,ectomy 

I n  addition to the partial atrophy and degranulation of 
acinar cells after hypophysectomy (Baker and Abrams, '55 ; 
Yoshimura, '56), the granules were also smaller and stained 
less intensely with aniline blue and PAS. The latter observa- 
tion indicates that the granules were altered qualitatively as 
well as quantitatively. In  contradiction to  Bixler, Muhler, 
Webster and Shafer ('57), no decrease in the content of ribo- 
nucleic acid in aciiiar cells was observed. This is of particular 
interest in view of the important role played by ribonucleic acid 
in protein synthesis (Brachet, '55). The reduced capacity 
of the acinar cells to synthesize protein as evidenced by the 
reduced content of zymogenic granules and amylase cannot be 
ascribed to  a reduced ribonucleic acid concentration. It is 
possible, however, that hypophysectomy induces a chemical 
change in this component. 

Study of various enzymes in the acinar cell did not reveal a 
fundamental defect. The lack of change in the succinic de- 
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hydrogenase, which is concentrated in mitochondria, indicates 
that at least with respect to this enzyme, the mitochondria are  
probably unaffected by hypophysectomy. However, alkaline 
pliosphatasc was clearly reduced in the peri-acinar capillaries. 
If this enzyme plays a role in transport of metabolites as pos- 
tulated for  the renal tubular epithelium and the absorptive 
epithelium of the small intestine (Knox, Auerbach and Lin, 
'56), a reduction in phosphatase in the parotid gland might 
lead to impaired transport of similar substances. This con- 
dition could be involved in the atrophy of acinar cells after 
hypopliysectoniy. Similar reductions in  the concentration of 
alkaline phosphatase in capillaries of the thyroid, testis, and 
skeletal muscle after hypophysectomy and in the seminal 
vesicle and uterus after gonadectomy, were described by 
Dempscy, Greep and Deane ('49). 

In  contrast to the observations of Yosliimura ( '56), hypo- 
physectomy caused a reduetion in the number of cytoplasmic 
granules in the epithelium of intercalated ducts. Also in dis- 
agreement with Yoshimura ('SS), no atrophy was observed in 
the epithelium of salivary ducts. This was evident not only 
in the lack of significant change in the cytology or sulfhydryl 
and disulfitle content but also in the lack of significant altera- 
tion in either cellular height or diameter of the duct. I n  these 
respects, the interlobular and excretory ducts also appeared 
unchanged. It is certain, however, that some alteration of the 
physiology of these cells occurred. The accumulation of gly- 
cogen, as described by Yoshimura ('56) and confirmed here, 
slight reduction in PAS-staining, somewhat diminished baso- 
philia and the marked drop in nonspecific esterase activity of 
the salivary and interlobular ducts were probably indicative 
of depressed metabolism. The absence of change in the ac- 
tivity of the succinic dehydrogenasc system correlated well 
with the lack of modification in mitochondria. Although starch 
gel electrophoresis did not reveal a change in esterases after 
hypophysectomy when sections were examined histochemically, 
significant alteration in their localization was observed. The 
marked reduction in esterase activity in the salivary and in- 
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terlobular ducts was partially off set by the increased concen- 
tration which occurred in the basal portion of the acinar cells. 
Xevertheless, correlated with the partial atrophy of the gland, 
the total esterase content was reduced significantly. 

The cytology of the acinar cells in the parotid gland seemed 
to be affected less by hypophysectomy than was that of the 
gastric chief cells (Baker and Abrams, '54, '55 ; Baker, '57), 
pancreatic aciiii (Baker and Pliske, '57), o r  the epithelium of 
the serous tubules in the submandibular gland (Lacassagne 
and Chamorro, '40; Gabe, '50). The severe reduction ob- 
served in the ribonucleic acid content of the gastric chief cell 
and pancreatic acini and the reduction in number and size of 
the mitochondria in the pancreatic acinar cell found no coun- 
terpart in the parotid gland. In  fact, the acinar cell of the 
parotid gland after hypophysectomy presented little evidence 
of impaired secretory function cxcept for the reduction in zy- 
mogenic granules. The same was true f o r  the duct system. I t  
appears that the degree of control exercised by the pituitary 
hormone( s) ,  directly or indirectly through some target organ 
or other metabolic process, is different f o r  the parotid gland 
than f o r  the other enzyme-secreting cells. Clarification of 
the mode of pituitary control over the parotid gland must 
await additional studies involving ablation of other endocrine 
glands and replacement therapy with their hormones. 

While no definitive conclusions may be reached concerning 
the postulated endocrine role of the parotid gland, one per- 
tinent inference may be drawn. First, if the salivary ducts 
are the source of the salivary gland hormone (parotin) (Ogata, 
cited by Yoshimura, '56), and if its secretion is regulated by 
somatotropin (Shibata et al., '54), a marked atrophy of the 
cells lining these ducts would be expected after hypophysec- 
tomy. This is not the case. 

SUMMARY 

Following hypophysectomy, acinar cells of the parotid gland 
were smaller and their zymogenic granules were reduced in 
size, number and staining affinity for aniline blue and the PAS 
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procedure. There was no alteration in the activity of the suc- 
cinic dehydrogenase system, morphology of mitochondria, con- 
tent of ribonucleic acid o r  of sulfhydryl and disulfide groups 
in the acini. Alkaline phosphatase was reduced in the myo- 
epithelial cells and capillaries associated with the acinar cells. 

Cytoplasmic granules in the lining cells of intercalated ducts 
were partially depleted by hypophysectomy. Ribonucleic acid, 
alkaline phosphatase, succinic dehydrogenase and nonspecific 
esterase were unchanged in these cells. The height of the epi- 
thelium and the width of salivary ducts were not changed. 
However, ribonucleic acid content, PAS staining and esterase 
activity were decreased and glycogen was increased in the 
epithelium of salivary and interlobular ducts. Similar changes 
were observed in the excretory ducts with the exception of a 
reduction in esterase activity. 

Two estwase-active proteins were demonstrated in liomo- 
genates of the gland by starch gel electrophoresis but these 
were not altered by hypophysectomy. Although the localiza- 
tion of esterase, as determined histocliemically, was changed 
by pituitary ablation, biochemical analysis revealed no alter- 
ation in concentration of the enzymes. 

It was concluded that the magnitude of hormonal control 
exerted by the hypophysis over the parotid gland is less than 
that directed toward gastric chief cells, pancreatic acini, o r  
serous tubules of the submandibular gland. The weight of 
the evidence obtained is against the concept that the salivary 
ducts are regulated by pituitary growth hormone. 
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PLATE 1 

EXPLANATION OF FIGURES 

Figs. 1 and 2 Ffxation in Zenker-formol, stained with Altmanii-Masson, 4 p. 
X 1325. Figures 3, 4 and 6 :  fixation in FAA, stained with PAS and methylene 
blue, 4 p. x 600. Figure 5 :  fixation in trichloracetic acid, stained with sulfhydryl 
and disulfide procedure : x 450. 

Nonhypophysectoinized control. Acinar cells (above) a re  engorged with large 
zyinogenic granules. Nuclei are hyperchromatic. I n  the epithelium of the 
iiitralobular or salivary duct (bottom) mitochondria are most concentrated 
basally. 

Hypophysectomized 57 days previously. Acinar cells are reduced in  size and 
contain fewer zymogenic granules which are less cyanophilic. Nuclei are less 
compressed The intralobular duet epithelium (bottom) is not atrophic but  
the cells arc narrower. Mitochondria are stained more intensely. 

~onhgpophysectomized control. Acinar cells a re  vaeuolated ; the cytoplasm 
throughout the cell is intensely stained with methylene blue. Epithelial cells 
lining the intercalated duct are engorged with PAS-positive granules. 

Hypophysectomized 111 days previously. Cytoplasm of the acinar cell is 
vacuolated. No loss in intensity of cytoplasinic basophilia is  apparent; basal 
masses of basophilic material are present (arrow). The PAS-positive granules 
of the intercalated duct are reduced in number but not i n  size. 

Konhypoyhysectomized control. Aciiiar cytoplasm is lightly stained. NO 
zymogenie granules a re  seen. Intercalated ducts (I) are  more intensely 
stained than acini. The cytoplasm of the cells in the salivary portion of an  
intralobular duct (S) is stained intensely. 

Hypophysectomized 60 days previously. A large homogeneous basophilic (B) 
and a PAS-positive inclusion (arrow) are seen. 
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PLATE 3 

E X P L A N A T I O N  OF F I G U R E S  

Figs. 7 : ~ n d  8 Fisrrtion i n  FAA, st:iinetl witli PAS n11d nietliylerie hlue, 4 p. 

X 600. Figure 9 :  fixation in FAA, a-aruylrise cligehted, stained with PAS and 
methylcut blue. X 638. Figures 10, 11 :mtl 1 2 :  fixation in cold FAA, :rlkaliuc 
p1iosph:rtase with sndiuin glvceiopliospliate :IS sulxdratc, 4 p. x 338. 

7 

8 

9 

l a  

11 

1 2  

~onhypnplipst.rtniiiizrcl cnntinl. The cytoplasni of thc epithelium of the inter- 
lobular   duct^ is stained lightly hy PAS. fine, sparse grnnulatioii is sceli 
tliinngliout tlir cytnplnsni. Thc bas:d striations ( a i i o w )  aucl the linsenient 
nic.iiil)raiie are \tailled n i th  PAS. 

H: ~ ~ o ~ ~ l i v s e c t o m i s e d  110 d,iys prcnously. Lnige accumulations of glycogen 
:lrr preswt 111 the cells limiig the saliva, y ( 8 )  m d  inter1ol)ulai ducts (11). 

Ti) ~~o~~ligst~rtorii izt~(1 46 claps previously. Aniylnsr digestion rcmnvecl :dl of the 
nitcnsely PAS-staining ni:iteiial f rom the ducts (compare with fig. 8). Thr 

iiing of h s n l  striations ant1 fiiie cytoplasmic gr:inulatinn is iuicliangecl. 

N n i ~ h y p o ~ ~ l i ~ s e ~ ~ t o i i i i ~ e i l  control. Alkaline phospliatasr is possibly present in 
the intercal.ite11 ducts (I)  :mil definitely present in  the myo epitlirlial cells 
asunciated H it11 the aeiui (iirrov 1. Artrriolcs ( A )  and pe~i-ncin:rr capillnries 
((2) show inaiked activity whilc the vcnulrs (V)  :ire less active. The salivary 
poition of the i~itralobulrtr duct (S) is negative. 

Hyl)npliyscctomized 40 days previnusly. l’hosphatase activity is uricliaiiged in 
tlic inteica1:itcd duct (I) hiit reclucc~cl in peri-neiii:ir capillaries (arrow). 

Hy~~n~~liyscctor~iiz(.d 40 clays prcviouxly. No a1k:iliiie plinhphatnse is observed 
in the sa1iv:try duct  ( 6 ) .  The actirity of myo-epithe1i:rl cells is rcdllccd. 
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PLATE 3 

ESPLSSATION O F  FIGURES 

The parotid glands for  figurrs 13 through IF were scctioned in a C‘ryostat at  
10 ,u. Incubated with a-naphthol batyrate and Garnet GBC for esterasc. Figures 
13 aiitl 14: x 64. Figures 15 aiid 16: X 338. 

13 

14 

15 

16 

Nonhj pophpectoniized control. The majority of the salivary (8) and inter- 
lobular ( R )  ducts arid tlie large excretory duct (bottom) show intense esternse 
activity. Variation in activity among cells within all ducts is apparent. 

IIppophyscctomized 46 days previously. Eaterase in acirii and the large PX- 
crctory ducat is unchanged. The activity in salivary (8) (iiitralobular) and 
interlobular ducts ( R )  is reduced. 

Noiiliypopliysectoniized control. The apparent reduction in aciiiar size is an 
ar t i f  act. Considcrable esterase is distributed uriif orriily throughout the cyto- 
plasm of the aciiiar cells. A comparable degree of activity is seen in the in- 
tercalated duct (I), while the abrupt transition of this duct into tlie salivary 
duet is  clearly marked by the greater activity of the la t t r r  ( 8 ) .  

Hypor’llpscc.toniize(1 44 days previously. Esterase is not reduced in the acirii 
or intercalated duct (I). Coinp:irisori with figure 15 reveals a basal coiiceri- 
tr:ttion (arrow) of activity in tlie ariuar cclls. The activity of the salivary 
(iiitralobular) duct ( S )  is reduced. 
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I’LBTE 4 

ESPLAShTIOP\’ O F  FIGURES 

Figs. l i ,  1 X  and 19 Unfixed and scrtioiied in a Crpostat at 10 p ;  succiiiic 
ilrliydrogriiase. x 158. 

17 

18 

39 

20 

h-oiilIypopEivsecton7izeil control. Aeiiiar cells possess succinic deliydrogenasc 
activity. Lhoplets within tlie aciiiar ~ ~ 1 1 s  have dissolved neotetr:izoliuni c r p  
tals and appcar as dark rings. Marked activity is srrn ill t he  intercalated, 
salivary ( 8 )  arid interlobular ( R )  durts. 

H.po~~l~yseectoniize~I 5 2  clays prwionsly. No cliaiige is observed in the succinic 
deliydrogmasc activity of the ariiii, intercalated duet ( I), salivary duct (S) 
mid interlobular duct ( R ) .  

Nonlivpoplig.srctomized control. Keduccd neotetrazolium is coilcentrated 
bas:rlly in :L large excretory duet. 

Zyinograms prcpared according t o  tlie nietlioil of Hunter and Markert ( ’57), 
a-mphthol butyrate as substrate. Tlir clnrk spots visible on the zymograms 
are artifacts aiid clue to secoiidary absorption of tlie azo-coupled complex. 
A, Parotid gland 44 days after hypopliysertomy. B, Parotid gland from a 
liolihapopli?-Rectoiriized control. C, Lirer f r o m  ~ ~ o i i l i ~ p o ~ ~ E i ~ s c e t o n i i z c d  control. 
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