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ABSTRACT

The objectives of this study were (a) to elucidate
the complex histochemical and biochemical changes which occur
in the parotid gland after hypophysectony, (b) to provide basiec
information for s re-evaluation of the poasible endocrine role
of the parotlid gland and (c) to reconsider the effects of the
administration of pllocarpine with the aild of newer histo-
chemical techniques.

Histochemical procedures for rilbonucleilc acid, sulfhydryl
and disulfide groups, carbohydrate-containing proteins, alkallne
phosphatase, non-specific esterase, and succinlic dehydrogenase
were employed as well as procedures for the demonstration of
zymogenic granules and mitochondris. A blochemical gquantificatlon
and & separation by starch gel electrophoresis of the esterases
of the parotid gland were performed.

A marked atrophy of the acinar cell occurred after hypophy-
sectomy. This was evidenced by reduced cellular size and
reduction in number, size, carbohydrate content and affinity
for aniline blue of its zymogenic granules. No change was
observed in the other paremeters measured except a marked
peduction in the slkaline phosphatase content of the myoepi-
thelial cells and capillarles assoclated with the acinar cells,

A partial depletion of the cytoplasmic granules of the
intercalated duct cells was also observed. No other defects
were observed. There was no atrophy of the sallvary ducts as
shown by a lack of significant change in either cell height or
duct width. Cytologic and chemical alterations were observed,

however, in the salivary and interlobular ducts including a



decrease in affinity for leucofuchsin subsequent to periodic acld
oxidation, slightly reduced ribonucleic acid, accumulation of
glycogen and markediy depressed esterase. Similar effects were
seen in the excretory ducts with the exception of the reduced
esterase activity.

Two esterase-active proteins were demonstrated by starch
gel electrophoresis. Hybophysectomy did not alter these in any
way. Nor did it significantly alter the esterase content of
the gland. A tendency toward a reduction was evident due to
the reduced activity of the salivary and interlobular ducts.
This was offset by the increased basal concentration of this
enzyme in the acinar cells,

It was concluded that the degree of control by the
hypophysis over the parotid gland, exerted either directly or
indirectly through its dependent glands, is different from that
over other enzyme-producing cells. The gastric chief cells,
pancreatic acini, and serous tubules of the subﬁandibular
gland undergo a much greater morphologic change after hypophy-
sectomy than does the parotid.

No evidence was obtalned to support or re ject the postu-
lated endocrine role of the parotid. The lack of more marked
’changes in the salivary ducts is, however, evidence against
such a concept, as they, under the tropic control of the
anterior hypophysis, are reported to be the source of a salivary
gland hormone (parotin).

The administration of pilocarpine affects both the acinar
cells ﬁnd the duct system, Degranulation was obgserved in both
the acini and the intercalated duct cells. An increase in the

ribonucleic acid content of both acinar cells and duct cells



occurred. Alteration in the position of the nucleus and
mitochondria as well as an accumulation of glycogen was observed

in the salivary, interlobular and excretory ducts.
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INTRODUCTION

@ ifaintenance of the normal structure and function

Q;f the parotid gland 1s dependent on the action of &
hormones since Baker and Abrams ('55) demonstrated a
marked reduction in welght of the parotid gland after
hypophysectomy. Concurrently, acinar cells are reduced
in size and depleted of zymogenic granules and the amylase
céntent is reduced (Baker, Klegman, Logan and Garner,
'56).

Addltlonal interest in the relationship of the «
parotid gland to the endocrine system is';reated by the
postulation of Japanes: workers that the’;arotid gland ELON
is itself an endocrine organ. Ito ('S}h) and Ito and
Okabe ('55) reported the chemical characteristics of
a purifled protein substance extracted from the parotid
gland of cattle and human saliva, which they believed to
be the salivary gland hormone described previously by
Ogata (cited by Ito, '5L). The failure of the tibial
epiphysis to respcnd to pituitary growth hormone in
hypophysectomized-slaloadenectomized rats (Shipata, o ©
Negishi, Saito and Todokoro, '5l), and hypertrophy
of the acidophlls of the anterior hypophysis after
sialoadenectomy (Akazaki, cited by Shibata, et al.,

'sh), and conversely, a hypofunction of the thyroid and
a reduction in the number of the acidophils of the
anterior hypophysis after chronic administration of

parotin (Tasaka, cited by Shibata, et al., '5l4) lead

1
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these workers to postulate that the actions of growth

hormone are mediatcd by the parotid glande.

ng objectives of this study were (a) to elucidate
the histochemical and blochemical changes which occur Iin
the pgland after hypophysectomy and (b) to provide basic
information for a re-evaluation of the possible endocrine
role of the parotid gland., It became apparent that the
Hotechkiss periodic acid-Schiff procedure, which demonstrates
cytoplasmlc granules within the epithelial cells of the
Intercalated duct of the parotid gland, might aid 1in
clarifying the possible secretory role of that portion
of the duct system. Hence, these granules were studied

after administration of pilocarpine.
MATERIALS AND HMETHODS

Young, adult male Sprague-Dawley rats were malntained
in individual cages and fed a dlet consisting of Purina

Laboratory Chow. The anlimals were gilven water ab 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,

Hypophysectomy. Hypophysectomy was performed by
the parapharnygeal approach {(Smith, '30). Vperated
aq?mals were allowed to recover 10 to 15 days after
sﬁigery. Subseguently, a non-hypophysectomized control

®

animal was pair-fed against each hypophysectomlized rat,

e
The completeness of hypophysectomy was ascertained in the ®
O Sos -

©
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ma jority of cases by éicrosc0pic examination of serial
sections of the pituitary region. In the remalning
cases it was determined by the presence of reduced body
welght and by gross examinstion of the pltultary reglon.
Incompletely hypophys;ctomized rats were discarded,

Forty hypophysectomized and O non-hypophysectomized
control rats were utilized, The mean body welght of the
hypophysectomized animals was 181 ¥ standard deviation
Lh.8 gm before the operation and 142 £ s.d. 5.8 gm aﬁ the
time of sacrifice; of the non-hypo hysectomized animals
1t was 185 ¥ s.,d. 1.2 gm at the beginning and 184 % s.d,
iel gm at the termination. The posteoperative period
was L0=111 days; the roste-operative periods for the
animals used in any one procedure did not wvary by more
than 20 dayse. The parotid glands from each animal were
used for several techniques (table 1).

Histological and histochemlcal technigues, Small

pleces of parotld gland were fixed 1ln Zenker-formol,
Regaud's fluid, formalin~-alcohol-acetic acid (FAA) and

1% trichloracetic acid in 80% ethanole. Specimens fixed

in Zenker-~formol snd Regaud's fluid were treated sub-
sequently with 3% potassium dichromate and double-embedded
in cellecldin and Tissuemat. They were sectioned at 3

or Ly o Fixation in FAA and subssquent dehydration in
acetone were@parried out at 2° qisince portions of these
speclmens were used for the demohstration of an enzyme,

They were then embedded in paraffin ( mp 500 - 520 C ),

L
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sectioned at “# and mounted without the use of albumin.

For the demonstration of mitochondria and zymogenicPoe -
granules, sections of the glands fixed 1ln Zenker-formol
and Regaud's fluid were stained with Rsgeud's hematoxylin
and the Severinghaus ('39) Altmannelasson procedures © s
For glycogen, carbohydrate-containing proteins, and
nuclelic acids, sectlions of specimens fixed in FAA were
stanined with the periodic acld=Schiff technique (PAS)
of Hotchkiss ('.8) and counterstained with a 0,05%
solution of methylene blue containing 1l3.5% acetone and
a citric acid-phosphate burfer at pH 5.6, To verify
which basophilic substances were composed of ribonucleic
acid, slides were digested in a 1% unbuffered solution of
ribonuclease at 37° C for one hour before stalning.
Control slides were incubated in distilled water under
the same conditlions, In order to show which PAS-
stalning su stances were glycogen, some slides were
digested in a 1% solution of &« =amylase in a 0,01 M
Sorensen phosphate buffer (pH 7.0) for 10 minutes at ©
roon temperature, Control slides were incubated in the
buffer solutlon without amylase., Specimens fixed in FAA
were also used to demonstrate alkaline phosphatase by the
Gomori technique ('39), sodium glycercphosphate, fructose-
diphosphate, glucose-b-phosphate, yeast nucleic acid and

adenyllc acld belng used as substrates. Sections were

incubated at a pH of 9,2 to 9,4 for one and one-half hours.

For controls, other sections were heated to boiling, prior

to lncubation, in order to destroy alkaline phosphatase

ST gD s
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Sulfhydryl and disulflde g;oups were demonaprated on
the trichloracetic acid-fixed glands by the method of
Barrnett and Seligman ('52). For the demonstration of
both groups, sections were incubated in 0.5 M thioglycolie
acid adjusted to pH 8,0, at 50° C for two hours.

Succlinic dehydrogenase and non-speciflc esterase were

demonstrated in sections of non-fixed glands sectioned 1n
the Cryostat. The technique of Farber and Louviere ('56)
- was used for the study of succinic dehydrogenase, After
being mounted on slides wlithin the Cryostat, the sections -
were air-dried at room temperature for 10 minutes for
better adherence and preservation of the tissue. In
contrast to the findings of Padykula ('52), sections air-
dried for this perlod did not show loss of activity,.
Sections were lncubated anaerobically for one and one-
half hours. Slides incubated without sodium succinate
in the incubation medium, but otherwise treated as
described, served as controls. e
Gomori's (!'52) technique, with o -naphthol butyrate
as the suggtrate, was use%’to localize non-specific esterase
activity. Sections wers treated prior to incubation in a
manner 1ldentlcal to that utilized for the demonstration of
succinic dehydrogenase. They were incubated in a substrate
containing the azo-dye Garnet GBC, @or one half hour at
room temperature and subsequently fixed in formol-saline

for 10 minutes, Control slides were incubated in a medium

° which did not contain & =-naphthol butyrate.
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Non-specific esterases also were studled by the
quantitative procedure of Gomori ('53) and the starch gel
electrophoretic method of Hunter and Markert ('57) for
separation of the enzymes. For the quantitative procedure,
the gland was homogen{ged, centrifuged, and diluted to a
final concentration of.O.Z mg of tissue per mles One ml
of this dilution was incubated for one and one-~half hours
in 5 ml of buffered substrate containing 0.01 M &orensen
phosphate buffer at..:;;;?io, 3 x 10~ M X -naphthol
butyrate, and the azo-dye, dlazotized-l diethylsulfonamide-
2-aminoanisole, in 3.75% sodium lauryl sulfate. Solutions
for determining the standard curve contained the same
concentration of buffer, sodium lauryl sulfate and azo-
dye.

For the separation of non-specific esterases by
starch gel electrophoresls, small pleces of fllter paper
were saturated with the clear supernatant obtaineé from
a centrifuged homogenate of the gland and inserted Into
starch strips buffered with a 0.03 MM borate buffer at
pH 8.,5. A potential drop of 6 volts per cm was established
along the starch strips. After L3 hours, for visualization
of esterases, the strips were asllowed to incubate 1n
substrates containing o -naphthol butyrate, &« =naphthol

acetate, and the azo~dye Garnet GBC. This medlum was

buffered with a 0,08 M Sorensen phosphate buffer at pH 7.0
@

Measurément of duc%s and heligzht of their epithselium,

oo &~ =

Sections staiqsg ﬁg%h PAS and methylene blue were utilized

in determining the effect of hypophysectomy on the dizmeter

@
®



8

of the salivgsy duct and the height of its epitheliume.

The smallest diameter was recorded only for those intra-
lobular ducts which were cut transversely and showed some
degree of basal %triation. Measurements were made on 25 °
ducts 1In a single section from each animal, The data so
obtained were treated statistically by a test of variance
analysis (Snedecor, '56; Ostte, 'Sl).

Admlnistration of pllocarpine. Two groups of animals

were used to study the effect of pilocarpine., The first
consisted of non-treated rats which had been starved 18
hours‘to insure maximal storage of secrctory granules
within the epithellal cells of the acini and intercalated
ducts. In an attempt to degranulate these cells, pilocarpine
was injected in increasing doses for 6 hours, Five animsal s
were glven lntraperitoneal injections of pilocarpine,
expressed per 100 gm body weight, ih the followi;E%ZOSes:
Oel mg at the beginning of the experiment, 0,5 mg at the
second and third hours, and 0.8 mg at the lLth, 5th, and 6th
hours. Flve control animals were given injections of
distilled water equaling 1.0 ml per 100 gm of body weight,
The animals were sacrificed one-half hour after the last
injection. ©Small portions of the parotid glands from
each animal were fixed in FAA and Zenker-formol and
stained as previously describad.

The second group of animals consisted of hypophysectomized

rags and their palr-fed controls. Three operated and three
LS

non-operated controls were glven a single injection of = ==

pilocarpine hydrochloride at a dosage of one mg g%r 100 gm
@®

e @
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‘c:)ody weight (one mg per ?nl of solution). Two hypophysec-
tomized and two non-~hypophysectomized animals, which served
as controls, were given injections of water at a dosage of
1 ml per 100 gm of body weight., The animals were killed

@}Done hour after the Injectlons and the tissues processed as

described for the first group.

The animals which received pilocarpline injections all
showed marked signs of parasympathetic stimulation, 1l.e0.,
profuse salivation, dlarrhea, shivering, and secretion by

the Meibomlan glands. None appeared to be near death,
OBSERVATIONS

The Normal Parotid Gland

Acinar cells, Acinar cells were typlcal serocus

cells and varied in size (fig. 1l). 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, After fixation in FAA, fewer
granules were preserved so that the cytoplasm appeared
vacuolated. Those granules which appeared withln these

vacuoles, stained by the PAS procedure with moderate

inﬁensity. With this procedure, the smaller acini contained
-»mopgﬁzy@ggenic granules in contrast to the larger ones,
which showed only vacuolation,
The cytoplaesm stained with methylene blue(fige. 3)e
Cells which were engorged with zymogenic granules rarely
exhiblted basal accumulation of the basophillic component.

Digestion with ribonuclease removed completely the affinity

o ©
©
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o of cytoplasm for methylene blue, demonstrating that the °
presence of ribonuclelc acld accounted for the basophilla,
Yo glycogen was observed,

Mitochondria varied in shape from rods to filaments,
were fairly abundant, and distributed uniformly throughout
the cytoplasm. The nucleus, which usually contained a ©
single promlinent nucleolus, was somewhat compressed agalnst
the basal membrane of the cell by the abundant zymogenle
aranules,

Two types of cytoplasmic inclusion bodies were observed
in all non-hypophysectomized animals., Their incidence in
any one gland was lowe. Une type, which appeared to be of
cytoplasmic origin, was spherical, Internally vacuolated,
surrounded by a halo, and stained with PAS and aniline
blue (fige. 6). It varied in size, sometimes filling the
entire cytoplasmic space. The second type of inclusion
(fige 6) g peared to be of nuclear origin. It was

é spherlcal, homogeneous and Iintensely bLasophilic, Although
variaeble in number and size, 1t often was larger than a
typical nucleus, When present, no nucleus was observed,

and the smaller ones appeared to have resulted from

karyorrhexis, The two types of inclusions occurred
together in the same cell or separately in different cells,

The technique for sulfhydryl groups stelned cytoplasm,

chromatin and the nuclear membrane. incubation in thio-

glycolic acid, which reduces the disulflde groups to
sulfhygryl groups, intensified the color in both locations

(fige 5)« Since zymogenic granules were notgpreserved by
@@% ©
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the fixatioé{ their content of sulfhydryl and disulfide
groups could not be determined,

No alkaline phosphatase was observed after flxation
in FAA, acetone, B0O;. alcohol, or 10% buffered-formalin,

A slight darkening of nuclel and cytoplasm was regarded

as an artifact since it appeared In the control slides,
However, alkaline phosphatase was present in the myoepi-
thelial 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-aclnar
capillaries exhibited a high degree of activity.

The acinar cells contalned a high concentration of
esterase (fige. 15), a fine granular deposit of the coupled
azo-dye being distributed evenly throughout the cytoplasm,
No activity was observed when naphthol AS acetate was
used as the substrate. Control slides revealed no granular
deposit.

The succinic dsehydrogenase system was demonstrated in
the acinar cells (fige. 17), small crystals of the reduced
neotetrazolium salt being distrivuted evenly throughout
the cytoplasm, This distribution correlated well with
that of mitochondria. in control slides incubated without
sodium succinate, there was no depositlon of the reduced =
neotetrazolium salt, WwWithln two hours after preparation
of these slides, rather large droplets appeared within tle
acinar cells which became pinlesin color. These droplets,
of unknown natq;e, apparently dissolved the reduced

neotetrazollum érystals.

©@
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Intercalated ductse The intercalated ducts were

) long, branched, and narrow. Their transitingintg the
salivary or strlisted ducts was abrupte The ductular
eplthelium was squamous and extended into the acinuse.
After Zenker-formol fixatlon, the nucleus of the cell
was elongate and contalined c§;rse chromatin granules;
the cytoplasm was homogenecus. The mitochondrlia, which
were seen with difficulty, appeared as fine granules or
short rods and were distributed in all parts of the cell.

Small granules, which varied in size and stained
with aniline blue, were found within the cytoplasm of the
epithelial cells throughout the length of the duct. VWith
PAS, they astained more Intensely and seemed more abundant
(fig. 3)e. They were located, for the most part, in the
apical portlon of the cytoplasm and occurred most abundantly
in the portion of the duct nearest the acinuse The
eplithelial cells proximal to the acinus were usually

engorged while the more distal portions of the duct showed

considerably fewer granules., They were resistant to

digestion with o -amylase. No glycogen was observed,
Distinct accumualations of basophilic material were located
near the nucleus#whrié“a'mqre diffuse basophilia commonly
occurred througﬁbut the cytoplasme This property was not
Sbserved after digestion with ribonuclease,

VWlth the procedure for sulfhydryl groups alone, and
for sulfhydryl and disulfide groups together, intercalated

© 2 ]

ducts stained more intensely than acinar cells (fige S)e

R

Alternate sections treated with the PAS technique deﬁonétrated
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the capacigy of tricglo‘:?acetic acld to preserve the
cytoplasmic gramales, Also, the portlions of®d the duct
containing the greatest number of these granules, was
stained most intensely wlth the procedures for sulfhydryl
and sulfhydryl and disulfide groups (fig. 5). From these
observations 1t was inferred that the cytoplasmic granules
of the intercalated duct contalned a moderate concentration
® of sulfhydryl and dlsulfide groups,
The intercalated duct exhibited marked alkaline

phosphatase activity (fige. 10)e The myocepithelial cells
and the basal cytoplasm of the duct cells contained a
large concentration of this enzyme. Little activity was
observed iIn the more apical cytoplasm of the duct cells

; except for the lumindl border. The endothelium of the

‘ capillaries assoclated with these ducts exhibited a

moderate amount of phosphatase.

No difference in localization of alkaline phosphatase
was observed with the various substrates utilized for the
demonstration 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 between sodium

glycerophosphate and glucose«l-phosphate,  Adenylic scid

and yeast nuclelc acld gave the least activity and sharpness

of localizationes

-
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cs *¥iné granule- of coupled azo-dye, indicﬁglve of the

presence o? esterase, were demonstrated throughout the
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entire 1quth of the intercalated ducts (fig. 15). The
level of activity was comparable to tﬁ%t observed in acinar
@cells. °
The suceiniec dehydrogenase system was operative 1n
the epithelial cells lining the intercalated duct. The
deposition of the reglced neotetrazolium salt appeared
intermediate in amount between that observed in the acinar
cells and in those lining the salivary and larger ducts.

Salivary (intralobular), interlcbular, and excretory

ducts.l The vesicular nuclel of columnar epithellial cells
lining the salivary, interlobular and excretory ducts

were located in approximately the middle portion %f the
cell. The characteristic basal striations of these cells
were noéDapparent after the Altmann-Masson procedure due
to the great number of graﬁular to rod-shaped mitochondria
which occurred in great numbers throughout the cell,
excepting the apical portion (fig. 1)~

The PAS procedure stained the epithelial cytoplasm

lightly and the basal striations and luminal border,

intensely (figs. 7 and 9). Sparsely distributed granules

of variable size and regular occurrence were observed in

thesperinuclear and apical portions of the cell (fig. 9).
They took the PAS staln weakly and were amylase-resistant,

Glycogen was rarely observed. Wwhen present, it was usually

I. The term "excretory duct" encompasses the larger
branches of the duct system, which were isolated by the
presence of extensive connective tissue and possessed
no intimate positional relationship to the paremchymal

lobules,. N
° * -
. *0 @,
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restricted to the larger interlobuéé; and excﬁ%tory ducts, ¢
although smal&haccumnlations were observed occasionally in
the cells of the salivary ducts.

Basophllic material was present in the apical portlon
of the cytoplasm and less often, in the middle and basal
portions of the cell, It varied in form from a diffuse
reticulum to clumps. This basophilia was ascribed to the
presence of ribonucleic acld since it was not observed
after digestion with ribonuclesse, The salivary ducts
contained a type of epithelial c¢ell which resembled those
described by Rawlinson ('35) in the cat, It was compressed
laterally and stained intensely with methylene blue. A
finely granular and strongly PAS-positive material was

| obgerved in the cytoplasm.
The cytoplasm of the salivary and interlobular duct
cells was a deep rose color after application of the

procedure for sulfhydryl groups, and prior reduction with

thioglycolic acid intensified this reaction (fige 5).
Basal striations were delineated clearly., The more apical

portion of these cells, which shcwed little specialization

2 skl ve o T 4 v

L g i Y i T i . A W,

“whén prepared by other procedures, was deeply stained,

No alkaline phosphstase was observed (fig. 10). The
capillaries and arterioles associated with the salivary
ducts usually exhibited less activity than those surrounding

the acini. Those adjacent to the interlobular and excr=tory

o va

ducts were always blackened lntenselye. Here, also, only a

slight variation in the amount of phosphatase was revealed
& - -@
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by the use of different substrates. e

The preatest esterase activity of the perotid gland
was locallized 1n thse salivary§>interionQa§b and excretory
ducts. llowever, this varied in degree between ducts and
%mtw%en cells within a égngle duct. Some sallvary ducts
showed a level of activity comparable with that of the
acini while the majority exhibited much more (fige. 13).
The interlobular and larger excretory ducts were always
intensely active. The greatest cconcentration of esterase
occurred in the basal portion of the spithellum and during
incubation the azo-coupled dye appeared first in this
region. Control sections incubated without X ~naphthol
butyrate exhibited only a background colore. Little or no
activity could be demonstrated with naphthol AS acetate as
the substrate,

The salivary, interlobular and excretory ducts showed
a high degree of activity by the succlinic dehydrogenase
system (figs. 17 and 18). Small granular crystals of
reduced neotetrazclium were distributed throughout the
cytoplasm of the epithelial cells except for their most
apical portion. This distribution correlated well with
that of mitochondria. This relationship was qulte obvious
_in the excretbry ducts (fig. 19) where the cells were
taller and had, proportionately, more aplcal cytoplasm
containing no mitochondria. As compared with the ducts,
the lesser deposition of neotetrazolium salt in the acinar

Be o eud:

cells was proportional to the smaller concentration of
® ©
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mitochondria found in them. No reduced neotetrazolium
salt esppeared in control sections which were incubated
in a medium with no sodilum succinate.

Separation of esterases by electrophoresis: Zymogram

B (fig. 23) shows the two distinct esterase-reactive bands
uniformly seen in all cases. No difference was observed
with elther o =naphthol butyrate or oC -naphthol acetate
employed as the substrate, Neither band was demonstrated
after incubation with naphthol A3. acetate. Zymogram C
(fige 23) reveals the esterase-reacti§e bands from a liver
homogenate. This illustrates the constant relatlonship of
migration of the reactive proteins of the parotid to those
of the liver. Diffilculty was encountered occasionally in

digestion of the starch gel by the amylase present in the

samples

The Parotid Gland After Hypophysectomy

Acinar cells. A marked atrophy of the acinus occurred

after hypophysectomy with reduction in the number and slze-

of the intracellular zymogenic granules (fig, 2). After

Zenker-formol fixatlon, most cells contained no zymogenlc
granules at all or only a few small ones 1n thelr most
apical portioq§ A few cells, however, were filled wlth
small zymogenic granules. These granules rarely stained as
intensely with aniline blue as did those of the non-
hypoivhysectomized animals. They were usually & bro;:h %to
gray=-blue color, After fixation w%;h Regayl's fluid, small
@

7Y
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zymogenlc granules were preserved in all acinar cellse

These granules %igo were brown after staining with aniline
blue. Occasional acinar cells contained brown-staining
granules which were 1o§h€§a‘§§§ali} and centrally in
éqgition tc a few apical ecyanophilic granules, With the

PAS procedure followlng FFAA fixation, the few granules
pregsent stained less 1lntensely than in non-hypophysectomized
rats (fige L)e '

The cytoplasm throughcut the cells was strongly
basophlilic when stalned with methylene blue. The basophilic
c?mponent between the zymogenic granules or their vacuocles
consisted of lightly stained gramiles which were more
coarse.than in non=-hypophysectomized animais. In the basal
portion of the cell, large intensely basophilic clumps
appeared which were either homogeneous or lamellar (fig,

L). As described in non-hypophysectomized animals, a
similar variation occurred in cellular size and preservation,
and in stalning affinity of zymogenic granules. The
incié;nce of the two types of cytoplasmic inclusions was
increased by hypoprhysectomy with probable involvement of
more cells within an acinus. *There was no alteration in

the structure of the inclusions, No change was observed
-after hyporhysectomy in either the distributlion or degree

of cytoplasmic reaction when stained for sulfhydryl groups

k)
alone or for sulfhydryl and disulfide groups together

.
There was a marked reduction in the alkaline phosphatase

of the myocepithelial cellsgsssociated with the acini (figs.
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11 and 12), none being observe?aexcept on rare occasions, -
The activity of ghe peri-acinar capillarles was reduced,
This change was ﬁot as uniform or as marked as that 1ln the
myoepithellal cells, Many caplllaries wereﬁwithout
demonstrabvle phosphatase@while others were as actlve és
those in non-hypophysectomlzed rats. No alteration appeared
In“succinic dehydrogenase activity (fige. 18). With

respect to esterase, there was an ¥ncreased basal cone-
centration of the coupled azo-dye granules (fig. 16),
suggesting an elevated concentration of the enzyme after
hypophysectomy,

Little change was observed in the morphology of either
the nucleus or mitochondria. The nucleus was spherical and
usually contained a single large nucleolus. It was, however,
less bvasally compressed, In those acinl containing little
granulation or vacuolation, it occupied a more central
position, There was a decrease in number of mitochondria
since -they were not more concentrated in the smaller cells
resulting from hypophysectomy. Mitochondria were restricted

to perinuclear and basal positions of the cell.

Intercalated ducts. After hypophysectomy, the inter-

calatedlgucts appeared somewhat wlder, shorter and with a
slightly thicker epithelium (fig. L). The cytoplasmic
granules, which stained both with anllinesblde and the

PAS procedure, were of the same size and morpﬁbfbggﬁas those
seen in the glands@gggp non-hypo. hysectomized animals,

However, they were redud®d in number (f.4d;). This was

©© o ®
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seen most clearly in those cells nearest th;a;alivary ducts,
in which the granulaticn was elther sparse or absen‘b.@ En-
gorgement of epithelial cells near the acinus with granules,
was not as conmon as in glandsefrom non-hypo_hysectomized
animals., There sppeared to be no change in the basophilie
material of the duct cells. It was, however, more readilly
apparent than in control glands because of the presence of
fewer cytoplasmic granules. The concentration of sulfhydryl
and disulfide groups was reduced commensurate with the
reduction in cytoplasmic granules., rhosphatase (fig. 11),
esterase (fig, 16) and s&%cinic dehydrogenase (fig. 18) were

not altered in distribution or degree of activity.

Salivary (intralobular), interlobular and excretory

"ductse Little change occurred in the cytology of the cells

lining the salivary, interlobuler and excretory ducts after
hypophysectomy. These cells appeared sorewhat narrower and
the mitochondria nore dense (fige 2)e

The mean diasmeter of the salivary é®cts in non-
hypophysectomized animals was 20.9 f s.da. 0.17p« and in
hypo.hysectonized, 2l.1 ¥ s.d. 0.15,c« A simllar increase
was observed in the height of the epithelium, being 8.1 =
S.d. 0.0BfL for the control glands and 8.3 ¥ s.4. 0.0bfL
after hypophysectomy. These differences werse not signifiecant.
Variance gnalysis showed highly significant differences
between animals in both groups. These differences were not

. )
due to variation in body welght or duration of post-

operative period, O
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© @After hypophysectomy, the cytoplasm of eplthelial

cells lining these ducts stained less intensely with PAS
than in non-hypophysectomized animals. The basal striations,
luminal border and basement membrane reacted similarly.

The most prominent g%té%ation was a great increase in the
amount of glycogen (fig. 8). in the epithelium of inter-
lobular and excretory ducts, the glycogen occurring chilefly
in the aplcal cytoplasme. The salivary ducts rarely showed
such large asccumulations and in then, the granules of
glycogen were finer and more evenly distributed throughout
the apical portions of the cell, Occasionally they occurred
basally between the vertical striaticons. In all thr%g

types of ducts, great variation was cbserved in the amount

of glycogen within different cells of one duct and in

different ducts. Cytoplasmic basophilic materlal was
reduced slightly by hypophysectomy. No change was observed
in either the distributlion or intensity of staining for
sulfhydryl groups alone or sulfhydryl and disulfide groups
together,

As in the controls, nc alkaline phosphatase was
observed in either the salivary (fig. 12), interlobular
or éxcretory ducts after hypophysectomy nor did a reduction

occcur in those vessels associated with interlobular and
excretory ;ucts. Hypophysectomy had no effect on the
succinic dehydrogenase system (fig. 18). O©Of the 1l glands
studled from hypophysectomlized animals, 9 exhibited a

marked fall in esterase actlvity 1n the salivary and inter-
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lobular dugy cells (fige. lL). The activity of these o

ducts after hypophysectomy was c oupparable to that observed
in acinar cells. A similar change was not evident in the
excretory ducts (fig. 1lL4). In the two cases which did @
not follow this pattern, the level of activity in all

three types of ducts equalled that in the control glands,.

4

Blochemical determination of esterase. A tendency

Eraed

toward an increase 1in the Jgoncuntration of esterase
occcurred after hypophyseg%omi. g%he difference between a
mean of 23.6 % s.d. 2.9/7;of X =nephthol/ 0.2 mg of tissue
fof hypophysectomized animals and 17.1 % s,.d. 1.3A?.for the
non-hypophysectomized animals was not significant (table 2,
«10>P>.05). However, when expressed in terms of total
concentration, a reduction of from 14.92 ¥ s.d. 0.92 mg

of & «naphthol for the non-hypop%gsectomized animals to

10.89 ¥ s.d. 1.2 mg of o -naphthol for the hypophysedtomized
rats was observed,(@%his difference was slignificant at the

1 to 2 per cent level. A test of variance homdgeneity of
the various groups showed a slignificant lack of homogeneity.
Since ‘the Fisher te-test assumes varlance homogeneity, a
modlfied form of the test was used here. The l ngth of the
post-operative period had no linear effect upon the results.

Separation of esterases by electrophoresis. Hypophy-

sectomyghad no effect on the esterase-active bands of the

parotld gland which were obtained with starch gel electro-
phoresis (fig. 23, zymogram A)e This applles to intensity

with which the bands stalned and the digtance which they
o o
©o o
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migrated. No difficulty with amylase digestion occurred
in the preparation of zymograms from hypophysectomlzed
animals which probably result s from the reduced amylase

content of the gland (Baker, Klegman, Logan and Garner, '56),
The Effect of Pilocarpine Administration

The profound stimulation produced by the graded
regimen of pllocarpine injections lead to a total degranula-
tion of the majority of scinar calls. Some acini werse
affected less (figs. 21 and 22, lower portion) than others
(figi 22, upper area), Mitochondria were reduced greatly
in size and were more granular to rod-shaped, 1n contrast
to their fllamentous shape 1n control glands, They were
restricted to the basal. and perinuclear regions and were
rarely observed apically., Basophilic material was increased
greatly 1In concentration and e ppeared 1n c¢lumps or lamellae
in the perinuclear area of the cell, Nucleil were enlarged
and hydropic,

A marked degranulation of the Intercalated duct cells
occurred also (figs. 21 and 22)., The granules remaining
in the cytoplasm stained with the same intensity but
appeared smaller. The cells were hypertrophied and the
nuclel, hydropic, There was a nmarked increase in cytoplasmic
basophllia, The basophilic material was arranged in small
clumps and lamellae located chlefly near the nucleus,

Little slteration was observed in the general morphology

of the cells lining either the salivary, interlobular, or

° »
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excratory ducts after prolonged stimulation with ;%locarpine.
Agtumulation of glycogen was especlelly common in the
eplthelial cells of the interlobular and excretory ducts
(fig. 20). It was located both basally and apicallye
Cytoplasmic bas@pkilia was -increascd after prolonged
stimulation. The somewhat enlarged and slightly hydrople
nucleus assumed a more apical position in the cell,
Mltochondria, whilile apparently unchanged in either number
or form, extended farther into the apical portion of the
cell, In the excretory ducts, both after prolonged and
short-term stimulation, blebs formed at the apical surface
| of the epithelium, These protrusions contalned no
stainable material but appeared to be extensions of the
homogeneous, pale-stailning areas as described for glands

of:control ratse.

Similar but less profound changes were seen in
parotid glands taken from non-hypophysectomized animeals
only one hour after they had received 1.0 mg of pllocarpine
per 100 gm body weight., As exceptlons, alteration in
mltochondrlia and the appearance of glycogen were nct seen.
At this dosage, glands from hypophysectomized animals were
affected more profoundly than those from non«hypo.hysectomized
animéls with aclnar cells being totally degranulated and
mitochondria more densely arranged. Intercalated duct cells
were also more extensively degranulated. The larger ducts
in hyposhysectomized rats did not respond differently from
those of non-hypophysectomlzed rats except that their

[y ‘@.)
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eplthelium accg&ylated more glycogene.
o
DISCUSSION

The Normal Gland

Aciner cells., The observations on the acini of
&

normal parotid glands are of interest from several stand-

points, especially as they pertain to other published
accounts, In contrast to the findings of Noback and
Montagna (t'L7), who observed only a faint apical basophilia,
techniques used in thils study revealed a significant
affinity of the entire cytoplasm for methylene blue,

Since the zymogenic granules stained lightly with PAS, it
may be inferred that they contain carbohydrate., Similar
results were obtained by Iillie ('S51l) in man and some
rodents, AAunap (*31) carefully described the effect of
administration of pilocarpine on the acinar cells.
Observations made on the present material are in agreemant
with his findings.

Although Deane ('4;7) described the presence of
demonstrable alkaline phosphatase in acinar cells, and
Noback and Montagna ('L47) 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 materisl. The slight darkening which occurred,
was observed also in the control slides inactivated by

bolling. The mycepithelilal or basket cells associated with

2
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the acinli were intensely reactive, in agreement wlth the

findings of Silver ('5l4) 1; sheep. Similarly, the myoepil-
thelial 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 1n the parotid

gland and the significance of its hilgh concentration of
alkaline phosphatase remain obscure. The intense alkaline
phosphatase activity found in capillaries, arteriocles and
venules associated with the acinl, agrees with the obser-
vationa of Deane ('47) and Hill and Bourne('Sh).

There 1s disagreement concerning the presence of non-
specific esterase in acinar cells. Chessick ('53) found
no activity; Hill and Bourne (!'5lL) observed slight activity
throughout the cytoplasm and near the Golgl sreaj; and
Burstone {('56) found a "slight overall background reaction."
The pronounced activity observed in the acini in the
present investigation is undoubtedly due to better
preservation of the enzyme by avoldance of flxation,

While the metabolic role of esterase has not been clarified,
its significant concentration within acinar cells indicates
an important physiological role,

The distribution of succinic dehydrogenase reported
here agrees wilth that describoed by Padykula ('52) even
tho&Zh the improved method of Farber and Louviere ('56)
was employed, This procedure involves the us?) of methyl: 1o
blue as an intermediatgéelectron transporter which lncreases

the reduction of neotetrazolium salts and shortens the
e®
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incubation time, It 1is believed that the technique
"actually localizes a carriler which reacts with succinie
dehydrogenase” rather than the enzyme itself (Farber,
Sternberg and Dunlap, '56).

A search of the literature revealed only one descrip-
tion of the occurrence of cytoplasmic inclusions in the
parotid acinar cells similar to those described here,

Duff and Corbett ('45) found such inclusions in the
pancreas of mice, rats, and rabblts and iIn the salivary
glands of the rat. They suggested a viral etlology rather
than a dlsturbance of secretory function as the inclusions
were not affected by the asdministration of pilocarpine or
atropine. In the present investigation, pilocarpine
likewlse was observed to have no effect.

Intercalated ducts. 7The cytological and histo-

chemical characteristics of the epithelium lining lnler-
calated ducts strongly suggests that they perTorm a
secretory function. The presence of cytoplasmlc granules
and the postulation that they represent the stored secretion
of these cells was reported by Ito and Narita (cited by
Yoshimura; 156)., Hill and Bourne ('5l) described their
marked affinity for leucofuchsin s%Psequent to oxldation
with perlodic acid. The present work is in agreement with
é%ége findings. Sinte fewer of these granules were visible
after fixation with Zenker-formol or Regaud's fluid and
staining by the Altmann-Masson procedure, than after FAA

fixation and staining with the PAS technique, one may infar

®
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that the former fixaetives did not preserve the granules

well or that some had less affinity for aniline blue,
They probably contaln a mucoprotein since they are
resistant to digestion with saliva (Hill and Bourne, 'Sh).
Alkaline phosphatase, esterase and succiniec
dehydrogenase werg’exceedingly active 1n the epithelium
of the intercalated duct., With respect to alkallne
phosphatase, this was in sharp contrast to the remaining
portions of the duct system, The lntense activity of
the underlying myoepithellal cells raises the possibility
that the blackening of intercalated ducts may have been
an artifact due to diffusion of the reaction products
or the enzyme itself (Gomori, '52). The intensity and
conaistency of the rcactlion makes this seem Iimprobable.
This evidence, in addition to the depletion of granules
and increase in cytoplasmic ribonucleic acid which followed
pilocarpine stimulation, indicates that the intercalated

ducts perform a secretory function.

Salivary (intralobular), interlobular and excretory

ducts, The salivary, interlobular and excretory ducts of

the rat parotid were siniler cytologically, except that
the epithelium became higher and the basal striations,
higher and more prominent in progression towards the
excretory duct, In the region of transition from intra-

lobular to intercalated duct, few basal strlatlons are

= present. &
o ° °*, e

© MucH effort has been expended iIn attempts to demonstrate
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a sscretory function by these ducts (Babkin, '50; Hill
and Bourne, '54). As yet one can only point to the
occurrence of various enzymes as indicative of a high
rate of metabolic activity, 1l.e., non-speclific esterase
(Chessick, '53; Hill and Bourne, '5l; Burstone, '56),
succinic dehydrogenase (Padykula, '52) and alkaline
phosphatase (Deane, 'L,7; Noback and Montagna, '47; Hill
and Bourne, 'S})., With a few exceptions, this ii.cstigation
agrees with these findings. In contrast to Deane ('L7)
and Noback and Montagna ('L7), who described alkaline
phosphatase in the eplthellium of the salivary duct, and
Hill and Bourne ('5l;) who reported it to be present in
the dlstal edges of some cells lining the larger intra-
lobular end interlobular ducts, no activity was observed
in either type of duct., Desne's microphotographs suggest
that she was dealing with intercalated ducts rather than
salivary ducts, An important physiological functlon by
these cells 1s suggested also by the presence of a large
rnumber of mitochondrlsa, cytoplasmlic PAS-stained granules
(11111 and Bourne, '5L) and ribonucleic acid., Bixler,
Muhler, Webster, and Shafer (*S7) reported the avsence of
stainable ribonucleic acid in these cells; the observations
of Noback and Montagna ('47) and this investigation disagree
wlth their conclusilon.

The striking responsiveness of the epithelium to
stimulation by pllocarpine constltutes additional

evidence for a secretory function. The increased ribo-

<
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nucleic acid content, the slight apical shift in posagion
of nucleus and mitochondria, and the accumulaticn of
glgpogen after prolonged stimulation are suggestive of
altered physiologye. Obviously such profound stimulation
is beyond the physiological range, yet these changes are
indicative of a responsiveness to an accepted mode of
parasympathetlic stimulation. The occurrence of blebs at
the apices of the cells lining the'interlobular and
excretory ducts may be an artifact., However, they were
not observed in the non-stimulate%)glands. One 1is
tempted to conclude from tﬁe presence of glycogen that
the ducts may serve as a source of sallivary glucose.

The responsiveness to pllocarpine of the epithelium
in both acinli and ducts indicates that both may respond to
parasympathetic stimulation. If this concluslon is
vaelid, it stands in contradiction to the postulaticn that
different cell types are innervated elther by sympathetic

or parasympathetic fibers exclusively (Babkin, '50). °

The Effects of Hypcocphysectomy

In addition to the partial atrophy and degranulation
of acinar cells after hypoPhys%Ftomy (Baker and Abrams,
'553 Yoshimura, '56), the granules were also smaller and
stained less Intensely with aniline blue and PAS, G;[‘he
latter observatlon indicates that the granules were
altered gquealitatively as well as quantlitatively. In

contradiction to Bixler, Muhler, Webster, and Shafer ('57),
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no decrease in the content of ribonucleic acid in acinar
cells was observed, This is of particular intere;t in
view of the Important role played by ribonuclelic acid in
protein synthesis (Brachet, '55). The reduced capgelty of
the acinar cells to synthesf%e proteln as evlidenced by its
reduced content of zymogenic granules and amylase cannot
be ascribed to a reduced ribonucleic acid conecentration.
It is possible, however, that hypophysectomy induces a

. .chemical change in this component, The 1lncreased number

of cytoplasmic 1nclusionsQ§n the acinar cells after hypo-

physectomy i1s indicative of an 1lncreased susceptlblility

to the viral agent, i1f these lnclusions are the result

of such an infection.

Study of various enzymes in the acinar cell did not
reveal a fundamental defect, The lack of change in the
succlnic dehydrogenase, which is concentrated in mitochondria,
indicates that at least with respect to this enzyme, the
mitochondrla are probably unaffectsd by hypophysectomy,
However, alkaline phosphatase was clearly reduced in the
peri-acinar capillaries, If this enzyme plays a role in
transport of metabolites as postulated for the renal
tubular epithellum and the absorptive epithelium of the
small intestine (Knox, Auerbach and Lin, '56), a reduction
in phosphatase might lead to impaired transport of these
metabolites, This condlition could be involved in the
atrophy of acinar cells after hypophysectomy. Similar

reductions in the concentration og alkaline phosphatase in
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capillaries of the thyroid, testis, and skeletal muscle ©

after hyposhysectomy and in the seminal vesicle (with %?
sodium glycerophosphate but not fructose diphosphate as

the substrate), and uterus after gonadectomy, were

described by Dempsey, Greep, and Deane (9%5?.

In contrast to the observations of Yoshimura ('56),
hypophysectomy caused a reduction in the number of
cytoplasmic granules in the epithelium of intercalated
ducts. 4lso, in disagreement with Yoshimura ('56), no
atrophy was observed 1n the epithelium of salivarqbgycts.
This is evident not only in the lack of significan£.change
in the cytology or sulfhydryl and disulfide content as
describsed here, but also in the lack of significant
alteration in elther cellular height or diameter of the
ducte In these respects, the interlobular and excretory
ducts also appeared ugchanged. The slight increase in
the diameter of salivary ducts and height of epithelial

cells and the similar changes observed in the eplithelium

s

of the intercal:. ted ducts were accredited to a reduced
tension on these ducts as a result of the acinar gt?ophy

after hypophysectomy., It is certaliln, however, th;£$some
alteration of the physiliology of these cells occurred,

The accumulation of glycogen, as described by Yoshimura ('56)
and confirmed here, slight reduction in PAS-staining,

somewhat diminished basophiliaes and thémarked drop in
non-specific estsrase activity of t%%é%alivary and inter- )

lobular ducts were probably indicatlive of a depressed

metabolism, f%e absence of change in the activity of the

()
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succinic dehydrbgenase system correlated well wlth the P Q

lack of modification in mlitochondrlae. °
It was hoped that the use of several techniques

would help to elucidate more clearly the effect of

hypophysectomy on esterases in the parotid gland, It

18 becoming increasingly apparent that more than a single

enzyme is responsible for the hydrolysis of the esters

used in demonstrating esterase activity. WwWith the develop=-

ment of a method for electrophoretic separation with

subsequent histochemical demonstration of these enzymes

(Hunter and liarkept, '57), an extremely useful tool

became available for the study of their individual reections

to physiological change. In this investigation, however,

the two esterase-active bands demonstrated in homogenates

of the parotid gland wereé not effected by hypophysectomye
Hypophysectomy dia not alter significantly the con-

centration of the two esterases when determined biochemically.

However, there was a t endency toward reduction, Vhen

examined histochemically, significant changes were observad

in the localization of esterases. The marked reductlion in

ﬁésteggse activity in the salivary and interlobular ducts

was partially offset by the inereased concentration which

occurred in the basal portion of the acinar cells. 28

would be anticipated on the hasis of the reduced glandular

weight, the total esterase content of the parotid was

reduced significa§%1§% @

The parotid gland is affected the least by hypophysectomy

e o
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of the enzyme-producing structures associated with the °

digestive system (Baker and gliske, '57). The gastric

chief cells undergo marked atrophy and loss of ribonucleic
acid with a concomitant reduction in pepsin production
(Baker and Abrams, '5lL). The serous tubules of the sub-
mandibular gland in the rat (Gabe, '50) and in the mouse
(Lacassagne and Chamorro, '40) become atrophic and thelr
granular content 1s depressed. Concurrently, the proteolytilc
(Sreebny, 'Sl Shafer and Muhler, '55) and amylolytic
(Shafer and Muhler, '55; Sreebny, Meyer and Bachem, '56)
activity of thils gland is reduced by hypophysectomy. The
pancreatic acini show focal degranulation with acinar
atrophye. There 1s a reduction in the basal chromophilia,

in number and size of mitochondrla and in the non-specific
esterase (Baker and Pliske, '57). The severe changes
observed in the ribonucleic acld content of these structures
and the changes observed in the mitochondria of the
pancreatic acinar cell find no counterpart 1in the parotid.
In fact, the acinar cell of the parotid after hypophysectomy
presents little evidence of impalred secretory function
except for the reduction in zymogenlc granules. The same

is true for the duct system. It appears that the degree of
control gxercised bg‘the pituitary hormoneégﬁfwﬁirectly or
indirectly througp_éome target organ or other metabolic
proces?ﬁ‘ is diffe;?éb;ﬁ for the £arot1d than it 1is fo@ the
other digestive organs. Clarification of the mode of

pltuitary contr%& over the parotid must awalt additional

-
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studies M olving ablation of other endocrine glands and

replacement therapy with hormones of the hypophysis and of
other dependent é!ands. The present status of our knowledge
on this has been reviewed (Baker and Abrams, '55; Baker,
'57; Baker and Pliske, '57).

While no definitive conclusions may be reached on the
basis of this work concerning the postulated endocrine role
of the parotid, certain pertinent inferences may be drawne
First, 1f the salivary ducts are the source of the salivary
gland hormone (parotin) (Ogata, cited by Yoshimura, '56),
and if its secretion 1s regulated by somatotropin (Shibata,
Nigishi, Saito and Todokoro, '54), a marked atrophy of the
cells lining these ducts would be expected after hypophysectomy.
This is not the case. Second, no cell type can be demons-
trated in the parotid gland which shows a polarization

toward blood vessels which resembles that of endocrine cells

in general,

SUMMARY

Histochemlical and biochemical techniques were employed

=2

in an attempt to clarify the complex changes which ocecur
in the parotld gland of the rat after hypophysectomy.
Acinar cells were smaller and zymogenic granules, reduced
in size, number and s taining affinity for aniline blue
and the PAS stalin., No alteration was observed in the
activity of the succinic dehydrogenase system, in the

morphology of mitochondria, or in the content of ribo-
o
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nucleic acid or of sulfhydryl and dlsulfide groups 1in
the acini, However, alkaline phosphatase was reduced in
the myoeplthelial cells and capillaries asdsoclated with
the acinar cells. If this enzyme(s) is involved in
transport of metabolites, such a reduction might account,
at least 1n part, for the acinar agrophy.

Cytoplasmic granules 1n the lining cells of intercalated
ducts were partially depleted by hypophysectomye, Ribonuclelc
acid, alkaline phosphatase, succlnic dehydrogenase and
;on-specific esterase were unchanged in these cells.

The helight of the eplitheli:m in and the width of
salivary ducts were not changed. However, ribonucleilc
a;ié content, PAS stalning and esterase activity were
decreased and glycogen, inecreased in the epithelium of
salivary and interlobular ducts, Similar changes were
obaserved 1n the excretory ducts with the exceptlon of the
reduced esterase activitye.

Two esterasc-active proteins were demonstrated in
h?mogenates of the gland by starch gel elsctroghoresis but
were not altered by hypophysectomy. Although the
localization of esterass, as determined histochemically,
was changed by pitultary ablation, blochemlcal analysis
revealed no alteration 1n the quantity of enzyme present.

It was concluded that the magnitude of hormonal control
exerted by the hypophysis over the parotid gland is less
th;n that directed toward gastric chief cells, pancreatic

acini, or serous tubules of the submandlbular gland. The

i e@@ @
® & o
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e ao -
weight of the evidence obtained is against the concept

that the salivary ducts are regulated by piltultary growth

hormonee. -

Following administration of pilocarpine, degranulation
and increased ribonucleic acld co;ient occurred 1in cells .
of both acini and intercalated ducts. In the salivary,
interlobular and excretory ducts, there was alteration
<= 3in the position of the nucleus and mitochondria, and

accumulation of glycogene
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PLATE 1

()]
Explanation of Figures

Fpures 1 and 2t fixation in Zenker~formol, stained

with Altmanne-lasson, h}i . X1325, [PFigures 3, L and 6:

fixation in FAA, stained with PAS and methylene blue, h,v .

x600. Fipgure 5: fixation in trichloracetic acid, stained
with sulfhydryl and disulfide procedure. xL450,

1 Non=hypophysectomized control, Acinar cells
(avove) are engorged with large zymogenic granules,
Nuclei are hyperchromatic. In the salivary duct

epithelium (bottom) mitochondria are most concentruted
basallye.

2 Hypophvsectomized 57 days previously. 4Acinar
cells aro reduced in size and contaln fewer zymogenic
granules which are less cyanophilic, Nuclei are less
compressed., The salivary duct epithelium (bottom) is
not atrophic but the cells are narrowsr, Their mito-
chondria are stained more intensely.

3 Non-hypophysectomized control, Aclnar cells
are vacuolated; the cytoplasm throughout the cell 1s
intensely stsined wlth methylene blue., Epithelial cells
lining the intercalated duct are engorged with PAS-
positive granules,

ly Hypophysectomized 111 days previously. Cyto-
plasm of the acinar cell is vacuolateds No loss in
intensity of cytoplasmic basophilla 1s apparent; basal
masses of bascphilic maiterial are present (arrow). The
PASe-positive granules of the intercalated duct are
reduced in number but not in size,

5 Non-hypophysectomized control, Acinar cytoplasm
is lightly stained, No zymogenic grenules are seen,
Intercalated dquects (I) are more intensely stained than
acini, The cytoplasm of the salivary duct (S) cells is
stained intensely,

6 Hypo.hysectomized 60 days previously, A large
homogeneous basophilic (3) and a PAS-positive inclusion
{arrow) are seen.

6 ©
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o PLATE 2

Explanation of Figures

Figures 7 and 8: fixatlon in FAA, stained with PAS

and methylene blue, L . x600, Figure 9: fixation in FAA,

& -amylase digested, steined with PAS and methylene blue.
Figures 10, 11 and 12: fixation in cold FaAA, ®ulkalinee
phosphatase with sodium glycerophosphate as suvstrate,

,.L’A— N X3380

7 Non-hypophysectomized contrcl. The cytoplasm
of the lining epithelium of the interlobular ducts 1s
stained lightly by PAS, A fine, sparse granulation 1s
seen throughout the cytoplasm. The basal striations
(arrow) and the basement membrane are stained with PAS.

8 Hypophysectomized 11 - days previously. Large
accumulations of glycogen are present in the cells
lining the salivary (S) and jnterlobular ducts (R).

9 Hypophysectomlzed 416 days previouslye. Amylase
digestion removed all of the intensely PAS«staining
material from the ducts (compare with flg. 8)e The
staining of basal strlations and fine cytoplasmie
granulation is unchanged,

10 Non-hypophysectomized control. Alkalilne
phosphatase is possilbly present in the intercalated
ducts (I) and definitely present in the myoepithelial
cells associated with the acini {arrow). Arterioles
{A) and peri-acinar capillaries (C) show marked
ectivity while the venules (V) are less active. The
salivary duct (S) is negative.’

11 Hypophysectomized LO days previously.
Phosphatase activity is unchanged in the intercalated
duct (I) but reduced in peri-acinar capillar%gs (arrow).

®

12 Hypophysectomized LO days previously. No
alkaline phosphatase is observed in the salivary duct
(S). The activity of myoepithelial cells is reduced.

L7
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PLATE 3

Explanation of Figures
The parotid glands for figures 13 through 16 were
sectioned in a Cryostat at lO/A « Incubated with af =
naphthol butyrate and qunet GBC for esterase. Figures

13 and 1: x6L, Figures 15 and 16: x338,

13 Non-hypophysectomized controls. The majorlity
of the salivary (S) and interlobular (R) ducts and the
large excretory duct (pottom) show intense esterase
activity. Variation in activity among cells within all
ducts is npparent,

1 Hypophysectomized L6 days previously. Esterase
in acini and the large excretory duct 1s unchanged,

The activity in salivary (3) and interlobular ducts (k)
is reducede.

15 Non-hypcphysectomized control. The apparent
reduction in acinar size is an artifact. Considerable
esterase is distributed uniformly throughout the cytoplasm
of the scinar cells. A corparsble degree of activity 1s
seen in the intercalated duct (1), while the abrupt
trensition of this duct into the salivary duct is
clearly marked by the greater actlvity of the latter (S).

16 Hypophysectonmized LL days previously. Lsterace
is not reduced in the acini or intercalated duct (I).
Conparison with fisure 15 reveals a basal concentration
(arrow) of activity in the aciner cells, The activity
of the salivary duct (8) is reduced.

L9
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PLATE L

Explanation of Figures
Filgures 17, 18 and 19: unfixed and sectioned in a
Cryostat at 10 & ; suecinic dehydrogenase, x158. Figures
20, 21, and 22: fixation in FAA, stalned with PAS and

methylene blue, M/L.

17 Non-hypophysectomlzed control. Acinar cells
possess® succinic dehydrogenase activity. Droplets within
the acinar cells have dissolved neotetrazolium crystals
and appear as dark rings, Marked activity is seen in
the intercalated, salivary (S) and interlobular (R) ducts,

18 Hypophysectomized 52 days vreviously. No change
is observed in the succinle dehydroganase activity of
either the acini, intercalated duct (I), salivary duct (S)
or interlobular duct (R),

19 Non=hypophysectomlzed control. Xeduced neote=-
trazolium is concentrated basally in a large excretory duct.

20 Non=hypophysectomized, treated with pilocarpine,
Glycogen is observed in the salivary duct (3S). oSasophilia
is increased in the intercalated duct (I). x675.

2l Wwater-injected control, Acinar cells are large
and fillled with zymogenic granules, The intercalated
duct cells, especlally those nearest the acini, are
engorged with PAS-positive granules. x638,

22 Non-hypophysectomlzed, treatcd with pilocarpine,
Aclinar cells are reduced in size, depleted of zymogenic
granules, and contain large clumps and lamellae of basophilic
material in the basal portion of the cell. The nuclei appear
hydroplic, Intercalated duct cells are enlarged, depleted of

ggagules, and reveal markedly increased basophlilia (arrow).
x636.
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PLATE 5

Explanation of Figures

Zymograms prepared according to the method of Hunter

and Markert ('57), -naphthol butyrate as substrate.

The dark spots vislble on the zymograms arg artifacts

and due to secondary absorption of the azo=-coupled

complex.
23 A,
Be
Ce

Parotid gland Ll; days after hypophysectomy.

Parotld gland from a non-hypophysectomized
control,

Liver from non-hypophysectomlzed control,.
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