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Polysaccharides containing 1: 2 glycol groups are mainly localized in the
inner plasma membrane of VP and LP, the secretion and secretory elements of
VP and DP, basement membrane and the periacinar fibromuscular stroma,
blood vessels and the mast cells; the epithelial cytoplasm in VP and DP
and interfollicular connective tissue elements in all the lobes show a weak
reactivity. The acidic polysaccharides are seen in the mast cell granules or
in the epithelial cell cytoplasm. Histochemically demonstrable glycogen is
absent in the prostatic lobes. Progesterone (1 and 2-5 mg) and estrogen
(0:1 ug) injection for 15 and 30 days do not appreciably influence the general
distribution of the polysaccharides. However, both these hormones cause a
marked decrease in PAS positive polysaccharide concentration and a slight
reduction in acidic polysaccharides of the mast cells. This pattern remains
unaltered for a month after discontinuation of the progesterone regime. The
high dose estrogen injected for 30 days lowers the PAS-positive polysaccharide
level of the epithelial cell cytoplasm, inner plasma membrane of VP and LP,
and the secretion and secretory elements of VP and DP. On the other hand,
the staining becomes intense in secretion and the secretory elements of LP,
and in the hypertrophied and hyperplastic stromal and vascular tissue of all
the lobes. The mast cells record a marked reduction in their content of
polysaccharides with glycol groups, but only a slight decrease in acidic
polysaccharide staining. The distribution of the two types of polysaccharides
is virtually normalized within 30 days’ post-treatment. There is some sugges-
tion of an antagonism between the two hormones with respect to their effect
on the polysaccharides. Thyroidectomy causes marked increase in intensity
of PAS staining; thyroxine therapy is without any effect. The acidic poly-
saccharides of epithelial cell cytoplasm and the mast cells remain virtually
unaltered after thyroidectomy or thyroxine treatment.

InTrRODUCTION

Polysaccharides have been demonstrated in normal and neoplastic pro-
state of man and mouse (Brandes and Bourne 1954, 1956; Sahu, Sinha and
Mukerji 1969). They are localized in epithelial cell cytoplasm, stroma, base-
ment membrane and secretion of mouse and dog prostate (Arcadi 1952;
Brandes and Bourne 1954). Castration or estrogen administration causes a
sustained decrease in Periodic Acid Schiff (PAS) positive material which is
restored to normal level by androgens (Brandes and Bourne 1954; Gyorkey

* Communication No, 1498. Part XII in the series ‘Prostate and endocrines’.

VOL. 36, B, No. 5.
3



322 G. L. TAKKAR & V. P. KAMBOJ

1964). Similarly, implantation of diethylstilbestrol pellets causes a reversible
reduction in the intensity of PAS staining (Brandes and Bourne 1954).

The present study deals with the effect of estrogen, progesterone and
altered thyroid status on histochemical distribution of polysaccharides in the
rat prostatic complex (ventral, dorsal and lateral).

MATERIAL AND METHODS

Colony bred albino rats (150-200 gm) of the Institute were used in this
investigation. They were maintained in airconditioned (7542 °F) quarters
under uniform husbandry conditions throughout the experimental period.

Progesterone (1 and 2-5 mg/rat) and estradiol dipropionate (0-1 and 5
pg/rat) were injected subcutaneously (in 0-1 ml sterile olive oil) daily for 15
and 30 days. To study the reversibility of any effect, the animals were given
rest for 30 days after discontinuation of the hormone regime and then killed.
The thyroidectomized rats received thyroxine (3 pg/rat, intramuscular) daily
for 15 days beginning on the 120th day of the operation. The controls received
the vehicle alone.

After sacrifice the ventral (VP), dorsal (DP) and the lateral (LP) lobes of
the prostate were dissected out and fixed immediately in Rossman’s fluid for
performing Periodic Acid Schiff (PAS) reaction on paraffin sections (8 p).
Acetylation (dry pyridine - acetic anhydride) for blocking PAS reaction and
KOH (0-1N) treatment for reversal of acetylation were carried out according
to the procedure laid down by Pearse (1961). For glycogen, the slides were
digested with saliva (control sections with distilled water) at 37 °C for one
hour before PAS reaction. Toluidine blue staining for metachromasy (Pearse
1961) was conducted on paraffin sections (10 x) of tissue fixed in Clarke’s
fluid (3 parts absolute ethanol -1 part acetic acid). Positive metachromatic
staining indicated the presence of acidic polysaccharides.

REsvLTS

Control—The prostatic lobes showed normal secretory activity. A strong
PAS reaction was seen in the basement membrane, periacinar stromal tissue,
blood vessels and the mast cells in all the lobes; the interfollicular connective
tissue and epithelial cell cytoplasm showed weak staining (Figs. 1, 2). The

Fies. 1-4. (All figures are photomicrographs; PAS staining). 1, the VP of a control rat.
Note strong reaction in the basement membrane, periacinar stromal tissue, inner plasma mem-
brane of epithelial cells, merocrine secretory elements and luminal secretion, and a weak reaction
in the epithelial cell cytoplasm. X 1000. 2, the DP of a control rat, Note intense reaction in &
mast cell and prominent staining of the basement membrane, periacinar stroma and a blood
vessel. The interfollicular connective tissue elements and epithelial cell cytoplasm are weakly
stained. x 500. 3, the DP of a rat treated with progesterone (2-5 mg) for 30 days. Note
coalescence of holocrine secretory elements inside the acinar lumen (luminal biogenesis). X 100.
4, the DP of a rat treated with progesterone (2-5 mg) for 15 days. Note virtual absence of PAS-
reactive material in mast cells, x 500.
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stromal elements were more conspicuous in DP and LP than in VP; the DP
also had prominent periacinar fibromuscular tissue. The epithelial cell cyto-
plasm showed mild PAS reaction in VP and DP; LP was virtually non-reactive.
The inner plasma membrane of the acinar epithelium in VP and LP particularly
in the former was strongly reactive, whereas in DP it was negative. The
VP and DP, particularly the latter, showed intense PAS staining in acinar
secretion; the LP was, again, non-reactive. The mode of discharge of secretion
was merocrine in VP but holocrine in DP; the secretory elements were strongly
reactive in VP but weak to moderate in DP and unreactive in LP. These
elements, once inside lumen, aggregated together to form an amorphous
coagulum which appeared flaky in DP. The mast cells were full of intensely
red granules in all the lobes.

Metachromasia was generally detectable in the epithelial cell cytoplasm
and the mast cells; other components were stained orthochromatically. The
epithelial cell cytoplasm showed a weak diffuse violet background hue, but
the mast cell granules presented intense ¥-metachromasy. The discharged
granules were occasionally identified in stroma.

Progesterone—This hormone exerted a slight stimulatory effect on the
prostatic function. There was mild hypertrophy and hyperplasia of stromal
elements, and an increase in vascularity and the number of mast cells.

Progesterone (1 and 2-5 mg) did not generally influence the PAS reaction;
a slight increase in staining intensity was noticed in the inner plasma mem-
brane of VP and LP, and in the secretory elements and secretion of VP and
DP (Fig. 3). On the other hand, there was a marked reduction in PAS-
positive material in the mast cells; a weak to diffuse or no staining was seen in
cytoplasm in contrast to the intense reaction in granules typical of controls
(Fig. 4). In toluidine blue test, there was no noticeable change in meta-
chromasia in the epithelial cell cytoplasm but the staining of mast cells was
somewhat reduced; the number of these elements was, however, increased in
VP and DP.

A month after discontinuation of treatment, the intensity of PAS and
toluidine blue staining was apparently similar to that seen in the progesterone
group. The number of mast cells was, however, almost normalized but the
PAS reaction was still considerably reduced.

Estrogen—The low dose (0-1 pg) exerted an inconsistent effect on pro-
static function. There was little or no increase in stromal elements including
blood vessels and mast cells. This dose had an inconsistent effect on PAS
reaction except for a reduction in intensity of staining of the mast cell cyto-
plasm. The PAS reaction in stroma and blood vessels of DP and LP at 15
days, and of acinar secretion in LP at 30 days, was slightly enhanced but
there was no effect on intensity of metachromasia in the epithelial cell cyto-
plasm after the 15 days’ schedule. The histological and histochemical picture
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at 30 days was similar to that seen after high dose estrogen (5 pg) treatment
in the toluidine blue preparation.,

The high dose caused marked atrophy of acinar epithelium, reduced the
follicular size and inhibited the secretory activity of the prostate notably in
VP and DP. The LP was, however, stimulated at both time intervals. There
was considerable hypertrophy and hyperplasia of the stromal elements and an
increase in vascularity and the number of mast cells. The periacinar fibro-
muscular tissue was particularly prominent in the LP (15 days) and VP and
DP (30 days).

The epithelial cell cytoplasm lacked PAS-positive material; there was,
however, a progressive increase in intensity of reaction in the periacinar region
of basement membrane and the fibromuscular tissue, interfollicular connective
tissue elements and blood vessels. At 15 days, the secretory elements were
absent in DP, but a strongly reactive secretion was present in almost all the
acini of VP and DP; in the latter the secretion was highly condensed. At 30
days, the secretory elements were absent both in VP and DP, but a condensed
and reduced PAS-positive secretion was seen in many acini; in VP the secretion
was pushed to one side and assumed bizarre shapes (Fig. 5). TIn contrast,
there was an appreciable increase in intensity of PAS reaction in secretory
elements and secretion of LP; the mode of discharge of the secretory mateiial
was merocrine at 15 days but both merocrine and holocrine at 30 days
(Fig. 6). The inner plasma membrane was unevenly thickened in VP and LP
and showed a reduced staining reaction. It was interesting that in DP at 30
days occasional patchy staining was seen in the irregularly thickened inner
plasma membrane which was not hitherto noticeable. The number of mast
cells was considerably increased particularly in VP and DP, and showed only
weak and diffuse or no reaction. In the toluidine blue preparations, the
mast cell granules, though reduced in number, were still intensely meta-
chromatic, The epithelial cell cytoplasm was atrophied and lacked meta-
chromasia.

There was, in general, appreciable normalization of PAS reaction a
month after cessation of estrogen (5 ug) treatment. However, the secretion
in some acini of LP continued to show a strong reaction. The mast cells
still showed weak staining. The metachromasia in the epithelial cell cyto-
plasm and mast cells was of the same intensity as in controls.

The conjoint administration of estrogen (5 pg) and progesterone (1 mg)
showed a picture of predominantly estrogenic effect. The histology and the
distribution of PAS-positive material in the VP were similar to that seen in
the 5 ug estrogen group (15 days). In DP, the over-all picture was similar to
that of animals subjected to estrogen (5 ug) treatment for 30 days, but the
acinar secretion was totally absent; the general intensity of reaction was less
than that seen in estrogen (alone) group. The stromal tissue and its PAS



TarrArR & KAMBOJ. Proc. Indian natn. Sci. Acod., Vol. 36, B, Plate XL



POLYSACCHARIDES IN THE RAT PROSTATIC COMPLEX 327

staining showed typical estrogenic features in LP, but the secretion and
secretory elements were unreactive as in progesterone treated animals. The
mast cells of VP showed more intense staining than that noticed after 15
days of estrogen treatment; the intensity in DP and LP was, however, con-
siderably reduced. The epithelial cell cytoplasm did not show metachromatic
staining and this reaction was also considerably reduced in the mast cells.
The over-all picture was suggestive of an antagonism between the two hor-
mones.

Thyroidectomy—There was a marked stimulation of prostatic function.
The follicles were markedly distended and filled with copious secretion notably
in the VP. The acinar cell height was reduced in VP but was slightly in-
creased in DP and LP. There was an appreciable decrease in stromal tissue,
blood vessels and the mast cells in all the lobes, more so in the VP. The
picture after thyroxine therapy was virtually similar to that seen after thyroi-
dectomy.

Thyroidectomy caused a marked increase in PAS reaction in all the lobes
more noticeably in the VP. The staining intensity of epithelial cell cytoplasm
was increased and this was also the case with stromal and vascular elements.
The reaction intensity and amount of secretory elements and secretion were
increased in VP and DP, but not in LP (Fig. 7). The inner plasma membrane
of VP and LP stained intensely. The mast cells in all the lobes showed strong
reaction. The over-all staining pattern after thyroxine therapy was virtually
similar to that seen in the thyroidectomized group (Fig. 8). Some of the
acini in LP, however, contained strongly reactive secretion. The meta-
chromasia of the epithelial cell cytoplasm and mast cells continued unchanged
after thyroidectomy and replacement therapy.

Discussion

The results of the present study show that polysaccharides containing
1: 2 glycol groups are distributed ubiquitously and in varying amounts in the
different anatomic components of the three prostatic lobes. Presence of PAS-
reactive material has been demonstrated in the epithelial cell cytoplasm,
fibromuscular stroma, basement membrane, secretion and the blood vessels of
mouse and dog prostate (Arcadi 1952; Brandes and Bourne 1954). In this

Fias. 5-8. (All figures are microphotographs; PAS staining). 5, the VP of a rat treated
with estrogen (5 pg) for 30 days. Note condensed and reduced intensely reactive acinar secre-
tion, and conspicuous staining of the periacinar stroma in some acini. Also note markedly
reduced follicular diameter, increased stromal tissue and vascularity. x 100. 6, the LP of a
rat treated with estrogen (5 pg) for 30 days. Note strong reaction in acinar secretion. X 100.
7, the VP of a rat thyroidectomized for 120 days. Note highly distended acini, intensely reactive
copious secretion and reduced but prominently reactive epithelial cell eytoplasm, x 100. 8, the
DP of & rat thyroidectomized for 120 days and then given thyroxine (3 pg) for 15 days. Note
intense reaction in flaky acinar secretion. Also note edematous strome with reduced number of
stromal elements. X 100.
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study, it has not been possible to demonstrate glycogen despite the reported
localization of a glycoprotein component in the Golgi region of rat prostate
(Arcadi 1954). The demonstration of abundant acidic polysaccharides in the
mast cells of rat prostatic lobes conforms with the well-documented presence of
heparin (an acidic polysaccharide) in the mast cells. These elements contain
polysaccharides both acidic in nature and containing glycol groupings. The
epithelial cell cytoplasm also shows traces of acid polysaccharides.

Progesterone and the low dose of estrogen do not significantly alter the
distribution of PAS reaction in components of the prostate except the mast
cells, in which the staining reaction is markedly reduced; this is, however,
not the case with metachromasia. This shows that both hormones cause
virtually no or little reduction in acidic polysaccharides, but a substantial
decrease in glycol containing polysaccharides in the mast cells. The pattern
remains the same during post-treatment period.

The high dose estrogen (5 ug) results in a loss of PAS-positive polysac-
charides in the epithelial cell cytoplasm, inner plasma membrane of VP and
LP, and the secretory elements and secretion of VP and DP. The secretory
elements completely disappear but the secretion, whenever present, is
reduced in volume both in VP and DP. On the contrary, in. LP the secretory
elements and secretion which have been hitherto unreactive become strongly
PAS positive. This material is increased substantially in stroma (periacinar
and interfollicular) and the blood vessels. A similar decrease in PAS staining
in the epithelium and secretion, and a positive reaction of stromal tissue have
been reported in the mouse prostate after estrogen treatment (Brandes and
Bourne 1954). This pattern is, however, reversed after withdrawal of estrogen
or by administration of androgen (Brandes and Bourne 1954; Gyorkey 1964).
In both PAS and toluidine blue preparations there is some suggestion of an
antagonism of estrogen effect by progesterone when the two are injected
conjointly.

Thyroidectomy causes an increase in PAS-positive polysaccharides in the
epithelium, secretory elements and secretion of VP and DP, inner plasma
membrane of VP and LP, and the stromal tissue and blood vessels of all the
lobes. This pattern is essentially valid for animals subjected to thyroxine
therapy. The acidic polysaccharides of the epithelium and mast cells remain
unchanged after thyroxine and replacement therapy.
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