
Histochemistry of the Gingiv a
VI. Distribution and Localization of Phosphorylase-`
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AMONG the group of homopolysac-
charides, glycogen represents the
most important highly polymerize d

carbohydrate in animal tissue . Its synthesis
from glucose-l-phosphate ( Cori Ester) is
accomplished by the action of two di ff erent
enzymes, namely phosphorylase and a
branching enzyme,4 i .e . the amylo 1,4-->

1,6- transglycosidase7 ( Q enzyme6) . The
polysaccharide formed from glucose-l-
phosphate by the enzyme phosphorylase
alone resembles amylose in that the glucose
residues are arranged in a linear fashion
like the amylose chain, their sole linkage

being alpha -1,4 . Amylo 1,4- -> 1,6-trans-

glycosidase is the enzyme responsible for
the formation of the branching chains of
the glycogen molecule or of amylopectin in
such a manner that the alpha 1,6 linkage
is formed from an alpha -1,4 link .

This paper deals with the localization and
concentration of phosphorylase in human

gingivae . The distribution of the enzyme in
the gingival tissue could also be regarded
as indirect evidence for the distribution of
glycogen in the gingival mucosa .

MATERIALS AND METHOD S

Twelve gingival specimens were obtained
from patients undergoing blood glucose-

tolerance tests . Block anesthesia was used in
order to maintain the normal tissue metab-
olism and a partial gingivectomy of the
labial mucosa in the upper right quadrant
was performed. The age of the patients
varied from 16 to 50 years ; sex and race
were notxaken into consideration.

upon removal, specimens were cut into
blocks of 2 or 3 mm. in thickness, frozen
on dry ice and mounted on the cryostat set
at -20°C. Sections were then cut 6 to 10
micra thick and mounted on clean slides .
After drying, sections were immersed in
the incubating mixture of Takeuchi and
Kuriaki.9 This consisted of S0 mg . of glu-
cose-l-phosphate, 10 mg. of muscle adeny-
lic acid, 15 ml . distilled water, M/5 acetate
buffer at pH 4.8, and 15 units of insulin .
Furthermore, about S mg . of water-soluble
glycogen was added to the mixture to act

as a "primer." The solution was preheated
to 37° C for 30 minutes . Sections were then
incubated for 10, 20, 40 and 50 minutes .
After incubation the sections were rinsed in
a large volume of dilute Lugol's iodine solu-
tion (10 ml. Lugol's solution, U .S .P. in
190 ml . distilled water) (I2 :K1:H20 ;
1 :2 :400) for five minutes . Finally, the sec-
tions were mounted with glychrogel alone
or glychrogel containing a few drops of
concentrated Lugol's solution . The sites of
phosphorylase activity appeared blue black .

By means of this histochemical method
two different staining reactions may be seen
in the gingival mucosa. One, stained dark

blue by iodine, represents the new poly-
saccharide synthesized from glucose mole-

cules by phosphorylase . The other, stained

light brown, demonstrates the pre-existing
glycogen in the tissue (Figure 1) . This dif-
ference in color thus helped to distinguish
between the newly formed polysaccharide
and the native glycogen present in the gin-

giva.

Experimental Procedure : Immediatel y
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Control Procedure : Three different con-
trols were utilized . In one, the sections
were immersed in the incubating solution
without the substrate, glucose-l-phosphate.
The second control consisted of placing sec-
tions directly into dilute Lugol's solution

(5 ml. Lugol's solution, U .S .P. ; 95 ml. dis-

tilled water) for the demonstration of na-
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Fig. 1. Irregular localization of p hosphorylase in dark black, while the native glycogen appear s
in dark grey . Note a small reactive parakeratotic pearl at the hottom of the picture.

tive glycogen . For the third control, rat
tongues were employed since striated mus-
cle contains large amounts of phosphory-
lase.

RESULT S

The distribution and localization of
phosphorylase in the gingiva appears in
selective points of the epithelial layer (Fig-
ure 2) . Some rete pegs show a definite
enzymatic reactivity while others, even
though immediately adjacent, are com-
pletely devoid of the enzyme . In all cases,
phosphorylase was distributed in the
stratum spinosum and often in the stratum
granulosum . However, none was demon-
strated in the stratum germinativum . The
keratotic layer did not react toward the
enzyme (Figure 3) . The crevicular epi-
thelium was often strongly reactive (Fig-
ure 4) whereas the epithelium of the at-
tached gingiva was, in most instances, un-
reactive . In cases in which the degree of
inflammation was rather severe, the enzy-

matic activity appeared after 10 minutes
of incubation. Conversely, in tissues with
a mild inflammatory reaction the intensity
of the enzymatic reactivity was moderate ..
Interestingly, the enzyme was always pres-
ent where some interstitial edema or acan-
thotic phenomena occurred . In fact, sec-
tions with structurally normal stratified
squamous epithelium did not store any
amount of phosphorylase. The iodine-
treated sections of the control substantiate
these observations in that no native glyco-
gen could be detected. The underlying con-
nective tissue, the inflammatory cells and
the blood vessels (arterioles) were all nega-
tive. From a cytologic point of view, only
the cytoplasm was reactive with the nu-
clei remaining unstained .

Altogether different was the localization
of phosphorylase in the tongue of rats
(Figure 5) . While the epithelium and the
connective tissue appeared to be completely
devoid of enzyme, the muscular fibers were
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Fig. 2. Selective deposition of the enzyme in
the prickle cell layer and the parakeratotic horny
layer . Note the absence of phosphorylase in the
adjacent rete pegs, in the stratum basale and the
keratotic layer.

strikingly reactive thus demonstrating the
highest concentration of phosphorylase .

DISCUSSIO N

The distribution of phosphorylase can be
considered as indirect evidence of histo-
chemically demonstrable carbohydrates in
tissues which normally synthesize polysac-
charides of the amylose or glycogen type .
In the gingival mucosa, the enzyme distri-
bution appears selectively involving certain
cells of the stratum spinosum and granu-
losum. Sometimes the parakeratotic layer
shows positive reactivity. However, the
localization of the enzyme is not uniform .
Some rete pegs are highly reactive while
others are entirely devoid of phosphorylase .

The findings do not demonstrate the
presence of the enzyme in the endothelium
of capillaries as claimed by Braun-Falco'
in his studies on the skin . Also, no evidence
is derived in this study of positive reactiv-
ity in the epithelium of the tongue of rats
as reported by Takeuchi, Higashi, and
Eatanuki10 in their original paper . To sub-
stantiate the latter findings, further ex-
periments demonstrated that tongue sec-
tions stained by the PAS method failed to
show the presence of glycogen in the epi-
thelium. However, it might be possible, as

asserted by Carbonell,2 that the histochemi-
cal technique utilized may not be sensitive
enough to demonstrate all the glycogen
present in the tissue.

During the past few years various in-
vestigators have histochemically studied the
problem of glycogen deposition in normal

and pathologic gingivae . The different opin-
ions expressed by several authors have been
recently summarized by Carranza and

Cabrini.3

One of the constant findings is the re-
verse relationship between the rate of kera-
tinization and glycogen distribution in the
cells . Hyperkeratinized areas are most often
deprived of glycogen . In the skin, Mon-
tagna, Chase, and Lobitz, W. C.s believe
that, under physiologic conditions, glyco-
gen is found where the process of keratini-
zation is impaired and that no glycogen
occurs in cells undergoing rapid keratiniza-
tion and high mitotic activity. In human
gingivae, Weiss, Weinmann, and Meyer"
have also demonstrated that glycogen ap-
pears most frequently in inflamed, unkera-
tinized epithelia while hyperkeratinized gin-
givae contain little or no polysaccharide .
It has been often reported that glycogen is
formed in squamous epithelium affected by
spongiosis or inflammatory edema. As re-
gards the gingival mucosa, Dewar' linked
the presence of glycogen with the rate of
inflammation.
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Fig. 3 . Another aspect of the enzyme deposi-
tion . Note the large unreactive zone at the top
of the picture where hyperkeratosis is present .
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Fig. 4. Crevicular epithelium . Distribution of
phosphorylase in the cells of the stratum spino-
sum ,

Although it seems established that the
breakdown of glycogen provides energy for
cell activity, its functional role upon strati-
fied squamous epithelia remains a question
still open to debate and by no means de-
fined.

The Takeuchi-Kuriaki technique for the
demonstration of tissue phosphorylase is
substantive and reproducible . Since physio-
logically occurring glycogen in living tis-
sues is a branching polysaccharide and it is
stained red-brown by the iodine method,
it appears that the newly-formed polysac-
charide in the gingiva is one of a relatively
low molecular size because of its blue-black
color . Since no special inhibitor (HgC12)
was used for the 1,4 --- > 1,6 transglycosidase,
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Fig. 5 . Rat tongue. Intense enzyme reaction in
the muscle bundles while the epithelium and the
underlying connective tissue are devoid of phos-
phorylase .
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the branching enzyme responsible for the
complete synthesis of glycogen, it is be-
lieved that the dark color in both the gin-
gival specimens and rat tongue represents
a polysaccharide of the amylose type (amy-
lopectin or slightly branched glycogen) .

SUMMARY

Phosphorylase, an enzyme essential for
the synthesis of glycogen from glucose-l-
phosphate, has been demonstrated in human
gingivae . The enzyme was revealed utiliz-
ing the iodine method of Takeuchi and
Kuriaki . Phosphorylase appeared localized
at sites known to contain glycogen nor-
mally . The cell cytoplasm reacted positively
while nuclei were always devoid of enzyme
activity . The gingival mucosa showed some
variability. However, phosphorylase was
generally localized in the stratum spinosum
and often in the parakerarotic horny layer.
The stratum hasale was always negative .

Furthermore, the underlying connective
tissue structures never gave rise to a posi-
tive reactivity.

The tongue mucosa of rats, utilized as
controls, demonstrated a striking reactivity
in the muscular fibers while the epithelial
layers, in contrast to the findings in human
gingivae, were entirely devoid of phos-
phorylase.
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