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Rat thyroid gland tissues, fixed in various fixatives, were stained by means 
of the periodic acid thiocarbohydrazide silver proteinate (PA-TCH-SP) method 
of Thiery and observed at the ultrastructural level. In electron microscopic 
observations, the cell organelles showing positive reactions were the Golgi 
apparatus, subapical granules, reabsorbed colloid droplets, lysosomes of 
follicular epithelial cells and colloid of the follicular lumen. The effect of 
fixatives was compared with respect to the differences in stainability. In each 
tissue fixed either with glutaraldehyde and osmium tetroxide or osmium 
tetroxide, only a trace of the silver reaction product was discernible. One 
hr treatment of TCH was not sufficient for tissues fixed singly with 
either paraformaldehyde or glutaraldehyde, and the stainability was strongly 
intensified by prolongation of TCH immersion, especially in tissues fixed 
only with paraformaldehyde. To intensify the PA-TCH-SP reaction, "proto-
nation" with acetic acid and "etching" using potassium hydroxide were per-
formed on the sections fixed singly in osmium tetroxide or glutaraldehyde, 
respectively. Favorable results were obtained from each treatment. Though 
the PA-TCH-SP method is analogous to the PAS reaction in principle, it seems 
that the reaction is influenced by the kind of fixative and the amount of reactive 
sugar.

   There have been many histological and histochemical reports on the thyroid 

gland. The main discussion points are the synthesis of thyroglobulin, iodination of 
secretory substances, hydrolysis and hormone formation after reabsorption into 
follicular epithelial cells (Wissig 1963, Nadler et al. 1964, Sheldon et al. 1964, Stein 
and Gross 1964, Ibrahim and Budd 1965, van Heyningen 1965, Whur et al. 1969, 
Fujita 1969, Haddad et al. 1971, Fujita 1972, Tamura and Fujita 1978). 

   The secretory pattern of the thyroid gland does not resemble that of other endo-
crine glands in which hormonal substances are directly secreted into the blood. The 
synthesized hormonal substances in epithelial cells of the thyroid gland are first re-
leased and stored in the follicular lumen as colloid. After suitable stimuli, follicular 
cells reabsorb the colloid from the lumen, and the resulting reabsorbed colloid 
droplets are hydrolyzed into hormone by the enzymes contained in the lysosomes 

(Nadler et al. 1962, Wollman et al. 1964, Seljelid 1967). 
   The thyroglobulin molecule is an iodinized glycoprotein, with a molecular 

weight of approximately 660,000 and with approximately 120 tyrosyl residues
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(Heidelberger and Pedersen 1935, Edelhoch 1960, Ingebar and Woeber 1974). 
   When thyroglobulin is hydrolyzed, low molecular iodosubstances, such as mono-

iodotyrosine, diiodotyrosine, triiodothyronine and tetraiodothyronine (thyroxine) 
are produced. The sugars contained in thyroglobulin include glucosamine, 
mannose, fucose, glactose and sialic acid, and whole carbohydrate accounts for ten 

per cent of weight of total glycoproteins (Ingebar and Woeber 1974). 
   A few radioautographic results using radioisotopes such as 125I and 3H have 

already been reported concerning the processes of synthesis, degradation and secre-
tion of hormonal substance (Sheldon et al. 1964, Stein and Gross 1964, Whur et al. 
1969, Fujita 1969, Haddad et al. 1971, Fujita 1972). 

   Recently, specific sugar residues which react specifically with lectins were 
studied in the thyroid gland by light microscopy (Yamada and Shimizu 1977, 1979). 
However, only a few reports are available concerning the fine structural localization 
of glycoproteins in the thyroid gland (van Heyningen 1965, Rambourg et al. 1969, 
Tamura and Fujita 1978). 

   In the present study, glycoprotein localization in the thyroid gland was stained 
by means of the PA-TCH-SP method (Thiery 1967), one of the most excellent 
methods for staining of glycoprotein at the electron microscopic level, with special 
reference to its fine structural localization and the different stainabilities attributable 
to fixatives and treatments employed in this experiment.

MATERIALS AND METHODS

    Wistar rats of both sexes, 4 to 6 weeks old, were used in this experiment. 
   I) Light microscopy : The tissue blocks were fixed in 10% neutralized formalin 

for 20 hr, washed with running water for 12 hr, dehydrated using graded ethanols 
and embedded in paraffin. Sections of 4-6 µm were cut and stained by the PAS 
reaction coupled with counter staining by hematoxylin. 

   II) Electron microscopy: The tissue blocks were fixed in the following fixatives. 

(1) 2 % glutaraldehyde buffered with 0.1 M phosphate buffer (pH 7.4) for 2 hr and 
1 % osmium tetroxide buffered with the same buffer for 1 hr, (2) 4% paraformaldehyde 
buffered with 0.1 M phosphate buffer (pH 7.4) for 20 hr (3) 2% glutaraldehyde 
buffered with 0.1 M phosphate buffer (pH 7.4) for 2 hr and (4) 1 % osmium tetroxide 
buffered with 0.1 M phosphate buffer (pH 7.4) for 1 hr. Each fixation was carried 
out at 4°C. After fixation, all tissues were dehydrated using graded ethanols and 
embedded in Epon by Luft's method. Sections 1 pm-thick were cut and stained 
with 0.1 % toluidine-blue for the orientation. Ultrathin sections were cut with a 
Porter-Blum MT-1 microtome and mounted on copper or gold grids. Sections 
mounted on the copper grid were stained doubly with uranyl acetate and lead 
citrate for general morphological observations. Sections mounted on the gold grid 
were used for PA-TCH-SP staining. According to Thiery's method, PA-TCH-SP 
staining was performed as follows : 1) oxidation with 1 % periodic acid in aqueous 
solution for 30 min, 2) immersion into 1 % thiocarbohydrazide in 20% acetic acid 
for 1 to 24 hr, and 3) incubation with 1 % silver proteinate in aqueous solution in 
complete darkness with agitation for 1 hr. For sections fixed singly in osmium 
tetroxide, "protonation" according to Litman and Barrnett (1972) was carried out. 
The sections were immersed in a 30% acetic acid solution for 15 min. After treat-
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ment with acetic acid solution, sections were stained in the usual way. 
   For some sections fixed in glutaraldehyde, "etching" was performed using a 

70% ethanolic solution which was saturated with potassium hydroxide and diluted 
at ten times for 1-2 min prior to PA-TCH-SP staining (Imai et al. 1968). Control 
sections were stained after omitting one step of the above-mentioned staining pro-
cedures.

RESULTS

I. Light microscopic observations : Thyroid follicles of various sizes were sur-
rounded by connective tissues. Follicular epithelial cells were cuboidal or squamous 
in shape. The apical area of the epithelial cells was PAS positive. Colloid in the 
follicular lumen was shown to be positive for the PAS reaction, with a wide range 
of intensity (Fig. 1). 
II. Electron microscopic observations : 

 A). General morphology. The cuboidal epithelial cell was 6-8 µm in height 
and the squamous cell 3-5 ,um. Nuclei were located at the basal region of the cell. 
Mitochondria were scattered throughout the cytoplasm. Many rough endoplasmic 
reticula were discernible. A well developed Golgi apparatus was located at the 
supranuclear region. Subapical granules with a diameter of 100 to 150 nm, and 
less dense reabsorbed colloid droplets with a diameter of 300 to 600 nm were also 
observed. Lysosomes were found near the Golgi apparatus. The colloid was 
electron lucent, and had a homogenous and amorphous structure (Fig. 2). 

  B). PA-TCH-SP staining 
    a) Normal staining group : After TCH treatment for one hr, no reaction 

products were found in any cell organelles when these tissues were fixed doubly in 
glutaraldehyde and osmium tetroxide. Under direct magnification of 30,000 times, 
only weak staining of the colloidal substance was observed. In the tissues fixed in 

paraformaldehyde or glutaraldehyde alone and immersed in TCH for one hr, reac-
tion products were slightly discernible in the Golgi apparatus, subapical granules, 
luminal colloid, reabsorbed colloid droplets or lysosomes but not in the cisternae 
of the endoplasmic reticulum.

FIG. 1. Light photomicrograph of a rat thyroid gland stained by the PAS reaction. Follicular 
 epithelial cells (FC) are cuboidal or columnar in shape. Colloid (C) in follicles show positive 

  reactions of various intensities. Formalin fixation. x 400 
FIG. 2. Electron photomicrograph of part of a follicular epithelial cell. The epithelial cell has 

 microvilli (MV) on the luminal surface and well developed rough surfaced endoplasmic reticulum 
 are discernible throughout the cytoplasm. Golgi apparatus (GA), lysosomes (L), subapical 

 granules (AG) and nucleus (N) are also observed. 
   Doubly fixed in glutaraldehyde and osmium tetroxide and doubly stained with uranyl acetate 

  and lead citrate. x 16,000 
FIG. 3. Apical region of a follicular cell. A subapical granule (AG), lysosome (L) and Golgi ap-

  paratus (GA) are clearly positive. The Golgi apparatus shows a strongly positive reaction on its 
  trans side and a weak positive reaction in its cis side. 

    Glutaraldehyde fixation, TCH treatment 24 hr. x 15,000 
FIG. 4. A higher magnification of the Golgi apparatus. The Golgi vesicles (GV) are well stained, 

  but the forming face of saccules (GS) are not so intense. 
    Glutaraldehyde fixation, TCH treatment 24 hr, x 40,000
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   However, by longer treatment with TCH (24 hr) (Figs. 3 and 4), the density 
of the reaction products in similar organelles, particularly in those tissues fixed in 
paraformaldehyde (Figs. 5 and 6), was strongly intensified. Since the Golgi ap-
paratus was strongly stained, saccules were clearly visible (Fig. 4). Metallic silver 
was homogenously and densely scattered throughout the lumen (Figs. 3, 4, 5 and 6). 

   b) Pretreatment groups : The sections fixed in osmium tetroxide alone with 

protonation showed more intense stainability than the normal staining group (Fig. 7). 
Preservation of the membranous structure was satisfactory, but silver particles be-
came larger in size and coarser in texture. 

   From the sections singly fixed in glutaraldehyde and etched by potassium 
hydroxide, more conspicuous staining was detected in the same organelles and 
luminal colloid, although the stainability was weaker than in the group with longer 
treatment by TCH (Fig. 8). 

   Double fixation of glutaraldehyde and osmium tetroxide was the best for pres-
ervation of the ultrastructure. Single fixation in osmium tetroxide was next and 
single fixation in glutaraldehyde or paraformaldehyde was third. 

   With respect to the intensity of staining, however, paraformaldehyde fixation 
showed the strongest reaction, and glutaraldehyde was next. Tissues fixed in osmium 
tetroxide singly or in combination with glutaraldehyde and osmium tetroxide showed 
the weakest reactions. 

    c) Control group: In the control sections for which one step of the staining 
procedure was omitted, no silver particles were detected in any cell organelles or 
luminal colloid.

DISCUSSION

   The PA-TCH-SP staining method of Thiery is one of the reliable staining 

methods for the localization of carbohydrates contained in glycoprotein at the 
electron microscopic level. The results of staining by this method were more 

satisfactory than those from other techniques from the viewpoint of easy handling, 

specificity of reaction, the fineness of reaction products and reproducibility. 
    In the present study, this method was used to observe the localization of glyco-

proteins contained in the thyroid gland with special reference to the different stain-
abilities attributable to fixatives and treatment employed in these experiments.

FIG. 5. Apical area of an epithelial cell. Many subapical granules (AG) and lysosomes (L) are 
 clearly stained. In the lysosomes, reaction products are mainly confined to the peripheral region. 

   Paraformaldehyde fixation, TCH treatment 24 hr. x 23,000 
FIG. 6. Lysosomes (L) and subapical granules (AG) are positively stained at the lower central portion 

  (arrowhead), it is assumed that reabsorbed colloid droplets and lysosomes have fused. 
   Paraformaldehyde fixation, TCH treatment 24 hr. X 23,000 

FIG. 7. Electron photomicrograph of a follicular cell fixed in osmium tetroxide and pretreated with 
 acetic acid for protonation. In the reabsorbed colloid droplet (RD) and subapical granules, silver 

  particles became larger in size and coarser in texture. 
    Osmium tetroxide fixation, acetic acid treatment for 1 hr. TCH treatment for 1 hr. x 36,000 

FIG. 8. Electron photomicrograph of an etched section. Golgi apparatus (GA), lysosome (L), sub-
  apical granules (AG) and colloid (C) show strongly positive reactions. 

    Glutaraldehyde fixation, etching for 2 min with ethanolic solution of potassium hydroxide and 
  TCH treatment for 1 hr. x 17,000
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    In the thyroid gland, the protein components of thyroglobulin are synthesized 
in the rough surfaced endoplasmic reticulum and conveyed to the Golgi apparatus. 
In the sugar chains of glycoprotein, the nearest sites of protein are occuppied by 
mannose or glucosamine, the intermediate locations are occuppied by galactosamine, 

galactose or glucose; and the terminal portions by sialic acid or fucose (Sandoz and 
Roland, 1976) . In the thyroid gland, it has been said that carbohydrates such as 

galactose and fucose are bound to thyroglobulin on the Golgi apparatus, while 
mannose is incorporated in the endpolasmic reticulum. 

    In this experiment, the cell components showing positive reactions were the 
Golgi apparatus, subapical granules, luminal colloid, reabsorbed colloid droplets 
and lysosomes. However, the cisternal space of the endoplasmic reticulum was not 
positive for the reaction in spite of the cytochemical and radioautographic evidence 
that the endoplasmic reticulum is a binding site of mannose (Whur et al. 1969, Had-
dad et al. 1971, Sandoz and Roland 1976, Tamura and Fujita 1978). 

    The contents of mature subapical secretory granules, which are glycoproteins 
in nature, are released into the colloidal lumen and stored there. After stimuli, 
the luminal colloid is taken into the follicular epithelium by phagocytosis or pinocy-
tosis (Nadler et al. 1962, Seljelid 1967, Fujita 1969, 1972). The colloidal droplets 
are hydrolyzed by enzymes contained in the lysosomes. The resulting hydrolytic 
products of thyroglobulin are amino acids, monoidotyrosine, diiodotyrosine, triiodo-
thyronine, tetraiodothyronine (thyroxine) and globulin. Triiodothyronine and 
thyroxine are secreted into the tissue fluid. The positive reaction in these cell organ-
elles coincided with the route of synthesis, condensation, storage, release and 
reabsorption of thyroglobulin. 

    Some regions such as the colloid of the thyroid gland, basement membrane of 
the kidney glomeruli, posterior limiting membrane of the cornea, and zona pellucida 
of the ovarian follicle did not show positive reactions after fixation with osmium 
tetroxide or short term immersion in TCH even after single fixation in glutaraldehyde 
or paraformaldehyde (Tsuyama et al. 1979). Concerning this point, this method 
showed a somewhat different stainability from that of the PAS reaction in spite of 
similar reaction in principle. Glycoproteins in the thyroid tissue were not stained 
after one hr immersion in TCH. The reasons for this negative result appear to 
be as follows. One is the blocking of the hydrogen-bond of vicinal glycol by osmium 
molecules and the other is the absolute amount of sugars existing in such regions. 
There are various hypotheses concerning the effect of osmium tetroxide on osmifi-
cated tissue (Litman and Barrnett 1972, Simson 1977). Litman and Barrnett 
assumed that the osmium molecule is linked with the hydrogen bonding of carbo-
hydrates and thus weakens the PA-TCH-SP staining, and "protonation" at a low 

pH makes it possible to liberate the osmium molecule from the linked carbohydrate. 
Simson said in her article on rat salivary glands that postosmication is generally 
unsuitable for cytochemical study of carbohydrate-containing macromolecules as 
it apparently destroys or solubilizes some carbohydrate-containing cellular con-
stituents. When the thyroid tissue section was treated with acetic acid solution, 
the stainability by the PA-TCH-SP method was somewhat intensified. However, 
silver particles became larger in size and coarser in texture. 

   To expose more reactive sugar embedded in the Epon, etching by potassium 
hydroxide was carried on the tissue sections. After etching, more conspicuous
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staining was observed in the thyroid follicular cells. This protonation and etching 
verified the above-mentioned hypotheses and resulted in a more intense reaction.
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