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PREFACE

The Incentive for this study was a universal lack of knowledge
about the human thyroid C cells. My plans were conceived in 19G8 when
few micro-anatomical details were available on the human C cell.
Histological texts which mentioned C cells or 'parafollicular' cells,
as they were then commonly known, quoted information from observations
on non-human animals. These strengthened ny resolve to study human
tissue. Trials on non-human tissue and some cytochemical experience
was needed to realise these aims. My interests therefore widened to
embrace a number of cytochemical reactions to which a large portion of

this dissertation is now devoted.

Investigations on thyroid C cells by other workers were numerous
during 1969-1971 when | undertook the present work. This is reflected
in four international symposia that took place on calcitonin and C cells
during this time. Papers contained in the proceedings of the symposia
initially stimulated ny endeavours but then dampened pfrorts to carry
the study to a conclusion as several reports on human C cells appeared.
The dissertation is therefore long overdue. This is also shown in
the methods which | have employed in the study. They wore new in the

literature a few years ago but are now established for diagnostic purposes

in pathology.

W.E.W.R.

September 1976
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ABSTRACT

A cytochemical analysis was undertaken of C cells of thyroid
glands obtained from sixteen young oogs and five human still-born

neonates.

Tissues were fixed in selective liquid fixatives (Nelly's, Carnoy s,
glutaraldehyde-picric-acetic acid, glutaraldehyde-potassium dichromate-
sodium sulphate and formol-saline) or fixed in formalin vapour after
freeze drying. Cryostat sections and some of the above fixatives were

used for enzyme demonstration.

Simple and conjugated proteins in the cytoplasm of canine C cells
were studied by numerous cytochemical reactions. Acetylatiun, methylation,
benzoylation, nitrosation, acid hydrolysis and aldehyde blockade as well
as enzyme hydrolysis were employed to evaluate the aldehyde fuchsin,
colloidal iron, toluidine blue and periodic acid-Schiff staining reactions

in canine C cells.

I have confirmed that the cytoplasm of canine C cells contains an
abundance of acidic protein groups which are due to side-chain carboxyls.
Mild acid hydrolysis, amongst other reactions, may result in peptide
hydrolysis at the aspartyl group, which hydrolysis contributes to the
anionic charge in the C cell cytoplasm. Basic proteins are not readily
stained in the canine C cell. Bisulphide groups are numerous and their

oxidation adds to the negative charge of the C cell cytoplasm.

I found that the positive aldehyde fuchsin and colloidal iron
reactions are not attributaole to mucosubstances such as sulphomucms,

sialomucins or acidic mucopolysaccharides, but seem to be imparted by an
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acidic protein unconjugated to polysaccharide. A positive aldehyde
fuchsin reaction probably depends on both disulphidc and carboxyl

groups within C cells. A positive colloidal iron reaction in canine C
cells requires the presence of carboxyl groups but an increased number of

these groups does not enhance the staining reaction.

The conditions required generally for silver binding and more
specifically for the Grimelius silver impregnation in canine C cells

were evaluated by oxidation and various other cytochemical procecures.

I found that the argyrophilia of thyroid C colls depends upon an
exogenous reducing agent and upon pH, optimal impregnation occurring at
a slightly acid pH. Oxidation preceding silver impregnation by the
Grimelius method, reduces the affinity of structures in the cell for
silver nitrate. Indirect evidence supports the view that argyrophilia
in the C cells depends upon disulphide groups. It is suggested that
silver nitrate and disulphide groups react in C cells to form silver

nercaptide which produces the argyrophilia.

The presence of C cel s was demonstrated in human neonates by means
of cytochemical methods known to demonstrate C cells in dogs. C cells
were found predominantly in the posterior region and upper pole of both
lobes where they were found scattered in clusters of six to eight cells
per high power field Two morphological forms of normal human C cells

were observed - an ovoid cell and one with cytoplasmic processes.

By demonstrating oxidative enzymes and masked metachromasia, three

categories of epithelial cells have been shown in the neonatal thyroid



gland : A (follicuiar), C and AC (intermediate) cells. The latter
may be homologous with the oxyphil cells observed in normal and

pathological adult thyroid glands.

The clinical applications in which | have useo the results of the

above studies are outlined in the last section of the dissertation.
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1. INTRODUCTION

11 Discovery of the hormone, calcitonin, and its organ 01 origin
In 1959 Sancerson and ids colleagues “anderson et _al_., 1960) undertook
a series of experiments which heralded the announcement of a new hormone
that participates in the homeostasis of serum calcium in mammals. They
showed that dogs which had undergone thyro-parathyroidectomy were unable
to handle an Intravenous calcium load in the same manner as normal dogs.
Serum calcium in the operated dogs, which received an infusion of calcium,
attained higher levels compared with those in unoperated dogs and failed
to return to normal after 24 hours. This hypercaicaemia was thought to
be the result of the loss of a controlling facto * surmised to arise from
the excised thyndd-parathyroid complex.

Independent studies by Copp et al. (1961) which were also based on
the extirpation of the thyroid-parathyroid complex from the dog, led to
similar conclusions. They postulated that a hypocalcaemic principle,
designated ‘'calcitonin’' (a contraction of ‘calcium' and ‘tone’') was
produced by this complex and, more specifically, suggested that it
arose from the parathyroid glands. Support for the view that calcitonin
arose from the parathyroid gland was marshalled by these workers from the
observations that (1) parathyroid extracts administered to animals,
produced hypocalcaemia (Copp et al., 1962) and (2) venous 'effluent' of
perf sed thyroid-parathyroid complex in sheep and dogs induced
hypocalcaemia in experimental animals (Copp and Henze, 1964).

Copp's conclusions were by no means incontrovertible. His parathyroid
extract was perhaps contan, lated with thyroid tissue and the viability of
the parathyroid glands in his perfusion experiments may have been
questionable. In addition Hirsch et al. (1963) showed, by a different

set of experiments in the rat, that the thyroid also contained a



hypoca'caemic principle. To distinguish this from Copp's calcitonin
(of parathyroid origin), they named their principle 'thyrocalcitomn’.
Hirsch et al. (1964) furthermore showed that a hypocalcaemic factor
could be extracted from bovine thyroids but not from the parathyroid or
thymus an' also that this factor was a polypeptide.

The distinction between parathyroid 'calcitonin' and thyroid
ethyro-calcitonin' was resolved by perfusion experiments in goats conducted
by Foster et al. (1964a). In this animal, prrfusion of the parathyroid
gland alone is possible, because it is separate from the thyroid gland,
unlike the situation in the dog which was used by Copp. High ionic
calcium perfusion of the parathyroid-thyroid complex and then of the
parathyroid gland separately, left no doubt that the hypoculcaennc activity
arose fron the thyroid and not from the parathyroid gland. Extraction and
partial purification of the porcine hypocalcaemic factor from parathyroid-
free thyroid glands was r ported by the same group of workers (Baghdiantz
et al., 1:34). Accumulated experimental work reported at two international
symposia, (Taylor, 1968, 1970) indicated that the parathyroids have little
or no hypocalcaemic activity. Thus in their important pioneering work,
Copp et al. erred in their conclusions as to the organ of origin of this

hormone.

1.2 Cellular source of calcitonin
The biochemical analyses and chemical purification of calcitonin
(Tencnhouse et al., 1965, Potts et al., 1967) proceeded concurrently
with the investigation of cells which, within the thyroid, could be
related to the production of this hormone Foster et_aj_. (1964b) were
the first to suggest that calcitonin arose from a specific group of

cells within the thyroid gland and termed these 'mitcchondrion-rich



colls (subsequently called C cells by Pearsc in 1966) as distinct from
the follicular cells which were 'mitochondrion-poor'. Their reasoning
was based on observations that the former cells had morphological and
cytochemical characteristics which were different from those of follicular
cells. In the dog these cells contained argyrophilic granules within
their cytoplasm and had a high content of cytoplasmic hydrolases (alkaline
phosphatase and alpha-glyceropi.osphate dehydrogenase Ca-GPDtU). Such
cellular features were not present in follicular cells. In addition
quantitative changes of argyrophilic granules and hydrolases could be
produced by systemic infusions of high ionic concentrations of calcium
(Pearse, 1966; Matsuzawa and Kurosumi, 1967). Argyrophilic granules
decrease in numbers following infusions and this was thought to be the
result of their release into the systemic circulation.

The foregoing investigations provided indirect evidence that
calcitonin could be a cellular product which arose from a separate set
of cells within the thyroid gland of mammals. Corroborative evidence
from man strengthened this hypothesis. Calcitonin was readily extracted
from a tumour which, from histopathological features described by
Williams (1966), was thought to arise from C cells of the thyroid gland
(Riniker et alm, 1968). This calcitonin provided a means for more direct
evidence that the cellular origin of this hormone was the C cell.
Antibodies against calcitonin could now be raised in experimental animals
for use in the immuno-fluorescent antibody technique. By this method
Bussolati and Pearsc (1967) showed that antibodies against rjlcitonin
were localized to the cytoplasm of C cells in the thyroid gland of dogs.
No follicular cells showed any fluorescence. Subsequently the
ultrastructural localization of peroxidase-labelled antibody against

calcitonin revealed that the antigenic sites of calcitonin were



localized on the secretory granules and the cisternae of the rough
endoplasmic reticulum of C cells in the dog (Kalina and Pearse, 1971).
Good direct evidence was thereby provided that the C cell of the thyroid

was the cellular source of calcitonin.

1.3 Biochemi stry of calcitonin and cytochemistry of C cells
Consideration of the biochemical properties of the product secre -d by
the C cell and of the cytochemical properties of the same cell are
relevant to each other in as far as native calcUonin and C cells can
be analyzed by the same chemical procedures. These procedures are
adapted for analysis of different forms of the same substance, that is,
of the native protein by the biochemist and of the processed form in
tissue by the cytochemist. Results that are obtaineo from biochemical
analysis of purified calcitonin and those obtained by cytochemical
analyses are not necessarily comparable. Nevertheless, chemical
oroperties of calcitonin may be used to assist in the interpretation of

cytochemical observations.

1.3.1 Biochemistry of calcitonin

As no analysis of amino acid sequence is available for canine calcitonin,
porcine calcitonin and its biological properties were chosen as a reference
model in this cytochemical study. It cannot be assumed that porcine and
canine calcitonin are identical; however, its polypeptide nature and
those biochemical properties common to all mammalian calcitonins can be
assumed to apply to canine calcitonin.

Porcine calcitonin is an acidic polypeptide which is constituted
by 32 amino acids (Fig. 1) and has a pi (pH at the isoelectric point) of
4,8 (Kutsky, 1973). The proportion of charged amino acids relative to

the total number of amino acids is small (Potts et alm, 1968).
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Fig. 1 - Ammo acid sequence of calcitonin; the C-tc.minal amino acid
is proVne-amide. Symbols A,Q ,Q, indicate a different amino
acid at each point indicated.

Based on 1) Brewer et al.(1968a)
2) Brewer (1970)
3) Riniker et al.(1968)



Calcitonin is readily soluble in aqueous solutions and the solubility
is unaltered by denaturing (Potts et al., 1968). The molecular weight
of the polypeptide is 3604 Daltons.

Some of the properties of the constituent amino acids within the
calcitonin molecule are unique to this hormone whereas others conform
to a pattern of properties coomon to other polypeptide hormones (insulin,
glucagon, vasopressin and oxytocin). There is an intra-chain disulphide
bridge between amino acids 1 and 7 but no inter-chain disulphice bridge
(Brewer et al., 1968b). The polypeptides insulin and vasopressin also
contain intra-chain disulphide bridges. The disulphide of calcitonin
fails to react with p-mercuribenzoate (Brewer et al., 1968b), a reagent
used in cytochemistry for the detection of disulphide groups. However,
on chromatograms, the nitroprusside-cyanide reaction for disulphides is
weakly positive (Rittel et al., 1968). The other sulphur containing
amino acid, methionine, which is in the 25 position, can be oxidized to
sulfoxide or alkylated to the carboxyl methylsulfonium salt (Brewer et al.,
1968b). All these chemical properties are of application to cytochunical
procedures.

There is ready solvent accessibility of tyrosine, tryptophan and
methionine in calcitonin (Brewer et al., 1968a). This propcrt; is also
observed in glucagon (Bromer et al., 1957). Solvent accessibilt, is not,
as is usually the case with proteins, dependent on dcnaturation. Besides
oxidative and sonic dcnaturation, calcitonin can, for further analysis,
be split iito subunits of poly-amino acids by enzyme and chemical cleavage.
Tryptic digestion splits calcitonin into three peptides; prior oxidation
of calcitonin with performic acid may hasten this digestion (Potts et_ aj. ,
1568). Cyanogen bromide produces a cleavage of amide link 25-26

(Potts et al., 1968) and acid hydrolysis yields multiple peptide



fractions (Brower ot al., 1968a). In addition acid hydrolysis converts
asparagine to aspartic acid and glutamine to glutamic acid (Brewer et al.,
1968a). Subunits of calcitonin which result frcm the above fractionation
methods can be colorimetrically assessed. Thus the ninhydrin reaction
for amine,, on chromatograms of peptide fractions, is weakly positive
(Khar', et al., 1968) and dansyl chloride readily attaches to tryptic
subfractions (Bell et al., 1968). These latter biochemical procedures
are also used in cytochemistry and can be applied in the cytochemical
analysis of C cells (see section 3.4).

The terminal amino acid of the polypeptide chain of calcitonin is
a proline-amide at the carboxyl terminal (C-terminal) (Bell et al., 1968)
and a cystine group at the alpha-amino terminal (Brewer et al., 1968).
Calcitonin is not conjugated to any lipids or amino sugars at either

terminal amino acid or at any intra-chain group of amino acids.

1.3.2 Cytochemistry of C cells
In contrast to the above definitive and detailed observations on native
calcitonin, one notes from the literature, that cytochemical investigations
of the C cell were empirical prior to 1964. Thereafter biochemical data,
which became available, to some extent orientated cytochemical studies.
These biochemical data were also used to re-interpret those empirical
observations made prior to the discovery of calcitonin. Ludwig (1954),
Sandritter ft al. (1956) and Gabe (1959, 1961) had undertaken such
empirical analyses. They provided limited information about the lipid,
carbohydrate and protein content of these cells. Following the discovery
of calcitonin, the C cells were investigated further by Foster et ah
(1964b), Pearse (1966, 1968b, 1969a, 1969b), Solcia and Sampietro (1968),

Lietz and Donath (1970) and Hakanson et al. (1972) who directed their



attention to cellular enzymes, catecholamine uptake, protein cytochemistry
and the electron microscopy of this cell. Pertinent is that the
structural (amino acid) analysis of calcitonin was made available late

in 1968 by Potts et al. (1968). This knowledge added some support to
the deductions that had been made concerning the chemical groups, for
example carboxyl groups, that were postulated by Solcia and .>ampietro
(1968) and Pearse (1969b) to be involved in certain staining reactions of
the C cell.

A number of amino acids in the C cells are amenable to cytochemical
analysis, especially those amino acids which are accessible to solvents
(see above). These analyses are often the subject of disagreement «nd
In some instances the nature of the reactive groups wh'ch are respo *ible
for a colour reaction is disputed. This is illustra+nd by investigations
on phenols and residues of aromatic amino acids in the C cell. Sandritter
et al. (1956) observed that the post-coupled tetrazonium reaction for
tryptophan was positive in dog C cells and the maxima of curves of spectro-
photometric absorption in the C cell were t*ose for tyrosine and tryptophan.
However, Pearse (1966), using Adam's tryptophan reaction and the
diazotization-coupling method for tyrosine, could not show detectable
amounts of these amino acids in C cells of dogs. In addition, the
diazonium-salt coupling for tyrosine was not positive in canine C cells
(Solcia and Sampietro, 1968). These results from different workers are
at variance and provide a field for further investigation. Collateral
ev dencc for one or other observation could perhaps be found to settle
the ibove contentious points.

After oxidation of tissues with peracetic or performic acid,
aldehyde fuchsin is known to stain structures with a high cystine content,

for example the beta cells of the pancreas (Scott and Clayton, 1953),



keratin and thyrotrophin-producing cells of the pituitary (Purves and
Gricsbach, 1957). The positive aldehyde fuchsin reaction given by C
cells of the thyroid and beta cells of the pancreas is thought to be due
to the disulphide (cystine) bonds of the polypeptide hormones synthesized
in these cells (Lietz and Donath, 1970). There is good evidence that
the staining of the beta cell by aldehyde fuchsin is due to the insulin
molecule (Kvistberg eValL , 1966): these workers showed that aldehyde
fuchsin selectively stained oxidized insulin which was held fixed in
polyacrylamide gel. However, this evidence is no proof that cystine
mis the reactive group. Other work suggests that carboxyl groups
(Ortman et al., 1965) and enamines (Mander et alm. 1968) mediate the
attachment of this dye.

In view of these diverse opinions of the reactive group, the C
cell could provide an additional model of study for the aldehyde fuchsin
reaction. Suitable modifications, chemically induced, prior to staining
the C cell with aldehyde fuchsin may help to elucidate the problem of
which cytcchemically “active groups yield positive staining.

Salts of the heavy metal lead, iron, tungsten and silver are used
for staining reactions which, in C cells, bring out tinctoral features
different from those seen in follicular cells. Gabe (1959, 1961) employed
the standard colloidal iron stain to study canine and reptilian C cells.
The-e gave a positive Prussian blue reaction which indicates the binding
S1*es of colloidal iron and is believed to signify the presence of acidic
mucopolysaccharides or conjugated glycoprotein (Pearse, 1951). Sousa
and Carvalheira (1969) supported this view and postulated that C cells
have a high content of acidic mucopolysaccharide. They were opposed in
this interpretation by Lietz and Donath (1970) who preferred the hypothesis

that reactive groups of the acidic polypeptide (calcitonin) were responsible
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for a positive reaction. It should be possible to resolve these
differences by suitable cytochomical manipulations particularly if
carbohydrates could be excluded as participant groups in this staining
reaction.

As indicated previously, C cells contain argyrophilic granules.
These were first observed b> Nonidez (1932) who used the Cajal silver
Impregnation method for an investigation on the innervation of the
thyroid gland in dogs. Argyrophilia of the granules war confirmed and
also demonstrated with the Cros-Schultze (Sandritter and Klein, 1954),
Bodian-type (Kamoda, 1968) and Grimelius silver (Solcia et al., 1970)
Impregnation methods. The reason for selective attachment of silver
to secretory granules of these endocrine colls is not clear. In vitro
studies on samples of calcitonin, phospholipids and complex cat bohydiates
failed to indicate what intracellular biochemical substances within
the cell, are responsible for silver binding. All these substances
failed to react with silver (Solcia, personal communication, 1971).

A general cytochemical study of C cells is incomplete without an
evaluation of their carbohydrate content. Sandri tter ct al . (1956)
comment that ‘transitional forms' of C cells in the dog give a positive
periodic acid-Schiff (PAS) reaction. They provide no further explanation
for their terminology of ‘transitional forms' and do not elaborate on this
observation. C cells of reptiles and amphibians (Gabe.1961) and the cat
(Sousa and Carvalheira, 1969) contain a cytoplasmic component that gives
a positive PAS reaction, whereas a negative reaction is observed vi the
C cells of rats (Stux et al., 1961) and pigs (Carvalheira and Pearse, 1967).
Interpretations of a positive PAS reaction in C cells have been various.
Pearse (1966) states that it indicates a small amount of carbohydrate

which is not glycogen whereas Sousa and Carvalheira (1969) attribute this
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result to acidic mucopolysaccharides. Certainly other staining
reactions used to demonstrate acidic mucopolysaccharides, for example
toluidine blue metachromasia and the colloidal iron reaction, give a
positive reaction in C cells but no evidence for the groups responsible
for the PAS eaction is thereby provideri

One draws the conclusion that the cytochcmical characteristics of
the thyroid C cell have n numerous occasions been the subject of
disagreement. Indeed new knowledge of the biochemistry of the synthetic
product from C cells has not altered such disagreement. A further *tudy,
taking cognizance of the function of the C cell as a unit producing
acidic protein may elucidate some cytochcmical observations of proteins
that have been made in the past. The C cell therefore warrants further

cytochcmical study.

1.4 The human C cell

The microanatomy, distribution and cytochemistry of C cells in the human
gland, in contrast to the microanatomy and cytochemistry of C cells in
other animals, was unknown at the time that this investigation was
commenced (1970). Minimal information on human C cells was available.
There are several reasons for this.

(1) Studies of normal human thyroid glands in the past had been fairly
exhaustive and re-examination of normal tissue was deemed
unnecessary. Indeed the C cells cannot be identified if thyroid
sections are stained with routine stains such as hacmatoxylin anu
eosin (Braunstein and Stephens, 1968). Specialized stains are
required to reveal their presence amongst follicular cells.

(2) In the past (1881-1964) differei ns in opinion over the nomenclature

oi cells constituting the mammalian thyroid-parathyroid complex were
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apparent. The C cell was consequently not identified as a separate
entity by all investigators. Ludwig (1954) for instance, disclaimed
their existence in the thyroid gland of the rat and dog.

(3) The exact function of C cells in animals was unknown prior to 1964
and no impetus could be found to investigate thesJ cells in human
thyroid glands.

(4) The existence of a pathological form of follicular cell (oxyphil
cell) within human a thyroid glands produced speculation about
the kinship oi this cell V 'he non-human C cell in the thyroid
gland (Arvy, 1971, Beskid and Kcbuszewska-Faryna, 1972). An
inconsistent nomenclature and the poorly understood pathological
form of human follicular cell clouded the study of C cells in

human glands.

The points of difference between human oxyphil and human C cells
have been reviewed (Roedigcr, 1975 - see Section 5.2). Inese two cell
types have several cytochemical characteristics in common, yet other
features make it possible to differentiate them fiurn each other (Table XVII).
The nomenclature employed for these cells in man and mammals, has been
tabulated (Table 1) in order to facilitate correct usage and avoid
confusion of terminology and cell types.

As far as | am aware, the demonstration of C cells in the thyroid
of normal adults was first reported by Sandrittcr and Klein (1954). They
studied 12 normal human thyroid glands by means or silver impregnation
methods and commented on the small number of cells which they found in a
few1 glands. Fourteen years later Beskid and Rosciszewska (1968) searched
for C cells in normal human adults using those methods employed by
Foster et al. (1964b) to identify C cells in dogs. Theydid not

convincingly demonstrate C cells in normal human thyroid glands.



TABLE | - Terminology applied to C and oxyphil cells of the thyroid
— - (in chronological order of first usage)

r rf.ll Oxyphil cell

Parenchymatous cell (Baber, 1876) Askanazy cell (Askanazy. 1898)

Protoplasmreiche Zelle (HUrthle. 1894) 'Hiirthle cell' (Euing, 1919

Ovoid cell (Densley, 1914) Oxyphil cell (Eisenbcrg 'd
Interfollicular epithelium cell Wallerstein, 1932)

1
(Takagi, 1922) Oncocyte (Hamper!, 1937)

Hltochondria-poor cell (Seecof, 1924) Eosinophilic cell (Roth et_al..,
Parafollicular cell (Nonidez, 1932) 1962)
Macrothyrocyte (Zechel, 1933)

Gray cell (Godwin, 1937)

Neurohormonal-cel 1 (Sunder-Plassman,

1939)

Giant-light cell (Altman, 1940)

Helle Zelle (Feyrter, 1946)

Argyrophil cell (Sandritter, 1954)
Replacement or chromophil cell

(Dejardin, 1955)

Light cell (Stux et al., 1961)
Mitochondrion-rich cell (Foster

et al., 1964b)

C cell (Pearse, 196b)
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However, their presence in man was proved by Kalina et al. (1970) who
demonstrated them by means of fluorescent antibodies to calcitonin.

Further searches for C cells in human adults have been made in
pathological thyriid glands. Solcia et al. (1970) noted argyrophilic
cells situated posteriorly in thyroids removed for carcinoma. Braunstein
and Stephens (1968), in their electron micrographs of goitrous thyroid
glands noted two cells which they thought were C cells because of the
presence of granules. In another electron Microscopic study leitelbaum
et al. (1971) showed several C cells in a normal portion of an adenomatous
thyroid gland. These cells contained a higher concentration of cytoplasmic
granules than those observed by Braunstein and Stephens (1968).

One concludes from the above that human C cells are few and difficult
to define in the mass of follicular cells in the t . Normal human
thyroid tissues had not been re-examined and the observations in goitrous
glands arc hampered by distortions of pathological processes. A systematic

investigation of C cells in normal human thyroids remained to be undertaken.
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2. AIMS AND PURPOSE OF THIS STUDY

2.1 Protein cytochemistry
From the foregoing appraisal it is evident that calcitonin is a simple
polypeptide which is unconjugated to carbohydrates. In the cell the
hormone is retained within the cytoplasm after conventional methods of
fixation. My aim was to establish whether the known staining reactions
of canine C cells were due to simple proteins (polypeptides) or conjugated
protein, mainly glycoprotein (proteoglycans). This study was undertaken as
an extension to the cytochemical observations already published by others.
During the analyses strongly positive aldehyde fuchsin and colloidal
iron reactions were found in canine C cells. Mindful of the original aim
| then also wished to establish the reactive groups mediating aldehyde
fuchsin and colloidal iron staining. For this purpose several Blocking
and modifying procedures together with enzyme hydrolysis were used to analyse
the aldehyde fuchsin, colloidal iron, PAS and toluidine blue metachromasia
of canine C cells. In this way | hoped to use the alteration of the reactive
groups which mediate staining of the latter two stains in a comparison of

the results of the aldehyde fuchsin and colloidal iron staining reactions.

2.2 Silver binding in C cells
A renewed interest has been shown in the nature of silver binding in
tissues (Velican and Velican, 1972, Swift, 1973). The argyrophilia
of keratin, neurofibrils and connective tissue was reconsidered in
these studies but the argyrophilia of C cells was not analyzed by these
authors. Generally, cytologists have been reluctant to ascribe
cytochemical specificity to any silver impregnation method because

(1) minor changes in methodology of impregnation result in loss of



affinity of tissue structures for silver; (2) different impregnation
methods produce the same results; and (3) complete reproducibility
is not always achieved with certain methods. Such problems are not

the subject of the present investigation. Rather a cytochemical

assessment of silver binding is undertaken in conjunction with the results
of protein cytochemistry obtained in the preceding analysis to determine

the tissue groups participating in silver binding in dog C cells.

2.3 C cells in the human thyroid
There is now sufficient evidence to indicate that C cells occur within the
thyroid gland of man. Nevertheless, when this study commenced, a paucity
of information on the numbers, distribution and staining reactions of
C cells was apparent from the literature. The aim therefore was to
identify these cells in normal human glands and to stud) their distribution
within the thyroid. For this purpose the results and experience gained
by the preceding investigation (Sections 2.1 and 2.2) were used. Selected
staining reactions from studies conducted by previous workers in non-humans,
were chosen to demonstrate human C cells.

A further purpose would be served by studying the distribution of
human C cells. Knowledge of their distribution would enable one to
predict in which areas within the thyroid gland, carcinoma of C cells
could potentially arise. This in turn might assist the surgeon in
removing the total C cell bearing area of the thyroid gland in order

to effect a cure of multifocal C cell carcinoma.



3. PROTEIN CYTOCHEMISTRY OF CANINE C CELLS

3.1 Introduction
There are several limiting factors to contend with in a study of
reactive groups of proteins in fixed tissue.

The distinction between simple proteins (polypeptides) and
conjugated proteins (lipo-, muco- or glyco-protein)is not easily made
within a cell by means of cytochemical analysis. All components of
mammalian cells are complex 1ipid-protein-carbohydrate structures.
Furthermore the differentiation of structural proteins from synthetic
proteins may be difficult unless the latter are contained within defined
granules the case in C cells. Despite these difficulties it is
preferable, in a cytochemical analysis, to separate proteins into groups
simple proteins, glycoproteins and lipoproteins. This division has
been adhered to in the following sections.

Immunocytochemical studies with the electron microscope have
confirmed the presence of immunoreactive groups of calcitonin in the
secretory granules and rough endoplasmic reticulum of canine C cells
(Kalina and Pearse, 1971). Therefore it may be possible that a diffuse
stain and its granular accentuations could indicate components of the
synthetic product of the cell. This assumption is upheld in this study
but for proof, cytochemical techniques will ultimately have to be
performed at an electron microscopic level.

The colorimetric determination of protein groups was initially
employed in analytical chemistry, especially chromatography (Hamilton,
1960, Neurath, 1963); many of these methods have been modified for use
In cytochemistry. In these methods protein groups and their side chains

may react as polar residues (ionic binding)(Table Il) or react through
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covalent binding or by means of other, non-covalent, bonds (hydrogen
bonds or hydrophobic bonds). In the following analysis of the reactive

groups of simple proteins, the reactive groups are arranged according to

their pK value. In later sections consideration is given to conjugated
proteins.
3.2 Material

Thyroid glands of dogs, as young as possible, were employed for cytochemical
study. The sex of the animals, though noted, did not influence the choice
of material ?2s much as their age did. Young mammals (ox and sheep) have a
higher level of calcitonin in the circulation than older animals (Hackeng
and Schopman, 1971). This could be a reflection of a greater cellular
metabolic activity in young animals. This feature would facilitate both
the detection of C cells and demonstration of their cytochemical reactive
groups. InJeed C cells were found more readily and in greater numbers in
a preliminary study of glands of two young dogs (* 6 to 8 weeks old) than
in the glands of two older animals (at least 6 to 8 years old). This
discrepancy could be the result of atrophy cf C cells with age. In
addition, the thyroid gland in young dogs is smaller and the areas in the
gland in which C cells are concentrated are therefore easier to find.

A variable in the dogs chosen was their nutritional state - a
low protein and calcium intake presumably affects the function of C cells.
Moderate malnutrition was sometimes corrected (see Table IIl) in the
animals used though gross disease (worm infestation, skin disease,
chronic diarrhoea and gross malnutrition) was eliminated through choice
of animals.

Young animals (accurate age not usually known) were obtained from
the municipal pound and killed by injecting Intravenously with

phenobarbitone (50 ng in 5 m of 0.9% saline). Table IIl lists the



and its use in the cytochcmical

State of nutrition

well nourished
obese

wasted, moderately
malnourished

I

housed in
Department of
Surgery and fed
high protein diet

for 6 weeks

malnourished

kept at Frankenwald
animal farm for
approximately 6

weeks - well fe?

TABLE 11l - Canine material
Number Type Age
(Approximate)
01 mongrel 1 year
02 Rldgeback 10 years
03 mongrel 6 months
04 mongrel 6 months
05 mongrel 6 months
De mongrel 6 months )
D7 mongrel 6 months
Ds mongrel 6 months
D9 mongrel 6 months
DIO mongrel 6 months
DIl mongrel 6 months
D12  mongrel 6 months )
013  mongrel 2 years
D14  mongrel 1 year )
D15 mongrel 1 year )
016  mongrel 2 years )
F'S * fonnol saline
GPA = glutaraldchyde, picric- and acetic acid
as

20.

study

Methods of fixation or
other processing

80% alcohol, F/S, Holly's
80% alcohol, F/S, Carnoy'i

Carnoy's, FI/S, GPA
Holly's

GPA, Bouin's, Holly's,
liquid nitrogen

GPA, Bouin's, Helly's,
liquid nitrogen

liquid nitrogen,
Pearson's fixative

freeze dried, formalin
vapour, GPA

freeze dried, formalin
vapour, GPA

freeze dried, formalin
vapour, GPA

Helly's,GPA,
nitrogen

liquid
Helly's, GPA, liquid
nitrogen

Helly's, GPA, liquid

nitrogen

liquid nitrogen,
Pearson's fixative

GDs, GPA

GDS, GPA

GDS, DA

m glutaraldchyde, potassium dichromatc and sodium sulphate
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animals, and details of each dog used together with the method of fixation.
Thyroid glands were removed as rapidly as possible for (1) fixation in
fluid fixatives and paraffin embedding; (2) freeze drying and formalin

vapour fixation; and (3) sectioning in a cryostat.

3.3 Fixation of tissues
The choice of fixation depended on (i) the known reaction of fixatives
with intracellular protein and (ii) the dependence of the cytochemical
methods to be used on fixation for successful staining. This information
was obtained from the literature on the relevant staining reaction.
Fixatives were not chosen for their ability to maintain 'good anatomy':
this meant that occasiona' sections were difficult to study because of

artefacts.

(1) For ol-saline : Ten per cent formalin in 0.9 per cent saline (pH 3.6,
1950 m/osmoles) was used for tissue, sections of which were to be
stained to demonstrate the distribution of C cells in canine tissue.

(2) Alcoholic fixatives : Alcohol (80 per cent aqueous) was used for the
silver impregnation method as advocated by Cajal (Nonidcz, 1932).
Carnoy's fixative was chosen for its suitability for fluorescent
dye staining because it does not induce tissue autofluorescence
as does formalin (Eranko, 1964). This fixative was also used
in the demonstration of glycogen which is optimally preserved by
ethanol (Kugler and Wilkinson, 1930).

(3) Picrate-aldehyde fixatives : Picric acid precipitates proteins
and forms salts with many amino acids (Schmidt, 1938). | thought
that this property might be of use in preserving the polypeptide of
C cells. There is supporting evidence for this in observations on

the insulin-producing beta cells of the pancreas. Picric acid
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precipitates insulin (Coutts and Small, 1966) and thus enhances

granule preservation of beta cells. Certainly, fixative

containing picric acid (Bouin's) is recommended for staining

beta cells with the trichrome stains (Culling, 1903). Bouin's

fluid was modified by Solcia, ct al. (1968) by replacing formaldehyde

with glutaraldehyde to give a 6.25 per cent glutaraHchyde solution
in aqueous picric and acetic acid. This fixative, called
glutaraldehyde-picric-acctic acid or GPA, allows optimal staining

of C cells with basic dyes of the thiazine series e.g. toluidine

blue 0 (Solcia and Sampietro, 1968). These authors do not give

their reasons for the use of glutaraldehyde but several biochemical

and cytochemical reasons can be put forward in favour of such a

substitution.

(a) Loss of cytoplasmic proteins is far less with glutaraldehyde-
than with forma1dohyde-fixation. Liver slices lo e most of
their protein, and chromaffin granules lose 30-40 per cent of
their catecholamines if these tissues are fixed in formaldehyde;
less catecholamine and no liver protein is lost with
glutaraldehyde fixation (Hopwood, 1969, 1972).

(b) Grlllo et al., (1971) have shown that the least loss of insulin
(a polypeptide) occurs with glutaraldehyde as compared with
other fixatives.

(c) In general the optimum pH for precipitation of proteins is that
closest to their iso-electric point (Hopwood, 1972); the pH of
glutaraldehyde is best matched for precipitation of calcitonin
(pi «4.8).

(d) Glutaraldehyde-fixed tissues show greater affinity for acid
and basic dyes (Chambers et al., 1968) than do other fixatives.

This property potentiates staining reactions with basic ayes

(toluidine blue, as above).
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Pi chromatc-aTdchydo fixatives : Chromatc-containing fixatives were
chosen as they preserve phospholipids and catecholamines in situ
(Liftman 1954, , 1954b; Jaim-Etchevcrry and ‘.ieher, 1968, 1971).
Phospholipids are by this means rendered insoluble in lipid

solvents; this ir probably the explanation for the preservation of

mitochondria which have a high phospholipid content.

Nelly's fixative which contains mercuric chloride, a coagulant
protein fixative, was used according to Drury and Wellington's
formulation (1967). Mercury was removed from tissue blocks before
sectioning, by imnnrsion for 12 hours In 70 per cent alcoholic-iodine.

Orth's fluid (Holly's fixative without mercuric chloride) is
routinely used by pathologists in the demonstration of catecholamines
in adrenal medulla. Substitution f formaldehyde by glutaraldehyde
in Orth's fluid (glutaraldehyde-dichromate-sulphate, CDS) was
undertaken by nme in this study for several reasons.

(a) Biochemical tests on samples have shown that a mixture of
formal in-dichromate and dopamine, nor-adrenalin or 5 hydroxy-
tryptamine do not form precipitates whereas the same substances
nixed with glutaraldehyde form precipitates with chromates
(Jaim-Etcheverry and Zieher, 1971)

(b) As indicated above, glutaraldehyde minimizes loss of protein
from tissues and preserves amines far better than does
formaldehyde.

The formulation of CDS that was used is as follows
25% glutaraldehyde 25 ml)
potassium dichromate 2.5 gm )

)
) in 100 ml aq. dest. 75 ml)
sodium sulphate 1.0 gm )

This results in a 6.25% aqueous solution of glutaraldehyde, pH 4.9,

1050 m/osmoles.
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Freeze drying and fonnalin yjpnur fixation : Vapour fixation

was employed on freeze-cried tissue. Freeze-drying is the drying

of tissue by sublimation of ice crystals, formed within the cell,

in vacuv,.

Compared with conventional alcohol dehydration several
advantages are attendant on this method

(a) Unbound water is removed with the least possible change in
chemical composition of intracellular constituents.

(b, There is minimal loss of soluble constituents from the cell
e.g. polypeptides, mucoprotcins and biogenic amines. lock
and Pearsc (1965) for instance, showed improved staining of
freeze-dried tissue over that of routine methods for mucins.
They attributed this to decreased loss of mucoprotein as the
degree to which they are dissolved out of the tissue is
minimized.

(c) Cytochemical ‘'reactive groups' are not altered as extensively
as in conventional methods of preparation (Pearse, 1968a, p.27)

Disadvantages of freeze-drying are as follows

(a) Freeze-drying introduces morphological artefacts - there is
fracturing and ice crystal formation within the cell and the
surrounding tissue components.

(b) The method establishes a transient, intracellular hypertonicity
during the fall in temperature between the freezing point
(-10°C) and the eutectic point of the tissue (-55°C) (Mazur, 1966).
This intracellular hypertonicity can be counteracted by 1non-
penetrating' cryoprotective igents (Mazur, 1970; Meryman, 1571)
which protect the cells from damage by reducing the electrolyte

concentration (molarity) of the residual unfrozen solutions in and

around the cell.
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Freeze drying and formalin vapour fixation : Vapour fixation

was employed on freeze-dried tissue Freeze-drying is the drying

of tissue by sublimation of ice crystals, formed within the cell,

in vacuo.

Compared with conventional alcohol dehydration several
advantages are attendant on this method

(a) Unbound water is removed with the least possible change in
chemical composition of intracellular constituents.

(b) There is minimal loss of soluble constituents from the cell
e.g. polypeptides, mucoproteins and biogenic amines. Tock
and Pearse (1965) for instance, showed improved staining of
freeze-dried tissue over that of routine methods for mucins.
They attributed this to decreased loss of mucoprotein as the
degree to which they are dissolved out of the tissue is
minimized.

(c) Cytochemical 'reactive groups' are not altered as extensively
as in conventional methods of preparation (Pearse, 1968a, p.27)

Disadvantages of freeze-drying are as follows

(a) Freeze-drying introduces morphological artefacts - there is
fracturing and ice crystal formation within the cell and the
surrounding tissue components.

(b) The method establishes a transient, intracellular hypertonicity
during the fall in temperature between the freezing point
(-10°C) and the eutectic point of the tissue (-55°C) (Mazur, 1966).
This intracellular hypertonicity can be counteracted by 1non-
penetrating' cryoprotcctive agents (Mazur, 1970; Meryman, 1971)
which protect the cells from damage by reducing the envtrolyte
concentration (molarity) of the residual unfrozen solutions in and

around the cell.
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(c) Slow freezing may disruptlipid protein complexes
(Lovelock, 1957).

(d) Under- or over-drying of proteins may affect their structural
stability. They have a definite folded structure that is
dependent on bound water (Greiff, 1971). Removal of bound
water may therefore alter the physicochemical properties of
proteins.

In considering the above advantages and disadvantages for
this study, efforts were predominantly made to reduce the artefacts
resulting from intracellular ice crystal formation. Pease (1967)
states that 95 per cent of the cytoplasmic olurne can be frozen
without evidence of crystallization damage. The si. e of crystals
formed is re.ated to the cooling velocity or freezing rate of tissue -
the more rapid the cooling rate the smaller are the ice crystals.
Meryman (1966) established that the rate of temperature fall
following completion of freezing and the rate of temperature boundary
advance throughout the tissue, are parameters that determine the
amount of crystal formation. The la.ter parameter is to a large
extent dependent on the temperature conductivity of the coolant.

In addition the rapidity of cooling determines the time of exposure

of intracellular components to a hypertonic state (Mazur, 1966).
Cognizance of the above features was taken in the choice of

quenching agent for thyroid tissue. Several agents were considered

(1) liquid nitrogen; (ii) hexane in alcohol cooled with dry ice;

(iii) isopentane cooled in liquid nitrogen; and (iv) mono-chloro-

difluoromcthane (Freon 27?) cooled in liquid nitrogen. Freon 22 was

chosen as it has a rapid cooling rate (0°C to -158°C in 9 secs)

(Rebhun, 1964) which is slightly more rapid than that, of isopentane
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(Trump ct al., 1964) and that of hoxanc (Chayon, et al., 1969, p.4),
and preserves the microanatomy exceedingly well. Pease (1967) used
Freon 22 for preparing sections for electron microscopic studies. Such

sections reflected the minimum distortion through ice crystallization.

Method of freeze-drying

A thermo-electric freeze-dryer (Speedivac - Pearse Model 1, Edwards)

was employed. The cooling device is a two stage thermo-module producing
cold through the Pel tier effect. The dessicant used inthe vacuum chamber
was phosphorus pentoxide contained in aluminium boats. In addition to the

one aluminium boat supplied, three further ones were made in order to
provide a greater surface area of phosphorus pentoxide in the freeze dryer
and therefore more efficient drying (Fig.2).

The following routine was undertaken. The thyroid gland was
dissected out in anaesthetized dogs. Transfer time from the moment
that the thyroid gland was devascularized until it was quenched was
usually less than 20 seconds. Each thyroid lobe was cut into slices
2.0 to 2.5 nm thick and if the diameter of the lobe exceeded 0.5 cm
then the slices were cut in half. Thus nieces of tissue 2 mMmby 3 mm
by 2.5 mm were mounted, one at a time, on 0.5 x 0.5 cm aluminium foil of
which one corner was folded up to facilitate handling. This foil was
placed on a glass ladle for immersion in the quenching agent. The
agent Freon 22 was collected from a storage cylinder into a 50 ml glass
beaker which was then lowered into liquid nitrogen. When the Freon 22
began to solidify, the tissue pieces were lowered into the quenching
agent and allowed to freeze for 10-11 seconds. Not more than four
pieces were quenched at any one freeze-drying session in order to ensure
optimal dissccation. Tissue pieces were then removed one by one from

the quenching agent and as rapidly as possible placed in the freeze-dryer,



fig.

?

Four aluminium boats around the cold plate of Edwards
Speedivac-Pearse | freeze-dryer.

27.
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the cold plate of which was previously cooled to -45°C. Drying was
carried out at a pressure of 10 3Torr for 8 -1 2 hours at a temperature
of -40°C.

Several vapou* fixatives are available for freeze-dried tissue
(lock and Pearsc, 1965). Formaldehyde, however is convenient to use
and the least toxic. This was done as follows
(a) 20 ml of 10 per cent formaldehyde in water was placed in the

floor of a dessicating jar or
(b) paraformaldehyde (Formvar) tablets (6 tablets of 500 ng each)

were placed in the floor of the dess Seating jar.

Tissues were removed from the freeze-dryer after the cooling plate
had been actively wanned to -10°C or roan temperature and then placed
without delay in the dessicating jar which had been heated to 60°C.
Accumulation of moisture in the dried tissue was thereby minimized.
Tissue was subjected to immediate vapour fixation for 2 - 3 hours at
60°C. The humidity in the fixation chamber was not a critical factor
for the stains employed in the present study.

A mixture (equal weights) of Ralwax (R.A. Lamb) and paraffin wax,
M.P. S0 - 56°C, was used for embedding. Wax infiltration lasted foi
half an hour and was done under moderate negative pressure to remove
air bubbles.

Sections were cut at 6 - 8 np on a rotary microtome and mounted
on glass slides cleaned in sulphuric acid-alcohol. Sections were
stretched in a water bath heated to 45°C and were exposed to water for only
3 -5 seconds. This brief exposure to water was not considered
critical in the present study as none of the cytochemical procedures

were utilized to demonstrate water soluble, intracellular, components

(e.g. catecholamines or histamine).
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3.4 Cytochemistry of simple proteins

3.4.1 Material and methods
Thyroid glands were obtained from 13 dogs (1)3to D12 and 1)14 toD16,
Table 111). Fixatives (see below) were used according to the

recommendations in the literature or as described in Section 3.3.

For most techniques sections were used from thyroid glands of two of
these animals chosen at random. Five to seven sections from each of
the dogs were stained at a time and the staining was repeated once using
material from the same animals as used for the initial staining.

C-terminal carboxyl groups of proteins were rtained by the method of
Barrnett and Seligman (1958) and by that of Steward and Burns (1967).

In the first method, carboxyl groups are converted to mixed anhydrides
which are then complexed with a hydrazidc and thereafter coupled with a
diazo dye. In the method of Steward and Burns the carboxyl groups are
converted to methyl ketones which are then linked to sal icy1 hydiazide/
zinc acetate to form a fluorochrome. Thyroid tissue lixed in formalin
vapour was used for the former procedure whereas the latter method was
carried out on tissue fixed in Carnoy's fluid in order to avoid the
fluorescence that is induced by formalin.

It is possible to demonstrate delta and ganmma r.arboxyl groups of
aspartic and glutamic acid with basic dyes (1 nford, 1962). Manocchio s
method (1960, 1964) for carboxyl groups, utilizes a basic dye (toluidine
blue) in an aqueous solution. Modification of this method by Solcia et al.
(1968a) incorporates a buffer (Walpole, pH 5,0) in which the dye is
dissolved in a specific concentration (1 : 10000). This modification
was employed as was an acid hydrolysis (0.IN MCI at 60°C for 3 hours)

prior to staining tissue sections as recommended by Solcia et alm (1968a).
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Tissues fixed in GPA and Nelly's fixative were used because thes-
fixatives enhance staining with basic dyes (see Section 3.3).

Specific methods were chosen to demonstrate primary amines
(cpsilon-amino, C-tenninal and N-terminal amino groups) secondary
(carboxamido groups of asparagine and glutamine) and tertiary amines.

For primary amines the 'azo dye coupled' (3-hydroxy, 2-napthaldehyde)
method of Weiss, et al. (1954) and the oxidative deamination (Ninhydrin-
Schiff) method of Yasuma and Ichikawa (1953) were employed. A more
sensitive method than the preceding one for amines, the Ktining-Sassi
reaction (Steward, 1963; Pearse, 1968a) was used in addition. Cyanogen
bromide which is used in this method was synthesized by Steward for his
staining reaction. I procured purified cyanogen bromide from Koch Light
Laboratories and us_d this in a 10 per cent aqueous solution in ro,uast
with the 1aqueous .yanogen bromide solution1 for which no concentration
is derailed in Steward's description of the metod . The staining
reactions above, were carried out on thyroid tissue fixed in Carnoy's
fixative, as formalin reacts with primary amine groups and renders them
cytcchcnicully inactive (French and Edsall, 1945).

The analysis of terminal amino groups was performed both with
Sanger's reagent (2,4 nnitro-fluorobcnzene - DNFB) and with dansyl
chloride. The latter is a fluorochrome used to label amino acids on
chromatograms. DNFB was allowed to react with tissue proteins according
to the method of Daniel 11 (1953) except that the reduction of -NOg (nitrous)
groups to -NH2 was undertaken with titanous chloride as recommended by
Tranzcr and Pearse (1964). Dansyl chloride was used in a way which |
thought would produce an optimal reaction with amines. The method used
is a combination of the recommendations of Ringcrtz (1968), Rosselet and

Ruch (1968) and Hartley (1970). Cognizance was taken of the following
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(1) The fluorescence 01 dansyl chloride is pH dependent and maximal
labelling of amino acids occurs at a pH of 0 - 11 (Hartley, 1970).

(2) Borate buffer was utilized as suggested by Ringcrtz (1968). The
final pH of the staining solution was 8.3, and the molarity was
0.05 M with 0.1% dansyl chloride.

(3) The buffer was prepared in a 50 per cent ethanolic solution as
this suppresses the combination of dansyl chloride with RNADNA
and tertiary amines and thereby procures considerable specificity
of this method for the epsilon amino group of lysine and the

terminal amino groups (Rosselct and Ruch, 1968).

Dansyl chloride staining was performed on tissues fixed in Carnoy's
fixative and the DNFB reaction carried out on freeze-dried tissue fixed
in formal in vapour.

Several methods were selected to demonstrate tertiary amines
(aromatic or phenolic hydroxyls). Baker's adaptation of the M 11on
reaction (Baker, 1956) was initially used. However, it is a drastic
and insensitive reaction, so the more sensitive diazotization-coupling
reaction of Glcnncr and Lillie (1959b) for tyrosine was employee.
Several reactions are available for detecting tryptophan: the rosindole
reaction, tnc benzylidine coupling reaction and the xanthydrol reaction.
The p-dimethyl aminobenzaldehyde (DMAB) reaction (Adams, 1957), however,
is the more sensitive (Pcarse 1968a, p. 136) and was used here to detect
Indole groups of tryptophan.

Detection of basic protein was attempted in two ways : firstly,
by establishing the presence of ionized basic proteins with the acidic
dye Fast Green FCF at high pH (Alfert and Geschwind, 1953) and then
with the use of phosphotungstic acid-haematoxylin (PTAH). The original

method of Mallory (1897) was followed and the hacmatein for this method
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prepared as described by Drury and Wallington (1967). Tissue fixed
in formal in vapour after freeze-drying and in CDS were stained with
PTAH.

To detect arginine, Baker's adaptation (1947) of the Sakaguchi
reaction was utilized.

Many reactions can be employed to demonstrate sulphydryl (-SH) and
disulphide (-SS-) groups (Table I1V). They may be grouped as follows
a direct demonstration of -SH or -SS- groups; (2) blocking reaction for
-SH or -SS- groups; (3) conversion of -SS- to -SH groups with repetition
of -SH stain before and after conversion; and x4) initial -SH blocking,
conversion of -SS- to -SH and then staining of -SH. For the study of
C cells four methods, all of which involve oxidation or reduction of -SH and
-§S- groups and one method which involves the arylation of these groups
were employed. The DDD reaction of Barrnett and Seligman (1952, 1954)
(Reaction 1, Table 1V) the ferri-ferrocyanide reaction of Adams (1956),
with and without prior thioglycollate reduction (Reactions 1 and 7,
Table 1V), and pe"formic acid-Schiff reaction (Pearsc, 1954) (Reaction 1,
Table 1V) and the aldehyde fuchsin reaction (Landing, et al., 1956)
Reaction 8, Table IV) all involve an oxidation process. In the latter
procedure the staining solution of aldehyde fuchsin was prepared according
to the method of Halmi and Davies (1953) - the basic fuchsin was allowed
to r,,_n for 24 hours at room temperature before use; the final pH of
several batches of stain thus prepared, varied between 1.75 - 1.95.
| used several oxidants for this reaction: (a) acidified potassium
permanganate (Bangle, 1954) for 2 mins, (b) performic acid freshly
prepared (Greenspan, 1946), applied for 2, 5 and 10 mins and (c) 1 per

cent aqueous periodic acid for 2 mins, 10 mins, i h, 1 h and 2 h.



TABLE IV -

Action of group
SH groups

oxidation

(1)

mercaptide
formation

(2)

alkylation

(3)

addition to

(4)
double bonds

acylation

(5)
arylation

(6)

SS groups

reduction

(7)

oxidation

(8)

(9) electrophitic
cleavage

(10) sulphite
cleavage

(11) cyanolysis

Histochemical

Reagent

aD
ferricyanides
iodides

redox dyes

mercurials and
organic mercurials

iodacetate

maleates (N-ethyl
maleimide)

acid aniydrides

DFB

thioglycollie acid

mercaptocthanol
benzyl thiol

periodic acid

performic acid

potassium permanganate

ionic silver

sodium sulphite

potassium cyanide

reactions for disulphides and sulphydryl

Nature of reaction

33.

radicles

Reference

SH demonstration Barrnett & Seligman, 1952

SH demonstration Adams, 1956

SH blockage Lillie, 1965, p.217

SH/SS demonstration Barrnett & Seligman, 1954
Pearse, 1954

blockage and SH Bennett & Watts, 1958

demonstration Pearse, 1968, p.621

SH blockage Lillie, 1965, p.212

SH blockage Seligman et al., 1954

no histochemical reaction

SH blockage Danielli, 1950

Sl production from SS Adams, 1956

SH production from SS Barrnett & Seligman, 1954

SH production from SS Swift, 1963

conversion to cysteic  Scott & Clayton, 1953

acid or Sl groups
Lillie, 1965, p.218
Landing et aj., 1956

no proven hi' tochemical reaction.

but see Section 4

SH production by Gomori, 1952, p.129

SS cleavage

SH production by Barrnett & Seligman, 1952

SS cleavage



Tissues fixed in Molly's fixative, GDS and formalin vapour were used .
The DNFB reaction, as used above, was employed in conjunction with an

-SM blocking agent, N-ethyl maleimide as recommended by Pearsc (1968a, p.172).

3.4.2 Results
C cells were easily identified in sections of canine thyroid tissue by
their morphological appearance and distribution amongst thyroid
follicles. Subjective assessment of their staining reaction could
therefore readily be made. Their configuration and cytoplasmic details
conformed to those reported by Nonidez (1932) and Pearse (1966). C cells
are larger than follicular cells and their nuclei are more nearly centrally
disposed than those of follicular cells, in which the nuclei are in a basal
po»*+<cn. The position of canine C cells n relation to follicles and
follicular cells is either intrafollicular (wedged between follicular
cells), parafollicular (adjacent to follicular cells) or interfollicular
(in between follicles and separated from follicular cells) (Fig. 35).
No further observations on the topography of C cells within the thyroid

lobes were made in this part of the study.

A summary of the results of the staining reactions of thyroglobulin
(colloid), C and follicular cells is given in Table V. The assessment
of intensity of the staining reactions is semiquantitative. It was
subjectively assessed and correlated wherever possible with the intensities
reported in the literature.

The results of the fluorochrome reaction of Steward and Burns
(1968) for C-terminal carboxyl groups were similar in sets uf sections
taken from three thyroid glands from three animals. Control sections
revealed no primary tissue fluorescence except for a faint reaction in

Interstitial connective tissue. The stain showed moderate fluorescence
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TABLE V - Staining reactions of proteins in thyroglobulin, folticular
and C cells of the canine thyroid gland

Reactive group

terminal carboxyl
groups

delta and epsilon
carboxyl groups

amino groups

phenolic hydroxyls

tryptophan

basic protein

SS/Sll groups

Rnaction C cell Follicular Thyro-
cel 1 globul in
cytoplasm cytoplasm

salicyl hydrazide/zinc -
acetate reaction

toluidine blue metachromasia

+
after hydrolysis + -
without hydrolysis ++ + i
hydroxynaphthoic hydrazide
reaction ++ HH
hydroxy-naphthatdchyde
reaction + + :"'
ninhydrin Schiff =
Konig-Sassi + + HH
DNFB +H +
dansyl chloride + + +
mi 11 on reaction - +
diazotization coupling + i
DVAB - - *
fast green FCF +
PTN'I ] + + ++
sakaguchi reaction +
DPY) ++ - ++
ferri-ferrocyanide without
thioglycollate reduction - +
after thioglycollate reduction *+*t + +
DNFB with SH block *H + A
aldehyde fuchsin without
oxidation -
after oxidation

periodic acid (zh) ++ + e
pcrfonnic acid (5 nv,i) +H + HH
permanganate (2 min) ++ + ++t

-/t/+/++/+++ ‘m subjective assessment of stain reaction; very intense reaction
is assigned with ++t and - use | to denote no reaction.



Of some interstitial fibrillar elements bit no positive reaction in
thyroglobulin, follicular or C cells. One set of sections contained
parathyroid cells which did not stain with this method.

Results with toluidine blue staining of thyroid tissue were
similar whetner tissues were fixed in Holly's fixative or GPA. Following
acid hydrolysis a gamma mctachromasia which was more marked (deeper
violet-purple colour) in tissue fixed in GPA, was observed in C cHls.
All the C cells showed a diffuse cytoplasmic metachromasia (Fig. 3) but
no nuclei were stained. Marked coarse granular accentuations of dye
occurred throughout the cytoplasm. Maximum staining of C cells following
acid hydrolysis was observed after 30 minutes immersion in toluidine blue
after which time the intensity of staining was not further increased.

The thy oglobulin and follicular cell cytoplasm were a light blue colour
when sections were subjected to prior acid hydrolysis but when this was
mitted they stained metachromatically. An intense purple metachromasia
was observed in cells which were smaller than C cells and situated around
medium- and small-sized blood vessels. In these cells, identified as
mast cells, metachromasia was localized in densely packed cytoplasmic
granules.

The hydroxy-napthoic acid-hydrazide/Jiazo dye-coup! d method for
carboxy’ groups revealed a positive reaction in the cytoplasm of C cells
(Fig. 4). The didzo dye used in this melhod is a dicoupler; two colours
may form depending on whether it monocouples (red when carboxyl groups
are numerous or closely arranged). C cells stained predominantly pink
to red though the pale blue colour, which frequently developed in the
follicular colloid, is less obvious and may have occurred in some C cells.
This could have been recorded as a negative reaction - a few C cells did

not stain pink/red and were thought to give a negative reaction. The



Fig. 3 - Intense metachromatic reaction in canine C cells; thyroglobulin

in this section does not stain. GPA fixation. Toluidine blue
after acid hydrolysis. X100

Fig. 4 - A positive reaction for side-chain carboxyl
cytoplasm of C cells and some of their cell borders; thyroglobulin
is strongly positive. Freeze-dried, formalin vapour. Hydroxy-
naphthoic acid hydrazide reaction. X540

groups in the
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staining reaction of follicular colloid varied more than that of the C
cells. Approximately half of the follicles stained pink/red and the
others a pale blue colour; only a few follicles did not stain at all.
Follicular cells exhibited no positive staining reaction. Sections from
several blocks of freeze-dried tissue were examined and similar results
observed on each occasion.

With appropriate modifications, the principle of the azo-dye
coupled reaction, as that for carboxyl groups above, was applied to the
study of amines, i.e. the hydroxy-naphthaldehyde reaction. Again two
colours, red/pink and blue were observed in sections of thyroid tissue.
The results for this stain were assessed against those originally described
by Weiss et al.,(1953). Thyroglobulin showed a moderate pink-purple
colour, judged to lie between the blue of dicoupling which indicates a
large number of amines and pink cf monocoupling which indicates a smaller
number of amines. The colour reaction varied in intensity from follicle
to follicle. Nuclei of follicular and C cells stained blue. The faint
pink colour of the follicular cell cytoplasm contrasted with the deep
purplish colour of the C cell cytoplasm which contained no coarse
granulations likely to be secretory granules. The cytoplasm of several C
cells showed hardly any colour reaction. Various sizes of follicular
cells were observed; the smaller, more flattened follicle cells showed
no reaction at all.

TA- "inhycirin-Schiff reaction produced no positive staining in
follicular or C cells of tissues fixed in either Carnoy's fixative or
formaldehyde. A pale pink staining of thyroglobulin in tissue fixed
in formaldehyde vapour was observed. This was also present in Carnoy-
fixed tissue but to a lessor extent. A slight reaction (pale pink) was

observed in interstitial connective tissue fixed in Carnoy's fixative.
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The Kbnig-Sassi reaction for primary and secondary amines was
positive in thyroglobulin as well as follicular and C cells (Fig. 5).
Follicular cells were moderately, but thyroglobulin intensely, fluorescent;
an intermediate degree of fluorescence, was found in the C cell cytoplasm
which contrasted in its fluorescence from that of follicular cells.

Nuclei and surrounding connective tissue showed minimal or no fluorescence
Control (unstained) sections of tissue revealed no primary fluorescence
Several sections taken from each of a number of different thyroid glands
gave the same result.

Demonstration of termii | amino groups with DNFB yielded reproduceable
and consistent results in all tissui se tions stained in this way (Fig. 6).
The cytoplasm of C cells stained positively. A small number of C cells
stained more intensely than others. A few showed no reaction. The
staining reaction was diffuse throughout the cytoplasm without granular
accentuations except for those due to freezing artefacts. The thyroglobulin
produced an intense, and the follicular cell a moderate reaction with this
stain. The DNFB reaction parallelled that of dansyl chloride (fig.7).

No phenyl groups of tyrosine were shown in follicular or C cells
with either Baker's modification of the M lion reaction or the
diazotization-coupling reaction. The latter produced good colouration
of thyroglobulin (Fig. 8) which is known for its high tyrosine content.
There was no cytochemically detectable tryptophan in any of the structures
of the thyroid gland.

Attachment of the acid dye, fast green FCF, could not be demonstrated
in C cells after staining for 30 minutes in citrate buffer at pH 8.0 (Fig.9).
The thyroglobulin reacted strongly kut no granules reflecting thyroglobulin

synthesis were observed in follicular cells. None of the nuclei of
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Fig. Intense fluorescence of thyroglobulin and moderate fluorescence
of C cell cytoplasm (arrows) of primary and/or secondary amines.
Carnoy's fixation. Konig-Sassi reaction. X960

A LV xVjfr o<r . ¥ ,41*

Ty

Fig. 6 - A moderate reaction /1th DNFB in the cytoplasm of C cells;

t,.yroglobulin reacts intensely. Freeze-dried, formalin vapour.
DNFB reaction. X70U
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Fig. 7 - Marked fluorescence of thyroglobulin and moderate fluorescence
of alpha and epsilon amino groups in the C cell cytoplasm (arrows)
of Carnoy's fixation. Dansyl chloride staining. X960

Fig. 8 - No reaction for tyrosine in the cytoplasm of C cells (arrows)
but moderate staining of thyroglobulin. Freeze-dried.
Formal in vapour. Diazotization-coupling for tyrosine. X540
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epithelial cells stained, as hot picric acid had been used to quench

the staining reaction of nucleic acids. The other stain for basic
protein, PTAH, was perfumed on tissues fixed in various fixatives
(forme.-saline, GPA, Nelly's fixative and GDS). No noteworthy difference
in staining characteristics was observed in tissues fixed in the various
fixatives. Thyroglobulin and structures in the follicular cell which are
known to have a high content of basic protein, that is the nucleus,
nucleolus secretory granules and lining of the follicular cells were
positively stained (Fig. i0). The nuclei of the C cells stained
positively and the cytc lasm showed a faint granularity, more positive

in some cells than o1 ers. In some C cells there was an aggregation of
stained material in a paranuclear position. The granules in the C cell
cytoplasm shown with the PTAH method did not conform in distribution or
number with those demonstrated by silver staining methods (see Section 4).

The Sakaguchi reaction for arginine was negative in C and follicular
cells of the thyroid gland and thyroglobulin.

The ODD reaction for disulphides and sulphydryl groups st lined
several tissue components. A reddish pink colour, indicating modeiite
amounts of disulphide groups wasobserved in (a) thyroglobulin, (b) cell
borders of follicular cells, (c) supporting connective tissue and
(d) C cell cytoplasm (Fig. 11). No staining was observed in the
folliruiar cell cytoplasm. The reaction products within the C cell
cytoplasm were uniformly distributed. These results are similar to those
originally observed by Barrnett and Seligman (1954) in rat thyroid tissue
In which, however, C cells we e not distinguished. lhe ferri-ferrocyamde
reaction performed without prior thioglycollate reduction, revealed no

significant staining of cpithclian cells o- connective tissue - a faint
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%

Fig. 9 - No reaction for basic protein groups in C cells (arrows) but
thyroglobulin is ieactive. Carnoy's fixation. Fast green

FCF. X200

Fig.10 - Basir protein of granules in follicular cells (arrows) are stained
No basic protein, except some granular accentuations is noted in
C cells (C). PTAIl staining of thyroglobulin is not shown in this
microphotograpn. Nelly's fixation. PTAH. X300
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Fig. 11 - Reaction product of both sulphydryl and disulphide groups is
shown in thyroglobulin, and group of C cells (arrows). Freeze-
dried, formalin vapour. DDD reaction after potassium cyanide
reduction. X540
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blue reaction was observed in the colloid. The same reaction carried

out after one hour's thioglycollate reduction, resulted in a blue green

colour in C cell , follicular cells and thyroglobulin. with little

difference in staining intensity between follicular and C cells (Fig. 12).
Blockage of -Sll groups with N-ethyl maloimidc did not alter the

DNFB staining reaction n canine C cells.

The aldehyde fuchsin stain in tissue sections that were not
oxidized prior to staining show.-d an intense colour reaction in elastic
tissue and mast cells as well as moderate siaining of thyroid colloid.
No reaction could be detected in follicular or C cells. 1he same stain
preceded by oxidation with potassium permanganate- produced a more intense
staining reaction in thyroglobulin as well as elastic tissue and now
stained the cytoplasm of C cells (Fig'. 13). Intense staining reaction
in C cells, was noted in tissues fixed in Holly's fixative; a less
marked reaction with C cells occurred in freezo-dried tissue fixed in
formalin vapour. In order to obtain the equivalent intensity of staining
reaction after perfomiic and periodic acid oxidation as that obtained
after permanganate oxidation, sections had to be exposed for five minutes
in performic acid and 2 h in periodic acid. In the case of the latter
oxidant, oxidation times between 2 minutes and 2 h yielded progressively

increasing intensity of staining reaction in C cells.

3.4.3 Discussion
The toluidine blue mctachromasia seen in the present canine C cells after
acid hydrolysis, is similar to that observed in the C cells of dogs by
Solcia et al. (1968), Solcia and Sampictro (1963) and Pearse (1969b).
I have, a priori, accepted their deduction that the mctachromasia is
partly due to the carboxyl group in C cells mainly because of fhe
supporting evidence they put forward. However, there are other

chromotropes (substances which produce mctachromasia and masked



12 . Marked staining of disulphide groups in C cells (arrovs) an
follicular cells, the nuclei of which are obscured. GDS tixat °™
Ferri-ferrocyanide reaction alter thioglycollate reduction, A

13 - Thyroglobulin and cytoplasm of C cells stain markedly with
aldehyde fuchsin. Freeze-dried, formalin vapour. Aldehyde
fuchsin after permanganate oxidation. X3U0



metachromasla) which could be involved in metachromatic staining

(Schubert and Hamcnnan, 1956). There arc two broad groups of chromotropes
(1) polymers of polyelectrolytes of high molecular weight and (2) micellular
aggregations of polar lipids which will produce mctachromasia . The
metachromasia of the following substances is explained on one or other

of these bases: acidic mucopolysaccharides (hyaluronic acid, polysaccharide
ester sulphate and polyphosphates), heparin, sialic acid and sialomucin,
phosphol’ “ids (myelin), nuclear chromatin, and amyloid. Most of the
fcrementioneJ ibstancas have been excluded in the case of C cells

(Solcia ct al., 1968). It is noteworthy that metachromasia had never

in the past, been attributed to an acidic polypeptide, unconjugated to
carbohydrates. Such a possibility was suggested by Solcia et al. (1960)
for the C cell and is unique in cytochemistry

The metachromasia of C cells is intensified (a shift from beta-to
gamma-metachromasia) by prior acid hydrolysis. This observation,
original ly made by Solcia ah (1968), was confirmed in this study.

The canine C cell stains metachromatically even when not pretreated
with dilute acid. Acid pretreatment is not always necessary for observing
metachromasia in other endocrine cells e.g. alpha cells of the pancreas
(Manocchio, 1960).

Several explanations have been put forward for the masked metachromasia
in hormone-produci’' , cells following acid treatment.

(1) Acid removes blocking proteins which otherwise form covalent

links with intracellular anionic grouns that are responsible for

the production of metachromasia (Schubert and Hamerman, 1956).

Lietz ( 971) suggested a similar hy.othesis with regard to C cells,

that is, mat increased basophilia is due to a 'subtraction phenomenon'.

His postulate is vague and he does not specify which cellular
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constituents are lost. Nevertheless some support for this view

is obtained from the work of Host and Rost (1975). They showed,

with the electron microscope, that tne limiting membrane of

secretory glanules in canine C cells is removed by mild hydrolysis.
This alteration to secretory granules may be related to the
enhancement of cytoplasmic metachromasia, i.e. to masked motachromasia.

(Z2) Dilute hydrochloric acid is capable of biochemically cleaving
intrachain peptide bonds at the aspartyl position which then
leaves shorter peptide chains with terminal dicarboxylic groups
(Tsung and Fraenkel-Conrat. 1965; Light, 1967). Jnjdtro. dilute
acid, utilized under the same conditions as in the study, is capable
of cleaving calcitonin at the aspartyl residue and leaving a terminal
dicarboxyl group (Potts, et_al., 1968). These dicarboxylic groups
provide an increased availability of carboxyl groups for the
production of masked metachromasia.

(3) Acid hydrolysis may convert side chain and C-terminal carboxamide
groups into carboxyls (C0.NH2->COOH) which increase the anionic
content and therefore enhance metachromasia (Pearse, 1969b). There
is some biochemical evidence in support of this supposition (see

Chibnal1 et al., 1968).

On the basis of the present observations some argument can be
levelled at the third hypothesis above. Carboxamide groups are no.i-polar
in intact polypeptides and should therefore not themselves elicit
basophilia. If these groups were the source of carboxyl gioup, for the
masked metachromasia then metachromasia should not be present without acid
hydrolysis. However, basophilia is observed in C cells that are not

pretreated with acid. My personal view Is that metachromasia observed

without acid hydrolysis is due to side chain carboxyl groups which others
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(Solcia and Sampietro, 1968) and | have shown to be present (see
Section 3.4.2). Additional carbo.yl iroups for the masked metachroma;ia
following acid hydrolysis are prol obtained as explained in (1) and/
or (2) above and less likely from carboxamido groups as suggested by
Pearse (1969b) for C cells. Amide groups form strong cross linkages
with aldehyde fixatives (French and Edsal1, 1945) and that these cross
linkages can be hydrolized by dilute hydrochloric acid has not been proven.
An exposure of C cells to dilute acid for one hour longer than used
in the present study, produces decreasing metachromasia of C cells
(Solcia et al., 1968) and this most probably is due to complete hydrolysis
and loss of peptide fragments from tissue sections.
To some extent the type of fixative that is used determines whether
metachromasia is strong or weak in canine C cells. Manocchio had shown
in 1960 that no basophilia developed in canine beta cells of the pancreas
if alcoholic fixatives were used : this observation also applies to canine
C cells (Solcia et al., 1968). Alcoholic fixatives were not re-investigated
in this study and the choice of fixatives was based on the above observations.
Alcoholic fixatives may remove lipid chromotropes, suggesting that
polyelectrolytes in C cells may be associated with lipids. Other chromotiopes
for example nucleic acids which are known not to depend on a lipid
association for their metachromasia, show their metachromasia after
alcoholic fixation. Their metachromasia is enhanced by aldehyde
containing fixatives (Lamm et al., 1965). This enhancement is probably
due to a more efficient aggregation of proteins that is brought about by
aldehyde fixatives (Pearse, 1968a, p.70). Both factors - a lesser amount
of lipid lost and more efficient aggregation of proteins by aldehydes -
could explain optimal metachromasia observed in C cells which were fixed

in aldehyde-containing fixatives.
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Although toluidine blue basophilia at pH 4.0 is good evidence
for thj presence of prototropic carboxyl groups in C cells, it does
not provioc infomation on the type of carboxyl group that is involved.
A negative salicy1 hydrazidc/zinc acetate reaction points to an absence
of cytochemically detectable C-terminal carboxyl groups; the observation
Is in agreement with biochemical data on pure calcitonin where the C-
terminal was found to be a proline-amide group (Sect on 1.3.1). The
reaction of Barrnctt and Seligman (1958) for carboxyl groups, which is
positive in C cells, was originally attributed solely to alpha-acylamido
(C-terminal) groups on the basis that these, and not side chain carboxyl
groups, are converted to methyl ketones ay acetic-anhydride/pyridine
mixtures. These authors did not conside. that side chain caiboxyis
could be converted into reactant groups other than methyl ketones.
Karnovsky and Fasman (1960) however, provided biochemical evidence that
side chain carboxyl groups arc converted to mixed anhydrides and that
side chain carboxyl groups, rather than terminal carboxyl groups,are
responsible for a positive reaction. Work by Steward and Burns (1968)
has provided further biochemical evidence that mixed anhydrides, and
not methyl ketones, predominate in this staining reaction in tiesufa.
One must therefore accept that the Barrnett and Seligman reaction
Indicates side chain carboxyl groups in general and therefore also in
C cells. These conclusions arc in line with the biochemical characteristics
of calcitonin - bovine calcitonin has side chain carboxyl but no side
chain carboxamido groups (Brewer, 1970). The high concentration of
side chain carboxyls, as revealed by Barrnett and Scligman's reaction
provides some support for the view that the metachromasia of canine u
cells, in the absence of acid hydrolysis, could be due to side chain

carboxyl groups.
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The Ninhydrin-Schiff reaction in C cells revealed no detectable
aldehyde groups derived from amines. Biochemically, however, Ninhydrin
reacts moderately with amines of peptide fractions derived from porcine
calcitonin (Khant et al m, 1968). There are several possible reasons for
the discrepancy between cytochcmical and biochemical observations
(1) Nin'/drin requires the presence of a minimum of 1 pg of protein in
order to provide a positive stain on chromatograms (Deveni and Gergely,
1974) - such amounts of protein may not be present in C cells; (2) the
reaction is specific for free unconjugated amino acids (Puchtler and
Sweat, 1962) which may not be present in C cells; (3) in intact protein
Ninhydrin reacts only with alpha- and epsilon-amino groups (Glenner,
1963) and these may only be present in small amounts in C cells; and
(4) the colour reactions in cytochemistry and biochemistry are not
comparable as the former is due to Schiff's reagent and the latter due
to Ruhemann's purple (Moore and Stein, 1948). Apart from these possible
explanations, the Ninhydrin-Schiff reactions is often incomplete
(Pearsc, 1968a, p.121) and is not as specific as suggested by Yasuma
and Ichikawa (1953) in their original description of this stain.

The aromatic aldehyde, 3-hydroxy- 2-naphthaldehyde, in contrast

to the Ninhydrin-Schiff reaction, demonstrated the presence of amines in

C cells. This reaction has received scant critical analysis in the
literature. Pearse (1968a, p.119) claims that it is reliable but states
that the reagent may react with other tissue groups. The staining of

thyroglobulin follicular and C cells, as well as other structures, could
support the view of Pearse that several different t.ssue groups may here

be Involved in this staining reaction. Reactive groups, other than

amines, which may participate in this reaction have not yet been identified.

The Ktinig-Sassi reaction which was adapted for cytochcmical use by



52.

Stoward (1963). was clearly localized where a high content of amines
was expected, that is follicular cells, C cells and thyroglobulin. This
method, which | slightly modified in that cyanogen bromide was obtained
commercially, yielded good results and parallels the results of the
hydroxy-naphthaldehyde method for fol 1iculur and C cells.

In this study it is shown that a chromogenic product forms following
the interaction of the aromatic halogen, DNFB, with cytoplasmic constituents
of C cells. When DNFB was first introduced by biochemists, it was employed
for chemical end-group analysis ofproteins (Sanger, 1945); then it was
adopted for cytochemistry by Daniel 1i (1949). It is now known that
dinitropheny1 groups are formed with DNFB by alpha-amino groups, epsilon-
amino groups of lysine, histidine, sulphydryl groups of cysteine and
the hy roxyl group of tyrosine andphosopholipids in tissues (Maddy, 1961).
An assessment of the DNFB reaction in tissues (other than thyroid tissue)
by Zerlotti and Engel (1962) suggests that staining is predominantly due
to epsilon-amino groups. These authors used a DNFB reaction without a
dye coupling procedure, a method in which 0-dinitro-phenyl tyrosine and
m-dinitro phenyl histv,jne produce no colour reaction. However, in the
method which | used and which is dye co'.pled, both tyrosine and histidine,
if present in sufficient quantities, produce a coloured reaction after
azo coupling. In assessing which of the above reactive groups are
involved in the staining of C cells, the effects of formaldehyde fixation
should be first considered. When formalin is used, t has been shown
that alpha- and epsilon-amino groups form methylols which are involved
in secondary cross linkages between protein chains (French and Edsall,
1945). Amines which are nucleophiles for DNIB are therefore thought
normally not to be reactive in formal in-fixed tissue. However, Zerlotti

and Engel (1962) showed that prolonged exposure to DNFB for 16 hours,
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as was used in this study, could reverse the blockade of amines by
formaldehyde. For this reason the positive stain in C cells fixed in
fo.malin, may be due to amine groups. Biochemically the order of
preference at which dinitrophcnylation proceeds is SH>aminophenol>
imidazole (Cohen, 1968); these groups must be considered as reactants
in this stain. They are considered further 11 the discussion below.

The usefulness of dansyl chloride for N-terminal amino acid
analysis was recognized by Hartley (1970). This reagent, partly
because it is a fluorochromc, is 100 times more sensitive than DNFB in
detecting end-groups of proteins. Such sensitivity is extremely useful
for cytochemical purposes. Dansyl chloride was subsequently introduced
to cytochemistry as a stain for basic protein (Ringertz, 1968), no doubt
due to its reactivity with amines such as protamine, hi stones and
polylysine. Biochemically, dansyl chloride reacts with alpha-amino
groups, epsilon-amino groups, cysteine, the phenol group of tyrosine
and imidazole group of histidine in decreasing order of sensitivity
(Gray, 1967) - these are the same groups that are reactive with DNFB.
In the cytochemical application of dansyl chloride in alcohol, as was
used in this study, fluorescence is specific for alpha and epsilon
amino groups (Rosselet and Ruch, 1968). Dansyl chloride produced
a bright fluorescence with thyroglobulin; this finding parallels biochemical
observations which showed that dansyl chloride readily attach to native
thyroglobulin (Crombruggho and Edclhoch, 1966). The cationically
charged amino acid content of thyroglobulin (glutamine, asparagine, lysine,
arginine) is high (Robbins ot al., 1974) and as these amino acids are
readily accessible to solvents, the attachment of dansyl chloride to thyro-

globul in is expected. Whether the reactive groups in thyroglobulin are alpha-
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or cpsilon-amino is not clear, especially as there is controversy as
to the nature of the terminal amino group of the polypeptide chains in
thyroglobulin (Spiro, 1970). Probably both alpha- and epsilon-amino
groups in thyroglobulin react with dansyl chloride. The positive dansyl
chloride reaction in C cells is probably also due to amine groups, as
the other groups with which dansyl chloride reacts cannot be cytochemica1ly
shown in C cells . A moderate intensity of fluorescence compared with tne
fluorescence of thyroglobulin may point to a lower content of amino acids
in this cell, in which a substantial proportion of amines must be of
alpha-amino type (the N-tei.ninal reactive group). The dansyl chloride
reaction mirrors the findings of the Kdnig-Sassi reaction and provides
support for the view that ionized primary amines are present in thyroid C
cells.

Phenolic hydroxyl groups are not cytochemically demonstrable in
C cells whereas a strong diazotization coupling reaction occurs in
thyroglobulin which has a tyrosine content of approximately 3 per cent
of the total amino acids (Edelhoch, 1965). Many of the tyrosine groups
in thyroglobulin are not available to solvents or are iodinated, which
leaves few tyrosyl radicles for cytochemical demonstration. The
diazotization coupling reaction for tyrosine is a sensitive method,
which fact explains the improved staining reaction over the M 1lon
method. The negative diazotization coupling reaction for tyrosine in
C cells is of relevance to the DNFB reaction which is also a diazotization
coupling procedure. Only the initial reactants vary in the two
diazotization coupling reactions but thereafter the procedures are
similar. If each reaction applied to the same material (C cells),
reacts equimolarly, then the negative reaction for tyrosine can be used

to exclude tyrosyl groups as reactant with DNFB and therefore one can
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conclude that the positive DNFD reaction is not duo to tyrosine.
Direct proof for this is, however, not available.

Polar basic proteins (arginine, histidine, lysine) are not
demonstrable in canine C cells with Fast Green | CF or the Sakaguchi
reaction. Even though calcitonin contains these amino acid residues,
their demonstration depends on whether they exist in a polar form.

As calcitonin is an acidic protein, arginine and lysine are not likely
to be available as ionized surface residues. The negative reaction
with fast green FCF is therefore explained.

The staining result of PTAH in the C cell does not suggest that
secretory granules of calcitonin stain positively as only a few granular
accentuations arc noted in the cell cytoplasm. Phosphotungstic acid
has a strong affinity for basic protein (Scott, 1973) and basic
phospholipids (Scott and Webb, 1975). The latter are structural
components of mitochondria and these structures react strongly with
phosphctungstic acid (Silverman and Click, 1969). Most probably the
small number of granular accentuations in C cells are therefore mitochondria,
the larger granules in follicular cells cou d be attributed to basic protein
groups of thyroglobulin which itself stains intensely with PTAH.

The present cytochemical results indicate that there are sulphur-
containing chemical groups in thyroglobulin and C cells. A general
explanatory note on the biochemistry of these groups follows; many of
their properties apply to reactive sulphur-containing groups in tissues,
and, especially to calcitonin and thyroglobulin. Every calcitonin
polypeptide chain has two cysteine residues and one methionine residue
(Section 1.3.1, Fig. 1) and thyroglobulin 101 cysteine and five methionine

-SH residues (Pitt-Rivers and Schwartz, 1967). Generally, sulphydryl and
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disulphide groups arc not found in polysaccharides or lipids (Jocelyn,
1972, p.14)) but are usually found in simple or complex proteins, for
example enzymes, protein hormones and mucoproteins in which they are
frequently involved in cross linkages. In tissues which contain these
substances the sulphur-containing compounds do not exist as the free
amino acids (cysteine) but rather are chemically assessed as reactive
groups, i.e. thiol \-SH), disulphide (-S$S-), sulphonic (-50”H) or
S.carboxymethyl (SCHgCOOH) groups. It has also become known that -SH
groups, in contrast to -SS-groups in proteins e.g. ovalbumen and
thyroglobulin, are usually inaccessible or unreactive with common
analytical techniques for -SH groups(Leach, 1966, Pitt-Rivers and Schwartz,
1967). Biochemical techniques for analysis of -SH and -SS- groups have
been reviewed (Neurath, 1963, Leach, 1966, Jocelyn, 1972) and many of
these methods have been adopted by cytochemists (Table V).

The foregoing remarks are pertinent to the results of the staining
of -SH and -SS- groups. The DDD reaction, preceded by cyanolysis with
KCN, shows numerous -SH groups in C cells and thyroglobulin, some of
which are probably derived from disulphides by cyanide reduction. The
DDD reaction was not carried out omitting KCN treatment, in order to
determine the contribution made by-2H groups alone. The results of the
thioglycollie reduction and ferri-ferrocyanide reaction point tu an
abundance of reactive -SS- groups rather than -SH because no staining
occurred when the reduction step with thioglycollate was omitted, ihe
number of available reactive thiols therefore seems small - this is borne
out by a biochemical analysis of thyroglobulin with DDD, in which analysis
only 3 thiol groups were found per mole of protein (Pitt-Rivcrs and Schwartz,
1967). A criticism of the DDD reaction in C cells may be its specificity -

a wide gemralizcd staining does occur in all tissue structures; it seems
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that this reagent can react with carboxyl groups (Gabler and Scheuncr.
1966) or histidine (Pcarsc, 1960a, p.155). However, the ferri-
fcrrocyanide reaction which is specific for -SS- parallels the results
of the QDD reaction suggesting that the contribution by carboxyl groups
to the ODD reaction is minimal.

I have included aldehyde fuchsin amongst stains for sulphur-
containing groups because of ny reasoning (see later in this section)
that in C cells basic fuchsin probably reacts with sulphonic groups,
though in other tissues different nucloophilic groups may also react with
basic fuchsin. When aldehyde fuchsin was introduced as a stain it w?s
obsc;ved to stein acidic mucosubstances (Scott and Clayton, 1953) and
sulphated mucins (Spicer and Meyer, 1960). It was then noted by Scott
(1952) that aldehyde fuchsin stains granules of pancreatic beta cells
intensely following oxidation with acidilied potassium permanganate
This staining in beta cells was attributed to sulphonic (anionic) groups
produced by oxidation of disulphides (Scott and Clayton, 1953). The
idea that sulphonic groups arc responsible for the staining has found
experimental support in that in vitro, insulin does react with aldehyde
fuchsin after it has boon oxidized with performic acid or acidified
permanganate (Kvistberg ct al., 1966). These oxidants oxidize only
cystine, methionine and tryptophan residues of insulin (Sanger, 1960) and
other proteins (Tocnnis, 1942, Hake, 1965). Cystine is probably the
source of sulphonic groups in the beta cells of the pancreas. It is
perhaps due to these observations on beta cells that Lietz and Donath
(1970) cursorily remark that the 1dicysteine acid mothionine-sulphonic
peptide* of calcitonin, produced by oxidation, is responsible for the
positive aldehyde fuchsin staining in C cells. These authors provide

no experimental support for their statement.



In order to scrutinize observations with aldehyde fuchsin further,
it is necessary to consider the dyes M constitute the staining

solution. This is a mixture of (i) pararosanilin (chloride) C. |

No. 42500, (ii) rosanilin C.I. No. 42510 and (1i1) liagenta 1II, C.
No. 42520, of which il has been shown that only pararosanilin is the
active dye molecule (Ortman et al., 1966). Pararosanilin ('c1 in Fig. 14)

is thought to be activated by acetal.iehyde to form azomethincs (Schiff
bases) ('a' in Fig. 14) from its amino groups (Bangle, 1954). However,
another view is that pararosanilin acts as a basic dye (McConai11 and
Guvr, 1963) and that its staining is determined by the pH of the staining

solution and not by tne formation of azomethincs.

Pararosanilin is postulated to react with several specific chemical

groups in tissues.
(1) acidic groups
(a) not specified (via ionic or salt linkages) (Spicer and Meyer, 1960)
(b) carboxyl groups (via covalent binding ) (Ortman et al.,1966)
(c) sulphcnic groups produced by oxidation of disulphides of
polypeptides e.g. insulin, vasopressin (via covalent binding)
(Scott and Clayton, 1953).
(2) tautomeric enamines e.g. oxytalan fibres (by covalent binding)
(Mander et alm, 1968)
(3) aldehyde groups e.g. glycogen (by non-polar addition) (Kasten, 1960)
(4) enol groups e.g. granules of beta cells (by a non-specific, non-

ionic reaction) (Dcnffer, 1973).

In C cells, carboxyl groups can be excluded as reactant groups for
this stain as aldehyde fuchsin shows a positive reaction only after
oxidation. It has already been shown that C cells have a high content

of carboxyl groups and oxidation is not known to increase the number of
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carboxyl radicles. The aldehyde fuchsin stain should then be positive
without prior oxidation if carboxyls were responsible for the positive
reaction. The view of Ortinan, et a:.(1966) that carboxyl groups mediate
aldehyde fuchsin attachment is thus not u.'held for C cells. It is

known that aldehydes and amines are rapidly fonned in tissues after

short (1-5 min) oxidation with periodic acid (Mander et ah, 1968) and
therefore a positive aldehyde fuchsin reaction should occur if these are
formed in C cells, yet in the present study such short oxidation with
periodic acid did not produce a positive stain. The more drastic,
permanganate oxidation procedure produced a positive 'tain with aldehyde
fuchsin. Permanganate oxidation produces aldehyde grouos but in addition
oxidises disulphides rapidly to sulohonic acid (Toennis, 1942; Hake, !905).
The present observations provide strong support for the view that it is

the formation of sulphonic groups that produce a positive reaction. The
C cell cytoplasm has been shown by the ferri-ferrocyanide reaction to
contain a high content of disulphide groups. Sulphonic groups formed

are acidic and have a pK value below 2 (Table IlI) for the dcmonstiation

of which an appropriate basic radicle has to be present onthe dye
molecule. Such a radicle 1r present in the chloride salt of pararosanilin
of which the polarized amine group is nucleophilic ("C inrig. 14) (Gurr,
1971). The amine group in acid fuchsin ("b" in Fig. 14), which is an
amphoteric dye, and closely related to pararosanilin chloride, is known

to react with sulphonic groups (Gurr, 1971). A similar method of dye
binding may occur in C cel is, though no proof for such a mechanism of dye
attachment can at prese.-t be pn "idod. In fact it is not at all clear
whether specifically the sulphonic groups provide - means of dye

attachment or whether the combined negative charge established by their

presence and that of other anionic groups (carboxyls) is critical for
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dye attachment. The latter explanation is probably more nearly correct
because the aldehyde fuchsin attachment to granules of beta cells (the
aldehyde fuchsin staining of beta and C cells is analogous) can be elii.inated
if the anionic carboxyl groups are blocked in the presence of sulphonic
groups (Dcnffcr, 1973). The relevance of this aspect of aldehyde fuchsin
staining to C cells is considered further in the next section (Section 3.6).
Whether sulphydryl groups are involved in the DNFB reaction was
assessed using N-ethyl maleimide as a blocking reagent. This reagent is
used for the spectrophotometric titration of thiol groups (Leach, 1966) and
has been employed to block thiol groups by Barrnctt and Seligman (1954)
and Zerlotti and Engel (1962). The N-ethyl maleimide blockade did net
alter the effect of the DNFB reaction on C cells. Apart from concluding
that-SH groups do not participate in the DNFB reaction another possibility
must be considered. This is that DNFB can displace the N-ethyl maleimide
that has reacted with thiols in tissues. Such displacement was thought
to be possible by Zerlotti and Engel (1962) who found that N-ethyl maleimide
inefficiently blocked thiol groups which participate in the DNFB reaction.
By further experimentation they showed that DNFB can indeed displace
N-ethyl maleimide from thiol groups to which is has become attached. As
sulphydryl groups are not demonstrated in C cell cytoplasm (see above)
it is probable that thiol groups do not play a major role in the staining

with DNFB.

3.4.4 Conclusions
From the above cytochemical observations the following conclusions can be
drawn with regard to reactive protein groups in the C cells of the dog.
(1) The cytoplasm of C cells contains an abundance of acidic chemical
groups. Numerous side-chain carboxyl groups are present but no

terminal carboxyls can be demonstrated.



(2) Mild acid hydrolysis probably results in peptide hydrolysis at
the aspartyl group which increases the anionic charge of the
C cell cytoplasm.

(3) Basic proteins are not readily stainable in C cells - tyrosine,
tryptophan and arginine could not be shown cytochemically in
C cells.

(4) Both epsilon- and alpha-amino groups of lysine are demonstrable
in C cells but these groups are not present as free cationic
groups.

(5) Bisulphide groups can probably, by being oxidized, add to the

net negative charge of the C cell cytoplasm.
3.5 Cytochemistry of Complex Proteins

3.5.1 Introduction

The previous section was principally concerned wUh the cytochemical
demonstidblc groups of proteins. Several of those stains which were
used for proteins, in the belief that they react specially with protein
alone, e.g. toluidine blue and aldehyde fuchsin, react - as is well known -
with glycoproteins and mucopolysaccharides. In order to establish
whether peptides, glycoproteins (proteoglycans) and/or mucopolysaccharides
are responsible for the above two staining reactions in C cells and
thyroglobulin, it was decided to select several staining reactions to
provide further information in this regard. The subject of glycoprotein-
and mucopolysaccharide-staining is extensively reviewed by Spicer (1962),
Quintarel1i (1962), Belanger (1962) and Curran (1964).

The staining reactions which were selected are grouped together
under the category of ‘complex or conjugated protein' stains, as the

substances which they demonstrate almost always contain proteins. It
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does not follow from this that the stain reacts with protein but it
merely implies that the reactive groups may be associated with proteins.
The following definitions are observed : glycoproteins are defined
as proteins in which carbohydrate is covalently attached to the peptide
portion (Spiro, 1970); the tenn 'muco’ is used to describe a viscous
secretion e.g. mucopolysaccharide. Frequently the terms glycoprotein
and mucopolysaccharide arc applied to the same substance without
consideration of the basic definitions - Mr instance thyroglobulin is
called both a glycoprotein and a mucopolysaccharide. In order to avoid
misunderstanding by using the terms glycoprotein and mucopolysaccharide
the more general term 'mucosubstance’' is frequently used. Tins usage
helps to draw attention to the staining reaction (for example colloidal
iron, aldehyde fuchsin)which in practice is generally used to demonstrate
*mucocubstances’ in sites such as the mucosa of the intestine which contain
glycoproteins and mucopolysaccharides.
In this section of the study stains used to demonstrate mucosubstances

are applied to canine thyroid tissue.

3.5.2 Material and methods

For each staining method, sections were used from thyroid glands of
three animals chosen from D3 - 12 and D14 - 16 (Table II1). Ten to
twelve sections (three to four from each dog) were stained at a time.

Toluidinc blue staining was carried out as previously described
(Section 3.4.1) except that the buffer was adjusted to pH 2.5 for
staining of sulphated mucosubstances; the dye concentration, staining
times etc. were not altered. Sections of tissue fixed in GPA and in
Nelly's fixative were used.

Alcian blue staining was carried out according to the method of

Unwrv 71960. 19631. A one per cent solution of alcian blue 8GX in three
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per cent acetic acid in distilled water was used. The final pH of the
stain was 2.8 in all the batches of stain that were prepared. Sections
were stained for 30 mins, washed in water and mounted in DPX The same
staining reaction was carried out but with the stain containing 0.2,
0.4, 0.6, 0.8 MMgClg as recommended by Scott and Dorling (1965) and
Scott et al. (1968). The procedure was otherwise unaltered. Thyroid
glands from three different dogs were utilized. All tissue had been
freeze-dried and fixed in formal in vapour.

Thv periodic acid Schiff reaction was applied to sections of
freeze-dried tissue which had been fixed in formalin vapour. Sections
of thyroid glands from four dogs were examined. Sections were oxidized
for 6-8 minutes in one per cent aqueous periodic acid, rinsed for 2 minutes
in distilled water and left for 15 mins in Schiff's reagent. Differentiating,
reducing and metabisulphite rinses were omitted. The Schiff's solution

was a McManus (1948) type, constituted asfollows

basic fuchsin 1gn
distilled water 200 m
1.0N H 20 m
potassium metabisulphate 2gm
charcoal (activated) Jgn

The solution was filtered and stored in a dark bottle at 4nC.
The periodic acid was a potassium salt, made up in a one per cent aqueous
solution to which 0.5 ml of nitric acid was added per 100 ml.
The high diamine staining reaction of Spicer (1965) was employed.
A combination of mcta- and para-isomer of diamine was used, which is
known to colour predominantly sulphomucins. Sections prepared from freeze-

dried tfyroid fixed in formalin vapour were immersed in the diamine
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for 18 hours. Sonic sections were pro-treated with an oxidant - either
one per cent periodic acid for 10 wins or potassium permanganate
(Section 3.4.2) for 5 mins.

The colloidal iron reaction was carried out as recommended by
Mowry (1958). Staining solutions were freshly prepared for each batch
of sections. The pH of the staining solutions were adjusted by addition
of aliquots of glacial acetic acid as suggested by Muller (1964).

A pH of 1.8 and 4.5 was chosen to carry out the reaction. Freeze-dried
tissue fixed in formalin vapour was used.

Best's carmine stain was applied to tissue fixed in Carnoy's

fixative.

3.5.2 Results

The staining results are given in Table VI. The reactive groups or
substances which the staining reactions arc known to demonstrate in
otner tissues, are also shown.

Toluidinc blue at pH 2.5 failed to stain any cellular component
of the thyroid gland. Some elastic fibres and mast cells were readily
identified but no reaction occurred in C cells. The basic dye, alcian
blue 8GX, failed to stain C cells at low pH. Staining solutions in
which the critical electrolyte concentration was changed did not indicate
any masked acidic groups i.e. the addition of greater aliquots of
MgClg produced no positive staining reaction in C cells though a
moderate staining of thyroglobulin occurred at 0.8 M MgClg. The staining
of mast cells was positive at a’l molar concentrations of MgClg.

A positive periodic acid-Schiff reaction occurred in thyroglobulin,
some follicular cells, most of the C cells (Fig. 15) and the basement

membrane of the follicular cells. The thyroglobulin stained intensely.



TABLE VI - Staining results of protein-conjugated carbohydrates in the

thyroglobulin, follicular and C cells of the canine thyroid gland

Reactive group Reaction C Cell
sulphated toluidine Llue
mucosubstances metachre.iasia pH 2.5
sulphated mucosub- 0.1 per cent alcian blue
stances masked by pH 2.8 in 0.2 M MgClg
protein groups
0.4 M MgCl2
0.6 M MgCl2
0.8 M MgC12
1.2 nydroxyl groups periodic acid-Schiff ++
of vicinal glycols
or substituted 1.2
hydroxyl groups of
proteins and lipids
sulphated high diamine, no
mucosubstances and oxidation
sialomucins
after periodic acid
oxidation
after permanganate
oxidation
acidic mucopoly- colloidal iron pH 1.8 +
saccharide and (?)
acid protein pH 4.5 ++
Glycogen Best's Carmine
_I+/+/++/+++ = subjective assessment of stain reaction;

negative reaction and +++ maximum staining.

comparable only for each reaction, and not between

different reactions.

Follicular

Thyro-
globulin

+++

++

indicates a

Results are
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The follicular cells, some of which did not stain at all, had a 'ground
glass' appearance against which some PAS positive granular accentuations
were observed. In contrast the cytoplasm of C cells stained more datkly
and contained more numerous granular accentuations which did not seem to
be due to any artefact attributable to freeze-drying. As with follicular
cells there was variation in the intensity of the periodic acid-Schiff
reaction from C cell to C cell. In some there was no PAS positive
granularity. Differences in C cells staining was occu-ionally marked
and frequently one or two of a cluster of C cells were unstained.

The aromatic amine (diamine) method of Spicer produced no positive
reaction even after preceding oxidation.

The colloidal iron reaction at pH 1.0, which was employed for the
demonstration of acidic mucopolysaccharide, was faintly positive in
thyroglobulin.nr=£=flel*£.. At a higher pH the cytoplasm of C cells
became stainable and the thyroglobulin slightly mc.e teactive (Fig. 16).
In several clusters of C cells the limiting membrane of these cells
stained intensely with tne colloidal iron reaction. No specific

granules in the cytoplasm were observed to stain with colloidal iron.

3.5.4 Discussion
Both toluidine blue and alcian blue failed to stain C or follicular cells
below pH 2.5, at which pH acidic mucopolysaccharide, especially sulphated
mucosubstances, arc readily stained with these dyes (Spicer, 1962).
Sulphate and phosphate groups arc the only tissue groups ionically
dissociated at this pH {Tuintarelli, 1962). On the basis of the present

observations, significant quantities of these groups are not present ,n

C cells.
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Fig. 15 - Positive period c acid-Schiff reaction in the cytoplasm of
C cells (arrows) and thyroglobulin. Freeze-dried, formalin
vapour. PAS. XI1200

Fie 16 - A positive colloidal iron reaction in the cytoplasm of C cells
and thyroglobulin. Freczc-di ied formalin vapour. Colloidal
iron and haematoxylin stain. X600
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The reliability of staining with alcian blue depends on several
factors which were considered in the application of the stain in the
present study. The detection of mucosubstanccs is far more accurate
with alcian blue OCX (Mowry, 1960) than with alcian blue 8GS which was
used >y Stecdman (1950). The former a't.ian blue was therefore used.
Staining with alcian blue also depends on the molar electrolyte (salt)
concentration of the solvent in which it is dissolved (Scott and Dowling,
1965). Strong electrostatic interaction between positive and negative
charges of chemical substances (mucosubstanccs and proteins) in tissue
sections can be suppressed by salt solutions (Szirnai, 1963). This
permits dissociation of cations and anions of mucosubstanccs and thereby
indicates their presence - the blocking bond is usually attributed to
the charged groups of proteins (Scott et al., 1968). Based on this
reasoning it was thought possible that cations of calcitonin might
suppress the detection of sulphate and phosphate groups. However, from
the results it do?s not seem that blocking factors arc prevalent in the
canine C cell. Salts did unmask some anionic groups in thyroglobulin
(a faint staining occurred with alcian blue in U.8 MgClig).

Even though no strongly acidic mucosubstanccs were demonstrated
with alcian blue and toluidine b'ue, it did still seem possible that
acidic sulphate groups (-SO*H) might be present in C cells, especially
after oxidation with permanganate. This was an explanation suggested
for the positive staining reaction of C cells with basic fuchsin
(sec Section 3.4.3). furthermore the possibility that toluidine blue
metachromasia might be due to sulphomucinsneeded to be examined. The
diamine reaction of Spicer was chosen to test for sulphated mucosubstanccs.
No detectable sulnhomucins or acidic sulphale groups were, however, revealed

by this method. This negative reaction docs not exclude the explanation



given for bas'c fuchsin staining, as the specificity of the diamine
reaction for -SO*H has not been established.

The PAS reaction is positive in canine C cells. Thewider
implications of the PAS reaction must therefore be considered. Since
the PAS reaction was described (McManus, 1946, Lillie, 1947, Hotchkiss,
1948) extensive in\ stigations on the nature of the reaction have been
undertaken. Rtsults of these are reported in reviews (McManus and Mowry
1964, Curran, 1964). A positive Scliiff reaction is attributable to
polysaccharides, neutral mucopolysaccharides, mucoprotcin and glycoprotei
glvcolipids, unsaturated lipids and phospholipids, but not to acidic
mucopolysaccharides, saturated lipids or peptides (Pearse, 1963a, p.307).
It is essential for a positive reaction that aldehydes are present or
produced in the tissue by oxidation. Even if there is considerable
consumption of periodic acid (indicating that oxidation has occulted in
the tissue) no positive PAS reaction will develop unless aldehydes aie
formed (Dahlqvist et al., 1965).

A positive reaction will occur if

(a) there are pre-existing aldehydes in the tissue or

(b) oxidation of 1.2 hydroxyl or substituted hydroxyl groups of the
following types occurs

(1) unsubstituted vicinal glycol groups as in glycogen, glucose,

fucose, galactose and mannose (Leblond et al., 1957);
(2) alkyl and a:yl-amino substitution of one hydroxyl group as
In phospholipids, glycolipids (Wolman, 1956, Adams, 1965);

(3) carboxyl substitution of one hydroxyl group, that is,ketones

as in unsaturated lipids;

(4) amino alcohol substitution of one hydroxyl group as in serine,

threonine and hydroxylysine, provided that these are 1, a C-

terminal position (Dangle and »\lIford, 1953, Lhotka, 1953).
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The positive PAS reaction in C cells cannot bo readily attributed
to lipids - firstly the nature of fixation (formalin vapour does not
preserve lipids optimal 1: . For instance, in the adrenal medulla
a negative PAS reaction is observed in formal in-fixed tissue but a
positive reaction in chromatc containing fixatives. This positive reaction
is attributed to lipids contained in the adrenal medullary cells (Mopwood,
1968). Secondly, the oxidation times are too brief to convert acyl-
and alkyl-amino groups to aldehydes. Dyer (1956) has shown that a brief
oxidation of not longer than 10 minutes v-M! nearly co"'"letely oxidize
all glycols and amino alcohols if periodic acid is present in excess but
longer times are required for the oxidation of hydroxyaldehyde and
hydroxyketones of lipids. This is borne out by the fact that a positive
PAS reaction of these substances requires prolonged oxidation (for 2 -4
hours) (Wolman, 1956).

There does not seem to be any demonstrable glycogen which could
account for a positive PAS stain in thyroid C cells The Best's carmine
reaction, which is a relatively specific stain for glycogen was negative.
Other substances which could be responsible for a positive PAS reaction
are neutral polysaccharides, glycoproteins and peptides. In general
(but not in the case of C cells), evidcice is available for the positive
reaction of the former two substances in the PAS reaction (Leb”ond et al.,
1957), while the involvement of proteins and peptides is usually considered
insignificant. Polyamides of peptide chains (collagen, gelatin, egg
albumin) are not susceptible to periodate oxidation (Bangle and Alford,
1953, Dahlqvist et al., 1965). However, from experiments with amino
acids and peptides (Lhotka, 1953, Bangle and Alford, 1953 and Clamp and
Hough, 1965) it is possible that aldehydes can be formed from protein if

the following conditions are mot (i) if the C-terminal position or
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polypeptide is serine or threonine; (ii) if the alpha-,mine group

is freely available and unsaturated and (iii) if there is a den”e
alignment of these terminal groups. Such conditions exist for
corticotrophin (Dixon, 1962) and chromagranin A of adrenal medullary
cells (Hopwood, 1968) but in both instances the density of hydroxyl-
amino groups is not thought sufficient to produce a positive reaction.
Such hydroxyl-amino groups are not present in calcitonin as the C-
terminal group is proline. Shorter peptide chains with a terminal
serine group could theoretically exist within C cells but biochemically
such fragments have not been found. It therefore seems unlikely that
peptides arc responsible for a positive PAS reaction in C cells and
rather more likely that neutral glycoproteins of structural components
or lysosomes may be responsible for the positive PAS reaction. The
variable staining reaction from C cell to C cell is perhaps linked to
secretion and synthesis of calcitonin in which process a changing
pattern of structural glycoproteins occurs, for example in ti.e endoplasmic
reticulum, with formation and discharge of the polypeptide in C cells.

In tissue sections which have been exposed to colloidized ferric
chloride, iron is attached to the cytoplasm and cytoplasmic margin (which
probably is the cell membrane) of C cells, as is indicated by the Prussian
blue reaction. Attachment of iron to the latter structure is similar to
that observed by Rambourg et al.(1965) who found that most suifaces of
cells of many organs in the rat contained a layer stained positively
with colloidal iron. They concluded that this was due to the presence
of glycoproteins and acidic residues on the cell surface. These
conclusions are in line with the contentions of Mowry (1963) that ionic
carboxyl or sulphate groups react with ionized groups of iron. A current

biophysical model of 'colloidal iron' (Muller, 1964) depicts a central
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FcOllg core with surface FeOf/CI" as lonized groups. Despite this
feasible explanation, the nature of iron binding, which can take one
of several forms in tissue sections, is not understood. Binding may
be by means of electrostatic, covalent as well as ligand bonds or a
‘complex enmeshing'. The exact tissue groups to which iron attaches
are not known but usually stated to be carboxyl or phosphate groups
(Pearse, 1968a, p.350).

In the methodology of the colloidal iron stain Mowry (1963)
points out that the pH of the staining solution should be below 1.4
and that 'non-specific' staining occurs at pH's above 2.0. This point
may be borne out by the present results as the Prussian blue reaction is
intensified at pH 4.5. This result is analagous to that of toluidine
blue which also depend: on ionized groups of the tissue at pH 4.5 for
its tinctorial properties. The colloidal iron reaction does stain
acidic mucopolysaccharides (Spicer, 1962) but whether it can specifically
demonstrate acidic protein has not been proven. Based on the observations
that the C cell contains no strongly acidic mucopolysaccarides, the present
observations indicate that colloidal iron can specifically stain acidic

proteins : these have been shown to be present in the C cell.

3.5.5 Conclusions
(1) No strongly acid ¢ mucosubstanccs can be cytochcmically shown in
C cells of the canine thyroid gland.
(2) There arc no sulphomucins or sialomucins detectable in these cells.
(3) A positive colloidal iron reaction seems to be related to acidic
protein rather than to stainable mucosubstanccs.
(4) The positive PAS reaction in canine C cells is not due to lipids
or glycogen but rather to glycoproteins which may be related to the

phasic metabolic activity of these cells.



3.6 Cytoehemica1 nodification of protein groups

3.6.1 Introduction

In the two previous sections (3.4 and 3.5) considerable information was
obtained on the prototropic groups which are detectable in the cytoplasm
of C cells : acidic groups are readily shown and lasicity of tissue groups
is poorly manifested. Apart from these ionic reactions of dyes with
tissue groups, more complex (non-ionic) interactions between protein groups
and tinctorial agents do occur. For example, the staining reaction of C
cells by aldehyde fuchsin seems to depend on two tissue groups (disulphide
and carboxyl groups). Blocking and modifying procedures are particularly
useful to determine those groups which are cytochemically active and which
are involved in dye attachment.

In selecting the staining reactions which were to be investigated
in this manner, a choice was made of those which were either strongly
positive in C cells (aldehyde fuchsin reaction and toluidine blue
metachronasia) or about which considerable cytochemical knowledge was
available (PAS reaction). Apart from these the colloidal iron reaction
was investigated because no clarity about the nature of its staining of
tissue groups in C cells has been obtained to date. By applying several
blocking reactions and comparing changes induced in the four different
staining reactions, considerable information could be gathered with
regard to interaction of dyes with reactive tissue groups.

The following reactions were selected as blocking or modifying
procedures : aldehyde blockade, acetylation, benzoylation, methylation,
deamination, acid hydrolysis, sodium chloride baths and maleimidc

(sulphydryl) blockade.
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3.6.2 Materials and methods
For this the study, sections of thyroid glands were obtained
from 7 dogs , ni2, Table I11). Each blocking or modifying reaction

was carried out f| e on six sections from each of two dogs.

The periodic acid-Schiff reaction, colloidal iron reaction, aldehyde
fuchsin reaction and toluidine blue staining with acid hydrolysis were
carried out as previously described (Sections 3.4 and 3.5). Sections
of canine thyroid tissue which was freeze-dried and fixed in formalin
vapour, was employed for the first three reactions and tissue fixed in
GPA was employed for the latter stain.

Blockade of aldehyde groups was undertaken with acidified aniline
according to the method of Lillie and Glenncr (1957). Ten per cent
aniline in glacial acetic acid was used for 3 hours at room temperature.
This blocking procedure was used after the oxidation step of the PAS
and aldehyde fuchsin reactions. The toluidine blue staining reaction
was not examined in combination with this blocking reaction.

Benzoylation was performed according to the method of Barnard
(1961). Water was removed from the tissue sections by immersing them
in petroleum ether for 3-5 minutes and benzoylation was carried out with
a mixture of dry acoto-nitrile (50 ml.), benzoyl chloride (4.2 ml) and
dry pyridine (2.2 ml). Benzoylation was undertaken for 2 and 8 hours.
The shorter time was chosen as lengthy benzoylation is a drastic reaction
which may lead to loss of tissue sections.

Acetylation of tissue can be undertaken in several ways. The
method employed in this investigation is that recommended by Chayen et al.
(1969, p.77). Their recommendations are based on the original procedure
of McManus and Cason (1950) as modified by Lillie (1965, p.278). Usually

a saponification procedure is subsequently performed (Culling, 1963;
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Thompson, 1966) in order to demonstrate reversibility of acetylation.
Saponification was not used in this study. The acetylation mixture

was acetic anhydride (13 ml.) with pyridine (20 ml) and slides were

placed in this for 5 hours. Acetylation was performed on tissue
sections prior to oxidation for the PAS and aldehyde fuchsin reactions.
Nitrosation (deamination) was carried out as advocated by

Pearse (1968a, p.618).

Tissue sections were exposed to a dilute (Feulgcn) acid hydrolysis
as previously described; 0.2N HCt at 60° for 3 hours was used prior to
oxidation with permanganate and periodic acid in the aldehyde fuchsin
and PAS reactions.

Sulphydryl block was undert’ with N-ethyl maleimide (NEM)
according to the method originally ocsci bed by Barrnett. and Seligman
(1952) and later adopted by Pearse (1968, p.620). For this, slides
were immersed in a 0.1M solution of NEM for 4 hours at 37 C.

Saline baths (0.9 ) were used at room temperature for onehour

prior to continuing with staining procedures.

3.6.3 RcsuUs
A sumnary of the result as observed in the cytoplasm of C cells is
given in Table VII. The intensity of staining reactions was assessed
in comparison with control sections.

Aldehyde blockade totally abolished the cytoplasmic staining of
thyroid C cells with periodic acid-Schiff: no C cell was found that
staine j.itively. In contrast with the PAS reaction, both the
aldehyde fuchsin and colloidal iron reactions were unaffected.

Acetylation prior to oxidation with periodic acid abolished the
PAS reaction and moderately diminished the intensity of the colloidal

Iron staining reactions. Some C cells failed to reveal any basophilia



TABLE VII - The effects of blocking and other modifying procedures on
the periodic acid-Schiff (PAS), colloidal iron (Cl), aldehyde
fuchsin (AF) and toluidinc blue (IB) staining reactions of

the C cell of the canine thyroid gland.

AF
Procedure PAS Cl before after oxidation 1B
aldehyde block 0 + NT 4 NT
acetylation (acylation) 0 i 4 4 i
benzoylation 2 h. + 0 NT 0 0
8 h. 0 0 NT 0 0
methylation 48 h + + NT 0 0
96 h 0 0 NT 0 0
deamination
(nitrosation) +++ 4 NT 4 44
acid hydrolysis + 0 NT 4 444
sodium chloride bath NT 4 NT 4 4
maleimlde block 4 4 0 4 4

Subjective assessments of staining intensity as compared with controls (not

blocked or modified)

0 = markedly diminished or completely abolished
+ » moderate decrease

4 » no change

44 = moderate increase

444 = marked increase

NT m hot tested



with toluidino blue. However, overall, a diminished reaction for this
staining reaction was observed in C ceils. Aldehyde fuchsin reaction was
not altered by acetylation.

Benzoylstion for 2 hours did not alter the PAS reaction whereas
colloidal iron, aldehyde fuchsin and toluidine blue staining were
completely inhibited by this procedure. Prolonged (8 hour) benzoylation
abolished the PAS staining of C cells.

Methylation for 48 hours diminished the colloidal iron and
completely abolished aldehyde fuchsin and toluidine blue staining.

The PAS reaction was not altered after 48 hours methylation but after
96 hour> this and the other stai ling reactions were all abolished.

Deamination resulted in a noteworthy increase in intensity of the
PAS reaction. Connective tissue also stained more strongly. The
colloidal iron and aldehyde fuchsin reactions remained unaltered whereas
toluidine blue metachromasia was slightly enhanced.

Acid hydrolysis enhanced the metachromatic staining of C cells as
has been described in Section 3.4. The colloidal iron reaction was
the only other to be affected : staining of C cells was entirely abolished.

Maleimide blockade inhibited the aldehyde fuchsin reaction when
such a block was applied before but not after the oxidation step. The
PAS, colloidal iron and toluidine blue reactions were not affected.

The use of sodium baths did not alter any of the staining reactions.

3.6.4 Discussion
In extensive work on collagen fibres, Bangle and Alford (1953) showed
that aldehyde blockade, interposed between the oxidation step and Schiff
staining in the PAS reaction, inhibited a colour reaction in these fibres.
The aldehyde blocking agent used by them was aniline chloride (an aryl

amine) which proved effective. If aniline chloride or any other method
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of aldehyde blockade Joes not prevent a PAS reaction, as may occur
especially with other amines that arc used as blocking agents, then

the presence of aldehyde is not necessarily excluded. The reason is
that these blocking agents may not react with all aldehydes that are
formed in tissues after oxidation. Aniline in glacial acetic acid
(Lillie and Glcnner, 1957) was chosen in this study rather than aniline
chloride of Bangle and Alford (1953), hydroxyl amine hydrochloride
(Daniel 1i, 1950) or dimcdonc (Lillie, 1965, p.376), because it is a most
reliable aldehyde blocking agent. Both Pearse (1968a, p.455) and Lillie
state that dimedone and aniline chloride sometimes fail to abolish a
positive PAS reaction where aldehyde is known to be present.

Aniline in glacial acetic acid, as expected, completely inhibited
the PAS reaction in canine C cells indicating that it efficaciously
blocks aldehyde groups. In view of this observation it seems unlikely
that in C cells, the aldehyde fuchsin reaction, which remained unaltered
after this blocking procedure,is dependent on the formation of aldehydes.
Kasten (1960) has expressed the view that the attachment of aldehyde
fuchsin to tissue components is most likely due to aldehydes (formed by
oxidation) which react with Schiff bases of activated pararosanilin
(Fig. 14, Section 3.4.3). From the present observation it seems unlikely
that the aldehyde fuchsin reaction in thyroid C cells is dependent on
aldehydes and that pararosanilin combines with tissue groups by means of
azomcthines (Schiff bases). There is further indirect evidence from the
present work to support the view that aldehydes do not play a prominent
role in the attachment of aldehyde fuchsin to C cells. Both benzoylation
and methylation, while not diminishing the PAS reaction (i.e. no aldehyde
blockade has occurred) do Inhibit the aldehyde fuchsin reaction. This

indicates that dye att chment in aldehyde fuchsin staining is dependent

on groups other than aldehydes.
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Acotylation (with acetic anhydride-pyridinc mixture) and
benzoylation (with anhydrous benzoyl chloride in a mixture of aceto-
nitrile and pyridine) are similar in that they form acyl derivatives
with a number of chemical groups of proteins and carbohydrates (Barnard,
1961, Lillie, 1966). When acotylation was first introduced for cytochemical
use, be zoyl chloride in acetic anhydride was used but subsequent workers
(McManus and Cason, 1950) modified this method in that benzoyl chloride
was excluded from the mixture. They found that 65 per cent acetic
anhydride in pyridine was effective in inhibiting leuco-fuchsin (Schiff's
reagent) staining after periodic acid oxidation in all tissue components,
an observation which was disputed by Lillie (1954, p.278). Consequently,
Lillie recommended a slightly changed procedure for effective acotylation.
(He altered the concentration of reagents, duration and temperature of
reaction.) Li’lie's method was adopted in this study as it seemed, from
the literature , most reliable. This acotylation method has been used
on other tissues to investigate the acotylation of hydroxyl and amino
groups (Lillie, 1964).

Acetylation was primarily used to evaluate its effect at a point
when a wositi'e PAS reaction is abolished. From this one would be able
to exclude amino alcohol, vicinal hydroxvl or aromatic hydroxyls as
participating groups in the aldehyde fuchsin, colloidal iron and
toluidine blue reactions. A negative PAS reaction would indicate that
these groups have been effectively blocked.

Acetylation abolished the PAS reaction in C cells and there was a
moderate decrease in intensity of colloidal iron staining and toluidine
blue mctachromasia. The effect on the latter reaction is most likely

the result of a reduction in the number of carboxyl groups, an explanation
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which could also bo applied to the Cl reaction. Some authorities state

that the colloidal iron reaction depends on the number of available

carbox. 1 groups (Pearse, 1968, p.350).

Anhydrous benzoylation by the method as first described by

Danielle (1950), blocks phenolic groups of tyrosine, amino alcohol

groups of serine and threonine, guanidyl groups of arginine and imidazole

groups of histid’.ie as well as terminal and side chain lysine groups of

protein (Barnard, 1961). Alteration of aldehyde groups was not
considered of significance by Barnard (1961), but subsequently Lillie
pointed out that these may be benzoylated (Lillie, 1966). Barnard

also indicates tnat benzoylation predominantly affects groups in the cell

cytoplasm but not necessarily in the nucleus. That is, certain protein

groups seem to be protected - benzoylation does not abolish the reaction
of tetra-azotized anidine attributed to histidine (Barnard, 1961), the

DNFB reaction attributed to tyrosyl residues (Haddy, 1961) or the DVAS

reaction which is attributed to tryptophan (Curtis and Cowden, 1970).
Acetylation and benzoylation alter virtually the same chemical groups

(enumerated above) but they do not act biochemically in the same way.

Both procedures vere therefore utilized in this study, particulaily for

the reasons given

(1) for a comparison vith each other - benzoylation may not be as
effective as acetylation in blocking certain protein groups.

(2) to detect the presence of any 'protected’ protein end groups
participating in any of the four (PAS, colloidal iron, aldchyde-fuchsin
and toluidine blue) reactions.

A comparison of the results of acctylation with benzoylation draws
attention to the failure of benzoylation to inhibit the PAS reaction under

the same conditions which can abolish the aldchyde-fuchsin and toluidine
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blue reactions. This is an unexpected finding. Barnard (19G1)
reports that the PAS reaction, in certain sites, is not abolished by
prolonged (8 h) benzoylation and thinks this is the result of carbohydrate
binding to protein. | have previously d, amn the conclusion that the I'AS
reaction in C cells is due to glycoprotein (Section 3.5.5) and if ny
deductions are correct, the presence of such groups may prevent effective
benzoylation in C cells. There is no biochemical explanation of why
benzoylation does not alter vicinal hydroxyl groups in the presence of
excess protein.

benzoylation is most effective in abolishing the aldehyde fuchsin,
colloidal iron and toluidinc blue reaction. The alteration of the
aldehyde fuchsin s' lining is expected as even short (2 h) benzoylation
rapidly acylates s Iphydryl and disulphide groups (Cecil and licPhee,
1957). As indicated above, benzoylation affects hydroxyl groups and
alteration of these may account for the inhibition of the toluidine blue
reaction. The rapidity with which benzoylation alters the toluidine blue,
aldehyde fuchsin and colloidal iron reaction indicates that ‘'protected1
groups of histidine, tyrosine or tryptophan do not participate in this
reaction as these groups are predominantly altered by 2 h benzoylation
(Barnard, 1961). Prolonged (8 h) exposure to benzoyl chloride abolishes
the PAS reaction. This is a drastic reaction and probably extracts most
cellular components of tiss'x rather than merely altering reactive groups
of proteins and carbohydrates.

Fisher and Lillie (1954) used the biochemical process of methylation
(esterification) to study carboxyl groups in tissue sections and especially
those stains which are thought to rely on these groups for positive staining.

They used acidified methanol (MCl in methanol) for their investigation.
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Fronkcl-Conrat and Olcott (1945), In biochemical analyses, reported

that acidified methanol cstcrifics carboxyl but not phenolic, thiol or
Indole groups and furthermore that pcptide-amidc bonds of polypeptides are
aie not disrupted. These dcductivis have to a large extent been accepted
to hold true in the cytochcmical application of methylation (Pearse,

1968a). However, methylation may also be used to abolish the reactivity
of phosphate and sulphate groups of carbohydrates and thereby block the
staining reactions dependent on these tissue groups (Thompson, 1966, p.510).

Several other reagents such as thionyl ch'oride and methyl iodide
have been used for methylation of tissue groups (Terner, 1964).
Nevertheless, acidic methanol was chosen in this study in view of its
frequent usage (Pearse, 1968a, Thompson, 1966). It was hoped in this
way to compare results with studies on other tissues. I carried out the
reaction at room temperature rather than at 60°C, which is frequently used.
At higher temperatures the reactivity of tissue gioups 1s altered rapidly
whereas at 22°C the reactivity of chemical groups is altered slowly
(Willcox, 1967) and changes be more carefully observed.

The results of the present study show that the aldehyde fuchsin and
toluidine blue staining of C cells is abolished after 48 houis of
methylation. Though it is not indicated in Table VII, these two reactions
are already somewhat diminished after 24 hours of methylation. The
effect of methylation on these two staining reactions is most probably
through an alteration of carboxyl groups. Biochemically carboxyl groups
are esterified far more readily than other groups (Willcox, 1967); therefore
I would tend to favour the idea that an alteration of carboxyls i’
responsible for a change in at least these two staining reactions.

Spicer and Lillie (1959) suggest that sulphonic acid (the presence

of which in tissue is necessary for a positive aldehyde fuchsin reaction)



can undergo cstcriflcation with methanol after prolonged exposure to
methanol; such a mechanism most probably also plays a part in the
alteration of the aldehyde fuchsin reaction after prolonged methylation.
In gastric mucus the toluidinc blue reaction, which is dependent
on carboxyl groups, is abolished after 24 hours of methylation, and the
PAS reaction, which in this substance relies on vicinal hydroxyl groups,
is abolished after 96 hours of methylation (Fisher and Lillie, 1954).
Similar periods of methylation are needed to alter these reactions in
canine C cells. These observations support the view that carboxyl and
vicinal hydroxyl groups in C cel's arc altered by methylation.
Nitrosation (deamination) as a cytochemical reaction, predominantly
affects the reactivity of amino groups and is unlike acetylation or
benzoylaticn which alte several protein side groups. Changes in
staining after deamination are described by Wolman and Greco (1952) and
Lillie (1958); their deductions are pertinent to the observations of the
present study. They note- cm increased basophilia with toluidine blue
at pH 5.0 and an enhanced PAS reaction. Enhanced basophilia (or decreased
acidophilia) has been observed in many tissue structures following
nitrosation (Lillie, 1958; Spicer, 1962", Lev and Gerard, 1966). For
instance a diminution of staining of basic proteins in red blood cells
and mucus was noted. The change in chromasy is attributed to a decreased
number of positively charged amines (arginine, lysine and hydroxylysine)
which are presumed to form salt linkage with anionic protein groups.
A decreased number of cations (of amines) would account for an increased
proportion of anionic groups and therefore enhanced basophilia. It has
been shown that canine C cells do contain reactive basic amine groups of
lysine and hydroxylysine (Section 3.4) and it is presumably nitrosation

of these groups that accounts for increased basophilia.
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The enhanced PAS reaction following nitrosation cannot be accounted
for on the basis of a change in any carbohydrate groups as nitrosation
does not affect these radicles (Thompson, 1966, p.509). Theoretically
nitrosation may convert ami no-alcohols to koto acids and nitro radicles
but investigations by Lillie (1958) has shown that secondary amines, of
which amino alcohols are an example, are not affected by nitrosation in
tissues. An alternative explanation for the enhanced PAS reaction may
be that plasmalogens are changed. Addition of keto groups to double bond
carboxyls of lipids might provide additional aldehyds to the -.ell cytoplasm.
Such an explanation has been invoked to explain the enhanced PAS reaction
observed following deamination of smears of guinea pig fat (Wolman and
Greco, 1952). Further studies involving lipid interactions in the C cell
are required to provide supporting evidence that this biochemical change
occurs in the C cel 1.

Aldehyde fuchsin and colloidal iron staining of C cells were not
altered by nitrosation; it seems that basic protein groups are not
involved.

Hydrolysis with hydrochloric acid is used in the well-known Feulgen
and plasma1 reactions. Usually 0.2N MCl is used at 60°C. Usage of such
acid hyd,olysis in cytochemistry is milder than the acid hydrolysis of
biochemists who use concentrated hydrochloric acid for cleavage of
protein and peptides (Ncurath, 1963; Hill, 1965). Mild hydrolysis
affects both carbohydrate, protein and lipid components of cell structures
and effects of hydrolysis are dependent upon the concentration of acid,
the temperature at which hydrolysis is carried out and the time that the
tissue is exposed to acid.

Chemical modification which are attributed to acid hydrolysis of

tissue sections, are as follows



(") extraction of RNA, purine bases and phosphates from cells and
nuclei;

(2) unmasking or 'release’' of aldehyde groups from pentose sugars in DNA;

(3) unmasking of aldehydes from plasmals (acetal phosphatides);

(4) conversion of side chain carboxamido groups to carboxylic acid; and

(5) partial extraction or cleavage of peptide chains in tissue proteins.

The manner in which acid hydrolysis enhances basophilia of the
toluidine blue reaction of C cells has already been discussed (Section 3.4.3).
It is noteworthy that the colloidal iron reaction is abolished in C cells by
acid hydrolysis, an observation that was completely unexpected especially
as hydrolysis increases the number of anionic (carboxyl) groups. There
may be interference with the colloidal iron solution by residual MCl left
in tissue sections and this may prevent staining. One could repeat the
experiments after hydrolysis with tissue sections washed for prolonged
times.

Acid hydrolysis did not enhance the PAS reaction in C cell cytoplasm;
therefore cytochemical reactions (2) end (3) above, do not seem to take
place in these cells. In view of the observation that deamination
increases the intensity of the PAS reaction one would have expected an
enhanced PAS reaction if deamination daes in fact act on lipids (plasmals).

N-ethyl maleimide selectively blocks -SH groups by a process of
alkylation (Riordan and Vallee, 1967; Jocelyn, 1972). Its effectiveness
for blocking-SH groups in tissue was shown by Barrnett and Seligman (1952)
in their analysis of the DDD reaction 1or sulphur-containing tissue
components. Apart from reacting with -SH groups N-ethyl maleimide reacts
slowly at pH 7.4 with amino-cnd groups of peptides (Smyth et alm, 1960),
the epsilon-amino groups of lysine and the imidazole of histidine (Brewer and

and Richm, 1967). These reactions clearly restrict the use of N-ethyl



malcimidc for tissue analysis; nevertheless malcimidc block has been
used as a blocking agent for -SH groups (Pcarse, 1968a, p.172).

The only staining reaction which was altered by N-ethyl maleimide
blockade was aldehyde fuchsin provided that N-ethyl maleimide was used
prior to the oxidation stop. Presumably this is due to reaction with
the disulphide group in tnc cell cytoplasm on which the aldehyde fuchsin
depends for a positive reaction. No direct biochemical work is available
to indicate that disulphides react with maleimidcs; recent cytochemical
analysis of maleimide interaction with -S!l groups docs not mention their
reaction with -SS- (Sippel, 1969). The mechanism whereby N-ethyl
maleimide alters the aldehyde fuchsin reaction is thus difficult to

explain.

3.6.5 Conclusions

(1) Toluidine b*uc staining relics on the presence of carboxyl groups
in the cytoplasm of C cells for attachment of its dye molecule.
Both methylation and benzoylation block carboxyl groups and abolish
stainability of C cells with toluidine blue. Basic protein groups
in the cell cytoplasm interfere with the reactions of some carboxyl
groups with toluidine blue. These basic groups can be dissociated
from anionic groups by means of nitrosation.

(2) The aldehyde fuchsin reaction is inhibited by the same blocking
procedures that abolish the toluidine blue staining. Aldehyde
fuchsin may therefore in part depend upon carboxyl groups for its
attachment to tissue groups. Acctylation and aldehyde blockade
Indicate that aldehyde fuchsin staining does not roly on
aldehyde in tissues for attachment of dye molecules.

(3) The colloidal iron reaction in C cells requires the presence of

carboxyl groups in order to yield a positive result. However,



only a small number of these groups is necessary for a positive
stain, as methyl ation, which abolishes the toluidine blue
reaction does not, under the same conditions, abolish the colloidal
iron reaction but merely reduces the staining intensity. The
production of increased numbers of carboxyl groups in C cells by
acid hydrolysis does not enhance the colloidal iron stain, indicating
that this staining is the result of an 'all or none' reaction which
occurs in the presence of a minimum number of carboxyl groups.

(4) The PAS reaction is positive in C cells. Only nitrosation suggests
that lipids contribute but this is not confirmed by the application
of acid hydrolysis. Whether ami no-alcohols of proteins contribute

to the PAS reaction could notbe established in this section of the

study.

3.7 Enzymatic and chemical cleavagr protein groups

3.7.1 Introduction
Use of enzymes for extraction and hydrolysis of chemical suostances in

tissues has been made extensively since 1945 when enzymes became

available as cytochemical reagents. Enzyme techniques in cytochemistry
and their limitations havr been reviewed (Kaufman ct a!., 1950; Benditt
and French, 1953). To a great extent the limitations imposed by, for

example, impurities in enzyme samples md assessment of the end-point of
theenzymatic reaction, still apply. Mindful of thelimitations inherent

In their use degradation procedures were nevertheless undertaken as it was
felt that useful infonnatic might be derived from them. My rationalization
was as follows.

(1) Calcitonin can, biochemically, be broken into fragments of peptides

by proteases or by ‘chemical' hydrolysis (Brewer, 1970) (Fig. 17).
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(2)

(3)

(4)

This information from biochemical work prompted a cytochemical
exploration of similar methods in C colls.

I thought it possible that enzyme cleavage might make cytochemical
identification of protein subunits (peptides) possible. The
proteolytic enzymes hydrolyze specific peptide bonds and in this
they are superior to hydrolysis by means of concentrated acid

which is less specific (Hill, 1965). By employing enzymes of
increasing hydrolytic activity (an increased number of peptide bonds
of a polypeptide that can be disrupted by one enzyme), it was hoped
to establish some specificity for the cytochemical reactions used.
For this purpose trypsin, pepsin and papain were chosen, papain
having the greatest hydrolytic activity.

PAS, toluidinc blue and colloidal iron staining reactions could
indicate the presence of glycoproteins in C cells. Enzymes may
split the carbohydrate-protein linkages (Spiro, 1970) of glycoproteins
and this dissociation could help locate the reactive staining groups
in C cells. Both proteases and glycosidases are capable of breaking
down the carbohydraie-protein link. More specific information is
obtained by splitting off the carbohydrate with glycosidases than
splitting off protein with protoasts, because protease disruption
of this link usually leads to loss of both protein and carbohydrate
from the tissue section (Lev and Gerard, 1967, Schultz-H.uidt, i971).
Hydrolysis of proteins other than enzymes, acids and alkalis,

may be undertaken with certain chemicals. Chemical hydiolysis

with cyanogen bromide has been used to cleave several polypeptides,
for example ribonuclease and calcitonin (Gross, 1967; Witkop, 1968,

Spande et al.1970). As cyanogen bromide had not been employed in



cytochemistry, attempts were made to use the proteolytic property

of this agent to fragment polypeptides of the C cell cytoplasm.

3.7.2 Material and Methods
Sections of thyroid glands from four dogs (D7 - DIO Table 11l) were chosen
a> random. Each batch of sections that was exposed to enzymes contained

sections of glands from at least two dogs.

Four staining reactions, aldehyde fuchsin, periodic acid-Schiff,
colloidal iron and toluid*nc blue were chosen for the same reasons as
given previously (Sections 3.6.1). All the sections were cut from tissue
that had been freeze-dried and fixed in formalin vapour. After this
method of fixation, staining by aldehyde fuchsin and toluidine blue was
somewhat less intense than after GPA fixation. However, | wished to use
tissue in which the protein content after fixation was optimal. Enzymatic
hydrolysis was undertaken prior to periodic acio oxidation for the Schiff
staining. The toluidine blue staining was carried out at pH's of 2.6
and 5.0 with enzymatic hydrolysis following the acid hydrolysis previously
described (Section 3.4.1). For each enzyme procedure two sets of five
sections each were used, one section in each set acting as control by
being immersed in normal saline while the other sections were treated with
the relevant enzyme. Enzyme digestion was carried out at 37 C in a
humidified atmosphere (humidity not controlled). Humidification was
essential in order to prevent evaporation of the enzyme solution covering
the sections.

The following enzymes were used : trypsin, pepsin, papain, alpha-
amylasc, beta-glucuronidase, hyaluronidase and neuraminidase.

The following methods were employed
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Trypsin - Triple-crystaliizced, salt-free, porcine trypsin (Milos-Seravac,
batch No 36-564, UK 7) with 0.04 per cent chyuotrypsin impurity and an
activity of 4460 NF units/mg was used. The method of Lillie (1965, p.265)
and Mancini et al. (1966) wac employed: 1 per cent trypsin in 0.1M Sorenson's
phosphate buffer, pH 7.6, constituted the enzyme 'broth1. Incubation time
was 60 minutes at 37°C.

Pepsin - A double-crystal 1ized pepsin (Oifco) was utilized. Incubation
was in 10 mgs/ml of 0.02N MCl for 3 hours at 37°C. This incubation time
was based on the work of Lev and Gerard (1967) and the recommendation of
Pearse (1972, p.1039).

Papain - There is no universally accepted method for applying papain to
tissue sections. Cytochcmically, papain has been used to elucidate the
staining of cnterochromaffin granules and mucopolysaccharides (Glenner

and Lillie, 1959; Lev and Gerard, 1967). The method as used by Lev and
Gerard (1967) was employed here. As the assay of papain is carried out at
a pH 6.2 which is the optimal pH for papain activity, a similar pH was
employed for the enzyme mixture. Double-crystal 1ized papain (Sigma,

batch Nos. 400-1410 and 108b-2240) was used at a concentration of 0.5 per
cent in phosphate buffer at pH 6.0. Digestion time was 1C hours at 37°C.
Beta-glucuroni 'ase - The method which | employed for this study is based
in methods used for studying mucopolysaccharides (Fullmer, 1960), connective
tissue (Moore and Schoenuerg, 1958) and thyroid colloid (Kobayashi, et al.,
1959). The purest form of glucuronidase obtainable is contaminated
significantly with aryl sulphatase. Grade 1 marine mollusc beta-
glucuronidasc (Miles-Seravac, batch No. 13, 36.03) was used at a
concentration of 30 mgs in 50 ml of 0.1M acetate buffer at pH 4.5 as this
enzyme has an optimum activity at pH 4.5 (Cox, 1959). Digestion time was

for 30 hours at 37°C.
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Hyaluronidaso - Hyaluvonidasc activity depends on the purity of the
enzyme and the pH : optimal activity is at pH 6.0 (Bowness, 1965).

Pearsc (1972) dissolves the enzyme in normal saline; however, | consider
that the salt content of a phosphate buffer would be equally satisfactory.
Ovine hyaluronidase (Miles-Scravac, grade 1A, 1000 units/mg., batch m.s. 298)
was used in a concentration recommended by Pearse namely 1 mg/ml of 0.1M
phosphate buffer at pH 6.0. Incubation was for 30 hours at 37°C.
Sialidase (neuraminidase) - The digestion procedure was based on the
recommendations of Spicer and Warren (1960) and Schmitz-Moorman (1969).
Oromatographically purified chlostridial sialidase (Sigma), at a
concentration of 1.0 mg/ml in phosphate buffer at pH 6.0, was used.
Incubation was for 18 hours at 37PC.

Alpha amylase - Lillie (1965) who pioneered the method of amylase
digestion used the enzyme in a phosphate buffer at pH 6.0 in 0.8. saline.
Pearsc (1972) has remarked that buffering und salt addition increase the
activity of ribonuclease found as an impurity in amylase. In order to
circumvent possible ribonuclease activity 1 decided to use 1neutral 1

(pH 7.35) phosphate buffer (alpha-amylase activity is optimal at pH 6.9)
as the solvent vehicle for the enzyme. Porcine alpha-amylase, grade 1A
(Sigma, batch 70c-2090) was employed at a concentration of 1 mg/mi

0.1M. Sorenson's pnosphate buffer at pH 7.35 in normal saline. Incubation
time WS 60 mins at 37°C.

Cyanogen bromide - Cyanogen bromide is used for the chemical (non-
enzymatn) cleavage of proteins. It was used biochemically for the
elucidation of the structure of ribonuclease (a polypeptide) by Gross and
Witkop (1961) and thereafter for other polypeptide hormones such as
parathormone, gastrin, (Gross, 1967) and calcitonin (Potts, 1968). The

desirability of finding a suitable non-enzyme protein-cleaving agent for
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cytochcmical use is indicated by the following points : (1) enzyme
cleavage occurs at multiple sites and numerous peptide bonds arc
hydrolyzed and (2) the purity of enzymes, though better now than
fifteen years ago, can still be improved. Cyanogen bromide attacks
only methionyl peptide bonds and does not react with other amino acids,
with the exception of cysteine.

As cyanogen bromide has not been used as a cytochemical reagent
before, an empirical cytochemical approach, based on the method employed
by the biochemist mentioned above, was J.osen. Cyanogen bromide, a ver>
volatile agent, was obtained from Koch Light Laboratories. An 0.4 per
cent solution in a 6v rer cent aqueous mixture of 0.1N MCl was used.
Tissue sections were covered with this solution for 24 hours at ioom
temperature in a fume cupboard. Sections were then washed in three

changes of distilled water before proceeding with the various staining

reactions.

3.7.3 Results

A summary of the results in terms of staining of the cytoplasm of C cells
is given in Table VIII. In general the staining of the cytoplasm was
either not affected or completely abolished. Exposure to alpha-amylase,
beta-glucuronidase, hyaluronidase, sialidase and cyanogen bromide did
not alter staining of either the C cell cytoplasm or thytoglobulin.

Exposure to papain abolished staining of these tissue components
with aldehyde fuchsin, colloidal iron, PAS and toluidine blue. Trypsin

digestion produced the same changes but in addition diminished the

basophilia of cell nuclei.



95.

TABLE VIII - The effects of enzymatic and non-enzymatic cleavage
procedures on the staining of the C coll cytoplasm by
PAS, aldehyde fuchsin, colloidal iron and toluidine blue

aldehyde periodic colloidal toluidine

fuchsin acid-Schiff iron pH 2.6
trypsin - - - -
pepsin - - - -
papain - - - -
a ipha amylase + + + +
beta glucuronidase + + + +
hyaluromdase + + + +
sialidase + + + +
cyanogen bromide + + + +

staining abolished

¢ * no difference from staining intensity in control section

3.7.4 Discussion
From tnhe present results it has become evident that positive staining
with colloidal iron, aldehyde fuchsin, toluidine blue is abolished by
the hydrolytic activity of certain enzymes. In the further discussion
I shall limit myself to the degradation of calcitonin, although | am
aware that protein cleavage procedures involve all structural proteins
also contained in the C cell. Unfortunately no extensive biochemical
or cytochcmical work is available to facilitate a useful discussion of

the effects on these structures.

blue
5.0

In ascending order, the hydrolytic activity of th-' protein-splitting

enzymes and chemicals, is as follows : cyanogen bromide < dilute acid ¢

trypsin < pepsin < papain. Cyanogen bromide cleaves mothi*nyl peptide



bonds only (Gross, 1967), dilute acid attacks aspartyl bonds selectively
and thereafter releases aspartic acid into solution (Tsung and Fraenkel-
Conrat, 1965; Brower, 1970) and trypsin, which is an endopcptidase,
hydrolyses links involving the carboxyl groups of the basic amino acids
lysine and arginine (Hili, 1955; Smyth, 1967). In calcitonin this yields
three peptide fractions (Brewer, 1970) (Fig. 17). Pepsin is also an
endopeptidase which can hydrolyze bonds formed by the amine or carboxyl
groups of phenylalanine, tyrosine, glutamine, cystine and cysteine.
The most susceptible bonds arc the aromatic and leucyl residues of peptides
(Hill, 1965; Smyth, 1967). It follows therefore that pepsin will
produce several oligopeptide chains from calcitonin (at. east four) and
this applies under the conditions which were used on the tissue sections.

As neither cyanoge . oromide nor dilute acid adversely alter aldehyde
fuchsin and toluidine blue staining, it seems that a single peptide break
in the calcitoni molecule does not alter its potential to stain, whereas
a douoli break due to trypsin or triple break due to pepsin or papain in
the peptide chain does result in loss of staining. This is probably due
to loss of peptide fragments in solution.

The 1act that proteases alter staining by PAS, colloidal iron,
toluidine blue and aldehyde fuchsin prooably indicates that proteins
arc stained by these reactions. However, one cannot exclude the possibility
that carbohydrate or lipid, conjugated with proteins, are at least
partially responsible for staining as these may be attached to peptides
that are lost into solution. Because of this reasoning | utilized
glycosidases to exclude carbohydrates as groups which produce staining
In tiie above four procedures. As is explained below, despite careful

adherence to methodology it could not lie shown that mucopolysaccharides,
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chondroitin sulphate, sialic acid or glycogen are present in significant
amounts in canine C cells.

Beta glucuronidase hydrolyzes beta glucuronidcs to release
D-glucuronic acid (Levy and Marsh, 1959). Fullmer (1950) demonstrated
that beta-glucuronidasc digests principally mucopolysaccharides which
produce a positive stain with colloidal iron and aldehyde fuchsin.

Hyaluronidase removes chondroitin sulphate A and chondroitin
sulphate C from tissues (Zugibe, 1962; Leppi and Steward, 1965).
Cytochemically it has been used to study mucopolysaccharides in skin,
synovium, hyaline cartilage, tendons, aorta and in umbilical cord ground
substance (Moore and Schoenberg, 1958; Fullmer, 1960; Zugibe, 1962;

Leppi and Steward, 1965 and Schultz-Haudt, 1971). In these studies

inhibition of toluidine blue metachromasia and alcian blue staining was
reported for most tissues. This enzyme did not affect toluidine blue
metachromasia in C cells and it is therefore concluded that mucopolysaccharides
containing chondroitin sulphate are not responsible for the toluidine blue
bt'.ining in these cells.

There is no specific stain for sialic acid (Schnitz-Moomian, 1969);

enzyme digestion with sialidase is at present the most reliable method
for detecting sialic acid. Sialidase does not alter the chemical
component which produces a positive PAS reaction (Spicer and Warren,
1960; Schmitz-Moorman, 1969) but leads to a loss in metachromasia of
the same chemical component at low pH's. Such changes did not occur
in thyroid C cells, showing that sialic acid is not present in these
cells.

There are several types of amylases available for tissue digestion:
alpha-ai,lylase attacks all glycogen and starch (branched and straight chain

carbohydrates) and beta-amylasc digests starch and amylose (only straight
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chain carbohydrates). Both enzymes attack the 1-4 glucosido linkage

in a random manner. Cytochemically alpha-amylasc effectively removes
glycogen (Rosa and Johnson, 1967). Reports on the effect of alpha-
amylasc on glyco-protein arc at variance. Schultz-llaudt (1971) in his
work on aortic glycoproteins found no alteration of glycoprotein
molecules in electrophoretograms. Lillie et al. (1949) noted decreased
metachromasia of cartilage and Lovell et a1. (1966) demonstrated a marked
decrease in stainable thyroglobulin. These results were not reproducable
by Kobayashi (1959) who used purified alpha-amylase. Presumably impurities
in the amylase must have produced changes in glycoprotein stains in the
older studies. No change in staining of C cells or thyroglobulin was
noted after the use of alpha-amylase in this study, thereby excluding the
possibility that glycogen contributes towards a positive PAS reaction in

C cells.

3.7.5 Conclusions

(1) The use of proteases and glycosidases indicates that aldehyde
fuchsin, toluidine blue and colloidal iron,stain, in C cells,
simple protein unconjugated to mucopolysaccharide, glycogen, sialic
acid or chondroitin sulphate.

(2) Protein cleavage procedures which break one peptide bond only, do
not result in any change in staining of the C cell cytoplasm,
whereas hydrolysis of two or more peptide bonds abolishes staining
by the above lea.uions in C cells.

(3) C cells contain no glycogen, chondroitin sulphate, hyaluronic
or sialic acid which therefore do not account for the PAS positive

staining.
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3.8 Final conclusions on protoin cytochemistry of C colls

The combined results from the analyses of reactive groups of proteins
in canine C cells, the staining reactions for glycoproteins and the
use of blocking procedures as well as enzyme hydrolysis, have led to

the following overall conclusions.

(1 The presence of acidic groups of proteins is demonstrated in
canine C cells by toluidine blue metachromasia. The reactive
groups are side-chain carboxyl groups derived from polypeptides,
rather than glycoproteins. It is tentatively suggested that
hydrolysis of polypeptides with acid i tributes to the number
of carboxyl groups by cleaving polype]' ides at ‘he aspartyl group.
Other prototropic groups of substances that might produce
metachromasia, for example, mucopolysaccharides, sialic acid,
polyphosphates and polysaccharide ester-sulphate could not be shown
in the canine C cells.

(2) The positive colloidal iron reaction in C cells is most likely
imparted by reactive groups of polypeptides rather than glycoproteins.
A comparison of this staining reaction with the staining by the
aldehyde fuchsin, toluidine blue and PAS reactions suggests that
carboxyl groups are necessary for a positive colloidal iron staining
reaction.

(3) Reactive groups of basic protein, such as alpha- and epsilon-amines,
are demonstrable in canine C cells with the sensitive fluorescent
stain dansyl chloride. Nitrosation (de-amination) enhances the
PAS staining and toluidine blue metachromasia, possibly due to

disruption of amino groups which are covalr Iy linked to acidic

groups of polypeptides.



The DDD and fcm-fcrrocyanido reactions indicate the presence
of considerable numbers of disulphide groups in the canine C
cells. The sulphonic acid derived from these groups by
permanganate oxidation probably induces a positive aldehyde
fuchsin reaction. As the aldehyde fuchsin reaction is inhibited
by the same blocking procedures that abolish toluidine blue
staining, aldehyde fuchsin staining may in part depend upon

carboxyl groups for its attachment to tissue groups in C cells.
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4. SILVER BINDING IN C CELLS

4.1 Introduction
Nonidcz, in 19 . was the first to show that C cells of the canine thyroid
gland display an affinity for silver nitrate, far greater than that of the
surrounding follicular and connective tissue. This is observed as a
granular argyrophilia of the cytoplasm and is so marked in comparison with
the paucity of silver deposition in follicular cells, that C cells can be
readily distinguished from other epithelial cells.

The observations of Nonidez were incidential to a study on the
innervation of the thyroid gland, for which study the Cajal (1927) silver
impregnation method was selected. A student of Nonidez soon confirmed
that his observations were not exclusive to the canine thyroid gland but
that argyrophilie C cells were demonstrable in thyroid glands of rabbits
(Raymond, 1932). Subsequently they have been shown in several animal
species including man, by Sandr ttcr and Klein (1954).

The foregoing work was undertaken in an era (1930-1955) during which
exten',ve study and debate revolved around technical procedures of silver
impregnation (Holmes, 1968). lor instance, the criteria for detecting
argyrophilie ancj argentaffin cells in the gastrointestinal tract were being
debated and ncuroanatomists and neuropathologists deliberated on the
reliaoility and use of silver impregnation methods for their studies.
Methodology was a prime consideration in si'ver impregnation during the
mid-thirties when Nonidez described the argyrophilia of C cells and the
fact may account for the scant notice that was accorded to his observations
at that time.

It has gradually emerged that a distinct group of cell types, a

endocrine system called the APUD system by Pearsc (1967), can be recognized
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in mammals and that several members of this group, for example alpha (A)
cells of the pancreas, G cells of tne 3Stric antrum, and C cells of the
thy-oid gland are argyrophific. However, not all members of this system
are ."gyrophi 1ic. Pcarse (1970) suggested, on the basis of this and
other staining properties, that the embryonic origin of thyroid C cells
might be from the neural crest. There arc, however, significant
differences in the methods whereby silver can be optimally attached to
neural tissue and to C cells. Some of these differences will be referred

to again in a subsequent section (4.1 ).

4.1.1 An analysis of icthods of silver impregnation used for C cells

Several methods for impregnation with silver have been employed on tissue
sections of the thyroid gland. Nonidez used Cajal's method (1927);
S ndrittcr and Klein employed two methods, those of Gros-Schultze (1948)
and of Gros-Bielschowsky (Feyrter, 1951). Kameda (1968) utilized
the method of Davenport (original reference not available) and Solcia et al.
(1970) used the method of Grimelius (1968), which is a modification of
Median's technique. All these procedures, with the exception of the
Gros-Schultze method, produce a granular argyrophilia in the cytoplasm
of C cells in animals.

Before analysing the above methods of silver impregnation it is

pertinent to the subsequent experimental work to discuss the chemicc1

form of silver that is applied to tissue sections (Table IX). Regardless
however, of the chemical form of silver that is used, ii is always ionic
silver (Ag1l) that is deposited on tissue sections. Amounts of ionic

silver that are available in each form of silver vary and in silver
proteinate, constitute only 25 per cent of the total silver content (the

remainder is unionized and attached to the proteinate mocity).
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TABLE IX - Forms of silver and their solvent generally used for silver
impregnation of tissue sections

Chemical form of silver Solvent first usage

silver chloride (AgClg) aqueous/buffered/with NH* * 1903

silver nitrate (AgNO®) aqueous/buffered/with NH* £ 1903

silver proteinate aqueous/buffered/with NH Bodian (1937)*
silver diamine (AgfNH-jAOH) aqueous solution Bielschowsky (1902)
silver methenamine aqueous/buffered Gomori (1946)

. + first described in 1903 but not used again until 1937.

Several methods of silver impregnation utilize a combination of
chemical forms of silver. For example, aqueous silver nitrate is frequently
used in combination with silver nroteinatc (Gray, p.564). The purpose
of such combinations has never been clearly established. Probably they
are not necessary as either chemical form of silver individually may be
adequate for impregnation provided enough silver, in ionic form, is
available for deposition.

With regard to the chemical forms of silver, it is noticeable that
all the methods for argyrophilia which are employed for C cells, utilize
aqueous silver nitrate (Cajal, Gros-Schultze, Grimelius). The Gros-
Bielschowsky method utilizes aqueous silver nitrate n combination with
silver diamine.

A further feature of the methods of silver impregnation is the use
of ammonia. Ammonia is used to produce silver diamine (Table IX) from a
mixture of silver nitrate and potassium hydroxide (Gray, 1954, p. 575 )
or ammonia is often added, instead of a buffer, to an aqueous solution
of silver nitrate to provide an alka'ine pH. Alkaline silver solutions

are essential for the impregnation of certain tissues (see below). By
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employing ammonia in these two different ways the same results arc
probably achieved - that is alkaline conditions (high pH) for silver
impregnation. The Gros-Bielschowsky method contains silver diamine but
none of the above methods which demonstrate argyrophilic granules in C
cells use silver nitrate in an ammoniacal solution.

A further consideration in silver impregnation procedures is the
method whereby silver ions are reduced to metallic silver in tissue
sections. To achieve this, 'developers' or reducing agents are necessary,
based on their action, two groups of metallophilia arc described. Reducing
agents may be endogenous, that is there may be inherent ability within the
cell to reduce ionic silver without assistance from external agents, or
they may be exogenous. The former type of metallophilia is called
argentaffinity and the latter argyrophilia. All the methods for C cells
quoted above require exogenous reducing agents and these cells are
therefore argyrophilic and not argentaffin.

A list of the reducing agents which are most frequently used is
given in Table X. In the Cajal method a combination of pyrogallol and
formaldehyde is used, the Oos-Bielchowsky method employs formaldehyde
alone and the Grimelius method, hydroquinone. All the reducing agents
which are listed, achieve good reduction of ionic to metallic si 1vt"
provided that sufficient silver salt is present in the tissue sections.
Cytochemically it is not known how the reducing agents achieve their

effect on silver in tissues (Peters, 1955b).

Table X /...
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TABLE X - Reducing (developing)agents used
in silver impregnation methods

hydroquinone
chloroquinal

pyrogallol

p-ami nophenol (Amidol)

formaldehyde

(sodium sulphite)*

(sodium thiosulphate)*

+ These are ‘'stabilizing' salts frequei.wiy

used in conjunction with the above reducing agents.

4.1.2 General principles of silver impregnation

There is hardly a tissue structure which cannot be 'impregnated' with
silver or on which deposition of silver cannot occur (Peters, 1C55a)
The extent of silver impregnation depends on which method is used. There
is no universal method that will achieve ideal silvering of all tissues
kno n to be argyrophilie but rather many recipes, each for separate
tissues, have been advocated. Gray (1954) lists no fewer than 250
formulations of silver impregnation methods, many of which are minor
modifications of older procedures and have little scientific basis.
These methods emanate from the empiricism of ‘'broth mixers' (Holmes, 1968).
Despite the fact that silver is physically deposited on all tissue
structures, there are certain components - e.g. neuroglia, granules of
enterochror ffin and C cells - which have an affinity for silver in excess
of that of their surrounding tissue. The nature of this ‘'affinity' is

not agreed upon nor has a cytochemical basis for it been elucidated.
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Until further information becomes available it seems appropriate to
use the terms 'high affinity' and 'low affinity' sites for silver in
tissues of these two categories.

The principal steps of silver impregnation as far as they have been
elucidated at present, are outlined in fig.17a. An oxidation step may
cr may not be incorporated prior to exposure to silver baths. Methods
for reticulin fibres, basement membrane (Velican and Velican, 1972) or
polysaccharides (Pickett-Heaps, 1967) require such oxidation whereas
impregnation of neuroglia (Peters, 1955a), entcrochromaffin and C cells
(Solcia et alm, 1970) are performed without oxidation. The chemical
forms of silver in the baths has been described above (Section 4.1.1).
Deposition of silver in tissues has classically been ascribed to the
formation of 'silver nuclei' surrounding which an excess amount of
ionized silver aggregates fVelican and Velican, 1972). This phenomenon
of excess silver aggregation is well known to biochemists : silver ions
that are used for titration of sulphydryl groups of proteins do not
combine in a one to one ratio with these groups but rather are found in
a number in excess (on a molar basis) of the number of sulphydryl groups
(Sluyterman, 1957). The ability of silver to aggregate around a 'nucleus’
probably accounts for the ease with which silver impregnation methods can
reveal secretory granules in the cytoplasm of C cells wuen these granules
(160-250 mu diameter in the dog (Azzali, 1968)) arc otherwise beyond the
resolving power of the 1iglit microscope. Accumulation of silver around
a 'nucleus' is described as an autoratalyt.ic process (Peters, 1955a). No
biophysical or cytochcmical explanation for this reaction has boon
published.

Mow'silver nuclei' are formed is hypothetical. Theoretically they
may occur either through electrostatic interaction with specific or non-

specific tijSue groups (Silver, 1942; Samuel, 1953a,b; Gottlob and



107.

Hoff, 196d); or in raction by non-polar addition to specific chemical

end-groups in tissue (Peters, 1955a; Wolnun, 1957; Lillie, 1965, p.230;

Swift, 1960).
pre-oxidation of tissue sections no oxidation of tissue sections
deposition of silver ions on sections of tissue
- this is pH dependent
low affinity groups high affinity groups in tissues
in tissues
~
auuucatalysis; accumulation of Ag ions
in excess but no binding to tissues
A * &
no endogenous reduction of endogenous reduction
silver at tissue sites of ionic to metallic
silver; binding of
silver to tissue
Strong exogenous weak exogenous reducing
reducing agents agents reduce ionic to
reduce ionic to metallic silver; binding
metallic silver of silver to tissue
diffuse metallophilia localized metallopnilia localized metallophitia
background argyrophilia pronounced > gyrophilia argentaffinity
Fig. 17a - Suggested mechanism of silver impregnation in tissues
Based on:

1. P ters (1955a, b)

2. Velican and Velican (1972)

3. Pearse (1968a, p.364)



4.1.2.1 Electrostatic interaction and silver deposition
Silver impregnation is largely controlled by the prevailing pH o, the
solvent of silver nitrate (Samuel, 1953a). Aqueous silver nitrate has a
pH of £ 6.2, anmoniacal silver a pH of i 8-10, whereas buffers are adjusted
to a required pH. There are only two buffers the constituents of which do
not precipitate with silver - these are acetic acid/acetate and boric acid/
borax buffers both of which are used in silvering solutions. For example
the methcnamine reaction of Gomori (1952) is performed at an alkaline pH
In a boric acid buffer.

There are two optima of pH at which silver impregnation is usually
carried out : one is 8.0-8.5 for staining ef enterochrumaffin granules
(Gomori. 1952). cell bodies of microglia (Silver, 1942) and axons (Samuel,
1952a; Peters, i955a)and the other is 5.5-6.0 for the staining cf alpha
cells in the pancreas (Hellerstrom and Heilman, 1960; Grimelius, 1968) and
C cells of the thyroid glanc (Solcia et al., 1970). A variation in pH
of 1.0-1.5 either way produces a markedly diminished metallophilia in the
above structures. These observations strongly favour the view that
electrostatic interaction either mediates the initial deposition or the

further accretion of silver ions in the abovementioned structures.

4.1.2.2 Chemical end group interaction in silver deposition
Many groups have been nominated as the 1reactive* ones responsible for
silver attachment. Peters (1955a) proposes that in nerve tissue histidine
is of importance. Swift (1968) suggests that in hair and hair follicles
disulphides are reactive groups, Wolman (1957) puts forward evidence that
in axons elhylcnic links of lipoproteins are mediators of silver attachment,
Lillie (1965, p.238) suggests that in enterochromaffin granules amine groups

are the sites for silver reduction and Velican and Velican (1972) propose
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in the glomcru, : l'asement membrane, the hydroxylysine is the group to
which silver i: u tachc.d. In those silvering methods which require
antecedent oxidation, vicinal hydroxy, groups arc proposed as the
participating chemical group (Pickett-Meaps, 1967).

A criticism of some of the above contentions can be aimed at the
cytochemical evidence which is utilized. For instance, there is no
direct cytochemical reaction for histidine and its involvement in staining
procedures is only suggested from non-specific chemical blocking procedures.

It is noteworthy that some of the above reactive groups (amines,
hydroxylysine, disulphides) have pK values in the alkaline range (pH 6-11)
wnich accords with the alkaline conditions under which the silver
impregnation is undertaken. Perhaps the formation of'silver nuclei' in
tissue sections depends on a combination of prevailing electrostatic forces
and specific chemical groups that provide these forces. 1he possibility
that such a mechanism prevails in impregnation of C cells is to be
considered later (Sections 4.3.1 and 4.4.1).

4.3.1 Intracytoplasmic structures concerned with silver binding
in C colts

Solcia et al. (1970) showed a granular argyrophilia in the cytoplasm of C
cells of the dog with the Grimelius silver impregnation method at the
light microscope level. Silver impregnation of nuclei and cell borders
(low affinity sites) was faint but the nucleolus (high affinity site) was
well demarcated. Adaptation of the Grimelius method for electron microscopic
use was readily achieved (Vassallo et al., 1971) and its application indicated
that the argyrophilie granules in C cells correspond to secretory granules
and to no other cytoplasmic organelles. These workers showed that, silver
grains attached evenly over the secretory granules and did not preferentially

accumulate at their margins - as is seen for example with the secretory
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granules of some gastrointestinal endocrine cells. Localization of
silver at the margins of granules might represent attachment to the
limiting membrane of such granules.

In view of the remark: made in Section 1.2 which reviewed evidence
that secretory granules in C cells contained calcitonin or at least a
close derivative of this polypeptide, it seems very likely that silver
attachment is concerned with the amino acid components of calcitonin.
Freeze-etching studies (Welsch and Buchcim, 1972) of secretory granules
in C cells suggest that they arc homogeneous and that calcitonin is organised
in a ranuom coil conformation as was proposed by Pearse (1969). Such
steric conformation of calcitonin would allow ready accessibility of silver

ions to the amino acids constituting its polypeptide chain.

4.2 Purpose of the present study on metal 1ophilia of C cell granules
The C cells have a clearly defined synthetic product to which silver ions
become readily attached. | wished to establish whether metallophitia in
C cells is affected by (1) oxidation, (2) alteration of pH and (3) omission
of exogenous reduction under alkaline conditions. These featuresweie
chosen as they are important points in the gereral mechanism of silver
impregnation as outlined in Fig. 17a. The design of this study takes
into consideration the general mechanism of silver impregnation as it
is given in Section 4.1.2. I therefore chose a method
(1) that requires an oxidation step for a positive result
(2) that uses ammoniacal silver but no exogenous reduction
(3) that uses silver ions in aqueous solution

(4) that uses silver salt in a buffer.

In the subsequent section, 4.4 | extended theobservations on oxidation

which is Section 4.3 is shown to inhibit silver binding in Cells.



| thereby hoped to determine the amino acid groups which may have a high
affinity for silver ions. Various oxidants and oxidation times were
used with the Grimelius impregnation method that produces argyrophilia
in C cells. | also wished to elucidate the c tochemical significance
of silver impregnation of C cells. An acetylation procedure and a
sulphydryl blocking agent were chosen because they block known chemical
groups, for example disulphides and sulphydryl groups, which might be

involved in silver binding of Ccells.

4.3 Silver impreqantion - generalmethods
4.3.1 Material and methods
All silver impregnation, unless otherwise stated, was performed on
canine thyroid fixed in GPA. For each stain five to ten section® were
stained in a batch. Each batch comprised sections from one or both of
two dogs and for each dog the slides were chosen at random from any art a
in the thyroid gland.

Cajal's silver impregnation method was employed as advocated by
Nonidez (1932) but with some minor changes. For this method, tissues were
fixed in 80 per cent alcohol for 4 hours at 0°C. Tissue blocks were
washed in distilled water and placed in freshly prepared 1.5% aqueous
silver nitrate (pH 6.2) in the dark for two days. They were then
immersed in a reducing fluid of pyrogallol/formaldehyde in distilled
water for 24 hours. Thereafter the block of tissue was dehydrated and
cleared and embedded in paraffin wax for sectioning. Sections from some
blocks of tissue were toned with gold chloride according to the method
of Cajal and de Castro as advocated by Gray (1954, p.548).

A reliable method combining silver nitrate and silver diamine with
a preceding oxidation step was chosen. The method of Mitchell and

Wislocki (1944) demonstrates reticulin fibres and is also claimed to
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demonstrate glycogen. This method, including the oxidation step with
aqueous potassium permanganate, was carried out as originally described.

An ammoniacal silver impregnation according to llasson-i'ontana
(Bancroft, 1967, p.168) was applied to sections of thyroid fixed in formalin
vapour. No reducing aoents are employed but a brief rinse in 'hypo' is
incorporated.

The Grimelius impregnation method was carried out as described for
alpha cells of the pancreas (Grimelius, 1968a). The silver solution was
added to acetic acid/acetate buffer at pH 5.6. Impregnation was for 3
hours at 60°c; the reducing solution constituted a hydroquinone/sodium
sulphate mixture. Slides were immersed in this solution for one minute
at a temperature of 45°C. The Grimelius stain was repeated at vaiiou-..

pH's between 4.0 and 6.5.

4.3.2 Results
The results in terms of the granular argyrophilia of C cells arc summarized
in Table XI. Each method is assessed against an optimal reaction which is
described in the literature for that particular mcthou.

Cajal's silver method produced result; that were variable within each
block of tissue but in every case there was a granular argyrophilia
noticeable in thyroid C cells. Some blocks of tissue were over-impregnated
in that the thyroglobulin and follicular cells were dark brown (Fig.18) which
indicated that considerable silver had been deposited in these structures.
Silver was also deposited in the apical region of the follicular cells.

In those blocks in which impregnation was not as heavy, the apical regions
of follicular cells usually contained aggregates of granular silver deposit
(Fig. 19). The deposition of silver in C cells was in the form of coarse
granules throughout the cell cytoplasm; some C cells contained hardly any

silver granules while in others the content of such granules was high (Fig. 19).



113.

TARLE XI - A scnn-qunntUativc assessment of the granular metallophi 1ia
in the C cells of the canine thyroid gland under different
conditions of silver impregnation

Method Evaluation of Metallophilia

Cajal 's method

(1.5% aqueous silver nitrate pH 6.1) +H++[+++

Masson-Fontana

(amnoniacal silver)

Mitchell and Wislockils method
(pre-oxidation, aqueous silver nitrate.

silver diamine)

Grimclius

(0.03% buffered silver nitrate)

pH 5.5 +++
4.0 +
4.5 +
5.0 +
5.5 ++++
6.0 +++
6.5 +

+/++++ « subjective assessment of granular metallophilia

- ve = no granular metallophilia
Each method is assessed against an optimal reaction which is described
in the literature for that particular method; the evaluations are not

comparable with one another.
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Fig 18 - Prominent argyrophilic granules in canine C cells; some
argyrophilic granules in follicular cells (arrow) and some non-
specific silver uptake by thyroglobulin (Tg). Alcohol fixation.

Cajal's silver impregnation. XI1200

Fin 19 - Argyrophilic granules in the apical region of follicular
cells and in some C cells. Alcohol fixation. Cajal's
silver impregnation. X720
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No other cell structures except the nucleolus and the outline of the
nuclear membrane were impregnated with silver in the C cell.

The Masson-Fontana impregnation method produced no metallophilia in
the C cells. The silver method of Mitchell and Wislocki (which includes
pre-oxidation) likewise produced no impregnation of C cells even though
the rcticulin fibres were demonstrated (Fig. 20). These fibres formed a
loose network around clusters of C cells and follicles. This method
which is claimed to demonstrate glycogen (Mitchell and Wislocki, 1944), did
not stain areas within follicular cells which are known to be rich in
glycoproteins.

The Grimelius method produced a marked granular argyrophilia in
C cells (Fig. 21). There was minimal silver deposition on the follicular
cells which were a faint brown colour in comparison with C cells. The
effect on pH on silver deposition is such that lowering the pH to 4 or

raising it above 6.5 markedly diminished argyrophitia.

4.3.3 Discussion

Three features are evident from the results : first'y, that a silver
impregnation method with preceding oxidation of tissue sections did not
demonstrate argyrophilia in C cells; secondly, that ammoniacal silver
without exogenous reduction is not suitable for demonstrating metallophilia
in thyroid C cells and thirdly, that pH of silver solutions markedly affects

the deposition of silver in C cells.

The significance of oxidation in the production of argyrophilia has
been studied in some detail by Lillie (1954) and Velican and Velican (1972).
They studied impregnation methods n which silver deposition failed to
occur if there is no prior oxidation. Velican and Velican (1972) favour

the view that the production of aldehydes, following oxidation, is
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Fig. 20 - C cells (arrows) are not argyrophilie with the silver
impregnation method of Mitchell and Uislocki; reticulin

fibres are well shown. Formol saline fixation. Mitchell
and Wislocki silver impregnation and carmalum counterstain.
X540

Fin 21 - Argyrophilie granules in canine C cc Is. GPA fixation.
Grimclius silver impregnation. X360
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responsible for silver attachment to reticulin fibres and they provide
cytochemical evidence that these groups arc involved. However, the
study of Lillie, which comprises a comparison of silver impregnation with
the PAS reaction (which depends on aldehydes produced by oxidation, for a
reaction) in a multitude of tissues indicates that silver deposition docs
noi occur at all sites where aldehydes are so produced. It has already been
shown (Section 3.5) that aldehydes arc produced in the cytop’asm of canine C
cells by oxidation with periodic acid. The present observations (of
production of aldehydes but no subsequent deposition of silver) are similar
mto those of Lillie who however, studied nervous tissue, connective tissue,
liver and thyroid but not thyroid C cells. It therefore seems to me that
silver impregnation, following oxidation, probably indicates sites of
aldehyde formation but that another factor or factors is/are in addition
required before silver can be deposited at certain sites where aldehydes
are present. What these 'other factors' areis not knownand these do
not seem to be present in the thyroid C cell.

Optimal argyrophilia with the Grimclius impregnation occurs at pH 5.5.
The charge dependency of silver attachment draws attention to those amino
acid groups which are ionized at pH 5.5. These are beta-carboxyl (pK - 3.65),
gamma-carboxyl (pK = 4.25) and imidazole (pK = 6.0) (Pearse, 1968, p.115).
The first two side-groups do not react chemically with silver whereat a
reaction of imidazole with silver was suggested by Peters (1955). No
supporting evidence can be found in the literature for such a cytochemical
or biochemical reaction. A factor mitigating against the involvement
of silver with imidazole is that, biochemically, silver salts precipitate
with histidine (the reactive group of which is imidazole) at a more
alkaline pH, i.e. above pH 5.5 (Dunn and Roekland, 1951).

Another possibility is that silver at a pH of 5.5 may react with
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disulphides of calcitonin. The reasons why | suggest that such a
cytochemical reaction may occur arc derived from experimental work of
biochemists. Cecil and McPhce ('.b7) have shown that at pH 5.7 silver
iors may form silver mereaptides with Bisulphides (Reaction 1).
Furthermore, silver has been used to induce an elcctrophilic cleavage

of the disulphide bonds of glutathione (Calam and Waloy, 1962) in acetate

buffer at pH 6.1.

+2H20 0 J] "0
3Ag* + 2rR .s-s.rR === 3RSAg + RSOgH + 3H+
-21i20

The above biochemical reactions were performed under conditions very
similar to those under which silver impregnation occurs in the C cell i.e.
acetate buffer pH 5.7 and 6.1 as compared with acetate buffer pH at 5.5.
The silver mercapt.ide forming from cleavage of disulphide, may constitute
part of the 'silver nuclei' which were mentioned in Section 4.1.2. Two
observations can be put forward in line with ny view that silver reacts
with the disulphides in the C cells - (1) disilphide groups, in significant
amounts, have already been shown in the canine cell (Section 3.4);
(2) cytochemical work on keratin and hair (Lillie, 1954; Swift,1968) has
revealed that silver has a predilection for sites with a high concentration
of disulphide groups. Swift (1973) has provided further evidence that
silver reacts with disulphide groups of hair.
Arguments against the reaction of disulphides with silver in C cells
are as follows
(1) Impregnation of hair and keratin is usually undertaken with silver
mcthenaminc and not with buffered silver nitrate (as in Grimelius

method). The mcthenaminc reaction is performed at alkaline
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conditions and the Grimelius reaction is performed at pH 5.5.
Even though biochemical cleavage of disulphidcs is usually done
at an alkaline pH (Jocelyn, 1972)this canalso be undertaken
under mild acid conditions as has beenmentioned above. MWy view
is that disulphidcs of calcitonin would not be cleaved under
alkaline conditions as calcitonin is an acidic protein and its
ionic charge would hinder dissociation of disulphides ur.der
alkaline conditions.

(2) Disulphides in other polypeptides, for example insulin (found in
beta cells of the pancreas) and thyroglobulin, are ur ‘active
with silver. The disulphides of insulin form interchain links
which are contained within a crystalline lattice work and it seems
that they are inaccessible to siver because of steric hindrance.
Thyroid colloid may react with silver (Lillie, 1954) but only
under alkaline conditions and then if no oxidation is applied.

Whether disulphides of colloid are responsible for argyrophiTia

is not known.

In conclusionit si 18 that the uptake of silvercan be ascribed
to several reactive protein groups butthat th;silveruptake depends
on the conditions of impregnation (i.e. oxidation, pH, endogenous or
exogenous reduction) and the conformation of polypeptides containing
the reactive chemical groups witnin cells. The reaction of disulphidcs

and prateins is evaluated further in the next section.

4.4. Oxidation, alteration of protein groups and silver impregnation

4.4.1 M Lcrial and methods
The argyrophilia produced by the Grimelius silver method was analyzed

to see if it is mediated by disulphidcs or other protein groups, lor
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this purpose all the thyroid tissue of a dog was fixed in GPA. A number
of serial sections was cut from blocks obtained from this thyroid gland.
Fur the silver impregnation alternate consecutive sections wore utilized
as controls to localize C cells. For the aldehyde fuchsin reaction,
which was used for comparison with the silver impregnation method,
tissue blocks were freeze-dried and fixed in formalin vapour.
Sections were initially exposed to one of the following
(1) 0.5 per cent HgSO* — potassium permanganate oxidation for 5, 10,
30 and 60 min (Landing et al., 1956).
(2) 1 per cent periodic acid (pH 2.5) oxidation for 10 min, 30 min,
2 h, 4 h, at 22°C.
(3) Acetylatior in 1:1 acetic anhydride/pyridine at 60°C for 30 min
(mild), 1 h, 2 h and 4 h (drastic) (McManus and Cason, 1950).
(4) Acetylation both mild and drastic followed by saponification in
0.1N KOH for 15 min.
(5) Sulphydryl block with 0.1M N-ethyl maleimidc at pH 7.4 for 4 h
at 37°C (Pearse, 1968a). This procedure was also carried out on
sections previously oxidized with one per cent periodic acid for

10 min and 4 h.

The aldehyde fuchsin reaction was carried out as previously (Section 3.4)
except that oxidation was with periodic acid as in (3) above.

The oxidation procedures used were chosen because of the biochemically
known effects that strong and mild oxidants have on protein and amino
acids (Toennis, 1942; Sanger, 1945, 1560, Hake, 1965; Clamp and Hough, 1965;
Hirs, 1967 and Pearse, 1960a, p.314). The aldehyde fuchsin reaction was
selected for a comparison with ,i.vcr impregnation anu as an indicator of
the effects of oxidation on disulphides, a chemical group on which thi*

stain is dependent for a positive result (Section 3.4).
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4.4.2 Results
The results, assessed subjectively and semi-quantitatively arc given in
Table XII. Oxidation with acidified potassium permanganate inhibited
silver impregnation of thyroid C cells as well as that of epithelial cells.
The same oxidation procedure induced an intense staining reaction with
aldehyde fuchsin in C cells as described previously.

Periodic acid, an oxidant milder than acidified permanganate,
gradually diminished the amount of silver attachment to tissue sections.
Decreased argyrophi1fla was noted as either fewer argyrophilic granules
(Fig. 22) in C cells or by a failure of some cells to accumulate any
silver. Ten minute oxidation with periodic acid did not induce a positive
aldehyde fuchsin stain in C cells but after 2 hours' oxidation, a positive
reaction was observed. After four hours of oxidation aldehyde fuchsin
clearly stained all C cells. On the other hand after this period of
oxidation silver impregnation was abolished.

Mild acetylation completely inhibited silver impregnation in
thyroid C cells; alkaline sal/onification restored the capability of silver
to be deposited but after saponification argyrophilia was less intense
than previously. Following drastic acetylation no argyrophilia was
observed.

N-ethyl malcimide did not block silver impregnation.

Table XII/..
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TABLE XII - The results of oxidation and end-group modification on
---------------- the granular argyrophilia and aldehyde fuchsin staining
of canine thyroid C cells

Procedure Grimelius Aldehyde Fuchsin
no oxidation (control) e )

; ; . +++
H2S04/pemianganate 10 min and longer

1.0% periodic acid

10 min ++t )
30 min + +
2 hr + ++
4 hr ; +++

acetylation (mild and drastic)

acetylation and alkaline saponification

mild acetylation ++

drastic acetylation -ort
N-ethjlmaleimide +++
EIRIE L JE L L) - subjective assessment of argyrophilia

m ho reaction
+++ * optimal reaction
blank - not performed

These results are comparable with each other.
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F&g. 22 - Several C cells (arrows) show decreased density of
cytoplasmic granules contrasted with controls (not shown
but see Fig. 21). GPA fixation, Grimelius silver
Impregnation after 1.0 per cent periodic acid oxidation. X640



4.4.3 Discussion
Strong oxidants, of which acidified permanganate and performic acid
are examples, readily oxidize specific amino acids in polypeptides
without disrupting their peptide linkages. Performic acid readily
oxidizes cystine, methionine and tryptophan in intact protein such as
casein and insulin (Toennis, 1942; Sanger, 1949) and permanganate oxidation
(for 10 min) oxidizes half-cystine, cysteine, methionine, tryptopnan and
tyrosine (Hake, 1965). In the latter study amino acids were tested
separately and were not contained in a polypeptide chain. Thus strong
oxidants in three separate studies have been shown to oxidize the same
amino acids. It is therefore reasonable to assume that in C cells
acidified permanganate oxidizes the same amino acids, namely cystine,
cysteine and methionine as well as tryptophan and tyrosine. The
oxidation products of cystine and cysteine are sulphinic (k.SCyi) and
sulphonic (R.SO*H) acid and that of methionine is a sulphone (Hirs, 1967).
The former acidic groups have been implicated in the staining by aldehyde
fuchsin (Section 3.4.3). The evidence for this mechanism of staining has
been discussed. From the observations now prese <ed, it seems possible
that argyrophilia is inhibited by stronc idant. because disulphide groups,
which are converted to sulphonic acid, a o longer available ior mercaptide
formation with si Tver.

The weaker oxidizing agent, periodic acid, rapidly oxidizes vicinal
hydroxyl groups to form aldehydes (within 10 minutes) but oxidation of
amino acids especially disulphides of cystine, is known to take several
hours (Lillie, et alm, 1954; Clamp and Hough, 1965). Periodic acid is
capable of oxidizing test tube samples of cystine, cysteine, tyrosine,
tryptophan, histidine and methionine. The slow oxidation rate is

demonstrated by the following example : after 6 hours, cystine consumes
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0.78 mole cf periodic acid while after 28 hours 2.2 moles of periodic
acid arc consumed (Clamp and Hough, 1965). Although the times of
exposure that | used on tissue sections in this study are not as long

as the exposure of test tube samples to periodic acid by Clamp and Hough,
it seems that gradual oxidation of amino acids may be responsible for
decreased argyrophilia. When contained within a polypeptide, those
amino acids that could be oxidized by periodic acid in test tubes, were
found to be cystine, methionine, tryptophan, tyrosine and histidine
(Clamp and Hough, 1965). It is therefore these amino acids that require
further consideration.

I have not been able to demonstrate tyrosine and tryptophan,
cvtochciiiically in canine C cells (Section 3.4). Lillie et_aM1954)
showed that cysteine and cystine can bot.i be oxidized by periodic acid.
The times he used to achieve complete oxidation are almost identical to
the times used in the present study, that is 2 hour oxidation with
periodic acid. This produced sulphonic acid from disulphides as reflected
in basophilia that developed in tissue sections. Lillie also compared the
oxidation times that are required for the production of sulphonic acids
by permanganate and by periodic acid and found that 10 minutes are required
by the former strong oxidant and 2 hours by the latter weak oxidant. The
present oxidation times add support to the view that it is the formation
of sulphonic acid which inhibits attachment of the metal. The remaining
amino acids that arc oxidized by , namely histidine and methionine, were
considered when selecting the present experimental procedures. Histidine
is not oxidized by brief permanganate oxidation (Hake, 1965) and | therefore
do not think that it contributes to silver attachment in C cells.
Unfortunately there is no method of blocking this amino acid without

effecting disulphide groups as well. The affinity of silver for
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methionine depends on its -Sll group (Jocelyn, 1972, p.57) but blockade of
¢his group did not alter the argyrophilia. It is doubtful, however, whether
the -Sit group is of cytochcmical importance in silver impregnation as
Cecil (1963) has shown that the methionine (-SH) side chain in intact
protein is not accessible to analysis with heavy metals.

Both mild and drastic acetylation abolish silver attachment and
in the former case alkali saponification partially restores this ability.
Drastic acetylation probably extracts cytoplasmic constituents of cells.
This probably explains the failure to restore argyrophilia with
saponification after drastic acetylation. Many chemical groups in tissue
may be acctylated (or estcrificd) e.g. aldehydes, glycols, disulphides,
hydroxy-ami no and carboxyl groups. Bisulphides form diacetyl esteis and
these have been shown by Cecil and McPhce (1957) to be unreactive with
silver nitrate. Both cell membranes and thyroglobulin are rich in
glycols, hydroxy-amino and carboxyl groups but they demonstrate no intense
argyrophilia. On this basis these chemical groups may be excluded as high

affinity sites for silver attachment in canine C cells.

4.5 Conclusions

(1) Argyrophilia of thyroid C cells depends upon pH; optimal impregnation
occurs at a slightly acid pH and not at an alkaline pH.

(2) Oxidation preceding silver impregnation, does not enhance argyrophilia
but reduces the affinity of structures in the C cell for silver

nitrate.

(3) Ammoniacal silver without exogenous reduction is not suitable for

silver impregnation of canine C cells.



(4)

127.

Considerable indirect evidence supports the view that argyrophilia

in C cells depends upon disulphide groups. Such evidence is
provided by the results of acctylation as well as results of strong
and weak oxidation with the aldehyde fuchsin reaction. It is
suggested that silver nitrate and disulphides react in C cells to
form silver mercaptide which :hen induces argyrophilia. furthermore
it is suggested that sulphonic acid, formed from disulphides by
oxidation, prevents silver mercaptide formation and therefore

argyrophitia.
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5. C CELLS OF THE NORVAL HUVAN THYROID GLAND
5.1 Introduction

Medullary carcinoma is a malignant growth of the thyroid gland the source
of which was postulated, in 1966, to be the C cell (Williams, 1956).

My interest in this premise was aroused when encountering a patient with
medullary carcinoma in clinical practice in 1968. A cursorv search of
the literature then did not bring out much information about the micro-
anatomical features of this cell type in nomal human glands. Indeed
some authors ascribed C cells to histological artefact and denied their
existence as a definite cell structure in the thyroid gland (Ludwig, 1954).
However, a brief remark by Solcia and Sampietro (1968) that human thyroid
glands did contain demonstrable C cells prompted me to embark on the
present study.

There were several problems to contend with before commencing a
light microscopic study of these cells. Firstly, C cells require special
staining procedures to demonstrate their presence, and some methods which
were introduced between 1968-1969 by Solcia et al. (1968, 1969) and
Grimelius (1968a) required assessment as to their usefulness in demonstrating
C cells in animals including man. Secondly, there was confusion about the
types of cells contained in the thyroid gland of man - the identity of the
C cell, a well-established cell type in canine glands, had not been
convincingly shown in human thyroids and conversely cells analogous to the
oxyphil cells of the human gland could not be identified in canine material.
These two issues resulted in misrepresentations and use of erroneous
nomenclature. To obtain clarity about the cell types in human thyroid
glands and to decide upon acceptable terminology, a brief historical

review of the literature on C cells was undertaken.
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5.2 Terminology of human thyroid colls and historical background

Calcitonin-producing cells in animals arc known by 17 different terms
(Table 1, SecMon 1.4). However, the most coomon aopcllations employed
are parafollicular cell (Nonidcz, 1932) and C cell (Pearse, 1966). The
latter term is preferred to that of 'parafollicular cell' because these
cells are not always in a parafollicular position a d may furthermore be
found outside the thyroid, unrelated to follicles (Kameda, 1970).

The first tentative description of human C cells was given by Sandritter
in 1954. Since then they have been shown in normal neonatal and adult
thyroid glands and in ultimo-branchial bodies (UBB's) In human foetuses by
Kalina et al. (1970), Teitelbaum ct al. (1971), Chan and Conen (1971),
Roediger (1973) (Section 5.6 of this study), Wolfe et al. (1974) and
M<.rlillan et _aj. (1974) and in pathologic thyroid glands by Solcia et al.
(1970), Kracht et al. (1970, Ljungberg (1972), E*lund (1972), Tateishi
et al. (1972) and Lillis and Balogh (1973).

It is noteworthy that with the exception of my owmn study (Roediger,
1973) and those of Wolfe et al. (1974) none of the above workers concerned
themselves with the distribution of C cells in the thyroid gland but rather
aimed at identifying C cells and confirming their existence in human tissue.

Apart from follicular cells and C cells, the human thyroid contains
cells termed oxyphil cells.The oxyphil cell was first observed by
Askanazy in 1898 in cases of primary thyrotoxicosis in which they were
described as large-bodied cells with eosinophilic cytoplasm.

The term ‘c.yphil cell' was introduced by Welsh in 1898 to describe
cells in the human parathyroid gland. This usage was thereafter adopted
by Eisenbcrg and Wallenstein (1932) to refer to a morphologically similar
cell in the thyroid gland; this roll is the same as Askanazy had observed

previously. The oxyphil cell of the thyroid was also given the designation



130.

eoncocyte' by Hamper! in 1937. The oxyphil cell is frequently found
in pathological thyroid glands and the term has, like 'C cell' several
synonyms (Table 1, Section 1.4).

Unfortunately Ewing in 1919 introduced the misnomer of 'Hurthle
cell' for the thyroid oxyphil cell in man, when i, reality Hurthle had
described the canine cell now called the C cell. This error led Hamper!
(1962) to lodge s vigorous appeal against the term Hurthle cell which,
despite this appeal, is still frequently used in the literature.

The oxyphil cell is found in 15 per cent of normal adult thyroid
glands and in 50 per cent of toxic thyroid adenomas (Lennox, 1948). the
opinion that oxyphil cells are derived from follicular cells has been
expressed by Hamperi (1962), Tremblay (1969) and Heimann et_al (1973)
on the reasoning that numerous transitional forms between follicular and
oxyphil cells arc found within the same gland. Beskid and Kobuszewska-
Faryna (1972) who base their conclusions on cytochemical findings in
oxyphil cells (toluidine blue metachromasia, phospholipid and enzyme
content), have suggested that oxyphil cells are derived from C cells.
Indeed several cytochemical properties of C and oxyphil cells are similar
(Table XVII, Section 5.6.4); however, assay of oxyphil tumour extracts
show that oxyphil cells under such conditions conform, both enzymatically
and biochemically, to follicular cells (Heimann et al., 1973).

A working description of the oxyphil cell is as follows: it is a
polygonal cell, large-bodied in comparison to follicular or to C cells:
It has a granular acidophilic cytoplasm that contains numerous mitochondria;
it has a large nucleus and may be binucleate (Roodigor, 1975).

The evidence that is now available therefore indicates the presence of
three, clearly, definable cell types i the normal thyroid gland:

(a) follicular or acinar cells, (b) oxyphil cells and (c) C cells.
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5.3 Choice of material

Tissue from human thyroid gland is not easily obtainable. Three
avenues were considered for obtaining such tissue in a Iresh enough
state unaltered by post mortem autolysis. These were (1) thyroid glands
immediately obtained from cadavers from which kidneys had been used for
transplantation purposes, (2) glandular tissue which was obtained from
surgical resections and (3) thyroid glands from 'fresh1 still-born
neonates, i.e. neonates that died during childbirth as a result of one
or other pathological condition. material from the first source was
obtainable as permission to remove glands was not granted by the head of

the Transplant Unit and the magistrate controlling the medico-legal aspects

of tissue donation. An aftempt was made to use thyroidectomy specimens
freshly obtained from tne operating theatre. Despite a careful search no
C cells were convincingly demonstrated in two such specimens. Possible

explanations are (a) gross distortion of normal anatomy by pathological
processes, (e.g. compression of thyroid tissue); (b) the age of the patients
which were op rated on was in the fourth-fifth decad when C cells may not
be as active as in younger patients; and (c) only the anterior third of
each lobe was obtained. Total lobectomy specimens cf thyroid gland are
not easily obtained, when they were obtainable, they were infiltrated with
tumour growth.

Due to the above circumstances | decided to use human neonatal
thyroids because whole glands could be obtained. Thus the distribution
of cells could be studied throughout the gland and furthermore tissues
would not be distorted by surgical intervention or abnormal growths.

A source of neonatal material was available at the Obstetrical

Unit, Baragwanath Hospital. Written permission to collect material was



obtained from Dr. Faivelsolm, Superintendent, Baragwanath Hospital
(Addendum A),to collect post mortem thyroid tissue from six still-born
infants. Parental consent to perform post mortem thyroidectomies was
also obtained. The glands were collected between October, 1970 and
January, 1971.

Considerable evidence accumulated during 1971 to indicate that the
use of neonatal tissue was advantageous for the study of C cells. Kalina
et al. (1970) presented a report on immunofluorescent identification of
C cells in human neonatal thyroid glands and stated that these cells were
identifiable by studying their enzyme content. Tashjian et al.(1972)
reported that prenatal and njonatal thyroid tissue in humans contained
measurable amounts of immunoreactive calcitonin and that levels were very
high in embryonic tissue in UBB's. Chan and Conen (1971) showed that
human UBB's contain cells which resemble C cells and that these C cells
have numerous secretory granules. rinally, indirect evidence indicated
that material from young animals was more suitable than that of older
ones - calcitonin levels in peripheral plasma were found to be much higher
in young animals (calves) than mature adult? (cows) (Hackeng and Schopman,
1971), a point which may indicate that C cells are metabolically more
active at a younger age. Welsch (1971, 1972) studied the UBB and thyroid
glands of various mammals and found in comparison with adults that C cells
were readily identifiable in foetuses (almost full-term) and that these
cells are active at birth.

The decision to use neonatal thyroid gland was fortunate and as

ultimately shown, a correct one.

5.4 Choice of methods of study
The realisation that human C cells arc difficult to find in tissue sections

dictated the use of those stains which readily and clearly discriminate C
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from follicular cells. The following methods were therefore chosen

(1) silver impregnation (Cajal; Grimelius), (2) aldehyde fuchsin after
oxidation and (3) demonstration of 'masked metcchromasia' (these methods
are described in Sections 3.4.1 and 4.3.1).

An additional method whereby human C cells could possibly be
distinguished was the demonstration of intra-cellular enzymes. Certain
enzymes, as will be discussed in the next paragraph, arc found in large
amounts in C, but not follicular, cells.

As early as 1957, Pepler and Pearse showed C cells of rats to
contain high levels of non-specific cholinesterase but at that time they

did not realise that the C cell was an entity distinct and separate from

follicular cells. Hydrolases of human thyroids were investigated by
Tremblay and Pearse (1960) but again their studi ' not take cognizance
of C cells. The experience gained from the above enzyme studies was later

used by Foster et al. (1964a), working with Pearse, to analyze enzymes in
canine C cells; Pearse (1966) thereafter published his own results on
canine thyroids and encouraged Carvalheira (1967) and Welsch (1968, 1969)
to extend these observations. In essence the results of the above studies
showed that thyroid C cells had a high content of dehydrogenases (alpha-
glycerophosphate dehydrogenase, NADH dehydrogenase) and hydrolases (non-
specific esterases and cholinesterases) and furthermore that the cellular
content of these enzymes altered with calcium Infusion but not after
administration of thiouracit. These cellular enzymes are a suitable
means for distinguishing C from follicular cells and | therefore decided
to use this method of study on human thyroid tissue. Before embarking
on this study the methods were tested on canine glands, firstly because

the results in this laboratory animal were well-known and secondly because

fresh tissue was readily available.
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5.5 Enzyme demonstration of C cells in canine thyroids

5.5.1 Introduction
As the intention was not to systematise the analysis of enzymes but to
identify C cells amongst follicular cells, only enzymes which are known
to be found in canine thvroid C cells were selected for study.

(A systematic study of cellular enzymes would entail an analysis
based on either their metabolic significance or on the subcel lular
structure within which they arc found, e.g. enzymes of glycolysis,
glycogenosis, the Krebs cycle, phosphorylation, the pentose cycle,
glycerol metabolism and protein metabolism or the study of enzymes in
mitochondria, microsomes, membranes, lysosomes and endoplasmic reticulum.)

The choice fell on (1) dehydrogenases (a) alpha-glycerophosphate
dehydrogenase ("GPDH) and (b) NADH tetrazolium reductase, and (2) the
hydrolases of which the following were selected (a) alkaline phosphatase,

(b) acid phosphatase, (c) non-specific esterases and (d) cholinesterase.

5.5.2 Material and tissue preparation
Six thyroid glands were obtained from young dogs (D4 - D6and DIO- 012 in
Table 111) of both sexes. The thyroid gland was freshly removed as
previously outlined, cut into small pieces approximately 0.5 om™ These
were placed on a circular disc of cork in a drop of waterand the corkwith

the tissue slowly immersed in liquid nitrogen orin hexane cooled in

alcohol to -70°C. Once the tissue was frozen it was stored on dry ice in
a deep freeze (-17°C). Tissues were sectioned on a Pcarse-Slee cryostat
(-16°C) at Bum and sections mounted on glass cover slips. Post-fixation

was performed in formalin-saline or GPA for periods of 15 minutes to one
hour. Several tissue blocks were fixed in Pearson's fixative (Pearson,
1963) at 4 C for 12 hours and then quenched in liquid nitrogen for cryostat

sectioning.
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5.5.3 Methods
Alpha-glycerophosphate dehydrogenase Demonstration of this enzyme is
based on the reduction of a colourless tctrazolium salt and simultaneous
chelation to form a visible formazan deposit. The method of Nachlas
et al. (1957) as modified by Hess et al. (1958) was used. Monotetrazolium
bromide (MTT) was employed as hydrogen acceptor (Pearse, 1960) with
subsequent cobalt chelation of the formazan. In order to facilitate the
reduction of tctrazolium salt to formazan, menadione (menaphthone) was
added as co-factor according to the method of Wattenburg and Leong (1960).
NADU tetrazolium reductase (NAD diaphorase) The method of Scarpel1i
et al. (1958) was used except that monotetrazolium bromide (MTT) was used
as a hydrogen acceptor (Pearse, 1960) instead of ditetrazolium chloride-BT
(NOT).
Acid phosphatase (non-specific) An azo dye-coupling method using the
diazonium salt, fast garnet G.B.C. (Grogg and Pearse, 1952) and sodium
«naphthyl phosphate as substrate (Barka, 1960) was employed. The reaction
was carried out at pH 5.0.
Alkaline phosphatase An azo dye-coupling method (Gomori, 1952) was used
with sodium °naphthyl phosphate as substrate. The diazonium salt was
fast red T.R. The reaction was carried out at pH of 9.2.
Non-specific esterase Several substrates are available for demonstrating
these esterases (Table XIIl) and, of these, two were selected. The method
of Burstone (1957) was employed using a naphthol ester (naphthol AS-LC
acetate) and the diazonium salt fast garnet G.B.C. for coupling. The
second method used, that of Holt (1954) and Holt and Withers (1958),
employs an indoxylic ester (5-bromo-4-chlorindoxyl acetate) and depends
on an oxidation step for the development of an indigo dye at the site of

enzymes in the cell.



TABLE XIIl - Substrates suitable for demonstrating simple esterases
(a) non-specific and (b) specific esterases

ester substrate type

(@) naphthol AS-LC acetate naphthol ester

naphthol AS-D acetate

naihthol AS cloroacetate

5-bromindoxyl

acetate indoxylic ester

5-bromo-4-chloroindoxyl

beta naphthyl

acetated

alpha naphthyl acetate naphthyl ester

alpha -aphthyl propionate

(b) acetyltl.iocholinc iodide

butyrithiocholine iodide thiocholine ester

myristoyl choline

Collated from (1)
(2)
(3)
(4)
(5)

Burstone (1954)

Holt and Withers (1958)
Barka and Anderson (1963)
Dixon and Webb (1964)

Pearse (1968a,1972)

identification

hexazonium or diazonium
coupling

oxidation to indigo dye

hexazonium or diazonium
coupling

copper thiocholine
conversion to copper sulphide
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Specific cstoraso; cholinestornses. The method of Gcrebtzoff (1953) was
applied to tissue fixed in Pearson's fixative. Acetyl and butyry1tniocholine
iodide were used as substrates (Table XIII). Tissue sections were exposed

to the substrate for 12 hours at pH 6.0.

5.5.4 Results
The dehydrogenase content found in the follicular and C cells of young
dogs was not unlike that obtained by Foster et al. (1964a) and Pcarse (1966)
in their young dogs.

content of C cells was very high (Fig. 23). The formazan
deposit, indicating dehydrogenase activity, was dense. In contrast, the
follicular cells revealed a much lesser amount of this enzyme distributed
throughout the cytoplasm, but in some follicules the granules aggregated
along the apical borders.

The demonstration of «GPDH and NADH reductase was technically
satisfactory and no extra-cellular enzyme was observed which would have
indicated seepage into the surrounding tissue.

The distribution of NADH reductase in follicular and C cells was
similar to that of °GPDH - a high content in the latter cells, and little
in the follicular cells (Fig. 24).

Acid phosphatase visualization in C and follicular cells was
technically very good. The greatest activity of enzyme was found in
some follicular cells (Fig. 25); others revealed virtually none. The C
cells showed moderate activity but could not be clearly distinguished
from follicular cells on the basis of their enzyme content. Acid
phosphatase activity was evenly distributed throughout the cell cytoplasm

and not concentrated along the cell borders.
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Fig. 23 - A high content of a GPDH in canine C cells and a lesser

amount in follicular cells. Cryostat section, formol

saline fixation. X 240

k-

Fig. 24 - Content of NADU tctrazolium reductase is high in C ce

but less in follicular cells. Cryostat section form,
saline. X240
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The alkaline phosphatase activity was hardly detectable in some
C cells; it was absent from most cells. This contrasted markedly with
the activity in the cells lining capillaries and small arterioles, in
which a high content of this enzyme was noticed. Follicular cells showed
a faint stain indicating very small amount of enzyme activity.

The naphthol ester method for demonstrating non-specific esterase
failed to show any reaction in thyroid tissue but the indoxyl ester method
proved efficacious. A blue-indigo dye develops at the site of enzymatic
activity which is displayed in a granular form (Fig. 26). Dye diffusion,
however, occurs from these granules and spreads throughout the cytoplasm
of cells in which the enzyme is contained. The non-specific esterase
activity of C cells is very noticeable with more granules per cell than
in the follicular cells. Unfortunately diffusion of the blue dye is
very marked in both follicular and C cells witt the result that this enzyme
method is not very suitable for differentiating the two cell types from
each other.

The cholinesterase method was carried out at pH 6.8.(Gerebztoff
uses this pH if the cholinesterase content of structures is low.)
Incubation time was increased to 12 hours instead of the recommended
15-60 minutes. With these modifications excellent visualization of
cholinesterases was obtained in C cells (Fig. 27). The final insoluble
sulphide product was densely aggregated throughout the cytoplasm of C cells;
in several cells it was noted to be along the cell borders. All C cells
showed enzyme activity but no cholinesterase activity was observed in

follicular cells.
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Fig. 25 - Acid phosphatase in follicular and C cells (C). Enzyme
content is high in some follicular cells (arrows).
Cryostat section, formol saline fixation. Azo dye-coupling
with Fast Garnet G.B.C. X960
Fiq 26 -

Non specific esterase in C (C) and follicular cells (unlabelled
arrows). Cryostat section formol saline fixation. Indoxylic
ester method. XI1200



Fig. 27 - A high cholinesterasc activity in C cells but none in
follicular cells. Cryostat section, Pearson's fixative.
Gereb.zoff's method. X960
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5.5.5 Discussion

All the enzyme reactions with the exception of alkaline phosphatase
yielded the same results as have been reported in the literature by
Sandritter et al. (1956), Foster et al. (1964a, and Pearse (1966). It
is not clear whether the details of all the methods that | employed are
the same as those used by the above investigators. They do not provide
exact details of their methods. Considerations of methodology do
not, however, seem important as reproduceable results (except for
alkaline phosphatase) were obtained in this study.

Alkaline phosphatase was found in canine C cells by Sandritter
(1956) and by Pearse (1966) but | could not confirm this observation. No
explanation for this is available except that the method | chose is very
insensitive.

The presence of acid phosphatase activity, has in general been
linked with protein-producing cells especially those in which pinocytosis
and emiocytosis is observed (Barka, 1962). Barka points out that acid
phosphatase is related to the development and activity of the pinocytotic
apparatus. Wetzel et al. (1965) demonstrated that, after pinocytosis
of thyroglobulin by follicular cells of the rat, the ingested thyroglobulin
is associated with strong acid phosphatase activity. Perhaps this
dependence of thyroglobulin ingestion on acid phosphatase activity explains
why some canine follicular cells have a marked activity of this enzyme.
There cells arc presumably active in thyroglobulin absorption. The C cell
which actively discharges its secretory granules into the circulation - has
a lesser content of acid phosphatase than follicular cells. The enzyme in
C cells also scorns to be related to protein synthesis but probably in a
different manner to that mentioned above. Foster et al. (1965a) have

shown that calcitonin-releasing stimuli lead to an accumulation of acid
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phosphatase while unstimulated C cells, show considerably lower levels.
The lav activity of acid phosphatase that | observed in C cells (Pcarse,
1966, has found varying amounts in C cells) probably indicates that the
cells have not been subjected to secretory stimuli.

In contrast to the situation as regards acid hydrolases, the
function of the hydrolases acting on carboxylic esters (non-specific
esterases) is not known. The normal distribution, and the alteration
of distribution of this enzyme, in follicular cells of rats following
thyroid stimulating hormone and thiouraci1 administration, was studied
by Pepler and Pearse (1957). Their analysis with regard to follicular
cells was inconclusive. The non-specific esterase content in canine C
cells is somewhat higher than that of follicular cells. Stimulation of
the P cells by calcium infusion did not markedly alter the content of
this enzyme (Foster, et alm, 1964a); presumably therefore it is not
involved in the release of the hormone.

The presence of cholinesterase in C cells of dogs, demonstrated
first by Sandritter ct _aL (1956), was confirmed in this study, in
canine C cells Carvalheira and Pearse (1967) have found this enzyme to be
a pseudo-, rather than a true, cholinesterase. It is also pres"it in C
cells of other species such as guinea-pigs (Dejardin, 1955), rats (Pepler
and Pearse, 1957), pigs (Carvalheira and Pearse, 1967) andrabbits (Weclsch
and Pearse, 1969). Functionally this enzyme is most likely relatedto
secretion of granules from the C cell. It is located on the margin of
secretory granules or along the cell membrane on which granules arc
aligned (Welsch ct al., 1969). The very marked activity of this enzyme
1r. these cells has made it suitable for identifying C cells. As the
enzyme is present in C cells of several animal species one would expect

to find it in C cells of human (neonatal) thyroid glands.
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Dehydrogenases arc enzymes which oxidize by removing hydrogen from
their substrates (-glycerophosphate and NADU); biochemically they are
mainly involved in the hydrogen transport system (Fig. 28) ('electron
ladder') of mitochondria. The oxidation of substrates by dehydrogenases
usually activates several co*enzymes and f1avoproteins, the function of
which is to mediate a rise in the oxidation potential so that energy
transformation for example conversion of adenine di-phosphate to adenosine
tri-phosphate, can take place. The oxidation potential of tetrazolium
salt is usuallv small so that electron transfer preferentially occurs
onto this salt rather than reaching a point where adenosine conversion
occurs (Fig. 28). The addition of a hydrogen ion to tetrazolium salts
produces an insoluble fonnazan salt and it is this salt, chelated to
cobal*, that is visible in cells as the end product of the cytochemical
procedure. In the older methods for dehydrogenase demonstration
(Hess et al., 1958) it was necessary to add co-enzymes (NAD) to the
substraV - Lo initiate transfer along the electron transport system and
to ensure that the oxidation potential was raised to that of the
tetrazolium salt. Since then, however, it has been shown that menaoione
enables electron transfer to by-pass the electron chain (NAD, flav'-protein
and cytochromes) thereby raising the electron charge to the oxidation
potential of the tetrazolium salt (Wattenburg and Leong, 1960). This
latter modification was used by Pearse (1966) and owing to the good
results demonstrated by him, | used the same method in this study. The
good localization of dehydrogenases in both C and follicular cells
indicate the efficacy of the method.

The reason why C cells should have a high content of -GPDH remains
speculative. Biochemically this enzyme is implicated in a glycerophosphate

eshuttle' (Boxer and Devlin, 1961) whereby hydrogen ions arc transferred
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from the- cytoplasm into mitochondria. This biochemical system is presumably
well developed in C and other protein-producing cells /hich have a similarly

high content of this enzyme.

5.5.6 Conclusions

(1) Six enz>mes (acid phosphatase, alkaline phosphatase, non-specific
esterase, NADU reductase, «GPDH, and cholinesterase) have been
studied cytochemically in canine thyroid C cells. The results
are similar to those reported in the literature, except that
alkaline phosphatase was not detected in canine C cells.

(2) Methods for three enzymes, cholinesterase, -GPDH and NADH tetrazolium
reductase, are particularly suited for identifying C cells amongst

follicular cells.

5.6 The C cells in thyroid glands of human neonates

5.6.1 Materials and methods

Whole thyroid glands were surgically removed from 5 human stillborn
neonates. The glands were dissected and removed through a transverse
lower neck incision, the steps of a routine thyroidectomy operation
(Piercy, 1969) were followed. The time lapse before thyroid removal,
the sex, post-gestational age and cause of death are given in Table XIV.

Thyroids wore sagitally and transversely cut through the isthmus
to provide four quadrants of tissue. Each of the four quadrants was cut
In the coronal plane. Thus every thyroid was divided into eight blocks
(Fig.29). One lobe for each thyroid (4 blocks) was used for paraffin
sectioning and the other lobe (4 blocks) for enzyme studies. Material
from each neonate for paraffin sections was fixed in each of belly's fluid,
RO per cent alcohol and glutaraldehyde picric-acetic acid (GPA) fixatives

and sections were cut at 4um For enzyme techniques half of the thyroid
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TABLE XIV - Neonatal thyroidectomies

code no. time lapse before sex post-gestational cause of death
thyroid removal age (weeks)
(hours)
r.. 4 male 32 respiratory distress
i
4 female 34 umbilical cord
C2 prolapse
7 femaic + 36 pre-eclamptic
e toxaemia
14 female + 36 deep transverse
c4 arrest
c5 1 male 35 cerebral haemorrhage

lobe used for enzyme studies was fixed in Pearson's fixative (Pearson,
1963) at 4°C for 12 hours and then quenched in liquid nitrogen for cryostat
sectioning. The remaining half was quenched in hexane (-70°C) or liquid
nitorgen, sectioned on a Pearse-Sice cryostat at 3nm and post-fixed in
formol saline or GPA for periods of 15 minutes to 1 hour.

The following staining methods were selected for the identification
of C cells in human neonatal thyroid glands : (1) silver impregnation
methods of Cajal, Grimelius and Masson-Fontana, (2) aldehyde fuchsin
after permanganate oxidation and (3) demonstration of masked metachromasia.
(Details of methods are given in Sections 3.4.1 and 4.3.1.) In addition,
demonstration of three enzymes was undertaken in human glands. These were
cholinesterase, »GPDH and NADU tetrazolium reductase. The methods and
fixation were employed as described in Section 5.5.3.

Cryostat sections adjoining those demonstrating «GPDH and NADH
tetrazolium reductase were prepared to demonstrate tcluidine blue

metachromasia which was used as an indicator of calcitonin-producing ability.
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« aes A
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Diagrammatic representation of C cell distribution within
the neonatal human thyroid gland. Cells were consistently
found in the hatched area. AA transverse section, BB sagital
section, CC coronal section. These planes correspond to the
planes of tissue sectioning prior to fixation.



For this purpose the cryostat sections were post-fixed in GPA for 15
minutes then hydrolysed in 0.2N MCl at 60°C for 15 minutes and stained
In toluidinc blue as previously (Section 3.4) for 30 minutes.

In order to determine the distribution of C cells throughout the
neonatal glands, sections of all four blocks of one lobe from the thyroid
of each of four neonates were studied. Lobes (constituting 4 blocks
from each neonate) embedded in paraffin wax, were used. The Grimelius
Impregnation method and toluidine blue metachromasia methods were used
to assess the overall distribution of these cells. Sections cut in
plane AA (Fig. 29) were selected and 10-20 slides wore chosen randomly
from each of the middle, lower and upper pole regions of the thyroid lobes.
Sections from four lobes i.e., four neonates wore used to assess distribution.
No quantitation of these cells was performed but the region in which they

occurred predominantly was noted.

5.6.2 Results
A summary of the results for human neonatal C cells is given in Table XV.
In the table the results are compared with those obtained in canine cells
(recorded in Sections 3.4 and 5.5).

In this section of the study no attempts were made to distinguish
oxyphil cells in human neonatal material but these cells were considered
In certain instances whin staining results in epithelial cells were similar
to those noted in oxyphil cells of adult human thyroid glands by Hamper!
(1962) and Tremblay (1969).

The silver impregnation methods of Grimelius and Cajal revealed
silver deposition in epithelial and C cells of the thyroid gland but the
Masson-Fontana method produced no observable silver in such cells.

Cajal's silver impregnation method showed coarse granules in the

cytoplasm of follicular cells. Groups of cells which also contained coarse



TABLE XV

- Cytochcmical

and human neonates

method

Cajal

Grimel ius

Masson

aldehyde
fuchsin

«GPDH

cholinesterase

toluidine blue
metachromasia

N/R =
+/++/+++[++++
+ = small

++++ = maximal

reactions
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in follicular and C cells of young dogs

follicular cells

dog

few impregnated
granules

N/R

no
argentaffinity

few +vc
cytoplasmic
granules

+

ni 1

no reaction

many impregnated
granules

N/R

no
argentaffinity

few +ve
cytoplasmic
granules
+

2 types <f
++

+

2 types

nil

nil

C cells
dog

many impregnated
granules

marked positive
cytoplasmic
granules

no
argentaffinity

diffuse
cytoplasmic
stain

++++

+++

pseudo-
cholinesterase

metachromatic
after or
without acid
hydrolysis

content of enzyme, subjectively assessed;

amount and

content observed

many impregnated
granules

marked positive
cytoplasmic
granules

no
argentaffinity

(?) CceV not
identified
with this
method

++++

+++

nil

metachromatic
only after
acid hydrolysis
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cytoplasmic granules throughout the cytoplasm were found interspersed
between thyroid follicles. From the rescmblence in size and configuration
of cells these cells were presumed to be follicular cells that had not
commenced secretion of thyroglobulin. They may have been tangential
sections of follicle walls but this was not confirmed on consecutive
sections. Despite a careful search the Cajal's method was not suitable
for distinguishing C from follicular cells by observing argyrophilic
granules.

The Grimelius silver impregnation method, in contrast to the Cajal's
procedure, produced no silver uptake in follicular cells but revealed
argyrophilic C cells containing numerous impregnated granules throughout

the cytoplasm. The C cells observed contained numerous secretorygranules

no obvious quantitative difference could be noted from one C cell to another.

Masked metachromasia of C cells with toluidine blue after hydrolysis

was obtained in sections of wax-embedded material and in those cut on the

cryostat. Following acid hydrolysis, C cells were easily identified by
a beta-metachromasia in either type of section. This staining was present
jnly if acid hydrolysis had been undertaken. Initially paraffin sections

were immersed in the basic dye for 20 minutes as recommended by Solcia and
Sampietro (1968) for staining of canine C cells; however, metachromasia
was not readily detected after this short staining time. Sections were
therefore left in the staining solution overnight; unsually an 8 hour
immeri .n was adequate. Metachromasia of the entire cytoplasm, with
coarse granular accentuation in the cytoplasm, was noted (Fig. 30), but
in general, not as many granules could be discerned in the cells staining
with the basic dye as in cells impregnated with silver.

Staining with the other basic dye, aldehyde fuchsin, following

potassium permanganate oxidation, produced an intense staining of colloid,
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follicular cells and interfollicular connective tissue. This staining
reaction was not suitable for detection of C cells as these could not be
distinguished from follicular cells. The intense uptake of aldehyde

fuchsin in all epithelial and epithelioid cells was unexpected.

Mnrphninny and distribution of C cells

Observations on the morphology and distribution of C cells were
made on the toluidinc blue-stained and the silver-impregnated sections.

Two apparent morphological forms of Ccells were noted.The
first form | have termed ‘ovoid' (Figs. 31. 32); the secondis a more
elongated cell with one or more cytoplasmic processes (Figs.33, 34).
These morphological forms might have been Ccells cutin different planes
of section. Ovoid cells, for example, could have cytoplasmic processes
but this was not ascertained on consecutive sections. In both
morphological forms argyrophilic granules are densely aggregated
throughout the cell body. In cells with cytoplasmic processes, these
are applied along the external surface of the follicle parallel to the
basement membrane. The appearance suggests that these processes ate
draped over the spherule constituted by follicular cells. Approximately
one third of all the C cells in the neonatal gland have cytoplasmic
processes and the remainder have the ovoid appearance. The latter cell
fomi is slightly Target than the follicular cells and has a centrally
situated nucleus. The positions of this form of cell with regard to
the follicular cells are intrafoilicular, parafol 1iculat and interfollicular
(Fig. 35). Occasionally 3 to 4 cells were found in association with the
same follicle; these were usually in an intra- or parafollicular position.
A number of C cells were interspersed usually singly, between follicular
cells that had either not yet begun to secrete thyroglobulin or were

tangentially cut cells of follicles.
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Fiq 30 - Masked metachromasia of two human C cells (arrows).
GPA fixation. Toluidine blue afte- acid hydrolysis,

( "V 71

&1

,i _ ovoid human C cell in an Intrafullicular position.
GPA fixation. Grimelius silver Impregnation. XI1200

153.
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Fig. 32 - Ovoid human C cell in a parafollicular position.
GPA fixation. Grimelius silver imoregnation. XI1200

Fig. 33 - Human C cell with cytoplasmic process in a parafollicular
position. GPA fixation. Grimelius silver impregnation.
X1200



»
Fig. 34 - Human C cell with cytoplasmic process in an interfolticular
position. GPA fixation. Grimelius silver impregnation. X9bi
Colloid Colloid
..olloid
rj 35 - Diagrammatic representation of C cells in relation to
r 9¢ follicular cells (a) intrafollicular, (b) parafollicular

and (c) interfollicular position of C cells.
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Numerically the C cells seem far fewer in the human neonatal
thyroid gland th, n in the canine thyroid. The precise overall
distribution of C cells has not been determined as no entire lobe was
sectioned serially. However, sets of slides taken from upper, middle
and lower pole regions indicate clearly that cells arc found predominantly
in the posterior aspect of the gland and in the upper pole (Fig. 29).
Here 6 -8 cells would be found per high power field (x400 magnification)
whereas usually, further anteriorly and at the inferior pole, no C cell

could be found.

Cellular enzymes
No cholinesterase activity could be demonstrated in any follicular cells
of neonatal thyroid glands. The relevant method was carried out on
control sections from canine thyroids and these showed a positive reaction.
The hydrolases were well shown in all the material that was
available. Several categories of cells in the thyroid were shown to
have a relatively high enzyme content. Of these, two groups of cells
could be distinguished from the follicular (acinar or A) cells which
showed a minimal amount of aGPDH (Table XVI). One group, C cells, showed
a very high content of “GPDH and demonstrated toluidinc blue metachromasia
in adjoining sections. These cells occurred in both an intra- and a
para-follicular position. Occasionally clusters of two to three cells
were found to have this high enzyme content. The second group, temporarily
termed AC cells, contained a moderately high content of oxidative enzyme
(«GPDH) (Fig. 36) but in adjacent sections demonstrated no toluidine blue
metachromasia. These cells usually occupied an intrafollirular position,
only one or two occurring per follicle, while some were found in an

Intcrfollicular position (Fig. 37).
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Fig 36 - Human follicular and AC (arrows) cell types. Cryostat
) section,formol-saline. aGPDH demonstration. X1200
VX
%
Fio 37 - Human Ac cell in an interfollicular position (arrows).

Cryostat section, formol-sal inc. aGPDH demonstration. XI1200
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TABLE XVI - Quantitative distribution of "GPDH and NAPH reductase in
thyroid cells of human neonates and relationship of presence
of these enzymes to toluidine blue metachromasia

cell type ttGPDH NADH reductase toluidine blue
metachromasia

A cells + + -ve
AC cells ++ or ++H+ + or ++ -ve
C ce|| [3 ++++ +++ +ve

+/++/+++ represent sub >ctive assessment of increasing content of enzyme.

In the nconace the distrib ion pattern of NADU tetrazolium
reductase within C cells generally paralleled that of «<GPDH. C cells
which had a very high content of dehydrogenase also showed a high content
of the reductase. However, that cell category (AC cells) which had only
a moderately high content of GPDH was not as easily detectable with the
NADH tetrazolium reductase method (Table XVI) because the difference in

enzyme content between AC and follicular cells was small.

5.6.3 Discussion

The above results indicate that the Grimelius silver impregnation method,
toluidine blue metachromasia after hydrolysis and methods for hydrolases
adequately demonstrate C cells in the neonatal human thydoid gland whereas
the Cajal silver impregnation method and cholinestcrase methods are not
suitable for the detection of these cells.

The first reports that the Grimelius silver impregnation method is
suitable for detecting C cells in human thyroid gland (removed for
pathological reasons) appeared in 1970 (Solcia and Sampietro, 1970

and Grandi,1970). Prior to that time attempts were made to use the
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Gros-Schultzc method (Sandritter, 1954) and Cajal's silver impregnation
(Kracht et al., 1970) to demonstrate human C cells. Sandritter was
able to demonstrate a few argyrophilic cells but Kracht, using the Cajal
Impregnation, was not. Due to these difficulties the Grimelius method
was subsequently used by other workers °* their studies were aimed at
confirming the presence of human C cells in pathological material
(goitrous glands) (Englund et al., 1972 and Lillis and Balogh, 1973) or
to detect argyrophilic granules in carcinomas derived from human C cells
(Tateishi et al., 1972 and Meyer et al., 1973). These reports confirmed
the efficacious use of this silver impregnation method for human C cells
but provided little information on the normal distribution or morphology
of this cel 1.

Solcia and Sampietro (1968) and Solcia et al. (1970) were also the
first to use toluidine blue mctachromasia (masked metachromasia) to
demonstrate C cells in pathological adult human thyroid glands. The
present results show that this type of metachromasia also provides adequate
means for identification of C cells in neonatal human thyroids. For the
success of this stain on human tissue sections, acid hydrolysis is
mandatory while nipldchromasia in canine C cells can be demonstrated without
acid hydrolysis. A critical discussion of this reaction is given in
earlier sections (3.72.3 and 3.7.4) of this study. Two chemical alterations
which induce metachromasia are predominantly brought about by acid
hydrolysis. There are a conversion of carboxamido side groups to
carboxyl groups and an intra-chain cleavage of polype,tides at the
aspartic acid group (Rocdiger, 1976). Whereas the former of the two
reaction."” is probably not of importance in canine thyroid C cells (see
Section 3.4.3), it dues seem to be so in human C cells, since without

hydrolysis no side chain carboxyl groups are available to provide
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metachromasin. Some side chain groups thus seem to be carboxamido
groups in human C cells - this is in accordance with biochemical
observations of Riniker et al. (1968) on human calcitonin.

The morphological variant of normal human C cells with cytoplasmic
processes had not been reported previous to the observations made in this
study (Roediger, 1973) but their existence has been subsequently confirmed
by Wolfe et al.(1974) in adult human glands. The human UBB also contains
C cells with cytoplasmic processes (Chan and Conen, 1971). C cells
with elongated cytoplasmic processes have been observed in thyroid glands
of the guinea pig and the tree shrew (Welsch et al., 1969). In the pig,
C cells are generally flattened with an eccentric nucleus (Carvalheira and
Pearse, 1968). Occasionally cells with cytoplasmic process are found in
the ox thyroid (brandi, 1973). In other species, for instance the dog,
the rabbit and the opossum, the C cell population is, in contrast, entirely
constituted by the ovoid form of cell. An explanation for the peculiar
morphological appearance (cytoplasmic processes) is suggested by Welsch
et al. (1969) in that this cell appearance may reflect an atavistic
locomotor ability.

Even though entire thyroid lobes were not serially sectioned,
sections taken from three regions of the neonatal thyroid gland allowed
a fairly accurate siting of the C cells in the upper middle and lower
regions of thyroid lobes. The distribution of C cells in adult human
thyroid glands has been studied by others subsequent Lo publication of
nmy observations on neonatal glands (Roediger, 1973). The observations
of McMillan et al. (1974) and Wolfe et al. (1974) showed that in adults,
C cells, are also disti ibutcd predominantly in a cintral and posterior
area in which they had been found in human neonates. In addition, they

found a few C cells in the adult thyroid more anteriorly than | found
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in the human neonatal gland. McMillan ct al. and Wolfe ct al. used
iminuno-hisLochcmical procedures, employing an antibody to calcitonin,
whereas | used meuachromasia and argyrophilia.

The preponderance of C cells in the posterior region of the thyroid
gland accords well with the invasion of the human thyroid by cells from the
UBB (Kingsbury, 1935; Sugiyama ct al, 1959; Sugiyama, 1971). Sugiyama (1971)
demonstrated the posterior relationship of the human UBB to the thyroid
an* the dispersal of cells from this body into the posterior thyroid.

C cells in the rodent have been shown to arise from the UBB (Pearse and
Carvalheira, 1967) and presumably this also applies in man.

Further embryological studies by Sugiyama et al. (1969) indicate
that in the thyroid of humanfoetuses, cysts derived from the UBB persists
into late antenatal life. Such cysts were not found in the neonates of
the present study, yet in human adults, follicles lined wholly by C cells
have, on two occasions, been observed by Solcia et al. (1970) and by
McMillan ct al. (1974).

The paucity of C cells in neonatal human thyroids, as compared
with numbers in canine thyroids, is remarkable. Though not quantitated,
the neonatal human C cell population appears to constitute less than 1"
of the total cells in the thyroid gland. It is conceivable that the
small number of human cells could be augmented by the presence of C cells
in organs other than the thyroid. Gal ante cj aj. (1968) have shown that
calcitonin can be extracted from the human thymus; this suggests that
C cells might be present in the thymus. Thymic tissue was not examined
in the present study; parathyroid glands of neonates were examined but
contained no C cells. In the dog, C cells can be found adjacent to the

pericardial sac (Kamcda, 1970): thest should be sought in man.
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In the present study, enzyme content in epithelial cell types of
human neonatal thyroids was compared wit'i masked metachromasia in these
cell types. This revealed three categories of cells. The terms A
(acinar or follicular cell), C (calcitonin cell) and AC (an intermediate
form; this is ny own designation) were adopted in order to keep as much
as possible in line with the nomenclature that Pearsc (1966) used for
thyroid cells in the dog. Dog A cells Pearse showed, and | have
confirmed, had a low «GPDH content, as did neonatal A cells which
demonstrated no masked metachromasia. Neonatal human C cells, as did
those for dogs, exhibited definite masked metachromasia; their »GPDH
content was very high, as is characteristic 01 dog C cells according to
Foster et al. (1964a) and Pearsc (1966). The third category of cell
called the AC cell, showed a moderately high content of aGPDH, so
resembling C cells, but no masked metachromasia, so resembling A cells.

Pearse (1966) showed that, apart from C cells, dog thyroids exhibit
cells which contain less GPDH than C cells. These he termed C* cells.
Because AC cells showed no masked metachromasia it is unlikely that they
contained an acidic polypeptide hoi mono. | therefore could not equate
AC cells with C* cells since the designation implies that .iese are a
variety of C cells.

The results of the present study indicate therefore that the neonatal
thyroid gland contains cells distinguished as follicular (A cells), C and
AC cells. For clarification it is worthwhile to compare cell types of
neonatal thyroids with those found in the thyroid gland of adults

(Table XVII), in which | have previously distinguished follicular, C and

oxyphil cells (Section 5.2).



Adult and neonatal C cells have similar cytochcmical properties.
In considering the published results for adult C cells (50lcia ct a1.,
1970 and Kalina ct al., 1970) it is clear that C cells in both adult and
neonates contain argyrophilic granules, demonstrate masked metachromasia
and have a high content of hydrolases.

A comparison of AC cells of neonates and oxyphil cells of adults
(fable XVII) shows that these cells have some similar cytochcmical
properties. Studies of oxyphil cells in adult thyroid glands indicate
that they contain a moderately high content of dehydrogenases (NADU
tctrazoiium reductase, aGPDH and succinic dehydrogenase (Tremblay and
Pearse, 1960; Harcourt-Wcbster and Stott, 1966)). AC cells have a
moderately high content of NADH tetrazolium reductase and of "GPDH.
Oxyphil cells stain metachromatically with basic dyes (Hamper!, 1962)
(whether they demonstrate a masked metachromasia has, unfortunately
not been ascertained). AC cells show no masked metachromasia. In
addition evidence has been collated to indicate that oxyphil cells do
not produce protein (Roediger, 1975). AC cells may also lack an
ability to produce protein - an absence of masked metachromasia in
AC cells is presumed to indicate a lack of production of acidic protein.
Accordingly it is possible that AC cells of the neonatal thyroid are
homologous with oxyphil cells of the adult thyroid gland.

AC cells reveal a kinship not only to oxyphil but also to C cells
as has been indicated above. AC cells might represent an inactive
state of C cells, having liberated their hormone content but having not
yet synthesized any more. This could account for the absence of masked
metachromasis in AC cells.

At present | prefer to consider AC cells nomologous with oxyphil

cells of adult thyroid glands. In order to prove homology, further
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TABLE XVII - Cytochemical properties of human (adult) oxyphil and human
(neonatal) C and AC cells of the thyroid gland

i C cells
Oxyphil cells AC cells
Feature (adult) (neonate) (neonate)
Enzymes
aGPDH -+ ++ or 4++ -+
++
NADH reductase ++ +
Metachromasia + (not masked) - (masked) ++++ (masked)
Phospholipids +++ (++) (a)
PTAH stain +ve -ve (b)
. argyrophilic
Secretory granules nil gyrop
granules

(a) (b) : these reactions have not been recorded in this study
(a)
(b)

reported only in animals (Pearse, 1960)

personal unrecorded observation

+/++/+++/++++ represent increasing amounts subjectively assessed foi
each cell form; the assessments for oxyphil cells are not
strictly comparable to the assessment for C cells.
(Differences in age and cytochemical procedures have

not been evaluated simultaneously.)

Cytochemical properties of oxyphil cells (1) Tremblay and Pearse (1960)
(2) Hamperl (1962).

(3) Roth et al .(1962)

/A\ I.j-..r-nm-f—Unhctor and Stntt

19661
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experimental work is needed. Simultaneous staining of neonatal and adult

thyroid tissue must be undertaken for a comparative evaluation of
cytochemical properties of AC and oxyphil cells.
The absence of pseudo-cholinesterase from C colls of neonates was

unexpected as C cells of several species (see Sec ion 5.5.5) are known

to contain cholinesterase. Lack of this enzyme may perhaps be related

to cell immaturity. Welsch (1971) has shown that C cells in young rats
and cats have a very low content of this enzyme and that with age an

increased amount is detectable.

5.6.4 Conclusions

(1) The presence of C cells has been demonstrated in the thyroids of
five human neonates by means of cytochemical methods (toluidine
blue metachromasia, argyrophilia, hydrolytic enzymes) known to
demonstrate C cells in dogs.

(2) In the neonates the C cells we e demonstrated mainly in the
posterior region and upper pole of both lobes where they were
found cattered in clusters of six to eight cells per high power

field.

(3) Two morphological forms of normal human C cells were observed -

an ovoid cell and one having cytoplasmic processes. >ese cell
forms may be C cells cut in a different plane of section or
represent two distinct morphological forms of human C cells.

(4) The presence of argyrophilir granules was shown in the cytoplasm
of human C cells. These granules are most satisfactorily demonstrated

by means of the silver impregnation method of Grimclius on tissue

fixed in GPA
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(5) By demonstrating oxidative enzymes and masked motachromasia
three categories of epithelial cells have been shown in the
neonatal thyroid gland : A, C and AC cells. The latter may
be homologous with the oxyphil cells observed in normal and

pathological adult thyroid glands.
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6. CLINICAL APPLICATIONS 01 THE PRrSLNT STUDIES

6.1 Argyrophilie granules in tumours o' C cells
An obvious extension of the above studies was to demonstrate argyrophilie

granules in tumours believed to be derived from C ceils i.3. medullary

c-rcina.ia. This had not been done before. | used the Grimelius method
for tumour studies early in 1971. The staining results were successful
but due to lack of tumour material this study was not extended. Several

papers in which this method was used on pathological material have
appeared since then (Englund et al., 1972; lateishi et al., 1972;

Lillis and Balogh, 1973; Meyer et al. 1973).

6.2 Teratomatous growths of thyroid gland and C cells
On the basis that C cells are found in neonatal glands together with the
evidence that they are derived from the neural crest, | have proposed
that teratomas in the thyroid gland arise from all three germ cell layers,
in the thyroid gland. A full discussion in favour of this theory has
been published and the view contrasted with the 'blastomeric’ (single

cell origin) theory of thyroid teratomas (Roediger et al., 1974).

6.3 C cell distribution and surgery of C cell tumours
Knowledge of le distribution of C cells within the thyroid gland in
neonates (present study, Roediger, 1973) and adults (Wolfe et al., 1974)
has made it possible to plan resections of thyroid tissue involved with
medullary carcinoma. A proposal in terms of the extent of such resection

has been published (Roediger, 1976).

6.4 Distinction of human C cells and oxyphil cells of the thyroid gland
Analysis of the cytochemical properties of normal neonatal human C cells

has provided a suitable means for comparison between C and oxyphil cells
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of the human thyroid glai . Cytochcmical properties of the latter cell
have been published by vth *m (Tremblay, 1969). The two cells are
cytochcmically akin but functionally different (Roediger, 1975). They
are alike in their hydrolase and lipid content and both cells stain
metachromatically although under different conditions but C cells produce
calcitonin and oxyphil cells do not. It was ny intention to allay past
confusion over the distinction between C and oxyphil cells in the human
thyroid gland. By collating evidence from this study and other sources
I have emphasized that oxyphil and C cells arc distinct cell types which

are not, as has been claimed, derivatives of one another.
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A comparative study of the normal human neonatal and
the canine thyroid C cell

W. F. W. ROEDKIiFR

Di'ptirimetil of iuitloiuw Ihiivciwily of the \Vit\uitasitnul,
olitiuin"\hiiix. South Alika

{Acccpted 12 April 1473)

INTRODIX 1ION

The thyroid t cell was established as a distinct lunctional unit alter the discovery
of calcitonin by (opp. Cameron, Cheney. Davidson X Illeive in 1462. Subsequent
work established that the ( cell, distributed within the thyroid parenchyma, contains
a granular secretory product that can he dispersed by calcium infusions (l'carsc,
1466). | luorescent antibody methods have conlirmcd that the cell produces calci-
tonin (Hargis, W lliams, Tenenhouse X Arnaud, 1466; Hussolati X I’carsc, 1467).

The cell type now known as the ( cell, was well known in the dog thyroid prior to
the discovery of calcitonin and had been referred to as the parenchymatous cell
(Baber. 1876), proiopla.utnin it Iw cell (11urthlc. 1844) and parafollicular cell (Nonidcz,
1432) Its exact origin and function had been the subject of considerable speculation.
From time to time this awareness of a second cell component within the thyroid
tissue of dogs has been responsible for studies which attempted to demonstrate
similar cell elements in human material. | or instance. Zeehel (1433) reported clear
cells in the thyroids of normal human neonates, and 11am perl (1437) reported large
acidophilic cells in adult thyroids. Both authors believed that these were cells
analogous to the dog parafollicular cells.”

The matter was not clarified until the isolation of calcitonin by Riniker vt at. (1468)
led once again to the study of human thyroids. Solc'a X Sampietro alluded briefly
to human ( cells in 1468 and studied them further in patients with osteopetrosis and
thyroid carcinoma (Solcia, ( apella, Sampietro X Vaxsallo, 1470), while Kracht,
Machmeister X ( hiist (1470) looked for these cells in patients with hvperparthyroid-
ism. Kalina, | oster, ( lark X I’earse (1470) successfully demonstrated human neo-
natal thyroid ( cells by means of fluorescent antibody attachment methods.

Despite these rapid advances no detailed study on ( cells of normal human neonates
has appeared in the literature. A systematic histological and histochemical study has
therefore been made in ordei to show their distribution, morphology and en/yme
pattern in neonatal material. As far as possible, identical procedures were carried
out on dog thyroids because many histochemical techniques pertaining to | cells
have been standardized in this experimental animal and sections ol dog thyroid
could therefore serve as controls.



xv. 1 XN. KOl 0l01 K
25ft

ruble |. Sconaml ihyioithriomics

linv' litp-'V Posl- Maternal
serum
.bvlore yvxtalioaal ealeium
h)rokl aye eai Im -eiliiiv/lt
rvnioval (VEG| t ause ol ileaih
lhourxl ( IV no :inil 'cx
) Uvs|'iialor> ilislress 4\!|
4 ( malv 2 I minlival emit prolapse
4 ( ,IVmale B Pie-eilamplie lox lemia N
7 « lvnvik1 -3 Deep iransserse u'sl 47
Il I',, lcm.ile Ccrehial haemorrhage 51
| I . male

wax. ami svelionetl at (i /mi.

M linous

Silvei impregnatinn was umlicrtaken using the Nnniile/ 111>32) methml| mi alenhnl-

(ixed tissue ami the (uimeliux 11% Ku) methml on both Melly ami (.1’ A-hxed tissue.

The Masson's <II)2S) argentallin reaction was applied on (il’A-hxed tissue Meta-

chromasia was demonstrated according to the method ol Solcia & Sampietro I1,,,’s>

with loluidine blue at a concentration ol I KKHHi in <H)2 m Walpole bullet at pH ' "

Staining time was between 21) minutes and h hours with or without prior Imlirolysis

in 02v IK 1 for 3hours at MI C |lhe periodic acid Schill (I’AS) reaction "as

_ m “V
% .

lig I Xgroup of vuninv thiroul ( il
I nil ulur eells show fewer extoplusn
lixalion. Nomdiv silxer impregnation

applied to the free/e-dried canine
mein membrane.

The following en/xme procedut

( In>linc\tcnilv.\ The methill of
Pearsons lixatixe utilizing acetxl|
| xposure to the substrate was fo*
OMP\. 10 m were used as inhibit

Ul'lut-vhiiroplHHphatc ilJnitn
,Iv57 » 1ls modified b\ Hess. Sea -v
bromide (MTT) was emploxcd as
onl\ half ol the canine material stud
was added as co-factor according to

(

i



imws
Maternal
serum
ealeium
Cause of ilealh (m-eiluiv/l)
|Inlor> uislress b)
ILil cord pnVapse 50
ullB|lic toxaemia 4X
..j transverse arrest 4V
eliil haemorrhage 51

lilormctl on five human stillhorn
ihlc 1. Th>roiils were sagittallv
mr quadrants of tissue. | aeh of
that every thyroid was divided
was used for parallin sectioning
for parallin sections was fixed in
acetic acid (GPA) (Solua &
at 4/mi. | or enzyme techniques
"s fixative (Pearson, 1%3) at 4 (
for cryostat sectioning. The
1liquid nitrogen, sectioned on a
l sdine or CiPA for periods of

i) of both sexes, all under the
ion a routine laboratory diet for
illy removed under | luothane
mlalal. The same methods of
the human material. In addition,
llaaai and freeze-dried overnight,
(freon 22) at 153 C The

- hour., embedded in parallin

idv/11932) method on alcohol-
' Kelly- and (iPA-fixed tissue.
on (iPA-lixed tissue. Met i-

m ol Soli.ia A Sampietro (1VF>8)
0 02 MWalpole bulfer at pH 50.
with or without prior hydrolysis
atid Schilf (PAS) reaction was
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applied to the Iree/e-dned canine thyroid material to demonstrate the follicle base-
ment membrane.

lhe following enzyme proceilutes were carried out:

( holinvstcraw.s. The method of (ieiehtzoll (h)53) was used on tissue fixed in
Pearsons lixative utilizing acetyl- and bulvrxl-thiocholme iodide as substrates

xposnre to the substrate was to, 12hours at pH f. S |serine. It) \, and iso-
t)M P\. Id vi were used as inhibiting agents in order to tvpe the cholinesterase

Ufsinhi’\trm f>In>\pliiuc dchu/rovenaw U tiPDH). | he method of Nachlas ct a/
I1P>5 ) as mod,lied by Hess. Sea, pelli A Pearse (1058) was used. Monotetrazolium
bmmide (\Ilh was employed as hydrogen acceptoi In all human material, but in
only hall ol the canine material studied foi this enzyme, menadione (menaphthone)
was added as co-lactor according to th< method of V\ attenberg A | eong (|% 0) No
di- or tri-pyridine nucleotioe was added to the incubating medium.

N 1/)/] *m"orolinm reductase. | he me'hod of Scarpelli, Iless A Pearse (1058) was
used. ( ryoctal sections adjoining those demonstrating the latter two enz.mes were
prepared to demonstrate toluidine blue mctachrumasia. | or this purpose crvostat
sections were post-lixed in (,P\ |,, |5 minutes followed by acid hydrolysis «) : N

lit 1 at f() ( lor 15 minutes) and then stained in toluidine blue, as above for
30 minutes.
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shows otoplasinii: granules in a sinylc ( veil.
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Until the sihei impregnation ami toluidine hlue melhmls selecti\ll\ demonstrate
( cells in sueh a way that they can he readily distinguished from follicular cells
11carse. IVSh; Solcia w Sampictro. saw. In the present study optimal siher
impregnation was oht uned on (il’ Vlised material, whereas toluidine hlue meta-
chromasta was shown eijually well on I'elly- and on (il* Vlixcd material.

In the dog thyroid, Nonide/'s silver impregnation method showed an intense,
dense aggregation of impregnated cytoplasmic granules in the ( cells, whereas the
cytoplasm of the follicular cells contained fewer and more diffuse granules 11ig. ).
I he minihe1 of gianules varied from one ( cell to another, |hey were eithci com-
pactly distributed throughout the cytoplasm or else more sparsely scattered, peri-
pheral v situated and distant from the central nucleus. Clrimelius" silver impregnation
of ( cells also show :d a granulai pattern (1 ig. 2), and silver attachment to some cell
membranes | he follicular cells showed no disimci cytoplasmic granular deposition
of silver with this latter method.

In the human neonatal material, however. Nonide/'s method gave diffuse cellular
and connective tissue impregnation ol silver with poor selectivity ol the < cell
elements 11ig 1). |Ins generalized reaction with sihei was found in all neonatal

/
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I 'ip < rniniilinc hluc nicl.iihioni.isla of hum = ( wvlis li | ( uaiM- i.Mi>|ilayni ni.tmilvs
arc piCM.‘ul (I’ N liv.iliirn u.ilci-miumlvil
IHim;m «h\n sections so iniprvgnaieil. In contrasi, Ciiimelius' method gal\e

excellent Uetinitior. of ( cells. Distinct intiaclioplasinic granules were found
scattered throughout the cell body 11ig. 4). | he distribution was uniform throughout
the cytoplasm and no olmous ijuan(ita(ile dilicrences could he noted from ( cell to
( cell

No argentallinity could he shown in either canine or human neonatal ( cells.

1oluidinc blue metachromasia in dog | cells was demonstrated as well without a>
with acid hydrolys s | //[-metachromasia was ohsencd. spread dilfuselv throughout
the cytoplasm, together with scattered granular accentuations against this back-
ground. Metachromasia was much better shown in acidic aldchydc-lixcd tissue
(til’A or llcily fixative) than aftei neutial lixalives (alcohol or hullcrcd glular-
aldehyde) which were employed in initial experiments Human thyi('ids showed cells
with //-me'achromusi i only after acid hydrolysis. ( onsecutive sections showed that
these cells were stained orthochromatically when no hydrolysis had been applu I
Metachromasia was more easily demonstrated in human material (I ig 5) after pro-
longed toluidinc blue exposure IS hours at room temperature) than after 20 minutes
as recommended by Solcia A Sampiciio (IVf.K) foi dogs. ( uanular accentuation of
the tolm line blue staining was noted in the human material too, but not as many
granules could he disccrnc | in cells stained with the basic dye as in cells impregnated

with silvei.

Hs Diagrammatic repi ccr.
(ivi mirafellicular, (M

Observations on distrib
toluidinc blue-stained and
distribution was random t
found in the posterior por
the superior th. mid arte,.

In the dog. cells were foi
to the follicle basement m:i
cells just clear of the colloi
the basement membrane t
follicular basement membi
were surrounded bv a scpa
occasionally showed pseu
around a central lumen.

In the neonat thvroid t

or parafollicular po'sition
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Colloid

fit

Colloid

tig r lli.igriinimalk ivprcsvnl.mnn of ( uinl follii.iil.ir veils in rd.ilion lo basement membranes
(</) inliafolheular. I/n paiafollivul u and /<1 inlerfollieular positions of C cells.

1) \tiihinion anil nunpholoey

Observations on distribution and morphology weie made predominantly on the
toluidine hlue-stamcd and the silver-impregnated sections. In the young dogs C cell
distribution was random throughout the thyroid except for a greater concentration
found in the posterior portion of the gland, adjacent to the parathyroid glands and
tfu superior thyroid artery. All dog thvroids examined contained C cells.

In the dog, cells were found s. igly or in groups in one of three locations in relation
to the follicle basement membrane (I ig. M. Some cells were wedged in between follicle
cells just clear of the colloid (intrafollicularf. others lay between the follicle cells and
the basement membrane (parafollicular) (I ig. 7) and yet others lay external to the
follicular basement membrane in an intcrfollicular position, m which case the cells
were surrounded by a separate basement membrane (I ig. 8). Hie inlerfollieular cells
occasionally diowed pseudo-follicle formation, in which ( cells were arranged
around a central lumen

In tbr neonatal thyroid the hasen cut membrane was not stained. Cells in an intra-
or parafollicular position could he distinguished, but a distincli of the intcr-
folhcular positional types could not x*achieved in the absence of basement membrane
staining.

| ai fewer cells were found in tie human material. | hey frequently occurred in
clusters ot six to eight cells, concentrated within a small area of a section and not
widely scattered throughout the sections as in tin- dog material. ( ells were found in
centrilohar situations, posteriorly, in three of the live cases of parallin-cmix’dded
material. Serial sections from cases t , and C, (lable 11showed no t cells in the
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li; P.iral'olIn.iilarls posilii'iKil t cells in the canine thsroid
| icc/c-Uiicd. lorin.ilin vapour- lived: PAS

lower portions ol the left lobes. No | cells were noleil in an> isthmus 01 in the
anterolati al portions of an> lobes in the live specimens (big. I».

Various morphological forms of C cells were apparent in the neonatal thvioicl
A number of club-shaped cells with prominent cytoplasmic processes were located
singlv between thvroid follicles, or in relation to pnmitixe lolhcle cell nests that had

not secreted any (hvroglobulin. A few of these cells were wedged between folhculai
cells and in these

."stances the cytoplasmic processes were applied along the
external sun.

of the lollielc cells parallel to the basement membrane (I ig. H)|
The length of the cell process varied from 3 to 10/-m. Serial sections were studied
which confirmed that these processes were not tangentially cut Hat ( cells. A second
morphological variant of the C cell was ovoid in shape (I ig. 11).

| hese cells were
less deeply wedged

in between the follicular cells and almost protruded into the
colloid, often separated from it by only a thin sliver of lollicle cell cytoplasm. Such
cells showed no cytoplasmic processes when followed serially.

In the dog cells with cytoplasmic processes were not observed.

| n:ime tcilmigiies
Dog C cells showed a high content of *C,IM>I1l (I ig. 12) and NAHM tctra/olium
reductase | he content of both en/lymes was far higher in C cells than that observed
in the follicular cell (acinar or A celll and provided a ready method ol distinction

fin 7 t>
t ells
(t.on

Wk

IntcrfolW irh

tanme

Superior



. ihe canine ihsroid
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i. noted in any isthmus or in the

.-men' (Fig. 9).
Biparent in the neonatal thyroid,
ytoplasmic processes were located
omittve follicle cell nests that had
Is were wedged between follicular
.xvises were applied along the
basement membrane 11 ig. 10).
0/im . Serial sections were studied
**ntially cut flat C cells. A second
mshape dig, Il). These cells were
' and almost protruded into the
-~ ?of follicle cell cytoplasm. Such

serially.
m not observed.

(Fig. 12) and NADU ictra/olium
"bet in C cells than that observed
*i a read) method ol distinction

Ihmuin iwuiHital and luninc lliytoidl celh

I nt. S Inlcrinlliciiliirlv ptv ioncil ( cclK (i | with surrounding hascnicnt nicmhranc (hml

( .mine lh>rnid | ice dried, lormalin vapour-li' 1 HAS
Superior
M C
Anterior
Inferior Q
e
1il{ ' Di.iiti.iminiilic rvprcsvnlalii'n ol ( cell disirihulion wiinm the neonalal human ihsroid.

<ells Here eonsisienlls found in lhe hatched area \ \. liansterse seelion. lilt, sagillal section.
( C.coronal section | hcsc planes coriespond to the planes of tissue section ptior to fixation.

2(>3
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Fig 10 Human ( cell uilh granule unlaming cmul'l.i-mk pnxos. (il’A lixalion: (irimclitit

. . | ig. 12. Inter-and intrafollicular..
silver impregnalmn.

X oA .

X tft>

*
m® —
lig H. I our ovoiil human ( cells in close provimilv to each other. No cytoplasmic

processes are present til’\ lixalion; (.rimelius silver impiegnalion

AA''inneon
1re'tat .f.
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Im M Mum.in \( veils in ;in intcrl'olliaihr pvilivn Cnostul svvlion;
mvruulionv enhances! reaeiion

liihlc 2. Quantitative distribution of (iPDH and \ 1/)// rediu tase in thyroid cells of
human neonatt s anti their relationshi/) to tolttidine hlue metachrom tsia

Toluklinv blue

(ell 1) res iCi’DM NADII ivsluetase melaehromasia
A veils =it

A( eells + + or + + A s or m+ -'e

( cells + 4+ 4+ + + + *

* or t « represent suhjeelise assessmenl of cn/\mc content

hvtween lhe two | he extraordinarily hiyh eontcnt ol jrCiPDM was noted only when
menadione had been included in the procedure. ( onsecutise cryostat sections of
dog thyroids showed that all cells with particularly hiyh levels ol"dehydrogenase and
reductase activity also demonstrated toluidine olue metachromasia.

Alpha glycerophosphate dehydrogenase demonstration in neonatal human thy-
roids was carried out only with the inclusion ol menadione in the procedure
Several categories ol cells in the thyroid were shown to have relatively high en/yme
content Of these, two cellular groups could he distinguished from tiie follicular cells
(acinar or A cells) which showed only a minimal mnounl of Jtil’DH (lahie 2). One
uroun i cells, showed a very high content of tOI’M | and demonstrated toluidine
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hluc mcudimmatii. in ailjoininy serial sections. | hese cells occurred in both an
intra- and a parafollicular position. Occasionally clusters of two to three cells, all with
tins lui'li ui/vme content, occurreil Miys |\ 14). |1 he second yroup, temporarily
termed A( cells, had a moderately hiyh content of ('xidative en/lyme OOIMMI) hut
m adjacent serial sections demonstrated no loluidine hluc metachromasia. These
cells usualK occupieil an intralollicular positron. Only one or several such cells
occurred in a lollicle while a few were in an inter follicular position ,I igs. 15. 16).

In tlu neonate the ilrstrrhution of N Al) 11 tetra/olium reiluctase generally parah
k.ed ihat of jciI’imi ( cells which had a \ery high content of dehydrogenase also
showed a high content of the reductase Ilowever, that cell category (A( cells) which
had only . moderately high content of iCiPDM was not as readily detectable with
the NADU tetra/olium reductase method (1lable 2).

In the canine ( cell, high non-specific cholincstcrasc aclisity was found (I ig. 17).
I his was disii ibuled throughout the c>toplasm or toccasionally a large concentration
of the en/lyme was found to be aligneil along the cytoplasmic border of the cells. No

cholinesterase aciisits y\as shown in the neonatal ( cells In eyery case the technique

yy«is used yyith canine thyroiil sections as controls to assess the efficacy of the

procedure.

nisi ussrox

Mi the c>tochemical procedures employed in this study were chosen because they
were likely to demonstrate ( cells selectisely in the thyroid.

| he present results confirm that in the canine thy mid, loluidine blue metachromasia
and silver impregnation adequately distinguish ( cells from follicular cells, as was
originally shown in the dog by Nonide/ <IV32r and Solcia & Sampietro (1968).
Utilizing the same procedures ( cells were first shown in the adult human thyroid
by Solcia & Sampietro (1968) and again by Solcia <9 ol. in 1970. It is now shown that
metachromasia and silver impregnation also provide adequate means for C cell
identification in human neonatal thyroids.

Although loluidine hluc mctachion asia and silver impregnation are selective for
( cells in the thyroid, thc c techniques are not spa ifir for (’cells. Other know n poly-
peptide hormone-producing cells -arch as gastric (i and intestinal S cells demonstrate
the same selective staining characteristics (IVarsc ct ol. 1970) Therefore these pro-
cedures are not specific for calcitonin, although they may indicate calcitonin-

producing ability in C cells.

Infrotin roidol dish ihuiion om/ inorpholoy) of (' it'll’

Solcia A Sampietro (11]68) found lhat ( cells were scattered throughout the canine
thyroid. While this applies also in the present material, a definite preponderance of
( cells was found posteriorly and related to vessels in the upper pole of each lobe.
I his difference might be due to a difference in age of the dogs used in the two studies,
(irowth of the thyroid in older animals may lead to a wider dispersion o ft cells, and
thus the posterior concentralron of these cells may not be as o’ ,s in older animals
as in young puppies. | he intrathyroid distribution may therefore he variable in dogs,

but it is not known whet Tier the total ( cell population is altered with age. In the rat.
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appears to eons.itute less than | ;1 the total thvroal gland.

Some neonatal ( cells have cyloplaonie processes. Similar moiphologival «mis
of ( cells have been desenbed in guinea-pigs and tree shrews hv Welsch, htnev \
Pearse (IW )). who believe that the processes arc either a hxation phenomenon oi
relleet - . atavistic locomotor ab.litv However, sections ol both lelly- and C, A-
tixed neonatal tissue reveal these cell processes, so they are probably not a hxat.on

The positions oft cells in the dog thyroid in iclation to the follicles are described
as either inlrafollicular. parafollicular or intcrfollivular (I ig. D. Paralolhculai is
used here to describe one type of situation of C cells rather than as - m,,,s w,th
( CVl] | his positional terminology is a simplification ol Sandrittei & klcm . <l
classilication. which, however, does not take cogni/anee of the basement membrane.

f idl Kninuh\

Many argy hilic reactions can be satisfactorily used to demonstrate | cells in
the thyroid. Silver impregnation according to the methods ol ( atal. <uoss-Scimlile.
Davenport or Cirimelius have been applied successfully in animal studies | omdc/.

Hu,mi»
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1932; Saudiitter X Klein. 1954; Kamcda, I19hS; Solcia et <il. 1970). However, t ajal's
metho | a-- used by Nonidev (1912) did not provide good discrimination o ft' from
follicular cells in the neonatal human thyroid. | his was found also by Kracht et m.
(1970) m pathological human material. With ( ajal's method whole blocks of tissue
arc impregnated, whcrcas the Icchniiiuc of (irimcli is is carried out on single sections
in which immcgnation can be carefully controlled. Cirimcliux (190S/0 suggests that
sulphide groups, due to generalized tissue putrefaction, result in universal cytoplasmic
silver attachment such as is seen in human tissue impregnated according to ( ajal's
method. However, in the present study v ajal's method failed to discriminate i from
follicular cells even in the freshest material.

I lection microscopic studies have shown silver attachment to be localized at the
periphe'v of secretory granules m dog ( cells IVassallo, Capella X Solcia, 1971).
CiruT les had been shown previously by using conventional electron microscopic
staining (lashiro. 19M; fTearse. I9h(>) On electron microgiaphs the antibody to
calcitonm is sh wn to attach to these secretory granules (Kalina X Pcarse, 1971).
indicating that at least the anugenic sites of this polypeptide hoimune are present
in the secretory granules | here is additional evidence which favours the view that
these granules are calcitonin dog( cell granules are dispersed into the circulation hy
ionic calcium infusions which provide a potent calcitonin-releasing stimulus H osier.
Maclintyre X Pcarse. 19(«4. Pcarse. 19hh). If the granules do contain calcitonin, the
dilferences m granule content obseived in C cells in Ihe dogs of the present study may
retlect dill'erent stages in the secretory cycle of ca'citonin My contrast, the granule
content in the v cel.s of neonates did not vary to any extent from cell to cell. This
observation may be explained by suggesting that in neonates the cells have n . been
exposed to anv hormone-releasing stimuli | he maternal sera showed no evidence of
hypercalcaemia. a state which could have led to ilegianulation ol C cells piioi to the
collection of the material.

I he presence of secretory granules in ( cells has now been shown in human
embrvos (( han X ( oncn. 1971). pathological adult thyroid (Mraunstein X Stephens,
19>N) and norma.” dolt thyroid (leitelbaum, Moore X Shieher. 1971). No doubt
electron microscopic studies will also conliim their presence in neonates.

M e hit hronuisio

On the basis ol histochemical studies it is now believed that metachiomasia ol
hormone-producim- cells is due to carboxyl side chains of polypeptide hormones
(Solcia X SampitM.o, 190K; Pearse. 19h9). Metachromasii is taken to indicate
hormone-producing ability.

Although Solcia X Sampietro (19(>S) originally showed rnetachromasia m dogs
aftei hydrolys s. the present results show that acid hydrolysis is unnecessary. My
contrast, acid hydiobsis is essential to demonstrate rnetachromasia m neonatal
human cells | his might be due to dilfeiences of the microchemical environment of
the cell cytoplasm oi to an initial unavailability ol carboxyl side groups, which in tne
human cells need unmasking Pearse 11909) stated that acid hydrolysis either con-
veils protein carhoxiimulo skle chains into carhoxyl groups 01 lhat protein e*ii 1

izronps are thereby unniasketl.
In the human thyroid, rnetachromasia is optimally shown after C»l \ fixation.

\N\ 1)
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This result isin aecoulanve with that ofSoleia, Vassal/. & ( apella <IVhKI. wh,, showed
that in the dog. aldenyde lixatixes are necessary for the demonstration ol meta-
ehromasia ol I' cells. No douht methylo! cross linkages lormed hetween proteins h>
aldehyde fixation provide larger protein complexes lor dye attachment (I rench X
| dsall, 1V45).

Cclliilnr fii:yinc\

In the present study e.vyme distribution m all epithelial and epithelioid cells of
neonatal human thyroids xxas compared with toluidme blue metachromasia. IIns
revealed three tvpes of cellular appearances |he terms A (acinar), t (calcitonin)
and AC (an intermediate form) were adopted in ordei to keep as much as possible
in line with the nomenclature that I'carse (W(,(,, used for thy.o.d eclls m the dog.
Oog A cells. Pca. se showed, had a low ,1,1'nil comen,. as did the A cells ol neo-
nates which in addition demonstrated no toluidine blue metachromasia. Human (
cells Jh> exhibited definite toluidine blue metachromasia; their K.PDIl contem

was very high, as , haracteristic o' ' -g( cells according to | osier, al. (1>(>4) and
pearse (!%('). A thud kind of cell . earance, called the \( cell, was distmgui d
from A and < cells: these cells showed a moderately high content ol (..’DII. so

resembling ( cells, but no metachromasia, thus resembling \ cells. Pearse showed
that apart from ( cells, dog thyroids exhibit cells which contain less zCiPDIl than
( cells. T . he termed ( cells. Hccause V cells showed m metachromasia it is
unlikely that they contained polypeptide hormone. | therefore could not ciiuate V

cells with t 1cells, since the designation implies that these are a variety ol ( cell
I urther investigation is necessary before u can be decided whether human A< cells
are a unique cell population or whether they war,an. inclusion with \ 01 with C cells.
It is po that they might represent an inactive state ot the ' cells, having liber-
ated. bu not yet re synthesized, their hormone content.

The presence of AC cells was not established in the dog. Present results conlirm
that there is a large population ol dog < cells with a high content ol *(iPI>H.
Demonstration of this high tC.PDIl content depends on the use ol menadione as a
co-factor whei this is omitted only small amounts of enzyme can be demonstrated,
biochemically. Brodic X Wutanahe <I’>M» have shown (hat menadione enables
electron transfer to bypass the electron chain between W D Il and cytochrome />
thereby raising the electron charge to the oxidation potential of the letru/ohum sail
(Mill. The fact that some H.P DIl was shown in the absence of menadione and
that more was shown m the presence of menadione lends suppoit to the view ol
Boxer & Devlin (19M , that two intracellular reaction states ol *CiPDH cxisi.

I he presence of cholincstcrase in dog < cells, d -monsirated by Sandiittei.
kummcr. Pillat & Bowe in 195(>, was confirmed in this study Its presence has also
been shown in C cells ol guinca-pms (Dcjardin. 11<5) and pigs (( arvelheira A
Pearse 19fi7). In the doe thyroids used in (he present study, some enzyme activity
was noted along the cell borders. Wclsch \ Peaise (1)(,")) found the enzyme situated
along the cell membrane in their electron micrographs of rabbit thyroids. | he
absence of pseudo-cholinesterase from ( cells ol neonates was unexpected, as cells
of several species (see above, are known to contain cholinesterases. I|lowever,
cholinesterase demonstration is capricious and some methodological manipulation
may still show this enzyme to he present in the ( cell of neonates.
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(" cells in adults

( vells have been demonstrated by this study in the thyroids of human neonates
these cells have been described also in the adult but such reports are lew in numhei
As far as | am aware, the lirst conclusive demonstration of C cells in the thyroid ol
normal adults was reported by Sandrittcr & Klein (1954). They studied 12 normal
thyroids by means of the ( ass Schultze silver impregnation method and commented
briefly on the small number of cells which they found in a lew thyroids. | he paucity
of these cells in neonates has been remarked on in the present study.

According to Iteskid A Rosciszevwska (19r>8) the normal adult t cell has a high
content of 1,1"1)11. as was found too in the neonates, but the cells illustrated by
these authors do not convincingly resemble C cells.

| urthei searches for ( cells in adults have been made in pathological thyroids.
So'cta er ar 119701 noted argvmphilic cells situated posteriorly in thyro.Js removed
io. carcinoma. Uraunstein X Stephens <I9hK), in their electron micrographs of
eoinous thyroids, noted two cells which they felt, because of the presence of
granules, were (. cells In another eleetron microscopic study Teitelhaum etar. t 9 It
showed several v cells in the normal lobe of an adenomatous thyroid gland. 1hese
cells contained a higher concentration of cytoplasmic granules than those observed
bv Uraunstein X Stephens <ig(>x).

Oxidative enzyme studies on adult goitres (Tremblay X "earse 1960 have
revealed cells with a moderately high conten, of dehydrogenases tNAOH dtaphoruse
and succinic dehydn genase, which in their NADH enzyme content resemble either
ih.. or the ( cells of the neonate.

stiIMM VRV
| he presence of ( eel's has been demonstrated in the thyroids ol live stillborn
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have shovin, ultrastructurally. thai the Mixer particles are localized at the periphery
o 1suhstancc of the cell secretory granules Secretory granules are readily
rexcaled that these granules are calcitonin (Kalina and Pearsc. 19 17 With this
knowledge and the availability of the primary amino acid sequence of the mammalian
calcitonin polypeptide chain, the C cell xxas chosen to elucidate the reactive tissue
radicles participating in its silver binding.

Silver impregnation parameters in the Grimelius [I% 8] method have been clearly

defined and the procedure was found to yield extremely good results with canine
thyroid < cells [Soleia, </ al . 1970],This method employs acetate-buffered aqueous

silvtr nitrate lor impregnation and subsequent ex nous rcduction-fi.xation with
hydrogumonc and sodium sulphite The present inves mon was undertaken in order
to determine the basis of the argyrophilia in the ( ce ofthe dog xroid

MATI RIAI' S AND MI M!( Ds

Six I*sh canine thyroids ((anh iiilyar/x), of random age md sex. were fixed in
glutaraltiehydc-picnc-acetic acid (G P \.) and 5 ,«m paraffin section were subiccted
to the follov mg procedures:

(a) 1 he standard Grimelius silver impregnation was cariied out at pH 5.5. This
acted as a control. Sections were impregnated in 0.2M acetate buffer varying
from pH 4.0 to 6.0 using an otherwise unaltered Grimelius reaction.

(b) Silver impregnation was performed on alternate serial sections that were

initially exposed to:

<il 05 Per vent If,SO,-potassium permanganate oxidation for 10. 30 and
60 min (I anding if al., 1956);

(ii) 1 per cent periodic acid (pH 2.5) oxidation for 10 min. 30 min. 2 hand 4 h
at 22 ( :

(m) Acctylation in 1:1 acetic anhydride pyridine at 60 ( for 30 min (mild).
I h. 2 h and 4 h (drastic) (McManus and Cason. 1950]

liv) Acctylation both mild and drastic followed by saponification in 0.1 N
KOH for 15 min:
(v) Sulphydryl block with 0.1M N-ethyl maleimide (N! M) atpH 7.4 for
4 h at 37 C [Pearsc. 1968) Fhis procedure was also carried outon sections
previously oxidized with | per cent periodic acid for 10 min. and 4 h
Alternate consecutive sections were utilized as controls to localize C cells
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Argyrophilia was recorded semi-quantitativcly. On the basis of cell numbers
showing positive argvrophilia, when all the cells were positive as compared with
controls, this was recorded as ( > i I «); when 80 per cent of cells were involved
(.-tv ); 60 per cent! i - ¢ ): 40 per cent ( m): 20 per cent () and less than
20 per cent ().
The results obtained are given in Table I.

TAM | |
i tell ariiyrophiliu expressed relative ,i control lections imprefiiuiteil
atantiing in the Grinwlius niter teehtuque

Grimdius pH 5J (control)
pH 50
pH 45
pH 40
N ethyl malcimidc blo>.k
H,SO( permanganate oxidation
10 min and longer
1 0",, periodic acid block 10 mm
30 mm -
2 Mrs
4 hrs
Acetylation: mild and drastic
Acctylation and alkaline saponification
mild acetylation
drastic acetylation or

The pH: The Standard Grimctius method performed at pH 5.5 resulted in an
intense silver reaction in all cells (I ig. 1). When however, the pH of the acetate buffer
was lowered, both the intensity of the reaction and the number of cells with positive
argyrophilia were reduced.

Sulphvdrvl block by means of N-ethyl malcimidc did not significantly alter silver
attachment in the cells.

Osidaiion by means of acid permanganate even for short periods completely
inhibited argyrophilia Periodate oxidation showed a progressive quantitative decrease
with increasing time of exposure to periodic acid (I ig. 2)

Acctvlation saponification acctylation, both mild and drastic, inhibited silver
attachment (fig. 3) and the results could be reversed with potassium hydroxide
saponification on slides that were mildly acctylatcd. Saponification following drastic
4 h acetylation led to a loss of many sections, but in Material which could he examined,
argyrophilia was not re-established.

nist I'ssiON

In various animal species a polypeptide with thirtv-tv o ammo acids can he
consistently extracted from tissues containing ( ‘ cells fUrewcr, 1d70] These amino
acids relate accurately to the amino acid residues of calcitonin flic extent to which
the primary polypeptide structure is modified in the cellpinnules is unknown, but
in ‘itro, porcine and bovine calcitonin show random coil conformation with minimal
rotational ability of phenylalanine, tyrosine and tryptophan in solution |Brewer. 1971].
This is supported by the hislochcmical studies of Pearsc [1969] which strongly suggesi
that calcitonin or calcitonin precursors arc arranged in a random coil conformation
within the cell. Based on the electron micrographs of Vassallo et of [1971] silver
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localization could point to reactive groups in the secretory granule itself, the
membrane surrounding the secretory granule or to the resultant of a \esicle mcmhrane-
pcptide chain combination product

is to some extent controlled by pH Poor argyrophilia

cells. This obxersat.on ,, amilar to the silver binding
"* ulsu|phide and sulphydryls where the rate of reaction I value) is limited by pH

ccreused rate ol reaction (K value) and silver attachment to R.S S.R and SH
groups occurs at lower pH levels especially below 5.0 [Cecil and McPhce. 19571
i barge dependency ol silver attachment draws attention to those amino acid groups
which arc ionized at the experimental pH levels, namely fi carboxyl (pKa 3.65).

carboxyl (pka 4. ). and imidazole (pku 6 00). The relevant amino acids are
present in calcitonin and could he mplicutcd in silver binding on an empirical basis.
However, the pka s ol amino acid side chains in calcitonin arc not known and silver
aiiluchmcnt docs occur at higher pil levels, i.c above 6, at which value these amino
acids could not he as extensively dissociated ionically

pH. Silver impregnation
develops below pH 40-n X

This is dependent on the nature of the oxidant. Acid perman-

I fleet of alillation.
in

ganate a rapid and universal tissue oxidizer and not unlike performit acid
oxidizing cvstme, methionine and tryptophan |focnms, 1942] Periodic acid is capable
of oxidizing test-tube samples of cystine, cy icinc, tyrosine, tryptophan, hisiidine
and methionine, although the oxidation rate is dependent on the period of exposure
pH and temperature [( lamp and Hough. 1965] In this study pH (2.5)and temperature

t ) were maintained while the time of oxidation was varied. The progressive
decrease of argyrophilia with longer periods of periodic acid oxidation correlates well
with the slow oxidation of amino acids which Clamp and Hough noted in their amino
tcid sample studies. | or example, after 6 h at pH 2 0 cystine had consumed 0.78 mole
'l periodic acid, while alter 28 h 2.-0 moles of periodic acid were consumed. Although
the times of exposure used on the tissue sections do not correlate with the times of the
test-tube amino acid samples, the point of progressive oxidation of amino acids
seems to he borne out and some change brought about bv this oxidation is responsible
lor the reve il of argyrophilia Test-tube amino acids that were oxidized when
contained within a polypeptide chain were confined fo cytinc, cvsteine. methionine
tryptophan, tyrosine and histidine [Clamp and Hough. 1965] and it is these amino
acid residues that need further consideration. | have not been able to demonstrate
tyrosine and tryptophan hMochemically in canine thyroid C cells (unpublished
observation). Hy inference therefore the progressive decrease in argvrophilia with
increased exposure time to periodic acid strongly suggests that tlieamino acid residues
cystine, cysteine, methionine and histidine in the polypeptide hormone are slowly
oxidized

Sulphur containinv amino at ,/\ Cystine, cysteine and methionine are all represented
in calcitonin. Disulphides and xulphydryl groups representative of these amino acids
ire reflected in a positive 1)1)1) reaction in the C cell (Tig. 4) The methionine
S ( H, side chain in intact protein is not acccs -hlc to analysis with heavy metals
[Cecil, 1963]. whereas sulphydry |l groups, cysteine and reduced cvstinc, are known to
bind excessive silver in a ratio of greater than 1:1 [Sli.yterman. 1957], Silver metal
attachment is shown to align along hands which contain high concentrations of cystine
in hair [Swift. 1968] N-ethyl maleimidc is a strong sulphydryl alkylating agent
[Smyth et al., 1960] vet alkylation failed to abolish silver attachment. The efficacy
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[Cecil and MePhee. 1')57], either directly by the stiver ton or via h>d" 11* 1' ol ilh'*

R.S S R bond to sulphvdrvl and from th'-,e t silver mercaptide formation,

sulphonic or sulphimc acid” resulting (reaction i). Oxidation of cystine provide-

sulphomc acid The variable oxidation rates of periodic acid surest that lhe conversion

sf cystine to sulphonic acid mij-'hl he responsible for the inhibition of aruyrophi la

to,, nan | Cystine with silver ions pmdwes silvermen aptide with sulphinu unit sulphonu at it

R SO,11
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t

3AH+ 2R s SR tR SAp R S(UI m
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Icctviarion. Both mild and drastic acctylation abolish this silver attachment and
in the former .:>c alkaline pomlication partially restores such potential Drastic
acctylation is known to produce extraction of cllular cons.ituents | his explains
the failure to rest ire argvrophiliu with saponification Many residue roups may
he acetvlatcd or esieritied. e.ft. aldehydes, plycols. d,sulphide’, hydroxy-ammo. side-
chain carhoxvl and carboxamido groups [l illic. | <arhoxyl groups are cstcrihcd
to methvl ketones or mixed anhvdndes while disulphides form diaccty | esters and these
latter have been shown by Cecil and McPhec [1957] to be unreactive wnh silver
nitrate Both cell membranes ami thvroglohulin arc rich in glycols, hydroxy-ammo
and carboxyl groups, but they femonstrate no argyrophiha | xclusion of these
same reactive croups also applies to canine t cells in view of the negative results
with thvroglohulin

Carbohydrates and silver attachment. A reliable silver attachment method to
demonstrate carhohvdiatcx, utilizing the silver methenamine reaction following
periodic acid oxidation, has been reported [Ramhourg. 1%7], Comparison of this
method with the Cirimclius technique shows certain dilferen-c | he nature of silver
in the present experiment is in the form of simple ionic solution and not amine
complexed. | he silver mcthenaminc method relics on aldchydic groups, formed by
periodic acid oxidation, to produce reduction of silver and a positive reaction, hi
contrasts with the effects of oxidation in the Cmmclius method where a marked
decrcasi in silver deposition follows oxidation Pickett-Heaps [1967] points out that
the variaole attachment of silver to polysaccharides is dependent or the chemical
variance of polvsaccharides and the necessity of prior oxidation | lection micrographs
of tissue impregnated according to the Cirimehus method reveal no sib er attachment
m areas which have a | igh ci ncentration of carbohydrates [Vassallo et al.. 1971]

SI MVI\RV AND ( (/M 11 SION

Acid permanganate oxidation, periodic acid oxidation, acctylation with saponifica-
tion and sulphvdryl block (N-ethylmaleimide) arc employed to elucidate the nature
of silver binding to the secretory granules in the canine t ' cell impregnated according
to the Cirimclius silver technique In the control sections maximal argyrophiha is
obtained at pH 5 5 v.ith a qualitative and quantitative decrease below this pH Brief
permanganate oxidation and two hour periodic acid oxidation prevent silver attach-
ment Acctvlation also inhibits silver attachment while this remains unaffected by

XM'
M- > in II*

MM}i*h' . ' m

tiwn juf N

Lss .HH Hsi ,HI a >
DWIlcnor pituiurv ljib In < ?

IMui R D iiw™* A:>iation of al

hem 14. ?:*
Mi Misis J | \  anil ss -
lethniquv' J r»r V«f 11.*
V siutz,. | (]O3:i The orig.a o lhe
Ih>n>id gland of the dog i ai
hAM.. X ( | (1%6] fht-.-.ovhem
- Sutlm I

P ouni v G | i 1968i Hd?id"fn’ig'
Pivii x ci 1| 1]4m Randomicil »
end” me cells w 221. 12101
i m Hiam. J D (I1%7i Prclmi
in root t.p coni | HS0SHEM < m

Rsviw.i X (I9#i7) Xn improved s
= I'r One complex carbohvdrate-

Sa¥ kW ... Kins. K . i|dsa,

Purt h$. 204-21*
Siiuixwvvi v V tior, thciM

t1 UWsSM



hiiMti/ of Medical Sciences

blocker has previously been demonstrated by
disulphide bonds are readily attacked h\ silver
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utylation abolish this silver attachment and
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lion of cellular constituents. | his explains

saponification Many residue groups max
i-s, glycols, disulphidcs. hydroxy-ammo, side-
s [Lillie, 1966). Carboxyl groups arc cstcritied
»hilc disulphides form dmcetyl esters and these
McPhce [1957] to be unreactive with silver
globulin arc rich in glycols, hydroxy-amino
virate no argyrophilia | xclusior, of these
inine C cells in view of the negative results

A reliable silver attachment method to
silver mcthcnamme reaction following
ritrd [Ramhourg, 1967] Comparison of this
tows certain differences | he nature of silver
rm of simple ionic solution and not amine
ihod relics on aldchydic groups, formed by
uction of silver and a positive reaction. | his
in the Grimclius method where a marked
dd non Pickctt-Hc ip> [I1967] points out that
)iv‘iMjharidcs is dependent on the chemical
Ity of prior oxidation, f leetron micrographs
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NO CONCLUSION

i acid oxidation, acctylation with saponilica-
imide) are employed to elucidate the nature
in the canine *C cell impregnated according
ha control sections maximal argyrophilia is
t quantitative decrease below this pil Uriel

m " lodic acid oxidation prevent silver attach-

mUachment while this remains unaffected by

Rocilivur: 'C ecil silver binding 2

siilphydryl block Argyrophilia is probably related to disulphides which, with silver
nitrate, form silver mercaptide and sulphonic acid. Sulphonic acid formed from
disulphides by oxidaiion prevents silver mercaptide formation and argyrophilia.
Acctylaiion ol disulphides produces diacetyl esters which are unrcactivc with silver.

Isigyrophilia is relaieil to the polypeptide-producing potential of ( cells Varying
oxidation rates, sulphydryl block and acctylation provide some evidence that dixul-
phide radicles are responsible for silver attachment in ‘( 'cells. Mow these disulphides
are arranged m the C cell secretory granules is unknown, further sample studies on
calcitonin might reveal whether calcitonin itself or a calcitonin-secretory membrane
product acts as silver attacher

the author is gratefully indebted to Professor M Slic.u of the Department of Oral Pathologv
and Professor A Xndrew of the Dep.ntment of Anatomy, | niversity of the Witwatersranid, for their
helpful advice and crili ism in the prepaiation of this manusciipl Mi A Scott of the Depurtmvm
of Oral Palhologv kindly assisted in the preparation of the photomicrographs
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Proi Second Ini Svmn . pp 22lI)-22h. (Hcinemann, London). , ITWV,, &,
Swni. 1 A (1%8). The demon Imiochcmisiry of inline containingproteins inthin transvcisc
sections of human hair J Km Mur Soc., 8*. 449-4(10 y
ToINNIS. G. (IV42) The oxidative conversion of casein into proteinfreemethionineand trypto-
pUAv J /1./ ckrm 148 O ',’0 n |
VAVKki.in. (i . At and Sol (1A 119711Grimelms1 silver stain for endocrine cell granules
us shown hv election microscopy Stain Tech 46, 7-1'

| KGFNDS TO PLATI |

fig 1 Section of dog thyroid impregnated according to the Grimelius technique Densely arranged
secretory granules in the cytoplasm of the "C " cells ( 600, green filter |

Fig 2 Grimclius impregnation after initial 10 mm | |<er cent periodic acid oxidation Several
"C ‘ cells (cl show decreased density of cytoplasmic granules | 200, green filler |

Fig 1 Gnmelius impregnation after initial two hour acetic anhydride pyndmt ..«etvlation. (
cells (a) show ghost gianulcs or slight silver attachment. (480, green filter.)

F>g 4 Section of free/e dried, formalin vapour fixed canine thyroid subjected to the D D D reaction
after potassium cyanide reduction Moderately high concentrations of both sulphydryl and disul-
phidc groups arc shown in the thyroglobulm (TG) and < cell cytoplasm Itl ( 200, green filter.)
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IHE OXYPHIL ANDCCKLLS OF

IHK HUMAN VHYROII)

GLAND
A Cytochenucal and Histopathologic Review

W. K. W Roi nidKkR, MR,

The C and oxyphil cell* of the human thyroid are analyzed in the In<ht of recent

advance* in cellular biology, cytochemi.try, and

histopathology. The C cell t.

preient in the normal human thyroid, where it* identification n cardinally by

mean* of argyrophilic cytoplasmic granule*. The morphology, topography and
a'gyrophilia of C. cells are discussed with reference to tumor, cyst, and teratoma
formation in the thyroid gland Oxyphil cells of the thyroid are cytochemically
akin to C cells but arise from follicular cells. They occur in the thyroid and
other protein producing organs, but are themselves inefficient producers ol
proteins and glycoproteins. Speculation is made on their morphological charac-
teristics, and consideration is given to ONA-RNA involvement in the functional
and morphological alterations of this follicular cell type.

Cmuti .16:1758-1770, 1975.

il IMMXN THYHOI) IS GONSIHTE mi HY

cells of varied e'nhryuli'gir origin Ol the

cells in the normal human thyroid gland, only

follicular cells have been studied in detail with

the electron mu roscope “ Similar investigations

of the normal

thyroid

human C and oxyphil cells in the
remain

of their

gland outstanding, though

knowledge cytochemistry and patho-

logic behav.or has rapidly accumulated |litis re-

view was undertaken in an attempt to clarify

the normal distribution and histopath >logy ol

these two types of cells, which need more .u-

curate anatomical and pathologic definition

Ciin iah 11rmimii oi.Y ami Historic ai

Hac:kc;riu m>

Calc ttonin-produc ing cells in animals are

known bv (1able 1)

17 diflcrent terms How -

ever. the two most common appellations em-

Rrv.irih 1 rilim Ilrp.irtnirnis of \ti,uorn\ .imUSuruny
I nurrsitv ol thr \\ilniiirrsr.iucl. |ol nnrihiirg South M -
lia

Siililiorlril by i Rt«Mr<h m| fiom lhr South \lIrti.m
M rtlit al Rrxrart h Coun<tl tNo M ill 1WA 1RI 'and 1
Round lahlr Rrsran h Irllowshili

\ddir-,s for rrlirmu W | M Rordtgri Ilrpt ol Sui
gric | mvrrtity ol thr Wuvec.ilrrsiand |ohannrshtiig 3IKi|
South Afrita

Ilhr aulhni is gratrlully itulrh'rtl to I'tolt ssot ' \
lohtas Ilrpattnirnl ol Xnatotnv anti I'rolrssor M Shtar

I)rliartmrnl ol Oral l'alholoity. lor thin tonlmual rutmii
atcrinrnt anti atfntr in tlir prrp u ition ol this trpott

Rn nvrtl lor puhlitalton N trinhrr s 1') |

ploved are C cell"” and parafollic ular cell " | he

former term is prelerre | to that of "parafollicu-
lar cell' because these cells are not always re-

lated to follicles in the parafollicular position"

and may, furthermore, be found outside the
thyroid, unrelated to follicles The first con-
vincing desc ription of human C cells was given
by Sandritter in 1(>s4 ” Since then they have
been shown in normal thyroid and ultimohran-
chial bodies (CHID by Kal na el al lei-
telbaum el al.,loe Chan and Conen,” and

ktKcliger,”" and in pathologic thyroid glands by

Sole ia et al Kracht et al “ and l.jungberg *3
I he oxyphil cell of the thyroid was first dc-
scribed by Askanal/y in IH9H/ from cases of

primary thyrotoxicosis, in which they were ob-

served as iarge-bodied cells with eosinophilic
cytoplasm
| he term

Welsh in

"oxy phil cell ' was introduced by-

|[H')Hm to describe cells in the human
parathyroid gland | hi* usage was subsequently

adopted by | isenberg and Wallerstein’ to tie-

scribe a morphologically similar cell in the thy-
roid gland, this cell is the same as Askant/y had
observed previously | he oxyphil

cell was also

given the designation "oncocyte by
[)37 4,4a

I nfortunatelv

llampeilin

l.wing, in 1,)]«),M

the misnomer of 1tin hie eell for the human thy-

introduced

roid oxyphil cell when in reality Hifrihle had cle-

sc ribed the iamne t:cell (I ig 11 | his erroi led

Hamper! to lodge a vigorous appeald4d 4 against

the term "Hiirlhlr cell’

and prollered the term

|78
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1ms implies ii rehtiion-
Jon. (AriiiinK sui h a
iidatecl lor all oxyphil

uei-iioioi."! \'m >

inn

in iiaininu; is not sul-
imgin ( tells."not does
Moplasm. nor a para-
larnr 11 h both t har.it -
1asionalh st.ittd to hr
.C httman (' cells, spe-
are ne.essars . to this
nwe itS enittmatit tden-
cells. as distintt from
iguishahlc h\ mimerous
i,7<som .+ p(<(idiar onl\
I these i ytot hemit al
| fot staining human (
iholonit thyroid sptx i-
i4 -hvdroh sis-dependent
i.isia or lluorest ent d\r
2 arnyrophiht granule
hxcd in itlutaraldehyde-
m 4" " [.nAme histu-

1760 Canikk \oumbn IVI5 \dl 16

cl *mil al methods, t spet ially ‘lie demons'ration
of alpha civcerophosphate dehydrogenase
to(il’l >11), are helpful in demonstrating < tells,
hut do not absolutely distinguish the <: tells
from other epithelial tells, eg oxyphil cells,
which have a similarly high tleintilrogenase con-
tent 101 ( 1 able 2)

Il wo morpholot: mal t uiants ol normal human
C cells tan h tlistiiigaishetl 1) a small-
hotlietl. polyganal tell, anil 2) a larger-bodied
tell with streaming-t \toplasni or ,i c\toplasmit
protess (lag 2). Both tell variants are scattered
niainlv. among lollicles in position - th.it have
been described as paralollic tilai iniralollit ular ,
or interfollit ul it " | hex are Iret|juenily lountl in
clusters |l.ess than I"o ol the cell population in
the thvroitl glantl seems to be ionstitu.ed bv (
tells ** 1 he distiibution ol ( <cells in animals
(dog, rabbit, and <at) includes the thvroitl, the
superior paint ivroids. anil the tin mus. whit h is
contained wiihin the lobes ol the thvroitl
glantl 1 * In man. their distribution in the tin-
roitl is analogous to that in animai- dig R ]
though no searth loi ( cells in die superior anti
interior parathvroitl glantls or the tin mus has
been undertaken | he distribution ol the human
thvroitl (: tell .mortis with the regions in whit h
( cell hvperplasia anti familial medullarv tart i-
noma originate most Iretpientlv. that is. in a
postcrosupi nor position ol both thyroid
lobes 71 04 07 | x]|(|,.tu,. ,1,,,, ( (,.]ls Ollor in lhe
human tin mu- is tut unistantial .o'av ol tin-
mit tissue lor talcitonm in one stuth revraletl a
high content ol hormontv" whereas anothei
group ol workers was unable to iuntirm this
Imtling Metlull. rv tartinomas. whit h ott tir
in the mediastinum, are most likelx setontlarv to

a primal . thyroid utinoma* | hese observa-

| MU t < viiHhriiiii.il Pniprriit s ul I'luiM.iti t )xv]|ihil
.nti t t .11- ul ihf Ilivrtutl

1MtUKS <)xylihil 1™ I tell”
(>11sl/1* 1.ii gv-Ixititrd Nnullrr h 12*4ni
10 I"'pm
Mit<H tioiiclri.i ** 4+ Qi< hi >+ (poor
1.11M il
iic.rnn o ft
N XI>11H tim i ++
M<Mi hrnm.iM i s >* 1* masked
(t o7
IN XII si.nn M "1
Si< ii-inix uji.inulr nil argvrophilif
granule*
11iHh ulc liitin .iiiiM i vrrv oi <.tM Miiilh unusual
* Mioxui Anlx m .mim.il ( *I'M™
.rll

lion- it present tlo not strongly support the view
that ( M lls on or in the human thymus.

St 1 W IoKV (IRANI IIs ol (a(-M.Is

Normal human <: tells tontain argyrophilit
but not argentallin set retory granules " Ar-
g\ rophilit setretory granules, in animals, arc
tlispers.'ble by nypett alt aemit stimuli VNith
lluorest eni antibotly methotls. taninef and hu-
man ( tellstl show a granular lluorest ente.
which presumably correlates with the granular
set retory protlut t shown with silver nitrate I.let -
iron .nn roscopic lot ali/ation ol antibotl> total-
citonin is i onhncd to tlie set retory granules and
-ntloplasmit retitulum.1" These leatures suggest
that six retory granules possess the antigenii ally
at live sites ol i alt ilonin. whit h is synthesizetl in

the (. iell | he argyrophiha ol normal human
( tell is dependent upon exogenous reduttion-
lixation ol silvet partitlts.” " Ilowevei. in t ases

of metlullarv tart inoma. in addition to the ( cell
from whit h this tart inoma arises, a separate cell
species is present " |lIns tell does not require
exogenous retlm lion anti is argentallin. It
has numerous spitleiy professes anti strong au-
tollourest ente. Argentalhnity ol this cell type
max relictt an aberrant polypeptitle-produt ing
capat ity ol malignant cells, a leatiue whit h is
borne tiut also by their Ir. tjoent protim lion cl
amvloitl 4

I lirastrut turallv. silver partii les localize at
the margin anti in the subslantr of setretory
gran iles m dog (’cells"®°and in the same sites in
cells ol metiullary tart inotnti. Ol I he histtH hem-
it al signilit ante of silver impregnation i- gain-
ing renewed interest 1 0 1 Work on tanine thy-
roid ( cells" with me (.rimelius method
suggests that disulphlde bontls. either ol a tal-
titonin-membrane tombin.ition protilutl or ol
t alt itonin itsell are responsible lor silver .Utach-
menl | hsulpintles ol other polvpeptitle hor-
mones (insulin) are unavailable lot ihemual ae-
tivitv due to sterit hmilranie."" anil tlo not
show histot hemit al reat tivity with silver nitrate,
anti therelore argxlophilia

Silvei impregnation ol set retory granules with
the (uimelius method is possible in si veralother
tells that protlutf a polvpeptide hormone in
these as well as ( tells, argvlophilia is corre-
lated with the ulirastrui tural tnorphologv ol the
set retorv granules | hose granules that have a
nonn tit illated, ramli mb granul.u appearance
(C tells ol the thvroitl . ffi have an elettron-
tlense tore (pant reatit v tells'.*™ are argvro-
philit With the (iiitnelius method."" whereas
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Km 2 A ninglr norm il

human |m vill with M
strraminv cytoplaim. i
ivtoplaimic proini. and
arnvrophiln granule* A
(human neonate) (lil’A
hxation. (Inm eliu* silver
impregnation, X4IHI)

those urantilrs thai have a crystalline matrix
(pancreatic Beta cel <)40" or a regular granular
pattern (pant reati* 1' cells)*1 are not arg\ro-
philic | his correlation of argyrophilia with vari-
ations in the form of the secretor\ granules prob-
ably depends upon the stcric conformation of
the respective pol\peptide hormones in their se-
cretory granules Such cytothemical reactivity is
similar to the toluidine blue "masked metachro-
masia” of C and other hormone-producing
cells.*7 which metachromasia also is attributed
to the conformational arrangement of hormones
within the cellular granules 77

M oRPHOLCXIY AND | OI'OCIR M“HY Ol
O xYyimilt Cms

I he oxyphil cell of the thyroid has remained
enigmatic ever since it was first described lit
IH9H 6 \ working description of this cell is as
follows It is a polygonal cell, large-bodied in
comparison to follicular or ( cells, which has a
granular ac idophilic cytoplasm that eontains nu-
merous miloc hondria; it has a large nuc leus that
may be binucleatc (l-ig 1). which is borne out
by a frecjuent polyploidy of nuc leoprotcin " | hr
oxyphil cell reflecis no cellular charactersilic s of
protein or glycoprotein synthesis there are no
PAS-positive-reacting secretory granules or ar-
gyrophilic secretory granules, and only in-
frecpirntly are there indie ations ol colloid forma-
tion

Whether oxyphil cells occur as part ol the

\%

=h

normal thvroid architecture has not been stud-
ied in detail. Hampcrl" 44 believes that these
cells are an integral part of the gland epithelium
and are indicative of an age-dependent process

PARATHYROID H

PARATHYROID H

THYMUS 1l
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I m 1 Diagrammatic representation of the topogiaphy ol
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l.cniu)x,d examined - normal human thyroids
and | >tmd these <ells in | iase> | hey are usu-
alb part ol a lollit le wall, either ot. urring singly
or tomprising m entire | ,llii le, but max also be
found interxpervd between lollit ltw During an
elet trot -nutrostopit study ol normal human
thyroid gland Heim ann47 xxas able to lint! one
oxyphil tell In the neonate sexeral thyroid epi-
thelial iells are large-bodied anti rexeal little ni-
di; anon ol protein formation * Whether these
ielb emied \( tells, are oxvplul tells has not
been elut idaled

IIn topography ol oxyphil tells in the human
thyroid gland is not known Ini teased numbers
are obsetveil with age.43*4la similar obscrxation
has been made ol the oxyphil tells in the human

parathyroid gland

Ulsiui.l NI s|s tn ( Ixx I'lltl (ills
( )xyphil iells are Illoughl to be ellete lollit u-
lar tells' 4 ot to relletl "tuitot hontlrial tlis-

ease | he lormet hypothesis is su|)porteti by
lhe int leasetl number ol oxyphil tells that ap-
pears with adxain mg age, and the lattet h\ an
m< reasetl toiiteni ol oxitlative enzymes in the
txloplasm ' 1 his high tonient ol oxiilatixe

en/vmes mirrors intreasetl numbers ol mito-

chondria in oxyphil cells, but hardly permits a
conclusion to be drawn as to which tell organ-
ncllc is the abnormal one

l he opinion that oxyphil cells are derived
from lollit ular cells has been expressed by Ham -
per),4 llemblav.1* and Heimann.4&<on the rea-
soning that numerous t. .nsitional forms be-
tween follicular and oxyphil cells are found
within the same gland. Beskiti.?* who bases her
conclusions on cytochemical findings in oxyphil
tells (toluitline blue mctachromasia, phospholi-
pid and c/xm c content), has suggested that
oxvpln! it Is are derived from C cells Indeed,
several tvtot hemical features of (' and oxyphil
tells are similar (Table 2); however, assay of
oxyphil tumour extracts shows that oxyphil cells
under sut h conditions tonlorm, both enzymat-
ii allx anti biot hcmicallx. to follicularcells.4 Ac-
tumulating evident e therefore suggests that ox-
yphil cells arise Irom follicular cells

Int reasetl numbers of parathyroid oxyphil
lells IXtur in human parathyroid glands stimu-
lated ovei a lengthy periotl ,0 | hr thyroitl ox-
yphil cell is found in M)";. of toxu thyroid ade-
nomas. in comparison to Is"i, ol normal

thy roitls. l hcse observations clearly intlicatr
that thronitally hyperactive entlocrine glands

have a great, r preponderant e of oxv phil tells
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On further cunsidcratiun of the histopathowjen-
esis of these cells one notes that they are found in
organs that produce predominantly poly-
peptides and glycoproteins (the pancreas, thy-
roid, parathyroid, parotid, and lacrimal glands)
and that wherever these cells do occur, they are
characterised by a lack of protein production
Thus, oxyphil adenomas of the thyroid produce
no ihymglubulin Again oxyphil cells (l1ig $S)
often occur in follicular adenomas whit h, onm |
scanning, are hypofunctioning

AK umul.ited evidence, iherelore. indicates
that > phil iells are unable to produc e protein,
but by which sequence of events this is brought
about or whether it is reversible is unknown. In
experimental animals, thyroxin is a strong inhib-
itor ol protein synthesis in follicular cells/" this
may pl.iv a part in producing oxyphil cells, espe-
cially in the hyperfunctioning thyroid

Ini mitoc liNNi>Kit)N AND <)\v t'liii THIS

The subcellular basis for increased nutnbeis
of mitochondria in oxvphil cells is unknown
Whereas |lumpcrl indicates that these cells and
therelore their mitoc liond ia occur as a result ol
an age-clependnet process, thee eertainh do not

conform to the general features of aging cells
Mitochondria in aging cells generally are east \

&

m

m

I ii Sm.ill lire.i ill nx-, [ihil iti.iimi il v

in

decreased in number"' and slio.v characteristic
swelling and morphological atypia |he aging
concept of oxyphil cells can no longer be held
valid "

An older hypothesis, that mitochondria arise
dc novo by synthesis from submic rose opic cell
components, has gained little factual support '
It is more widely held that mitoc hondria, within
cells, replicate from existing mitoc h >ndtia. prob-
ably In, a process ol fission"""' Sm a a mode ol
mitochondrial reduplication occurs in embr-
yonic clillerenliating cells.11Animal experiments
have shown that reduplication ol mitochondria
is in part aliened by thyroxin, which influences
mitochondrial DNA turnover sue h that existing
mitochondrial populations are replaced with
new ones 4

| he morphology of mitoc hondria in oxyphil
cells varies considerably, from small dumbbell
shapes to In/at re giant foims 4 & ( '.ristae appear
normal, and Irecluently run at toss the mitoc hon-
di ion or are disposed in concentric whorls loe
Within the mitochondrion, dense hbrillur mate-
rial inav be dispersed in between a granular
matrix 4 The nature of this material is uncer-
tain, but Ironi comp rathe anatomical analyses
it could be mitochondrial |)\\ neeessarv for
protein synthesis Mitochondria, apart Itorn
their (unctions ol oxidative phosphorvlatton and
calc ium-com nitrating abilitv 31 at mcapable ol

A4 LR onil Heim,i wimli- i.li innii

WmffniU vs,i i\ [iiiliini liniilnic H « | li.rmiil-s.ilinr lix.ilinii =
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synthesizing protein 1 Mitochondrial protein
synthesis and protein synthesis mediated by
cytoplasmic ribosomes are interdependent * Sim -
ilar hiochemii al mechanisms may be operative
in oxyphil cells of the thyroid; that is, those
factors which alter cytoplasmic ribosomal pro-
tein synthesis, such as myroglobulin, may like-
wise aflect mitoc hondii 1 protein synthesis,
which manilests in increased replication of these

structures m oxyphil mells.

C.OMI'AKA liv t (:v mi IIt VIl \i Vkovi-k lil s ut ("

am> ()\v inil (In is

| he cytoc hemieal lealures ol oxvphil and (
cells are cetv similar lable 2) Mis -
lepresenlation ol ( and oxvphil ielk. per-
petrated bv earlier workers, <an be attributed to
this similaritv

Seccol ** introduced the terms “mitoc hondr a-
tich and ' tniloc hondria-poor cells in 1924.
these terms were again used bv luster et al in
19(i4 to dest ribe the i .mine tin roid (1 iell 1l See-
col based his observations on pathologic human
and animal specimens A re-interpretation ol
Scecof's findings in the light ol present knowl-
edge shows that his animal mitoc hondiia-ric h
cells are follicular cells, and the mitoc hondria-
poor cells are (' cells, whereas, in the pathologic
human material, both the mitoc hondria-ric h
and mitoc hondria-pooi cells are variants ol lul-
lii ulat cells, among w hie h are the oxv phil cells
| lie term 'mitex hondi ia-ric h" cell applied to (
cellsM is iherefore strictk incone ct

Il he oxidative en/vme content is high in both
( and oxvphil <ells # 1 | he oxidative n-
zv mes m oxv phil cells are mosl likelv to be lev al-
ized to the mitoc hondiia in contrast to the sub-
cellulat lex alization ol '"'u se enzv mes in (m eells,
which is not clearh established Bicx hemic al
work'* indicates that this enzvme is situated
both mira- and extr.miiloc hondi lally and could
be an explanation lot the high at il’l )l |l content
11 ( cells in the absence ol luge numbers ol
mitoc hondi in

Appropriate staining ol oxvphil cells uiilii ales
an aim tulatice ol phospholipid 4 v. hie h no doubt
is due to the stnu tliral lipids Icai'liolipin) con-
lainecl m mitoc hoiidiia 1*" ( >iher lipid espe-
cially pol.u lipids (phosph.iticlic ac id at d phos-
phatidyl serine) ucount lot the metac hromasia
m oxyphil cells," m coniiadisiinc tion to the
‘masked metac hiomasia *"*"*7 which, in t
cells, is due to sule-i ham caiboxamido or catbo-
xyl groups ol the polv peptide hot motif

Kecent t vfot lif tnic al investigation has

V'ol 36

brought new information cm the cellular basis of
the phospliotungsiic acid hematoxylin (PI1 All)
stain, which is useful to demonstrate oxyphil
cells"6 (lug 3). Phosphotungstic acid (KIA)
preferentially attaches to mitochondria,*4 and
the Pl A in turn atis as a "lake lor hematoxy-
lin P 1A has a strong alhnity lor basic pro-
teins” "* and probably basic lipoproteins, wide h
are structural components of mitochondria.
I*1 All stainability tan therelore be employed as
indirect evidence of mitcx hondria, for staining
imparts a line granular appearance to the cyto-
plasm 11ig. 3), probably due to these structures.
|l he animal and human C cells do not demon-
strate this granular basophilia with the P11 All

stain

Tin- 1"A1l11111 cic.v in- () Ct-iiis

Cysts

Cyst formation and the embryology of C cells
are closely linked Advances in the origin of (
cells have been reviewed.31 Itriclly, it has been
shown in animals that C cells are derived ftom
the | UK and that, in the chick and mouse, the (
iell precursors m lac | arise from the neural crest
and invade the | KB At present theneurectcxler-
mal origin7 of ( cell precursors, while demon-
strated in cluck and mouse, awaits confirmation
in man Numerous clinical features in support
ol such a theory ha c¢c been marshalled "**

Sugiyama101,1”’1 found that the human | KB

Irecpientlv persists in a cvstic form in human

neonatal thyroid Both normal thyroids and
those will mcdullaiv carcinomas occasionallv
contain “follicles on ,iited wholly by <

celk *When inirathv roidal vsts cxcur.8 origin
Iremi the | BB must be considered Older re-
ports37"" hold that cvsts ol the | BB are lined

bv scpiamous epithelium.

Teratomas of the Thyroid

| hat portion ol the thvioid gland that prob-
ablv arises from ectoderm (<' cells), together
with the eiiiodermnl compoiient, has been used
to explain the lIreijlueiit occm rente ol teratomas
in the thvloid gland 4 It o postulated that to-
lipoteiili.il cells of each getm tell Inver lound in
the thvroid panic ipate in the formation ol leta-

tomas

Adenomas and Hyperplasia of (. Oils

SeMial cases ol | cell adenomata in the thy-
roid have been reported 1 1 features ol these

cases do not cunlorm histologic allv to true thv-
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mid adenomaia as outlined by Meissncr and
Warren.70 (' cell adenomas were found as nests
of cells lying in between follicles, but showed no
evidence of encapsulation or compression of ad-
jacent gland. Diagnosis was based on enzyme
assay and subsequent bioassay of tissue sam-
ples The authors describing ( cell adenomata
did not distinguish between ( cell hyperplasia
.ir adenomatosis. Chronic hvpercak aemia of
primary hyperparathyroidism lias been shown
to produce C cell hyperplasia C cell hyper-
plasia is also found in a number of faimh mem -

bers that have a familial medullary care i-

Thvkoid . Roedigrr 1765

noma MWrhis hyperplasia is not associated with
hyperparathyroidism and is thought to precede
tlic development of medullary carcinoma
further case studies arc needed before criteria
for C cell adenomata and hyperplasia can be

considered as eslablisht |

C Cell Carcinoma (Medullary (kreinoma)

| he histogenesis of medullary i arcinoma was
correc tly adduc ed b\ Williams"* from observa-
tions made on thyroid tumors in man and ani-
mal Prior to that. W llianis"'showed that these

tumors occur sporadic ally, or in a familial pat-
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t,ati,n of evils. V evils with evtoplastni. |>ro«-

vssvs in normal thyroids strikt a marked

eomparison to this tumor veil is pi

Svervtoty uratmlvs in ivlls ol mvdullars <an t-

noma ol the thyroid tie a sinnihi ant *ritvrion lot

diattnosiiui tnvdullat\ iartinotna. e piita s
those not assoiiatvd with amyloid lormation

Gordon1" reported on 1 out ol 10 i ases ol ntec -

ullary lareinoma that did not pmduee amyloid

M\ personal pivierem e is to diatiiiose medullat x

ian inoma on the pn senieol set tetors utanules.
lot whieh purpose | hnd the (.nmehus s.he.

impreut.ation method, on 'Vilions reltxed m

G I'’A, as most reliable” " (Im <
Amyloid deposition in medullarx ,an inoma
is whorled or in an alienated pattern " An

mtraeellular origin ol this protein was shown

with the ehetron miiros, ope " I'"h f'

ne at
stm< hires, whnh are

lonsidered to he amxIm.I
prei ursors. are found in the «ell .uoplasm m-
uether with numerous seiretorx t?ranules
| hiollavme | stainimt ol medullarx <an inoma

shows lluoresi ent dxe loiali/ed to the atnxloid

and within the C tell (Xtoplastn
“cvtoplasmii "

(I m 1hl'
atnxloid tontrihutes to the mam

bodx ol amyloid bx loalesieme, as imprints ol

cells are often found in the atnxloid I’earse
l.wen. and I'olak" haxe proxided histodienm al
erideiu e that the amxloid ol medullarx

noma and win

can i-
inomas ol other polxpeptide-hor-

mone-produi inn .elb can be d.simnuished histo-

(hemitallx Irom immune amxloid | hex surest

that this amyloid, termed \I'l 1) amxloid. repre-

sents a precursor peptide tprocal. itomn ol | iv

normal >ell sectrtion and that \I’l D-amxloid

is of dillerent chemical constitution Irom im-
mune amyloid
Despite rapid adxantes in the knowledge c.l

this tumor, manx cpiestiotis remain unanswered

Do ill G cell carcinomas product
Whai is the

amyloid’
relationship <l secretory granule

formation and tumor yradiim 'W hat is the lunc -

tional-patholonit correlation til the tumor
I'xinoiociV in Oxxt'im Gi 11s

Die oxvphil cell cl the thyroid is most Ire-

ouentlx h uml in Itashimoto s thyroiditis,
(.taxesdisease, the inathalcd thyroid ulanc
and occasionally in lolli.ula. adenomas Il hn

ul>iciiiitx points to a general stitnulus-response

elicit thoic«h the nature ol tills “stimulus is ill

delined

I reuuentix tlic-ie is dilhcultx m dec ichnu

whether oxyphil chan«e is beniun oi mahmiai.i

in the presence ol iiiu lear atxpia and binuc leate

and oi casional mitosing cells, whuh are ob-

serxed within a small area | hesc changes are

present Ill the absent e ol capsulai Ineakthiiiugh

oi Ixmph-xessel inxasion Il he mitochondria

max m some wax be related to this nut leal

atxp a Kecentlx a hypothesis has been put lot-
ward" that almormal mitochondrial UN X max

mmice t“ nut lei and therein lead towards i arc i-
no.na lormation | he Irecp.ent nuc lea, polx-

ploidx obserxetl In (.arneau1" indicates that

some abnormal DNA-KNA pattern exists in

ihcsc cells, but whether support lor the mito-

ihondrial "inlestation theorx" 'an be adduced
is iloubtlul

In conclusion, the oxxphil cell ol the thxrend
must be seen as a non-pintem-producing del na-

nce ol the lolhcular cell, which is charade,,/ed

he iis i apac nx lor mitoc hondi lal ivplic, tion and

nuclear .uxpia lhese changes max a, se as a
result ol unknown stimuli or ab-etm ol stimuli,
which probablx are mediated through nuclear

and mitoc hondrial K\ X 1 X
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Histogenesis of Benign Cervical Teratomas

in

re|)orts of cervical teratomas (tahle 1) it We deemed it advisable to remove

" Lo K. i st/ (M1 A St IIMAM AN
/)I iminie it ar Ticeieieiio seonie W ownir se e ”’lumu(] Fitit
nl lhi Wiln'tilt’t(iu ml ttml thi Smith i\liii'nit lu\lilnlt It i

Vhoitn tit Hi Slint h
AHSIII.U | Iwo i.m s ol cecrvit,il tri.itoin. .uitl two ol iompli'X tytii of
the thyroid an1 pii'mtit,d willi sptiial 111lrn mi to >0 association with the
thyroid nland. 'ii) age ol presentation, and (iii) differentes hetwi en liatnar-
lomns and teratomas l he authors propose, from tlinttal and cmhryoloHical

evidence, that anterioi net k teratomasi arise Irom the thyroid uland and that
failure ol organoi<enesis at an e.u K prenatal stage is involved | hese tiiatomas
prohahly arise from lotipotenlial iells ol eath ol the tinte getin cell layers
found in the thyroid gland

Swellings of the nix k txcin infn ((iienily tumor, 2 cm in diameter, situated

infants. Judging hy the numher of new left suhmandihular triangle of the

seems ifiat this tumoi comprises a signifi- tumor as further enlargement could
cant proportions of cervical swellings in duce respiratory obstruction. At operation
the neonate. Despite extensive reviews of the mass which was found to have
cervical teratomas iSilherman and Men- placed the entire left lobe of the thyroid
delson, fiO. Ila.jdu et al. ‘fifi, Hickltam, (fig. 1) was completely excised. |he
72) several features inn e not heen suf- mediate postoperative course was compli-
ficiently cmpha ,i/ d age of onset, dif- cated by transient laryngeal stridor.
ferences between hamartomas and tera- Ibe tumor measui J4 x 2 x 2 cm and
tomas, relation of cervical teratomas to contained a primitive eye structure,
the thyroid, and the histogenesis of tera- of intestine, and solid areas (fig. 2).
toma. closcopic examination showed areas

lo study tiie ahove factors furthei two thyroid tissue, intestine, squamous epithe-
cases each of cervical teratoma and “com - lial islands, and cystic spaces with a
plex cvst of Ifie thyroid were investigated of respiratory epithelium. Islands of heav-
| fie characteristics of these tumors are ily pigmented cells were present. The well-
considertxl together witli the clinical fea- developed multiorganoid formation
tures of those re]x>rted in the literatme. tumor was tyoical of a benign cervical
lrom the colletnxl evidence a theory of teratoma
the histogenesis of cervical teratoma is

("ti.st* 2

proposed

A 2 month old boy was admitted to hos-

t ASI HI I'Oltls

The clinii al and palfiological details of tory tract infection. A 2.5-cm tumor
four palii is witli neck swellings are given found on the right side of the ntxk
hclow ( asis of neck teratomas reported region of the thyroid gland, bronchoscopy
since 1'ififi are set out m lalile | witli par- excluded the presence of an inhaled
ticular reference to age of presentation, eign Ixidy. Urgent removal of the
thyroid involvement ai, 1 results of treat mass was considered necessary as it could
merit |x«tentiaie the respiratory obstruction.
operation it was found that the
(ttV I which contained cystic and solid
A healthy 1tlav old gn | was seen with a involvixl the right lobe of the thyroid gland.
mass m the left lateral region of the net k. Hri rivitl Kh 21 71 Ni I'itiil Juy»]*?’
llie mother had noticed the mass at hirth 11 i'tii iii .MM 1 mrnl uf Numiry, | nivrifcily
f.xamin ion of Ifie child revealed a firm nt iln W nw.ih-iAi.itul, Jtth.mni'khma, Snuth Arii a

11 HAIfii m.% 10 111 11H

pital with stiidoi due to an upper respira-
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R i'iirt i f>Ei 3 7 months, male .ihitliinu onto ihvioifi
at hirth. niali latii )l to thvrotd
2 months not stated loiiiimmus Aitlt* loin
Hurlhut 11 at. ('67 2 12 months, h male not slated
at Inrth. m dt anterior to thyroid
Il hippcli 701 3 ill neonatal all iel.iltd to the
pri sentation thyroid
Numaimulu t-i al 70 1 3.3 months male iepl n ,HI pattn|
thyroid inland
Hitkham t’'72 1 ill neenaial ne.u thyroid no
presentation sp* i die ili tails
dray (73) 2 at hirth. leinuh rt pi it vd most nl thyroid
(>months not s.ated arose from Il thyroid
loht
I'r< *i*nt casvs 2 at hirth, lemah replaeix! | thyroid
2 months, malt attat hed to It thyioid
lohi
m
I iK | O piriiiive lin-luiKs nl ( 1nv | Ilh. norm.il nuhl loli ol n,
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,| yroid ilom i),

hK 2 VrratoTha ol th' [lilt lobi 'l
and loops ol prim itive bowel are present

The left lobe of the thyroid w &' normal
The mass including the right loht of the
thyroid was removed.

Pathological examination showed a 3 =
2 x 1-tin tumor from which acvst 1 bcm
in dimu ter protruded Microscopic ex.mn

nation showed neural tissue in latgi
amounts, interspersed with cartilage, mu-
cous glands, squamous epithelium, and

thvroid follicles. lhe diagnosis was that
of a teratoma of the thyioid gland.

Ctise 3
A 2W month-old hoc was admitted to hi

Pital for treatment of kwashiorkor,
mutiin physical examination a l-cm
nomiu was found sin ,, t i, , ,i*
just ab.)ve the supra .. i woa T,

mid function tests w.es.
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Hrlatinn to thymiil

laiinK onio thyroid
iiin! to thyoid

ulinuous with |

4 slatrd

irrior to thyroid

rlatvd to tho

ihyroid

in < p.irt ol
Ilyroid uland

thyroid, no
'*ific cli'tails

| most of lhyroid
thyroid

w lIron) fi

nod |, ihyroid

cd to K. thyroid

the

lohr

Mill

M H t'i’sslul ri‘inoval
mu ci *slul ri nioval
died hvliirv opi ratio,,

tiutci siihil n inoval
snctrvmuv,'!

"110 Postop,miiiiv,.
dratli due to
hiinor, hawr

sutti'sslul ri nioval

3 suvctsslully n mov,d,
1 imslop, rativ, di alii

died from h, monhau,
Mivci'sslul rviiKiv.il

«id renwiil.
r. ILtrynui'iil m rw
dain.IKr

AuctvAtul rrmox al

%

thyroid lon vps s

IMS Itit.1-M SIS Ol

lin 2 I,'ratoin.i ol tin- hli lohr ol tin
and loops ol primitive how | an piisent.

I ho Irit Inlic nl the thyroid xv.is normal
1he mass inc.hiding lhi iiulu lohc ol the
thyroid was removed.

I’atholoKk d examination showed a 3 =«
2 x | tm tiimoi hum whkh atxsi | icm
in diametei protrutled Microseopii exami
nation showed neural tissue in law
tmounts, interspersed with cartilage, mu
tons ({lands, squamous epilhelimn, and
thvroid tollicle Il he diaunosis was th.it

of a teratoma of lhe ihvroid ({land.

( use i
A 2't monih-old hoy was admitted lo hos
pita) for

treatment ol kwashiorkor. On

routine phvsk al examination a I <m him

notluli was found situated in the midline
just ahove the suprasternal noli li I h\
mid funt lion tests were normal \ |

sPintisi an showed the presentt til a not

mal thyroid ({land with the mass on the

<1 KVH Al

thyroid

Il 1A IOMAS 113

>EyX-Lju

rudinii‘iitary I* strut lure

anteroinlerioi aspect of the ({land

eration the mass, with a

At op-
grittv capsule
that was confluent with the thyroid fascia,
was removed. No tract leacfitiK to the
hvoitl hone was presen’

Pathological examination rcve iled a cvs
1.3 cm in tliameter. filled with
straw-coloretl fluid. Ihe cyst was lined by
transitional and respiratory type epithe-

lium and contained cartilage in Its wall

tic mass.

(.a" 1 Ilhe diagnosis was that of a "com
pi, | the thyroid gland
"use -i
»ntli old box was admitted to
hospit ith a ti month history of a mass
m ihi hvroitl region Physical examina-
tion revealed a | 5 cm mass which moved

with swallowing and protrusion of the
longue At exploration the mass was ad-

herent to the right upper pole of the thy
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i-oid .mil com.lined Ciirtiliii>inous maiei iid
in its lateral wall A tract leading to t|,
hyoid hone was present. | he mass incind
ing the tract and the |x>ttion of the rinht

lohe of the thyroid nland to which it was
adherent was excised.
I’atholonically the mass was cystic.

1.5 cm in diameter, and consisted of sev-
eral 'ocules some of which were lined hy
pseudostratified epithelium and others hy
s<|u.imous or columnar epithelium. \inner
mis foci of tartilane and areas of compat t

fihrous tissue, interspersed with thyroid
follicles were pu sent in tin cyst wall
(fin. 1). 1 he diannosis was that of a com

plex cyst of the thyroid nl.tnd
DISI I'SSION

Il he term "cervical teratoma incor|x>
rates teratonenmis tumors ol the anterior
and jxisterior nlannles of the neck hut
excludes facial and hasic ranial teratomas
and those associated with cervical verte
hral defects |he first two eases presented
almvc clearly fall into the nroup of cervi
cal teratomas whereas the last two cases
could not he rewarded as teratoma* |he
two complex c\sis mav he hamartomas of
the thyroid, an entity that has received
siant description in the literature Willis
152, p 1071 described two cases ol ha-
martomas of the thvroid with c utilanc
formation. Doth tumors included thvroid
tissue wiihiu tin stroma and histolonically
resemhle the present two cases Uillis
lavored tin dianuosis o| chondromatous
hamarton-i of the thyroid in one of two
cases rijxirted as teratomas of the neck
hy Silherman and Mendelson 00) |Ihis
tumor was not readilv accepted as a true
teialoma hy all the patholonists review inn
the case at the time. In comparing hnmar
totnas with true- teratomas it is ini|xnlain
to establish the extent of organ develop
ment in each tumoi A imililorganoid dll
fereniiation is in keeping with a teratoma

whereas hamartomas are overgrowth- of
tissues found in a particular organ Ila
martornas. unlike teratomas, may in addi

lion rctr.ue the historv of the development
of ihat panic ul.u organ (Caillard, 7 11

Ihe presi nie of iurtil ige in the thvroid
gland, as distini | from dvsiropliic cale i
fication in degeneiale tissue, is known in
cliondrosarcomat." (Willis. 07. p 02f, Iled
inger, 00), teratomas, and m-in on asion

‘ MtviIC Al

Il tA IOMAS jIf)
mdly m multinodular goiters fFinkle and
(roldman. '75). As cartilage- is not normal
IV present in the thyroid gland we- prefer
lo use the term "complex cyst rather
man hamartoma and designate it of thv-
"nd origin owing to its attachment to this
Uj.iiici li is not possible, however, to ex-
1u tracheiil or laryngeal origin of such
e util ige containing cysts nor to exclude
a metaplastic derivation from the thyroid
gland pareni hyma.

Acle <j unset iind (/mu th rule
»J teratoma

Nearly all the reported cases of cervical
teratoma have hee-n l.c-nign and occurred
in infancy, (if the 11:) cases collated (ta-
ble- 1) all occurred in infants and only one
was malignant A further 8 cervical tera-
tomas. which are not included in the
picscnt discussion, were reported in adults
(Kemp. til).

Almost all the reported cases of benign
cervical teratomas were detected clinically
before the age of | year. 80rl of those

were present at birth and of this group
series and

17 T in Silherman s (60)
1- ' of llajdus (66) series were still-
horn.

f rom these figures it follows that a con
siderahle part of the tumor growth oc
eurred in ulcro which is borne out hv the
large tumor si/le maine-d in live- and still
horn infants (K vne-s. '569. Hickham. 72).
I his large sile indicates either a long
period of growth be-cause it euiginated
early in fetal di-vclopment or, quite the
ofifxisite, that it occurred at a later stage
of fetal di'velopment hut underwent rapid
| xp mmenial teratomas in ani-
-vide- variation in growth
rate (Solter al., 70). These teratomas,
di I from leuse egg cylinders, either
g (- rv large and compressed suiround-
iilil > tie or reinaiued small. |he spec
(i i ymwi'i rate of cervical teratomas
i .omp uahle to that of experimentally
firoduce-d teratomas which, however, could
onlv he- produced with early and relatively
undifferentiated emhrvonic tissue. This
suggests that cervical teratomas of human
neonates prcsumahlv arise- at an e-a-lv,
undifferentiated emhryemic stage.

growth
mals showe --

I Inimitl anti i on it ul It rutomas

I he association of thyroid and cervical
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teratomas has been ref'erretl to by several
authors (Bale, 50; Keynes, 59. Silberm in
and Mendvlsoi.,, 60; Willis. 67; Hivkham,
72). The thyroid was involved either by
direct continuity or actual replacement
of thyroid tissue by teratogenous growth
in 10 of 17 cases reported since 1960
(table 1) and in 58 of 71 cases reported
bv Keynes i 59).

Bale (50) classified teratomas of the
neck into three groups, of which "thyroid
teratoma"” was distinguished by its blood
supply from the thyroid arteries |his clas
sification is not satisfactory as the arterial
supply of very few teratomas is accurately
recorded. The classification of Silberman

Ultimobnnchlal body

(entoderm and ectoderm)

SI*lIlv. AND A St'l1IMA.MAN

and Mvndelson (00) is more acceptable
thyroid teratomas are those in which the
tumor replaces, occupies, or is in con-
tinuity with the thyroid gland, and all
other neck teratomas not fulfilling these
criteria are termed cervical teratomas.
llistiiyi'iicsis ol< crvii i.l (ttid
thyroid teratomas

There is general agreement that tera-
tomas arise from pluripotential cells,
though the nature of these cells has not
been defined. Ilhe c.irrent view (C.a lard.
74) holds that these pluripotential cells
either have the embryonic potential of
blastoim res or that they are blastodermic

MidIme Phiryngnil c»N cords

Itnledstm)

THYROID ANt AGE

10 weeks 3 germ cell leyers

cytodiflerentisled but not

organodlft*rentisled

Normal differentiation

\
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See Roediger and Spitz 73
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.»! Mfiulclson ('60) is more attcptai,l!,.
ijyroid tvraiomas art- tliosr ih wi,{(|

mmor rvplacvs, occupies, or is p, C(),’
eunity with the- thyroid Klai,d. and ill
tht-r nock teratomas not fulfillin« ihese
iltvria are termed cervical teratomas

IhsttHimicsi* of <erii<-no,"
thyroid tvratoiuus

There is Kenera1 aKieement that tcra
imas arise from phiri|*)tential cells
I. HiIKh the nature of these cells has not
tun defined. | he current view iGaillard.
At) holds that these pluripotential cells
Ither have the emhrvonic i«)tential of
mlastomvres or that they are blastoderinic

Midline Pharynoo*! cell cordi

(Entoderm)

ANL*Ot

m cell layer*

led but not

atieted

Escape from organizer

\

Dislocation No dislocation

*

Cervical teratoma Thyroid teratoma
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in nature. Supixnt for the former view
can he obtained from Konadal teratomas
whereas the latter view is invoked to ev-
plain the occurrence of extragonadal tera-
tomas. Derivatives of three germ cell layers
are needed to produce experimental tera-
tomas in extragonadal sites fSalami, ’68).

Considerations in the histogenesis of
teratomas need to inc lude the ontogenetic
time of their origin, causal factors in their
production, and the topography of cells
that give rise to thesi teratomas. We pos
dilate tilat neck teratomas arise from the
embryonic thyroid tillage dig. 5), and
agree with Willis ('67, p. 998 > that "it is
significant dial most cervical teratomas
affect the thyroid gland. Our postulates
are made on the premise that (i) the thy-
roid anlage contains signific ant derivatives
of all three germ cell layers, and that
plurilM>(cntial cells from each germ cell
la\ i are involved in teratoma formation,
ii there is failure of organizers to effect
organogenesis (Willis, 67, p. 997) at an
early stage of thyroid development, and
(iii i this process may he accomnauicd by
local dislocation of thyroid tissue during
eai ly cmhryogenesis.

The human thvroid gland contains cells
derived from the thyrogloss.il tract and
ultimohime hid b<d\ (11*1) whic h dis-
perse within the thyroid parenchyma Su
giyama, 711, In man (( ban and (Amen.
"71) and other mammals 71'carse and Cat
valheira. 67) it has been shown that the
I'HI* gives rise lo derivatives known as
( cells Initial beliefs ilearse, '70) that t
cells were of neumittodermal origin were
followi-d by sup|xirtive evidence for this
origin in animals Douarin and l.ievre, 70
I'earse and l'olak, ’71). Though similar
proof in humans is not available it is
known that mi-natal thyroids contain (
cells (Hotiliger, '7:*). and have hislcK hemi
cal properties similar to rodent ( cells in
whic h neural crest origin is known <lI’earse
and Il'olak. 71). Three germ cell layers
are ihus repri-senti-d in the fetal thvroid
tillage at an early stage i9th week), when
(fie I'HI1) is alrearly incorixnated into the
thyroid (Sugiyama, 71) Wi feel that lac
tors that will lead to teratoma formation
act at this developmental stage on pluri
potential representatives ol eac h germ (ell
liyei that Is cyto lint not yet organodil
ferentiated. Origin at an early develop-

mental stage could he reflected by tin-
considerable in utero growth that this
tumor is capable of (see above).

There is indirect evidence that orga-
nizers are operative in the primitive thy-
roid anlage. Morphological studies show
that parathyroid (Black and Watts, 49)
and C cells (Solcia el al., 70) may form
follicles similar to thyroid follicles. Wide-
spread follic lcc formation is attributed to
the diffuse effect of organizers. Lxpcri-
menlally it is possible to produce teratomas
which are thought to he due to a lack of
organizers. Macerated rat embryonic tis-
sue containing derivatives of all three
germ-cell layers injected suhcutaneously
or intraperitoneally into adult rats pro-
duced benign teratomas (Salaun, 68).
Similar experiments, hut with macerated
thyroid tissue, might provide some proof
as to the origin of teratomas in the- neck
and confirm or refute the postulates made.

Kclopic normal thyroid tissue usually
loc ated in the path of its normal descent
is vcell known. Meissner and Warren (69)
rc-corded that nests of normal thyroid tis-
sue occur frequently in muscle and soft
tissue adjacent to the normally situated
thyroid These tissues are not metastatic
deposits of carcinoma to which ectopic
thyroid derivatives are frequently attrib-
uted. Kmhryonic dislocation of teratoma-
tous growths may account for the small
percentage of neck teratomas found fur-
ther away from the thyroid. Apart from
such dislocations other hranchiogc-nic
structures could also he involved In the
formation of cervical teratomas. As thc
pro|X)ition of cervical teratomas that arc-
distant from the thyroid gland is small we,
at present, prefer the view of a common
origin for all cervical teratomas rather
than invoking the formation of teratomas
from other structures.

COM I t'SIONS

Benign teratomas of the neck are con-
genital tumors with a variable rate of
growth. lhey must he distinguished from
complex cysts of the thyroid that do not
have a multiorganoid differentiation. The
authors propose, on clinical and embryo-
logical evidence, that all anterior neck
teratomas arise from the thyroid gland
and that this Involves a failure of organo-
gein sis, at an early developmental stage.
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Thyroidectomy for non-familial medullary carcinoma

w 1 W. KOI DKil R*

SI MMAIO
Z’MWd cumw ol noii-/(iniiliul nwdiillur) iwcinoiiui of ihr
lliyronl ninth luitl thyroid tiwtu" rcnuiiniiiy oflcr initial
thyroidi’floim ivi'rc shown :> contain residual,
ylandnlar carcinoma

inna-
it rco/ni n. | his ohsenation,
the distribution ol ( cells in the normal thyroid uland
tnid the lymph node spread of this carcinoma have led to
the proposal ol a bilateral W per cent upper ptde
th roidectomv inchitlini; the superior parathyroids for
ca es of non-lamilial medullary carcinoma Hus opera-
tion 'emotes all the ( -cell-beariny area and lean s a
small thvtoid remnant at the loner pole for preservation
ol the mlerior parathyroid viands. Hie operation is dis-
cussed with releretu c | mthese /actors.

MH > 1i AKsS curcinnmu of Ilie ihyriml is u vsvll-
esiahiisheil clinical entity. l he carcmom i was
ideniilieil h> Mal/anl el al. in 1959. ami sit ce the

histogenesis was correctly aililuccd by Will ams in

1966. both the pathological ‘vhaviour (lbane/ el al.,

1966; Williams et al.. 1966; Woollier et al 196*;
Ibane/. 1974; Rociliger. 1975; Williams. 19751 and
clinical syndromes (Williams. 1967; Melvin. 1974)

associated with this tumour have been extensively

investigated.

Two distinct types ol medullary carcinoma have

become apparent, one arising spontaneously, the

other being genetically determined and familial. Total
thyroidectomy is, by general consensus, advised for
familial medullary (Block et al.. 196*;
Miller 1972; 19751, whereas

opinion is divided about the extent of thyroidectomy

carcinoma

et at.. Iteaugie et al..

for the spontaneous type of tumour (Woollier et al

1968; | ssclstyn and ( rile. 1971 Keynes and lill,
1971). | nderstandahly. this is due to the rarity of the
tumour a general surgeon is unlikely to see more

than 2 cases in a lifetime (( amphell and Sage, 197.M
We consider that treatment should he based on a total
excision of the ( -cell bearing area in the thyroid
gland and put this proposal forward as most (N4 per
cent) medullary .arcinomas are of the non-lamilial
variety (( hong cl il.. 1975). Al the same time we must
stress that no pn gnostic evaluation of this operation
is at present available

Two cases of non-familial medullary carcinoma are
reported | heir initial operations were performed elsi
where. | hey were then referred for further treatment

to the Johannesburg (ieneral Hospital.

( use reports
( - | \ iX-wMr-okl Itm .ill- p.iiii-ni picsvntal with a single
nmlulc on lhe tell side ol the neik Sixteen months previously
she had had a left total and ighl seven eighth
performed for medullary lareinoma

loheilomy

1tie history apart Irom

ireatmenl! for reaelne depression and urinary Irail infections,
was unremarkable | lamination ol a nervous palient confirmed
a jugular-digasim node. | cm in diameter, on lhe left side.
No further nodules or palpable thyroid li-sue were evident.
Radiographic examination bony or hlood-
horne melasiases

llaemalologic.il. serological and urine investigations which
included VMA estimation and thyroid funilioo tests were
normal An 'l scintiscan demonstrated a substantial thyroid
remnant on lhe right side Al operation this remnanl was
dissected oil the trachea an a standard block dissection of the
cervical glands was carried out on the left side. A course ol
radiotherapy was commencid to the neck A weeks later The
patient was mmour-frci 7 years after operation hut had
evidence of chronic hypoparathyroidism Histologicalexamina-
tion of the thyroid

revealed no

remnant conlirmcd medullary carcinoma
which extended lo the posterior capsule. Several lymph nodes
were involved with tumour cells which produced
(thiollavin-1 stain).

amyloid

(iti ' \ 45-year old female patient had a tight hemithyroid-
cctomy for a single thyroid nodule which histologically was a
well circumscribed medullary carcinoma. She was in good
health on referral to Johannesburg Ciei'eral Hospital | month
after her initial operation. No cervical lymph node enlarge-
ment or thyroid nodule was palpable in the remaining lobe.
Serum calcium was low (4 .. 4 ' mlul)in 2 out of 5 estima-
tions Scintiscan with m | showed no hypofunctionmg areas or
features ol displacement, lotal lobectomy (left) with preserva-
tion of both parathyroid glands was underla.en A weeks afler
her initial operation. There were no palpable lymph nodes.
Section ol the iohe demonstrated a circumscribed nodule.
I 2 cm in diameter, which was centrally situated
the posterolateral aspect of lhe thyroid gland
examination confirmed medulla v carcinoma.

towards
Histological

Discussion
Both the cases presented here demonstrated res dual
medullary carcinoma in situations in which primary
tumours have most frequently been observed, that is
the posterolateral and central

regions of each lobe

(Melvin et al.. 1972 White. 1973). Distribution of
tumour in these regions has been noted especially in
the familial type and coincides with the area of

maximal concentration of thyroid C cells (Roediger.
1973; Wolfe e. al., 19741 (fiy. 11

thyroid glands from neonates showed that t

Studies of whole
cells
were interspersed in between follicles or were part of
follicles which were predominantly in the postero-
xuperior aspect of each gland. In the neonate the
highest concentration of C cells is around the superior
is associated

ultimobranchial 1935;
1937), Adult thyroid
glands when compared with those of the neonate have
a greater proportion of their C

IWolfe et al., 1974). presumably owing to dispersion of

parathyroid gland which cmhryologically
with the body
Norris. the anlagc of (

(Kingsbury.
cells.

cells anteriorly

* Dvpiirimvnt of Surgi'ty. | 'mvi-rsity of lhe Witvvaterxraiul. and
Johannesburg (ieneral Hospital. Johannesburg
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HR. 2. Diuitritmmuiic representation of the W per sent upper
pole thyroidectomy. Both lohes and the isthmus are removed

C cells with growth. However, in both neonate anti
adult virtually no C cells arc found in the posiero-
inferior aspect of each thyroid lobe

Lymph node involvement, as far as could he ascer-
tained, was not observed at the initial operation in
cither of the present cases. In non-familial carcinoma
50 per cent of cases have no involvement of lymphatics
(Woolner ct al . 1% 81 The 10-ycar survival rate is
85 per cent for this group compared with 40 per cent
for cases with lymph node spread. These findings
contrast witn those of familial medullary carcinoma:
7 out of 12 cases in one family had lymph node spread
(Miller ct al., 1972). which tv a high incidence in view
of the very early diagnosis, often without palpable
tumour, that was made with the assistance of radio-
immunoassay for calcitonin (Miller ct al.,, 1972;
Jackson ct al., 1973). late cases of medullary car-
cinoma have a pattern of distant lymph node spread
similar to that of papillary carcinoma. Mediastinal
extension was observed in 10 out of 12 cases of laic
medullary carcinoma 11 anez et al., 1906).

Thyroidectomy for medullary carcinoma should
carefully avoid leaving a posterior sliver of thyroid
tissue in each upper pole | his should he done in spite
of the proximity of the recurrent laryngeal nerve,
which in this area is most vulnerable to olicrative
damage (Riddell, 1970). A remnant of posterior
thyroid tissue leave- areas which are rich in (' cells,
especially the areas in juxtaposition to the superior
parathyroid gland. | ur'hermore, the initial operation
should aim al diagnosing tumour spread to lymph
nodes, and therefore a search for lymph nodes should
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he made at the polar regions ot the thyroid gland.
Involved lymph nodes at the lower pole may en-
courage earlier radiotherapy to the mediastinum,
whereas upper pole and periglandular lymph nodes
which a. mvolv.-d may necessitate a cervical block
dissection or at least a very close watch for future
cervical lymph node enlargement.

It is suggested that the ideal extent of thyroid resec-
tion for non-familial medullary carcinoma is a
procedure such as that indicated in /in 2. The well-
established stages of thyroid dissection are followed
(Piercy, 1969) We prefer to identify the recurrent
laiyngeal nerve by the | ahey mamvuvre (Il ahey,
1938), which is a dissection against a tautened
inferior thyroid artery, and then to follow the nerve
superiorly with due consideration to its anatomical
variations (Riddell, 1970). Parathyroid tissue o care-
fully localized, and usually the inferior parathyroid
gland is easier to lind. The inferior parathyroids are
the principal glandular elements of parathyroid
tissue, i'ns is because the third pharyngeal pouch
derivatives are emhryologically more advanced than
the derivatives of the fourth pouch. In fact derivatives
of the ventral fourth pouch (thymus) are rudimentary
in man (Norris. 1937; Hoyd, 19501, and the contribu-
tion of parathyroid tissue from this pouch is less
prominent than that of the third pharyngeal pouch,
| or these reasons and in order to remove the < -cell-
bearing tissue we advocate that the 90 per cent upper
pole thyroidectomy include the remov -l of the
superior parathyroid glands cn hloc. The presence of
inferior parathyroid tissue must he ascertained prior
to embarking on such a procedure.

Our approach dill'crs from that of Miller el al
(1972), who in their cases performed a total thyroidec-
tomy with removal of the inferior, but preservation
of the supenoi, parathyroid glands. Such a resection
rightfully aims al removing intraglandular spread to
the lower pole. However, we al present prefer to
direct attention to an ellicient removal of the primary
< -cell-bearing area and therefore remove the sui'eriot
parathyroid gland and then deal with the intra-
glandular spread at the lower poles according to the
merits ol each case. In either event some viable para-
thyroid tissue must he retained and preferably this

should Ire the interior parathyroid glands

out in a single centre.
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ai the polar regions of the thyroid e,and
lymph nodes at the lower pole may en-
earlier radiotherapy to the mediastinum,
upper pole and periglandular lymph nodes
I involved may necessitate a cervical block
m or at least a very close watch for future
lymph node enlargement.
Ammmled that the ideal extent of thyroid resec-
m non-familial medullary carcinoma is a
i such as that indicated in Fin. 2. The vsell-
id stages of thyroid dissection are followed
1969). We prefer to identify the recurrent
nerve by the Lahey mamcuvre (l.ahey,
rich is a dissection against a tautened
ihyroid artery, and then to follow the nerve
with due consideration to its anatomical
I11(Kidded, 1970). Parathyroid tissue is carc-
lized, and usually the inferior parathyroid
masier to find. The inferior p. rathyroids are
iipal glandular elements of parathyroid
tis is because the third pharyngeal pouch
m arc embryologically more advanced than
dives of the fourth pouch. In fact derivatives
Ural lourth pouch (thymus) are rudimentary
JHris, 1937; Boyd, 1950), and the contrihu-
"irathyroid tissue from this pouch is less
fl than that of the third pharyngeal pnu«.h
» reasons and in order to remove the C-ccll-
" =mm we advocate that the 90 per cent upper
jroidectomy include the removal of the
parathyroid glands vn hloc. The presence of
mmmnthyroid tissue must he ascertained prior
mg on such a procedure.
differs from that of Miller ct al
i in their cases performed a total thyroidec-
rerroval of the infeuor, hut preservation
r| 1' parathyroid glands. Such a resection
aims at removing intraglandular spread to
Pole. However, we at present prefer to
mlion to an efficient removal of the primarv
ting area and therefore remove the superior
A gland and then deal with the intra-
spread al the lower poles according to the
each case. In cither event some viable para-
msue must be retained and preferably this
ihe inferior parathyroid glands.

The 90 per cent upper pole thyroidectomy is pul
forward as a rational and somewhat idealistic pro-
cedure which is primarily for cases without lymph
node spread. | he predominant aim is removal of the
C -cell-he iring area and we stress the removal of
the posterior lhyroid gland with preservation of
viable inferior parathyroids. | unher evaluation of our
proposals is mandatory but mas lie dillicult to carry
out in a single cnlrc.
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