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Abstract
The gross anatomy and miøoscopic morphology of the parathyroid glands were studied in
140 animals from twelve species of marsupials and monotremes. In marsupials
parathyroid III was found bilaterally in the vicinity of the ca¡otid bifurcation dorsolateral

to the larynx. Two parathyroids fV were present in ttre mediastinum of most species.

Parath¡'roid glands were often associated with ttre th¡rmus but never thyroid-

Monotremes had one pair of glands located adjacent to the origins of the carotid arteries in
the mediastinum. Endocrine glands, found lateral to the origin of the trachea, were

confirmed by immunostaining to be ultimobranchial bodies.

Parathyroid parenchymal cells $rere aranged in strands and clumps separated by
capillaries and supported by minimal connective tissue, except in the kangaroo where

principal cells were clustered into lobules separated by quite thick septa. Follicles and

cysts were observed in parathyroids of dunnarts, bandicoots, wombats, koalas and

possums. Light and da¡k principal cell va¡iants that were either inherent stn¡ctural
features or a¡tefacts of fxation were present in most, but not all species. 'Non-secretory'

cells, present in the parathyroids of antechinus, wombat and echid¡rq were identified as

leukocytes, macrophages, and epithelial reticula¡ cells respectively. rmmunostaining for
PTTI showed, at the light microscopic level, a diffuse distribution of the hormone in
parathyroid cells of all species examined. At ttre electron microscopic level only weak

labelling of PTH was obtained and labelling was restricted to sparse small granules.

Oxyphil cells were identified only in the wombat, and water-clea¡ cells were found in
parathyroids of the possum and echidna. The water-clea¡ cells in some possums were

thought to be related to stress and prompted a study into the relationship between the

ultrastructure of the parathyroids and chronic stress in antechinuses duing the post-mating

period.

The effect of age on parath¡'roid morpholory \rras studied in the kangaroo. The number of
mitochondria per l0pm2 of parenchymal cell c¡oplasm was analysed for young adult and

very old (more than ten years) male kangaroos. No increase in the number of
mitochond¡ia was detected in the old group.
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The Marsupial ParathYroid Gland

From the third and fourth branchial pouches rise
Glands numbered the same, no surprise.
Parathyroid Itr may contain some thymus,
'fV'is near the thoracic thymus.
PIII's rostral in meøtherians
But is caudal in most eutherians.

more.

Bandicoot" koala, and wombat,
All showed several va¡iations
In the parath¡'roid formations.

Most glands included some follicles
Where small clusters of cells formed circles.
I¡¡ee cysts were also often present'
Sorñetiáes rounded shapes 6ut sometimes bent
Different cells were on their edges
Enclosing colloid with macrophages.
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Chapter L

Introduction, Aims and Objectives

1.1. Introduction
This study of the parathyroid glands in marsupials and monotremes has

been done on 140 animals from six families of Australian marsupials and

two families of Australian monotremes. The thesis is presented in eleven

chapters. Chapter 1 includes the aims and objectives of thc project.

Literature review is covered in chapter 2', chapter 3, Materials and

Methods, summarises the animals and numbers used and the general

techniques employed in the snirdy. Specific details of tissue processing

and staining are given in the Appendices.

The investigations of the parathyroid glands in marsupials a¡e described

in chapters 4 to 8 with each chapter covering one or more species,

representative of a marsupial family. The exception to this format is

chapter 6 where the studies on the wombat, Lasiorhírus latífrow, and the

koala, Phascolarctos cinereyrt, are presented under the heading of the

superfamily Vombatoidea. Chapter 9 describes the parathyroid glands in

two monotreme families. Chapters 4 to t have a simila¡ format with

three major sections - Introduction, Results and Discussion. The

introduction includes details of the individual species studied and

descriptions of materials and methods if they were not fully covered in

chapter 3. The Results and Discussion have subsections of gfoss

anatomy, light microscopy, and electron microscopy for each species. If
similar results were found for several fa¡nilies then the findings are

discussed in chapter 11, General Discussion, as well as in the individual

chapters.

During the course of studies on tho parathyroid glands in marsupials and

monotrome species, tissue samples that were suitable for

immu¡esytochemistry were collected. The immunocytochemical study

is the topic for chaPter 10.

(fhe sources of the figures in the graphics are given at the end of the
bibliograph y, page 2?JI .)

r\
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1.2. Aims and Objectives

For each marsupial and monotreme species examined the main aims of the study

were:-

. To describe the gross anatomy, light microscopic stn¡cture, and ultrastructure of the

parathyroid glands and to compare the morphology with that of other vertebrates,

especially mammals.

. To identify parathyroid hormone in tissue sections of the glands at the light, and where

possible, electron microscopic levels by employing immunoc¡ochemistry.

. To determine the occurrence of ox¡phil and water-clear cells, compare them with similar

cells found in other mammalian species, and to speculate on the possible causes that

influence the formation of oxyphil cells and water-clear cells.

additional aims for the individuat species or chapters were:-

Chapter 4 - Dasyurid MarsuPials

. To investigate the influence of the mode of fixation (i.e. perfusion, immersion) on the

microscopic morphology of the parathyroid glands*.

. fs s¡¡mine the effect of chronic stress tn Antechinus flartípes andAntechinw sm¿rtü on

the microscopic morphologT of the parathyroid glands.

Chapter 5 - Peramelid MarsuPials

. To investigate the occurrence of thymic tissue in the neck in order to determine the

absence orpresence of the cervical thymus inlsoofun species.

Chapter 6 - Vombatoidae; Wombat and Koala

. To investigate the occurrence of thymic tissue in the neck and thora:r of ttre wombat

(Lasíorhínus latifrons) and the koala (Plnscolarctos ci¡æreus) in order to deterrrine the

$afts of cervical and / or thoracic thymuses in these trvo species.

Chapter 7 - Phalangerid MarsupialrTríchosurus vulpecula

. To investigate the influence of the mode of fîxation (i.e. perfusion, immersion) on the

microscopic morphology of the parathyroid glands*.
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Chapter 8 - Macropod Marsu pial, M ocropus fulígìtu sus

. To Ìnvestigate the influence of the mode of fixation (i.e. perfusion, immersion) on the

mic:,oscopic morphology of the parathyroid glands*.

. To determine if there was a significant increase in the number of mitochondria per

l0¡rm2 of cytoplasm in parenchymal cells of old kangaroos compared with young

kangaroos.

. Associated with the above aim was: to determine the approximatea$e of kangaroos from

which sperimens were collected.

Chapter 9 - Monotremes
. To describe the gross anatomy, including the relationship to the parathyroid glands, and

histology of thymus, thyroid, ultimobranchial bodies, and cervical and mediastinal l¡'mph

nodes in mature echidnas and plat¡ryuses.

Chapter 10 - Immunocytochemical Study

. To identify parathyroid hormone in tissue sections of the glands at the light' and where

possible, electron microscopic levels by employing immunsç¡ochemistry'

. To confirm by immu¡sstaining the identifrcation of glands as ultimobranchial bodies in

the echidna

* The influence of the mode of fixation (i.e. perfusion, immersion) on the microscopic

morphology of the parathyroid glands was investigated in dunnarts, possums and

kangaroos because for these animals two groups could be identified where environmental

conditions at the time of death and the processing of specimens were similar for each

goup with the only lcrown difference being the mode of fixation.
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Chapter 2

Literature Review

2.1. Introduction
This literan¡re review will focus on the mammalian parathyroid gland with

minor references to parattryroids in birds, reptiles and amphibians' The

parattr¡rroid glands are endocrine glands located in ttre neck and sometimes

thorax of all animals inthe phyletic scale above andincluding airbrcathing

amphibians (Roth and Schiller,1976). Parathyroid glands develop from

the endoderm of the third and fourth branchial pouches in ttre embryo'

Most animals have tw,o pairs of glands labelled PItr and PIV indicating

their embryological origins. In some species, for example rat and mouse'

one pair of glands either fails to develop or involutes early in development

resulting in the final presence of only one pair of parathyroids @oth and

schiller, 1976). The established function of the parathyroid glands is to

secrete parathyroid hormone orparathormone (PTH) which increases the

concentration of calcium in the blood as a result of a variety of different

physiological actions.

In fish, PTH is replaced by sønniocalcin as the primary hormone for the

homeostatic control of extracellular calcium (Wendelaar Bonga and Pang,

1991). Stanniocalcin is produced by the corpuscles of Stannius which are

associated with the kidneys. unlike PTII, stanniocalcin reduces

extracellular calcium. The tafget organs a¡e the gills and intestines where

entry of calcium from the external environment is prevented (Perry et al'

1989). Hence while PTH and stanniocalcin a¡e the primary hormones for

controlling calcium levels in air-breathing vertebrrates and frsh respectively

their modes of action are quiæ different

2.2. History
Sandström is recognized as being the fust to present a comprehensive

description of the parathyroid glands in a scientific journal in 1880 (Seipel'

1938). Prior to this date several ¡eferences had been made to these

structures but no significance had been placed on the observations'

Remak in 1855 (cited by Sandström, 1880) reported the presence of a

gland-like stn¡cture located on the superior tip of the thynus in a new-born

cat. Histologically, the gland was distinct from thyroid, lymphoid' or

thlmic
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tissue-. Virchow in 1863 (cited by Sandström, 1880) described the constant appearance of

pea-shaped stn¡ctures on the lateral masses of the human thyroid, and stated that the

histology of these stnrcrures resembled lymphoid tissue rather than thyroid. Owen (1862)

also mentioned the presence of glands, later interpreted as being parathyroids, in the

rhinoceros.

In the paper published by Sandström in 1880, he described "hemp-seed like" structures

attached to the thyroids of dogs. Microscopic examination revealed that they were unique

glands which, from their position, werc appfopriately named parathyroid glands' Simila¡

structures were identified in the cat, rabbit, ox, horse and human (Sandström' 1880).

Detailed anatomical and histological aspects of the human parathyroid glands that were

based upon studies of 50 individuals were included in the paper. No duct systems \r'ere

observed and parenchymal cells were described as being arranged in clumps or irregular

rows (Sandström, 1380). Baber (1881) without prior knowledge of Sandström's work,

made an independent observation of parathyroids in dogs. Fortunately he did not

complicate the issue by assigning a name to them. Since Sandström's paper was originally

in Swedish, its impact would have been restricted to Sweden had it not been for the

publication of an abstract, translated into German, by Retzius in 1880 (cited by Seipel,

1938) which enabled the wider scientific world to have access ¡g the fepoft

By the turn of the century the existence of the parathyroid glands in a wide range of animals

had been established. The literarure was reviewed by V/elsh (1898) and Ha-mmer (1908).

The anatomy and histology were accurately described but all these early anatomists believed

that the parathyroid glands rePresented embryonic residues of the thyroids and that

parathyroid cells were able to differentiate into thyroid cells. The occasional presence of

parathyroid cells clustered into small follicles, imitating typical thyroid histological

stn¡crure, probably added support to this hypothesis (Welsh, 1898; Hanmer, 1908). Gley

(1gg3, cited by welsh, lsgs) was one of the fust resea¡chers to reject this function of the

parathyroid glands. Using rabbits, he removed the thyroid glands in which the internal

parattryroids were present, and exa¡nined the external parathyroids at va¡ious intervals after

thyroidectomy. Slight hypertrophy was initially noticed in the remaining glands but at no

time was there any evidence of parathyroid tissue transforming into thyroid tissue.

In 1g0g, Maccallam and voegttin noticed increased neuromuscula¡ excitability following

parathyroidectomy and ttrat hypocalcemia resulted in similar conditions- Consequently they

postulated that the parathyroid glands controlled calcium metabolism (MacCallam and

voegtlin, 1g0g & 1g0g). It was not until sixteen years later that the function of the

parathyroid glands was determined more directly when Collip (1925) successfully extracted

an active principle from bovine parathyroid glands which corrected hypocalcemia and æuny

in parathyroidectomized dogs.
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since-the establishment of the function of the parathyroid glands, an exponential growth in

the knowledge of the parathyroids has occurred. The applications of new biochemical,

histological, and immunological æchniques that have been developed over the past 72 years

have increased the understanding of the function and stn¡cture of the parathyroid glands

(DeGroot, L979;Potts et al.' 1995).

2.3. Physiology and BiochemistrY

The known, well documented function of the parattryroid glands is to secrete PTH @otts et

al., 1995). This hormone and calcitonin, which in most 6amm¿15, is secreted from

parafollicula¡ cells in the thyroid gland, are concerned with the maintenance of the serum

calciun level wittrin very narrow limis (DeGroot, 1979). Blood calcium concentrations are

raised by pTH and decr€ased by calcitonin. The sec¡etion of PTH raises the plasma calcium

level in several ways. It liberates calcium from bone to blood by fast and slow

mechanisms. Calcium is present in bone as a solid phase in ttre calcified matrix and as

soluble calcium ions in bone fluid at the interface of the bone matrix with osteoc¡es and

with osteoblasts on the surface of bone (Malluche and Faugere, 1986). V/ithin minutes of

being released from the parathpoid glands, PTII causes the rapid, active transfer of calcium

ions from bone fluid to extracellula¡ fluid (Parsons, 1979). This fast mechanism relies on

pTH activating existing inuacellula¡ enzyme pathways in the osteoblasts. Short-term

decreases in blood calcium levels a¡e corrected in ttris rnanner (Ialmage et al., 1978). The

slower mechanism for the movement of calcium from bone to blood involves PTH

activating catabolic enzymes in osæoclasts. This process takes several hor¡¡s and results in

the destn¡ction of all the components of bone and the release of calcium ions from the matrix

to blood (Parsons, L9/9;Malluche and Faugere, 1986; Potts et al.' 1995)'

In addition to pTH having a catabolic effect on bone, the normal physiological levels of this

hormone also have an anabolic effect resulting in an overall inc¡ease in bone rnass. ktitially

pTH removes calcium from bone to blood but the action of PTH in increasing the

absorption of calcium f¡om the renal tr¡bules and small intestine gives slight hypercalcemia

ultimately teading to the deposition of calcium in bone by osteoblasts (Parsons, 1979;

Malluche and Faugere, 1986).

Calcium absorption and phosphate secretion from the renal tubules are promoted by PTH

(poas et al., 1995). Also in the kidneys, f{fH regulates the hydroxylation of 25-hydroxy-

vitamin D to 1,25-dihydroxy-vitemin D. The latter compound is what enhances the

absorption of calcium from the small intestine (Irving, 1973; Aurbach and Chase, L976;

Harper et al., L979).
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The secretion of IIITI is controlled predominately by a simple feedback mechanism where

decreasing blood calcium levels trigger the release of PTH fron the parathyroid glands

(Cohn and MacGregor, 1931). However this inverse relationship only occurs for plasma

calcium concentrarions between 7.5 and 10.5mg/100ml which a¡e in the normal to slightly

hypocalcemic range. In severe hypocalcemia and hypercalcemia the rate of secretion of

PTH is independent of plasma calcium concentrations @lum et al., L974).

parathyroid cells have surface receptors for calcium that induce transient increased

intracellular calcium levels which, in turn, lead to PTII release (Potts et al., 1995). The

surface receptor has been identified as a 500-lDa protein and its role in PTH secretion has

been shown in a study where the presence of a monoclonal antibody to the receptor blocked

the release of PTH in response to hypocalcemia (Iutrlin et al., 1989).

Other ions and compounds have been shown to affect the secretion of PTH. Very high

levels of magnesium inhibit the release of PTH but physiological concentrations of the

cation have negligible influence (Kemper, 1984). Adrenalin and other beta-adrenergic

agents increase pTII secretion. Dopamine Dl and histamine H2 receptors have been

identified on parathyroid cells, and both biogenic amines raise plasma levels of PTH

(Fairney, f983; Kemper, 1934). A metabolite of vitamin D,24,25'drhydroxy-vitamin D

has an inhibitory effect (Mayer, lg79). Calcitonin and other hormones have been reported

to affect pTII secretion by affecting ttre intacellularlevels of cyclic AN{P in tlre parattryroid

cells. The physiological significance of these additional controlling agents is unclear

(Kemper, 1984).

parathyroid hormone is a linear basic pol¡'peptide containing 84 amino acids residues (Potts

et al., 1995). Close homology has been found among sa.mples of PTH from different

species. Analyses of the hormone from humans, cows, pigs, dogs, rats and chickens all

show srrong similarities (Kemper, 1984). Within the cells of theparathpoid glands PTH is

initially synthesized in rough endoplasmic reticulum as preProPTH which consists of 115

amino acids. A cleavage of this polypeptide as it enters the cisternae of the rough

endoplasmic reticulum, results in PToPTH which contains 90 amino acids and is conveyed

to the Golgi region where it is converted to PTTI (Cohn and Elting, 1983).

From the Golgi region pTH is packaged into secretory vesicles and appears to follow one of

rwo routes prior to its release from the cell by exocytosis (Habener, 1979). Either PITI is

stored in secretory granules that form an intracelluk¡f storage pool from which the hormone

is sec¡eted when required (tlabener, 1979),or PTII is directly released from the cell after its

formation in the Golgi region and it does not form part of the storage pool (MacGregor et

at., L975; Kemper,1984). The majority of PTH released from parathyroid cells appears to

follow the latter course. Evidence is gained from the poor correlation between secretory

activity and secretory granule numbers (Roth and Raisz, 7966; MacGregoret al., 1975) and
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from studies using radioactive labelled leucine, where the major a¡nount of secreted PIII

was newly synthesized, and released directly from the Golgi body rather than the storage

pool (MacGregor et al., 1975). Hence secretory activity is better indicated by the size of the

Golgi complex (MacGregor et al., 1975). Srudies using in situhybridization techniques for

pTH 6RNA coupled with immunostaining of PTH showed simil¿¡ results where in

physiological conditions, an inverse relationship was shown to exist between the synthesis

and storage of PTH (Kendall et al., t993).

The parathyroid gland is unlike any other endocrine gland in ttrat excess production of

hormone occnrs constantly and the main controlling mechanism of horrrone secretion acts

by varying the proportion of release or degradation of the hormone from the cytoplasm

(Wendelaar Bonga and Pang, 1991). Many stored PTII secretory granules are degraded by

lysosomal enzymes u/ithin the parathyroid cells with hypocalcemia decreasing degradation

and increasing secretion of the stored PTII vesicles (Ilabener, L979). Conversely, when

pTTI release is suppressed the number of lysosomes increases. In a mechanism apparently

unique ¡9 the parathyroid glanù some of the products of ttre degradation of storage granules

are secreted, thus contributing to the heterogeneity of circulating PTTI derived products

(Wendelaar Bonga and Pang, 1991). The synthesis of PTH is less affected by acute

h¡pocalcemia than is the release of PTH from the parath¡'roid cells. The long delay beween

the onset of hypocalcemia and increased production of PTH suggests a controlling influence

at rhe level of transcription rather than translation (Kempeç 1984).

In addition to PTTI, parathyroid cells produce an accessory secretory protein. The

identification of this protein was made simultaneously by two groups of investigators

working independently (Monissey and Cohn, t978; Ravazzola et al., 1978), resulting in

the same protein being named secretory protein-I by the former group and parathyroid

secretory protein by the latter. Currently, both nasres are still used in journals and books

(Oka et al., 1988; Delellis, 1993). The pattem of secretion of this acidic protein is simila¡

to that of pTII. Secretory protein-I contains 3 to lSVo carbohydrate. In solution the protein

consists of nvo to four subunits each of which has a molecular weight of approximately

20,000 daltons (Kemper, 1984). Tmmunofluorescence studies (Ravazzola et al., 1978)

have shown identical intracellular locations for SP-I and PTH. This suggests that SP-I may

be involved in the storage and secretion of PTH. No biological function has yet been

associated with secreted SP-I (Kemper, 1984)'

Secretory protein-I is chemically and physically very similar to chromogranin A which is

the major soluble protein associated with adrenalin and noradrenalin secretory granules in

adrenal medullary cells and polypeptide hormone secretory cells (Cohn et al, 1982)'

Antibodies to Sp-l and chromogranin A cross-react with both proteins (O'Connor et al.,

19g3) and indeed antibodies to chromogtanin A have been used in studies of SP-I in

parathyroid glands (Oka et al., 1988). Chromogranin A, like SP-I, is assumed to play a
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role in the storage and secretion of polypeptides and amines from endocrine cells and

sympathetic nerves (O'Connor et al, 1983). Indeed, chromogranin A has been found to

have an autocrine regulatory effect on the secretion of PTH (Fascioto et al., 1990).

Several forms of pIH are present in the blood. Hormone proteolysis which probably

occ'rs in the kidneys and other tissues, results in several fragments wittr differing potency

and half lives (potrs et al., 1995). Cleavage at residue 34 from the amino terminal of the

polypeptide results in biologically active and inactive fragments with the first 25 amino acids

at the amino terminal responsible for the hormonal activity (Segre, 1979). The biologically

inactive part of pTH (i.e. a¡nino acid residues 35 to 84, including the carboxy terminal) is

the main form of the immunoreactive part of PTH and has a longer half life than the

biologicalty active amino terminal (i.e. amino acid residues 1 to 34). Hence immunoassays

and immunocytochemical techniques for PTH may not always give direct indications of the

amount of biologically active PTH present (Segre, t979). Carboxyl-terminal specifrc

antisera detect 90Vo of the total immunoreactive PTH in serum whereas amino-terminal

specific antisera detect between l0-207o (Segre etal., !972). Parathyroid hormone levels in

senrm are most accurately esnmated using noncompetitive, twesi¡s immunoassays where

two antibodies a¡e used to bind simultaneously to different regions (l '34;39 - 84) of the

hormone (Blind et a1., 1988).

In ttre last decade anotherproæin that is similar to PTTI and causes h¡percalcemia has been

identifred; it has been named parathyroid hormone related protein (PRP) (Broadus et al.,

19gg). The major sources of PRP are malignant tumour cells and PRP is responsible for

the h¡percalcemia observed late in malignancies. However, PRP is also found invery low

concentrations in normal tissues where it is thought to have a paracrine action of regulating

calcium transport. Negligible amounts of PRP enter the circulatory system in nonnal

conditions (Mafiin and Moseley, 1995). Locations include smooth muscle, kidney h¡bules,

keratinocytes, bronchioles, and male and female reproductive tracts (Kramer et al.,

l99l).pa¡attryroid hormone related protein relaxes smooth muscle of the vascular system'

stomach and oviducts and in epithelia its role has been proposed as influencing cellular

tumover and differentiation of epithelial cells (Martin and Moseley, 1995). In ttre placenta'

pRp has a role in foetal calcium homeostasis @mly et al., 1994). Parathyroid hormone

related protein and pIH sha¡e homologies at their N-ærminal portions allowing PRP o bind

to pTH receptors in bone and kidney and cause h¡rcrcalcemia @roadus et 41., 1988).

Additional receptors, unique to PRP are thought to be present in a wide range of tissues

whereby PRP expresses its paracrine function (Orloffet al.' 1989).
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2.4.1. Anatomy and EmbrYologY

The parathyroid glands develop in bilaterally syrnmetrical fashion from the endoderm of the

ttrird and fourttr pharyngeal pouches (Fig. 2.1). Roman numerals are used to designate the

origln of the nvo pairs of glands. In eutherians, the endoderm of the ventral extremity of

the third pharyngeal pouch gives rise to the thymus, while the endoderm of the dorsal angle

gives rise to parathyroid trI (Gilmoru, 1937; Norris, 1937; Roth and Schiller, t976;

Larsen, lggT). The growth of these two endodermal structures fills the third pouch and

then, influenced by the descent of the heart ino the thoran, ttrey migraæ caudally (Ftg. 2.1).

parathyroid Itr splits from the larger cellular mass, the thymus, and two distinct organs are

formed. The thymus, located in ttre thorær is displaced further from its origin compared

with parathyroid Itr which usually stays near the cau.tal tip of the ttryroid (Ftg. 2.1)-

However, sometimes incorrect cleavage leads to accessory thymic or parathyroid tissue.

The location of parathyroid III can also be variable. It can migrate with the descending

thymus and reside in the mediastinum associated with the thymus (Roth and Schiller,

lg7 6). In humans the position of parathyroid Itr is on or near the surface of the inferior tip

of the ttryroid (577o),within the superior regions of the thymus (397o), or rarely, deep in

the mediastinum (2Vo). The remaining2%o develop abnormally and are found high in the

neck, sometimes associated with the carotid sheath (Wang, 1976).
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pouches and clefts in humans to show the formation of the cervical sinus and the migration

of the thyroid, thymus, parathyroid, and ultimobranchial anlagen. Early developmental

sþges afe shown in Figs. 2.ta. & 2.1b. and a later stage in Fig 2.1c. (modified after

Langman, 1969).
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The dorsal wing of ttre fourth pharyngeal pouch forms the cephalic parathyroid gland (IÐ.

The anlage of parathyroid fV aü¿ches to the downwardly migrating thyroid gland that

originates from the floor of the pharynx. The former gland is also connected by a thin stalk

to the ultimobranchial body that a¡ises from the poorly delineated fifth pouch (Ftg. 2-1).

This connection is lost as the cells of the ultimobranchial body in metatherians and

eutherians penetrate the thyroid and give rise to parafollicular cells which secrete calcitonin

(Larsen, 1997;Roth, lg7g). In eutherians, parathyroid IV has a constant position on the

donal surface of the thyoid gland (Roth and Schiller,1976). In humans, parath¡'roid IV is

found at the level of the c¡icoth¡noid junction, near where the middle thyroid artery crosses

the recurrent laryngeal nerve QTVo), or on the dorsal aspect of the upper pole of the th¡'roid

(22Vo). parathyroid fV is rarely located in an ectopic position (17o) associated with the

pharynx or oesophagus (Millzner, 1931; W-g, L976). Accessory parathyroid glands are

not uncommon in humans. Serial sections of 14 foetuses revealed ttree with more than

four glands (Gilmour, Ig37) and Millzner (1931) reported the presence of accessory

parath¡'roids in 36 of 42 dissections on adults'

In eutherians some va¡iations occr¡r in the number and location of the parathyroid glands.

Indeed, within a species, abnormal migration or cleavage of embryonic pharyngeal

derivatives can result in additional glands in the neck or thora¡r. The importance of location

and number of parathyroid glands in a species becomes apParent when experimental

parathgoidectomy is performed because sometimes it can be doubñ¡l that complete ablation

of parathyroid tissue has occurred. The comparative a¡atomy of the parathyroid that is

reviewed below represents the anatomy of parathyroid glands from those eutherian species

on which most parath)troid research has been done'

In rats and mice, parathyroid fV never develops because the fourttr pharyngeal pouch does

not develop (Rogen, 1929;Roth and Schiller, 1976). During developmeng parathyroid III

sep¿¡rates from the thymus in its caudat migration and comes into close contact with the

lateral aspect of the thyroid. The rabbit has parathyroid Itr on or near the dorsocaudal

surface of the thyroid, whereas parathyroid IV is found embedded in the thyroid- In very

young rabbits parathyroid III occurs in a more cranial position than in matnre animals

(Kohn, 1896, cited bY Welsh, 1898).

The cat normally has four parath¡roid glands but accessory glands were noticed tn35%o of

107 cats studied by Nicholas and Swingle (1925). Parathyroid IV is located at the cephalic

pole of the thyroid on the ventral surface. Parathyroid Itr is more variable in number and

location. It can occgr anywhere on the tracheal surface of the thyroid gland or be embedded

in it. The location of the parattryroid glands in the dog is simila¡ to the general euthe¡ian

pattern (Godwin, lg37). However, every embryonic, foetal and post-natal specimen

examined by Godwin contained accessory glands. In cows, sheep and goats, paratþ¡'roid

rv is usually found a short distance fr,om the thyroid nea¡ the cofnmon carotid artery or its
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bifi¡rcation. parathyroid m is found on or just under the medial surface of the thyroid

(Forsyth, 1908; Roth and Schiller, 1976).

2.4.2. Anatomy and Embryology of the Marsupial Parathyroid

There is a dearth of information on the marsupial and monotreme parattr¡'roid glands and the

majority of available references come from the first half of this century. In marsupials, the

positions of the parathyroids and their associations with other organs can be influenced by

the unusual development of the marsupial thymus (Fíg.2.2). All pot¡protodont marsupials

(e.g. Didelphidae, Dasyuridae, and Peranelidae) have a thoracic thymus derived from the

third and fourttr pharyngeal pouches. Dprotodonts (e.g. Phalangeridae and Macropodidae)

have a cervical thymus as well as a thoracic thymus (Johnstone, 1898; Symington, 1898:

Fraser, 1915; Fraser and Hill, 1915; Yadav, 1973). The cervical thymus a¡ises mainly

from the ectoderm of the cervical sinus (Fig. 2.2) with much smaller contibutions from the

second, thifd, and maybe fourth pharyngeal pouches (Fraser, 1915, Fraser and Hill, 1915)'

In the diprotodont phascolarid species of wombats and koalas, a cervical thymus is present

whereas the thoracic thymus is usually absent. The absence of a thoracic thymus in the

wombat has been indicated by all investigators but is dispuæd in the koala- This topic will

be expanded later.
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The embryology and anatomy of the parathyroid glands has been described thoroughly for

the brush-tailed possum, Trichosunr s vulpecula (Fraser and Hill, 1915; Adams, 1955) and

the opossum, Dídelphis virginiara, (McCrady, 1938; Kingsbury, L94O; McCrady, L94t)'

From the examination of more than twenty uterine embryos and pouch young specimens of

T. vulpeculø, Fraser and Hill (1915) concluded that the cranial, dorsal wall of the third

pouch and not the ventral extremity as in eutherians, gives rise to parathyroid Itr. Thymus

Itr is derived from the entire ventral as well as the caudal, dorsal wall of the third pouch.

The for¡rth pharyngeal pouch not only gives rise to parathyroid fV from its dorsal wall but

also to thymus fV from its ventral wall. The participation of the fourth pharyngeal pouch in

the formation of the thymus is also different from eutherians, in which the thymus is

derived solely from the third pouch. The ultimobranchial body rnT.vulpeculø, arises from

a vestigial frfth pouch and associates with the thyroid gland where it forms diffuse

parafollicula¡ cells. Parattryroid Itr migrates as a tubula¡, elongated stn¡cture to a position

nea¡ the ca¡otid bifurcation. In the adult it is usually present as a flattened, ovoid,

encapsulated gland at the sane location (Fraser andHill, 1915; Adams, 1955). Isolation of

goups of cells from the n¡bula¡ elongated parathyoid III seen in developing possums' may

produce aberrant o¡ additionat parathyroid glands in ttre adult. Thymus Itr and IV migrate

to the thorax where they remain sepamte orjoin together. The position of parathyoid IV is

much more variable than parathyroid Itr. It usually retains its proximity to thymus [V and

hence is present in the thoran near or embedded in the thymus. Fraser and Hill (1915)

noticed several "accessory epithelial bodies" and "accessory thymic bodies" in specimens of

T. vulpecula. ltwas assumed ttrat ttrese structures were derived from cells intemrpted in

their migration by the intervention of othe¡ developing pharyngeal structures. The

descripúons and illustrations given by Fraser and Hill (1915) for T. vulpecula ate

summa¡ised nEigwe2.2.

Early in the d,ifferentiation of the pharyngeal pouches in D. vírgíniana, the anlage of

parathyroid III moulds over the dorsal surface of the adjacent internal ca¡otid artery. This

association results in parathyroid Itr being an annular stn¡cture on the base of the internal

ca¡otid art€ry in the adult (McCrady, 1938: Kingsbury,L94O; McCrady, t94l)' The donal

wall of ttre fourth pouch gives rise to parathyroid IV which has been traced in embryos to

migrate into the mediastinum wittr th¡'mic tissue (McCTady, 1938). Evidence suggests ttrat

only limited development of parath¡noid fV occurs. Although it could usually be detected as

a small gland variable in position and often fragmented in embryos and pouch young

(Kingsbury, 1940), no rrace of parathyroid fV was found in the neck or mediastinum of

adults (McCrady, l94t) -

The other marsupials for which the anatomy and embryology of the parath¡'roid glands have

been desc:ribed are the koala, Phascolarctos cincreus, the common wombat Vombatw

wsírun (referred to as phascolortys mítchelli in Fraser's paper, 1915) and two species of

bandicoots, the long-nosed bandicoot, Perameles nasutL, and the southern brown
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bandicoot, Isoodon obesulus. These descriptions have been based on examination of

embrios andpouch young specimens. The only reference to paraÚryroids in an adultkoala

is by sonn tas (lg2l)who concluded ttrat some of the many glands present at the root of the

neck may have been parattryroids. In pouch young parathyroid Itr is in the vicinity of the

ca¡otid bifi¡¡cation. parathyroid Itr a¡ises from almost the entire third pharyngeal pouch

with a very small part contributing to the cervical thymus and possibly the thoracic thymus

@raser, l9l5). As mentioned above, the presence of a thoracic thymus in the koala is

disputed. There have been four reported investigations of the existence of the thoracic

thymus in the koala (Johnstone, 1898; S¡'mington, 1900; Fraset, 1915; Yadav, 1973). A

thoracic thymus was identified in three of the total fifteen dissections described by the four

authors. A thoracic thymus $,as not found in the koalas dissected by Symington (1900)

(one specimen, 30cm in length) and Johnstone (1898) (two specimens, 20cm in length).

Fraser (1915) found this structure in only one of ten utefine and pouch young specimens.

However, yadav ([g73)identified this strucn¡re in wo koalas (animals were either pouch

young or juveniles). Even in the wombat, although resea¡chers have indicated the thoracic

thymus is usually absent, its presence has been recorded in three out of sixteen animals

examined. symin$on (1g98) found a thoracic thymus in one of th¡ee adult wombats and

yadav (1973) found very small examples in rwo of eight pouch young or juvenile animals

but only cervical thymuses \ilere Present in five embryos examined by Fraser (1915)'

parathgoid IV may or rnay not be present in ttre koala- It is derived fr,om practically all the

fourttr pharyngeal pouch but its development may cease in the embryo. Its presence was

verified on one or both sides in fou out of nine embryonic and pouch young specimens

(Fraser, 1915). The position of parathyroid IV was variable, from just caudal to

parath¡roid Itr to just cephalic of the pericardium near the origln of the left comnon carotid-

Two specimens revealed parathyroid IV nea¡ the thyroid. This position was influenced by

the retention of a connecting stalk between the developing parathyroid fV and the

ultimobranchial body which in its migration to the thyroid dragged the parathyroid with it

(Fraser, 1915). Thymus IV does not occnr.

Information on the parathyroids in the wombat, V. ursintts, comes from only one study,

also made by Fraser (1915). The derivation and location of parathyroid Itr were found to

be simila¡ to those in the koala. In two embryos the foruth pharyngeal pouch completely

degenerated without giving rise to parathyroid fV or thymus fV. In the other three

embryos, glands which were probably parathyroid fV were found in ttre lower neck caudal

to the thyroids. There was no evidence of thymic tissue arising from the fourth pharyngeal

pouch.

The embryological development of the third and fourttr pouches in the bandicoot is simila¡

to that nT. vulpecula (Fraser, 1915). Parathyroid Itr migrates to the carotid bifurcation,

and a thoracic thymus results from thymus Itr and IV. The derivation and final position of
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parathyroid fV are not always clear. Of ttre six specimens (three P. nasuta and three/.

obesulw) s¡¡amipsd, four had parathyroid IV on each side, one had a gland on one side

only, and no parathyroid could be detected in the other animal. The position of parathyroid

IV va¡ied from nea¡ the origins of ttre common carotids to regions adjacent to the thymus

(Fraser, 1915).

Other references to marsupial parath¡'roid glands are ¡ather superñcial and lack conviction in

the true identifrcation of the parathyroids. Zuckerkandl (1902) was the fust to describe the

parattryroids in ma¡supials. In Didelphis azura he described parathyroid III as a large

lobulated stn¡cnlre, measuring 15.5 x 7 x 5 mm, pierced by the internal ca¡otid artery.

parathyroid rV was found in the dorsal parts of the thyroid lobes (Zuckerkandl' 1902).

These dimensions a¡e the largest recorded for any mammal and perhaps should be viewed

with suspicion. In the adult possum, T. vulpecula, the largest reported size of the

parathyfoid is 2.5 x1.5 mm (Fraser and Hill, 1915; Adams, 1955). From the size,

locations and hisological descriptions given for D. antte,later researchers @raser and Hill,

1915; Adams, 1955) have questioned the tnre identity of the "epithelial bodies" given by

Zuckerkandl in 1902. Furthermore, h no other marsupial has the parathyroid been found

associaæd wittr the thyroid (Rottr and Schiller,1976).

In a comparative study of the thyroid andparathyroids in 37 different species of memmals,

Forsyth (1908) examined Petaunts brevíceps and T. vulpecula.. His descriptions for both

species were very inadequate. In the former species, a parathyroid was not found; in the

latter species a structure located near an'accessory thyroid gland' was identifred as the

parattryroid. A similar lack of accr¡rate information is contained in the descriptions by

MacKenzie and Owen (1919) on the Tasmanian devil, wombat, koala, kangaroo and

possum.

2.4.3. Anatomy and Embryology of the Monotreme Parathyroid

The lnowledge of the embryology and anatomy of the monotreme parathyroids comes from

only rwo soruces. Maurer (1899) thoroughly described the embryology of the parathyroid

glands and other pharyngeal derivatives in the echidna, Tachyglossus aculeatus, (Echidna

hystríx) and the location of many of these pharyngeal derivatives in the adult (Fig. 2.3).

The third pharyngeal pouch gives rise to parathyroid Itr and thymus III, while the two

recesses of the fourth pouch give rise to parathyroid IV and the uttimobranchial body. The

fourth pouch does not contribute to the thymus. Bottr pairs of parathyroids and the thymus

associate themselves with the caudally migatittg th¡'roid to form a complex of organs in the

thoracic cavity (Fig. 2.3). In the adult this fatty conglomerate of tissue spreads over a

diffuse area which includes the trachea, the aortic a¡ch and its branches. The parathyroids

were not located in the mature animal (Maurer, 1899). In contrast to the situation in

marsupials and eutherian ma¡nmals, the ultimobranchial body does not become integrated



16

into the thyroid. Instead, it remains as a discrete body lateral to the first or second

cartiláginous ring of the trachea (Maurer, 1899)-

Very little is known about the parathyroids in the platypus, Ornítlnrhynchrts anatims.

MacKenzie and Owen (1919) identified apairof endocrine glands near the cornmencement

of the trachea as parathyroids. Histologically they showed "typical parathyroid gland

sü.,¡cû¡re". However, from the size, 3 x 2 mm, and location, these stn¡ctures would better

fit the description of ultimobranchial bodies given by Maurer (1899) in the echidna.

Adjacent to each side of the thoracic thymus, MacKenzie and Owen (1919) identifred a

ductless gland, 10 x 7.5 x 0.25 mm with a tubular arrangement of cuboidal to columnar

secretory cells. This structure was naned "parathlmus gland"'

Yr Yr

thyroid

0

2

thymus

body

thyroid
3

parathyroids
4

2.3a 2.3b 2.3c
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early stages in embryological development. Fig.2.3c shows the pharyngeal derivatives in a

l2cmpouch young.
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2.5.1. Light MicroscoPY

Histological studies of the parathyroid glands from a wide variety of animals reveal similar

morphology (Roth and Schiller, t976). The hisolory of parathyroid Itr and parathyroid IV

is identical. In humans, each gland in the young adultis surrounded by a thin capsule from

which narrow irregular septa penetrate the underlying parenchymal cells. Reticular fibres,

arising from the septa, support the clumps and strands of secretory cells and the ¡ich

capillary network. Varying numbers of fat cells also occurin the stroma (Roth, 1979)- The

mosr conrmon par,enchymal cell is the chief or principal cell. The diameter of this round to

polygonal cell is 8 to 15 pm and there is a central moderately h¡perchromatic nucleus.

principal cells a¡e small compared with those of other endocrine glands, for example, those

of the anterior pinritary and pancreas (Gilmour, 1939). In resin sections of well fixed

tissue, principal cells can be divided into several categories which correlate with

ultrastructural stages of the secretory cell cycle (Delellis, 1993). The secretory cycle of

each cell is independent of adjacent cells (Roth,1979). In routine paraffin sections stained

with haematoxylin and eosin the cytoplasm of the principal cells has an even, pale

acidophilic appearance. The secretory granules in the principal cells have been

demonstrated with chrome-alum haematoxylin, iron haematoxylin and argyrophilic

techniques (Munger and Roth, 1963; Frigerio et al., 1982).

Before the advent of electron microscopy, several different classifications of parenchymal

cells were made (Morgan, 1936; Gilmore, 1939). Several qæes of principal and ox¡phil

cells were desc¡ibed and classifications appear to have been influenced by the quality and

tlpe of fixation. Many criteria used to classify cells in these nvo detailed and thorough

descriptions are now considercd outmded or unimportant

In addition to principal cells another parenchymal cell t¡pe found in some parathyroid

glands is the oxyphil or oncocytic cell. Although oxyphil cells were fust noticed by

Sandström (1880), they were described and named by V/elsh (1898). Ox¡phil cells occur

usually in clumps in the parathyroid glands of older individuals in many species (Roth and

Schiller, Lg76). Fat cells are not present in these clumFs (Christie, 1967). Compared with

principal cells, ox¡phil cells are slightly larger, have a smaller, more condensed nucleus and

an intense acidophilic cytoplasm with a fine granular appearance. Histochemical studies

have demonstrated high levels of activity for va¡ious enzymes associated wittr tricarboxylic

acid cycle, fatty acid oxidation, glucose metabolism and electron transport system (i.e.

mitochondrial enzymes) (Tremblay and Pearse, 1959; Tremblay and Cartier' 1961).

Oxyphil cells a¡e thought to be derived from principal cells and the presence of cells with a

morphology intermediate between principal and oxyphil cells supports this hypothesis

(Morgan, L936;Rottr and Schiller, 1976; Nilsson, 1977)'
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The third cell type, seldom encountered in normal parath¡noid histology, is the water-clear

or w¿rsserhelle cell (Morgan, 1936; Gilmour, 1939). In routine sections the slightly

eritarged cell is fiUed with vacuoles giving a clea¡ appearance to the cytoplasnr Water-clear

cells have been described in the hyperplastic parathyroid and curiously in normal golden

hemsters (Emura et al., 1991). The light microscopic appearance of these cells is best

shown in thin resin sections stained wittr toluidine blue @el-ellis, 1993). These sections

reveal distinct outlines to the water-clea¡ cells and often eccentric, h¡lerchromatic nuclei

@el-ellis, 1993).

Although the parenchymal cells usually exhibit a tlpical endocrine arrangement' it is not

uncornmon for follicles and cysts to be present in the parathyroid glands (Gilmour, 1939;

Delellis, lgg3). Appropriate definitions of these stn¡ctures were given by Gilmotr (1939).

A follicle (acnrally referred to as an alveolus in Gilmore's paper) was defined as a spherical

structure with a luminal diameter less than 40pm and consisting of a single layer of cells

surounding a str,uctureless, weakly acidophilic substance. A substitution in terminology

has been made because of the modern connotations of this hisological term in reference to a

spherical secretory unit in an exocrine gland (Cormack, 1987). Cysts were defined as

large, often irregular structures occurring at the periphery of parattryroid glands; they were

lined by heterogeneous cells and the cystic contents were variable in nature (Gilmour'

lg3g). Cysts formed from the persistence of small tubula¡ diverticula that arose in the

embryological formations of the parathyroid glands and thynus from the branchial pouches

(Gilmour, L937;1939). Seven different types of cysts were desctibed by Gilmour with tlrc

classifrcations dependent on embryological origins. The lining cells va¡ied from squamous

to ciliated columna¡ and mucous glands were observed opening into the cysts. Within the

lumina, phagocytes, granulation tissue, giant cells, cholesterol crystals, and mucus have

been identifiedin the acidophilic material (Morgan, 1936; Gilmour, 1939)'

2.5.2. Light Microscopy of the Marsupial Parathyroid Glands

Although there a¡e very few reports in the literature on the histolory of the parathyroid

glands in adult marsupials and monotremes, the limited infomration does indicate that the

microscopic structure of these glands is similar to that found in eutherian species (Roth and

schiller, Lg76). The only detaited descriptions have been given for the brushtail possum'

T. vulpecula by Fraser and Hill (1915) and Adams (1955). In the former study, the

parattryroid parenchymal cells were desc¡ibed as pale staining and closely packed into

clumps or columns which were separated by sinusoids. Surrounding the gland was a thin

connective tissue capsule from which extended a delicate reticula¡ network that supported

the glandular cells. A similar arrangement of cells was found by Adams (1955) except for

the presence of a cyst or follicle in a gland taken from one of his nine animals. Aberr¿nt

thymic tissue was also observed embedded \ñ/ittrin aparathyroid gland without the apparent
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intervention of a connective tissue septum. Oxyphil cells were not found in the

parathyroids.

Only scant information is available on the histology of the parattryroid glands from other

marsupials. Parathyroids from the opossuß, D. virginíøna, show typical endocrine

morphology (Kingsbury, 1940). Other descriptions (Forsyth, 1908; Sonntag, l92l) are

exnemely brief, and indicate nothing peculiar about the marsupial parathyroid histology.

2.5.3. Light Microscopy of the Monotreme Parathyroid Glands

Almost no information is available on the histology of the monotreme parathyroid glands.

Detailed histological descriptions were not included in ttre studies of the parathyroid glands

that were made on the echidna by Maurer (1899) and ttre platypus by MacKenzie and Owen

(1919). In the laner sntdy, the parathyroids ttrat were found at the commencement of the

trachea showed t¡'pical parathyroid histology and the stn¡cture labelled'parathymus gland'

had a ubular glandular arrangemenL

No reports of histological investigations of the marsupial or monotreme parath¡'roid have

been found in the literanue since 1955. Hence the results of applying ulrastructural,

immunocytochemical, and ¡n siru hybridization techniques to these two interesting groups

of mammals are yet to be revealed-

2.6. Electron Microscopy

Electron microscopic studies of the parathyroid glands yield a simila¡ uniformity in

structural details as do light microscopic studies (Roth and Schillet' 1976). The

ultrastn¡cural appearance of the principal cell varies with its secretory cycle. Light cells are

inactive principal cells and a¡e characterizúby abundant glycogen, lipid and lipofuscin

granules with a small Golgi apparatus and few secretory granules. Synthesis of PTH

precursors corelates with increasing amounts of RER and an enlarging Golgi complex with

more and more associated vesicles and vacuoles. The presecretory stage corresponds to the

dark principal cell. The cell is slightly smaller with short, irregular, qrtoplasmic extensions.

Glycogen and lipid inclusions have been replaced with numerous sec:retory vesicles at

various stages of maturation and prominent polyribosomes. Since some da¡k principal cells

contain fewer mature secretory granules than pancreatic islet cells and'immatur€' granules

from the Golgi apparatus are more abundant than matu¡e granules at thc periphery, it has

been suggested that not all granules undergo maturation prior to secretion (MacGregor et

al., 1975). Once the secretory granules have been released by exocytosis, the Golgi

apparatus decreases in size, ribosomes disperse and the number of lysosomes increases

together with glycogen and lipid inclusions, thus completing the secretory cycle of the cell

(Munger and Roth, L963;Roth and Raisz, 1966; Shannon and Roth, 1974)' Within the

parenchymal cells, degradation of some of the stored PTH is known to occur (Kemper,
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1984) but the mechanisms involved are poorly understood. There appears to be a

relationship between the degradation of PTH and the insreased number of lysosomes and

lipid inclusions that are seen when the cell converts from a secretory phase to a resting

phase (fhiele, 1984). In the normal adult human parathyroid gland the ratio of resting

(lrght) cells to active (da¡k) cells is 3 - 5: 1 (Roth and Munger,1962).

Ultrastructural studies of the parathyroid glands include descriptions of a wide array of

vesicles and granules (Roth and Schiller, 1976; Setoguti et al., 1995). In the rat a

distinction has been made between'immature', non-stored, secretory granules and mattue,

stored secretory granules and lir¡ks established between extracellular calcium levels and

granular rlpes (Setoguti et al., 1995). Both types of vesicles ranged in sizes from 400 to

Z00nm. Type I granules,'immature', secretory granules, a¡e defined as vesicles with an

electron dense core greater than two-thirds the diameter of the granule and t¡pe II, storage

granules, have a more pronounced halo su¡rounding the core (core diameter is less than

two-ttrirds the diameter of the granule). Tlpe tr granules usually have a more granular

textr¡re to the core. Type I granules emerge from the Golgi complex and release their

contents by exocytosis in response to hlpocalcemia. Type tr storage granules remain

longer in the cytoplasm and represent an emergency supply of PIH that can be released in

fesponse to extreme or rapid h¡pocalcemic st¡ess. The contents of tlpe tr granules are more

likely to be degnded than secreted. Degradation results in the formation of vacuolar bodies

(Setoguti et al., 1995).

Contrary to ultrastn¡ctural interpretations, semi-quantitative sildies of PTH mRNA in

principal cells have shown that dark cells do not always represent active cells (Kendall et

al., 1991). Instead, synthetically active cells with high levels of PTTI nRNA a¡e

cha¡acterised by an euchromatic nucleus and abundant cytoplasm; cells with small dense

nuclei and scant cytoplasm exhibit low levels of PTH mRNA (Kendall ot al., 1991).

The division of parenchymal cells into light and da¡k cells may be partially a¡tefactual

(Setoguti, lg77) with the appearance of the cells influenced by swelling or shrinkage as a

result of fixation. Afær fixation by perfusion with glutaraldehyde, Setoguti (1977) noticed

that most principal cells had a uniform medium electron density whereas light and da¡k cells

were more noticeable when excised tissue specimens had been immersed in fxatives.

The prominent ultrastn¡ctural featue of the oxyphil cell is the vast number of mitochondria

that fill the cytoplasm almost to the exclusion of other cytoplasmic stnrctures except

gþogen Cfrier, 1958). Oryphil cells have the highest mitochondrial density of any animal

cells (Christie, 1967). The large number of these organelles often results in changes to the

shape of adjacent mitochondria- The mitochondrial cristae are closely packed which

suggests ttrat high oxidative phosphorylarion occurs in the mitochond¡ia (Munger and Roth,

L963;Hackenbrock, 1968). In normal physiological conditions, the synthesis and secretion
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of pTH associated with oxyphil cells are negligible and PTH mRNA has been shown to be

eitherabsent or very low in these cells (Kendall et al., 1991). Apan from a very low rate of

secretion of ¡1lTI, the only other function assigned to ox¡ryhil cells in normal glands is the

production of pRp (See Section 2.3, Physiology and Biochemistry, in this chapter)

(Kitazawa et al., lggz).Immunocyrological andínsirz hybridization studies showed PRP

and pRp 6RNA were present in most oxyphil and transitional oxyphil cells whereas

principal cells were only faintly positive. The production of this protein was also

demonstrated to persist in oxyphil and transitional cells of parathyroid adenomas with

principal cells secreting pTH and no or mininal amounts of PRP (Matsushita et a1., 1992).

The detection of PRP in oxyphil cells (Kitazawa et al., 1992) supports a hypothesis made

nearly 30 years ago that oxyphil cells produce a hormone different from PTH (Christie'

1967). The postulation was made in an attempt to link the usual pronounced increase in

oxyphil cell numbers associated with menopause and with chronic renal disease (Christie,

1967).

lVater-clea¡ cells generally have a central nucleus and the cytoplasm contains many

membrane bound, electron lucent vacuoles which contain fine granula¡ material (Sheldon,

Lg64¡). Sometimes the nucleus is located at the basal end of the cell and the vacuoles

coalesce to form a single large vacuole @elellis, 1993). Most of the other organelles and

inclusions are reduced in number and size and a¡e located mainly at the periphery of the cell

(Nilsson, lg77). The origin of the vacuoles and the nature of their contents is unlnown,

but the presence of ribosomes on the encasing membrane in some instances suggests that

some vacuoles may a¡ise from the accumulation of material within RER (Sheldon, 1964;

Faccini, 1970; Emura et al., 1991)-

2.7. Immunostaining and In Sítu Hybridization Techniques

The location of PTH by immunostaining has been complicated by the low levels of stored

pTH in the parenchymal cells and difficulties with the production of antibodies to PTII (See

section 2.3 nthis chapter) @elellis, 1993). The cellular distribution of PITI, PRP and

parathyroid secretory protein-I in normal and pathological parathyroid glands has been

illustrated by ttre use of immunostaining andínsíø hybridization æchniques. Since details

of studies incorporating these techniques have been given previously in this chapter,

sections 2.3 and2.6,thenonly a brief summary of some applications will be included here.

Immunofluorescence staining of PTH (Hargis et al., L964; Ali, 1980) and indirect

peroxidase labelled antibody søining of PTH (Futrell et al., L979;Delellis, 1993; Kendall

et al., lgg3) have revealed an even distribution of PTH throughout the c¡oplasm of the

principal cells with no staining occurring in the nuclei. At ttre ultrastn¡ctural level, positive

irnmunostaining for pTH has been observed in secretory granules of principal cells
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(Ravazzola et a1., 1978; Futrell et al., 1979;Kendall et al., 1993) with minimal activity also

recorded in RER (Futrelt et al., 1979; Kendall et al., 1993).

In sítu hybridization techniques have demonstrated that correlations between cellular

appearance and PTII synthesis arc mot€ accr¡rate if the nuclear appearance, i.e. euch¡omatic

or heterochromatic, rather than the appearance of the cytoplasm, i.e. dark or light, is

evaluated (Kendall et al., 1991; Kendall et al., 1993). Synthesis of PTH is gauged more

accnrately by using ín síruhybridisation techniques rather than by immunoc¡ochemistry

@elellis, 1993). The secretory products of oxyphil cells are usually produced in minute

quantities and have been characterized by immunostaining and in sitz hybridization

æchniques where PRP and PRP nRNA have been detected in these cells (Kendall et al.,

1991; Kitazawaet al., L992; Kendall et al., 1993)-

In addition to the immunocytochemical studies of I{ITI, PRP, and parathyroid secretory

protein-I, the profile of interrrediate filaments for the parathyroid parenchymal cells has

been described using immunoc¡ochemistry (Miettinen et al., 1985). Principal, ox¡phil,

and water-clear cells all contained keratins 8, 18, and 19 that a¡e characteristic of many

tyles of epithelium except epidermis and some stratifred epithelia (Cooper et al., 1985).

Neurofilaments (200-K subunit protein) were detected in some keratin-containing

parath¡'roid adenoma cells (Miettinen et al., 1985). This phenomenon has also been noticed

in certain other adenomas and ca¡cinomas, including pancreatic islet cell tumous and

bronchial carcinoid tumours. The significance of the additional intermediate fila¡nens in the

tumour cells is unknown (Miettinen et al., 1985).

2.8. Effects of Certain Physiotogical Conditions and Age on Parathyroid
Gland MorphologY

In pathological conditions, including parathyroid tumours and hypo- and hyper-

parathyroidism, the parath¡noid shows many histologicat changes (Nilsson, 1977; Delellis,

lgg3>. The presence of oxyphil and water-clea¡ cells in some of these pathological

conditions has atready been mentioned in section 2.5.1. Histological va¡iations, usually

subtle, have also been observed in the parathyroid glands associated with the changing

demands for calcium in various physiological conditions such as growth, Pregnancy'

lactation and hibernation. However, the most noticeable normal changes that occur in the

histology of the parath¡'roid glands are those related to age'

Correlative ultrastn¡cn¡ral and histochemical studies have been made on the parathyroid

glands of pregnant and lactating cows (Capen et al., 1965) and pregnant and puerperal mice

(yamat¡ira et al., 1930). In ttre non-pregnant and non-lactating bovine parathyroid glands,

light and intermediate principal cells a¡e plentiful and their ultrastn¡cture correlates with a

quiescent state of protein production and secretion. This histology is in contrast to that of

the parattr¡'roid glands from cows just before and just after parnrition where the glands are
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dominated by dark principal cells with increased numbers of organelles and inclusions that

are involved in PTII synthesis and secretion (Capen et al., 1965). -

A morphometric study of the parathyroid glands from pregnant and puerperal mice

(yamahira et al., 1980) showed the volume of Golgi bodies increased and the number of

storage granules decreased just prior to parturition. These ultrastructural changes lvere

indicative of increased synthesis and secretion of PTH. However, during lactation when

pTTI secretion is also increased, equivocal results were obtained for the c¡ological profile

of the principal cells, i.e. the volume of Golgi complexes and lipid droplets, and the number

of sorage granules fluctuaæd but remained higher than the control values'

Structual changes to endocrine glands including the parathyroids occur in relation to

hibernation (Wang, lgSZ). Hypercalcemia and osteoporosis have been observed during

hibernation of hamsters, squirrels and bats. The signifrcance of the h¡'percalcemia is not

fully understd but since dietary sources of calcium a¡e non-existent then the calcium

stores in the bones are targeted by PTH to provide the increased circulating levels of

calcium. In a study of hibernating bats the histology of the parattr¡rroids indicated insreases

in PTII synthesis and secretion during hibernation (Nunez et al., 1972).

The histology of the aging parathyroid gland has been most thoroughly recorded for

humans where the number of stromal fat cells as well as oxyphil cells increases with

advancing age. Up to adolescence few fat cells are present in the stroma of the parathyroid

gland; fat content then increases until approximately 30 years where the volume of the

stromal fat remains slightly less than 20Vo for the rest of adult life (Akerström et al.' 1981;

Dufour and V/ilkerson, 1982). The amount of stromal fat is determined by the nutritional

status and general body fat of the individual. Generally the increased stromal fat in adult

parathyroid glands highlights the clustering of parenchymal cells into lobules whereas in

children tfre glands a¡e devoid of lobulation (Abu-Jawdeh and Roth, t992). Earlier studies

of the parathyroid ttrat did not use morphometric techniques found that stromal fat in the

older adult occupies approximately half the volume of the gland (Morgan, L936; Gilmour,

lg3g). In the past emphasis has been placed on the StFomal fat content in the diagnosis of

parathyroid hyperptasia @elellis, 1 993).

A widespread characteristic of the parathyroid glands from older individuals of many

species of vertebrates is the large number of ox¡'phil cells (Roth and Schiller, 1976).

Besides humans and other primates, oxyphil cells have been identified in cows, horses,

dogs, bats and turtles (Roth and Schiller,t976; Setoguti, L977). In humans, single ox¡phil

cells first appür in early childhood and groups can be detected in young adults of 20 years.

V/ith advancing age, large masses become obvious (Morgan, 1936; Gilmour, 1939) u/ith

larger increases occurring in women over fifty than in men of the same age goup (Christie'

1967).
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Ultrastmcnual changes in the parathyroid gland associaæd with aging have been described

for dogs (Setoguti, lg77). Syncytial cells berween which adjacent membranes are absent,

are a nonnal component of the parathyroid glands (Bergdahl and Boquist 1973) and these

cells become more numerous in senile dogs. Similarly follicles and oxyphil cells increase in

number with age (Setoguti, L977). Instead of colloid being present in the follicles, the

lumina are filled with a heterogeneous substance which Seoguti believed is necrotic material

produced by the surounding, degenerating parenchymal cells (Setoguti, 1977). Often the

mitochondria of ox¡phil cells a¡e enlarged and in the shapes of rings, bulbs, cups' or hooks

with cristae running parallel to the long axis (Setoguti, 1977)'

Several hypotheses have been presented in order to explain the increased numbe¡s of

oxyphil cells that occur in old age in many species. Oxyphil cells may represent a

metaplastic change of principal cells where, for reasons unknown , mitochondria proliferate

(Ordonez et al., lg82). However, the transformation from principal cell to ox¡phil cell is

apparently permanent and no reversals have been suggested in the literature. Boquist

(19g0) suggested that the miochondrial proliferation which heralds the formation of oxlphil

cells is triggered by annulate lamellae. Although the precise role of annulate lamellae is an

enigp4 many studies (Kessel, Lg92) indicate this organelle has a function in regulation of

gene expression where, by mechanisms unknown, the interval between transcription and

translation is controlled. One of the many other postulated functions of this organelle

includes the biogenesis of mitochondria (Kessel, 1992). Boquist (1980) speculated that

annulate lamellae are not commonly seen in principal cells because they have a tempomry

existence, appearing just prior to the Eansition of a principal cell to an oxlphil cell when the

production of mitochond¡ia is initiated. Christie (1967) speculated that in view of oxlphil

cell numbers increasing signifrcantly in the fifth decade in humans or as a result of renal

disease, then perhaps oxyphil cell hyperplasia is an attempt to readjust electrolyte

equilibrium by mechanisms different from the normal production and physiological action

of parathyroid hormone. The identification of PRP in ox1phil cells (Kitazawaet al., t992)

gives some credence to this suggestion. The different mechanisms may also be reflecæd by

the unusual morphology of many mitochondria in many oxyphil cells (Setoguti' 1977).

Alternatively, instead of different mechanisms being present, perhaps the mitochond¡ia a¡e

defective and large numbers are needed to perform the sa.me function as normal

mitochondria (fandler et al., 1970). Tremblay (1969) believed the mitochondria of aging

cells retain all their enzymes (e.g. succinic dehydrogenase, ATP synthetase) but they

become functionally inefficient. Although ea¡lier studies also failed to detect a lack of any

mitochondrial enzymes in oxyphil cells (Balogh and Cohen, 1961), Muller-Hocker (1992)

linked ñ¡nctional imFairment to enzyme deficiency. In histochemical studies on parathyroid

glands Muller-Hocker (L992) showed a lack of cytochrome-c-oxidase in some but not all

ox¡phil cells. Hence it was proposed that oxlphil cells are a manifestation of cellular aging

where first proliferation of mitochondria occurs, followed by the loss of cytochrome-c-
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oxidase (Muller-Hocker, 1992). Another theory (Feldman et al., t972) proposes that the

increâse in mitochondria is due to either an increased lifespan or decreased rate of

elimination of these organelles.
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Chapter 3

Materials and Methods

3.1. Animal Species and Numbers

In this study of the parathyroid glands, thirteen species were selected as

representatives of eight families of Ausualian marsupials and

monotremes. The details and number of each species used a¡e given in

Table 3.1.

Tabte 3.1 - List of Marsupial and Monotreme Species.

Order Marsupialia

Common name Scientific name Family N

façtailed dunnart S mi ntløp si s cr as sí c audata Dasyuridae 33

Tasmanian devil Sarcophilus harrisíi Dasyuidae I

yellow footed antechinus Antechínus flavípes Dasyr¡ridae 2

brown antechinus Antechintu stuartíí Dasyt¡¡idae 10

northern short-nosed
bandicoot

Isoodonmocrowus Peramelidae 2

southern brown bandicoot Isoodon obesulw Peramelidae 1

brush-tail possum Tríchasurus vulpecula Phalangeridae 23

western grey kangaroo
(Kansaroo Island)

Macropus ftiígínosus
fulígínostts

Macropodidae 4

westem grey kangaroo
(Adelaide Hills)

Macropus fulíginosus
melanops

Macropodidae 3L

southern hairy-nosed
wombat

La,s í o r hi nus I atífr o ns Vombatidae 13

koala P løs c ol ar cto s ci neretu Phascola¡ctidae 6

Order Monotremata

echidna T ac hy s I o s sus acul eatus Tachyglossidae t2

plattpus O r n i t lø r hy n c hus a nart ntu Ornithorhynchidae 2
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3.2. Sources of Animals Used in the Study.

All animals that were used in this study were obtained with permission of the Animal

Ethics Committee, University of Adelaide, and all experimental work was performed

under the guidelines established by the same Committee. Most of the animals from which

specimens were obtained formed part of other resea¡ch projecS.

The fat-tailed dunnarts came indirectly from the colony of S. cr¿ssícaudata maintained in

the Genetics Deparment, University of Adelaide. These animals were used initially for

studies involving spefm-egg interactions (Breed and Leigh, 1988) and

immunoc)¡tochemical investigations of the pancreatic islets (Leigh and Edwin' 1991).

Two yellow footed antechinuses were trapped at Inman Valley, 60Km south of Adelaide.

Antechintu stunrtü specimens came from ten fxed carcasses that we¡e kindly supplied by

Dr D.A. Taggart, Deparunent of Anatomy, Monash University. The animals had been

used previously in reproductive studies (Taggart and Temple-Smith, 1990a&b; Taggan

and Temple-Smith, 199 la&b).

Specimens from the Tasmanian devil and five koalas came from autopsies performed on

these animals by Dr peter Phillips at the Institute of Medical and Veterinary Science,

Adelaide. The Tasmanian devil came from the Adelaide 7no and the koalas came from

Cleland Wildlife Reserve in the Adelaide Hills.

possums were from the Central Animal House, University of Adelaide and the bandicoots

came from a colony at the Roseworthy Agriculnrral College, Llniversity of Adelaide.

prior to obtaining specimens from the bandicoots, they were used in reproductive resea¡ch

by Dr William Breed @eparment of Anatomical Sciences, University of Adelaide) and

Dr David Taggart (Tagga¡t et al., 1994). Specimens from wombats were also from

animals used in biological and reproductive studies (Taggart et al., 1994;1996). Tissues

from koalas came from post-mortems carried out by Dr Peter Phillips at the Institute of

Medical and Veterinary Science, Adelaide. Four koalas were from the Adelaide 7no and

two were killed on the road.

Kangaroo specimens were a result of culling programs by National Pa¡ks and Wildlife

Service at both Muray's Lagoon Conservation Park, Kangaroo Island and Pa¡a Wina

Recreation park and Wildlife Reserve near Adelaide. These two locations are populated

by two different subspecies of western grey kangaroos. Macropus fulígínostts fuliginostts

is found in Kangaroo Island and Macropus fuliginostts næIanops inhabits the Adelaide

Plains and Hills.
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Monotreme specimens came from animals which had been used in a variety of scientific

studies. Specimens from two echidnas and the platypuses came from Dr U. Proske,

Deparment of Physiology, Monash University, Victoria- The other echidnas were from

the University of Adelaide, either from Dr N.A. Locket, Dr V/.G. Breed, Deparment of

Anatomy andHistologyr or fromProf. B.P. Setchell, Deparment of Animal Science.

33. Anatomical Methods

The number of animals used in the va¡ious investigative techniques is indicated in the

introduction of each appropriate chapter. Where possible, the weight and other relevant

details of the animals at the time of death were recorded- The anatomical locations of the

parathyroid glands in each species were determined in several $,ays. Either the whole

dead animal was dissected or a large piece of tissue which included the ventral areas of

the neck and upper thorær was removed from each animal and placed in lOTo buffered

formalin. Then, with the aid of a dissecting microscope, careful exa¡nination of the tissue

was made and dissections were recorded either by photography or by drawings using a

camera lucida attachment to the microscope. The positive identification of many

structures encountered during dissection was possible only after viewing histological

sections of paraffrn processed blocks. Details of tissue processing and staining u/ith

haematoxylin and eosin are given in the Appendix, part A. AlternativelY, the locations of

the parattryroid glands were determined by examining serial sections of the reasonably

inøct" formalin-fixed specimens of ventral neck and thoracic tissue. The size and shape

of the glands were determined either during dissection or during microscopic examination

of serial sections.

3.4. Methods for Light MicroscoPY

Since serial sections revealed that the structure of parattryrroid Itr and parathyroid fV was

virtually identical and that a simila¡ conclusion has been reached in previous

investigations @oth and Schiller, L976), then parathyroid III was selected for the majority

of the light and elect¡on microscopic studies in the marsupials. In marsupials, parathyroid

III appears to have a more constant location than parathyroid fV wittt the former gland

occurring near the carotid bifurcation @raser and Hill, 1915; McCrady, l94l; Adams,

1955). Hence for histological studies, the carotid bifurcations and tissue within a radius of

7 to 15mm were removed from each animal and placed in LOTo formalin, Bouins or

elect¡on microscopic fixative (see Appendix B). \With the aid of a dissecting microscope,

likely parathyroid structures were isolated and processed for paraffin (see Appendix A) or

resin (see Appendix C) sections. Light microscopic studies were done on five micron

paraffin sections and one micron resin sections. Resin sections were stained with

toluidine blue (see Appendix E). Additional special staining techniques were used for

some species. Details have been included in the appropriate chapters.
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35. Methods for Electron Microscopy

Electron microscopic studies of the parathyroid glands we¡e done on animals for which

ttre period of time between death and immersion in an electron mictoscopic fixative was

less than 20 minutes or on animals that were frxed by perfusion. In the latter situation,

each animal (except kangaroos) was anaesthetised with Nembutal and the hea¡t with its

major blood vessels and lungs exposed. A small incision was made in the wall of the

hea¡t and a cannula inserted into the left ventricle, through the aortic valve and secu¡ed

near the origln of the aorta. For five minutes rinse solution (Appendix, part B) was passed

through the circulaory system and allowed to flow out from the severed right atrium. The

fixative solution (Appendix, part B) was then perfused for the same time. Both perfusing

solutions were located at a height above the animal to give approximately 140mm Hg

pressure. The electron microscopic fixative contained 3Vo pataformaldehyde arrd 37o

glutaraldehyde in a 0.1M phosphate buffered solution pH7.4. Sometimes a frxative

solution, containing a lower concentration (0.257o) of glutaraldehyde, was used in order to

retain tissue antigenicity for immunocytochemical studies.

Strucn¡es resembling parathyroid glands were dissected out with the use of a dissecting

microscope, diced if necessary into lmm cubes and fixed for 2 - 12 hours in fresh electron

microscopic fixative (see Appendix B). Specimens were washed three times for 15

minutes in each wash in 0.2M phosphate buffer pIJ7.4, and post-fixed in 17o osmium

tetroxide in 0.1 phosphate buffer gIJ7.4 for one hour at room temperature. Specimens

were again washed in phosphate buffer before being processed for electron microscopy

(see Appendix C). Some samples tvere en bloc stained with uranyl aceøte following post-

fixation with osmium tetroxide. Details of en bloc staining are given in Appendix D.

Tissue was embedded in TAAB TK3 epoxy resin. Survey sections were cut on a Reichert

- Jung ultramicrotome with glass knives, and stained with toluidine blue (see Appendix

E). Silver-gold ulnattrin sections for electron microscopy.were cut u¡ith a dia¡nond knife

on the sa¡ne ultramicrotome. Sections \Ãrere mounted on 200 mesh copper nickel grids and

søined with uranyl acetate and lead citrate (see Appendix Ð. Stained sections were

exanined at 60kV in a Jeol 1005 transmission electron microscope or at 80kV in a Philips

cM100.

3.6. Kangaroo SamPles

3.6.1. Coltection of Tissues.

Specimens from kangaroos were obtained under some diffrculties in reserves at night-

time. Kangaroos were shot in the head by park rangers ris part of culling programs to

control the number of animals within the reserves. As soon as each animal had been

killed, the weight" sex and overall condition was recorded. Within minutes of death

occurring, the ca¡otid bifurcations and sometimes the thoracic thymus with adjoining
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tissue were dissected out and placed in either 107o buffered formalin or electron

micro-scopic fixative for approximately nine hours during which time the specimens were

conveyed back to the laboratory. Sanples \Ãrere then treated by techniques described

above. Three kangaroos were perfused with electron microscopic fixative in the freld.

Details of these procedures are given in chap., section 8.1.

3.6.2. Agein g Techniques

In addition to neck and thoracic tissue being taken from kangaroos, the mandible was

¡emoved from each animal and used for age estimations. The teeth present on the left and

right sides were recorded and the jaw was lightly crushed to reveal the presence of

unerupted teeth. Details are given in chap- 8, section 8.2.1.

3.7. Specimens for Immunocytochemistry

Coinciding with obtaining specimens for light and electron microscopy was the collection

of suitable tissue for immunoc¡ochemistry. Unstained paraffrn sections of formalin fixed

tissue were kept so that the immunostaining could be done collectively on all the different

species. Specimens for electron micnoscopic immunostaining were fxed in an electron

microscopic fixative with a low concentration of glutaraldehyde, not post-fixed with

osmirrm tetroxide, and usually embedded in LR \Vhite resin. More detailed descriptions

are given in chap. 10, Immunocytochemical Study of Marsupial and Monotreme

Parathyroid Glands and the Ultimobranchial body in ttreEchidna.
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Chapter 4.

Parathyroid Glands in Dasyurid Marsupials

4.1. General Introduction

There are no lnown, previous scientifrc records of the parattr¡'roid glands

in dasyruid marsupials. Information on the anatomy' histology, and

ultrastructure of the parathyroid glands was attained here using four

dasyufid species, viz: the Tasmanian devtl(SarcophÍlus lanisii), the fat-

tailed dunnart (Sminthopsis crøssícaudata)' the brown antechinus

(Antechinus stuortíi) and ttre yellow footed antechinus (Antechínus

flovipes). Specimens from one Tasmanian devil, 33 dunnarts, two yellow

footed and ten brown antechinuses \r'ere used in ttre study'

Sarcophílys húrrisü is the largest of the surviving Australian carnivorous

marsupials with an average adult body weight of 8kg for males and 6kg

for females (Strahan, 1983), whereas S. crassícaud¿ta rcpresents one of

the smallest marsupials with an average adult weight of 15g @ennett et

al., 1990). Both Antechínus species a¡e also relatively small animals;

average adult weights for Antechirus stwttií males and females are 35g

and 20g respectively (Strahan, 1983). Similu'data for Antechínus

flavípes are 569 and34g (Strahan, 1983). BothAntechinus species

exhibit the unusual characteristic of post-mating male mortality where

immediaæly following mating, death results from a state of chronic stress

and associaæd impaired immunity @arker et al., 1978)'

4.1.1. Introduction ' S. crassícaudata

For the 33 dunna¡:ts a variety of techniques (See chap. 3, Materials and

Methods) was employed to elucidate the anatomy, histology, and

ultrastn¡cn¡re of the parathyroid glands. Serial sections of tissue from the

ventral neck and upper thorax were prepared from four dunnarts; six

dunnarts were dissecæd under a dissecting microscope and the dissections

were recorded with either camera lucida drawings or photographs' The

identification of structures observed during dissection was confinned by

the examination of histological sections. Samples for electron microscopy

were taken from 23 dunna¡ts, but due to diffrculties in locating and

positively identifying the minute parathyroid glands with the dissecting

microscope, only nine of 49 specimens Processed were parathyroid

glands. At least ten sections from each specimen wefe viewed with the

electron microscoPe.
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4.L.2. Introduction ' S. harrísií

The female Tasmanian devil used in this shrdy was at least nine years old and died of natr¡ral

causes at the Adelaide Tn. T\eprevious maximum recorded age for Tasmanian devils was

seven to eight ye¿us (Strahan, 1983). Since only one animal was available, investigations

were limited to the anatomical and histological information derived from the exa¡¡ination of

a superficial dissection of the excised tissue, consisting of the tongue, neck, mediastint'm,

hea¡t and lungs and serial sections that were prepared from three lots of tissue. Two lots

contained the carotid bifurcations and surounding tissues and the other lot included tissue

extending from the more caudal regions of the ventral neck to the base of the hea¡t. Every

tenth section was mounted, stained with haematoxylin and eosin (see Appendix A) and

s¡¡eminsd with the light microscope. If parathyroid tissue was Present in consecutive

sections then the other sequential paraffin sections were mounted and stained. Altmann's

technique for mitochond¡ia (see Appendix G) and staining with O.lSVo toluidine blue

formed part of the histological studies.

4.1.3. Introduction - Antechinzs spp.

The two male yellow footed antechinuses were caught on August 9,1993, at a period in the

life cycle of A.ftavip¿-s when the males had mated, experiencing chronic stress and about to

die. The imminsn¡ death of the males in ttre population was inferred by the fact that no

animals were subsequently caught on August 20, and on September 2, t993 only a female

with pouch young was trapped; all males had vanished. The parathyroid glands in one

animal were frxed by perfusion, in the other animal the glands were immersed in fixative.

The perfusion, fixation and subsequent treament of the specimens were the same as the

electron microscopic techniques described for the dunnarts (See Materials and Methods,

chap. 3).

The specimens f¡om A. strßrtii came from animals which were previously used for specific

reproductive studies (Taggart and Temple-Smith, 1990a&b; Taggart and Temple-Smith,

1991a&b) before being stored for several years in 7O7o alcohoL Each animat had a median

ventral incision extending from the sternum to the pelvis to allow fixation of the internal

organs. The ten male A. stuartíí,labelled Asl to 4s10, were collecæd at different times of

the year:- As4 in late July, i.e. the mating season and a time of chronic stress; As2 andAs3

in early July, just prior to the mating season; and the remaining animals were killed at

va¡ious times of the year when presumably they were not stressed. Each A. stuartíí was

dissected with the aid of a dissecting microscope and structures likely to be parathyroid

glands 1¡/ere processed for electron microscopy, not for the pupose of ultrastructural

studies but because the dimensions of the specimens were too tiny for paraffin processing

techniques. One dissection (As8) was photographed to illusnate the anatomy of the

parathyroids.
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4.2. Results

4.2.1.1. Anatomy - S. crassícaudøta

In .S. cr¿s sicaudata parathyroid III was located near the ca¡otid bifurcation which is

dorsolateral to the laryngopharynx (Figs. 4.lb & 4.2a). Overlying these complexes

ventrally, on both sides, a¡e the postedor belly of the digastric and the cephalic parts of the

infrahyoid muscles (Fig. a.lb) and more superfìcially , the sublingual and submandibular

salivary glands (Figs. 4.la &b). No ce¡vical thymus is found in S. crøssicaudata, but four

large pigmented lymph nodes are consistently present near the salivary glands (Fig. a.1a).

Macroscopically, the identifrcation of the parathyroids was often hindered by the presence

of small structures of similar dimensions in ttre vicinity of the ca¡otid bifurcation. Hence

histological examination was necessary in order to identify a stn¡cture as a parattr¡'roid gland

and not a lymph node, thymic tissue or ganglion (Figs. 4.2b,4-2c, and 4.?Å)- The shape

of parathyroid Itr was ovoid, often flatæned with approximate dimensions of lmm in length

and 0.5mm in width. Parathyroid III was found either at the ca¡otid bifurcation, often on

the dorsal aspect @g.4.2a) or a short distance from the bifurcation loosely associated with

the common ca¡otid a¡tery or is two branches. The arteries that supplied blood to

parathyroid Itr originated from either the common carotid or the external ca¡otid near the

bifurcation.

The location of parathyroid fV was sought in fou¡ animals, 55, 56, S8, and 59. It was

only found by examining serial sections of the ventral neck region and mediastinum.

parath¡rroid fV was found in three of the four animals and in each only one parathyroid IV

was identified nea¡ the midline. It was a minute structure being less than 0.5mm in

diameter. In animal, 56, parathyroid fV was nestled between the aortic arch, the cephalic

extent of arial heart muscle and one of the two anterior venae cavae (Fig. a.ab). (Two

anterior venae cavae are a common feature of the marsupial cardiovascular system (Pea¡son,

1940). In animal S8, parathyroid [V was adjacent to ttrymic tissue, ventral and just cephalic

to the aortic arch (Fig. 4.3) and in animal 59, parath¡'roid fV was ventral to the trachea, near

the commencement of the brachiocephalic artery @g. 4.4a).

4.2.1.2. Anatomy . S. hanisíi
In the Tasmanian devil, the locations of the nvo parathyroids Itr were determined by

examining serial sections of the carotid bifurcations and the sunounding areas. The carotid

arteries lay on the lateral aspects of the trachea and larynx with the bifurcations occurring at

the level of the caudal end of the cornua of the thyroid cartilage.

On the left hand side, parathyroid III was located dorsomedial to the left common carotid,

just caudal to the bifurcation. The size of the slightly ovoid gland was estimated to be 2 x

2.4 mm with the larger diameter parallel to the length of the carotid artery. On ttre right
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hand side, parattryroid III was more cephalic in position, occurring just anteriorþ to the

bift¡rcation but caudal to the h¡poglossal nerve. The ovoid gland measuring 3.6 x 1.5 mm

was dorsomedial to the right internal carotid artery. No parathyroid fV was found in the

serial sections that were cut from the tissue between the larynx, cephalically, and the atia of

tl¡e hearq caudallY.

4.2.L.3. Anatomy ' Antechizus spp.

In bottr Antechínus species, ttre parathyroids were round to elongated ovoid structures; ttre

longer anis was approximately 0.4mm. Antechinuses were 5imil¿¡ to dunnarts in that the

identity of the glands could be properþ established only by examining resin sections stained

with toluidine blue. parathyroids were found in ttre vicinity of the carotid bifurcations. In

A. snartíi the typical position of the parattryroid gland is illustrated in Figs. 4.5a and b.

The parathyroid was on the dorsal side of a right-angled triangle, frarned medially by the

ca¡otid artery. The glossopharyngeal nerve was the cephalic transverse boundary and the

diagonally located sympathetic trunk formed the hlpotenuse. The superior cervical

ganglion and a small sensory ganglion relating to the vagus nenfe were also associaæd with

the nerves. The artery ¡g the parathyroid branched from the conrnþn carotid just caudal to

the bifurcation. The existence of the caudal pair of glands in Antechinus was not

investigated because suitable specimens were unavailable.

4.2.2.1. Light microscopy ' S. crassícaadata

In S. crøss icau.d¿tathe histology of parathyroid Itr and fV was the same. The parath¡roid

glands were srurounded by a ttrin capsule with narrow connective tissue septa penetrating

the mass of epitheliat cells. Mast cells were quite numerous in the connective tissue @g.

4.6a). parenchymal cells were compactly aranged into strands and clumps separated by

capillaries @g 4.6a). Follicles were Inesent in five of the twenty glands exanined with the

light microscope. Each follicle had a single layer of flattened cells which surrounded a

homogeneous, acidophilic material @g. a.6b ) that was PAS positive. A patch of

lymphocytes was seen in one parathyroid gland (Fig. 4.6c ). It was concluded this

lymphoid tissue was thymus (see section 4-3-2. Discussion)'

The parathyroid parenchymal cells were all similar in appearance and could not be

categorised as light or dark cells from light microscopic obseryation of resin sections stained

with toluidine blue. Each cell had a central round nucleus with chromatin granules and a

nucleolus. The cytoplasmic staining was moderately dense and occasional minute lipid

inclusions or dark granules were present.

lVhen parathyroid III was found at the carotid bifurcation between the intemal and external

carotid arteries, it was easily distinguished from the carotid body. The latær stn¡cnue could

not be identified as a separate entity with the dissecting microscope and was associated with
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the outer layen of the intemal and exærnal ca¡otid aræries at their origms from the corlrmon

ca¡otid artery. The ca¡otid body did not have a distinct capsule like the parathyroid gland

and lacked the compact arrangement of epithelial cells seen in the gland. Instead the

chemoreceptor had numerous sinusoidal stn¡ctues and dark staining epithelioid cells @g.

4.fr ). Several small unmyelinated nerves were adjacent to the stn¡cture'

4.2.2.2. Light Microscopy - S. harrísíí

The histologlcal structure of the parathyroid gland from S. lørrísü was also typical of a

reticulate endocrine gland (Frg. a.Ð. The cells were compactþ aranged within the

encapsulated gland and only one kind of principal cell could be identified. No follicular

arangement of cells was prcsent Altmann's technique applied to human and Tasmanian

devil parathyroid glands showed mitochondrial rich cells were present only in the former

species, sections from which were used as positive controls. Toluidine blue stain did not

show mast cells in the Tasmanian devil, even though the same technique demonstraæd these

cells in S. crassícaudan.

4.2.2.3. Light Microscopy ' Antechínus spp'

The parathyroid glands ftom Antechinus spp. showed a t¡pical reticulate endocrine

structure. In the parathyroid from A. ftavipes fixed by perfusion, the capillaries were

somewhat distended and the perivascular spaces enlarged. Connective tissue cells were

sparse in the supporting mesenchymal fra¡nework of the gland; only one mast cell was

identifred. The parenchymat cells were generally clumped together with little or no

inærcellula¡ space except for seve¡al patches where cells had a crenated outline @g. a.8a).

Only principal cells appeared to be present and light and dark va¡iants could not be

distinguished.

The parathyroid gland from ,4. flavípes, fîxed by immersion, had a compressed

ara¡gement of its parenchymal and mesenchymal components. Capillaries were

accentuated by the da¡k staining of their red blood cells, no perivascular spaces were

obvious, and minimal inærcellular spaces wenc seen between parenchynal cells. Small da¡k

staining cells, identified as lymphocytes, were abundant in the connective tissue (Fig.

4.Sb). They appeared not to be forrring a discrete nodula¡ structure reminiscent of the

ttrymic tissue observed in S. cr¿s sicaudata ç¡ig. a.6c ). The staining densities of the

parenchymal cells varied slightly but it was difficult to categorise most principal cells as

light or da¡k cells.

Inadequate fixation of the parathyroid glands from A. sn¿nü resulted in poor morphological

detail. In resin sections parenchymal cells had numerous small granules stained with

toluidine blue in mainly unstained cytoplasm- Connective tissue was minimal (Fig.4.8c).
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4.2.3.L. Electron Microscopy ' S. crassícaudata

The study of the ultrastructure of the parattryroid glands in S. cr¿ssícaudata revealed a

compact arrangement of parenchymal cells with little intercellula¡ space. Cells were often

slightly elongated and had irregular outlines and numerous short processes interdigitating

with a_djacent cells (Figs. 4.9a &b). Each cell had one nucleus wittr a t¡pical appearance of

a nucleolus and peripheral heterochromatin. Amounts of heærochromatin varied from cell

to cell (Figs. 49b &4.11b). Desmosomes $,ere quite numerous (Fig. 4-10a ) and along

straight lengths of opposing cell membranes gap junctions were present. All parattryroid

glands used in this study, regardless of fixation techniques, had light and dark cells as well

as many cells of intermediate density (Figs. 4.9a & b). For example, the parathyroid

featured in Figure 4.9a was frxed by perfusion whereas the parathyroid shown in Figure

4.9b was immersed in fixative. Compared u/ith light cells, da¡k cells contained less

glycogen, had a more compact a¡rangement of cytoplasmic contents and a more electron

dense appeüance to t}¡e fine granular texture of the cytoplasmic matrix. Ribosomes were

more often free in light cells whereas RER was more obvious in da¡k cells. The lumina of

the RER and the nuclear envelope in the latter cells were usually more dilated ttran in light

cells (Fig.4.9b ).

Lipid inclusions \ilere occasionally seen in the chief cells (Fig. 4.10b ); lysosome-derived

inclusions with heterogeneous contents wefe sparse. The Golgi complex was generally

inconspicuous in all the subclasses of chief cells that were viewed in this snrdy and its

stn¡cture @g. 4.11a ) was unremarkable. Mitochond¡ia were quite sparse in light, dark'

and intermediate cells. They were often elongate{ sometimes U-shaped and had a matrix

that was more electron dense than the cytoplasmic matrix (Fig. 4.11b ). No oxyphil cell

with the characæristic high density of mitochond¡iawas observed.

There rwere two tlryes of unit-membrane-boundedvesicles in the chief cells. One contained

electron dense, homogeneous material; the other had a granular texturc (Fig. 4.10b). The

es¡-ated diameter of the former was 280nm whereas that of the latter was 190nm. From

ttris sody it could not be established if the vesicles rcpresented different stages in matr¡¡ation

of secretory vesicles, or if some were lysosomes. Similarly, no correlations could be made

between cell t1rye and vesicle numbers. In different specimens and in different areas of ttre

same section, the number of vesicles in light, da¡k, and intermediate cells showed no

defrnite trend. Many cells had a paucity of granules while others had many and showed a

peripheral concentration of granules-

4.2.3.2. Electron Microscopy - AnteclrÍnrs spp'

Ultrastructural studies were only possible on parathyroidsfromA.flavþes; specimens from

A. stwrrtí had poorly preserved morphological details. The stn¡cture of the gland was

generally similar to that in S. cr¿ssicaudata. Both the immersed and the perfused glands
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showed cells with differing densities (Figs. 4.12a & b). Very pale cells had sparsely

scattered organelles and inclusions set in an electron lucent matrix with frnely dispersed

granular and fibrillar material (Figs 4.12 &4.13). Cells with a denser matrix were similar to

many principal cells described tnS- crassícatd¿ta.

In animal Afl, frxed by perfusion the perivascular space appeared to be artefactually

enlarged (Fig. a.12a). Apa¡t from pericytes (Fig. 4.12a) few cells were present in tissue

accompanying the capillaries but interspersed among the principal cells were da¡k staining

cells that appeared to be leukocytes (Figs. 4.L3a& b). Cells identified as lymphocytes had

a single, reasonably electron-dense nucleus, abundant ribosomes and few or no granules

(Figs 4.12b & 4.L3a) whereas cells identified as neutrophils had very irregular outlines,

nuclei that were often h¡perchromatic and lobulated, and avariety of c¡oplasmic granules

(Frg. 4. l2b &.4.13b). In many leukocytes the perinuclear sPace was enlarged and many

profiles of the endoplasmic reticulum appeared to be dilated. Mitochondria and secrctory

granules had normal appearances but the plasmalemma u/as very tortuous with short

c¡oplasmic processes covering the surface of the cell @gs.4.13a & b).

4.3 Discussion

4.3.1.1. Anatomy . S. crassicaudata

From the anatomical study, it appears that in S. crassicaudata the¡e are usually three

parathyroid glands. The location of parathyroid Itr is simila¡ to the position previously

described for this gland in other marsupials @raser, 1915; Fraser and Hill, 1915; McCrady'

1938; Kingsbury , L940; Adams, 1955). Parathyroid IV is a minute structure and seems to

be present in most specimens of s. cr¿ssícaudata as a single stn¡ctue in the connective

tissue of the mediastinum. The occurence of parathyroid IV in other pol¡ryrotodont

marsupials is unclear. It has been detected in immattue opossums, D. virginíana,

(Kingsbury, 1940) but McCrady (19a1) found no trace of parathyroid fV in adults of the

same species. The other polyprotodont marsupial for which relevant information is

available is ttre bandicoot and parathyroid fV has only been described in embryos and pouch

young (Fraser, 1915). The presence of a single parath¡noid ry, nea¡ the midline, in S.

crassicaudat¿ is unusual. Perhaps during embryological development, the fate of the

bilateral parathyroid fV anlage is simila¡ to that of thymic tissue. In pollprotodons thoracic

thymic tissue is derived bilaterally from the third and fourth branchial pouches and migrates

caudally with left and right derivatives often merging together to form a single thoracic

thymus @raser, 1915).

4.3.1.2. Anatomy ' S. hørrísü and Antechínus spp'

Since only one specimen of S. harrísii was examined in the current study it is not possible

to generalise that this anatomy is typical of the species. However the presence of only
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bilaterally located parathyroid Itr and not parathyroid IV is similar to the location of

parath¡'roid glands in other adult pol¡protodonts (Fraser, 1915; McClady, l94l).

The location of parathyroid glands tn Antechinus spp. was also simila¡ to parathyroid

anatomy of other polyProtodonts.

4.3.2. Light MicroscoPY

Histological studies of the parathyroid glands of S. cr¿ssícaudata,S. harrísíí, and

Antechinus spp. demonstrated similaritiss to ttre microscopic stn¡cture of these glands in

eutherians (Roth and Schiller ,1976) and other marsupials. The Þryical reticulaæ endocrine

morpholory described in this study has also been shown to exist in parathyoid glands from

D. vírgínianø (Kingsb¡ry, 1940) and from T. vulpeculø (Fraser and Hill, 1915; Adams,

1955). Similarly, the lack of fat in the connective tissue septa corresponds to other

descriptions of the marsupial parathyroid glands given by the above authors.

With the light microscope principal cells in bottr parafÍrn and resin sections generally could

not be classified as light or da¡k va¡iants and the mode of fixation by immersion or

perfrrsion appeared not to influence the staining intensity of the principal cells. This issue is

addressed more fully in ttre discussion of ultrastn¡cture, section 4.3.3.

4.3.2.1. Light Microscopy ' S- crassícaudata

The occurrence of follicles and cyst-like strucffies seems to be quite common in S.

crassícaudar¿. Small cysts or follicles were found n207o of the glands examined with the

light microscope compared with only one gland from nine possums studied by Adams

(1955). Cysts and follicles in parathyroid glands a¡e discussed in more detail in chap 11,

General Discussion, section 11.3-

Compared with ttre other dasyurid species examined in this cnrrent study, the number of

mast cells in the capsule and septa of the parattryroid glands in .S. cr¿ssicaudata was an

unusual feature çFig.  .6a). Similar cells were extremely common in the adjacent cervical

lymph nodes Qlaynes, 1991). Ltke Dídelphís azarae (de Campos Soa¡es et al., 1987)'

Smínthopsís has comparatively high levels of histamine in va¡ious tissues (Ilaynes, 1991)-

Since histamine has been shown to affect the secretion of PTH from principal cells

(Kemper, 1984) then maybe the numerous mast cells that occur in S. cr¿ssícaud¿ta reflect a

greater imporønce between histamine and PTH release in this animal.

From the extrapolation of data available on other marsupials and eutherians it was assumed

that the round patch of lymphoid tissue observed in one parathyroid gland (Fig. 4.6c) was

thymic tissue even though no Hassall's corpuscles were present . It is quite common for

thymic tissue to be present in parathyroid glands of many eutherian species (Roth and



39

Schiller, 1976) and the possum, T. vulpeculø (Adams, 1955). Thymus and parathyroid Itr

develöp from the third branchial pouch and abnormal cleavage andnigration of the anlagen

may result in aberranr thlmic tissue within parathyroid Itr (Yadav, 1973; Roth and Schiller,

t976).

4.3.2.2. Light Microscopy - S- harrísíí

For histological descriptions of the parathyroid gland tn S. larrísii only formalin fixed,

paraffin embedded tissue was available and so a special light microscopic technique, i.e.

Almann s stain for mitochondriq was used instead of electnon microscopy to detect oxlphil

cells. Ox¡phil cells are lmown to accumulate in older individuals of some species (Roth and

schiller, Lg76) and since the Tasmanian devil used was old (nine years), then it was not

unreasonable to expect ox¡phil cells to be present if ttrey were typical of the parathyroids of

older individuals in this species. It was concluded that oxyphil cells do not occt[ in S.

tnnisíibut these generalisations are based on observations of only one individual.

Compared with S. crassicaudata, mast cells were quite sparse in ttre parathyroid gland of S.

harrisä.and did not display the staining properties of mast cells in the former species.

4.3.2.3. Light Microscopy ' Antechínus spp'

The light microscopic structure of the parathyroid glands of A. flavip¿s and A- stt/ø,rtií

showed features typical of parathyroids from many animals (Roth and Schiller, t976)-

Glandular structure was more simil¿¡ to that n S. lønisii ttran that in S. crassicaudata- Fot

example, follicles, cysts, thymic tissue and numerous mast cells were all absent in

parathyroid s of Antechinus @gs. 4.8q b, & c) and S. lunisíí (Frg' 4'7) but present in S'

crassicatdarø @gs. 4-6a'b, &c)-

4.3.3.1. Electron Microscopy ' S. crassícaudata

In specimens either immersed or perfused with frxative, principal cells could be placed in

three categories, viz: light, da¡k and intermediate, and the proportion of cells in each

classification appeared to be independent of the fxation technique. This lack of conelation

observed between cytoplasmic densities of the principal cells and modes of fixation

supports a morphometric snrdy by Wild (1980). However other studies have suggested that

light and da¡k va¡iants are a result of fixation artefacts and that after fixation by perfusion,

differences in c¡oplasmic densities disappear (Setoguti, t977). The effect of fixation on

the ultrastn¡ctural appearance of the parathyroid gland is discussed in chap. 11, General

Discussion, section I 1-4-

Light and dark cells have also been considered to represent different stages in the secretory

cycle of principal cells (See chap.2,Literatue Review, section 2-6)- Lightcells represent

inactive cells and dark, active. In the culrent snrdy evidence to suppoft this suggestion was
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seen in the greater amount of glycogen and free ribosomes in light cells and the more

obvious RER with dilated lumina in da¡k cells. Widespread RER and RER with dilated

lumina have been interpreted as indicating sites of active translation and initial storage of

newly formed protein (Cohn and Elting, 1983; Kendall et al., 1993). The apparent equal

distribution of secretory and other vesicles in the light and dark variants of the principal cells

has also been noticed previously (MacGregor et al., 1975) and supports their findings that

no correlations exist between cell t¡pe and the number of granules.

The ultrastructure of the parathyroid glands in s. crassicaudata is simila¡ to that of other

animals described elsewhere (Rottr and Schiller, 1976;Wild and Setoguti, 1995). Ox¡phil

cells were not identified, and in many other small animals, e.g. rat (Lever, 1957)' these

cells have been noted to be lacking (Roth and Schiller,1976). The wo common t¡pes of

vesicles viz: electron dense and the other with more granular contents, that were common in

the parattr¡'roid cells, may æpresent the secretory and storage granules respectively that have

been described in the rat (Setoguti et al., 1995). Furthermore, perhaps some of the

vacuolated structues (See Fig.4.10b) reprcsent degnded storage granules.

4.3.3.2. Electron Microscopy ' A. flavípes
The ultrastn¡cture that was described for .S. crassícaudata above was also Present in

parathyroid glands n A.flavíp¿-s. In A.ftavípes light and dark cells were present in tissue

eitherperfused with or immersed in fixative and there were only minor differences between

the contents of light and da¡k cells @igs. 4.12a & b). Granules and vesicles similar to

those found in .S. cr¿ssicaudata were also present n A. flavípes. Noticeable differences

be¡veen the ¡vo species were the outlines of nuclei and cells n A. flovip¿s were more

irregular tlran S. crassícaudata and in the former species there were many more non-

principal cells in the gland. The inclusion of the non-principal cells was thought to be

related to the chronic stress of the animals at the time of death. These findings a¡e discussed

below.

4.3.4. Chronic Stress and Parathyroid Ultrastructure

The greater number of non-principal cells (Figs. 4.13a & b), i.e. leukocytes, seen in the

parathyroid glands of A. ftavípr-s compared with those of S. cr¿ssi caudata may relaæ to the

condition of chronic stress experienced by A. flavipes males at the time of death. The

animals were captured in early August towa¡ds the end of the mating season when the

highly stressed state of the males leads to their death within a few weeks (Bradley et al.,

1980). During this period neutrophilia and lymphopenia occur (Cheal et al., 1976) and the

presence of neutrophils and lymphocytes in amongst the parathyroid cells may be a

reflection of the altercd haematological condition.



4l

Apa¡t from irregular nuclea¡ and cellula¡ outlines, the principal cells of the parathyroid

glands of A. fløttipes appeared not to be altered by chronic stress.- Renal impairment and

failure can result from ch¡onic stress and often linked to renal insufficiencies is

hyperparathyroidism (Malmaeus et al., 1984). Enlarged principal cells with increased Golgi

complexes and abundant RER and sometimes the presence of oxlphil cells and water-clear

cells a¡e cha¡acteristic of hyperparathyoidism (Cinti and Sba¡bati, 1995). Since no changes

in the ultrastn¡ctr¡re of the parathyroid principal cells were seen in the animals known to be

suffering from chronic stress a suggestion is given that hyperparathyroidism caused by

¡s¡al imFairment was not present in ttre male antechinuses.
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Fig. 4.1. Location of parathyroid III in S. crassícaudatø

Fig.4.1a. Ventralviewof asuperficialdissectionoftheneckofS. crassícaudata. Tlte

deeper locations of the carotid bifurcations, parath¡'roids Itr (P), and thyroid glands CI) are

represented by broken lines.

D

I
L
m

M

Pe - pectoralis maior

S - sublingual salivary gland

SM - submandibular sal. gland

St - sternomastoidmuscle

v - trafis\rerse neckvein

Ban 3 mm.

Fig. 4.1b. Tnne diagram of section from animal S8. Shows parathyroid III (P) is

medial to the carotid biftucation (C) which is dorso-lateral to the distal pha¡ynx (O) and

larynx (L). The laryngeal cartilages have ve¡tical lines; the ossified components have

horizontal lines. Ventral to ttre parathyroid is the posterior belly of the digastric muscle

þm) and the infratryoids (im). The submandibula¡ salivary gland (S) and lymph nodes

(LN) are more superfrcial.

b-carotidbody m-muscle n-nerve

Bar:0.5 mm.
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plate 4.2. Structures found near the carotid bifurcation in S. crassícøudata

Fig. 4.2a. Shows a ventral view of the right ca¡otid bifu¡cation (B) and adjoining

structures which have been teased apart from each other. The thyroid gland (T) has been

separated from the superficial tissues of the trachea. The parathyroid gland (P) occurs

dorsal to the bifurcation.

G - ganglion LN - lymph node NX - vagus nerye

ND( - glossopharyngeal nerve

Ba¡: 0.4 mm.

Figs. 4.2b,4.2c, and 4.?Å,confinn the identifrcation of the strucn¡res labelled in Figure

4.2a.

Flg. 4.2b. Plastic section, toluidine blue. Shows a parathyroid gland witt¡ a follicle @.

Bar:50 pm.

Fig.4.2c.
Bar: 1.00 pm.

Plastic section, toluidine blue. Shows the cortical region of a lymph node.

Fíg. 4.2d. Plastic section, toluidine blue. Shows nerye fibres and somata in a ganglion.

Bar: 100 pm.
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Fig. 4.3. Drawing of a serial section showing parathyroid IY in
S. crassícaudata

Fig. 4.3. Tnne dragramof a transverse section of S. cr¿ssicaud¿ta, dunnart S8, taken at

the level of the origrns of the right subclavian (B') and brachiocephalic (B) arteries from the

aortic arch. Parathyroid fV (P) occurs between the thoracic thymus (Th) and ttre origins of

the right subclavian and brachiocephalic arteries. The trachea and oesophagus have been

distorted and displaced slightly during processing and sectioning.

LN - lymph node

M - skeletal muscle

O - oesophagus

T - trachea

n

a

v

- nerve

- aftery

- vein

Ba¡: 0.25 mm.
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Plate 4.4. Location of parathyroid fV in S. crassícaudata

Fig. 4.4a. Shows the position of parathyroid fV (P) in dunnart 59. The gland is ventral

to the trachea G) and adjacent to the commencement of the brachiocephalic artery @CA).

The oesophagus (O) has been dislodged slightly to the left. ( The median axis runs

horizontally across the middle of the photograph; dorsal is middle left and ventral, middle

right).

Pa¡affin section, H&E

Bar: 120 pm.

Fig. 4.4b. Shows parathyroid IV (P) in dunna¡t 56. The gland is between the aortic

arch (AA), atrial heart muscle (At) and an anterior vena cava (CÐ. The oesophagus (O) has

been d.islodged to the left. The median axis runs from the top left comer (dorsal) to the

lower right corner (ventral).

Th - thymus; T - trachea; O - oesophagus.

ParafEn section, H&E

Bar:200 ¡rm.
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Plate 4.5. Structures found near the carotid bifurcation in A. stuartíí

Fig. 4.5a. Shows srructures of the ventral neck in A. stu.artií (As8) A right-angled

triangle is formed by the laærally coursing glossopharyngeal nerve, sympathetic trunk and

common carotid artery.

S - sympathetic tn¡nk

D( - glossopharyngeal nerve

V - small ganglion associated with the vagus nerve

Ban 0.5mm

Fig. 4.5b. Shows the dorsal view of the dissection in the above figure @g. 4.5a-).

The parathyroid gland (P) is adjacent to the ca¡otid bifurcation. It has been separated from

fatty tissue (F) at the bifr¡rcation. The fme artery supplying blood to the parathpoid gland

can be seen branching from the common ca¡otid, just caudal to the bifurcation.

S - sympathetic tn¡nk

V - small ganglion associated with the vagus nerye

Ba¡:0.5mm
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Plate 4.6. Light microscopy of parathyroid Itr and carotid body in

S. crassícaudata.

Fig. 4.6a. Shows the compact arrangement of principal cells with intervening

capillaries. Several mast cells (M) a¡e present.

Dunnart 52

Plastic section, toluidine blue.

Bar:50 pm.

Fig. 4.6b . Shows four follicula¡ structrues in a parathyroid gland. Each follicle has

pate acidophilic material surounded by a flatæned layer of cells.

Dunnart 55

Paraffin section, H&E.

Bar:70 pm.

Fig. 4.6c . Shows l¡urphoid (thy¡nic) tissue within a parathyroid gland-

Dunnart 55

Pa¡affrn section, H&E.

Ba¡: 30 pm.

Fig. 4.6d . Shows a ca¡otid body nestled benveen ttre wo branches of the carotid artery

just cephalic to its bifi¡rcation.

Dunnart 55

Paraffin section, H&E.

Bar: 150 pm.
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Plate 4.7. Liglrrt microscopic structure of parathyroid gtand in S. harrísíí

Fig. 4.7 . Pa¡affin section, H&E. Ttre parath,'loid gland from S' lw'"r¡isií has a tlpical

¡eticulate endocrine stn¡cture. Only one kind of principal cell is presenl

Paraffin section, H&E.

Bar: 30 ¡tm.
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Ptate 4.8. Light microscopy of parathyroid Itr in Antechínús spp.

Fig. 4.8a. Low power view of a parathyroid from A. flavipes. Specimen fixed by

perfusion. Capillaries a¡e distended, connective tissue sparse and principal cells are

compactly arranged- Some cells (arrow) have a scalloped outline.

Anæchinus Afl
Resin section, toluidine blue.

Bar:30¡tm

Fig. 4.8b. The parathyroid gland from A. flavípes was fixed by imme¡sien'

Lymphoc¡es (L) are numerous in the perivascular tissue, contributing to the darker colour

of the mesenchymal comPonent.

Anæchinus Af2

Resin section, toluidine blue.

Ban 20¡tm

Fig. 4. 8c. Shows the typical appearance of the parathyroid from A. stuartií. The

principal cells have nume¡ous fine cytoplasmic granules.

Antechinus As3

Resin section, toluidine blue.

Bac 20pm
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Plate 4.9. Ultrastructure of parathyroid glands in S. crassícaadata '|

Fig. 4.9a. The electron micrograph shows light and dark cells with inegular outlines.

Specimen fîxed by perfusion.

Dunnart S15

Bar: 1.5 pm.

Fig. 4.9b . The electron micrograph shows the dilated lumina of RER and a large

perinuclear cisterna of a dark cell. The cytoplasmic texture of the light cell is less compact

than that of the da¡k cell. The specimen was fixed by immersion.

Dunna¡t S19

Bar: lpm.
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plate 4.10. Ultrastructure of parathyroid glands in S. crassícaudata 'II

Fig. 4.10a . The electron micrograph shows several desmosomes (D) berween principal

cells. Several t¡les of vesicles a¡e Present in the cells-

Dunnart S10

Bar: 0.2 ¡rm.

Fig. 4.10b . The electron mictograph shows a lipid inclusion (L) and two types of

granules. One is electron dense (A) and the other has a granular texnre @).

Dunnart S27

Ba¡: 0.2 Fm.
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plate 4.11. Ultrastructure of parathyroid glands in S. crassícaudøta'Ú'

Fig. 4.11a . The electron micrograph shows the typical structure of principal cells,

including a Golgi body (G) and elongated, sometimes irregular shaped mitochondria-

Dunnart S30

Bar:0.5 pm.

Fig. 4.11b . The electron micrograph shows several U-shaped and annula¡ sections of

mitochondria (M) and different densities of granules in the cells.

Dunnart S10

Bar: 1¡rm.
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Plate 4.12. ultrastructure of parathyroid glands in A. flavipes.

Fig. 4.12a. Shows parathyroid gland, perfusion fîxed. Principal cells vary in staining

intensity. Depending on the plane of the section, mitochondria and secretory granules are

abundant in some cells and scarce in others. The capillary in the top left corner has a

pericyte within the basal lamina of the endothelial cell. The perivascular space appears to be

artefactually enlarged.

Antechinus AfL

Bar:2¡rm.

Flg. 4.L2b. Shows the ultrastructure of the parathyroid gland fixed by immersion.

principal cells have different cytoplasmic densities. Some mitochondrial profiles appeaf to

be annular or U-tube shaped. Several leukocytes (L) a¡e interspersed among the principal

cells. The leukocyte in the lower left corner of the micrograph appears to be a pyknotic

lymphocyte. Note the inegular processes extending in be¡veen the adjacent principal cells.

Antechinus Af2

Bar: 2pm.
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Plate 4.13. Leukocytic infiltration of parathyroids in A. flavípes.

Fig.4.l3a. Three dark staining leukocytes, presumably neutrophils, have many

cytoplasmic invaginations, phagosomes and vesicles. Other leukocytes (L) with more

ribosomes and fewer granules appear to be lymphocytes.

AnæchinusAf2

Ban 2Um

Fig. 4.13b. Shows the enlarged perinuclear space and dilated endoplasmic reticulum of

leukocytes identifred as neutrophils (N). A variety of vesicles is present in the electron

dense cytoplasm.

AnæchinusAf2

Ba¡:2pm
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Chapter 5

Parathyroid Glands in Peramelid Marsupials

5.1 Introduction
The peramelid marsupials, bandicoots, form an unusual family because

they have both polyprotodont and diprotodont cha¡acteristics. The

stn¡cture of the skull and teeth and serology link them with poþrotodonts

but the hind feet are syndactylous which is an anatomical cha¡acteristic of

diprotodons @awson, 1983). Bandicoots have a widespread distribution

and a¡e found in most areas that have good ground cover where they can

dig for invertebrates. The bandicoot is about the size of a small rabbit and

has a conical shaped nose and a thin tail (Stral¡an, 1983). The two species

that were examined in this study werc Isoodon macrourus, the northern

short-nosed bandicoot and Isoodon obesulus, the southern brown

bandicoot Animals of the former species are larger (average male weight -

2INg, average female weight - 11009) than the southern species (average

male weight - 8509, average female weight - 700g) (Stral¡an, 1983).

Descriptions of the parathyroid glands tn Perarnelidae were derived from

the examination of nvo adult female northern short-nosed bandicoots and

an adult male southern brown bandicoot. The animals were used initially

in fertilization resea¡ch by Dr \Y.G. Breed and Dr. D Taggart in the

Deparment of Anatomical Sciences, University of Adelaide (Taggart et

a1., 1995). They were killed by an overdose of pentobarbital sodium and

the reproductive tracts wefe femoved before dissection of the cervical and

upper thoracic regions was commenced. Only specimens from^L obesuhts

were suitable for ultrastructt¡ral investigations.

A large, reasonably intact piece of tissue, about 6cm long, was removed

from one female animal, transversely bisected, fixed in buffered formalin

and hand-processed. The tissue specimen extended from a plane just

cephalic to the larynx to a plane caudal to the aortic a¡ch. Serial parafün

sections, 10pm in thickness wele cut and every tenth section \rrfls mounted

and stained with haematoxylin and eosin. To assist with ttre three-

dimensional visualisation of the structures, outline diagrams of selected

sections were made by placing the histological sections in a small personal

viewing 35mm slide projector and outlining the images on a piece of paper

placed over the screen.

t.
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Tissué a¡ound the bifurcations of the common ca¡otid a¡:teries were removed from the

second female bandicoot, placed in buffered formalin, processed and embedded in paraftrn.

Serial sections \¡/ere cut and stained with haematoxylin and eosin (See chap. 3, Materials

and Methods for details).

The parathyroid glands located adjacent to the ca¡otid bifurcations (parathyroid ltr) were

dissected out of the male southern brown bandicoot, frxed tn aSVo glutaraldehyde,3Vo

paraformaldehyde solution, and processed for electron microscopy (See chap. 3, Materials

and Methods for details).

5.2. Results

5.2.1. Anatomy

Serial sections revealed parathyroid tissue in four locations in I. macrourus. The more

cephalic gland, parathyroid III, was located bilaterally in the vicinity of the carotid

bifilrcation that occrured at the level of the ossifred caudal cornu of the thyroid cartilage

(Fig. 5.1a). Parathyroid m was not associated with the thyroid. Parathyroid trI was

adjacent to the ventral aspect of the ca¡otid bifi¡rcation and extended rostrally, just ventral to

the initial part of the external ca¡otid. The glands were separate from the ca¡otid body and

appeared not to be associated \ñ¡ith the small amount of thymic tissue present at the same

level of the neck @g. 5.la). The thymic tissue was positively identified by the presence of

Hassall's corpuscles and the lack of cortical nodules, subcapsular sinus, and medullary

sinuses. From examination of the serial sections, the dimensions of the flattened" diamond-

shaped parathyroid III were estrmated to be approximately 1.3 x 1.3 x 0.3mm

Parath¡'roid IV was a minute structure. The right gland was situated in a more cephalic

plane to the left. The former was located in fatty tissue berween the brachiocephalic artery

and the caudal part of the trachea. The left parathyroid fV was nea¡ involuted thymic tissue

in sections cut at a level of the caudal limit of the aortic arch and the termination of the

trachea (Figs 5.1b and 5.1c). Bottr glands were spherical to ovoid bodies wittr approximate

diameten not exceeding 0.5mrn"

5.2.2. Light MicroscoPy

In I. macrourus,parath.yroid Itr had a tlpical reticulate, endocrine stn¡cnue. From a fairly

thick capsule of dense connective tissue septa penetrated ttre gland and divided it into

incomplete lobules (Figs. 5.2a & b). The parenchymal cells were small, each with a

mderate to dense nucleus (Frg 5.2c) andpale acidophilic cyoplasm; no distinction between

light and da¡k cells could be seen. The cells were Íuranged in strands and clumps with no

follicular stn¡ctures observed in the parafFrn sections-
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In I. obesulzs, thin plastic sections, stained with toluidine blue, showed that the

paren-chymal cells had a simila¡ staining intensity to their cytoplasm and they were

compactly arranged. Several clumps of cells appeared to form small spherical structures

with nuclei located peripherally and central regions homogeneously stained but no definite

no follicular lumen was discernible wittr the lightmiqoscope.

The histology of parathyroid tv was simil¿¡ to that of parath¡'roid m in I. macrourus except

the capsule was not prominent and septa were absent One gland contained a small cyst

with a diameter of approximately 175pm. On the periphery were two indistinct layers of

presumably parenchymal cells enclosing an interior with several acidophilic globules @g

s.2d).

5.2.3. Electron MicroscoPY

Electron microscopic studies confirmed that parathyroid III in I. obesuhts had a t¡ryical

reticulate endocrine structure. Parenchymal cells were close together and showed little

interdigitation of the cell membranes' Desmosomes were common between cells'

Connective tissue in the glands was minimal and mainly confined to perivascular regions.

Components including collagen frbrils, frbroblasts, and occasional mast cells (Ftg. 5.3).

The cells appeared to be all principal cells; the majority had a moderately electron-dense

c¡osol and light cells were rare (Fig. 5.4a.) No ox¡phil cells were observed. Most nuclei

appeared simil¿¡'and contained abundant euchromatin, peripheral heterochromatin and a

nucleolus (Figs. 5.3 & 5.4b.). In the cytosol were numerous free ribosomes,

mitochondria, glycogen deposits and small secretory granules with electron-dense contents

(Figs. 5.4a &b,5.5a.). Many cells had at least one lipid inclusion (Figs. 5.4b &.5.5a.).

Occasionally, structures that were identified as small follicles (Figs. 5.5a & b) were found.

The frne granular and frbrillar contents of these follicles were pale and the adjacent

plasmalemma had a cytoplasmic layer of dense material associated wittr it (Figs. 5.5a &b.).

At the edge of one follicle, the contour of the plasmalemma (Fig. 5.5a) suggested that

exocytosis or endoc¡osis was occurring.

5.3. Discussion

5.3.1. Anatomy.
In order to minimize artefactual separation of tissues during processing of the nvo large

tissue blocks from one bandicoot, the specimen was secured in an elastic bandage which

unfortunately caused some compression and distortion resulting in the asymmetric

arangement of muscles and salivary glands about the median sagittal axis. Slightly oblique

rather than true transverse sectioning also contributed to the asymmetry noticeable in the

zone diagrarns of Figure 1.
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The ossification ttrat was obsen'ed in parts of the thyroid cartilage has also been noticed in

other ma¡supials including the possum ,T. vulpecula @arbour, 1963). The identification of

the artery adjacent to the right parathyroid VI as the brachiocephalic artery is based on

previous sfirdies of the major blood vessels in the thorax and neck of bandicoots (fedman,

1990). ln I. macrowus a single brachiocephalic artery arises from the aortic a¡ch and

extends cephalically, ventral to the trachea- The right subclavian artery is the first branch

and the right and left common carotid arteries arise a considerable disunce cephalically.

The adult locations of the parattryroid glands in the bandicoot, I. macrourus are consistent

with previous descriptions given for embryonic and foetal specimens of the bandicoots,

peraneles rußuta and Isoodon obesuhts (Fraser, 1915). Fraser (1915) postulated that the

development of parathyroid fV ceased early and concluded it was not present in ttre adult"

but the crurent studies have shown ttrat parathyroid IV, albeit tiny, penists in the mature

adulr The differences in size between parathyroid Itr and parathyroid IV not only occurs in

the adult but also in the developing bandicoot (Fraser, 1915)-

In the crurent study, qpecimens from the two female specimens (1. macrourzs) showed

small patches of thymic tissue near the ca¡otid bift¡rcations (Fig. 5.1a). The lymphoid

tissue was identified as thymus by the presence of Hassall's corpuscles, lack of a

subcapsular sinus, and a lack of lymph nodules. This ttrymic tissue was either the cervical

thymus or thymus Itr. It seems unlikely to be the former because its position was deep

instead of superFrcial to the ventral neck muscles (Fig. 5.1a) and a cervical thymus is

thought not to occur in bandicoots (Johnstone, 1898; Fraser, 1915; Yadav, L973).

Alternatively, ths thymic tissue could have arisen from a developmental anomaly where an

abnormal cleavage and migration of the embryonic tissue in ttre third pharyngeal pouch led

to some thymic tissue migrating to the neck instead of the thorax. However the constant

prcsence of thymus Itr bilaterally in the rwo bandicoots indicates ttrat in I. ttucrourus,parl

of thymus Itr is normally found in the.venral neck and part in the thorær.

5.3.2. Light MicroscoPY

Lobulation of parathyoid Itr was observed in the nvo female specimens (1. macrourus)bu¡

not in the male specimen (1. obesuhts ). However as only three animals were used in this

study, then it is not possible to draw conclusions about morphological differences relating

to species or sex. The presence of a cyst in parathyroid IV of bandicoot 2 was unusual.

parathyroid IV glands of other marsupials examined in this study have shown a t¡çical

reticulate endocrine structure in spite of cysts, follicles and/or lobulation being present in

parathyroid Itr glands. However in many non-marsupial species (Roth and Schiller,1976)

the structure of parathyroid m and fV has been shown to be identical, with cysts and

follicles present in both.
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5.3.3. Electron MicroscoPY

The ultrastn¡cnue of parathyroids in bandicoots appears to be simila¡ to tt¡at in many other

animals (Roth and Schiller, L976) except for the paucity of light cells. In parath¡noid

specimens, the number of light cells present may be influenced partly by fixation methods

where mÐdmum numbers occur afterpr,ompt fixation by immersion and minimal distinction

between light and dark cells is evident after fixation by perfusion (Clark and Khairallah,

t972;Setoguti, 1977). The effects of fixation on the morphology of parathyroid glands is

discussed in more detail in chap. 11, General Discussion, section 11.4. In ttris curent

study of marsupial parathyroid glands, an almost total lack of principal cell variants, i.e.

dark and light cell categories, has been observed only in bandicoots and koalas (see chap.

6). However, as the evidence in bandicoots is based on only three specimens, the ¡esults

a¡e inconclusive.

Follicles are not uncornmon in the parathyroid gland (Del,ellis, t993) and have also been

obsenred in other marsupial glands in ttris study. They are discussed in more detail in chap.

11, General Discussion, section 11.3.
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Fig. 5.1a. Drawing of a serial section showing parathyroid m in I. macrourus

Fig. 5 la Tane dtagram of a section through the neck of. I. tnacrourus at the level of

the bifurcation of the right common carotid where the caudal tip of ttre right parathyroid

gland (PTG) can be seen to be separate from the carotid body (CB) and the thymic tissue

(thm). The ossified caudal cornua (areas of vertical stripes) of the thyroid cartilage are

surounded by the infrahyoid muscles of the neck. Cartilage is shown as a¡eas of

horizontal stripes

Bandicoot 1

Bar - 2rnrn.

Abbreviations :- C Art - common ca¡otid artery; CB - ca¡otid body; cornu - ossified

cornu of thyroid catilage; EC - external ca¡otid artery; IC - internal carotid úery;
muscle - infrahyoid muscles; N - nerve; ND( - glossopharyngeal nerve; NX - vagus

nen/e; oes - oesophagus; PTG - parathyroid gland; SLSG - sublingual salivary gland;

SMSG - submandibular salivary gland; thm - thymus.
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Fig. 5.1, b&c. Drawing of a serial section showing parathyroid fV in I. møcrourus

Fig. 5.1b. Tane diagram of a section of mediastinal tissue from /. macrourus at the

lower level of the trachea. On the right side, parathyroid IV (PTG) is located benveen the

trachea and the brachiocephalic artery (BCA). Locations of the trachea and oesophagus

have been distorted slightly during processing and section cutting. Cartilage is shown as

striped areas.

Bandicoot 1

Bar - 2mm.

Fig. 5.1c. Zone diagram of a section of mediastinum f¡om /. macrourus cut at the

level of the caudal border of the aortic arch (AA). On the left side, parathyroid IV (PTG)

occurs nea¡ the involuting thymus (thm) within fibrofatty tissue. Locations of the trachea

and oesophagus have been distorted slightly during processing and section cutting.

Cartilage is shown as striped rreas.

Bandicoot 1

Bar - 2mm.

Abbreviations:- A - artery; AA - aortic arch; AVC - anterior vena cava; BCA -

brachiocephalic artery; eos - oesophagus; LN - lymph node; N - nerve; PC - pericardial

sac; PTG - parath¡noid gland; thm - thymus; V - vein.
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Plate S.2.LightMicroscopy of Parathyroid Glands in I. macrourus.

Fig. 5.2a. Low power view of the ca¡otid bifurcation showing the proximity of

parathyroid m eIG) to the carotid branches. The parathyoid gland is separate from the

carotid body (CB).

EC - external ca¡otid; IC - media of the internal carotid'

Bandicoot 2

Paraffrn section, H&E.

Ba¡ - 0.2mm.

Fig. 5. 2b. Shows the histology of parathyroid Itr. Note the clumps and strands of

principal cells with the relatively thick septa (S) and capsule of connective tissue. No fat

cells occur in the gland.

Bandicoot 2

Pa¡affin section, H&E.

Bar - 100pm.

Fig. 5.2c. High power view of parathyroid Itr showing all principal cells appear

simila¡.

Bandicoot 2

Parafflrn section, H&E.

Bar - 20pm.

Fig. 5.2d. Low power view of parathyroid IV. Shows a cyst lined by wo indistinct

layers of cells and several acidophilic globules (G) in the lumen.

Bandicoot 2

Paraffin section, H&E.

Bar - 50pm.
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Plate 5.3. Ultrastructure of parathyroid III in I. obesulus 'l

Fig. 5.3. Shows the compact anangement of the parenchymal cells in parathyroid Itr

(1. obesu¡n). Connective tissue is mainly confined to the to the perivascular areas. A

mast cell (M) is present adjacent to the capillary.

Bandicoot 3

Bar:2.5Fm.





&

Plate 5.4. Ultrastructure of Parathyroid III in I. obesulzs - II

Fig. 5.4a. Shows a rare light cell surrounded by dark cells which predominated in the

parathyroid. The number of organelles and inclusions in the light and dark cells appears

similar'. In the light cell a Golgi appr¡¡atus (arrow) with associated granules are present to

the right of the nucleus.

Bar: lpm.

Fig. 5.4b. Shows the general ultrastructure of parathyroid III. Various small

granules, ribosomes, RER a¡e widespread. A Golgi apparatus (G) can be distinguished in

the central cell and lipid inclusions a¡e in the cells on the upper left of the micrograph.

Bar:lpm.
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Plate 5.5. [Jltrastructure of Follicles in I. obesulus

Fig. 5.5a- Shows the central region of a follicle. Numerous mitochondria, ribosomes,

and lipid inclusions are present in the cells. The cell membranes bordering the follicular

contents have a cytoplasmic deposition of electron-dense material. The arrow indicates

possible exocytosis or endoc¡osis.

Bandicoot 3

Ba¡:0.5Um

Fig. 5.5b. Shows details of the follicula¡ contents. Fine granular and fibrillar material

is set in an electron-lucent medium. Electron-dense material is associated with the

plasmalemma bordering the follicular contents; it is lacking from cell membranes between

adjacent principal cells (upper right of micrograph).

Bandicoot 3

Ba¡:0.3pm.
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Chapter 6

Parathyroid glands in Vombatoidea:
Lasíorhínus latífrons and Phascolarctos cínereus

6

6.1.1. Introduction - \üombat

Only one reference on the parathyroid glands in wombats and koalas

(Fraser, 1915) was found in the scientific literature and that study

focused on the embryology and anatomy of the parathyroids in five

wombats and ten koalas, all of which we¡e either embryos or pouch

young. No detailed study has been recorded of the anatomy and

histology of these glands in mature animals.

In the crurent study, specimens from 13 southern hairy-nosed wombats,

I-asiorhinus latifrons, were examined, whereas the cotnmon wombat,

Vo¡nbatus ursinus, was used in the studies by Fraser (1915) where it was

referred ø as Phascolomys mítchellí. The former species inhabits a¡id

and semi-a¡id areas of South Australia; the latter is found in forested

regions of Tasmania, Victoria and eastern New South V/ales. Both

species are large, heavy-set with short powerful limbs. Adult body

weight and length range from 20 to 40 kg and from 80 to 120 cm

respectively with the common wombat being slightly larger and longer

than the southern hairy-nosed species. From an overview of a wide

range of anatomical studies done on L. latifrons and V. ursìnus thete

appe¿ìr to be few differences between the two species (Wells, 1989).

Tissue samples were obtained from ten wombats which had been killed

as part of a culling program in farming a¡eas 150 Km north-east of

Adelaide, South Australia. Specimens for various resea¡ch sildies

(Taggart et al., L996\ had been taken from the dead wombats before each

common carotid artery and its bifurcation were exposed- Tissue in this

area uras excised and placed in electron microscopy fixative with low

(O.25Vo) glutaraldehyde concentration (Appendix B). Approximately 24

hours later, in the Deparment of Anatomical Sciences, parath¡roids (and

inadvertently, ganglia etc.) wero femoved from the larger tissue

specimens and processed for electron microscopy. Details are given in

chap. 3, Materials and Methods, section 3.5. One wombat,'1V11, was

froz.en approximately four hous after death and then later thawed for

dissection of the ventral neck.

û- T'
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To inVestigate the stan¡s of parathyroid IV in the wombat, tissue from the entire length of

the ventral neck and mediastinum were removed from wo wombats \M12 and W13, frxed

tn lOTo formalin, and later dissected wittr the aid of a microscope. Samples from these

three animals were processed for light microscopy and sections stained with haematoxylin

and eosin (see chap. 3, Materials and Methods, section 3.4).

Exnmination of parathyroid glands from wombats revealed considerable intercellular

material of unknown identity in perivascula¡ areas (See Fig. 6.1b). In order to identify

this substance, paraffin sections from wombat Wll and appropriate positive controls

(described below) were subjected to the following techniques:

L Periodic Acid, Schiffs (PAS) (see Appendix H)'

b. Toluidine Blue (see Appendix I)'
c. Alcian Blue, pH2.5 and pH 1.0 (see Appendix I).

The following techniques were used to clarify the components of the parenchymal cells

and follicles in paraffin sections from wombats W'l1, W12, and W13. Carbohydrate-rich

substances and glycogen were shown by the first technique and oxyphil cells by the

second technique.

a. PAS, amylase and PAS, (see Appendix H)

(positive control was rat liver)

b. Alünann's technique for mitochondria (see Appendix G)'

þositíve control was parathyroid gland with ox¡phil cells

from a 72-year old man).

6.1.2. Introduction - Koala

The koala" Phascolarctos cincrezs is, one of the best known Australian marsupial species

and needs little introductory description. The natural distribution of koalas is the eastern

coastal and forest areas from north Queensland to Victoria. They have also been

successfully introduced to the Mt Lofty ranges and Kangaroo Island in South Australia.

Adults range in size from 70 to 82 cm and in weight from 4 to t4 kg with males being

larger than females Cfaylor, 1984).

In the curent study, specimens from six koalas were obtained from post-mortem

examinations (see chap. 3, Materials and Methods, section 3.2) aul,rdplaced in either 107o

formalin or electron microscopic fixative. The latter frxative was used if the length of

time between death and fixation was less than 20 minutes. A dissection microscoPe was

used to locate tissues of interest and then tissue processing done as previously described

(see chap. 3, Materials and Methods, sections 3.4 and 3-5).
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PaÌaffin sections from koalas #3, #4, and #6 were treated with PAS, amylase and PAS,

and Almann's stain in the same \t'ays, for the same t€asons, and-using the same positive

controls as wombat specimens, the details of which were given in the preceding section

6.1.1.

6.2. Results

6.2.l.L Anatomy - \ilombat

Parathyroid glands were found in 16 of the 20 specimens of ca¡otid bifiircations removed

from ten wombats and fwo glands were found in all neck dissections of wombats, V/l1,

W12 and W13. In nine wombats, one parathyroid gland was found in the vicinity of both

ca¡otid bifurcations; in three animals a parathyroid was located near the right bifurcation

but not ttre left, while in wombat'W1, two separate glands were found on the left but none

on the right bifurcation. The lack of bilateral glands in four animals was possibly because

of the difficulties associated with the collection of specimens leading to insufhcient tissue

being removed. Parathyroid trI was either on the dorsolateral aspect, very near the

adventitia of the comrnon carotid, or adjacent to the bifurcation where it was loosely

associated with the origins of the external or internal carotíd arteries. It was never found

in the interarterial tissue where the ca¡otid body was located. In fact, the carotid body in

the wombat did not form a discrete, nodula¡ body and could not be detected with a

dissecting microscope. The parathyroid glands were flattened, ovoid structures with

dimensions approximately 6 x 4 x 1.5 mm. In wombat Wl, the two glands on the left

bifurcation were separate structures, one mm caudal to the bifurcation and the other at the

origrn of the external carotid.

In the dissection of the neck of three wombats (Wl1, 'W12, Vfl3), the carotid bifurcation

was at a level just cephalic to the thyroid gland. The origins of the internal and external

branches were covered superFrcially by the caudal margin of ttre posterior belly of the

digastric muscle and the diagonally placed omohyoid muscle. Venral to ttrese stn¡ctures

were the submandibular salivary gland and the cervical thymus. The anatomy of the

carotid bifurcation and muscles of the ventral neck was simil¿¡ to that of the possum

(Figs.7.2a&b\

Examination of sections from mediastinal tissue from wombats W12 and W13 revealed

rwo parathyroid glands þarathyroid IV) and nvo separate thymic lobes in wombat Wl2

and one thymic lobe in wombat V/13. The dimensions of the roughly ovoid glands and

thymic lobes wete approximately 2 x 3 mm and 4 x 3 mm respectively. The structures

were embedded in fibrofatty tissue where fat cells were clustered together to form

globular structures about ttre sane size as the thymic and parattryroid elements.
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6.2.1.2 Anatomy - Koala

Examination of neck and mediastinal tissues in the six koalas revealed the presence of

parathyroid glands only in the vicinity of the carotid bifurcations and in four of these

animals two parathyroids were associated with a carotid bifurcation. The most cephalic

position was approximately 2 rnm beyond the bifurcation and the most caudal, 4 mm

before the same reference point. The ca¡otid bifurcation occu¡red at the level of the lateral

process of the hyoid bone. The caudnl part of the digastric and the omohyoid muscles

were ventral to the bift¡rcation with the cervical thymus superFrcial to them. Of the rwelve

carotid bifurcations examined, at least one parathyroid gland was found in eight

specimens with an additional gland present in five of these eight biftucations. Table 6.1

shows ttre animals and number of glands associaæd with each carotid bifurcation.

Table 6.1. - Anatomy of Parathyroid Glands in the Koala

Koala number site number of glands

1 LCB 1

RCB 1

2 LCB 2

RCB 2

3 LCB 0

RCB 2

4 LCB 2

RCB 0

5 LCB 0

RCB 2

6 LCB 1

RCB 0

Abbreviaúons: LCB - left carotid bifiucation; RCB - right ca¡otid bifurcation

Glands were round to oval except for a specimen from the right ca¡otid bifurcation of

koala #2 where two small nodula¡ structures were attached to a larger stn¡cture. Ovoid

glands measured approximately 3 x2x2 mm. In the for¡r samples of carotid bifurcation

where no parathyroid gland was detected, probably insufficient tissue had been excised at

tlre post-mortem. Ca¡eful dissection (koalas #4,#6) and serial sectioning (koala #2) of the

caudal regions of the neck and mediastinum failed to reveal parathyroid tissue.

Furthermore, no thoracic thymus was detected.
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62.2.L Light Microscopy' Wombat

Twenty-five parathyroid glands from thirteen wombats were exa¡nined with ttre light

microscope. Apart from paraffin sections of eight parathyroid glands from animals'Wl1,

V/12, and W13, resin sections søined with toluidine blue were used in the study. Twenty-

three specimens were from neck dissections and two were from mediastinal tissues; the

former were assumed to be samples of parathyroid Itr and the latter, parathyroid IV.

The round to oval glands were encapsulated with a thin layer of dense connective tissue.

Mast cells, obvious by their metachromatic staining with toluidine blue in resin sections

(Fig. 6.1a), and some leukocyæs, were present in the capsule and pericapillary tissues.

parenchymal cells were tightly clustered into clumFs separated by capillaries and other

blood vessels with accompanylng tissue (Fig. 6.1a). In all specimens there was pale

sraining material in the pericapillary area @ig. 6.1b). Often it was acellula¡ with a

flocculent appearance suggestive of a glycan composition. The results of the staining of

this substance with PAS, toluidine blue, alcian blue pH 2.5, and alcian blue pH 1-0 a¡e

shown in Table 6.2. Human liver and possum colon were used as positive controls.

Table 6.2. - Characteristics of Intercellular Perivascular Substance in Parathyroid
Gland of the Wombat.

ussue To1. Blue PAS AB pH 2.5 AB pH 1.0

intercellula¡

substance pale purple -ve -ve -ve

follicular contents blue +ve -ve -ve

principal cells blue +ve* -ve -ve

mast cells blue -ve -ve -ve

hepatocytes

(+ve control) blue +ve -ve -ve

colonic goblet

cells (+ve control) pale purple +ve +ve +ve

mucosal mast

cells (+ve control) pumle-red -ve -ve -ve

Tol. Btue - Toluidine blue, PAS - Periodic Acid' Schiffs,

AB - Alcian Blue.

+ve* - Fine PAS positive granules werc present in some cells'

Abbreviations:
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Cysts-and follicles, as deflrned in chap. 2, Literature Review, section 2.5.1, were cornmon

in many specimens. Cysts and follicles rilere present in rwelve glands (Ftg. 6.2) and two

glands from animals W8 and Wll had follicles but not cysts. Some cysts were very large

with very irregular profiles and lined by several different types of cells. The lumen of

each cyst was filled with evenly stained material in which macrophage-like cells,

leukoc¡es and tipid droplets were present (Fig. 6.2). The smaller follicles were lined by

cells similar to parathyroid principal cells and luminal contents were acellula¡ and

homogeneous (Fig. 6.1b). The colloid-like material in follicles and cysts $'as PAS

positive, d.idn't display metachromasia with toluidine blue, and was negative wittr alcian

blue at pH 2.5 and pH 1.0 (see Table 6.2).

In routine paraffrn sections, the cytoplasm of the parenchymal cells was pale and

acidophilic; intensely acidophilic cells indicative of ox¡phil cells were not present.

Altmann's technique for mitochondria clearly demonst¡ated oxyphil cells in the positive

control but no mitochondria-rich cell was revealed in wombats W11, WL2, and S/13.

Sections stained with PAS had fine, bright pink granules that were slightþ fewer in

number in amylaseÆAS sections. Several t)?es of parenchymal cells were noticed in the

toluidine blue stained resin sections. Although all sections had light and dark

parenchymal cells, mariy cells had a medium staining intensity to their cytoplasm. Dark

osmiophilic granules feat¡¡red in some cells (Figs. 6.La & 6.3a). Ox¡phil cells were larger

than principal cells, with a coarse granular c¡oplasm (Fig. 6.3a). In several glands, dart

staining cells with elongated shapes (Fig. 6.3a) were interspersed among the other cells.

Their nuclei were smaller and more hyperchromatic than those of surrounding principal

cells and some cells showed c¡oplasmic granules-

Thymic tissue was included in ttre parathyroid gland of wombats, W6 and \Y12. In the

former animal, the rounded mass of thymus, meastued 0.9 mm in diameter, and was

positively identified by the presence of Hassalls corpuscles and the lack of nodules or

subcapsular sinus. Vascula¡ connective tissue partially separated the two tissues but in

several places thymic cells appeared to mingle with parathyroid cells without any obvious

intervening connective tissue (Fig. 6.3b). In wombat W12, adjacent to the parathyroid,

was a ttrymic lobe only slightly smaller than the gland; intermingling of the ¡vo tissues

appeared in one location.

In a specimen from wombat,'W1, there was an unusual encapsulated, nodular struchlre on

the surface of the otherwise normal parathyroid gland (Fig. 6.a). In the nodule

parenchymal cells were larger and more va¡iable in appearance than those in the other

parts of the gland. The large pale staining cells, many of which had a large vesicular

nucleus, were aranged in a reticulate endocrine manner. Some cells had large unstained

cytoplasmic inclusions; others had a granular appearance (Fig. 6.a). Compared with the
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rest of the parathyroid gland the nodule had more connective tissue cells and possibly

leukoc¡es accompanying the capillaries.

6.2.2.2 Light Microscopy - Koala

Thirteen parathyroid glands from six koalas were examined with the light microscope-

Resin sections (eight glands) stained with toluidine blue and paraffin sections (five

glands) were used- Glands were encapsulated but not lobulated- Minimal amounts of

connective tissue accompanied the numerous capillaries and surrounded clumps and

strands of principal cells. Mast cells were not conspicuous and failed to show intense

metach¡omasia with toluidine blue søining. In resin sections, most principal cells had a

simila¡ intensity of cytoplasmic staining; light and da¡k cells were not generally

distinguishable (Fig. 6.5a). Cells in clumps were oval or elongated with vesicular nuclei

placed towa¡ds the periphery of the clump. Perinuclear cytoplasm was often pale søining

or showed collections of vacuoles. Occasionally parenchymal cells with very pale

staining c¡oplasm or with numerous unstained vesicles were present (Figs. 6.5a & 6.5b)'

either scattered in emongst principal cells or in small clusters (Fig. 6.5b). In paraffrn

sections the cytoplasmic staining of parenchymal cells ranged from quite intensely

acidophilic to pale, patchy acidophilic. No ox¡phil cells were detected in the th¡ee glands

stained with Almann's technique for mitochondria. Sections stained with PAS and

amylase/PAS showed positively stained granules in some principal cells. Staining was

slightly less in sections treated with arnylase prior to PAS staining.

Follicles were observed in ten glands. Follicula¡ content was homogeneous, PAS positive,

and acellular. It was srurounded by a single layer of cells varying from low cuboidal to

high columna¡. Cells in the laner category displayed panial polarity with eccentric nuclei

located towa¡ds ttre periphery of the follicle (Figs- 6.5a & 6'5b)'

6.2.3.1 Electron Microscopy - Wombat

Electron microscopy confirmed the light microscopic observations of a compact

arrangement of parenchymal cells. A thin capsule surrounded the gland and although

septa were absent, small blood vessels and even capillaries \ilere accomPanied by broad

bands of quite dense connecrive tissue (Fig. 6.6a). The unidentified intercellular

substance described in light microscopy (see section 6.2.2.1) had the ulnastructure of

collagen fibres set in a meshwork of fine, short, fibrils of unknown identity- (Fig. 6.6b).

The fibrils and collagen fibres were densely arranged with a notable pauciry of fibroc¡es

and such wide tracts of dense connective tissue \Ãrere unexpected to be along side small,

fenestrated capillaries. The fine fibrils appeared to extend from the basal lamina into the

band of collagen fibres (Fig. 6.6a). Patches of connective tissue cells, including mast

cells, and leukoc¡es were also present in the perivascular spaces @g. 6.7a); a basal

lamina separated parenchymal cells from perivascula¡ comPonents (Fig. 6.7a). Some
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glands appeared to show an infiltration of phagocytic cells where very irregularly shaped

cells were squeezed in between parenchymal cells (Fig. 6.7b).- They had many short

processes with many vesicles featured in the cytoplasm which was more electron dense

compared with that of parenchymal cells. Nuclei were hy¡lerchromatic, not lobulated and

similar sizes to nuclei of parenchymal cells (Fig. 6.7b).

Principal, oxyphil and transitional cells made up the parenchymal cell population. Cell

membranes occurred close together with desmosomes present between principal,

transitional and oxyphil cells (Fig. 6.8a). In certain regions around the cells the

membranes separated slightly forming small canaliculus-like structures (Fig.6.8b). These

canaliculi were distinguished easily from the apparent a¡tefactual shrinkage that $'as

present be¡veen some parenchymal cells in the central regions of the specimen block as a

result of inferior preservation (Fig. 6.9b).

Most specimens had both light and da¡k principal cells @g. 6.8b) but ttre majority of cells

showed medium density to the staining of the cytoplasm. Cell shape va¡ied from

polygonal to spindle (Figs. 6.7b &,6.8b); the round to oval nuclei were mainly vesicular

and there appeared to be no corelation be¡veen cytoplasmic density and the amount of

nuclear heterochromatin. Principal cells showed scant RER u¡ith narow cisternae (Fig.

6.8b) sometimes arranged in a whorl (Fig. 6.9a). Golgi bodies were seldom seen and were

quite small. Electron dense granules, identified as secretory vesicles, had an estimated

diameter 600 nm. They were in both light and da¡k cells and often occr¡rred in clusters

(Fig. 6.8b & 6.9a). In some cells there were very large (3.4pm), membrane-bound,

electron dense inclusions that occupied most of the cytoplasm (Fig. 6.9b). Lipid drbplets

were not uncoûrmon, appearing osmicated in some preparations and electron light in

others (Fig. 6.7a). The homogeneity of the lipid inclusions and the lack of unit membrane

distinguished them from ra¡ely seen lipofuscin granules. Mitochondria u'ere oval or

nrbular. Apa¡t from some being very long (one estimated to be 10pm), the morphology

$ras unremarkable.

Ox¡phil cells were seen in parathyroid glands from th¡ee wombats, V/1, W'2, and \V3.

Unforn¡nately the fixation of these specimens was not perfect resulting in some fine

structural details not being presened. Oxyphil cells were scattered singly among

principal cells. The central, round nucleus contained perhaps more heterochromatin than

principal cells. The cytoplasm was packed with mitochondria with a simila¡ appearance

to those in principal cells. No extra large, misshapen or tortuous mitochond¡ia were seen.

Few other organelles and inclusions were present apart from some peripheral gfanular

strucflues (Fig.6.10a).

Transitional cells were cha¡acterized by the presence of many mitochondria but not as

densely packed as those in oxyphil cells. The increased number of mitochond¡ia occurred
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with a diminished amount of cytoplasmic matrix, organelles, and inclusions compared

with a principal cell (Fig. 6.10b). Ribosomes, RER, and small secretory granules were

scattered in amongst ttre mitochond¡ia.

Ultrastructural examination of follicles confirmed light microscopic observations that the

cells lining the follicle were similar to pf¡renchymal cells and luminal contents had a fine

granular homogeneity. Cysts (Fig. 6.11a) were lined by one or two layers of cuboidal to

columnar cells, some of which showed polarity with the nucleus at the end of thE cell

fi¡rttrer from the lumen. Generally cells were similar to principal cells apart from perhaps

having fewer secretory granules and the presence of large cytoplasmic inclusions.

Interspersed among the lining cells were irregular, electron dense leukoc¡es and/or

macrophages (Fig. 6.1la) that appeared to be migrating to the lumen where simila¡ cells in

varying states of phagocytosis and degeneration were observed (Fig. 6.11b). Cell

membranes abutting onto the follicular lumen had short microvillous projections. At the

periphery, the colloid-like contents of the cysts often had round electron lucent

components that had similar appearances to the large c¡oplasmic inclusions of the lining

cells (Fig. 6.11b). The intraluminal leukocytes and/or macrophages showed many large

phagosomes, the contents of which were identical in appearance to that of the surrounding

"colloid" (Fig. 6.11b). Cells with lobulated nuclei were identified as neutrophils and those

with a single, comparatively larger nucleus were identifred as macrophages. The

cytoplasm of both cell types showed slender microvilli or pseudopodia associated with

phagocytosis. Many cells appeared to be degenerative because nuclei were

hlperchromatic and phagosomes appeared to be fusing or losing encasing membranes.

The nodule in a parathyroid gland from wombat Wl had a very unusual ultrastructure

(Fig. 6.12a). Many cells featr¡red an electron-lucent c¡oplasmic matrix with tiny electron

dense granules, approximately 140 nm in diameter and no more than a quarter the size of

secretory granules (600 nm) in the adjacent "nomal" parathyroid tissue. Interspersed

amongst the myriad of small granules were large empty vacuoles, lipid droplets, patches

of fine fibrilla¡ material, and mitochondria that lacked normal stn¡ctural organisation

(Figs. 6.12a e,6.t2b). Most cells had nuclei with more heterochromatin than parathyroid

principal cells but some nuclei appeared very active with abundant euchromatin (Fig.

6.12b).

Electron microscopic examination of the parathyroid gland from wombat, W6, confrrmed

ttre light microscopic observation that thymic and parathyroid tissues were intermingled

without intervening basal laminae. A defrnite junction betu/een the ¡vo tissues was

difficult to locate because of the inclusion of lymphocytes in amongst parathyroid

principal cells but long, thin cytoplasmic processes of presumably epithelial reticular cells

could be identified with mainly one tissue type on either side @ig. 6.13). The thymic

tissue appeared to be functional judging by the appe¿¡rance of macrophages actively
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engaged in píragocytosis of presumably defective thymocytes (Fig. 6.13) and the t¡pical

arr¿ngement of thymocytes, epithelial reticula¡ cells and Hassall's bodies.

6.2.3.2 Electron Microscopy - Koala

The ultrastructure of the koala parathyroid gland was compiled from viewing sections of

five glands from three animals (koalas #L, #2, and #5). The parenchymal cells were

compactly arranged with relatively straight bounda¡ies and few interdigitations. The

cytoplasm of most cells showed simila¡ light to medium staining intensity making light

and dark cells indistinguishable (Fig. 6.14a).

Cells often expressed limited polarisation with the vesicula¡ nucleus being eccentric and

vesicles clustering towards the other end @g. 6.14b). Granules and inclusions presented

a variety of appearances ranging from small electron dense secretory granules (200 - 400

nm) (Fig. 6.15a), to larger heterogeneous lysosomes (Fig. 6.15a), lipid inclusions and

finally to the very large vesicles that were 4.5pm in diameter and dominated the

cytoplasm (Fig. 6.15b). The large vesicles were either unstained or had fine granular

contents; cells with single, large vesicles usually had no or few smaller granules @g.

6.15b). Cells with large vesicles were usually part of follicles.

Other organelles and inclusions besides granules and vesicles did not have unusual

features. The Golgi bodies were small and poorly deveþed and rough and smooth

endoplasmic reticulum were relatively sparse. Occasionally the lumina of the

endoplasmic ¡eticulum were distended (F1g. 6.16a). The number of mitochondria per cell

was va¡iable but no cell with the appearance of an oxyphil cell packed with mitochondria

was present. Apart from mitochondrial inclusions seen in one gland (Fig. 6.16b)'

mitochond¡ia were unremarkable in appearance.

Follicles were present in four of the five glands exa¡nined with the electron microscope.

They were lined by one or two layers of parenchymal cells and some cells had short

microvillous processes projecting into the centre. The fine granula¡ contents of the

follicles were similar in appearance to the large vesicles in some parenchymal cells (Figs.

6.15b & 6.17). This material was a coltoid-like product. Canaliculus-like structurcs werc

present between adjacent lining cells and the follicular cells appeared perhaps to have

fewer secretory granules than other parenchymal cells. The presence of the intercellula¡

canaliculi and the similarity in the appearance between the contents of the follicles and

large intracellular vesicles suggests the follicular cells produce and store the colloid-like

material of the follicles before secreting it into the tiny intercellula¡ canaliculi and then

storing it extracellularly.
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63. Discussion

6.3.1.1. Anatomy - Wombat

From the cu¡rent study it appears that in the wombat, L. latifrons, parathyroid Itr is

located in the vicinity of the carotid bifurcation and parathyroid IV is in the mediastinum.

Failure to locate parathyroid Itr in some specimens was probably because insufficient

tissue was sampled. Due to the diverse interests of the resea¡chers who took specimens

from the culled wombats, there were some limitations associated v¡ith obtaining suitable

tissue samples. Also difficulties \{rere encountered by the presence of blood

haemorrhaging from the major vessels in ttre area of interest. The location of parathyroid

IU in the adult wombat is simila¡ to that in the embryo where the anlage of the gland

migrates from the third pharyngeal pouch to ttre ca¡otid bifurcation (Fraser, 1915).

The finding of a thoracic thymus in the wombat is conrary to previous studies

(Symington, 1898; Fraser, 1915; Yadav, 1973) where its absence has been recorded in

thirteen out of sixteen animals. Fraser (1915) examined serial sections of embryos

whereas Symington (1893) and Yadav (1973) viewed histological specimens selected

from dissections of the mediastinum. It is quite possible that in the laner method, small

thymic strucfires may have been overlooked. When the results of the cturent study are

added to the existing information then it can be stated that a thoracic thymus has been

detected in frve out of eighteen (287o) wombats exanined. Thus the cr¡¡rent study does

not strengthen the hypothesis, proposed by Yadav (L973) that a thoracic thymus is absent

in wombats.

The presence of parathyroid Mn one of the two mediastinal sanples dissected reflects a

similar frequency of occurence noted by Fraser (1915) where parathyroid fV was

detected in three of five embryos. However the absence of the gland in one specimen in

the current study may be because it was overlooked in disseætion.

63.1.2. Anatomy - Koala

The examination of six koalas has shown that there appear to be four parathyroid glands

located in the neck of the koala Presumably parathyroid Itr and parathyroid fV occur on

either side with the former gland more cephalic in location. Failrue to find glands in some

animals was possibly related to insufficient tissue sampling at the post-mortems although

it may reflect either failure of development of parathyroid IV or a caudal location of

parathyroid IV in the mediastinum. Studies on the development and migration of

parathyroid w in koala embryos and pouch young showed that it failed to develop in five

out of nine specimens and had a variable location from near the thyroid to the origin of the

carotid arteries @raser, 1915). The current study revealed a higher incidence of

parathyroid IV in the koala" i.e. two glands were found on one or both sides in four out of
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six animals (617o),compared with ttre earlier study by Fraser (1915) where parathyroid IV

was identified in four out of nine (44Vo) specimens.

The lack of a thoracic thymus in all three mediastinal specimens examined in the curent

study supports the earlier observations that have been made by Johnstone (1898)'

Symington (1900) and Fraser (1915), but is in disagreement u/ith Yadav (1973) (see chap.

2, Literature Review, section 2.4.2). In summarising the curent and previous studies, a

thoracic thymus has been found in only three out of twenty (157o) specimens exa.mined,

suggesting that it is usually absent in the koala-

6.3.2.L. Light Microscopy' V9ombat

The intercellula¡ material that was seen in the pericapillary regions of the parathyroid

gland was negative with PAS and alcian blue staining but slightly metachromatic with

toluid.ine blue (See Table 6.2). These results suggest glycans were probably not a major

component of the intercellular material. Mast cells $rere metachromatic in resin sections

stained with toluidine blue but failed to give positive reactions to all the glycan staining

tests applied to paraffin sections (See Table 6.2). This variability in staining can partly be

explained by the methods of tissue fixation and preparation. Most specimens embedded

in resin, were fixed promptly after death, whereas autolysis occurred during the time

elapsed between death and fixation of paraffin embedded tissue samples. Hence mast

cells were well preserved in resin sections, but poorþ in paraffin sections. The fixation of

mast cells may have been better with forrraldehyde/glutaraldehyde electron microscopic

fixative ttran with fomralin.

The results of staining principal cells with PAS and amylase/PAS suggested that a small

proportion of PAS positive granules were glycogen but most contained glycans resistant

19 amylase digestion. The lack of staining with PAS after a-ylase treatment in the

positive control section of liver demonstrated the validity of the technique. The luminal

contents of follicles and cysts contained glycans with a simila¡ staining pattern to that of

the majority of granules in the principal cells suggesting a link between the two. The

colloidat substance may be a product of the principal cells lining the follicles and cysts.

Follicles and cysts a¡e discussed in more detail in chap. 11., General Discussion, section

11.3.

With the light microscope, oxyphil cells were relatively inconspicuous in the wombat

compared with their distinct appearance in other mammals including humans (Roth and

Schiller, L976; Delellis, 1993). In fact their presence in resin sections was realised only

after they had been detected with the electron microscope. In human parathyroid glands,

oxlryhil cells a¡e larger and have a more hyperchromatic nucleus compared wittr principal

cells and often form large clumps. In routine paraffin sections they stain with intense
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acidophilia @elellis, 1993; personal observations) whereas in resin sections, stained with

toluidine blue, ox¡lhil cells a¡e darker staining than principal cells and have a fine,

çsmpac! granular appearance to the c¡oplasm (personal observations). In the wombat,

ox¡phil cells were only detected in animals from which resin sections $'ere prepared- In

these sections, stained with toluidine blue, oxyphil cells were scattered amongst the

principal cells, not in clumps and differed from human oxlphil cells in that the cytoplasm

was filled with fine vesicles instead of dark staining compact granules. No suggestion for

this difference in staining of the mitochondria with toluidine blue can be offered.

The appearance of the nodula¡ stn¡cture in wombat V/l is discussed below in section

6.3.3.1.

Thymic tissue associated with the parathyroid gland in wombats \Y6 and W12 was

presumably derived from the third pharyngeal pouch, the sane embryonic site as

parattryroid m. If intermingling of the two cell tlTes occured early in development' then

ttrymic tissue would migrate with the parattryroid Itr anlage to the observed location near

the carotid bifurcation (Fraser, 1915; Fraser and Hill, 1915; Adams, 1955). The fact that

thymic tissue was found in only two of twenty-three specimens reflects the general

consensus tt¡aq in the wombat, the third pouch has little or no input to thymus III @raser,

1915; Yadav, 1973).

63.2.2. Light MicroscoPY' Koala

The light microscopic structure of the parattryroid glands of koalas was similar to that of

many other animals (Roth and Schitlel 1976) except for the frequency of follicles (ten of

thi¡teen glands) and the numerous unstained vesicles in the principal cells. Follicles are

discussed in more deøil in chap. 11., General Discussion, section 11.3 and the unstained

vesicles are discussed below in section 6.3.3.2.

Subtle differences were present in the light microscopic structlrre of the parathyroid

glands from wombats and koalas. For example, the wide tracts of dense connective tissue

in the wombat gland were absent in the koala where minimal connective tissue elements

were present. Cysts were quite cornmon in the wombat but not found in the koala-

Similarly no thymic tissue was associated with the koala parathyroid. In fact, of the

marsupials studied in the curent project, the bandicoot (see chapter 5) and the koala were

the only species in which thymic and parathyroid tissues were not occasionally mingled-

Finally the presence of oxyphil cells in the wombat was a featue not sha¡ed by other

marsupials. These differences suggest that perhaps the closeness of the ¡vo phascolomid

species in the phylogenetic scale is of less consequence in determining stn¡cture of the

parattryroid gland than the diverse influences of diet, habitat and other factors. Simila¡

conclusions have been reached in the reptilian families, Chelonia (turtles and tortoises)
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and Lacertilia (liza¡ds) where correlations between parath¡'roid stn¡cture and phylogenetic

homologies are less apparent than the correlations between parathyroid stn¡cûre and diet

and habitat (Srivastav et al., 1995).

63.3.1. Electron Microscopy' Wombat

Ultrastructural studies revealed imperfect fixation in some animals. Again the

circumstances under which the specimens were obtained sometimes imposed delays

benveen the death of the animal and immersion of tissue in fxative. Also if frbrofatty

tissue covered the parathyroid gland then the penetration of the fixative was impaired and

autolysis ptesent. The lack of prompt fixation possibly contributed to the crenated

appearance of the parenchymal cells in V/9 and the lack of mitochondrial detail in animals

Wl, W2, andV[3.

The wide tracts of dense connective tissue that accompanied the vascular supply in the

wombat parathyoid gland were unusual. The presence of many fine electron dense fibrils

in amongst the collagen fibres may have accounted for the unusual flocculent appearance

of the connective tissue in light microscopy. The composition of these frbrils \Yas not

identified but from their morphology and staining characteristics, they probably belonged

to the collagen family of proteins rather than connective tissue proteoglycans.

The identity of the numerous phagocytic cells which we¡e seen in some pÍ¡rathyroid

glands remains an enigma although the suggestion of macrophages was made in the

results (section 6.2.3.L). Cells with these characteristics were confined to the parathyroid

gland; they were not present in the adjacent tissue samples, suggesting their presence $'as

related to an localised intraglandular condition. Other possible identities that were

considered for these cells included mast cells, neutrophils and pylnotic principal cells.

They were identifred as macrophages because of their long c¡oplasmic processes and

numerous granules that, unlike mast cell granules in the same sections, were not

metachromatic with toluidine blue. The large, non-lobulated nuclei were also more

cha¡acteristic of macrophages rather than neutrophils. Simila¡ cells appea¡ed to be

migrating into the lumina of cysts. Numerous macrophages have not featured in

descriptions of parathyroid glands in health or disease (Nilsson, t977; Delellis, 1993;

Cinti and Sbarbati, 1995). Perhaps they have a phagocytic role in the lumen of cysts and

move through the parenchymal cells in their passage from the vasculü system to the

cysts. However structural evidence for this function was lacking because areas adjacent to

cysts did not appear to have higher densities of these cells.

Another explanation for the presence of these electron dense, irregular shaped cells is that

they do not have a haemopoietic origin at all. Instead, they represent dying parenchymal

cells. The very hyperchromatic nucleus is consistent with pyknosis but not the long
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cytoplasmic processes and numerous, intact vesicles. If ttre cells were pyknotic then,

¿5srrming the tissue is normal, a small number of mitotic cells would be expected to be

seen so ttrat cell population numbers can be maintained- Of course the number of cells

seen in mitosis will be far less than pyknotic cells because the mitotic phase for cells is

much shorter than pyknosis (Alberts et al., 1994). However no mitotic cells were seen in

any section of parathyroid tissue. Although ir¡formation pertaining to the rate of nrnover

of parathyroid principal cells has not been found in the literature the mitotic index

indicates a long lifespan. In the rat parathyroid gland, the mitotic index, i.e. the mean

number of cells in mitosis per mm3 of parenchymal tissue, has been estimaæd as 1.2 t 0.3

Qlansson et al., I97L).

In the cu¡1ent study of marsupials and monotremes, ox¡lhil cells have been detected in

the parathyroid glands of only wombats. Many hypotheses have been proposed for the

formation of ox¡phil cells in parathyroid glands and these have been reviewed in chap. 2,

Literatr¡re Review, section 2.8. Whettrer the occunence of oxyphil cells in L. latiftorc is

related to increasing age or results from its unique physiology is not known.

Unfornrnately ttre increased incidence of oxyphil cells in elderly wombats cannot be

investigated because no known method exists for determining the age of maure wombats-

The dentition does not show specific age-related patterns due to both the incisors and

mola¡s being open-rooted and growing continuously throughout life (Wells, 1989).

Captive wombats have an average life expectancy of about 20 years Cfriggs, 1988) that is

similar to the lifespan of other herbivorous mammals (cows, horses) in which oxlphil cell

numbers have been related to increasin g a1e (Roth and Schille4 1976). However, the

\ilestern grey kangaroo , Macropus fulíginostu, is a herbivore with a simila¡ life-span to -L.

latífrons and no oxyphil cells were found in this marsupial (see chapter 8). This raises

questions into what is different in the physiolory of L. latifrons compaled with M.

fulígínosus to account for the unique presence of oxyphil cells in the former species.

Compared with the kangaroo, the wombat has a much better water conservation

mechanism and is able to exist without drinking water. Hot, low humidity conditions of

day-time a¡e avoided in the protection of cool, moist burrows and water loss is minimal

due to reabsorption of water from the kidney tubules and distal colon. Of all m4mmals,

the hairy-nosed wombat produces the driest faecal pellets (Wells, 1989). A suggestion is

made that the exceedingly low water turnover rate and the relative longevity of L.

tatifrow impose certain demands on the parathyroid glands that ¡esult in ttre manifestation

of oxlphil cells.

The unusual nodula¡ structure (Figs. 6.4,6-l2a & b) that was present in a parathyroid

gland from wombat Wl was probably pathological and not representative of the normal

histology. Cellula¡ ultrastructure was distinctly different from the surrounding parathyroid

principal cells and there was increased leukocytic infiltration. The patches of

tonofilaments and increased number of secretory(?) granules that were observed in the
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current study have previously been described as features found in primary

hyperparathyroidism and parathyroid adenomas in humans (Delellis, 1993; Cinti and

Sba¡bati, 1995).

The apparent mingling of thymic and parathyroid tissues has been noticed in many

marsupials, not just wombats, in ttris cunent study and consequently is discussed in chap.

11, General Discussion, section 11.5.

6.3.3.2. Electron Microscopy ' Koala

The ultrastn¡cture of the parathyroid glands in the koala i5 similar to that described for

many mammals (Roth and Schiller,1976). The unusual featr¡res a¡e the prevalence of

follicles and the presence of lipid inclusions and large pale staining vesicles in the

parenchymal cells. Lipid inclusions were widespread in the parenchymal cells whereas

cells with large vesicles were mainly associated with follicles. Follicles are infrequently

encountered in parathyroid histology (Roth and Schiller,1976; Nilsson, L977; Delellis,

1993; Cinti and Sba¡bati, 1995). In the current project, of all the marsupial parathyroids

slaminsd, follicles were most common in the koala. The possible origin and function of

parathyroid follicles a¡e discussed in more detail in chap. 11, General Discussion, section

11.3. The number and size of lipid inclusions in the parenchymal cells were unique to the

koala compared with parathyroid glands from other marsupials. Lipid droplets are

relatively abundant in the resting phase of principal cells @oth and Capen, t974; Nilsson,

L977;Delellis, L993; Cinti and Sba¡bati, 1995). In the normal human parathyroid gland

80Vo ofprincipal cells have been shown to contain lipid droplets and the reduced amount

of lipid has been used as a criterion to classify hyperplasia and adenoma (Cinti and

Sbarbati, 1995). However it is acknowledged that ottrer factors besides secretory activity

influence the number of lipid droplets. For example, a study on the effects of insulin

deficiency and parathyroid function and morphology in rats showed normal parathyroid

functions but increased amounts of lipid in the principal cells @ertoni et al., 1988). Iri

view of this information on the quantity of lipid droplets in principal cells two

explanations are offered for the prominence of lipid in koalas. Either the accumulated

lipid represents a peculiarity of the species and is unrelated to secretory cycles or the koala

has a high percentage of cells in the resting phase of the secretory cycle, reflecting a low

glandular activity.

The link between the colloid-like material of the follicles and the large intracellula¡

vesicles of the lining cells, that was suggested in the results matches similar proposals

made for human parathyroid glands (Cinti and Sbarbati, 1995). However these

resea¡chers concluded that the colloid-like substance had both a lipid and colloid nan¡re

whereas in the current snrdy the total lack of osmiophilia indicated lipids were probably

not p¿trt of the stored material. Canaliculi were suggested as the means of tansport for the
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secretion from principal cells to the follicula¡ lumen. A simila¡ mode of intercellula¡

transp-ort has been identified in ttre parathyroid gland of the rat ('V/ernerson et al., 1995)

where a three-dimensional study revealed an intercellular pathway for secretion released

from a¡eas of membranes quite distant from capilla¡ies.
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Plate 6.1. Light microscopy of wombat parathyroid'I

Fig. 6.1a Shows the compact aÍangement of lig[t ar¡d da¡k principal cells and quite

substantial amounts of connective tissue that accompany the capillaries. Mast cells

(arrows) arc present in ttre pericapillary tissue.

llrm resin sectiòn, toluidine blue

Wombat\tr/l

Bar: 10Um

Fig.6.lb.Showsttratallparenchymalcellshaveasimil¿¡intensityofcytoplasmic
staining and that the abundant extracellula¡ material (E) is compactly arranged in the

perivascular areas. Note that the two follicles are lined by cells identical to parenchymal

cells.

lpm resin section, toluidine blue

WombatWl
Bar: 20ttm
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Prate6.2.Light-ï:ï:iJ"iJ."å:atparathyroid'II

Fig. 6.2. Shows a follicle and cysts that a¡e common components of parathyroid

glands. Note, compared with ttre follicle, the cysts are larger, have irregular outlines, are

lined by cells usually different in appearance to surrounding principal cells and lipid

droplets as well as a variety of cells, including leukocyæs, are present in the lumen.

lpm resin section, toluidine blue

Wombat S/1

Ba¡: 30pm
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Plate 63. Light riricroscopy of wombat parathyroid - III
OxyPhil cells and thYmus

Fig. 6.3a Shows small, elongated, dark cells (C) interspersed wittr principal cells and

two oxyphil cells (O). Note that compared with principal cells, the oxyphil cells a¡e

larger, less elongated in shape and have an even distribution of fine vesicles that are

thought to be mitochondria.

l¡rm resin sertion, toluidine blue

\V'ombatV/2

Bar: 5¡tm

Fig. 6.3b. The low power micrograph illustrates the mingling of thymic and

parathyroid tissues. In the centre of the micrograph, no obvious connective tissue ba¡riers

separate thymus Qeft) from parathyroid (right).

lpm resin section, toluidine blue

WombatW6

Ba¡: 50Um
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Plate 6.4. Light microscopic structure of nodular structure in parathyroid gland

in wombat TVl

Fig. 6.4. Shows the nodula¡ sûucture, found associated with a parathyroid gland in

wombat, Wl. Large, pale vacuolated cells, connective tissue cells and leukoc¡es form a

reticulate endocrine stn¡cturc in the nodule.

l¡rm resin section, toluidine blue

V/ombat\Ml

Bar: 20pm
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Plate 65. Light microscopy of koala parathyroid

Fig. 6.5a. Shows the t¡pical reticulate endocrine stn¡cture of the koala parathyroid

gland. Cells a¡ranged in clumps (C) show obvious polarisation with nuclei placed

peripherally. Occasional cells are very pale but most have a fine granular c¡oplasm. In

the centre of the micrograph is a follicle (F) ttrat has been cut through its periphery. The

lining cells also show polarisation.

lpm resin section, toluidine blue

Koala #2

Ba¡: 10pm

Fig. 6.5b. Shows an area where there a¡e numerous pale staining cells with vacuoles

and parts of two large follicles lined by low cuboidal cells. Follicula¡ content is

homogeneous and acellula¡.

lpm resin section, toluidine blue

Koala#2

Ba¡: 10Um
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Ptate 6.6. LJttrastructure of pericapillary tissue in the wombat parathyroid

Figs. 6.6a. & 6.6b. The electron micrographs show the wide pericapillary area packed

with a meshwork of collagen and fine interlacing frbrils (F) that appear to be associated

with the basal laminae and collagen frbres.

Wombat \Y8

Ba¡: lpm @g. 6.6a)

400nm (Fig. 6.6b)
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plate 6.T. LJttrastructure of non parenchymal cells in the wombat parathyroid

Fig. 6.7a- Shows a mast cell (M) in the connective tissue adjacent to a capillary.

Most of the granules in ttre mast cell are large and electron dense. Mast cells are quite

numercrus in the parathyroid gland-

rWombat Wl
Ba¡: l¡tm

Fig. 6.7b. Shows electron dense, irregular shaped cells (C) in amongst parenchymal

cells. Note the slender cytoplasmic processes, the single large h¡perchromatic nucleus

and the many cytoplasmic vesicles, features indicative of macrophages.

lVombat W2

Ba¡: 3¡rm
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Plate 6.8. LJltrastructure of wombat parathyroid'I
Desmosomesr light and dark cells

Fig. 6.8a- Shows an oxlphil cell packed with mitochond¡ia and closeþ adhered to an

adjacent cell by a desmosome.

V/ombat W3

Bar: 0.5pm

Fig. 6.8b. Shows principal cells with different electron densities. Small canaliculus-

like structures (C) intemlpt ttre closeness of the adjacent cell membÍanes. Note electron

dense secretory granules a¡e in both light and dark cells and the relative scarcity of RER.

V/ombatV/6

Bar: l¡tm
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Plate 6.g. LJttrastructure of wombat parathyroid'tr
Polarity and vesicles

Fig. 6.9a. Shows the elongated principat cells cut transversely. The nucleus occupies

most of the sross section area of the cells. Except in the perinuclear area most cells show

secretory granules, mitochondria and scant a¡riounts of RER. The central cell has RER

arranged in a whorl.

lVombatV/3

Ba¡: 2¡tm

Fig. 6.9b. Shows cellula¡ shrinkage related to poor fixation. Note three types of

inclusions: the small electron dense secretory granules (E), the lipid inclusions (L) and the

very large vesicles (V).

V/ombatW9

Bar: l¡m



j-.4

p



92

Plate 6.10. LJttrastructure of wombat parathyroid'm
Oxyphil and intermediate oxyphil cells

Fig. 6.10a. Shows an oxlryhil cell. The cytoplasm is packed with mitochondria,

almost to the compleæ exclusion of other cytoplasmic structures.

V/ombat W2

Bar: l¡tm

Fig. 6.10b. Shows a transitional oxyphil cell where compared with an ox¡phil cell

(Fig. 6.10a), mitochondria a¡e less numerous and other organelles and inclusions can be

seen in amongst the miochond¡ia

Wombat W3

Ba¡: 2¡tm
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Plate 6.11. Ultrastructure of cysts in wombat parathyroid

Fig. 6.1la. Shows a nafrow region of a cyst lined by principal cells and dark electron

dense cells (D) with numerous vesicles. The dark cells are interpreted as migrating to the

lumen.

Wombat W5

Bar: 3pm

Fig. 6.11b. Shows intraluminal cells in a cyst. In the macrophage (M), the nucleus is

hyperchromatic, and large phagosomes fill the cytoplasm. Note the contents of the

phagosomes (P) are simil¿¡ to both the round electron lucent area @) on the edge of the

colloid-like contents and to the large cytoplasmic vesicle (V) in the lining epithelial cell'

The lower cell (N) in ttre lumen of the cyst appeafs to be a neutrophil'

WombatW5

Ba¡: 3pm
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Plate 6.12. LJltrastructure of nodule in parathyroid gland in wombat wl

Figs. 6.12 a. & 6.l2b.The stn¡cture of the unusual nodule found in a parathyroid gland

from wombat Wl is shown in the two micrographs. Many cells show an electron lucent

c¡oplasm with numerous tiny granules, empty vesicles and lipid inclusions' Patches of

frbrilla¡ material (I) (tonofrlaments ?) are obvious'

V/ombat'Wl

Bar: 3lm (Frg. 6-L2a)

lPm (Frg. 6-r2b)
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Plate 6.13. LJltrastructure of parathyroid and thymus junction in wombat w6

Fig. 6.13. Shows thymic tissue (lower) separated from parathyroid tissue (upper) by

long thin processes of epithelial reticular cells @R). A lymphocyte (L) is pfesent in

amongst principal cells of the parathyroid gland and in the thymic tissue a thymocyte (I)

is enclosed within a macrophage (M).

WombatW6

Bar: l¡tm
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Plate 6.14. Llttrastructure of koala parathyroid gland'I

Fig. 6.14a. Illustrates the compact Íurangement of parenchymal cells and the lack of

light and da¡k cell categories. Lipid droplets and secretory granules are clustered within

the cells.

Koala#5

Bar: 2.5¡rm

Fig. 6.14b. Shows partial polarisation of principal cells with concentration of lipid

droplets (L) a¡d secretory granules (G) in c¡oplasmic areas adjacent to the secretory

surface and RER (R) clustered at the opposite ends of the cells. Lateral cell boundaries

have interdigitation and canaliculus-like gaps (arrows).

Koala #1

Bar: l¡tm



+)gr-



97

plate 6.15. Ultrastructure of koala parathyroid gland - tr
Secretory granules and large vesicles

Figs. 6.15a & 6.15b.Inclusions in the principal cells ranged from the electron dense

secretory granules (G) (200 - 400nm diameter) in the upper micrograph to the huge

elec6on lucent inclusions (Ð (a.spm diameter) in the lower micrograph' Large vesicles

were found only in cells near to or lining follicles. Well preserved cristae show in the

mitochondria of the upper micrograph as well as some RER with dilated lumina'

ribosomes and a residual body. Secretory granules are lacking in cells with the large

vesicles in the lower micrograPh.

Koala#5 (Frg.6.15a)

Koala#2 (Fig.6.15b)

Ba¡: 250nm (Fig. 6.15a)

lpm @ig. 6.15b)
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Plate 6.16. Ultrastructure of koala parathyroid gland'Itr

Figs. 6.16a. & 6.16b.The micrographs show the main ultrastn¡ctural features of the

principal cells a¡e the large lipid inclusions (L). The upper micrograph shows a small,

undeveloped Golgi body (G), the size of which is typical of the principal cells, and

associated dilated endoplasmic reticulum (D). The lower micrograph shows numerous

mitochondriq one encloses a granule.

Koala#1 (Frg.6.16a)

Koala*S (Ftg.6.16b)

Ba¡: 0.5Pm (Fig. 6.16a)

lpm (Ftg. 6.16b)
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Plate 6.lT. LJltrastructure of follicle in koala parathyroid gland

Fig. 6.17. shows the ultrastructure of a follicle. The contents of the large electron

lucent vesicles (V) of the lining cells are simila¡ to the luminal contents. Note the

canaliculus-like gaps (arrows) between the lateral membranes of the cells and the lack of

secretory granules.

Koala#2

Ba¡: 1pm
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Chapter 7

Parathyroid Glands in the Phalangerid
Marsuþiat, Tríchosurus vulPecula

7.1 Introduction
There is more pubtished information available on the parathyroid glands of

the brush-tail possum" Tríchosurw vulpecula, than on ttrat of any other

Australian marsupial. However this information is provided in only rwo

studies. One focused on the embryological development of the

parattryroid glands @raser and Hill, 1915); the other distinguished the

difference in location and structure between the carotid body and

parathyroid glands (Adams, 1955).

The brush-tail possum is the most coûrmon Ausfalian possunl It is about

the size of a domestic cat and its average weight ranges frrom 1.5 to 3Kg

for females and 2 to 4.5Kg for males (Snahan, 1983). Unlike most

Australian marsupials, the brush-tqil possum has adapted well to urban

life. possums are teritorial and in the establishment of territories for

juvenile lþssums, mortality rates can be high due to overcrowding, lack of

suitable sites for dens and stress (Green, 1984). Unfornrnately tolerance

to possuns living in urban properties is sometimes lacking and this results

in the removal of the animals. T\e23 possums used in this study on the

parathyroid glands all came from suburban Adelaide where they were

caught and relocated to holding cages at the Central Animal House of the

University of Adelaide.

Since the conditions of captivity were considered to be potentially

influential on the staæ of healttr and parath¡'roid morpholory at the time of

death then it is necessary to include a brief description of the housing of

the possums at the Central Animal House. Prior to 1990, possums that

had been trapped were all housed together for unspecifred periods in a

large cage with several nesting boxes available and the time spent in the

wire trapping cages wfis not recorded for individual animals. Since 1990,

each possum is kept in a wire trapping cage for less than 24 hours and is

then housed in a separate enclost¡re with a nesting box for periods not

exceeding 4 days. Nineteen possums' Pl to P19 were kept in the former

conditions and four Possums, P20 to P23,tn the latter conditions' Hence

before 1990, the unsuitable housing of possums may have led to a state of
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chronic stress in some possums and since 1990, possums unhealthy at the time of

could be identified.

The details of the techniques used for the morphological descriptions in ttris chapter afe

given in chap. 3, Materials and Methods. Seven possums were perfused with fixative' and

tissue specimens from the remaining 16 animars were immersed in fîxative. Thirty

paratrryroid III specimens were exa¡nined with the light microscope. some histological

sections were toluid.ine blue stained, resin sections; others were paraffin sections' stained

with haematoxylin and eosin or PAS. Electron microscopic studies were done on twelve

possums, three of which were perfused with a fixative suitable for electron microscopy (See

chap. 3, Maærials and Methods). Since parathyoid IV could only be located by examining

serial sections of large a¡eas of mediastinal tissue, it was not practicable to subject it to

ultrastn¡ctural studY.

7.2. Results

7.2.L. AnatomY

7.2.L.1. ParathYroid III
lnT. vulpecula,parathyroid Itr lay deep bilaterally in the ventral region of the neck in the

vicinity of the ca¡otid bifurcation adjacent to the laryrx. Parathyroid III was ovoid to

rectangular in shape. The mean maximum dimension was 2'5mm t 0'6 and the mean

minimum dimension was 1.2mm + 0.35. ventrally the gland rvas covered by infrahyoid

and sternomastoid muscles, the cervical thymus and the submandibular salivary gland

(Figs. 7.2a &b). Parathyroid III was never found near the ttryroid gland. In one possum'

p2, a third, small parathyroid gland was found in abenant thymic tissue near the left carotid

bifurcation, and very nea¡ but sepafate from, the common ca¡otid or its external or internal

branch (Frg 7.1). Table 7.1 shows the locations of 30 parathyroid glands in possums'

Table 7.L - Position of Parathyroid trI in Possums

Total number of glands - 30.

Toage of glands

50Vo

20Vo

L47o

137o

location

adjacent to the ca¡otid biftircation

a jacent to the cofnmon carotid, just caudal to the bifurcation

adjacent to the exæmal ca¡otid, just cephalic to the bifi¡rcation

just cephalic to the carotid bifurcation, in between the inærnal

and external branches

adjacent to the internal carotid, just cephalic to the bifr¡rcation
37o
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In addition to parathyroid Itr being located nea¡ the carotid bifurcation, other structures

similar: in size and shape by observation with the dissecting microscope also occurred in this

vicinity. Thus positive identification from ttre histological examination of sections was

necessfiry to distinguish smalt lymph nodes, aberrant thymuses, and ganglia from

parathyroid glands. The carotid body was a minuæ stn¡cture and could not be recognized as

a sepafate entity during dissection using a microscope (Fig' 7 '3a)' When parathyroid Itr

occurred between the internal and external ca¡otid arteries, it was cephalic to the carotid

body (Fig. 7.3a) which occr¡rred in the conjoined adventitial layers of the two ca¡otid

arteries. Histologically, the ca¡otid body had more abundant sinusoidal capillaries and the

epitheloid cells were smaller ttran the parattryroid parenchyrral cells (Fig' 7'3b)'

7.2.1.2. ParathYroid IV

The location and number of parathyroid w in possums were investigated in ten animals.

Unlike parattryroid Itr, parathyroid Mid not occur in a constant position and unless serial

sections of the ventrocephalic mediastinum and caudal regions of the neck a¡e examined

microscopically, this gland is easily overlooked- Of tlre ton possums examine4 at least one

parathyroid IV was found in mediastinal tissue in eight animals' Descriptions of

parathyroid IV from the serial sections are summarised in Table 7 -2. Two parathyroid IV

specimens were found in possums Irl and P8 and three glands \r'ere found in possum P2'

Table 7.2 - Pa¡athyroid IV in Possums

animal #
P2

P3

P4

P5

P7

P8

P9

Pt2

number descriPtion

3 AII were pfesent in the same thymic lobe. Each was ovoid and

separate from the other glands (see Figs' 7 '4a &' b)' The

ma¡<. diam. of the glands were 0'2mm,0'5mm' and 1'2mm'

1 I-ocated in adipose tissue, adjacent to th¡anus'

1 I-ocated at the periphery of, but sepafate from' an involuted thymus'

L l-æated at ttre periphery of a ttrymic lobe'

2 Each gland was in sepf¡rate lobes of the thoracic thymus. Serial

sections ¡evealed no connections be¡¡¡een the two stn¡ctures

which were seParated bY 5mm.

2 The two glands were 6mm apafL One was ovoid in connective

tissue (Frg. 7.,tc); the other, associated with thymic tissue.

I The gland was located dorsolaterally to the left common carotid'

approximatelyTmmcephalictottreofignofthisvessel.

lTheglandwaswithinalobuleofaninvolutingthymus.
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7.2.2. Light Microscopy

7.2.2.1. ParathYroid III
The glands displayed a reticulate endocrine stn¡cture with epithelial cells prcsent in clumps

and strands, separated by numerous capillaries (Fig. 7.5a). A thin capsule su¡rounded the

gland and delicate, PAS-positive reticular frbres supported the parenchymal and vascula¡

rissue (Fig 7.5b). Each gland was devoid of lobulation, had a compact arangement of its

cells and fat cells were absent from the interstitial reticula¡ tissue'

ln L6Vo of 30 parath¡noid Itr specimens, thymic tissue was associated with the endocrine

stn¡cture. Either fragments of thymic tissue were present at the periphery of the glands (Fig

7.6b) or in one case, possumP2,parathyroid III was completely surrounded by thymic

tissue which also intruded into the gland (Fig. 7.6a). The nature of the l¡'rnphoid tissue was

confirmed as thymus by the presence of Hassall's corpuscles in some situations (Fig.

7.6d). The delineation between parathyroid and ttrymic tissues was indistinct in several

cases and gave the appearance of the intermingling of the two tissues (Fig' 7'6c)' The

electron microscopic studies that are reported in section 7.2.3-, describe the junction

between ttrymic and parathyroid tissue in more detail'

Follicles and cysts \ilere seen n t2.5To and257o respectively of the parattrpoid Itr samples-

(Follicles and cysts were defined in chap. 2,Litetary Review, section 2'5'l)' The cells of

the small, spherical follicles $¡s¡s 5imilar, but sometimes flatter, to principal cells (Figs'

1.ta &b). The luminal dia¡neters were less than 150pm and the structureless, weakly

acidophilic contents were PAS-positive.(Fig. 7.5b). Some cysts were large spherical

structures; others were irregularly shaped. The minimal diameter of the cysts lvas 300pm'

Although some cysts were emptY, they usually contained pale acidophilic, amorphous

material in which leukocytes and large frothy cells could be seen (Figs. 7.7c &d\ cysts

were lined by cuboidal or columnar cells. In some cysts (Figs 1.7d).the epithelium was

pseudostratified columnar ciliated epitheliurn" reminiscent of respiratory epithelium"

parenchymal cells appeared to be mainly principal cells. No intensely acidophilic cells,

indicative of oxyphil cells were pfesent but some water-clear cells were observed in

toluidine blue stained resin sections from possums pll. p12, and P13 (Fig. 7.9a). In resin

sections, the water-clea¡ cells contained large vacuoles that were not osmiophilic (Fig'

7.9a). In some but not all resin sections, principal cells could be further subdivided into

light and dark cells. The ¡1ryo cell types seemed to be randomly arranged and did not occ¡r

in clumps.
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7.2.2.2. Parathyroid IV
The histological structure of parathyoid IV was essentially the same as that of parathyroid

III, except that the former glands were smaller and devoid of cysts and follicles. Eight of

the ¡velve parathyroid IV glands were associated with thymic tissue (Figs. 7 .4a &b).

7.2.3. Electron MicroscoPY

The ultrastrucn¡re of 23 parathyroid Itr specimens from twelve possums' three of which

(p10, p11, pl5) were perfused with fixative, revealed that the vast majority of parenchymal

cells appeared to be principal cells; ox¡phil cells were not presenl \V'ater+lear cells were

identified in possums p11. p12, and P13. Principal cells showed variations in their

cyroplasmic density and light cells (Fig. 7.8a) could be identified in most specimens.

However, most principal cells had a moderaæly dense staining cytoplasm and no light cells

could be distinguished in ttre parathyroid glands from the three possums, P10, Pl1, and

P15, fixed by perfusion (Fig. 7.8b)-

The round to polygonal, mono-nucleated principal cells were slightly less than nvice the

diameter of the nucleus which generally exhibited extensive euchromatin and a prominent

nucleolus (Fig. 7.gb). only one example of a multi-nucleated parenchymal cell was

observed in all the sections exa¡nined (Fig. 7.9b). The plane of section revealed three

nuclei, two of which had nucleoti. The cytoplasmic contents of the very large cell were

similar to the adjacent mono-nucleated cells. Light cells appeared to be slightly larger than

the other principal cells. Cellula¡ outlines were generally somewhat iregula¡ with the

interdigitation of short microvillous processes (Figs. 7.LOa & 7.10b ). Desmosomes wele

also numerous between adjacent cells (Fig. 7.10a). In specimens from possums Pll
(perfrrsed with fixative), and particularly P12 (immersed in fxative), the inærcellul¿¡r space

appeared to be greatly increased, resulting in short microvillous Processes becoming

attenuated and giving very irregula¡ outlines to the cells @g' 7'9b)' In specimens from

p11, the irregular outline of the cells and the increased interstitial space were more

pronounced in the centre of the sections rather than at the periphery Gig. 7.9c) suggesting a

fixation a¡tefact was responsible for the appearance'

Most cells appeared to have moderately electron dense cytoPlasm with polyribosomes and

glycogen granules (Fig. 7.10a & 7.11b). Mitochond¡ia were evenly dissibuted throughout

the cytoplasm and their matrix was slightly more dense than the c¡osol. Cristae formed

shelf-like projections. The mitochondria seemed to be quite elongated, sausage shaped

structures (Fig. 7.sb); some resembled u-tubes, others were slightly tortuous.

The Golgi appa¡atus was notpronounced and often it was not seen in the parenchymal cells.

It consisted of several flattened cisternae with associated vacuoles, vesicles and immatu¡e

secretory granules (Fig. 7.10a). The amount of RER and SER va¡ied from cell to cell
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(Figs. 7.10b & 7.11a). Some cells showed moderate amounts of RER (Fig' 7'11a)'

whereas other cells seemed almost totally devoid of this organelle ffig. 7.8a). $imil¿¡ly tt¡6

amount of SER exhibited variations in abundance. Cells where SER was abundant showed

it to be present in fine tubular and vesiculaf components @g. 7.10b).

A variety of membrane bound vesicles rvas seen in ttre possum parathyroid gland. Sizes

ranged from the very small electron dense secretory granules (Figs. 7-10a & 7.10b ) to the

huge pale inclusions approximately 5pm in dia¡neter (Figs. 7.9b &'7.1lb) that occurred in

three possums. The most widespread type of granule was small with electron dense

contents and occasionally a halo occured between the granule and the encasing unit

membrane (Fig. 7.10b). The average diameter of ttrese gtanules was estimated to be

13$nm. These granules were assgmed to be secletory gfanules and were slightly less

coÍrmon in light cells.

Medium sized granules, ranging from 500nm to 900nm in diameter, included lysosomes,

secondary lysosomes, lipofuscin, and other forms of inclusion bodies (Figs' 7 '7b,7 '10a,

7.10b). Some granules had electron dense, homogeneous contents and were identifred as

primary lysosomes (Fig. 7.10a); others had a heterogeneous appearance often with

concentric lamella¡ stn¡ctures, typical of lipofuscin (Fig. 7.10b). One t¡pe of granule had

an electron lucent globular component which appeared to displace the elecnon dense

component to one side of the granule, creating an unusual effect (Fig' 7'10a)'

In three possums, PlL, PLz, and P13, large pale unit membrane bound structures

dominated ttre cytoplasm of some principal cells (Figs. 7.9b & 7.11b). These generally

rounded inclusions contained very fine granular material of unknown identity. Some of

these inclusions consisted of smaller structures that were separated by very thin partitions

and in two cells the contents of these inclusions appeared to be in the process of being

released from the cells. Apart from these huge c¡oplasmic stn¡ctures, the cells appeared to

be healttry and similar to other parenchpal cells. In some cells, the vacuoles seemed to be

dilated RER (Fig. 7.1lb) with ribosomes on rhe encasing membrane. The cells with these

vacuoles were identified as water-clear cells'

Ultrastructural studies confirrred the presence of minimal connective tissue within the

glands. Basal la¡ninae separated the parench¡rmal cells from connective tissue and vascular

components (Fig. 7.lta). The numerous capillaries were t¡'pical of fenestrated capillaries

found in endocrine glands. They had many pinocytotic vesicles and fenestrations which

had diaphragms covering the pores (Fig' 7'11a)'

Only one of the specimens that were processed for electron microscopy showed thymic

tissue associated wittr the parathyroid gland- The left parattryroid gland of possum P15 had

thymic tissue on the periphery of the section (Fig.1.lz). The thymus showed a t¡pical
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mammalian thymic structure with long cytoplasmic processes, presumably belonging to

epithelial reticular cells, encompassing lymphocytes. Hassall's corpuscles and

macrophages (Fig. 7.13a) were also present. Several macrophages showed morphological

evidence of phagocytosis with numerous short microvillous projections and pale staining

phagosomes. The gap berween the thymus and the parattryroid gland was extremely nalrow

insomeplacesandaninterveningbasallaminawasnotalwayspresent.However,the
attenuated processes of the epithelial reticular cells could always be recognized at the

periphery of the thymus (Fig.7.L2 &7.13b)-

7.3. Discussion

7.3.L. Anatomy
The usual number of parattryroid glands rnT. vulpecula appears to be fot[, arranged as a

cephalic pair, parathyroid Itr and a caudal pair, parathyroid IV. Parathyroid Itr is found in

ttre vicinity of the ca¡otid bifr¡rcation and parathyroid fV occurs in the mediastinum, often

associated with the thoracic thymus. These observations confirm earlier findings by Fraser

and Hill (1915) and Ada¡ns (1955).

The dimensions given for the parathyroid glands in this study are bound to be slightly

variable, depending on whether measurements have been made on fresh or fxed qpecimens,

and on whether fixation was by immersion or perfusion. However, the mean maximum

and minimum dimensions of parathyroid ltr, 'mz.,2.Srnrn and 1.2mm respectivelY, âro

simil¿¡'to those previously given by Fraser and Hill (1915): bí2.25 x 1.5mm; right, 2.0 x

l.ûxm, andAdams (1955):2to2.25 x I to 1-5mm.

Due to their va¡iable location, the only way the total number of the more caudally located

glands, parathyroid fV, can be deærmined is by cutting serial sections of the enti¡e superior

mediastinum, sectioning the major bra¡rches from the aortic a¡ch, the thoracic thymus and

the inærvening fibro-fatty tissue. Perhaps insufñcient tissue was taken from the possums in

the specimens where no or only one parathyroid fV was found. A possible explanation for

the presence of the thi¡d parathyroid IV which was observed in one possum' P2, is that

during embryological development, one of the caudally migrating parathyroid [V anlage

splits into two groups of cells. These groups then continued to develop separately within

the thoracic thymus.

The number and location of parathyroid IV in adult possums has been investigated

previously only by Fraser and Hill (1915) who examined two adult possums- In one

animal, foru .epithelial bodies' were found, two of which were locaæd in benveen thoracic

thymic lobes and measured 0.5 x 0.36mm and 0.72 x 0.67mm. The other 'epithelial

bodies' were embedded in the left thymus. In the other animal the left and right thymus

both contained two small 'epithelial bodies'. These minute structures were probably
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accessory glands formed by division of embryonic anlagen. Accessory glands are quite

coÍrm-on in humans; up to eight parathyroid glands have been found in dissections of the

neck (Roth and Schilleç L976).

7.3.2. LÍght MicroscoPY

The lack of fat and the compact arrangement of principal cells in the parathyroid glands

described in this shrdy on possums ars 5imi[af to the features of this gland in many other

species (Roth and Schiller, 1976). There has been only one other detailed histological study

of the parathyroid glands inT. vulpecula (Adams, 1955) and compared with the present

results, fewer va¡iaúons in the glandular structure were observed. In a study of nine

possurns, only trvo glands had unusual features. One included tfrymic tissue and a structure

described as a 'vesicle or foltcle' was observed in the other. This stn¡cn¡ral uniformity

contrasts sharply with the present study where thymic tissue and follicles or cysts were

found n 167o and257o respectively of parattryroid Itr specime¡5 s¡¡amin€d. The positive

identification of the thymus was based on the presence of Hassall's corpuscles (Fig. 7.6d)

ttrat appear to be a universal feanre of the thymus, including the marsupial thymus (Yadav'

lg73). Since follicles and cysts and aberrant thymic tissue were found in parathyroids fr'om

most other marsupials in the cturent study, they are discussed collectively in chap. 11,

General Discussion.

7.3.3. Electron MicroscoPY

In possums the presence of light and dark cells appeared to be influenced by the mode of

fixation. parenchymal cells in perfused specimens showed simila¡ cytoplasmic densities

whereas in specimens immersed in fixative, light and da¡k cells could usually be identified.

Da¡k cells are thought to represent the active phase in the secretory cycle (Rottr and Schilleç

Lg76)but in possums it seems that the proportion of light and da¡k cells in the parathyroid

may be artefactual. This finding supports other studies that have shown parathyroid

ultrasrn¡crure in dogs (Setoguti, t977) and in rats (Wild and Setoguti, 1995) is influenced

by methods of fixation and fixation by perfusion results in a lack of dark and light variants

of the principal cells In the current study the mode of fixation was shown to modify the

ultrastn¡cture of parathyroids of other marsupials besides possums and hence the factors

affecting the proportion of light and da¡k cells are discussed together in chap. 11, General

Discussion, section 1 1.4.

Descriptions of the ultrastructural changes in cells at different stages of the secretory cycle

include irregular outlines of active cells and straight membranes of inactive cells (Roth,

LgTg). However, these plasmalemmal va¡iations may be partially a¡tefactual and relate to

fixation. Faccini (1970) described straight cell membranes after osmium teEoxide fixation

and torn¡ous outlines after fixation by glutaraldehyde. In ttre present study, as all qpecimens

were first fixed with glutaraldehyde and post-fixed with osmium tetroxide, perhaps the
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irregularity of the plasmalemma has been accenn¡ated by glutaraldehyde fixation and does

not ac-curateþ reflect secretory activity.

The ultrastructure of the parathyroids that were fixed by perfusion, i.e. posst'ms P10, Pl1,

and pl5, showed considerable va¡iations in cellular profile and intercellula¡ volume.

Compared with the last specimen, the entire parathyroid from P10 had a shrunken

appearance to its cells and enlarged intercellular areas whereas in the gland from Pll only

centrally located cells were shn¡nken (See Fig. 7.9c). These feanues were interpreted as

frxation and processing artefacts. The osmolarity of glutaraldehyde solutions used for

fixation has been shown to influence ultrastn¡cture with hypertonicity resulting in shrinkage

and hypotonicity in swelling (Pea¡se, 1930). In possum P10 it is suggested ttrat the

shrunken appearance of the cells may have been the result of an inadvertent error being

made in the preparation of the perfusing and fixaúve solutions. In possum Pll it is

suggested that the duration of post-fixation in osmium tetroxide was too short, inner cells

\ryere not exposed to osmium tetoxide and were susceptible to shrinkage in the subsequent

dehydrating processes. However this explanation is not entirely satisfactory because

osmiophilic lipid inclusions were present in the central region which provided evidence that

osmium did penetraæ deep into the glands. Thus in conclusion, the shnrnken appearance of

the centrally located cells in the parathyroid from possum Pll is an artefact" the causes of

which a¡e unknown.

The large vacuolated cells that were seen in three possums were labelled water+lear cells

and not hyperplastic principal cells because they had greater simil¿¡[ry to the former

category. However it is realized that the label 'water-clear cells' may not be appropriate as

the vacuolated cells do not sha¡e alt the classical features of the unusual waterclear cells that

are most comprehensively described by Delellis (1993). Although they appeared to have

fewer and larger vacuoles per cell than water-clear cells described elsewhere, the fine

granular contents of the vacuoles and the smooth encasing membrane wefe very

cha¡acteristic (Sheldon,l964iRoth, L97};Hasleton and Ali, 1980; Emura et al., 1990). In

resin sections the vacuoles of water-clea¡ cells do not stain with toluidine blue @elellis,

1993); the same cha¡acteristic was noted in this study. Hyperplastic principal cells are

cha¡acterised by dilatedpale RER cistemae u¡ith iregularprofiles (Faccini and Care, 1965);

in ttris study only occasional vacuoles were studded with ribosomes and the profile of the

vacuoles was mainly spherical. Some cells had a large vacuole with ribosomes as well as

'normal'ngR Gig. 2.11a.). In hyperplastic parathyroid cells, all RER structures appear

dilated (Faccini and Ca¡e, 1965).

Water-clear cells almost never occur in normal human parattryroid glands (Roth, 1970) or

other vertebrate parathyroids except for their occasional presence in the golden hanster

@mura et al., 1990) and rabbit (wild and Setoguti, 1995). These cells were also found in

parathyroid glands from echidna (See chap. 9). In chapter 9 the proposed origins of the
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vacuoles a¡e discussed whereas in this chapær the physiological conditions that result in the

presence of water-clear cells in the parattr¡'roid gland are considered

In humans, the presence of water-clear cells in the parathyroids is most commonly

associated with secondary hyperparathyroidism due to chronic renal failure (Roth and

Ma¡shall, 1969: Malmaeus et al., 1984; Klahr et al., 1985) and rarely with primary

hlperparathyroidism (Sheldon, 1964 Roth, 1970). However chronic renal failure doesn't

always lead to hyperparathyroidism. A study by Hasleton and Ali (1980) showed that less

thanlzo of 700 cases of chronic renal failure involved secondary h¡perparathyroidism and

in these hlryerplastic glands no true water-clea¡ cells were seen in the variable ultrastn¡cttlre.

In summary, water-clea¡ cells are rarely seen in the human parathyroid gland and their

presence indicates a hyperplasia of the gland often associated with chronic renal failure.

However chronic renal failure has a va¡iable effect on parath¡'roid gland morphology.

In an attempt to explain the presence of water-clea¡ cells in a minority of possums, it is

postulated that these cells a¡e not prirt of the normal histology of the parathyroids in this

species but represent h¡perplasia of the glands. At the time of death, it was noted ttrat the

general condition of five possums, including the three animals whose parathyroids showed

water-clear cells, was poor. They appea¡ed to have mange, with ttreir coats in a poor

condition; ttrey had muscle wasting and lacked body fat. Unfortunately, no further

pathological investigations were deemed necessary at the time but, in retroqpect, it seems

feasible that these possums were suffering from chronic stress that could have involved

impairment of renal function and associated parattr¡roid abnormalities'

Stress can occur in possums that have been trapped and held in captivity' They afe not

gregarious animals and an important part of their behaviour in ttre wild is the establishment

of individual dens (Green, 1984). When possums are kept in captivity, particularly if they

a¡e in the same enclosure, some individuals will become stressed (Presidente' 1982).

Besides the physical signs of stress seen in pelage, weight, and behavioural changes, the

immunity of stressed possums is lowered and they become very susceptible to infectious

diseases (Speare et al., 1984). Blood-borne bacteria cause widespread infections and, if the

kidneys are implicated, renal malfunction may result and lead to secondary

h¡perparathyroidism. In secondary hyperparathyroidism in humans, the number of oxlphil

cells usually increases also (Hasleton and Ali, 1980; Malmaeus et al., 1984)' However' no

ox¡phil cells were seen in specimens from any possunt"

In the possum, the tissue components between parathyroid cells and lymphocytes of the

thymus appear not ahvays to include a basal lanina- Simila¡ structr¡ral relationships lvere

seen in several other ma¡supial species and these findings arc collectively discussed in chap.

11, General Discussion, section 11'4'
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Fig.7.l. Drawing of dissection of possum P13.

Fig. 7.1. Shows the ventral view of the right carotid bifi¡rcation wittr parathyroíd Itr
(P) just cephalic to the origin of the external ca¡otid and completely separate from the

thyroid (T). The structures have been slightly teased apart and moved laterally in order to

show them more clearly. The omohyoid (O), the sternomastoid (SM) and the cleido-

mastoid (CM) have been seve¡ed and reflected.

C - right common carotid artery

G - ganglion

J - inærnal jugularvein

D( - glossopharyngealnerve

X - vagus nerye and location of sympathetic trunk

(dorsal and mainly hidden).

Possum P13

Bar: 4mm.
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Plate 7.2. Álrmrtomy of the ventral neck in T' vulpecula

Fig.7.Za. Reflection of the skin and the platysma- Shows ttre right cervical thymus

(Th) which has been detached from surrounding connective tissue and the more

superficial muscles of the neck'

Bar: 8tnm.

Fig. 7.2b. The sternomastoid and cleidomastoid muscles and the cervical thymus

have been reflected. The omohyoid muscle (O) overlies ttre right coÍrmon ca¡otid úteryi

the bifurcation is shown by an a,,ow and it is in this vicinity that parathyroid Itr is found.

Bar: 5mm.

C - right common ca¡otid

CM - cleidomastoid muscle

D - digastric muscle

L -larynx

M - mastoid muscle

O - omohYoid muscle

SM - sternomastoid muscle

T - trachea

Th - cervical thYmus
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Plate 73. The carotid body in T. vulpeculø

Fig. 7.3a I-ow power view of a longitudinal section of the right carotid biftircation

(B). parathyroid m e) is rostral to the ca¡otid body (C). The gland is nea¡ but separaæ

from the adventitia of the carotid branches, whereas apart from the a¡tefactual tea¡, the

connective tissue a¡ound the carotid body is contiguous with the adventitia of the a¡teries.

Possum P6, paraffin section, H&E.

Ba¡: 0.3mm.

Fig. 7.3b. Shows the distinctive histological structure of the ca¡otid body in the

sha¡ed adventitia of the internal and external carotid a¡teries, just cephalic to the ca¡otid

bifurcation. There is a rich network of sinusoids and capillaries aÍiongst the epitheloid

cells.

Psserm P6, paraffin section, H&E.

Ba¡: 50pm
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Ptate T.4.Parathyroid fV in T. vulpecula

Fig.7.4a. shows parathyroid IV surrounded by thoracic thymus. The paler staining

principal cells of the parathyroid contfast with the small, dark lymphocytes of the

surrounding thymus.

Possum Y2,paralfin section, H&E'

Bar: 50Pm.

Fig. 7.4b. Shows another completely sepÍìfate part of parathyroid IV gtand in the

same thymic lobe ttrat appears in Fig. 7.4a. The alrangement of ttre thymus into cortex

and medulla is apparent in the upper part of the micrograph'

Possum P2, paraffin section, H&E.

Bar: 50Pm.

Fig. 7.4c. Shows parathyroid fV as a separate structure in the mediastinal connective

tissue and not associated with the thoracic thymus. The gland has principal cells aranged

in clumps and cords with the elongated nuclei of connective tissue cells and capillaries

spread throughout the gland.

Possum P8, Paraff,rn section, H&E.

Ba¡: 50Fm.
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plate 7.5. Light microscopic structure of parathyroid III in T. vulpecula

Fig. 7.5a The low power view shows the compact reticulate strructure of the

parenchymal tissue. The principal cells a¡e in clumps and strands. A thin capsule

surrounds the ParathYroid-

Possum P9, paraffin section, H&E.

Bar: 50Hm.

Fig. 7.5b. Shows the reticula¡ framework (R) of ttre parathyroid gland with minimal

connective tissue supporting the parenchymal cells. The contents of a small follicle (F)

a¡e PAS positive.

Possum Ptl, paraffin section, PAS stain.

Bar: 30Pm.
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Plate 7.6. Thymic tissue in parathyroid III inT. vulpecula

Fig. 7.6a. Shows the parathyroid gland ssmpletel! surrounded by thymic tissue

which also penetrates into ttre gland.

Possum P2, paraffin section, H & E.

Bar: l@pm.

Fig. 7.6b. Shows small fragments of thymic tissue at the periphery of the parathyroid

gland inside the capsule of the gland.

PossumP9,H&E.
Bar: l@pm.

Fig. 7.6c. Shows indistinct boundary between the thymic and parathyroid tissues.

Possum Y2, paraffin section, H & E section.

Bar: 50Fm.

Fig. 7.ft. Shows a small Hassall's corpuscle (tI) in lymphoid tissue, thus determining

the positive identiñcation of the tissue as thymus-

Possum Pl, paraffin section, H & E.

Ba¡:30pm.
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Plate 7.7. Folticles and cysts in possum parathyroid

Fig.7.7u Shows two follicles at the periphery of a parathyroid gland. Both follicles

contain a pale acidophilic substance surrounded by principal cells some of which a¡e

flattened-

Possum P8, paraffin section, H & E.

Bar: 50pm.

Fig.1.7b. Shows a small follicle (F) within aberrant thymic tissue at the periphery of

a parathyroid gland. The cells a¡ound ttre pale centre of the follicle a¡e similar to

parathyroid principal cells. There is apparent mingling of the two tissue tlpes'

Possum P9, paraffin section, H & E.

Bar: 20pm.

Fig.7 .7c. shows a large cyst on one side of a parath)ryoid gland.

Possum F/, paraffrn section, H & E.

Bar: 100¡tm.

Fig.7.7d. Shows a high power view of the cyst in Figure 7.7c. The cyst is lined by a

pseudostratified ciliated columnar epithelium and contains neutrophils and degenerating

cells.

Possum Prl, paraffin section, H & E.

Bar: 20Fm.
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Ptate 7.8. Ultrastructure of possum parathyroid glands - I
Principal cells

Fig. 7.8a. Shows va¡iation in the cytoplasmic densities of the principal cells in a
parathyroid glaad fixed by immersion. Light cells (L) can be distinguished from da¡k

cells @).
Possum P13, fxed by immersion.

Bar: 2Fm.

Fig. 7.8b. Shows principal cells of a parathyroid gland fixed by perfusion. The cells

have similar cytoplasmic densities.

Possum PlO, fxed by perfusion.

Ba¡: lttm.
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Plate 7.9. Water clear cells and the effects of fixation on morphology of the

parathyroid in ?" vulpecula

Fig.1 .9a. Shows ttre light microscopic appearance of water-clea¡ cells (W). Note the

large unstained vacuoles in the water-clear cells and the diffuse glandular arrangement of

osmiophilic lipid inclusions.

possum Pl2, fxed by immersion, resin section, toluidine blue.

Ba¡: 5Um.

Fig. 7.9b. Shows very irregular cellula¡ outlines forming microvillous processes that

span a large intercellula¡ gap. The cells appear shn¡nk. Large inclusions or vacuoles (V)

are in two cells identifred as water-clea¡ cells. One cell is multinucleated.

Possum P11, fixed bY Perfusion.

Bar: 2pm.

Fíg.7.9c. Shows a difference in cellula¡ outline between peripherally and centrally

located cells of a parathyroid gland. Compared with the central cells, note that the

peripheral cells show a more compact arrangement with less intercellula¡ spaces.

possum Pl1, frxed by perfusion, resin section, toluidine blue.

Bar: 10pm.
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Ptate 7.10. Ultrastructure of possum parathyroid glands 'II
Organelles and inclusions

Fig. 7.10a Shows the general ultrastn¡ctue of the principal cells. There are numerous

vesicles of different sizes . Some (V) a¡e associated with the Golgi apparatus (Ga), others

(Ve) are much larger. The asterisk shows the unusual appearance of one t¡pe of granules.

Ribosomes, RER, and mitochondria are spread throughout the cells. A desmosome (D) is

p¡esent in the lower left of the microgmph and a canaliculus-like space is present between

the cells.

Possum P10, fixed by Perfusion.

Bar: 500nm.

Fig. 7.10b. Shows vesicles of different sizes (V) and lipofuscin inclusions (L). The

black 'V' shows the most cornmon t¡pe of vesicles, identified as secretory vesicles. Note

the irregular cellula¡ outlines, canaliculus-like a¡eas between cells and ttre abundant SER

in the cell in the upper left of the micrograph.

Possum PlO, fxed by perfusion.

Ba¡: 500nm.
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Ptate 7.11. LJttrastructure of possum parathyroid glands ' III
Capillaries and Vacuoles

Fig. 7.11a- Shows a fenestrated capillary with diaphragms covering the pores. Pa¡t of

a peric¡e (P) is present wiúin the basal lamina of the endothelial cell. Note the abundant

RER in the principal cells, the basal lamina (B) sepa¡ating them from the pericapillary

connective tissue, and the canaliculi (C) between the cells.

Possum P10, fixed by perfusion.

Bar: 500nm.

Fig. 7.1lb. Shows a cell with a large pale staining vacuole that appears to be a dilated

RER cistern. The cell was identifred as a water-clear cell. Several RER with'nomal'

profiles are seen in ttre lower right area of the cell.

Possum P12, fixed by immersion.

Ba¡: 5@nm-
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Plate 7.12. LJltrastructure of parathyroid and thymus junction inT' vulpecula -l

Flg. 7.12. Shows the junction between parathyroid (P) and thymic tissue (T)'

Epithelial reticula¡ cells (E) separate the two tissues and provide support for the thymus'

Note that the basal lamina (a¡rows) is not present between the thymic and glandular

tissues.

Possum 15, fixed bY Perfusion.

Bar: 1Pm.
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plate 7.13. Ultrastructure of parathyroid and thymus junction inT. vulpeculø'II

Flg.1.l3a. Shows the peripheral area of thymic tissue within a p¿¡rathyroid gland.

Processes of epithelial reticular cells (E) surround the thymus and form a framework for

lymphocytes (L) and a macrophage (M). Numerous vesicles (V) and short c¡oplasmic

processes afe present in the macrophage-

Possum P15, fixed by Perfusion.

Bar:

Fig. 7.13b. Shows the details of the thymus, parathyroid junction. A parathyroid cell

(p) in the upper part of the micrograph is separated from a lymphocyte (T) in the thymus

(lower right) by epithelial reticular cell processes (E) that contain electron dense

tonofila¡nents.

Possum P15, fixed by perfusion.

Bar: 500nm
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Chapter 8

Parathyroid glands in the Macropod
marsuþial, Møcropus fulígìnostts-

8.1 Introduction
No information on the macropod parattryroid glands has been found in the

scientific literature. The descriptions of the macropod parathyroid glands

given in this chapter are based on qpecimern taken frrom four kangaroos of the

subqpecies M.fuliginosttsfr/lígírøs¡¿s and 31 kangaroos of the subspecies M'

fl;ilíginosns melanops. Light microscopic studies were done on 48 glands

from 30 kangaroos and ultrathin sections of 40 parathyroids from 25 animals

were examined with the electron microscope. In addition to anatomical and

histological studies, the relationship between age and ultrastn¡cture was

investigatedinoldandyoungmalekangaroos.Thewesterngreykangaroo,

Macropw fulíginostr:s, is one of the larger macropods with old, mature males

anaining a manimum weight of more than 55Kg and measr¡¡ing up to 223cm

from head to tail (i.e. tip of nose to tip of tail) (Strahan, 1983). This species,

like other large macropod species, shows sexual dimorphism with old females

having an average weight of only 28Kg and a head to tail length of 175cm

(Strahan, 1983). The subspecies, M. fulígínosus fuliginosus, inhabits

Kangaroo Island errrdM.futigitøsw melanops,is found in extensive areas of

southern Ausralia" including the Adelaide Hills (Kirsch and Poole, 1972)'

The kangaroos used in this study werc shot in the freld at night as part of

culling programs. Except for four kangaroos, the details of the collection and

üeament of qpecimens were the sane as those given in chap. 3, Materials and

Mettrods. Briefly, the ca¡otid bifurcations and adjacent tissues and structures

were dissected out and placed in either buffered formalin or buffered

paraformaldehyde/glutaratdehyde fixative solutions; later, strucfires thought 19

be parath¡'roid glands were identified with the aid of a dissecting microscope'

and tissue samples processed for either light or electron microscopy. Tissue

from the mediastinum was also collected from three kangaroos, (K5, K6,

K15) and processed in a simila¡ manner. In kangaroo K10, the heart,lungs,

mediastinal tissue and caudal regions of the ventral neck were removed as a

single piece of tissue, placed in buffered forrralin and later dissected with the

aid of a dissecting microscoPe.

s_
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Three kangaroos (K16, K17, K18) were partially frxed by perfuúon in the freld. In two

kangaroos, K16, K17, immediately after death, ttre hea¡t was exposed and a cannula inserted

in¡g the left venricle and up into the aorta for perfusion with electron microscopic fixative. The

subclavian arteries and the descending aorta werc clamped to ensure mÐdmum cephalic flow of

the perfusing solutions. The right atrium was punctured to allow the escape of fluid, although

most fluids flowed out thrcugh the wound made by the bullet entering the head. The du¡ation

of the perftrsion and the composition of ttre rinse and fixative solutions were as in descriptions

given previously in chapter 3, Materials and Methods. In kangaroo Kl8, one parathyroid was

fxed by immersion; the other was fixed by perfusion. The left carotid was clamped at a level

caudal to the larynx and tissue in the vicinity of the bifurcation was excised urd immersed in

fixative. A cannula was directed into the right carotid and perfused with electron microscopic

fixative.

8.2 Age Studies

Since srudies done on a variety of animals (Roth and Schiller, 1976) demonstrate that particular

histological changes are noticeable in the parathyroid glands of older animals, then a marsupial

species wittr both a reasonable longevity and features ttrat enable a reliable age estimation to be

made was selected for this aspect of the research. The western grey kangaroo, Macropus

fuligínosus, fulfrls these requirements with a lifespan of between 10 and 20 years and with

extensive, documented information on age deærmination techniques (Kirþatríck L9&; Poole,

1973).

8.2.1. Age Determination Techniques

Kangaroos show several age-dependent dental characteristics including a prolonged, staggered

pattern of tooth eruption and loss, as well as molar progression (Kirþatrick, 1985). The teeth

are not fully erupted until about the eleventh year and the mola¡s have a forward progression

which continues throughout life (Kirþatrick, 1985). Data collected from animals of known

ages have enabled tables to be constn¡cted which relate molar enrption and/or progression to age

(Sharman et al., L964;'Wilson, 1975; Poole, 1976; and Johnston, 1983; Poole et al., 1985).

The dental formula of Macropodidae is:

fr"ä4ú
(Kirþatrick, 1978). The canine only develops in the upper jaw and does not erupq being

resorbed in pouch life. A diastema thus separates the incisors from the premolars. The anterior

premolar, P3, is sectorial and is shed in about the frfth year while ttre posterior one' dP4, is

mola¡iform and deciduous. In the flrfth year, dP4 is replaced by a larger premolar, P4 which

occupies the space of P3 and dP4; it is later lost at seven or more years (Calaby, 1968). All the
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incisors, the premola¡s, P3 and dP4, and the flust mola¡ are fully erupted at 20 months by

which time the young kangaroo has left its mother's pouch and is fully independent (Poole,

Lg73). The second and third mola¡s have fully erupted by three years, and frve years nine

months respectively. The fourth molar which takes about three years to erupt fully appears at

eleven years and over (Calaby, 1968).

Molar eruption values a¡e expressed by the letter M and the molar number written in a Roman

numeral for fully erupted teeth and a decimal value from .0 to .4 represents partly enrpted teeth.

Table 8.1 shows the decimat values given to erupting mola¡s (Sharman et al., 1964). For

example, a kangaroo with a dental age MItr.2 would have present in its gums (posterior to the

diastema), P4, Ml, M2, M3 and the anterior þh of M4.

Table 8.1 Eruption Stages for Mola¡s in Kangaroos (from Shamran et al., l9&)

value position of anterior loPh Dosition of posterior loph

4 fully enrpted paft way between gum and

fuIl eruption

3 part way between gum and

full en¡ption

just through gum

2 iust through gum throueh ma;<i[a" below grm

I throueh ma:ri[a" below gum below maxilla

0 below ma,\illa

Molar progression comrnences as soon as each mola¡ erupts. The diastema between the

incisors and premolarVmolars remains relatively constant and as the molars move forward' they

are lost from the front (Calaby, 1968). The progression is reco¡ded as a mola¡ index where a

whole number represents the number of the mola¡ anterior to a reference point and a decimal

value rcpresents the fraction of the anterior-posterior length of the next mola¡ also anærior to the

reference point The reference point is either the zygomatic process or a line drawn across the

anterior rim of the orbits (Kirþatrick, 1985). For exarnple, in the eastern grey kangaroo,

animals with mola¡ indices of 2.75 and3.77 are five and ten years respectively.

Molar progression gives a more accurate estimation of age than mola¡ eruption, particularly for

older animals where all the mola¡s have erupted. However, when animals only need to be

grouped into age classes the eruption method is suitable (Kirþatrick" 1985). In the present

sftrdy, the age of the kangaroos was estimated by recording the number of molars erupted and
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noting ttre teeth tl¡at had been shed and relating these results to data previously determined by

Kirþatrick (1965) and Poole (1976).

g.2.2. Ultrastructural Comparisons of Parathyroid Gtands from Young and Old

Kangaroos

euantitative studies comparing ultrastructr¡ral components in the parathyroid glands from old

and young individuats within several species have consistently shown a significant increase in

the number of mitochondria in the parenchymal cells of the older individuals (See chap. 2,

Lite¡atue Review, section 2-8).

Casual observation of parath)'roid cells from old and young kangaroos showed no noticeable

differences in the ultrastn¡cture. Hence a quantiøtive analysis was done to determine if there

was a significant increase in the number of mitochondria per 10pm2 of cytoplasm in the

parenchymal cells of old kangaroos compared with young kangaroos. Females were not used

in the study in order to avoid the effects of lactation on the parathyroid gland. Three young

(less than three years old) and four old kangaroos (at least ten years old) were studied-

Although there were other male kangaroos in these two age groups, suitable electron

microscopic samples were available from only these seven animals. Ten electron micrographs

were taken of random areas of sections and for each mic¡ograph the otal area of cytoplasm, the

number of mitochondria, and the number of mitochondria per 10pm2 of cytoplasm $'ere

calculated. The total area of cytoplasmphotosaphed for each anim¿l ranged from 400 to 2,500

square Fm and total mitochondrial numbers from 350 to 550. Means and standa¡d deviations of

the number of mitochondria per 10pm2 of cytoplasm for each animal were then tabulated-

Before comparisons between the old and young gtoups were made, the homogeneity of both

groups of kangaroos was tested using one-way analysis of va¡iance. Next" the va¡iation

between the two groups was compared with the variation within goups by the same statistical

method.

8.3. Results

8.3.1. Age Estimation of Kangaroos

The approximate age was deterrrined for 29 of the 35 kangaroos used in the study but apaft

from the two groups of males used for age comparative studies, this information is not central

to the resea¡ch on the kangaroos and the results are presented in Appendix L. Due to time

constraints at the time of collecting specimens, the mandibles were not able to be removed from

the other 6 kangaroos. The following male kangaroos were classified as juvenile or young

adulr The dentition (lowerjaw), weights and estimated ages are given in Table 8.2.
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Tabte 8.2. Dentition of juvenile and young adult male kangaroos.

kangaroo weight
(Ks)

dentition est. age

(max)

K9 23 one incisor, two deciduous premolars, lst

molar fr¡lly erupted, 2nd molar pa¡tially erupted

3yr

K22 t2 one incisor, ¡vo deciduous premolars,

lst molar

lyr,8mth

K27 15.5 one incisor, two deciduous premolars,

lstmolar

lyr,8mth

The following male kangaroos were identified as old individuals, being at least ten years old.

Table 8.3. shows the dentition of the mandibles of these old kangaroos all of which weighed in

excess of 50 Kg. All four kangaroos had a fourth molar and the premolars had been shed. In

K26 and K30 ttre first molar had also been shed.

Tabte 8.3. Premolars and Molars of Kangaroos at least ten years old.

kangaroo dentition

Kl3 one incisor, no deciduous or pennanent premolars; 3 molars, 4th

molarhalf erupted

K26 one incisor, no deciduous or pemtanent premolars; lst molar shed,

2nd,3rd and 4th molars present

K30 one incisor, no deciduous or pennanent premolars; lst mola¡ shed'

2nd,3rd and 4th mola¡s present

K35 one incisor, no deciduous or pennanent premolars; four mola¡s

present

8.3.2. Anatomy

8.3.2.1. Parathyroid III
The presence of at least one parathyroid gland was recorded for 30 kangaroos; none was found

in five. Each parathyroid gland was located in the vicinity of carotid bifurcation which occurs,

bilaterally, deep in the ventral region of the neck, dorsolateral to the larynx and deep to the

omohyoid and the posterior belly of the digastric muscles. Parattryroid glands were found on

botlr sides in 17 animals, includingK2T where three glands were found (two left, one right).

In thiræen kangaroos a parath¡roid gland w¿s identified only at the right carotid bifurcation. In

one of these thi¡teen animals, kangaroo K35, rwo glands were located on the same side. One
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v/as srnm caudal to the bifurcation, loosely associated with the cornl-on carotid, and the other

was l0mm cephalic to the bifi¡rcation close to the exæmal ca¡otid-

parathyroid III was generally a flattened ovoid stn¡cture with the average dimensions 7 x3 x 1.5

mm. Thirty glands were adjacent to the carotid bifurcation; ten were cephalic to the bifurcation,

and nine were caudal. No gland was found cephalic to the glossopharyngeal nerve which nrns

transversely, about 15mm rostral, across the carotid bifurcation. No gland was found more

than lomm cephalic or lQmm caudal to the carotid bifiucation. Mostparathyroid glands were

loosely associated with the oute¡ part of the adventitia of the common, internal or external

ca¡otid. The glands were sr¡¡rounded by quite thick fibrous capsules that merged with the

surrounding fibro-fatty tissue and, as in other marsupials described in earlier chapters, the

kangaroo specimens needed to be examined histologically in order to distinguish parathyroid

glands from small lymph nodes, aberrant thymic lobes, and ganglia-

8.3.2.2. Parathyroid IV
' The presence of parathyroid IV was sought in four kangaroos. In three kangaroos (K5, K6,

K15) serial sections of mediastinal tissue specimens (collected in the freld), revealed thoracic

thymic tissue but no parathyroid IV. However in kangaroo K10, where the heart, lungs,

mediastinal tissue, and the caudal regions of the neck were removed and later dissected wittr ttre

aid of a dissecting microscope, three discreæ parath¡'roid fV ghnds were found. A small round

gland with a diameter of approximately 1.5 mm was detected on the ventral surface of the

brachiocephalic artery at its origin from the aortic a¡ch, and parattryroid tissue was located

within rwo ovoid thymic structures approximately 5 x 3 x 1 mm, one adjacent to the origins of

the two coûrmon ca¡otids from the brachiocephalic artery and the other 10 mm cephalic to the

origin of the left common ca¡otid (See Fig. 8.1.). Both ovoid thymic structures were adjacent

to but not part of the adventitia of the aræries.

8.3.3. Light MicroscoPY

8.3.3.1. Parathyroid III
Forty-nine parathyroid glands from 30 kangaroos were examined with the light microscope.

The light micrroscopic appearance appeared to be basicalty similar for kangaroos of all ages and

both sexes. The parenchymal cells were arranged into groups or lobules separated by quite

wide fibrous septa which merged with the surrounding frbro-fany tissue (Fig. 8.2a). The

largest lobule was 1.0 ûtm x 0.5 rn¡n; others had diameters of 0.3 mm or less. Fat cells @g.

8.2a), small blood vessels and nerves (Fig. 8.2b), mast cells @g. 8.3) and leukocytes were

not uncomÍton in the sePta-
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V/ithin a lobule the parenchymal cells were compactly arranged with minimal supporting tissue

apparent (Frg. 8.3). No cysts or follicles were seen. Principal cells in routine paraffrn sections

were either polygonal with a central nucleus or ovoid with an eccentric nucleus. Nuclei showed

moderate amounts of heterochromatin and the cytoplasm of the principal cells was generally

patchy and acidophilic. Cells with differently staining cytoplasm (i.e. light and da¡k cells)

could only be discerned in ttrick resin sections stained with toluidine blue. Va¡iation in the

staining of the cytoplasm of principal cells was seen in resin sections of most qpecimens (Figs.

8.2b, 8.3) and evidence indicaæd that tlre søining intensity of the cr¡oplasm was not influenced

by the mode of fixation. In kanga¡oo K18, both glands had similar light microscopic

appearances alttrough fixation of the left parathyrroid and carotid was by immersion whereas the

right gland and artery were fxed by perfrrsion.

In resin sections the cytoplasm of the principal cells generally had a fine granular appearance.

However, parathyroid glands from four kangaroos (K6, K19, K22 and K27) showed cells

with large vacuoles or very pale staining, round inclusions (Figs. 8.a4, 8.4b). These fearu¡es

were better seen with the electron microscope (See section 8.3.4).

Specimens taken from eight kangaroos had thymic tissue associated with the parathyroid

lobules. In all but two glands, intervening connective tissue could be seen between the

parattryroid and thymic tissues (Figs. 8.5a, 8.5b). Electron microscopic examination clarified

the nature of the barrier between the two tissue types (See section 8.3.4).

8.3.3.2. Parathyroid IV
The three specimens of parathyroid IV from kangaroo K10 showed a compact arrangement of

principal cells. The largest specimen with a dia¡neter of 1.5mm had capillaries and small blood

vessels in be¡veen clumps of cells without the wide septa seen in the sections of parathyroid

Itr. The more cephalic of the two smaller specimens was an ovoid strucnue 1.2 x 0.8 mm with

a thin but definite capsule separating it from the thymic tissue, identified by the presence of

Hassall's corpuscles. The last specimen was thymic tissue with a very small irregular patch of

parathyroid cells in amongst the thymoc¡es. No connective tissue ba¡riers were evident.

8.3.4. Electron MicroscoPY

The ultrastn¡c¡¡re of the glands was derived from looking at ulfathin sections of 40 specimens

of parathyroid Itr from 25 kangaroos; the fine structure of parathyroid fV was not investigated

because there no suitably prepared specimens. Electron microscopic examination showed that

the parenchymal cells within a lobule were clumped together with minimal supporting tissue

visible in benveen them. In the broad septa, collagen frb¡ils, capillaries, and connective tissue
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cells, including quite numerous mast cells @g. S.6a) \ilere presenl A distinct basal lamina

separated the clumps of parenchymal cells from the connective tissue{Fig. 8.6a).

All ttre parenchymal cells were principal cells; no oxlryhil or water-clea¡ cells were detected.

The cells appeared to vary in shape f¡om a polygon with a central nucleus occupying a

signifrcant volume of the cell to an elongated ovoid or rectangle with an eccentric nucleus. Of

course, the plane of the section would have influenced the apparent shape of the cells. At

intervals along the straight, adjacent cell membranes, the plasmalemma was raised up into very

short microvi¡i or interdigitating processes. In several places these membranous irregularities

were the borders of localised, enlarged" intercellular gaps which appeared to be forming

canaliculus-like spaces in beween the tightly packed cells (Fig. 8.7). Desmosomes (Ftg. 8.7)

and gap junctions wero prcsent between adjacent cells'

Although most sections showed cells with varying intensities of cytoplasmic staining (Fig-

g.7), in many cases the variations were minimal (Fig. 8.6b). In specimens from kangaroo Kl8

where ttre right carotid was perfused and the left immersed, the ultrastn¡cture of the cells of the

right and left parathyroids appeared to be similar in spite of the different modes of fixation.

Similarly the ultrastn¡cmre of the parathyroid glands from the other two kangaroos (K16' K17)

fixed by perfusion, showed cells with varying c¡oplasmic densities (Fig' 8'8a)'

Nuclei of most parenchymal cells were indicative of synthetically active cells. Light and da¡k

cells had similar nuclei. Each round to oval nucleus had common features of abundant

euchromatin, sparse, peripheral heterochromatin, and a large nucleolus (Fig. 8.7).

Va¡iations in the amount and appearance of RER were noticed in ttre cells but again, did not

correspond to light or dark cell categorisation (Fig. 8.7, 8.8b). Rough endoplasmic reticulum

appeared as flanened cisternae (Fig. 8.7, 8.8b), or dilated profiles containing fine particulate

matter (Fig. g.9a). Wirhin the same cell a variety of RER profiles was'observed (Fig. 8.9a).

Concentric layers of RER were noticed in specimens from K6 (old female), K9 (young male),

and K35 (old male) (Fig. g.10a). In the structures from the first two animals was a small

amount of granular cytoplasm; in the last specimen mitochondria were in ttre centre and closely

associated with ttre outermost layer (Fig. 8.10a).

Mitochondrial numbers appeared simila¡ for light and dark cells @g. 8.7). Most mitochondria

had round or elongated profiles; some were quite long (Fig. 8.9b), some were curved (Fig'

g.9a), and in some sections, round areas of cytoplasm were enclosed within the mitochond¡ial

profiles (Fig. s.7). Generally, the mitochondrial matrix rvas more electron dense than the

cytoplasmic matrix. In the matrix small electron dense granules (Figs. 8-7, 8.8b, 8.9a) were
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quite common and round, pale inclusions (Fig. 8.7) were sometimes seen. Variations in the

size and-shape of tlre mitochondria were observed in glands from both sexes and frrom all ages-

Results of the investigatíon comparing the age of the kangaloo and mitochond¡ial numbers in

parathyroid glands are given in the next section 8'3'5'

Golgi bodies were reasonably small, each having up to five flattened cisternae, but appeared

quite abundant (i.e. two to three bodies) in ttre principal cells (Fig. 8.10b). Granular stn¡ctufes

that were identified as small transfer vesicles and immature secretory vesicles of varying

electron densities were associated with the Golgi bodies (Fig' 8'10b)'

A wide array of membrane-bound stn¡ctures, rangng from small electron dense bodies to large

electon lucent vacuoles, \ryas present in both light and da¡k cells and in sections from animals

of both sexes and all ages. Small electron dense granules were interpreted as secretory

granules. In many cells they were concentrated towards one end, presumably adjacent to the

surface from where they were to be secreted (Fig. 8.6b, 8.7, 8.8b). Large granules with

heterogeneous contents, often including lamellar structures Gig. S.11a), were identified as

secondary lysosomes; they were not numerous. Many cells had vacuoles which appeared either

empty @ig. 8.7,8.11a & b), or with granulaf contents (Fig. 8.11a); some vacuoles were

interpreted as dilated RER (Frg. g.ga) or SER @g. g.11b). often cells with abundant dilated

SER had feaores consisrent with cellular degeneration @g. 8.11b); i.e. nuclei had increased

heærochromatin and rytoplasm lacked stn¡cn¡ral integrity.

The thymic tissue that was included in several specimens of parathyroid glands showed a

nerwork of epithelial reticular cells, lymphocytes and macrophages (Fig' 8'12a)' In most cases

the ba¡riers between parathyroid and thymic tissues were distinct consisting of vascula¡

connective ússue and basal laminae @g. 8.12a). A continuous layer of epithelial reticular cells

rvas present at the periphery of the thymus adjacent to the basal lamìna- A small number of

specimens (e.g. K21) appeared to have only epithelial reticular cells separating th)4nocytes from

parath¡rroid principal cells @g. 8.12b); no basal la¡r¡inae or connective tissue components could

be identif,red between the nvo organs.

8.3.5. Ultrastructural comparisons of Parathyroid Glands from Young and old
Kangaroos
Table g.5 shows the daø for the number of mitochondria in 10¡rm2 of cytoplasm for young and

otd kangaroos. From the table it is noted that tt¡ree of the four means in the old group are

higher than any of the values for the three kangaroos in the young goup and tl¡at one of the rwo

oldest kangaroos (K26) has the greatest mitochondrial numbers whilst a young kanga¡oo (K9)

has the lowest. However, the analysis of variance showed the means of the number of
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mitochondria in 10pm2 cytoplasm were not similar u/ithin the two gfoups; P=O.OI 6 for young

kangaroos (n=3); p<0.0004 for old kangaroos (n=4). A simila¡ degree of difference was noted

in the analysis of variance on the data of all seven animals (P<0.0004). Thus the differences

observed within each group \ilere as great as the differences seen in the comparison of all

animals. Hence it was inappropriate to pool data for Yomg, and for old kangaroos, in order to

test if the number of mitochondria per l0[rm2 of c¡oplasm was grcater in old animals compared

with young.

Table 8.5. Number of mitochondria in l0pm2 cytoplasm for

Young and old kangaroos'

kangaroo age

nos. of
e/graphs

total cyto.

area (pm2)

total nos. of
mitochondria

mean (mito

in 10pm2) s.D.

K9 YOUng 10 735.9 347 4.t5 1.30

K22 voung 10 559.3 352 6.32 2.00

K27 young 10 506.2 347 7.00 1.58

Kl3 old 7 420.t 308 7.26 t.37

K26 old 6 302.2 296 9.70 2.15

K30 old 11 64t.5 488 7.68 t.32

K35 old 11 678.8 376 5.57 1.86

8.4. Discussion

8.4.1. Age Determination

The mandibles were lightly crushed to ensure the presence of unerupted permanent teeth was

not missed and to avoid misidentifrcation of permanent premolars as deciduous teeth.

Unerupted molars exposed in the crushing also helped to confirm ttre identification of the

erupted teeth. The weighing scales that were used in the field had a mÐdmum reading of 50Kg'

Hence the weight of animals more than 50Kg could not be recorded accurately.

Only two groups of males, namely juvenile to young adult, and old' were used in the study of

theeffectofageonthemorphologyoftheparathy.oidglandbecausethesegtoupshadclearly

defined members and, unlike the females' some of which had pouch young, the demands on the

parathyroid were assumed to be likely to show fewer variations within a group. Previous

studies (Yamahira et al., 1930) have shown that in mice, the number of mitochondria' lipid

droplets, storage granules and the volume of Golgi complex a¡e altered in lactation'
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8.4.2. Anatomy
The dimensions quoted for parathyroid glands are approximate values only. In many cases the

thick capsules could not be easily delineated from the surrounding connective tissue. The close

association of the parattryroid glands with the adventitia of the carotid artery and its branches

has been described previously in the possum (Adams, 1955) whete, unlike the kangaloo, the

gland was freely mobile allowing it to be distinguished \¡/ith a dissecting microscope. In other

marsupials it has been noted ttrat the parathyroid III never occr¡rs cephalic to ttre transversely

running glossopharyngeal nerve (Fraser, 1915; Fraser and Hill, 1915; Adams, 1955). The

recorded absence of a parathyroid gland in the vicinity of the left carotid bifilrcation in eleven

kangaroos was possibly due to insufficient tissue being excised from the animal rather than a

reflection of the tn¡e anatomy. In most animals, the right ca¡otid bifurcation was removed first

and blood pouring from severed blood vessels made dissection of the left side of the neck

difficult, particularly the structures cephalic to the carotid bifurcation where the ca¡otid branches

col¡rse deep to the digastric and omohyoid muscles.

The natue of specimen procurement made anatomical examination of the mediastinal region

very difficult Dissection was done at night, on the ground wherp each kangaroo fell after being

shot, and usually there was insufficient time to examine the thoracic cavity or, if the animal had

been shot though the heart, then damage to the mediastinum made specimen collection

unsuitable. Hence the location of parathyroid IV was found in only one kangaroo. The

arrangement of the major a¡terial branches from the aortic a¡ch in the kangaroo is similar to that

in other diprotodonts where the brachiocephalic artery almost immediaæly gives rise to the right

subclavian artery and a short distance on bifurcates into the right and left common ca¡otid

arteries; the left subclavian artery is the other major branch from the aortic arch (Pearson,

1940).

The only diprotodont in which parathyroid IV has been investigated is the brush-tail possum' T.

vulpecula,(Fraser and Hill, 1915; Adams, 1955) and in both studies parathyroid fV was noted

to be much smaller than parath¡'roid m. A similar size difference was also seen in the kangaroo

in ttre cuilent study suggesting that in M.fuligírns¡¡s and perhaps other macropod species the

more caudal gland, parattryroid fV, is smaller than parathyroid Itr. However caution should be

exercised in drawing conclusions from the examination of only one specimen.

Since both parathyroid IV and thymus fV originate from the same fourth pharyngeal pouch and

migrate caudally together then the close association of the two tissues observed in kangaroo

K10 is nor altogether surprising. The absence of parathyroid Mn the thoracic thymus sections

from three kangaroos was possibly a result of the va¡iable location of parathyroid IV in

marsupials rather than an indication of parath¡'roid IV being absent in these individuals.
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8.4.3. Light Microscopy

Similar histological features were seen in both sub-species of kangaroos. The lobulation of all

specimens of parathyroid III appears to be a unique feature of these animals as similar

descriptions have not been found for any other animal (Roth and Schiller, 1976). Light

microscopic studies confirmed that the presence of the thick septa and indistinct capsule of the

paruh¡'roid glands in kangaroos, made the accuaæ dimensions of the gland difEcult to estimaæ

and probably readings were greater than the true values. The connective tissue content of the

parattryroids in kangaroos appeared to be constant in glands from animals of all ages. The

increase in interstitium and fat cells that has been described for the parath¡noids of elderly

humans (Morgan, L936; Gilmour, 1939: Roth, 1979) and dogs (Setoguti, 1977) was not

apParent in kangaroos.

In most species, parath¡'roid Itr and IV have simila¡ light microscopic features (Roth and

Schiller, L976) but in kangaroos, there are indications that the unique lobulation of the

parathyroid gland occurs only in parathyroid III and not parathyroid IV. However it needs to

be süessed again that observations on parathyroid IV were based on the examination of just one

specimen and the results may not be an accurate rcprcsentations for the species,M.fulígírøstts.

8.4.4. Electron MicroscoPY

From the examination of many random sections at both ttre light and electron microscopic

levels, it appeared that within a lobule the principal cells were tightly packed and adjacent

membranes had lengths of straight membranes intemrpted by tortuous Portions where

canaliculus-like areas were present that possibly provided channels to carry secretions to

capillaries. Simitar intercellular spaces have been described in the rat Parathyroid gland

(Wernerson et al., 1995) and serial sections demonstrated continuity of the canaliculi.

Variations in the RER morphology have been described in both normal and pathological

parathyroid glands (Nilsson, 1977; Delellis, 1993). There are perhaps four possible

explanations for dilated RER. It may represent principal cell hlryeractivity, precursors of

vacuoles similar to those in water-clear cells, or may be a nomlal feature of the secretory cycle.

In the first suggestion it is proposed that cellular hyperactivity is manifested by immature forms

of PTH, e.g. proPTH, being stored within the cisternae of RER prior to transfer to the Golgi

complex where PTH is formed (Kemper, 1984). Similar dilated RER profiles are typical of

gonadotrophs in the anterior pituitary afte¡ ovariectomy and are interprcted as being sites of

increased hormone production following the loss of negative feed-back control (Kovacs and

Horvath, Lg75). However studies on the synthesis of PTH have indicated that once IIITI
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elaboration has begun it is completed within 30 minutes and the PTH in secretory granules is

the only form of storage of the hormone or its precursors in the cell (Kemper, 1984).

Furthermore, hlryeractivity in parattryroid cells is recognised by increased amounts of RER, not

dilæation of RER @elellis, 1993).

The second explanation for the dilated RER proposes that it is possibly a precursor of the

vacuoles characteristic of water-clear cells. Similar stn¡ctures have been reported in $,ater-clear

cells in ttre parathyroid glands of the golden hamster @mura et al., 1990) and have been

considered to be the sources of the large, clear vacuoles t¡pical of these cells. However no

water-clear cells were observed in any kangaroo specimen and so such a precursor role for the

dilated RER in this species does not appear to be likely.

The third suggestion as an explanation for the presence of tt¡e distended RER is that it is part of

the normal ultrastructure of the secretory principal cells and characterises a transitional state

between resting and secreting phases (Wild, 1980). Similar structures have been obsen¡ed in

dogs of all ages (Wild, 1980), particularly in light principal cells at the end of the resting stage

and before the presence of the pronounced Golgi complex, secretory granules, and numerous

flattened cisternae of RER herald active hormone synthesis (Roth and Capen,1974). In the

present study, dilated RER was not restricted to light cells, which contrasts to the situation in

dogs (Wild, 1980). However, the division of principal cells into light (inactive) and dark

(active) categories appea¡s to be somewhat a¡tefactual (See chap. 11, General Discussion,

section 11.4) Perhaps species differences account for the lack of distended RER in normal

human, bovine, and rat parathyroid glands which have been used in studies linking

ultrastructure with hormone synthesis and secretion (MacGregor et al., 1975; Kemper, L984;

Kendall et al., 1993).

Initially, the true identity of the close concenEic layen of RER that were observed in several

specimens was questioned. The morphology of the organelle was similar to that of annulate

lamellae and confirmation of the correct identification was influenced largely by the

interpretation of whether the electron dense granules on the concenEic lamellae were interpreted

as ribosomes or pore complexes, unique to annulate lamellae (Kessel, L992). Both whorls of

RER (Nilsson, 1977; Del,ellis, L993) and annulate lamellae (Bergdahl and Boquist, 1973;

Boquist, 1980; de Menezes and Sesso, 1988; Kessel, 1992) have been described previously in

parathyroid glands. Closely packed cisternae of RER are common in principal cells actively

synthesising PTH (Roth and Capen,1974); concentric arangement of the RER is less common

(Nilsson, 1977; Delellis, 1993), although in the pituitary gland, concentric whorls of RER

(nebenkern) are characteristic of chromophobes entering an active phase of protein synthesis

emura, Lgg4). Annulate lamellae are not widespread in normal parathyoid principal cells and
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most reports have been associated with parathyroid adenomas (de Menezes and Sesso, 1988).

Their transient appearance in normal cells has been linked to mitochondrial proliferation and

ox¡phil cell formation (Boquist, 1980). Examination of electron micrographs showed the

spaces beween concentric layen of the organelle were more in keeping with stn¡ctural details of

whorls of RER rather than annulate lanellae. $imìl¿¡'conclusions tvere made about the nattue of

the electron dense particles associated with the layers.

The variations that were recorded in ttre size and appearance of mitochondria in old and young

animals of both sexes suggest ttrat in kangaroos mitochondrial morphology does not exhibit

age-related changes. In the older members of many species mitochondria enlarge, assume

irregular profiles, and have a variety of granular inclusions (Roth and Schiller,1976). These

changes are usually associated with ttre transfomration of principal cells to oxlphil cells where

mitochondrial proliferation also occurs (Nilsson, 1977, Delellis, L993). V/hether

mitochondrial proliferation occurs without morphological alteration is discussed in the next

section.

The lack of ba¡riers between parathyroid and thymic tissues that was observed in a minority of

specimens has been noticed in several other marsupial species in the present study and the

somewhat unusual relationships a¡e discussed in chapter 11, General Discussion, section 11.4.

8.4.5. Ultrastructural Comparisons of Parathyroid Glands from Young and Old
Kangaroos
There is not an entirely even distribution of mitochond¡ia throughout the cytoplasm of a

parathyroid principal cell with few near the cell surface where granules accumulate before being

released, and they are not abundant in ttre juxtanuclear c¡oplasm (Delellis, 1993). However,

in the random selection of electron micrographs an assumption was made that a similar range of

cytoplasmic areas was sampled for all specimens.

The statistical analyses did not support the h¡pothesis that there was a significant increase in the

number of mitochondria per 10pm2 of cytoplasm in the parenchymal cells of old kangaroos

compared with young kangaroos. Furthermore analyses of data showed there was a wide

variation in the number of mitochondria per 10pm2 of cytoplasm in parenchymal cells of

animals of simila¡ ages. However the data also showed that the lowest and highest values for

the number of mitochondria per 10pm2 occurred in a young and an old animal reqpectively and

that three of the four old kangaroos had means higher than all the young kangaroos. Maybe if
more male kangaroos had been available to include in the old and juvenile groups then the

statistical results may have been different
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If mitochondrial volume instead of number had been assessed for old and young animals a

simila¡ lack of difference probably would have been found because similar variations in

mitochondrial size and shape were noticed in kangaroos of all ages rather than just old animals.

The lack of statistical support for increased mitochondrial numben in old animals is consistent

with the observed absence of oxyphil cells in all kangaroo specimens. Oxyphil cells develop

via transitional cells from principal cells that undergo mitochondrial proliferation @elellis,

1993) The lack of transitional cells may indicate that principal cells had not yet begun the

tra¡rsformation in¡g ox¡phil cells or that oxyphil cells a¡e not a feature of the parathyroid in old

kangaroos. Maybe ten years is not enough time to allow the manifestation of oxlryhil cells in

kangaroos although oxlphil cells have been detecæd in younger, apparently healthy, individuals

of other species with a comparable lifespan to kangaroos - e.g. 8.S-year-old dogs (Setoguti'

lg77) and 4-year-old cows (Capen et al., 1965).
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Fig. 8.1. Location of parathyroid IV in kangaroo K10

Fig. g.l. The simplified drawing of the left laterovenual view of the mediastinum of

kangaroo K10 shows the locations of thymic and parathyroid tissues in relation to the major

branches of the aortic a¡ch. Veins are not shown. Note there are only wo major branches

from the aorta: the brachiocephalic and the left subclavian artery. The brachiocephalic artery

gives rise to the right subclavian afiþry and then biñ¡¡cates into ttre comÍron ca¡otids.
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Plate 8.2. Lobulation of parathyroid Itr

Fig. 8.2a. Low power light micrograph shows the arrangement of the principal cells

into compact lobules separated by wide connective tissue septa with fat cells (F) and small

blood vessels.

lpmresin section, oluidine blue

Kangaroo K12

Ba¡: 40Pm.

Fig. 8.2b. Shows mast cells (M) and a small nerve (N) with myelinated and

unmyelinated fibres in a wide septum between lobules of parathyroid principal cells. Light

and da¡k cells can be distinguished in the lobules.

resin section, toluidine blue

Kangaroo I(27

Bar: 20¡tm.
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Plate 8.3. Septal mast cells, light and dark principal cells in parathyroid Itr

Fig. g.3. Shows the compact arrangement of light (arrows) and dark cells within a

lobule and the minimal amount of connective tissue accompanying blood vessels and

capillaries. Mast cells (M) are reasonably coÛlmon in the connective tissue'

resin section, oluidine blue

Kangaroo K7

Ba¡: 30Pm.
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plate 8.4. Light microscopic appearance of principal cells

Fig. g.4a. Shows a variety of cytoplasmic strucnres in the principal cells. Some have

dark granules; othen have many small clearvesicles'

resin section, oluidine blue

Kangaroo IO2

Ba¡: 6pm.

Fig. 8.4b. shows many large, clear vacuoles in a group of principal cells'

resin section, oluidine blue

Kangaroo K16

Ban 6Pm.
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Plate 8.5. Mingling of parathyroid III and thymus

Fig. 8.5a. Shows parattryroid tissue encapsulated by a thin band of connective tissue

that separaæs the glandular cells from the surrounding thlmus.

resin section, toluidine blue

Kangaroo Kl
Bar: 30pm.

Fig. 8.5b. Shows the apparent intermingling of parathyroid and thymic tissues. At ttris

resolution inærvening ba¡riers benveen the ¡vo tissues cannot be identifred.

resin section, toluidine blue

Kangaroo K13

Bar: 20pm.
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Plate 8.6. General ultrastructure of parathyroid III and basal laminae

Fig. 8.6a. The electron micrograph shows a basal lamine (arrows) sep¿¡rating the

parattryroid cells (upper righÐ from the connective tissue components of a septur1 A mast

cell (M), a lymphocyæf(L), cytoplasmic processes of frbrocytes @ and collagen fibrils are

present in the sepnlm. Note the basal lamina (arrow head) around ttre mast cell'

Kangaroo I97
Ban l[rm.

Fig. 8.6b. Shows the rectangular outline of a principal cell with an eccentric nucleus and

the compact arrangement of the principal cells. Note the relatively even distribution of

granules in ttre cell suggesting that secretion is rereased from all sides of the cell not just the

surface adjacent to the capillary (right edge). All the ceus have a similar cytoplasmic

staining intensitY.

Kangaroo K9

Bar: lpm.
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plate 8.7. General ultrastructure of principal cells

Fig. 8.7. Shows light and dark cells with desmosomes (D) between cells and relative

straight cell membranes except where short cytoplasmic Processes protn¡de into localised'

enlarged intercellula¡ spaces' canaliculi (one shown by an arrow)' Note the variation in

mitochondriar morphology. In the cen at the centre right of trre micrograph areas of

cyoptasm appear to be enclosed within the mitochondria whereas mitochondria in the upper

left and lower left cells have large pale staining areas of matrix. An array of granules and

vesicles is present ranging from electron dense granules (X) to large vesicles with sparse

particulaæ contents (Y) or electron lucent interior (Z)'

KangarooK22

Ban l[rm.
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Plate E.8. Ultrastructure of light and dark cells

Fig. 8.8a. Shows light and da¡k cells in a specimen fixed by perfusion suggesting the

appearance of the cells, i.e. classification as light and dark cells, is independent of the mode

of fixation.

Kangaroo K16

Bar: 1pm.

Fig. 8.8b. Shows simil¿¡ amounts of RER in light and da¡k cells. Note the abundant

glycogen in the light cell. Nuclei of both the light and da¡k cells show simila¡ chromatin

patterns which suggests similar levels of synthetic activity in the rwo cells.

Kangaroo Kll
Ban lpm.
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Plate 8.9. Rough endoplasmic reticulum in principal cells

Fig. 8.9a. Shows a variety of profiles for RER from narrow rubula¡ stnrcÍ¡res (N) to

distended shapes (D). Note the va¡iation in mitochondrial morphology where some appear

to be quiæ cr¡nted.

Kangaroo K8

Bar: lpm.

Fig. 8.9b. Shows a section through a distended cisterna of RER (arow) which is

continuous wittr the nuclear envelope.

Kangaroo K9

Ban lpm.
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Plate 8.10. Uttrastructure of RER, Golgi body and nuclear pores

Fig. 8.10a. Shows concentric layers of RER with mitochondria associated with central

and peripheral regions.

Kangaroo K35

Ban 0.5pm.

Fig. 8.10b. Shows a relatively small Golgi body with transfer vesicles and secretory

vesicles. Several nuclea¡ porcs a¡e evident in the glancing section of the nucleus (upper

righÐ.

Kangaroo K30

Bar 0.5pm.
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Plate 8.11. Ultrastructure of vesicles and vacuolated cells

Fig. 8.11a. Shows small electron dense secretory granules, large membrane bound

structgres with particulate contents (X) and relatively empty vacuole t¡pe inclusions (Y).

Label Z indicates a secondary lysosome or a lysosomal derivedresidual body.

Kangaroo K22

Ban 0.5pm.

Fig.8.11b. Shows the unusual appearance of two cells adjacent to more typical

parathyroid cells (upper right). Numerous, irregular, electron lucent areas, enclosed by

membranes, feature in the c¡oplasm. Note many mitochondria lack the morphological

detail of those in adjacent cells, perhaps suggesting the two cells a¡e dnng and that

associated membrane degeneration is responsible for the cytological appearance.

Kangaroo K6

Bac lpm.
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Plate E.12. ultrastructure of parathyroid, thymus barrier

Fig. g.12a. Shows layers of connective tissue components and basal laminae (arrows)

separating parathyroid (P) (tefÐ and thymic tissue CÐ (¡ighÐ'

Kangaroo Kl
Bar: lpm.

Fig. g.12b. Shows a parathyroid principal cell (P) (left) adjacent to thymic tissue (Ð

(right) without intenrening connective tissue or basal leminae. Processes of an epittrelial

reticula¡ cell, identified by tonofilaments (arows), separate principat cells and ttrymocytes.

Kangaroo I(21

Ban lPm.
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Chapter 9

ParathYroid Glands in Monotremes

g.l lntroduction

The current description of the monotreme parathyroid gland is based on

material obtained from twelve echid¡ras (two females, ten males), and

twoplatypuses(onefemale,g¡gmale).Theechidna,Tachyglossus
aculeatus,has a wide distribution throughout mainland Australia and

Tasmania and six subçpecies have been identifred (Griffiths' 1978)' The

echidnasusedinttrisstudybelongtothesubspecies,T.4.multiaculeatus,

whichisfoundonKangaroolslandlocatedsouthofsouthAusualia.
Theptatypas,ornitltorhynchtlsanatíntts,inhabismostriversystemseast

oftheGreatDividingRangeineasternAustraliafromnorthern
QueenslandtoVictoria.ItisalsofoundinriversinVictoriaand
Tasmania with small populations in the Adelaide Hills and Kugaroo

Island (Grant 1992)-

There are only two known snrdies of the monotreme parathyroid glands

in the scíentific literatue' The embryology of the parathyroids in the

echidna,Tachyglossusacule¿ú¿s'hasbeenthoroughlydescribedby

Maurer(1899)andasomewhatincompletestudyoftheparathyroidshas

beenmadeintheplatypus,ornithorhynchusanurtnus,(MacKenzieand

owen,1919).Thesestudiesa¡edescribedinmoredetailinchap.2,
LiteratureReview,sections2.Inadditiontothemainaimstlrata¡e
giveninchapl,Introduction,Aimsandobjectives,theaimsoftlris
chaPterafetodescribethegrossanatomy'includingtherelationshipto

the parathyroid glands, and the histology of the thymus' thyroid'

ultimobranchialbodies,andcervicalandmediastinallymphnodesin
mature echidnas and PlatYPuses'

The determination of the locations of parathyroid glands rnTachyglossns

provedtobeaverytediousprocessthatrequiredmodifrcationsofthe

initialmethodinordertomeetthedemandsoflightandelectron
microscopic examinations. In all animals the superfrcial salivary glands

andmusclesv/erereflectedorremovedfromtheventralneck,andthe

thorær opened to reveal the heart withits major vessels and mediastinal

tissue. In the first two animals examined (El, E2) serial' paraffin

sectionsweremadefromtheca¡otidbifurcationsandtissuesinthese
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vicinities as well as tissue extending from the level of the larynx to the ascending aorta

and srirrounding mediastinum and pericardium. The trachea and oesophagus wefe on the

dorsal aspects of these serial sections.

From the laborious preparation and exanination of hundreds of serial sections, the general

locations of parathyroid glands were noted, and then electon microscopic specimens wele

taken from these a¡eas in four other animals. In these four echidnas (E4, E7, E8, E9) over

sixty resin blocks were produced for each animal by methods described previously (See

chap. 3, Materials and Methods, and appendices C and E). Time restraints prevented

every block from being cut for survey sections and this technique was later abandoned

after no parathyroid tissue was found in any of the sections prepared from forty blocks for

each animal.

The most successful method for obtaining good light and electron mic:roscopic specimens

of parathyroid tissue from the echidna involved noting the size and exact location of each

likely specimen during dissection, and then placing it in frxative. Each frxed specimen,

lmm in diameter or larger, was halved and frozen sections cut and stained f¡om one half'

If microscopic examination showed pafathyroid tissue then appropriate processing was

done on the other half. For specimens less than lmm in dia¡neter standa¡d processing was

not preceded by frozen section sampling. Routine light microscopic and electron

microscopic studies were each done on three echidnas; E3, E5, and E6 were used in the

former technique and E10, E!1, and E12 were used in the latter' Some paraffin sections

fromE3 andE6 werc stainedwith alcian blue - PAS'

The specimens from the three echidnas used for ultrastrucn¡ral descriptions formed a very

homogeneous group. All were male, killed at the same time in winter (June), perfused

with low glutaraldehyde-containing electron microscopic frxative, and en bloc stained

with uranyl acetate prior to tissue processing (see chap. 3, Materials and Methods, and

appendices B and c). Echidnas E3, E5, and E6 that were used for light microscopic

studies wefe a diverse group. Echidna E3 was female, killed in Ma¡ch and dissected

approximately eight hours after death; the other two, E5 and E6, were males killed in

September and immediately placed in fixation after death. Specimens, both paraffrn

sections and resin sections, from all echidnas were examined with the light micloscope'

not just E3, E5 and E6.

For the study of the parathyroid gland in the two platypuses' a large piece of tissue

extending from the tongue to the hea¡t and lungs was excised from both animals and

placed in buffered formalin. Va¡ious stages of dissection were recorded with drawings

and photographs; many structures encountered could be identified only after examining

histological sections. In platypus #1 discrete strucflres were excised, whereas in platypus

#2 specimens consisted of larger blocks of tissue that were subsequently prepared for
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serial sections. pstnils of technþes used in dissecting and producing routine sections a¡e

given-in Materials and Methods, chap. 3. Both platypuses had been dead for about eight

hours before specimens were collected and so they \Pere unsuitable for electron

microscopic snldies.

9.2. Results

9 z.L.L AnatomY' Echidna

Twelve parathyroid glands were found in eight echidnas, four animals (E2, E5, E6, El1)

having two each (i.e. left and right gland), the others (E1, E3, E10' E12) only one'

Ultimobranchial bodies were also identified in two echidnas (E3 and E5), each animal

having rwo. The carotid bifurcation was just cephalic to the laryrx and serial sections of

the bifurcations and surrounding tissues did not reveal any parathyroid tissue. However,

many lymph nodes which had a histological structure (Figs' 9'3a & b) peculiar to

monotremes were present here as well as the ventral neck and mediastinal regions. The

diffuse scattefing of small lymph nodes is indicated on Figures 9-1a, b, and c which

illustrates the t¡pical anatomy based on all the dissections of the echidnas'

All parattryroid glands were located in the mediastinum- In eight echidnas a parathyroid

was found near the origln of the right carotid artery and associated with the initial part of

ttre right internal thoracic artery ttrat arises ventrally from the right carotid' very close to

its origin (Figs. 9.1a, b, & c). In five animals ttre right parathyroid gland was identifred as

a discrete ovoid structure approximately 2 x I mm. In the other three echidnas the glurd

was obscured by surrounding thymic tissue and its identification was possible only from

exnmining serial sections. A left parathyroid gland was found in four echidnas' It was

adjacent to the left ca¡otid artery near the origin of the left internal thoracic aftery Gigs.

9.1a, b, & c). In three animals the structure was obvious in fibrofatty tissue, but in the

fou¡th it was indistinguishable with ttre dissecting microscope from overlying thymic

tissue.

parathyroid glands were often closely associated with thymic tissue but never with thyroid

tissue. In the echidna ttre ttryroid gland was ventral to the caudal end of the trachea (Fig'

9.1c). It was loosely framed laterally by the common ca¡otid a¡teries and caudally by the

aortic arch but in many cases the thyroid gland exænded beyond these anatomical borders

to form very irregula¡ boundaries with the thymus. The thymus was diffuse' set in the

frbrofatty tissue of the mediastinum. Thymic lobules were found surrounding the aortic

a¡ch and i¡5 major branches, between the aortic arch and trachea' and even extending over

the ventral surface of the pericardium (Figs. 9.1b, & c)' Numerous lymph nodes were also

present in the mediastinal tissue.

Ultimobranchial bodies, identified by their histological appearance and immunostaining

(See sectio n9.2.2.L and chap. 10), were found in echidnas E3 and E5' They were located
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in frbrofatty tissue adjacent to the trachea, just caudal to the larynx. Each body consisted

of tiny nodular stn¡cflrres, the larger ones of which were approximately 1 mm in diameter

and indistinguishable with ttre dissecting microscope from lymph nodes (Fig. 9.1b).

9.2.1.2. AnatomY - PIatYPus

Dissection of the neck and mediastinum in both platy¡luses revealed urany small nodular

structures in fibro.fatty tissue associated wittr the carotid bifurcations, trachea' aortic arch

and major aortic branches (Fig. 9.2). Disappointingly, most of these structures proved to

be lymph nodes like those found in echidnas (See above section, 9.2.1.1.). Set within

fibro-fatty tissue on the ventral surface of the caudal end of the trachea was a flattened,

da¡k red, oval structure, 18 x t2x 4 mm (Fig. 9.2), that was framed laterally by the initial

segments of the ca¡otid arteries and caudally by the aortic a¡ch. The fibro-fany tissue

appeared to merge with the pericardium. From histological examination the oval structure

was identified as thyroid tissue and small involuted lobules of thymus were scattered

throughout the fibrofatty tissue attached to the thyroid and the ventral surface of the

pericardium. Two parattryroid glands were found associated wittr this involuted thymic

tissue in plat¡pus #2; none was found in the other animal. One gland was on the dorsal

side of the origin of the right brachiocephalic artery and the other was on the medial side

of the origin of the left common carotid (Frg. 9.2). From measurements done on serial

sections the elongated ovoid stn¡ctures were approximaæly 3 x2x 1 mm and2'5 x 1'5 x 1

mm respectively. No other endocrine glands or thymic tissue were found in the neck or

mediastinum.

9.2.2.l.Light Microscopy' Echidna

Each parathyroid glands was srurounded by a thin, fibrous capsule with generally little

connective tissue accompanying the numerous capillaries (Fig. 9.4a). The glands showed

a typical reticulate endocrine arangement of parenchymat cells. No follicles or cysts

were present. Most principal cells had a distinctive elongated shape with polarised

morphology as indicated by the nuclear position. In cells adjacent to narrow septa or the

capsule, nuclei were towa¡ds the ends of the cells next to the connective tissue (Figs. 9.4a'

b). In routine paraffin sections all cells had a 5imil¿¡ pale acidophilic c¡oplasm but the

number of vacuoles varied (Fig. 9.ab). Principal cells in parathyroids from echidna E6

were pAS positive. Cytoplasmic staining was patchy with unstained vacuoles in a bright

pinkmatrix.

In resin sections of a parathyroid from echidnaBl2, there was an ovoid clump of very

lightly stained cells which were labelled water-clea¡ cells (Figs. 9.5a, b). V/ater-clear cells

appeared about twice the size of the other parenchymal cells and were filled with clear

vesicles, some of which had a small da¡k staining central core (Fig. 9.5b). Other

cytoplasmic contents were peripherally located, accentuating the outline of the cells.
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The þarathyroid gland formed a distinct encapsulated structure in the fibrofatty

mediastinum except for one gland from echidna E3 where parathyroid and thymic tissue

merged together (Fig. 9.6a) and principal cells and lymphocytes appeared to mingle. The

lymphoid tissue was positively identified as thymus by the presence of Hassall's

corpuscles (Fig. 9.6a) and incomplete lobules consisting of a darker cortex and paler

medulla.

I-eft and right ultimobranchial bodies were found in echidnas E3 and E6. No other tissue

resembling ultimobranchial bodies was found in the other ten echidnas. As described

above in section g.z.L.L, the gland was lateral to the origin of the trachea. Unlike

parathyroid glands, the ultimobranchial body was not encapsulated. ClumFs of glandular

cells and small follicles that consisted of a single layer of cuboidal cells surrounding pale

staining, acellula¡ colloid were dispersed within a band of frbrofatty tissue (Fig. 9.6b).

The follicula¡ colloid was pAS positive. The small size of the body and the presence of

clumps of cells as well as follicles distinguished it from the thyroid gland where follicular

formation of endocrine cells dominated the histology. Identifrcation of the structure as the

ultimobranchial body was confirmed by the results of immunoc¡ochemical staining (SeB

chap. 10).

The thyroid gland consisted of typical thyroid follicles each of which had an acidophilic

colloid surrounded by a single layer of cells. Generally very large follicles had flattened

cells and in smaller follicles cuboidal cells surrounded the central colloid. In routine

paraffrn and resin sections only one t¡rye of parenchymal cell, the folliculat cell, appeared

to be presenl Numerous capillaries were present in the connective tissue between the

follicles.

Numerous lymph nodes were present in the ventral neck and mediastinum; they had an

' unusual structure in monotremes (Figs. 9.3a &b\ Nodes often occurred where lymph

vessels joined together to form larger vessels. Each ovoid node was suspended within the

lumen of a thin walled vessel and attached to the wall by a vascular cord of fibrous tissue

(Fig. 9.3a). Small blood vessels and capillaries with minimal accompanying connective

tissue fanned out from this central region of attachment into the lymph node' The

periphery of the node was demarcated by a single row of large, acidophilic reticular cells

(Fig. 9.3b). Dense lymphoid tissue, composed of many small lymphocytes formed a

cortex whereas in some nodes, the a¡ea adjacent to the vascular connection had medullary

cha¡acteristics consisting of a looser arrangement of lymphocytes often intermingled with

macrophages, plasma cells and reticula¡ cells. In some lymph nodes there was a single

pale germinal centre (Fig. g.3b) where mitotic and larger blast-like cells were presenL

Two nodes in echidna E1 showed brown granular pigmentation in scattered macrophages

but not in the peripheral reticular cells'
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9.2.2.2. Light Microscopy - Platypus

Both parathyroid glands were set in fibrofatry tissue of the mediastinum with fibrous

connective tissue encapsulating the glands and outlining involuting lobules of ttrymic

rissue @g. 9.7a). At the periphery of the left gland, intermingling of parenchymal cells

and thymic tissue was apparent (Fig. 9.7b). Lymphoid tissue was identified as thymus

due to the presence of Hassall's corpuscles (Fig. 9.7c)'

Within the glands cells were densely aranged with minimal connective tissue

accompanying vascular elements (Figs. 9.7a, b). Only principal cells were present. They

were quite small, approximately 20¡rm in ¡li¡meter, v/ith the nucleus, approximately 10¡rm

in diameter, occupying much of cell. Light and da¡k cells were not distinguishable but

some cells showed patchy cytoplasmic staining indicative of glycogen. No cysts or

follicles were observed.

Lymph nodes, thyroid gland and thymus in the platlpus had simila¡ histolory to those in

the echidna Descriptions of the light microscopic structure of these organs were given in

the preceding section.

9.2.3. Electron Microscopy' Echidna

Only tissue from echidnas, not platypuses, \f,ras suitable for electron microscopy;

specimens from three animals, E10, El1, and E12, were examined. The typical endocrine

structure of the parathyroids was confrrmed with the electron microscope. Parenchymal

cells were packed tightly together with minimal amounts of connective tissue

accompanying capillaries and larger blood vessels (Fig. 9.8a). Most parenchymal cells

were principal cells that showed simila¡ cytoplasmic electron density; light and dark cells

were not apparent (Fig. 9.8a). In one gland from echid¡ra,El2,there was a clump of large

cells filled with electron-lucent vacuoles (Fig. 9.9b). These cells were identified as water-

clea¡ cells; similar cells were scattered in a gland from animal E11. Also scattered

sparsely among the principal cells were unidentifred cells with a non-secretory appearance

(Fig. 9.ga, Fig. 9.9b). These irregularly shaped cells had a relatively homogeneous

cytoplasmic matrix with very few vesicles and mitochondria. Nuclei were larger' more

irregular in shape and had more heterochromatin that nuclei of principal cells.

principal cells showed partial polarisation in that they were columnar in shape with the

nucleus at one end of the cell and a variety of organelles and inclusions clustered at the

other end (Fig. 9.9a). Nuclei were mainly round with abundant euchromatin and

clumping of peripheral heterochromatin. Cellula¡ outline was accentuated by extensive

folding of the membrane into long, thin microlamellar projections, arranged parallel to the

plasmalemma and interdigitating with simila¡ processes of adjacent cells (Fig. 9-9b).
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These plasmalemmal modifications formed a system of canaliculi' Desmosomes \ilere

scaneied arong straighr rengths of principal ce[s and water-clea¡ cells (Fig. 9.11b).

Principal cells had abundant organelles and inclusions (Fig' 9'9b) and there was no

obvious correlation benveen the amount of nuclear euchromatin and qçes of c¡oplasmic

structures. Ribosomes were either single, clustered as polyribosomes' or in parallel stacks

of RER where in most cases at least frve lamellae were present (Fig'9'10a)' Golgi bodies

and mitochondria showed typical features @ig. 9.10b) except the former were quite small'

The latter were elongated with a matrix more electron dense than that of the cytoplasm'

Mitochondria were numerous in most cells (Figs' 9'8q 9'9U 9'l}a' & b) but no oxyphil

cells, characterized by vast numbers of mitochondria were prcsent'

Membrane bound, electron dense vesicles, identified as secretory granules' were quite

small with diameters simila¡ to the width of mitochond¡ia (Fig' 9'11a)' Larger vesicles

either had particulate contents surrounded by a halo (Fig. 9.11a) or a heterogeneous

interior and were identified as either storage secretory granules or lysosomal bodies'

Large electron lucent vacuoles were pfesent in many cells (Fig. 9'9b, Fig' 9'10a)' There

was evidence that these vacuoles were released from the cels and remained intact within

the canaliculi. often additional concentric membranes could be seen outlining the

vacuoles in the intercenular spaces (Fig.9.10a). Lipidinclusions were not uncommon and

again their appearance could not be related to a particular phase of the secretory cycle

(Ftg. 10).

water-clear cens were larger than principal cells and packed with electron lucent vacuoles

(Fig. 9.8b). Nuclei had more heterochromatin than those of principal cells and often the

shape of the nucleus was distorted presumably by the pressure of the many vacuoles

crowded into the cell (Fig. g.gb). organelres and inclusions other than the vacuoles were

confined to small areas between the vacuoles and at the periphery of the cell'

Mitochondria, RER, and desmosomes (Fig. 9.11b) were identified, their presence

indicating a living rathef than dying cell. vacuoles were large; some formed by the

coalescence of adjacent vacuoles and the subsequent degeneration of membranes (Fig.

9.8b). Contents va¡ied from very frne particulate material to collections of electron dense

substances and whorls of membranes (Fig' 9'11b)'

93. Discussion

93.1.1. AnatomY' Echidna

Results from the curent study on L}echidnas suggest that one pair of paratþyroid glands

is cha¡acteristic of this species and the glands a¡e located in the mediastinum in the

vicinity of the origins of the common ca¡otid and the internal thoracic a¡teries. If the

gtand is enveloped by thymic tissue then its identification is very diffrcult in dissection.
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This probably partially explains why varying numbers were found in the dissected

echidnas. From the examination of embryos, one 'half grown' (12cm) echidna, and one

adult specimen, Mauret (1899) concluded that during development there were two pairs of

parathyroid s rnTachygLossl¡s. His drawings illustrate increasing proximity of parathyroid

Itr and parathyroid IV during development and from examining adult specimens in the

present study, a suggestion is made ttrat in man[ity either t]re gtands mefge together or

one pair degenerates. Mar¡rer (1899) failed to find any trace of the parathyroid glands in

the adult echidna he examined- His anatomical findings were incorrectly described in the

review article by Roth and schiller (Lg76) where not only was the description of the 'half-

grown, 10cm echid¡ra instead of the adult given but also the location of parathyroid IV

was inaccurate: "Therefore in tt¡e adult, where both pairs of glands a¡e found in the thora:<'

paratÌryroid III is found on the dorsal asPect of the thymus or embedded within it and

parathyroid fV remains as a sepa¡ate gland at the carotid bifurcation"'

In determining the location of the parathyroid glands n Tachygloss4s' sevefal unusual

anatomical featues were noticed in the ventral neck and mediastinum' For exanple' the

presence of thoracic thymic lobules fused with the superficial surface of the pericardium

seems to be a feature of both platypus and echidna and not just the former as was

suggested by a previous study (MacKenzie and owen, 1919). Another unusual frnding

was the prominence of the internal thoracic artery' This artery and major thoracic

b¡anches of the aorta \ilere illustrated in a drawing by Hochstetter (1896, cited by

Griffiths, 1968). In all the echidnas examined in this cruÍent shrdy, the internal tÌroracic

artery branched from the common ca¡otid, whereas Hochstetter indicated the internal

thoracic aftery arose at the site of the origins of the subclavian and common cafotid

arteries from the brachiocephalic'

Perhaps the most curious feature of the ventfal neck region was the presence of

ultimobranchial bodies in the adult. All four bodies that were identifred in ¡vo echidnas

were smaller than the glands indicated in a drawing by Maurer (1899) and were not

discrete nodular stn¡ctures like those described by that author. Similarly the association of

the bodies with the trachea was not as close as Maurer stated. Instead glandular elements

were quite dispersed in the fatty tissue between the trachea and deep muscles of the neck'

Failure to identify ultimobranchial bodies in all echidnas \ilas probably related to

removing the fatty tissue during dissection when the deep ventral muscles were severed

and reflected in order to expose the trachea'

Monotremes are the only class of mammals in which the thyroid is located in the

mediastinum and the ult'mobranchial tissue does not fuse with the thyroid gland during

embryonic development but instead, remains as a separate body. The thoracic location of

the thyroid and the separate entity of the urtimobranchial body are both reptilian, not

memmalia¡r cha¡acteristics (Gorbman et al., 1983)' In the Past decades taxonomic
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a¡guments have focused on the justification of classifying monotremes as mammals

because monotremes have many anatomical features usually associated with reptiles

(Griffrths, 1968; Griffiths, 1978). Reptiles usually have one or two pairs of parathyroid

glands which, as in monotremes, lie nea¡ the heart associated with the common carotid

arteries and aortic arch (srivastav et ar., 1995). The thyroid is at the caudal end of the

trachea (Gorbman er al., 19g3) and the thymus is ventral and lateral to the thyroid. The

ultimobranchial bodies are loosely attached to the ventrolateral aspects of the caudal end

of the trachea (Anderson and Capen,1976; Gorbman et al', 1983; Singh and Kar' 1983;

Padgaonkar et al., lgg2). From the current study, the presence of the ultimobranchial

body and the thoracic location of the thyroid in Tachyglossus are therefore additional

reptlian cha¡acteristics that have not previously been noted (Griffiths, 1968; Griffiths,

1g7g). Atthough the number and precise location of these glands and structr¡res vary in

the different reptilian genera, there does appeaf to be more structural simirarities between

reptiles and monotremes than between marsupials and monotremes.

93.L2. Anatomy' PlatYPus

The descriptions that have been given in the crurent investigation of tissues in the ventral

neck and mediastinum of the platypus do not correlate well with descriptions previously

provided by MacKenzie and owen (1919). No endocrine glands were found at the

conrmencement of the uachea and no large "parathymus gland" in the mediastinum. The

former glands were probably overlooked in the dissections in spite of great care being

exercised- However ttre identity of these glands as parathyroids by MacKenzie and owen

is disputed when comparisons are made with the embryolory and anaOmy of the echidna

the only othef extant monotreme genus. From the meticulous studies done by Matuer

(1899) the ultimobranchial body persists as a separate entity at the origln of the trachea in

the echidna and assuming that there are strong embryologicat similarities between these

two closely related monotremes, then it seems reasonable to suggest that MacKenzie and

Owen mis-identified ultimobranchial bodies as parathyroid glands in the platypus.

In the current study, the association of pafathyroid glands with thymic tissue in the

mediastinum is similar to descriptions previously given for the echidna (Maurer, 1899).

The thymic tissue exanined in both platypuses was involuted but positive identification

was supported by the presence of Hassall's corpuscles. The continuation of the thymus

caudally to regions of the fibrous pericardium aPpears to be very unusual for mammals

and was also noticed by MacKenzie and Owen (1919)'
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gs.2.l.Light Microscopy - Echidna

Descríptions given for the parathyroid gland in the echidna fepresent the first rcport based

on a study of the glands from 12 echidnas. This is a considerable advance on the earlier

feport (Maurer, 1899) where only one matufe echidna was examined' Principal and

water-clear cells, but not oxyphil cells, were present. 'Water-clear cells a¡e discussed in

the following section (9.3.3). Of all the marsupial and monotreme species examined in

the current study the principal cells of the parathyroidsrnTachyglosstts showed the most

obvious polarity wittr the cells being quite elongated and the nuclei eccentric in position.

However arrangement of principal cells into follicles \ilas not seen. Cysts were also

absent. The absence of these features in monotremes distinguishes them from most

marsupials where follicles and cysts were part of the parathyroid histology for all

marsupial species, except Antechínus spp., Søcophílus larrisíi, and Macropw fulígírcsus

examined in this culrent study (See chap. 11, General Discussion). The absence of

ox¡çhil cells appears not unusual considering ttrat their presence has been recorded in

only a few reptilian and mammalian species (Roth and Schiller, t976, Srivastav et al.,

1gg5; wild and setoguti, 1995). The noted absence of light and dark categories of

principal cells in paraffin and resin sections of parathyroid glands and the merging of

parathyroid and thymic tissues have also been described for several marsupials and are

discussed in chapter 11, General Discussion. However since the histology of the

pafathyroid glands, ultimobranchial bodies, thyroid and thymus rn Tachyglossus shares

many simila¡ities with those of reptiles then comparisons with reptiles will be discussed in

this chaPter.

There appear to be strong affinities between the histology of the parathyroid'

ultimobranchial, thyroid glands and thymusrnTachyglosst¿s and those in reptilian species

ttrat share a simila¡ anatomy for these organs. For example results of the crurent study are

similar to findings in liza¡ds (suborder Lacertilia) and snakes (suborder Serpentes) (Roth

and schiller , Lg¡Î;Srivastav er al., 1995). The parathyroid glands in the snakes, cerberw

rhynctøps and Eryx johnííhaveprincipal cells with partial polarity aranged in cords, and

cells of the ultimobranchial bodies are arranged mainly in follicles (Singh and Kar, 1983;

padgaonkar et al., lgg2). The distinction berween the histology of the parathyroids and

ultimobranchial bodies was as apparent in these repúlian studies as it was in ttre crurent

study on TacltygLossus.. Another common feature for these three species was the close

association of the parathyroid gland with the thymus but not the th¡'roid'

The unique stn¡cture of lymph nodes in monotremes has been noticed in a previous study

@iener and Ealey, 1965) where the morphology was interpreted as being intermediate

between amphibian jugular bodies and eutherian lymph nodes. Diener and Ealey

described each lymph node as consisting of a dark cortex st¡¡rounding a pale medulla,

formed by a genninal centre. However, my interpretation of lymph node structure

differed slightly. A cortex and medulla were not obvious in all nodes' In nodes without a
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germinal centre the tissue immediately adjacent to the vascular connection had fewer

small-lymphocytes present and was only slightly paler in staining compared with the

cortex. The distinction of da¡k cortex and pale medulla that is seen in other mammalian

lymph nodes was not apparent. The appearance was mole like mucosal associated

lymphoid ússue but wittr a peripheral layer of reticula¡ cells. From the serial sections

done in the cu¡rent study the nodes were Present linearly in the lymph vessels and each

node had vascular connections to the wall of these vessels. Earlier descriptions of the

nodes interpreted them as a complex of nodes joined by interlinking lymph vessels'

instead of being in a lineal series. The peripheral covering of the nodes by a layer of

reticular cells was also not reported in the ea¡lier study @iener and Ealey, 1965)'

g 3.2.2.Light Microscopy' Platypus

The microscopic stn¡cture of parathyroid gland is similar to that of many other ai¡-

breathing verrebrates (Roth and Schiller ,1976). If ttre platypus has similar embryology of

the branchial pouches to that of the echidna (Maurer, 1899) then the observed close

association of thymic tissue with the parathyroid glands supports the identiflrcation of

these endocrine glands as parathyroids and not urtimobranchial bodies because the

derivation of the parattryroids is similar to that of the thymus but different from that of the

ultimobranchial bodY-

93.3. Electron Microscopy' Echidna

ultrastn¡ctr¡ral descriptions wefe based on the examination of specimens from only three

echidnas. Although the number of specimens wfls low, the heterogeneity of the sarnples

was minimal because all animals were male, all were taken from the wild and killed at the

same time, and a¡ specimens \ilere treated similarly with excellent fixation and staining'

Hence differences that were noted between specimens taken from different animals could

be interpreted as individual va¡iations rather than effects caused by different physiological

or technical influences. conversely, no data were recorded on the possible structural

variations imposed on the parathyroid by seasonal influences, sexual differences' or

physiological conditions (e.g. lactation)'

The array of vesicles that were seen in the principal cells of the echidna parathyroid gland

is similar to that described in most of the marsupials studied (see chaps. 4 - 8)' The

classification of granules as secretory or storage/ysosomes was influenced by a previous

study where electron dense vesicles without a wide hato and more granular vesicles with a

wide halo were found to fepfesent secretory and storage granules respectively (wernerson

et al., 1995).

Unusual features that cha¡ac tenzedttre echidna parathyroid gland were the presence of

water-clear cells with ttreir large vacuoles, the non-secretory cells interspersed with the
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other parenchymal cells, the extensive nenvork of canaliculi formed by the interdigitating

short inicrolamella¡ projections, and the lack of follicles and cysts. The last fean¡re has

already been discussed in section 9.3-2.

'Water-clear cells a¡e not widespread in mammalian parathyroid glands. They are almost

never found in normal human parathyroid glands @elellis, L993) and have been noted

occasionally in hamsters @mura et al., 1990), possums (Haynes, 1995), and rabbits (Wild

and Setoguti, 1995). The appearance of vacuoles in water-clea¡ cells is somewhat

va¡iable. In humans they range from small to large (i.e. 0.1 - 4pm in diameter) are

membrane-bound, often contain fine particulate and thread-like material and someFmes

appeaf to coalesce (Sheldon, 1964; Roth, 1970 Nilsson, L977;Delellis, L993; Wild and

Setoguti, 1995). Occasional strucnrres have been reported within the electron lucent

vacuoles including lipid droplets, concentric layered "myelin bodies" (Roth, 1970)' and

electron dense material @elellis, 1993). In addition to these variations, in hamsters

@mura et al., 1990; Emura et al., 1991), rabbits (Wild and Setoguti, 1995), and possums

(flaynes, 1995) the membrane of some vacuoles has been studded with ribosomes. In

humans, vacuoles of water-clear cells are devoid of ribosomes (Sheldon, 1964: Roth,

l97O; Nilsson, lg77). The vacuoles that were present in some cells of the echidna

parathyroid glands (see section9.2.3 above) frt within the spectnrm of these documented

descriptions. The vacuoles often appea¡ed to have coalesced, had fine particulate contents

in which dense bodies or la¡nella¡ stn¡ctures were present and no ribosomes were presenl

The nuclei were misshapen by the surrounding vacuoles and in humans similar nuclear

distortions in water-clear cells have also been noted (Nilsson, 1977)'

There a¡e three theories that have been proposed on the origin of the vacuoles in water-

clear cells. Either the vacuoles a¡ise from the Golgi region and ¡esult from the

manufacture of c¡omembranes by this organelle (Roth, 1970), the vacuoles a¡e distended

cisternae of RER @mua et al., L99L; Wild and Setoguti, 1995), or they are derived from

secreûory granules (Cinti and Sbarbati, 1995). The supporting pieces of evidence for these

h¡potheses are respectively, the simils¡i¡y of the contents of the vacuoles and the cisternae

of Golgi region (Roth, 1970), the presence of ribosomes on thevacuolar surface (Emuraet

al., 1991; Wild and Setoguti, 1995), and frnally the appearance of membrane-bound

structr¡res with characteristics interrrediate between secretory granules and water-clear

vacuoles (Cinti and Sba¡bati, 1995). In the current study on the echidna parathyroid

glands, the concentric lamellar structufes that were in some vacuoles may represent

cytomembranes and hence add support for the origin of the vacuoles from Golgi region

cisternae. Because water-clear cells a¡e never seen in normal human parathyroid glands

but sometimes in h¡perparathyroidism it is proposed that their ra¡e presence in other

vertebrates may be a result of a pathological condition. In possums (see chap. 7) water-

clear cells were only found in animals that appeared to be stressed and the appearance of

the cells was linked to possible renal insufficiencies in these stressed animals. In echidnas
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however no possible explanations for the presence of water-clear cells can be provided

because no additional information on the physiological status ofthe animals is available

except ttrat body condition and reproductive status of each animal was normal at the time

of death.

The non-secretory cells that were interspersed with principal cells and not separated by

basat laminae wer€ unique to echidna; they were not observed in parathyroid glands from

marsupials (see preceding chapters), nor have they been described in other mammalia¡r

parathyroid glands (Roth and Schiller, L976). However, similar stellate cells have been

identifred in ttre reptilian parathyroid of the iguana (Anderson and Capen, 1976). No

function was suggested for the stellate cells. Since they resemble some epithelial reticular

cells of the thymus and since the thymus and parathyroid glands have common embryonic

origins then a suggestion is made that they are indeed epithelial reticular cells aqpical in

embryonic development and migration. Epithelial reticular cells in the thymus have been

shown to have considerable heterogeneity and subgroups have been identifred on grounds

of ultrastn¡ctural, histochemical and immunological studies (van de V/ijngaert et al., 1984;

von Gaudecker et al., 1986; Bodey and Kaiser,1997). In the echidna the non-secretory

cells had characteristics simil¿¡ to those found in epithelial reticula¡ cells that are either

undifferentiated or are not active in the synthesis and sesretion of humoral substances (van

de V/ijngaert et al., L984; von Gaudecker et al.' 1986)'

The most unusual ultrastn¡ctural feature of the echidna parathyroid was the extensive

network of canaliculi that penetrated the gtands. Short cytoplasmic processes have been

associated with active secretion of parathyroid hormone although delayed and poor

fixation can influence the morphology (Wild and Setoguti, 1995). In view of the good

preservation of the parathyroid glands by perfusion fixation, it is suggested that the

parathyroid glands Ìvere very active in secreting parathyroid hormone and the nenvork of

minute intercellular spaces formed a pathway for the hormone to pass into the vascula¡

system.
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Fig. 9.1. Anatomy of ventral neck and mediastinum in the echidna

The three drawings illustrate the typical anatomy of endoqine glands and lymphoid

stn¡ct'res in the ventral neck and thorax of the echidna superficial salivary glands have

been removed and vental neck muscles have been cut near their auachment to the laryn ("

Fig. 9.1a. Shows the major arteriat branches of the aortic a¡ch and the course of the

common ca¡otid a¡æries. The ca¡otid bifr¡¡cation occt¡rs at the level of the laryf¡x deep to the

ventral neck and digasric muscles. The vagus nerve is shown accompanying the common

ca¡otid arteries. Note the prominent internal thoracic arteries that arise from the ca¡otid

aræries near their origins and then cogrse caudally ventrolaæral ¡g the aortic arch The most

common locations of parattryroid glands, adjacent to the origins of the common carotid and

intemal thoracic arteries, a¡e shown by solid red squares'

Fig. 9.1b. Shows numerous small lymph nodes (solid black) and the deepest layer of

mediastinal tissue (mafuiry thymus) a¡ound fts major arteries. Mediastinal tissue consists of

thymic lobules and fibrofatty tissue as well as lymph vessels' nodes' neurovascular

components and occasionalty parattryroid glands'

Fig. 9.1c. Shows the extent of the thyroid gland (doued) at the caudal end of the

uachea, and ventral to it is frbrofatty tissue that is continuous with ttre pericardium urd

contains thymic tissue. The locations of the ultimobranchial bodies are indicated by solid

blue squares.

Ban lOtrm
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Plate 9.2. Gross anatomy of the neck and thorax in the platypus

The photogaph shows the anatomy of the ventral neck and mediastinum of the platlpus.

Some of the many nodula¡ structures can be seen in the tissues surrounding the trachea cI)

and major arteries. The thyroid (Tr) has been reflecæd from its usual position at the base of

the trachea with the ca¡otid arteries as its lateral borden. A lymph node (L) is dorsal to the

thyroid gland. Thymic tissue and parathyroid glands were located in the fibrofatty

mediastinal tissue (Th). Arrows indicate where parathyroid glands were found in ttre serial

sections; their locations a¡e hidden in this ventral view'

Plat¡ryus #2

Ban 5rnm
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Plate 9.3. Monotreme lymph node

Fig. 9.3a. Shows the tlpical ovoid shape of a monotreme lymph node suspended in a

lymph vessel and the fine vascular connection benveen the node and the wall. Note the

slightly different medullary tissue in the vicinity of the vascula¡ connection. Lymphocytes

and other leukocytes, but not red blood cells are present in ttre surrounding lymph.

Echidna E3, mediastinal tissue

Bar: 50Um

Fig. 9.3b. Shows part of a lymph node with a germinal centre surrounded by small

lymphoc¡es of the cortex. Note the reticular cells @) at the periphery of the cortex.

Echidna El, mediastinal tissue

Ba¡: 30pm
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Plate 9.4. Light microscopic structure of parathyroid glands in the echidna

Fig. 9.4a. Shows the t¡picalreticulate endocrine stn¡cture of aparathyroid gland- Note

tlre elongæed principal cells with eccentic nuclei. Inærcellular space has been accentuated-

Echidna El, mediastinal tíssue, paraffin section.

Ba¡: 20pm

Fig. 4b. Shows the cytoplasm of parathyroid principal cells is pale with many

vacuoles. Nuclei of the elongated cells a¡e at the ends adjacent to the perivascula¡

connective tissue.

Echidna E6, parafñn section.

Ban 50pm
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plate 9.5. Light microscopic structure of water-clear cells in echidna

Fig. 9.5a. Shows a patch of water-clear cells in the parathyroid gland of echidna E12.

The rich vascularity of the gland is obvious because the capillaries and small blood vessels

a¡e disænded and clea¡ due to fxation by perfusion.

Echidna E12, resin section, toluidine blue.

Ba¡: 200Um

Fig 9.5b. Shows the light microscopic appearance of water-clear cells. They are about

twice the size of the darker principal cells and a¡e filled with small clear vesicles. Note the

central dark core of some vesicles.

Echidna E12, resin sections, toluidine blue.

Ban 20ttm
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Ptate 9.6. Thymus-parathyroid barrier and ultimobranchial body in the

echidna

Fig. 9.6a. Shows the apparent lack of connective tissue barriers between the pale

staining principal cells of the parathyroid gland and the small dark lymphoc¡es of the

thymus. A Hassall's corpuscle (H) is present at the top of the micrograph.

Echidna E3, parafÉn section.

Bar: 50Up

Fig. 9.6b. Shows the histology of the ultimobranchial body. Endocrine cells are in

clumps or arranged in small follicles. Note glandula¡ cells are not encapsulated but clusters

are scattered in the fibrous tissue.

Echidna E3, paraffrn section.

Ban 50Um
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Plate 9.7. Light microscopic structure of the parathyroid gland and thymus

in the platypus

Fig. 9.7a.. Shows parath¡'roid gland and thymic lobule set in the fibrufatty tissue of the

mediastinum. Note the compact arrangement of the principal cells in the parathyroid gland

and the high nuclear to cell volume ratio.

Plat¡pus 2

Bac 30pm

Fig. 9.7b. Shows the mingling of thymic tissue CI) (small dark nuclei on the left) with

principal cells of the parathyroid. The pale, foamy appearance of the cytoplasm of many

principal cells suggests glycogen storage.

Plat¡ryus 2

Ban 30pm

Fig. 9.7c. Shows an involuting thymic lobule without a clearly demarcated cbrtex and

medulla and a Hassall's corpuscle (H) on the upper left.

Plat¡pus 2

Ba¡: 30pm
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Plate 9.8. Ultrastructure of principal and water-clear cells in the echidna

Fig. 9.8a. Shows a low power view of the parathyroid gland. Little connective tissue

surrounds the capitlary and parenchymal cells have similar density of staining to thei¡

cytoplasm. Note the non-secretory cell (N) with a triangular nucleus in the upper left

quadrant of the micrograph.

EchidnaElO

Ban 5¡tm

Fig. 9.8b. Shows water-clear cells. The nucleus is hyperchromatic and distorted by

large vesicles that fill the cytoplasm almost to the exclusion of other c¡oplasmic stn¡ctures.

Some coalescence of vesicles is apparent.

EchidnaEl2

Ban 2¡tm
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Plate 9.9. Potarity of principal cells and intercellular canaliculi in the

echidna ParathYroid gland

Fig.g.ga.Showspolarisationofprincipalcells.Intheelongatedcolumnarcells,
nuclei and RER are at one end and granules and Golgi bodies at the other. Note the system

of canaliculi is betr¡'een the cells.

EchidnaEll

Bar: 2Pm

Fig. g.gb. cellula¡ outline is accenruated by the microlamellar Processes forming

canaliculi. Noæ ttre abundant organelles and inclusions in the principar ce[s comparcd witlt

the non-secretorry cell (N) in the top left corner of the micrograph.

EchidnaEll
Ban 2¡tm
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plate 9.10. Clear vesicles and Gotgi complex in the parathyroid gland of the

echidna

Fig. 9.10a. Shows stacks of parallel RER lamellae and details of the intercellula¡

canaliculi formed by microlamellar projections. Clea¡, membrane-bound vesicles can be

seen stored intracellularly (S) and remaining intact (R) in ttre intercellula¡ canaliculi.

EchidnaEll
Ban l¡tm

Fig. 9.10b. Shows ttre t¡picat appearances of a Golgi complex and mitochond¡ia in an

echid¡ra parathyroid gland. Mitochondrial matrix is very electron dense'

EchidnaEll
Bac 500nm
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plate 9.11. Vesicles in principal and water-clear cells in the parathyroid

gland of the echidna

Fig. 9.11a. Shows electron dense secretory granules (S), larger vesicles (II) where the

particulaæ contents aI€ sturounded by a halo, and nvo lipid inclusions (L)'

EchidnaEll
Bar: 500nm

Fig. 9.11b. Shows details of tlpical vesicles in a water-clear cell. The contents are

variable ranging from very sparse particulate matter (P) to heterogeneous stn¡ctues (G).

The presence of a mitochondrion, RER (arrow) and desmosomes indicate a living rather

than dying cell.

Echidna 12

Bar: 500nm
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Chapter 10

Immunocytochemical Study of Marsupial
and Monotreme ParathYroid Glands
and the LJltimobranchial body in the Echidna

10.1. Introduction

The aims of this chapter are -

1. To identify parathyroid hormone in tissue sections of

parathyroid glands of marsupials and echidnas by using

immunocytochemistry at the light and, where possible, the electron

microscopic levels.

2.To confirm the identification of ultimobranchial bodies in the

echidna using light microscopic immunostaining techniques to detect

calcitonin and calcitonin gene-related peptide (CGRP).

The presence of parathyroid hormone has been demonstrated

successfully by immunocytochemical techniques in many mammalian

parathyroid glands including human @elellis, 1993), rat, gerbil, mouse'

dog (Inoue and Setoguti, 1986), rabbit (Shoumura et al., 1988), cow

(Arps et al., 1987), and hamster (Shoumura" Ishizaki et al., 1988). No

information is available on the immunocytochemical staining of

marsupial or monotreme parathyroid glands-

Light microscopic techniques have included immunofluorescent staining

(Hargrs et al., 1964;Ali, 1980) and indirect peroxidase labelled antibody

(Futrell et al., t979; Oka et al., 1988; Delellis, 1993). Parathyroid

hormone has also been demonstrated at the ultrastrucn¡ral level. Of tt¡e

several techniques available, two that have been used successfully are the

indirect peroxidase labelled antibody method (Futrell et al., 1979) and

the protein A-gold technique (Inoue and Setoguti, 1986). In the former

method, secretory granules of parathyroid hormone in bovine glands and

human adenomas were illustrated, and in the latter, the distribution of

parathyroid horrrone in parathyroid glands from several mammalian

species was shown.

The cells of the ultimobranchial body a¡e identical in origin and fr¡nction

to the parafollicula¡ cells, i.e. C cells, of the thyroid (Wendelaar Bonga
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and Pang, 199r). Their knOwn function is to secrete calcitonin in fesponse to

hypercalcemia. The gene responsible for the formation of cdcitonin also codes for

another peptide, calcitonin gene-related peptide (CGRP) and the expression of the specific

mRNA for the precursor of calcitonin or GGRP depends on the site of the cell' calcionin

and CGRp arc present within the same cells, even within the same secretory granule, but

normally only small a¡fiount of cGRP are found in c cells where calcitonin is the major

product of the gene, and in the nervous and circulaþry system' CGRP is the major peptide

(wendelaar Bonga and Pang, 1991). Across the species, signifrcant homology has been

conserved in the amino acid residues of CGRP but fewer simila¡ities are found in

calcitonin. For exarnple bovine calcitonin has only 14 out of' 32 amino acid residues in

cofrìmon with human calcitonin (collyear et al., 1991). The degree of homology of these

two peptides across the species may influence the immunostaining of c cells or the

ultimobranchial bodY.

10.2. Materials and Methods

The tissue blocks used for immunocytochemical studies came from the sfulre sor¡fces that

have been described in the preceding chapters. Diffrculties were experienced in obtaining

paraffrn embedded pafathyroid glands from S' crassicaudaú¿ because of the minute

dimensions of these glands. An glands were fixed in either buffered fomralin or electron

microscopic fixative with low glutaraldehyde concentration, i'e' o'257o, (See chap' 3'

Materials and Methods), and embedded in either paraffrn for light microscopy or LR

white resin for electron microscopy. Details of embedding procedures are given in

Appendices A and C.

Immunostaining for light microscopy was done using the indirect peroxidase labelled

antibody method. The details of the technique are given in Appendix Kl' Briefly the

immunocytochemical søining involved initially employing a protein blocking agent'

folrowed by incubation with the primary antibody, then a biotinylated universar secondary

antibody and a strePtavidin peroxidase reagent. Finally diaminobenzidine was used to

produce the staining at the site of the antigen, parathyroid hormone' The protein blocking

agent, the secondary antibody and the peroxidase agent wefe components of a commercial

kit, supplied by rmmunon, Pittsburgh, USA. The primary antibody, anti-parathyroid

hormone came from BioGenex Laboratories, San Rarnon, california, usA' Antibodies to

calcitonin and GGRP that were used to identify the ultimobranchial body in the echidna

were both kindly donated by the Histopathology Department, Institute of Medical and

VeterinaryScience,Adelaide.Thevisualisationoftheimmunoreactionwasdoneusing

the chromagen 3,3,-diaminobenzidine teEahydrochloride, also supplied commercially in

substrate kit from zYlvßDlaboratories, san Francisco, usA'
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The immunostaining of parathyroid hormone for light microscopy was done on

parath¡'roid glands from the following marsupials and monotremes:

a- Tasmanian devil, Sarcophihts harrísíí

b. wombat, Lasíorhíntts latífrons

c. koala Plascolarctos círæreus

d. possum, Tríchosurus vulpecula

e. kangaroo,Macropusfuliginostts

f. echidnq Tachyglossus aculeans (sections of ultimobranchial body were

also used)

Human parathyroid glands removed at autopsies were used as positive and negative

controls. For negative controls, incubation wittr the primary antibody was omitted in the

immunostaining protocol.

The immunosøining of calcitonin and CGRP for light microscopy s/as done on sections

of ultimobranchial body @3, E6), parathyroid gland (E6), and composite tissues @2)

including thyroid, thymus, lymph nodes and parattryroid glands. Positive control was

formalin fixed possum thyroid.

Immunostaining for electron microscopy was done using protein A-gold and a modified

avidin-gold, extravidin-gold. The gold conjugate in both techniques was 10 nm. In the

former technique gold-labelled protein A binds to the primary antibody; in the latter

technique the binding site of the primary antibody with parathyroid hormone is amplified

by the attachment of biotinylated secondary antibody to which extravidin-gold combines.

The protocols for the two techniques and the sources of the reagents are given in

Appendix K2.

The immunostaining of parathyroid hormone for electron microscopy was done in the

following marsupials:

b. wombat, Lasiorhíruu latifrors

c. koala, Pløscolarctos cínere

d. possum, Tricløsurus vulpecula

e. kangaroo, Macropwfulíginows

10.3. Results

103.1. Light Microscopy - Parathyroid Gland

A positive result for immunostaining of PTH was seen in all ttre parathyroids stained- The

negative control showed that in the ox1phil cells there was some colouration and after

viewing routine H & E sections it was decided this staining \ilas due to yellow-brown

lipofuscin pigment. In the positive control, human parathyroid gland, PTH was difñrsely
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distributed in most principal cells @ig. rO.ra). Some cells were clea¡ and oxlphil cells

were intensely stained. Except for the presence of oxyphil cells, a similar diffuse pattern

of staining was seen in the parathyroids of ttre Tasmanian devil, possum (Fig. 10.1b)'

wombat (Fig. 10.2a), and koala (Fig. 10.2b). Nuclei appeared stained for PTH in some

cells (Fig. 10.1b) although positive staining in the cytoplasm above and below the nucleus

probably accounted for most of the apparent nuclear staining' Most cells forming follicles

in the wombat (Fig. 10.2a) were negative whereas they were positive in ttre koala (Fig'

10.2b). smooth muscre in the walr of blood vessels was also noticed to be positive (Fig.

10.2b). Follicular colloid in both species was negative (Figs' 10'2a & l0'2b)'

In the kangaroo pamthyroid gland staining was quite patchy; with positive staining in

scattered cells @ig. 10.3a). within the principal cells, granules often appea¡ed to be

concentrated on one edge of the cell (Fig. 10.3c). In ttre wide septa between the lobules

mast cells were obvious (Fig. 10.3a). In kangaroo K19, where there was intermingling of

parathyroid and thymic tissue, principal cells adjacent to thymic tissue were positively

stained (Figs. 10.3b & 10.3c) and congasted to the negatively stained thymoc¡es'

The immunostaining of the principal cells in the echidna was paler than that in marsupials'

The a¡nount of staining varied from cell to cell (Frg. 10. 4a) with some negative and others

with da¡k granules concentrated in the cytoplasm' Some background staining was

apparent in the echidna thymus but yellow-brown stain was very obvious and

concentrated in the Hassall's corpuscles. The corpuscles were also positive for the

immunosøining of CGRP.

Mast cells in connective tissue adjacent to the parathyroid and thymus wefe positive for

PTTI and CGRP. The ultimobranchial body was negative for PTH'

10.3.2. Li ght Microscopy' I'Jltimobranchial Body

Immunostaining of calcitonin and CGRP was quite weak and generally inconclusive' In

the posiúve control of possum thyroid, c cells were stained for calcitonin (Frg. 10.5a) and

CGRP but some follicula¡ cells were also positive. No parenchymal cells in the echidna

thyroid or parathyroid were positive for either peptide. In the ultimobranchial body very

weak staining for calcitonin was Present in some cells (Fig' 10'5b); CGRP staining was

moderate and more widespread (Fig. 10.5c). Mast cells and' as mentioned above'

Hassall's corpuscles were intensely stained with CGRP'

10.3.3. Electron MicroscoPY

very weak immunolabelling was obtained using protein A-gold technique' some

background staining was present (Fig. 10'6a)' Unfornrnately most granules had just a

handful of gold particles; the best example of labelling was in the koala (Fig' 10'6a)'
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Labelling was too light to determine if prH was associated with particular types of

granules.

Extravidin-Gold technique resulted in a widespread protein precipitate (Fig. 10'6b) that

mainly obscured the gold labelling. However more labelling was obtained with

Exravidin-Gold than protein A-Gold and it appeared more specifrc. Mitochond¡ia (Fig.

10.6b), RER, and large electron dense vesicles (Fig' l0'6c) were devoid of gold' Pa¡ticles

were associated wittr very small vesicles (Figs. 10.6b & 10.6c).

10.4. Discussion

10.4.1. Light Microscopy' Parathyroid Gland

The successful immunostaining for PTII using human anti-PTH in marsupial and

monotreme pafathyroid glands indicates cross-reactivity across the species from

monotremes to humans. Simila¡ good cross-reactivity of bovine anti-PTH was found in

dogs, rats, gerbils and mice, with dogs showing the strongest intensity of immunostaining

and mice the weakest (Inoue and Setoguti, 1986). The inænse staining of the periphery of

some cells (see Fig. 10.3c) was thought to be a fixation or processing artefact because

electron microscopic studies have not shown a simila¡ concentration of vesicles adjacent

to ttre plasmalemma- In the culrent s$dy the weaker result ttrat was seen in echidnas may

reflect a species difference in the amino acid sequence of PTII or fixation of echidna

tissue was not optimal for the immunostaining. All the echidnas used in ttre cu''ent study

were first used in other scientifrc investigations that ultimately determined the choice of

fixative and the interval beween death and fixation'

The apparent staining of oxyphil cells in the human positive control sections was not

entirely due to immunostaining. The negative control and the H & E section indicated the

presence of a naturally yellow'brown pigment, presumably lipofuscin' in these cells'

previous studies on the immunostaining of PTH in oxyphil cells have been equivocal'

NegativestainingforPTHhasbeenobtainedbyFutrellandce'workers(1979)inboth

bovine and human parathyroid adenomas and Kendall and ceworkers (1993) in normal

and diseased human parathyroids. conversely immunostaining of parathyroid adenomas

(Ondonez et al., lg82) and nodula¡ hyperplastic glands (Oka et al" 1988) demonstrated

PTH in oxlphil cells. Perhaps cross-reactivity berween anti-PTII and parathFoid related

protein (PRP) (see chap. 2, Literature Review, section 2'3) occured in ttre oxyphil cells

wherePTHexpressionwasnoticed.ThissuggestionissupportedbytÏreresultsofothe¡

studies. In síuhybridization was used to determine that oxyphil cells had little of no

nRNA for the precursor of PTTI, namely pre-Proparathyroid hormone (Kendall et al"

1991) and a combined immunostaining and in sinhybridisation study of PRP in normal

pafarhyroid glands (Kitazawa et al., lgg2) showed PRP was present in oxyphil and

transitional cells with only scant amounts in principal cells' Thus in conclusion' it is
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suggested that ttre coloured reaction product seen in oxyphil cells in the human positive

control was partly lipofuscin and maybepartly PRP'

The intense staining of mast cells was probably due to factors other than immunostaining

of prH. Mast cells can be demonstrated using avidin rabeued horseradish peroxidase

(Tharp et al., 1985). The conjugated avidin binds to granules in the mast cell and the

binding site is visualised by the reaction of the peroxidase on hydrogen peroxide and

DAB. In the crurent study the intense staining seen in mast cells in most marsupial (e'g'

Fig. 10.3a) and echidna sections was probably of a histochemical and ns¡ immunological

nanüe. Marsupial mast cells have previously been demonstrated using the conjugated

avidin technique (flaYnes, 1991)'

The positivs immunostaining of Hassall's corpuscles for }{ITI and CGRP has not been

previously recorded. Epithelial cells in the thymus are heterogeneous and several

subclasses have been established with different morphological and physiological

properties (von Gaudecker et al., 1986; von Gaudecker et al" 1989; Bodey and Kaiser'

lggT). Immunostaining techniques have demonstrated the presence of anterior pituitary

hormones in the epitheliat cells associated with Hassalls corpuscles (Batanero et al"

lgg))and it is proposed ttrat from the result in the cunent study' either ITTI' and CGRP

are also found in mammalian and monotreme Hassall's corpuscles or cross reactivity can

occur beween the antibodies and similar antigens, for example PRP' The epithelial cells

inthethymuscontrolthemicroenvironmentfoftheproductionandmaturationof
ttrymocytes (Bodey and Kaiser,IggT) and it appears to be a reasonable suggestion that

PRP and CGRP, two widespread hormones and paracrine secretions, contribute to the

physiological microenvironment'

10.4.2.Li ght Microscopy' Ultimob ranchial Body

The anti-calcitonin used in the current study showed poof cfoss species reactivity'

pa¡afollicula¡ cells in the possum thyroid were stained but specificity was lacking

somewhat with some follicular cells also staining. No staining was present in the echidna

thyroid or parath¡'roid and only very faint colouration could be seen in the ultimobranchial

cells. Calcitonin shows considerable amino acid variations and hence cfoss

immunoreactivity in different species (Gorbman, 1983)' From the current study'

assuming antigen fixation was good, the human anti-calcitonin cross reacted with possum

calcitoninweaklyandnegligiblywithechidnacalcitonin.

unlike calcitonin, cGRp has strong inter species homology (wendelaar Bong and Pang,

1991). Anti-cGRP stained cells in the ultimobranchial body and c cells in the possum

ttryroidbutnotthet}ryroidorparathyroidintheechidna.Insummaryimmunostaining
was successful in confinning the identifrcation of the ultimobranchial body that was
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characterised by staining wittr anti-ccRp, negrigibly with anti-calcitonin, and not at all

with tuti-PTH. Additionally, C cells were shown to be absent from the thyroid'

10.4.3. Electron MicroscoPY

Limited success was achieved in the immunolabelling of PTH in the marsupial

parattryroid glands. only small granules $,efe occasionally labelted (Plate 10'6) which is

simil¿¡ (on a reduced scale) to results obtained by Futrell and her ceworkers (1979) but

differs from the srudy by Inoue and setoguti (1986) on rats, gerbils, mice and dogs where

gold labetling of large and small, secfetory and storage granules was achieved'

parathyroid hormone is known to have several heterogeneous forms (see chap. 2,

Literature Review, section 2.3) and it is proposed that these different forms wefe not

recognised by the anti-pTH. The larger electron dense granules that were unlabelled in

the cu¡rent study (Fig. 10.6c) may have represented lysosomal vesicles with PTH

undergoin g degradation.
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Plate l0.l.Immunostaining of PTH in Human and Possum Parathyroid Gland

Fig. 10.la Shows the result of PTH immunostaining of human parathyroid gland that

was used as a positive control. Note the variation in the amount of staining in the

principal cells and the intense staining in the oxyphil cells (O).

Human paraffrn section

Bar: 50pm

Fig. 10.1b. Shows PTII immunostaining of the possum parathyroid gland. Note cells

vary slightly in staining intensity and the concentration of stain at the periphery of many

cells. Much of the apparent nuclea¡ staining is due to stain in the cytoplasm above and

below the nucleus.

Possum Pl
Ba¡: 10Um
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Ptate 102. PTH Immunostaining in wombat and Koala Parathyroid Glands

Fig. 10.2a. Shows positive staining of PTH in most principal cells of the wombat

parathyroid gland- Note that most of the follicular cells (F) and the follicula¡ colloid in

the centre of the micrograph are negative.

V/ombat W12

Ba¡: 50pm

Fig. 10.2b. Shows va¡iation in the staining of the principal cells in the koala and

positive staining of the follicular cells; colloid (F) is negative. Note ttre smooth muscle

cells of small arterioles (A) have also been stained'

KoalaKo6

Ba¡: 50Um



11

ñq

¡.i

It

BF¡i

ct

r¡ \ 
'"'",9'



183

Plate l0.3.Immunostaining of PTH in Kangaroo Parathyroid Gland

Fig. 10.3a. Low power view of kangaroo pamthyroid gland. Positively stained

principal cells a¡e scattered throughout the lobules; nany principal cells a¡e negative.

Note the positive staining of ttre mast cell (M) in the connective tissue'

Kangaroo K17

Bar: 50pm

Fig. 10.3b. Shows positive staining of parathyroid principal cells that are intermingled

with thymocytes.

Kangaroo K19

Ba¡: 50pm

Fig. 10.3c. The high power view of principal cells adjacent to thymic tissue shows the

positive staining of some cells is intensifred at the periphery. Note that other principal

cells are unstained.

Kangaroo K19

Ba¡: 10pm
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Ptate l0.4.Immunostaining of PTH in the Echidna Parathyroid Gland and Thymus

Fig. 10.4a. Shows diffuse positive reaction in the principal cells of the echidna parath¡'roid

gland- Many cells a¡e negative and staining is quite pale in the other cells.

Echidna E2

Bar: 20ttm

Fig. 10.4b. Shows a thymic lobe stained for PTH. Some background staining is present

but note the intense positive reaction in the Hassall's corpuscles.

EchidnaE2

Bar: 50Um
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Plate 10.5. Immunostaining of Catcitonin and CGRP in the Ultimobranchial Body of
the Echidna

Fig. 10.5a. Shows C cells stained for calcitonin in the positive control, possum

thyroid. Note some follicula¡ cells are also positive.

Possum Pl
Bar: 50pm

Fig. 10.5b. Shows very faint immunostaining (arrows) for calcitonin in some cells of

the ultimobranchiat body.

Echidna E6

Ba¡: 50pm

Fig. 10.5c. Shows positive staining for CGRP in the cells of the ultimobranchial body.

Noæ that the amount of stain va¡ies in the cells.

EchidnaE6

Ba¡: 20ttm
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Ptate 10.6. Etectron Microscopic Immunolabelling of PTH in Marsupials

Fig. 10.6a. Shows koala parathyroid gland and the immunolabelling of PTH in a small

granule by Protein A-Gold technique. The mitochondrion on the lower right and the

vesicula¡ organelle (V) are not labelled.

Koala#1

Bar: 200nm

Fig. 10.6b. Shows immunolabelling by Extravidin-Gold technique in the kangaroo

parathyroid. Although a protein precipitate was widespread throughout the sections

(lower left) labelling s¡as quite specific as indicated by the lack of gold panicles on the

mitochondrion and RER (arrow). Gold particles are clustered on a small granule.

Kangaroo K12

Bar: 200nm

Fig. 10.6c. Shows immunolabelling by Extravidin-Gold technique in the wombat

parathyroid. Note small granules have been labelled and the larger electron dense

granules (G) appea¡ not to contain PTII.

Wombat W8

Ba¡: 250nm
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Chapter L1

General Discussion

11.1. Gross AnatomY

From this snrdy it has been concluded ttrat Australian marsupials usually

possess one pair of parathyroid glands, parattryroid III' and each gland is

located bilaterally in the neck, in ttre vicinity of the ca¡otid bifurcation that

is dorsolateral to the larynx. The presence, number and location of the

more caudally located glands, parathyroid fV, varied for the different

species. In all animals examined the positive identification of parathyroid

glands was only possible after histological examination because

accompanying lymph nodes, small ganglia and thymic tissue often had

similar featues with the dissecting microscope. Serial sectioning of the

ventral neck and mediastinum was necessary in order to detect parattryroid

IV that was very variable in location. In kangaroos (Macropus

fuli gínosus), possums (Tríchosurus vulpecula), wombats (Lasiorhinus

latifrons),bandicoots (Isoodon spp) nvo glands lvere preseng one gland

was characteristic of dunnarts (Sminthopsís crassicaudata) and no gland

was detected in the koala (Phascolarctos cinereus). Compared with

eutherians, the va¡iability in locations for parathyroids Itr and fV was the

reverse for the marsupials examined. In ttre eutherian species which have

parathyroids Itr and fV, the latter has a constant position usually associated

witlr the cephalic dorsal aspects of the thyroid (Roth and Schiller,1976;

Wang, 1976) whereas the position of parathyroid Itr is va¡iable' In rats

and mice where only one pair of glands (parathyroid m) is found (Roth

and Schiller,1976;Wernerson et al., 1995) the glands are found in or on

the thyroid. The complete lack of association of parathyroid glands with

the thyroid appears to be a constant featue of the marsupial glands'

In the monotreme species, echidna (Tachyglossus aculeatw) andplatypus

(Ornítlwrhynchus 1n1tinus), only one pair of parathyroid glands was

found, in the med,iastinum associated with the origins of the cafotid

arteries. The location of the monotreme parathyroids, the persistence of

the ultimobranchial body as a separate gland in the adult, and the presence

of the thyroid gland in the thoræc are unique anatomical features for a

mammal but typical of many reptiles (Srivastav et al., 1995). These

anatomical fean¡es have not previously been listed as reptilian features
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charaeteristic of these 'primitive' ma¡nmals (Griffiths, 1976). fire morphology of the

lymph nodes in monotremes was also unusual for mammals.

Each parathyroid gland in marsupials and monotremes lvas small, round to oval, flattened

structure. In the smallest marsupials sx¡minsd, Smintløpsß crassícaudar¿ with an average

adult weight of 15g, the approximaæ dimensions of the ovoid gland were 1 x 0.5 x 0.5 mm

whereas in ttre largest marsupial, Macropus fuligínosus with an average adult male weight

of 30 Kg, the ovoid gland was 7 x 3x 1.5 mm. There was no direct correlation berween the

weight of the animal and the size of the gland but the longest dimension of any gland was

rarely more than 10 mm. Similar sizes of less than 10 mm have been ¡ecorded for eutherian

mammals and even in elephants the diameter of the gland was estrmated to be only 10 mm

(Roth and Schiller, t976). Based on the lnowledge gained from the dissections of 140

marsupials and monotremes, a very general statement can be made that the average size of

the parathyroid gland is simila¡ to the diameter of the common carotid art€ry.

A report on the comparative anatomy of parathyroid glands in marsupials and monotremes

seems incomplete without including comments on the thymus because these nrro organs

share similar embryological origins from the third and sometimes fou¡th branchial pouches

(Mar¡rer, 1899; Fraser, 1915; Fraser and Hill, 1915) and ofæn similar anatomical locations.

Furthermore, in all the species examined in the current study, intermingling of thymic and

parathyroid tissues was seen. The nature of the junction between the thymus and the

parathyroid is discussed below in section 11.5. Diprotodont marsupials have a cervical

thymus as well as a thoracic thymus except for the koala and wombat where the thoracic

thymus is not always present (Yadav, 1973). Polyprotodont marsupials (Fraser, 1915;

Fraser and Hill, 1915) and monotremes (Maurer, 1899) have only a thoracic thymus. In the

current study the absence of a cervical thymus in ttre pol¡protodonts Sminthopsis and

Antechinus was verified and the presence of large cervical lymph nodes in all individuals

noted. The large cervical lymph nodes proved to be a normal featrue of the lymphoid

system and contained an usually high density of mast cells ([Iaynes, 1991).

In ttre bandicoot, I. macroun¿s, the finding of ¡vo separate thymic structures in the neck of

both animats examined is interesting in view of the fact that these marsupials do not have a

true cervical thymus and the occurrence of the thymus in both animals makes the possibility

of a deveþmental anomaly unlikely. The cervical thymus a¡ises mainly from the cervical

sinus with minor contributions from the second, third and maybe fourth branchial pouches

(Fraser, 1915) and is located superficiat to the hyoid and sternomastoid muscles in the neck.

The deeper location of the thymic structues in the bandicoot suggests they have developed

from the branchiat pouches rather than the cervical sinus and the presence of the thymuses in

both animals indicates ttrat the thymuses are found normally in the neck as well as the

thora:r. Although bandicoots a¡e classified as polyprotodonts, they also show several



189

diprotodont feamres @awson, 1984; Seebeck et al., 1990). The skull, teeth and serology

are ty[lical of pollprotodonts but the hind feet exhibit diprotodontcha¡acteristics. It seems

that the deep cervical thymus is another feature that adds to the uniqueness of the

bandicoots.

From the dissections of wombats and koalas in the qurent study, a cervical thymus was

found in both species and a thoracic thymus was found in ttre wombat but not the koala-

These results disagree with descriptions made by Yadav (1973) who reported a thoracic

thymus in the koala but not the wombat. Some of these differences may have arisen from

the different techniques used. The examination by Yadav of histological sections of

specimens selected during dissection is not as thorough as the preparation of serial sections

of mediastinal tissues. Small, involuted thymic lobules can easily be overlooked in the

former method- In conclusion, the presence of the thoracic thymus in ttre koala and wombat

is yet to be confirmed or denied but when the results of this crurent study are added to

previous investigations (Symington, 1898; Johnstone, 1898; Symington, 1900; Fraser,

1915; Yadav, L973), a thoracic thymus has been identifred in only three out of twenty

koalas (Lí%o)and in five out of eighteen wombats (28Vo)-

The role of the cervical thymus in diprotodonts is unclear. It has a similar function to the

thoracic thymus in the development of immunity but the increased volume of thymic tissue

formed by the cervical thymus offers no supplementar], additional functions (Yadav,

lg73). In diprotodonts in spite of the larger volume of thymic tissue, lymphoc¡e and

antibody production in the pouch young does not occur at an earlier developmental stage

than in polyprotodonts, i.e. day 8 for Dídelphís, a polyprotodont, and day 10 for Setonix

branchyurlrs, a diprotodont (Yadav, 1973). Perhaps the additional epithelial reticular cells

that a¡e provided by the presence of the cervical thymus have an imporønt role in the

immunity of diprotodonts. Numerous hormones and cytokines have been identified in

thymic epithelial reticula¡ cells @atanero et al., L992; Bodey and Kaiser, 1997) and the

suggestion is made that the cervical thymus in diprotodonts may provide a greater quantity

of cellular secretions to fine-tune the immune process. In ttre cnrent sh:rdy the deep cervical

thymus that was found in Isoodon macrourus may somehow also supplement the function

of the thoracic th¡mus, providing the species with an immunological advantage that is yet to

be identified.

11.2. Light Microscopy

The parathyroid glands in both marsupials and monotremes generally showed a compact

arrangement of parenchymal cells and numerous capillaries that were supporæd by a delicate

connective tissue franework This histological appearance is shared almost universally with

other vertebrates (Roth and Schiller, L976; Srivastav, Das, et al., 1995; Srivastav et 41.,

1995;Wild and Seroguti, 1995). However, unlike human parathyroids (Akerström et al.,
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19g1; Abu-Jawdeh and Roth, 1992), in marsupials and monotremes fat cells were not a

feature and intraglandular fat did not increase with age . The kangaroo parathyroid \ilas

distinctive from the others by the lobulation in the gland- Fibrous connective tissue septa

appeared the same composition and thickness in young and old specimens. From previous

studies of serial sections of rat parathyroid glands principal cells have been interpreted as

forming a very folded, single layer of epithelial cells on a basal lamina and as a consequence

of this arangement, strucfi¡ral polarity was present in the cells (Krstic, 1980; Wernerson et

al., 1995). Findings from the crurent study suggest that the degree of polarity in principal

cells varies between species. The eccentric nucleus in many marsupial principal cells

indicated some structgral polarity, similar to the structu¡al organisation in the rat but polarity

was very accentuated in monotremes where principal cells were nalrow and columnar.

An incidentat finding from the study of parattryroid glands in marsupials and monotremes is

the lack of brown ad.ipose tissue in all animals examined. Brown adipose tissue in

eutherians is where non-shivering thermogenesis occurs and has an important role in

maintaining body temperature in the newborn and in hibernation and torpor. In eutherians

brown adipose tissue is found around the major vessels in the neck and mediastinum, in the

shoulder girdle and other locations (Geiser et al., 1996). However the absence of brown

adipose tissue in the marsupial and monotreme species examined in the curent study

confirms the hypothesis put forward by Hayward and Lisson (1992) that brown adipose

tissue only occurs in eutherian animals and evolved early in the radiation of the eutherian

subclass (tlayward and Lisson, 1992).

11.3. Follicles and CYsts

In marsupial parathyroid glands, follicles and cysts were quite common in the different

species exanined in this study. Follicles and cysts were defined in chap. 2, Literature

Review, section 2.5.1. The definitions were based mainly on Gilmour's descriptions

(1939) a¡rd simita¡ criteria were used in the curent snrdy to categorise a structure as a

follicle or a cyst, except for the size. The luminal dia¡neters of many follicles encountercd in

marsupial parathyroid glands were often 150pm, considerably greater than 40pm stated by

Gilmor¡¡ (1939) as the mædmum diameær. Follicles and cysts, not distinguished from each

other in all studies (e.g. Nilsson, L977),arre widespread in parathyroids from many qpecies

and their numbers may or may not be indicative of certain physiological or pathological

states. In humans, parathyroid follicles a¡e considered a normal histological feature (cinti

and Sbarbati, 1995) and numbers are not related to age (Cinti et al., 1983)- However an

increase in follicles and/or cysts has been noticed in hyperparathyroidism @elellis' 1993).

In rats, the number of small cysts with cellula¡ debris increased in h¡ryercalcemic and

phosphate-depleted animals (Wernerson et al., 1995) and an increase in follicles and cysts

sometimes increased in reptiles during periods of hypoactivity in winter (Akbarsha 1985).

In the current study follicles and/or cysts were present in parathyroids of s. crassicaudata,
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Isoodon spp., ¿ latífrons, P. cínereus, and T. vulpecula. In wombats 12 of ttre 25 glands

had cysts and/or follicles and in koalas follicles but not cysts were found in 10 of the 13

glands exanined- Fr¡rttrer investigations a¡e needed to test if the high frequency of follicles

and/or cysts in koalas and wombats is a structural cha¡acteristic of the species or if it is

related to flucruating calcium and phosphate levels'

In several ultrastn¡crural investigations of the human parathyroid, the follicula¡ lumina have

been considered to be continuous with intercellular spaces ¿¡d simil¿¡ly staining material,

cha¡acteristic of amyloid, found at bottr sites (Nilsson, t977). In the current study, serial

sections showed no continuity of ttre follicles with intercellular spaces and follicular colloid

was distinctly different from intercellula¡ material. In wombats (chap. 6) and possums

(chap. 7), pAS staining demonstrated glycans in the follicula¡ colloid but not the

intercellula¡ spaces. Immunostaining for PTII indicated the hormone was not present in the

colloid (see chap. 10). Ultrastn¡ctural studies showed colloid had a fine granular texture

and simila¡ material was not present intercellularly but similarities were noted between

luminal colloid content and that of some vesicles in ttre lining cells suggesting the colloid

was a product of the cells. This suggestion is supported by similar observations that have

previously been reported in humans (cinti and Sba¡bati, 1995).

Several structures identified in the crurent study as cysts appeared to be embryological

ânomalies instead of structures formed in response to altered parathyroid function- These

cysts (e.g. plaæ7.7) had lining cells reminiscent of respiratory epithelium and were at the

periphery of the glands. These featues are similar to human parattr¡'roid cysts formed from

small tubula¡ diverticula that a¡ise during the embryological formations of the parathyroid

and thymus from the branchial pouches (Morgan, 1936; Gilmour, 1939).

11.4. Ultrastructure and the Effects of Fixation on ultrastructure

The ultrastructure of the parathyoid glands in marsupials and monotremes showed general

similarities ro that described for other vertebrates (Roth and Schillet, 1976) including

humans @el-ellis, lgg3),reptiles (Srivastav et al., 1995), and amphibians (Srivastav, Das,

et al., 1995). These similarities included a small cellular volume compared with cells of

other endocrine glands (e.g. anterior pituitary), light and da¡k variants of principal cells,

small Golgi complex, moderate amounts of RER, and an array of glanules that consisted of

secretory, storage and lysosomal vesicles. Features of the marsupial and monotreme

parathyroid that were not widespread in other species included the intercellular canaliculi

formed by the surface irregularities of the principal cells and the presence of non-principal

cells or cells not derived from principal cells.
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11.4.1. Ultrastructure of Vesicles

The vesicles found in atl marsupials and monotemes included small electron dense granules

and granules with heterogeneous contents or halo around dense core material. Similar

granules in the rat have been classifred as secretory and storage granules respectively

(Setoguti et al., 1995). Secretory granules contain newly formed PTH that is constantly

being hydrolysed and if exocytosis does not occur then the electron dense core of each

granule diminishes with a halo increasing in size. Thus secrctory granules a¡e transformed

into storage granules and eventually vacuola¡ bodies (Setoguti et al., 1995). These structural

interpretations \ilere influenced by earlier immunocytological studies of PIH (Inoue and

Setoguti, 1986). In the curent study morphological evidence indicated that similar

cytological activities were occurring in the secretion, storage and degradation of PTH in

marsupials and monotremes. However the immunocytologrcal staining of PTII (chap. 10)

provided inconclusive evidence because at the light microscopic level immunostaining

demonstrated a diffuse distribution of PTH in the cells, indicating that many granules

contained flfÏI, but at the electron microscopic level immunolabelling was extremely light

and confined to sparse, small granules; electron dense secretory granules were unlabelled-

It is believed that the lack of support at the ulnastn¡ctural level was due to technical

problems and that in future studies the technique could be refined and adapted to marsupials

to give an intensity of labelling for PTH simila¡ to that achieved at the light microscopic

level.

The koala, kangaroo and echidna all showed nr¡me¡ous large membrane-bound vacuoles that

,suggests much degradation of PTH occurs in these cells. In the koala the presence of many

lipid droplers also suggests low secretory activity; lipid inclusions are relatively abundant in

the resting phase of principal cells (Roth and Capen, !974; Nilsson, 1977; Delellis, 1993;

Cinti and Sba¡bati, 1995).

11.4.2. Intercellular Canaliculi

In the species exanined in the curent study there was considerable va¡iation in cellula¡

outline and the presence of intercellular canaliculi. In the kangaroo and particularly the

echidna canaliculi were present in between the tightly packed parenchymal cells' A

suggestion is made that the role of the canaliculi is to convey secretions released from the

surface of the cells to the capillaries. From the exa¡nination of many random sections in the

kangaroo it was evident that not ev€ry site of sec¡etion from principal cells was adjacent to a

capillary and canaliculi may provide an intercellular pathway. Similar intercellula¡ spaces

have been described in the rat parattr¡.roid gland (Wernerson et al., 1995) and serial sections

have demonsmæd continuity of the canaliculi. In ttre echidna the canaliculi were formed by

unusualparallel microlanellarprojections. In the koala canaliculus-like channels were seen

be¡veen the lining cells of follicles and from the similarity of the colloid and vesicles in the

follicular cells, a suggestion is made that the canaliculi provided the pathway for
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transportation of the vesicula¡ content into the colloid. Similar connections between

intracellular vesicles and colloid have been proposed for the human (Cinti and Sbarbati,

1995) and rat (rffernenon et al., 1995) parathyroid glands.

11.4.3. 'Non-SecretorYr Cells

In antechinus, wombat and echidna 'non-secretory' cells were present in amongst the

principal cells and not separated from them by a basal lamina- However in each species the

nanrre of these cells was differenl In antechinus, the cells were identifred as neutrophils

and lymphocytes and their presence in the parathyroids was perhaps related to the chronic

stress experienced by the animals. In the wombat, the cells were identified as macrophages

but no reason for their presence could be offered and macrophages in parathyroids from

other species have not been recorded (Nilsson, 1977; Delellis, 1993; Cinti and Sbarbati,

1995). The'non-secretory' cells observed in the echidna were distinctive from those in the

other two species because ttrey lacked numerous granules and short c¡oplasmic processes

suggesting that they did not share a haematopoietic origin. They were similar to stellate cells

that have been described in the parathyroid of the iguana (Anderson and Capen, t976).

Since mingling of thynic tissue and parattryroid tissue has been noticed in all manupial and

monotreme species studied in the crurent investigation it was suggested ttrat in the echidna

the'non-secretory'cells were epithelial reticular cells atypical in embryonic development

and migration. Features of these cells were simìla¡ to the subgroup of undifferentiated

epithelial reticular cells that are not active in the production of humoral s¡bstances in the

thymus (van de Wijingaert et al., 1984: von Gaudecker et al., 1986).

11.4.4. The Effects of Fixation on Ultrastructure

In the crurent study, many principal cells, in addition to microvilli and microlamella¡

projections, had irregular cytoplasmic outlines and varied from dark to light staining.

Inegular outlines of parathyroid cells have been shown to be cha¡acteristic of active

secretory cells (Roth ,Ig7g)and cells with dark staining cytoplasm have been considered to

represent cells in the active phase of the secretory cycle (Rottr and Raisz, 1966: Roth,

lgTg). However the appearance of these morphological feanres has been shown to be

influenced by fixation and tissue processing (Wild and Setoguti, 1995). Consequently this

discussion centres around distinguishing artefactual influences from actual ultrastructure in

the marsupials and monotremes examined. In the frrst part the effect of fixation on the

tortuosity of the plasmalemma is discussed and in the second part the significance of light

and da¡k cells.

11.4.5. Fixation and Plasmalemmal Tortuosity

The plasmalemma of principal cells was very irregula¡ in some animals examined. For

example, in possums P10 and Pl1 (see p104) and antechinus Afl (see p37), which were

all perfused with fixative, principal cells had very irregula¡ outlines, appearing almost
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crenated with enlarged intercellular spaces. Similar morphology was also seen in possum

p12 (see p10a) and wombat W9 (Fig. 6.9b) that were fixed by immersion. In all these

examples, this morphology was thought to be partly artefactual and maybe related to the

duration of primary fixation in glutaraldehyde /pa¡aformaldehyde electron microscopic

fixative.

The inegularity of the plasmalerruna is lrrown to be influenced by the type of fixative, mode

of frxation and the time between death and fixation (Wild and Setoguti, 1995). For

s¡ample, in animals where the parathyroid gland on one side has been removed and

immersed in fixative while the gland on the other side has been fixed by perfusion,

uniformity in cell shape, integrity of the plasmalemm4 and folds and interdigitations have

been retained in the perfused goup but varying morphologies have resulted from fixation by

immersion (Wild and Setoguti, 1995). In fixation by immersion, tortuous outlines have

resulted after glutaraldehyde fxation and straight outlines after osmium tetroxide @accini,

r97O).

In the crurent study electron microscopy was only done on qpecimens frxed by perfusion or

when only a few minutes had elapsed between death and frxation by immersion, thus

minimising autolysis. However several specimens, (e.g. possumP\2 and wombat \V9),

showed that fixatives did not peneüate completely into the centre resulting in crenated cells

wittr enlarged intercellular spaces. This situation could have arisen if at ttre time of specimen

collection the gland was excised with adhering layers of fatty tissue that impeded the

infiltration of the fixative into the tissue. However lack of penetration by the primary

fixative does not explain the morphology seen in some perfused specimens, (e.g. possums

p10, Pl1, and antechinus Afl), where cellular shrinkage and enlarged intercellular spaces

were apparent. A possible suggestion for this result comes from the study done by Wild

and Setoguti (1995) where it was noticed that morphology was altered druing osmium

tetroxide post-fixation and even during dehydration. In the current investigations the only

variable factor in the fixation and tissue processing protocols was the duration of primary

fixation and hence the interval befween death and post-fixation with osmium tetroxide. It is

conse{luently proposed that in a minority of specimens in the crulent study the membranes

were not stabilised by the primary fixatives ttrat resulted in fluid moving berween the

intracellula¡ and intercellular compartrnents and cellula¡ shrinkage. Alternatively, the

fixative solutions inadvertently contained incorrect concentrations and the resultant

h¡pertonic solutions caused cellula¡ shrinkage.

11.4.6. Light and Dark Cells

Descriptions of the ultrastn¡cture of the parath¡'roid glands, whether they are from humans

@elellis, lggS), vertebrates generally (Roth and Schiller,1976), mammals (Wild and

Setoguti, 1995), reptiles (Srivastav et a1., 1995) or amphibians ( Srivastav, Das et al.,
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1995) invariably include mention of light , dark, and intermediate variants of the principal

cells.- In the current study va¡iation in the staining density of theprincipal cells was also

noticed in most marsupial and monotreme species except bandicoots (Isoofun spp), koalas

and echidnas. Previous studies have linked light and da¡k cells with the inactive and active

phases respectively of the secretory cycle (Roth and Raisz, 1966; Roth, 1979). However

the presence of light cells has been shown in several experiments to be partly artefacn¡al and

related to the mode of fixation. In perfused specimens, parenchymal cells tend to show

similar cyoplasmic densities with the distinction beween light and dark cells obscr¡re (Cta¡k

and I(hairallah,1972; Setoguti, L977;Larsson et al., 1985; V/ild and Setoguti, 1995).

From the current study ttre following three topics a¡e discussed:-

1. The influence of the mode of fixation on the ultrastructure of glands from dunnarts,

posslnrs and kangaroos and the comparison of these results with other mammals.

2. T\e validity of the results in other marsupial and monotreme species - i.e. Was the

ultrastructure a true representation of the morphology or was it altered by the mode of

fixation?

3. Ultrastructural evidence ttrat associates light and dark cells with inactive and active phases

of the secretory cycle.

For dunnarts, possnms, and kangaroos two groups of animals could be identified in each

species where envi¡onmental conditions at the time of death and the subsequent processing

of specimens were simil¿¡ for the two groups with the only known difference being the

mode of fixation. For dunnarts and kangaroos the mode of fixation appeared not to

influence the proportions of light and dark cells but for possums all cells had simila¡

cytoplasmic density after fixation by perfusion with variants only noticeable in specimens

fixed by immersion. The results that we¡e obtained for the possum suPport simila¡ findings

in studies on mice, rats, rabbits, cats, dogs, pigs, cattle, sheep , goats, and horses (Wild

and Setoguti, 1995) where light cell formation was initiated during immenion flrxation and

eliminated by perfusion fixation. However the results for dunnarts and kangaroos indicaæ

ttrat light cells a¡e inherent features of the parathyroid gland and not manifested by

immersion fixation. Time lapse between death and immersion in fixative and the

concentration of calcium ions in the fxative have shown to affect parattryroid cells (Wild

and Setoguti, 1995) but since the interval benveen death and fixation, and the composition

of the fixative were simila¡ for all animal gloups, a conclusion is reached that light cells are

part of the normal ultrastrucnue of the parathyroids from dunnarts and kangaroos but not

possum.

In the current study light cells were not present in bandicoots (Isoodon spp), koalas and

echidnas. Glands from the fust two species vs¡s immersed in fixative while the echidnas

were perfused. Since fixation protocol and processing were standa¡dised for all specimens

in the study an assumption can be made that if light cells were absent after immersion
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fixation they are absent from the actual ultrastn¡cture. In the echidna no light cells were seen

in the.perfused specimens which condition reflects the normal ultrastn¡ctt¡re.

t¡ s¡mmary, in studies on eutherians, light cells have only been present in parathyroid

glands fixed by immersion and theirpresence is instigated by a prolonged interval between

death and fixation and by varying calcium ion concentrations in the buffered frxing solutions

(Wild and Setoguti, 1995). In dunna¡ts and kangaroos, the persistence of light cells in the

parattryroids after fxation by perfrrsion indicates their presence is an inherent feature and not

a¡tefactual; similarly the absence of differing cell densities in glands of koalas and

bandicoots demonstraæs light cells a¡e not part of the normal parathyroid ultrastructure.

Alttrough morphometric analyses on the ultrastructure of light and dark cells were not done

in the curent investigation, observations of many principal cells were made that enabled

generalised compositions of the rwo cell va¡iants to be compiled and compared with

previous studies. In dunna¡ts (chap. 4) and kangaroos (chap. 8), the two marsupials which

showed light and da¡k va¡iants of principal cells in specimens f,rxed by either immersion or

perfusion, the matrix of dark cells had a denser alrangement to its fine particles compared

with light cells. The only other cytoplasmic differences were in dunnatts where dark cells

had less glycogen and more RER compared with light cells. Plasmalemmal irregularities,

the aray of secretory and other vesicles, and the amount of nuclea¡ heterochromatin

appeared the same in light and dark cells. These morphological differences, or rather,

simila¡ities benveen light and dark cells do not correlate well with the classical descriptions

of principal cells in the va¡ious phases of the secretory cycle (Shannon and Roth, L974)- In

this secretory cycle inactive light cetls have few plasmalemmal irregularities, abundant

glycogen, lipid, lysosomes and lipofuscin, small Golgi complex and free ribosomes. As the

cell sta¡ts PTH production the dark va¡iant of the principal cell is formed. Glycogen, lipid,

lysosomes decrease, stacks of RER forur, and vesicles accumulate near the enlarging Golgi

apparatus. Cellular outline becomes irregular and cellular volume decreases.

In the crurent study the lack of changes in vesicula¡ numbers in light and dark cells supports

a study by MacGregor and his co-workers (1975) who noted that the number of vesicles

was not indicative of secretory activity. It is concluded ttrat the appearance of light and dark

cells in dunnarts and kangaroos rnay be related o changes in the volume of the cell where at

certain times expansion of the cell results in dispersal of the c¡oplasmic contents and

reduced density of the c¡oplasmic matrix. Littte conelation appears to exist be¡veen the

classification of light and dark cells and the secretory activity of the cell. The changes in

cellula¡ volume could not be detecæd by casual observation.
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11.5. Parathyroid and Thymus Junction.

Epith¿lial reticula¡ cells of the thymus and principal cells of parathyroid Itr are derived from

the lining of the same third branchial pouch. Therefore it seems logical that a basal lamina

may be absent between ¡vo similar epittrelial structures of the sarne embryological origin but

it would arise between epitheliat and underlying mesench¡ane tissues. Previous descriptions

of parathyroid-thymus junctions have always shown that connective tissue separates the

aberrant gland and thymus (Kendall, 1988). In humans, the gland is clearly encapsulated

(Kurtay and Crile, 1969;Thompson et al., 1982) and in ttre rat, parathyroid tissue occurs in

the interlobar connective tissue of the thymus (Kendall, 1988). These desctiptions contrast

to ttre present study where sometimes only epittrelial reticula¡ cells separated parathyroid and

thymic tissues.

11.6. Future Studies

Future studies on the marsupial and monotreme parathyroid glands will, like the current

study, be limited by the availability of animals. In several species, for example, platypus,

bandicoot, antechinus, and Tasmanian devil, more animals need to be examined so that

descriptions representative of the species overall and not an individual animal can be

compiled. Immunocytochemical studies at the electron microscopic level should be

expanded whereby the distribution of IIIII, parathyroid secretory protein (chromogranin

A), and acid phosphatase can be deterrrined to identify the natr¡re of follicular colloid, and

the types of granules (e.g. secretory, storage, lysosomal). If available, more wombat

parathyroid specimens should be exanined to investigate the frequency of ox¡phil cells in

these animals.

Assuming animals are available, future studies should investigate the relationship benveen

parathyroid morphology and levels of calcium and PTH in the blood. The strucnue of the

parathyroid gland in several species in the current study indicate that va¡iations between

individuats are present and future studies might attempt to correlate stn¡ctr¡ral changes with

physiological changes as well as anempting to identify the causes driving the changes. For

exarnple, the current study suggested that in possums there is a link between chronic stress

and parathyroid morphology. In future studies physiological data could be linked to

morphological data to test if renal insufficiencies occu¡ in possums suffering chronic stress

and if this alters parathyroid ultrastructure. Similarly the effects of chronic stress on the

parathyroid in the antechinus could be studied-
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Summary

Parathyroid Gtands in Marsupials and Monotremes

The gross anatomy and microscopic morphology of the parattryroid glands were studied in

140 animafs from ten species of marsupials fromDasyuidae, Peramelidae, Phalangeridae,

Macropodidae, Vombatidae and Phascola¡ctidae and in the monotreme species,

T achy glo s sus aculeatus (echidna) and Ornitltorþ nc lttts atatinus þlatpus).

Investigations were done on animals which had been killed either as part of other scientifrc

resea¡ch unrelated to parathyroid studies, or as par't of culling pfograms. The gross

anatomy of the parath¡'roids was described either from dissections of whole animals or friom

large pieces of tissue removed from the ventral neck and mediastinum or from the

examination of serial sections of the same regions. Histological studies used routine

paraffin and resin sections for light microscopy and routine transmission electron

microscopic techniques for descriptions of the ultastructure. Some paraffin sections were

stained with pAS, alcian blue or Alûnann's stain to demonstrate glycans and mitochond¡ia

respectively. Specimens were used for elect¡on microscopy only if less than twenty minutes

had lapsed between death and fixation. Fixation was done by either perfrrsion on immersion

and the influence of the mode of fixation on ultrastruchre \ilas investigated in several

species. Where possible, specimens for immunocytochemistry were collected for the

identification of parathyroid hormone in tissue sections of the parattryroid glands at the light

and electron microscoPic levels.

In marsupials one parathyroid gtand was found in the vicinity of each ca¡otid bifurcation

dorso-lateral to the larynx. Another pair of parathyroid glands were found in the

mediastinum of most species; no gland was found associated with the th¡'roid" Monotremes

had one pair of glands located adjacent to the origins of the carotid arteries in the

mediastinum. Glands were encapsulated and parenchymal cells were arranged in strands

and clumps separated by capillaries and supported by minimal connective tissue except in

the kangaroo, Macropus futiginos¡¿s, where principal cells were clustered into lobules

separated by quite wide septa. The histology of parathyroid ltr, the more cephalic of the

glands, was simila¡.to that of parathyroid fV wittt the kangaroo again forming an exception.

Follicles and cysts were observed in parathyroids of fat-tailed dunna¡t (Sminthopsis

crassicaudarø), bandic oots (Isoodon spp.), hairy-nosed wombat (Lasiorhinus latífrons\,

koala (pløscolarcbs cinereus), and brush-tail possum (Tricløsurus vulpecula). Light and

dark variants of principal cells were seen in most marsupial but not monotreme species;

va¡iations were sometimes related to the mode of frxation by perfusion or immersion.

Generally the principal cells showed simil¿¡ feanres. The nucleus was euchromatic and in

the cytoplasm RER \ilas sparse, Golgi complex small, and various granules lvere plesent,
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rangmg from small electron dense granules to larger vesicles with heærogeneous contents.

Princþal cells in the echidna,Tachyglossus aculeatur, showed partial polarity with the

nucleus in an eccentic location and grouping of organelles and inclusions. Benveen the cells

were canaliculi bordered by microlamellar projections. Lipid inclusions were common in

the principal cells of the koala- Ox¡phil cells were identified in glands of the wombat, and

water-clear cells in parathyroids of T. vulpecula and T aculeatus. The presence of water-

clear cells in some possuurs was thought to be a result of stress that resulted from their

captivity. The relationship between chronic stess and the ultrastrucnue of the parathyroid

glands was investigated tn Antechínus spp. in which ch¡onic stress of males in the post-

mating period is well documented. Apart from an increase in intraglandular leukocytes no

apparent histological differences, including the presence of water+lea¡ cells and oxlphil

cells, were noticed. The effect of age on parathyroid morphology was studied n M.

futíginosus. The age of the kangaroos was esfrmated by the pattern of molar eruption and

the number of mitochondria per 10¡rm2 of parenchymal cell c¡oplasm analysed for young

adult male and very old (more than ten years) male kangaroos. No increase in the number

of mitochondria was detected in the old group.

In some parathyroid glands from all species exa¡nined except antechinus, Tasmanian devil,

bandicoot, and koala, thymic tissue was present. There appeared to be mingling of the nvo

tissue types and electron microscopy showed that epittrelial reticular cells formed the only

ba¡rier be¡veen ttr¡mic and parathyroid tissues. It was concluded that the thymic tissue and

the parathyroid were derived from the endodermal lining of the same branchial pouch and

abnorrral cleavage and migration of the anlagen resulted in ttre mingling of the tissues.

In determining the anatomy of the parathyroid glands it was natural to note the locations of

thymuses. The presence of only a thoracic thymus was confirmed in dasyurid marsupials

whereas thoracic as well as cervical thymuses were found in possums and kangaroos. In

bandicoos a thoracic and a deep cernical thymus were present. The latter has not previousþ

been documenæd and is anotherunique anatomical characteristic of bandicoots which have a

mixture of polyprotodont and diprotodont stn¡ctural featu¡es with the skull and teettr being

tlpical of polyprotodonts but hind feet tlpical of diprotodonts. In the current project a

cervical thymus was found in both the koala and wombat; a thoracic thymus was found in

the koala and not the wombat. This finding \r¿ts contrary to previous studies that have

described the reverse situation for the presence of a thoracic thymus in these two

marsupials.

The anatomy of the parathyroid" th¡noid and ultimobranchial bodies in the echidna was more

akin to reptiles than mammals. Monotremes appear to be the only mammals that have a

thyroid and one pair of parathyroid glands in the mediastinum of the thoracic cavity, no

parathyroids in the neck, and separate ultimobra¡rchial bodies near the cornmencement of the

trachea. The simila¡ities of these anatomical features to those of reptiles have notpreviously
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been included in lists of reptilian cha¡acteristics in monotremes. The unusual morphology

of the lymph nodes in monotremes was confirmed wittr slight modiFrcations made to earlier

descriptions.

An immunoc¡ochemical snrdy of the marsupial and monot¡eme parathyroid glands showed

the diffrrse distribution of parathyroid hormone in the principal cells at ttre light microscopic

level. At ttre electron microscopic level parathyroid hormone was found confined to small

granules. It was not detected in the colloid of follicles or cysts or extracellularly.

The identification of the ultimobra¡chial body in the echidna was confirmed with

immunostaining. A weak positive result for calcitonin, a stronger result for calcitonin gene-

related peptide and negative result for PTH were found in the cells of the ultimobranchial

body, th¡rroid and parathyroid cells were negative but mast cells were positive for calcitonin

gene-relaæd peptide.



201

Apþendix A
Routine processing, sectioning, and staining of Paraffin Embedded Tissue

After frxation, small pieces of tissue are placed in the carriers of ttre automatic tissue

pfocessor and processed for either - (a) eight or - (b) sixæen hours depending on the size of

the tissue.

Solution Time (a) Time (b)

7O7o aÏgohol 30 mins 45 mins

807o alcohol 45 mins 30 mins

957o alcohol (x2) 45 mins ea' 45 mins ea'

absoluæ alcohol (x3) 30, 45, 45 mins 45 mins ea'

safsolvent (x3) 30 mins ea 60 mins ea

molten parafFrn wa¡< I 30 mins 90 mins

molten paraffur wax II 75 mins 390 mins

Tissue is blocked andT¡rm sections cut on arotary microtome.

sections a¡e floated out onto water and placed onto aluminised glass slides and d¡ied at

400c.

Routine StainÍng of Paraffin Sections

l.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

t3.

Safsolvent - 5 mins.

Safesolvent - 5 mins.

Absolute alcohol - 2 mins.

Absolute alcohol - 2 mins.

TOVo alcohol '2 mins.

307o alcohol - 2mins

V/ater - 2mins.

Ha¡ris's haematoxYlin - 4 mins.

Wash in water, differentiate in weak acid and blue in weak a¡nmonia (0.57o)'

Wash in \Hater, stain with eosin - 2mins.

Absoluæ alcohol '3x3 mins.

Safsolvent -2x mins.

Mount in PDC
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ApBendix B

1. Rinse Solution for Perfusion

9.0e NaCl

25e polyvinylpyrrolidone (PVP 40)

0.259 heparin

59 procaine-HCl

Preparation

Dissolve in distilled water to obtain a final volume of 1 litre; adjust to pH 7'4 with IN

NaOH.

2. Electron Microscopic Fixative (Modifred from Forssmann et al., 1977)'

(3Vo fotmaldehyde/ 37o gtutanldehyde in 0.1M phoqphaæ buffer pH 7'4)

45ml
¿lO5ml

120m1

120trl

25g

tnnner

0.2M NaIIzPO¿

0.2M Na2HPO4

257o parafomraldehYde

25Vo $ltønldehYde
polyvinylpyrrolidone (PVP 40)

Preparation
Adjust pH ro 7.4 wirh lN NaOH and add distilled \ñ,ater to obtain a final volume of 1 lire.

25Vo pamfornaldehyde is freshly prepared from paraformaldehyde powder in the following

Heat 100mls of distilled water to 6@C.

Add 25g of paraformaldehyde and 12 d¡ops of lN NaOH'

Stir until solution clea¡s and then filær.

Electron microscopic fixatives used for immunocytochemical studies contained lomls

instead of 120mls of 257o glutaraldehyde which gave a final concentration of O-25Vo-

:-

a.

b.

c.
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Apþendix C1

processing for Routine Transmission Electron Microscopy

1. Afær fixation, the pots conuining the specimens are placed on a lotator for the

duration of Processing.

2. Vlash in 0.2M phosphate buffer (pH 7'a); 3 x 15 mins'

3. Post-fix tn l7o osmium tetroxide in 0.1M phosphate buffer for 60 mins.

4. \ü/ash in 0.2M phosphate buffer for 15 mins'

5. Dehydrate for?Ãmins in each of the following alcoholic solutions:-

30vo, 507o, 7 O7o, 7 57o, 807o, 8 5Vo, 9OVo, 9 57o, ab solute alcohol.

6. Complete dehydraúon with 3 x 30 min. changes in anhydrous absolute alcohol.

7 . Transfer to propylene oxide for 2x 30 mins changes'

8. Infilnarc with:- propylene oxide: TAAB resin 2:1 - overnight"

propylene oxide: TAAB resin 1:2 - 8 hotns'

pure TAAB resin - overnight

g. Embed in fresh TAAB resin and polymerise at 60oC fot 24 hou¡s'

Appendix C2

processing for Electron Microscopic Immunostaining

1. Afær fixation, the pots containing the specimens are placed on a notator for the

dr¡ration of Processing-

2. rWash in distilled water; 2xL5 mins.

3. Dehydraæ for?ßmins ineachofthefollowing alcoholic solutions i
307o, 507o, 7 TVo, 7 Svo, 807o, 8 57o, 907o, 9 57o, ab solute alcohol.

4. Complete deþdration with 3 x 30 min. changes in anhydrous absolute alcohol.

5. I¡lfiltrate with:- abs. alcohol: LR Whiæ resin 1:l - overnight"

fresh Pure LR Whiæ resin - 8 hours'

fresh pure LR Whiæ resin - ovemight

6. Embed in fresh LR White resin and polymerise at 60oC for A hours'
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Appendix D

En bloc Staining with Uranyl Acetate

1. Afterpost-fixation with osmium tetroxide, wash in 0.2M phosphate buffer for

15 mins.

2. Wash in maleate buffer pIJ5.2 - 2xt5 mins.

3. Stain with lflovnrrylacetate in maleate bufferpH 6.0 at4oC in the darkfor

I to2 hours.

4. Wash in maleate bufferpH 5-2 - 15 mins.

5. Proceed with dehydration - Step 5, Appendix C-

Maleate Buffer
Stock Solutions

A O.2Mmaleic acid

Dissolve 5.8g maleic acid in distilled wate,Í, add 50mls lN NaOH and

distilled \ilater to 250¡nls.

B lN NaOH

Vgorking Solutions
Adjust 25mls of stock solution A with stock solution B to pH 5.2 or pH 6.0

and add distilled water to 50'mls.

Appendix E

Toluidine Blue Staining of lpm Resin Sections

Resin sections are transferred with a fine glass rod from the water bath of the glass knife

onto a drop of 0.O257o toluidine blue (C.I. 52040) u.}.OSVo sodium tetraborate on a glass

microscope slide. Slides are placed on a hot-plate at 65oC and the søin is evaporated.
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Apþendix F

Staining Sections for Electron Microscopy

Sections a¡e stained first with uranyl acetzte and then with lead citrate.

Uranyl Acetate Staining

1. Make small'boats'out of l.5cm2pieces of dental wa¡c andplace in aperi dish

containing a small amount of 7 07o alcohol

2. Millipore a few drops of uranyl aeetztÊino each boat and float inveræd gids on

the uranyl acetate.

3. place lid on peui dish and leave in a dark covered container for 25 minutes.

4. Dip grids ntoTOTo alcohol about 20 times, then repeat with distilled water.

5. Finally wash grids gently in distilled water.

6. Dry grids with pieces of filterpaper.

Stain Preparation

l. Place ¡ranyl acetate powder up to the 0.5m1 mark in a disposable centrifuge ube and

fill to 10ml with 7O7o alcohoL

2. Leave on a¡otator for 45 minutes.

3. Centrifrrge for 15 minutes and use immediaæly.

Lead Citrate Staining

Method

1. Centrifuge lead stain for 15 minutes.

2. To one of the chambers of a dividedperi dish add 10 - 20 pellets of NaOH.

3. Pipette a few drops of stain into the other chamber and float inverted g¡ids on

the drops.

4. Add a pipene full of water onto the pellets and place a lid on the petri dish.

5. Stain for 12 minutes.

6. Dip grids 20 times into two changes of distilled water and then wash grids gently in

a tt¡ird change of distilled water.

7 . Dry grids with pieces of filter paper.

Stain Preparation

1. Mix 1.339 lead nitrate with 1.769 sodium citrate in 3oml distilled water in a

50cc volumetic flask. Shake thoroughly for one minute and intermittently for

30 minutes to ensrue complete conversion of lead nitraæ to lead citrate.

Z. Add 3ml N NaOH and dilute the suspension to 50mls with distilled water. Mix

by invenion. Centrifuge solution before use.
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Appendix G

Altmann's Technique for Mitochondria (Bancroft and Stevens' 1982).

1. Remove wæc and bring sections to water-

2. Flood sections with aniline-acid fuchsin solution'

3. Gently heat the slide until steam rises and leave for 5 mins.

4. Rinse in aP water.

5. Differentiate in first picric acid differentiator until excess red stain is removed.

6. Continue differentiation in the second picric acid differentiator and contol

microscopically until stain is removed from tissue components other than

mitochondria.

7 . Dehydrate rapidly in ¡vo changes of absolute alcohol'

8. Clear in xylene (or substitutÐ and mount in PD(

Solutions
Aniline acid fuchsin.

prepare a saturaæd solution of acid fuchsin (approximately LSVo) n SVo arIdline

in distilled water. Filter before use.

First Differentiator

saturated alcoholic Picric acid

307o alcohol

Second Differentiator

saturated alcoholic Picric acid

307o alcohol

10ml

40 ml

5ml
40 ml
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Apþendix H

Periodic Acid, Schiff's (PAS) Method (modiflred from Cook, 1982)'

Remove wa:c and bring sections to u'ater.

Oxidize nl%o periodic acid for 10 mins.

V/ash in nrnning water for 10 mins.

rmrnerss in Schiff s rcagent for 10 mins.

Wash in nrnning water for 10 mins.

Counterstain wittr Hanis's haematoxylin for 10 secs'

V/ash in tap \¡/ater, blue in dilute ammonia (O.25Vo) solution for 5 secs'

Wash in water, dehydrate, clear and mount in PD('

Solutions
Schiff's Reagent

l. Dissolve 1g pararosanilin in 200ml of boiling distilled water which is removed

from the heating source just before the addition of the dye.

2. Allow the solution to cool to 52oC and add 200t¡l of 0.15N HCl.

3. Allow the solution to cool firrtlrer to 25oC and add 1g poþssium metabisulphiæ.

4. Stir, then cover and leave the solution in a dark place for y'L hours'

5. Add 29 of activated charcoal; shake and filter the color¡rless solution which is

then readY for use.

Appendix I

Toluidine Blue Method

1. Remove wax and bring sections to \ilater'

2. Cover each slide with toluidine blue solution for 10 seconds.

3. Drain offexcess stain; blot dry on filær paper'

4. When completely dry, clear sections and mount in PD('

Staining Solution

Toluidine blue 0.259

SodiumAcetaæ 1.9439

Sodium barbin¡rate (veronal) 2.9439

Dstilledwater looml
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Appendix J

Alcian Btue pH2.5 and Alcian Blue pH1.0 Techniques

(modified from Bancroft and Stevens, 1982}

Alcian Blue pH2.5

1. Bring sections to water.

2. Stain in alcian blue pH2.5 solution for 30 mins'

3. Rinse in distilled watef, wash in nrnning water for 5 mins.

4 . Counterstain n O.LVo nuclea¡ fast red n 57o aluminium sulphate for 10 mins'

5. Rinse in distilled water.

6. Dehydrate, clear and mount in PD(.

Alcian Blue pH1.0

1. Bring sections to water.

2. Stain in alcian blue pHl.0 solution for 30 mins'

3. Rinse briefly in 0.lN hydrochloric acid; blot dry'

4. Stain in 0.17o nuclear fast red in 57o aluminium sulphate for 10 mins.

5. Rinse in distilled water.

6. Dehydrate, clear and mount in PD(.

Staining Solutions

Alcian Blue pH2.5

Alcianblue 0.5e

Glacial acetic acid 3rnl

Distilled water o make solution 100ml.

Alcian Blue pH1.0

Alcianblue 1.0g

Hydrochloric acid 100m1 of 0.lN HCI
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Apþendix Kl

Immunostaining of Parafflrn Sections

The immunostaining uses commercially prepared kits (Immunon, Biogenex, ZYMED

I-aboratories) that contain reagents and antibodies prediluæd, buffered and ready to use.

*

1

)
3

4

5

6

Bring sections to water.

wash in 0.1M phosphare buffered saline (PBs), prl7.6, for 5 mins.

Incubate with freshly prepared 3Vohydrogen peroxide for 30 mins.

Wash in PBS for 5 mins.

Incubaæ wittr proæin blocking agent (Immunon) for 30 mins.

Incubate with predituted human anti-parath¡noid hormone @iogenex) furttrer diluted

1:40 with lTo ovatbumin in PBS andt}To wallaby serum overnight at 4"C'

Rinse in PBS.

Incubate wittr biotinylated universal secondary antibody (Immunon) for

120 mins.

Rinse in PBS.

Incubate with streptavidin peroxidase reagent (Immunon) for 90 mins'

Wash in buffer.

Incubate in buffered 3,3'diaminobenzidine and hydrogen peroxide solution

(TYÌ4|[jD Laboratories) for approximately 5 mins. Check chromagen

deveþment with a microscoPe.

Rinse in water.

Counterstain with haematoxylin.

Dehydrate and mount sections in PD(.

7

8

9.

10.

11.

12.

13.

14.

16.

6* For immunostaining of calcitonin and CGRP, the appropriate antibody was

prediluted in PBS and sections wer€ incubated overnight at 4'C.

Reagents
protein blocking agent, biotinylated universal secondary antibody and streptavidin

peroxidase reagent were all paft of an immunostaining kit supplied by Immunon'

Pittsburgh, USA.

Human anti-parathyroid hormone supplied by Biogenex, lot #PUO 410596'

Human anti-calcitonin and anti-CGRP were in prediluted aliquots kindly donated by the

Histopathology Deparrnent, Institute of Medical and Veterinary Science, Adelaide-

The buffer, 3,3'diaminobenzidine, and hydrogen peroxide solutions were all part of a

substrate kit supplied by ZYMED Laboratories, San Francisco, USA'
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Appendix K2

Protein A-Gold Immunostaining for Electron Microscopy

1. Silver-gold resin sections are mounted ono nickel grids coated with formvar (67o

formvar in chloroform).

2. Place each grid on l7o ovalbumin in 0.1M PBS, pH 7.6,fot 15 -2O minuæs'

3 Blot off excess fluid on ftlter paper.

4. place each grid on a drop (15 - 20 ¡rl) of diluted pdmary antibody and leave

overnight at 4"C. Human anti-parattryroid hormone, prediluted and supplied by

Biogenex was further diluæd 1:4O with PBS pH 7.6,17o ovalbumin andlÙVo

wallaby serum.

5. Rinse, 6 x 5 minutes, in PBS.

6. Blot offexcess fluid on filter paper.

7 . place each grid on a 20 Uf drop of prediluted Protein A - Gold complex, further

diluæd 1:20 for 90 minutes.

8. Rinse, 6 x 5 minutes, in PBS.

9. Rinse four times in double distilled water'

10. Stain wittt uranyl acetate for 4 minutes-

11. Rinse well in TOVo atcohol and then 4lots of double distilled water.

Avidin-Gold Immunostaining for Electron Microscopy

Steps I - 6 a¡e the same as steps 1 - 6 in Proæin A-Gold immunostaining.

7 . place each grid on a drop of biotinylated universal secondary antibody (Inmunon)

for 120 minutes.

Rinse,4 x 5 minutes in PBS.

Blot off excess fluid on filter Paper

place each grid on a 20pl drop of prediluted Avidin-Gold complex (Extavidin-

Gold), further diluted l:20fot 90 minutes-

Rinse, 6 x 5 minutes, in PBS.

Rinse four times in double distilled water.

Stain with tuanyl acetate for4 minuæs.

Rinse well in TOVo alcohol and then 4lots of double distilled water.

8.

9.

10.

11.

12.

13.

14.

Reagents

Human anti-parath¡'roid hormone supplied by Biogenex, lot # PUO 410596.

protein A-Gold supplied by Amersham. Product name is At¡¡ohobenEM protein A G10.

Biotinylaæd universal secondary antibody supplied by Immunon.

Avidin-Gold complex supplied by Sigma. Reagent is actually a modified avidin -

ExtrAvidinN-Gold 1 Onm gold conjugate'
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Apþendix L

Age Determination of Western Grey Kangaroos

Group I - Juvenile to Young adult Males (lyr, Smth to 3yrs)

Group 2 - Mature Adutt Males (4 to 9 yrs)

kangaroo weight
(Ke)

dentition

K9 23 one incisor, rwo deciduous premola¡s, lst fully enrpted,

2nd molar

K14 14.25 one incisor, ¡vo deciduous premolars, lst fully erupted,

2ndmolar

K22 t2 one incisor, two deciduous premolars, lst molar

K27 15.5 one incisor, two deciduous premola¡s, lst molar

K32 23 one incisor, two deciduous premolars, lst fully enrptd

2ndmola¡

kangaroo weight
(Kg)

dentition

K1 35 one one tÏ¡ree molars

K8 28 one incisor, one deciduous premolar, lst molar fully

2nd mola¡

K31 28 one rnclsor one deciduous two molars

K33 25 one incisor, one nvo mola¡s
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Group 3 - Old Adult Males (more than 10 yrs)

K2* From the size and weight of the kangaroo, it was estimated to be more

than ten years old.

Group 4 - Juvenile to Young Adult Females (lyr, Smth to 3yrs)

kangaroo weight
(Ke)

dentition

K2* >50 not available

KI >50 one incisor, no deciduous or perrrunent premolars,

lst mola¡ 3rd and 4th mola¡s

Kl3 >50 one incisor, no deciduous or pennanent premolars;

3 4th molar half

K26 >50 one incisor, no deciduous or pennanent premolars; lst

mola¡ 3rd and 4th molars

K30 >50 one incisor, no deciduous or permanent premolars; lst

molar 3rd and 4th mola¡s

K35 >50 one incisor, no deciduous or permanent premolars; four

mola¡s present

kangaroo weight
(Ke)

dentition

Kl5
+PY*

20 one incisor, no premolars (unenrpted perm. premolar

within two molars

KL7 t7 one incisor, nvo deciduous premolars, two mola¡s

K23 14.5 one incisor, trvo deciduous premolars, lst molar fully

2nd molar

* PY - pouch young
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Group 5 - Mature Adult Females (4 to 6 yrs)

Group 6 - Old Adult Females (more than 7 yrs)

kangaroo weight
(Ks)

dentition

Kl9 22 one incisor, one Pennanent premolar, lst and 2nd mola¡s

3¡d molar

one incisor, one pennanent premolar, 1st and 2nd mola¡s

3rd molar
K20

+PY(7cm)

I(2l+PY
(0.58Ke)

22 one incisor, one deciduous premolar' two mola¡s

K24+PY
(0.75Ke)

25.5 one incisor, one deciduous premolar, lst molar fully

2ndmolar

K29

0actating)

23 one incisor, one perinanent premolar, lst and 2nd mola¡s

3rd mola¡

kangaroo weight
(Ke)

dentition

K6 32 not available

Kl6
+PY

one incisor, no deciduous orPennanent premolars,

lst mola¡ 2nd"3rd and 4th molars

Kl8
+PY

29 one incisor, no deciduous or perrnanent premolars,

four molars

K25+PY
(0.4Kg)

27 one incisor, no deciduous or permafient premolars;

lst mola¡ 3rd and 4th molars

K28+PY
(2.3Ke)

33 one incisor, no deciduous or penûinent premolars,

four molars

K34+PY
(1.2Ke)

30 one incisor, no deciduous or pennanent premolars; lst

molar 2nd, 3rd and 4th mola¡s
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Addendum

The anatomy, light and electron microscopic structure of the parathyroid glands that are

presented in this comparative study of marsupials and monoffemes have been described

from observations made on specimens subjected to standardised fixation and histological

techniques. Artefacts relating to imperfect fixation and processing are also described.

The study wøs done with the øssumption that the parathyroid tissue of d.ifferent species

reøcted similørly when subjected to the støndørdised techniques. However if this

øssumption is not vølid then some of the observed differences in structural details

between species møy need to be re-interpreted øs ødditionøl arteføcts.

For example, in antechinus (chap. 4), wombat (chap. 6), and echidna (chap. 9) the presence

of 'non-secretory cells' amongst parathyroid principal cells was noted. These cells were

devoid of desmosomes and were identified as neutrophils and lymphocytes in the

antechinus, macrophages in the wombat, and epithelial reticular cells in the echidna.

Reasons supporting these identifications are given in the relevant chapters. Alternatively

these cells may be artefactual products resulting from imperfect fixation and actually

represent shrunken, atrophic, principal cells. Previous studies (Wild et al., 1986) on the

effect of different fixatives on the ultrastructure of parathyroid glands from several species

have shown various species reacted inconsistently to the different fixatives and the

rnorphological variations were considered to be artefactual manifestations. For example,

cells similar to the non-secretory cells described above, were found to be present in cat

parathyroid tissue only after certain fixative protocols had been applied (Wild et a1., 1986).

Chapter 4.

p37, second paragraph. Add after the second sentence -

No desmosomes were observed between these cells identified as leukocytes and

adj acent principal cells.

Chapter I
p734,1ast paragraph. Change third sentence -

Alternatively, the distention of RER may be a fixation artefact.

p135, insert between the third and fourth paragraph -

The distention of RER has been shown to be a fixation artefact (Wild et al., 1986)

However the fact that both distended and narrow profiles of RER were present within the

same cells suggests the observed morphology reflected the actual sffucture and was not

entirely moulded by the effects of fixation.




