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The parafollicular cells (PCs) of male pigs treated with estradiol-
dipropionate (EDP) and progesterone (Pr) in combination, or
castrated on the first day of life and sacrificed 6 or 8 month later were
investigated. The studies included examinations of argyrophif proper-
ties, stereological analyses and ultrastructural characteristics of PCs.
Treatrment with EDP and Pr led to a significant decrease in the number
of PCs per unit area, volume density and volume of their nuclei as
compared to intact animals (by 25%, 36% and 83%, respectively).
Prominently dilated GER and the small number of secretory granules
suggested a slower rate of secretion by PCs. Castration led to a
decrease in number of PCs per unit area by 18% and an increase of
volume density by 5% in 6-month-old pigs in comparison with intact
controls. The markedly developed lamellar structure of GER with
numerous attached ribosomes and many mitochondria in the
cytoplasm of PCs of castrated pigs, suggested stimulation of specific
protein synthesis.
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INTRODUCTION

Similarly to other mammals, parafollicular i.e. C cells are evident in the pig
thyroid gland. They are randomly distributed throughout the gland and contain
calcitonin as a hypocalcemic hormone (Blahser, 1978, Pento. 1 985). Although
the primary secretory product of C cells is calcitonin (CT), they also contain small
quantities of calcitonin-gene-related peptide (CGRP). Only a few porcine C cells
are immunoreactive to somatostatin (Kameda, 1987). The role of sex steroids in
determing PCs structure and function i. e. calcitonin synthesis and secretion, is
still poorly understood. Using the silver stain method for detection of argyrophil
cells, it was previously reported that EDP applied to rats during the neonatal
period, or chronic treatment with this steroid had a stimulatory effect on thyroid
PCs which is maintained up to old age (Sekulié¢ and Lovren, 1991, 1992, 1993).
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Estradiol replacement therapy plus progesterone in rats or humans
protected surgical menopause-associated bone mass loss, i. e. expressed a
positive effect on bone formation (Schot and Schuurs, 1990, Slootweg et al.,
1992). Both estradiol and progesterone led to a significant stimulation of CT
secretion from thyroid C cells of 8-day-old rats in vitro (Greenberg et al.,1986). In
was also reported that the administration of Pr alone reduced postmenopausal
bone loss, as well (Tremolliers et al., 1993).

On the contrary, Lazaretti-Castro et al. (1991) demonstrated an inhibitory
effet of estradiol on CT secretion and content in a human C cell carcinoma cell
line. Body (1993) suggested that estrogen replacement therapy in
postmenopausal women does not result in a change of bone metabolism.

Onthe other hand in one-year-old castrated male rats the bone density was
significantly reduced 4 months after the operation (Garcia et al., 1989), and the
CT level in castrated female rats was found to be decreased (Yamazaki and
Kinoshita, 1986). Treatment of ovariectomized rats with 17§ EDP prevented
ovariectomy-induced increase of bone resorption and loss (Yamaura et al., 1994).
Also, menopause, as a natural event in women, and oophorectomy were risk
factors in osteoporosis and reduced serum levels of estradiol, testosterone and
dehydroepiandrosterone were found in both events (Otha et al., 1992).

Having in mind the data on the effect of sex steroids or their lack on
calcitonin function, it was of interest to examine how neonatal treatment of piglets
with a combination of estradiol and progesterone or castration would affect the
structure of PCs.

MATERIAL AND METHODS

One-day-old male Swedish Landrace piglets were used. The first group
consisted of intact animals. The second group was injected s. c. on the first
postnatal day with a combination of 50 mg EDP and 250 mg Pr (products of
ICN-Galenika Pharmaceutical Works, Belgrade, Yugoslavia). The third group was
castrated on the first day of life. The piglets were left with their mothers until
weaning, i. e. up to 36 days of age. Each group sacrificed at the age of 6 or 8
months consisted of 5-10 animals.

The usual industrial feeds for the corresponding age and water were given
ad libitum. The piglets were maintained under natural daylight and farm condi-
tions.

The thyroids were quickly excised and pieces of tissue were fixed in Bouin’s
solution. The paraffin blocks were serially cut into 5 m thick sections, staind with
haematoxylin and eosin for routine examinations and with the double silver
impregnation method to demonstrate argyrophil cells (Pascual, 1986).

For electron microscopy, pieces of thyroid lobe were immersed immediately
in 4% glutaraldehyde in Milloning buffer (pH 7.3), postfixed for 1 h in 1% OsOa in
the same buffer, dehydrated in a graded acetone series and embedded in
Araldite. Ultrathin sections were counterstained with uranyl acetate and lead
citrate and examined by a Siemens 101 electron microscope.
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Morphometry and stereological calculations The sections of each specimen
prepared for light microscopy were selected for morphometric evaluations. Mor-
phometric analysis was carried out by point-counting and stereologic calcula-
tions were performed (Weibel, 1979). The volume densities of PC nuclei and
cytoplasm and numerical density of nuclear profiles of these cells were deter-
rmined using 50 test areas at a magnification of 1000X, with multipurpose
test-system Maz2 (Weibel, 1979). The numerical density of PC nuclei per mm® (and
thus of the cells) was determined according to the formula of Weibel and Gomez
(Weibel, 1979). The shape coefficient § was assumed to be 1.382 for the nuclei.
Also, argyrophil PCs were counted in all sections and the number of these cells
per unit area (mmz) in each section was calculated (Weibel, 1979).

The data obtained for each individual were averaged per group and the
standard error of mean (SEM) was calculated and evaluated by Student’s t-test.

RESULTS

Instact animals The PCs in the pig thyroid appeared to be randomly
distributed throughout the gland. Most of these cells occupied a position basal
to the thyroid follicular cells or protruded between the latter. They were scattered
as single elements, only rarely forming chains. They were of pyramidal shape,
elongated and seldom round to oval (Figure 1a). The number and volume density
of PCs and their nuclei were less in intact 8-month-old than in 6-month-old animals
(Figures, 2a,b,c).

At the subcellular level most of the PCs contained numerous secretory
granules in the cytoplasm. These granules were spherical in shape and had an
amorphous core-like structure enveloped by a circular limiting membrane. The
density of core substance varied somewhat from granule to granule (Figure 3).
Also, in some cells many ribosomes and mitochondria and a moderate number
of secretory granules were seen in the cytoplasm.

Pigs neonatally treated with female gonadal steroids The small pyramidal
or stellate argyrophi PCs were scattered throughout the thyroid gland of the pigs
neonatally treated with EDP and Pr in combination (Figure 1b). Morphometric
analyses showed that the number of PCs per unit area and volumetric density of
these cells and their nucleiin both examined periods were significantly decreased
as compared with the corresponding intact animals (Figures 2a,b,c).

In some PCs prominent dilated GER and a small number of secretory
granules were seen. The other cells contained numerous lysosomes and
changed mitochondria (Figure 4).

Castrated pigs Parafollicular cells of castrated 6- or 8-month-old animals
were light and degranulated (Figure 1c). Morphometric studies showed a sig-
nificant decrease in the number of PCs per unit area and a significant increase
of volume density of these cells compared to intact 6-month-old animals. In
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Figure 1. The PCs in the thyroid gland of 6-month-old pigs. a) The basal position of single PCs with
long protrusions in control animals;b) The small pyramidal or stellate argyrophil PCs in the
thyroid of a pig neonatally treated with EDP+Pr; ¢) Degranulated PCs of castrated pigs
(Pascual double impregnation method; X650).
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Figure 2. Graph A; The number (No) of PCs per unit area (mm?); Graph B; The cellular (Vve) volume
(#m®) of PCs; Graph C; The nuclear (Vun) volume (ume) of PCs in intact (|), castrated (C)
and 8 and 8 months old animals neonatally treated with estradiol and progesterone
(EDP+Pr). All values represent the mean + SEM; *** p < 0.001, ** p < 0.01.
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(X20000).

Figure 4. Dilated GER, small number of secretory granules (sg) and presence of lysosoms (L) (ar-
rows) in PCs, located adjacent to follicular cells (FC) of a 6-month-old pig neonatally treated
with estradiol and progesterone (X16000).
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8-month-old castrated pigs these values were very similar to those of intact pigs
of the same age (Figures 23, 2b). The volume density of the nuclei of PCs from
castrated pigs was decreased in comparison with the values in intact animals,
but these differences were not statistically significant (Figure 2c).

Figure 5. Lamellar arrangment of GER with numerous attached ribosomes in a PC from an 8 month-
old castrated pig (X12500).

At the ultrastructural level in both age periods, PCs had a markedly
developed lamellar structure of the GER with numerous attached ribosomes and
many mitochondria in the cytoplasm. Secretory granules were reduced in com-
parison with the controls and frequently gathered at the periphery of the controls
and frequently gathered at the periphery of the cells (Figure 5). In other PCs the
cytoplasm was rich with electron-transparent secretory granules.

DISCUSSION

Porcine PCs are smaller (Blahser, 1978), than rat PCs (Blahser, 1978,
Sekuli¢ and Lovren, 1991, 1992, 1993). However, the subcellular organization of
these cells is very similar in all mammalian species (Nunez and Gershon, 1978).

In control pigs the majority of PCs, wich were filled with numerous secretory
granules with an electron dense core, seemed to be in a "storage® phase of the
secretory cycle, as suggested earlier by Capen and Yang (1969).

Our results clearly demonstrate the effect of gonadal steroids on the pig
PCs. A decrease in the number of the PCs accompanied by a reduction of the
volume density and nuclear volume (by 25%, 36% and 83%, respectively) in
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estradiol- and progesterone-treated pigs as compared to intact animals, were
observed. The dilated cisternae of GER, the smaller number of secretory granules
and numerous lysosomes in PCs of these animals suggested a slower rate of
protein synthesis and secretion. Lysosomes may be required to remove secretory
granules as they accumulate in the cytoplasm of these cells (Nunez and Gershon,

1978).
Our previous studies on the neonatal influence of EDP on rat PCs revealed

a stimulatory effect of this hormone on the function of these cells up to adulthood
and EDP-related changes were visible in aged animals (Sekuli¢ and Lovren, 1991,
1992, 1993).

It has been suggested that female gonadal steroids may be involved in the
regulation of calcitonin level (Hillyarde et al., 1978), thus influencing the bone cells
(Stevenson et al., 1981). Hence, estrogen replacement therapy supplemented
with Pr is currently highly recommended for the treatment of postmenopausal
women. Progesterone addition also may augment the beneficial effects of
estrogens in providing protection against osteoporosis (Schot and Shuurs, 1990,
Slootweg et al., 1992), and Pr alone decreases bone resorption in
postmenopausal women (Tremolliers et al., 1993). However, little is known about
the exact mechanism(s) of action of Pr and its derivates on bone cells (Komm et
al., 1988).

On the other hand, stimulatory effects of estrogen on calcitonin secretion
have not been recorded in some studies, and thus, the data remained controver-
sial (Body, 1993). Lazaretti-Castro et al. (1991) observed no stimulatory but a
transient dose-dependent direct inhibitory effect of this hormone on both CT
secretion and content on total cellular protein. These discrepancies presumably
reflect differences in the estrogens, experimental schedules applied and CT
assays.

The presence of specific steroid receptors in normal and pathological-
thyroid tissue (Marugo et al., 1989), i.e. outside the reproductive tract as the target
organ suggested that these hormones may influence thyroid tissue. The com-
bination of EDP and Pr neonatally applied to 1-day-old piglets expressed a
positive effect on thyroid follicular cells as judged by the signs of increased activity
(Sekulié, 1986).

The exact mechanism(s) by which estrogens influence calcitonin secretion
remains unclear, since estrogen receptors have not been identified in thyroid PCs
in either malignant and normal thyroid C cells, so far (Frolich et al.,, 1990). On the
contrary, Yang et al.(1988) reported the presence of estrogen receptors in a
medullary thyroid carcinoma C cell culture. Also, in 1986 Greenberg et al.
demonstrated a direct stimulatory effect of 174 -estradiol and progesterone on CT
secretion from the thyroid C cells of 8-day-old rats in vitro. These authors
observed that tamoxifen as an estrogen receptor blocking agent did not inhibit
estrogen-induced CT release. This finding suggested that estradiol does not
regulate calcitonin secretion by C cells via a classical receptor system. Thus, it
was of interest to see how the lack of sex hormones i. e. neonatal castration would
influence the morphology of pig PCs. The volume density of PCs in castrated
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animals was significantly increased as compared to the corresponding controls.
Subcellular organization of these cells i. e. the long profiles of GER and intense
aggregation of free ribosomes, pale vesicles and fanding low density granules
suggested stimulation of protein synthesis i.e. this picture corresponds to the
protein "synthesizing" phase of the secretory cycle as suggested by Capen and
Yang (1969).

The data of Garcia et al. (1989) indicate that castration of male rats causes
bone resorption which also occurs after ovariectomy (Wronski et al., 1985, Shen
et al,, 1992), and 17p-estradiol treatment prevented this ovariectomy-induced
increase in bone loss (Yamaura et al., 1994). Serum estradiol level in the pigs
castrated on the first postnatal day was shown to be significantly decreased
during the first two weeks of age and after that it approached the control levels
(Panti¢ et al., 1984).

The data presented in this work show that porcine PCs respond to ex-
ogenously applied sex steroids or to their lack after castration, but the exact
mechanism(s) of the affected processes remains to be elucidated.
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PARAFOLIKULARNE CELIJE STITASTIH ZLEZDA SVINJA NEONATALNO TRETIRANIH
POLNIM STEROIDIMA ILI KASTRIRANIH

MILKA SEKULIC i MIRJANA LOVREN
SADRZAJ

Ispitivene su parafolikularne ¢elije kontrolnih i eksperimentalnih muzjaka
svinja, tretiranih estradiol-dipropionatom (EDP) i progesteronom (Pr) u kom-
binaciji ili kastriranih prvog dana po rodenju, a Zrtvovanih posle 6 i 8 meseci.

Parafolikularne ¢elije su morfoloski identifikovane primenjujuéi specifiéno
dvostruko bojenje srebro nitratom. Rezultati ispitivanja dobijeni su stereologkom
i ultrastrukturnom analizom ovih éelija.

Posle tretiranja Zivotinja sa EDP i Pr u kombinaciji zapaZa se zna&ajno
smanjenje broja parafolikularnih ¢elija po jedinici povrine za 25%, volumenske
gustine Celija za 36% i jedana za 83% u poredenju sa vrednostima dobijenim u
intaktnih Zivotinja. Jasno izraZena dilatacija GER-a i maniji broj sekretornih granula
u citoplazmi ovih ¢elija ukazuju na smanjenu moguénost sekrecije ovih éelija.

Kastracija novorodenih svinja utiCe na smanjenje broja parafolikularnih
¢elija po jedinici povrSine za 18%, i poveéanje volumenske gustine za 5%, u 6
meseci starih svinja u poredenju sa vrednostima dobijenim u intaknih Zivotinja
iste starosti. Lamelarna struktura granulisanog ER-a i brojne mitohondrije u
citoplazmi parafolikularnih éelija ukazuju na poveéanu moguénost sinteze
specifiénih proteina u ovim ¢elijama
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