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INTRODUCTION

Many studies indicate connection between pineal gland function and growth
hormone (GH)-insulin-like growth factor (IGF-I) axis in mammals, but their results
are not always synonymous (Nir, 1978; Mess, 1983). Pinealcclomy abolishes a de-
crease of GH concentration in the pituitary gland-of rats, as well as in plasma caused
by constant darkncss (Relkin, 1972). Ronnekleiv and Mc¢ Cann (1978) detected the
decrease of GH sccretion in rats after pinealectomy during the day and a lack of the
cffect at night. Other investigators indicated intensification of circadian fluctuations
of GH after pinealectomy in rats with small increase of daily secretion (Niles et al.,
1979).

Progressive and irrcversible physiological decline is a characteristic of all or-
ganisms late in lifc. Many studics indicating functional alterations in pars distalis
cells accmpanied with aging (Mitchell et al., 1995; Velasco et al., 1998; Velduis,
2000). Pinealectomy is known to result in a clear decrease in the concentration of
circulating melatonin (Gauer et al, 1992). Growth hormone rhythm was suppressed
in the pinealectomized rats (Ostrowska et al., 2001). The dysfunctional processes
that are a result of macromolecular damage constitute what is referred to as the free
radical theory of aging (Sohal and Weindruch, 1996).

Numerous reports documented protective actions of melatonin in various mod-
els of oxidative stress (El-Sokkary et al,, 1999; Lee et al., 2002). This is due to its
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high efticacy as a free radical scavenger and indirect antioxidant (Tan et al,, 2002).
Additionally, melatonin stimulates the activitics of enzymes that metabolize reactive
species (Reiter et al., 2000) and maintains cell membrane fluidity at an optimal lev-
el (Garcia et al., 1998). Melatonin was found to decrease with aging (Lee et al.,
2002). Reiter et al, (1999) reported that aging in the pineal-intact animals was asso-
ciated with increased levels of lipid peroxidation (in the lung, kidney and skin), to-
gether with rises in an oxidatively damaged DNA (in liver, kidney and pancreas),
and in the levels of protein carbonyls (in the liver). Likewise, advanced age was as-
sociated with a significant decreasc in membranc fluidity of hepatic microsomes in
pincal-intact rats. For all of these parameters and in a number of organs, pinealecto-
my caused further increase in the indices of oxidative damage.

The aim of this work was to investigate the ultrastructural alterations in somat-
otroph cells that result from melatonin deficiency in aged (Pineal-intact) rats and to
test whether further induced reduction of melaionin by pinealectomy augment these
alterations, trying to detect the role of melaronin in the aging process.

MATERIALS AND METHODS

Animals and experimental design :

The study was performed on 33 male Spraguc-Dawley rats. Initially, 25 rats
were purchased when they were 2 months of age 15 of which were surgically pinea-
lectomized {according to Kuszak and Rodin's (1977)} and 10 of which werc sham
operated. The animals were kept in a room with a temperature of 22 - 24°C and reg-
ulated light cycle : 12 hours of light : 12 hours of dark (LD 12 ; 12, light from 6 am
to 6 pm). Rats were given free access (0 standard laboralory chow and tap water,
When the rats were 20 months of age, the surviving rats (aged pinealectomized and
aged pineal-intact) were killed by decapitation. In addition to the old rats, 8
Sprague-Dawley rats were 2 months of age were killed for comparison.

Electron microscopy :

The pituitary glands from all animals of the three groups (adult, aged and aged-
pinealectomized) were processed for ultrastructural examination. The anterior lobe
were dissected and fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer.
The material was cut into small pieces, post fixed in 1% osmium tetraoxide and em-
bedded in araldite. Semithin sections (about 0.2 wm) were stained with toluidine
blue, inspected by light microscopy and some ficlds were photographed. Selected
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ficlds were choscn for ultrathin sections were mounted and stained with urany! ace-
tate and lead citrate and examined in JEM-RM 1010 Wx transmission electron mi-
croscope. Some of the examincd ficlds were photographed.

RESULTS

1. Group I (Adult rats) :

In the semithin sections, the cclls of pars distalis appeared as loose cords sur-
rounded by rich network of large capillarics. Somatotrophs were demonstrated scat-
tered among the other cells. They werc generally rounded or oval. Their nuclei were
rounded euchromaic with prominent nucleoli. The secretory granules were numer-
ous, spherical and scattered through the cell (Fig. 1 - A).

In the ulirathin sections, three varicties of somatotrophs were observed. The
first type of cells (type I) was the commonest one. The cells were rounded or poly-
gonal with large rounded euchromatic nucleus nearly occupying the center of the
cell. The most prominent feature was the presence of numerous parallel cisternae of
RER surrounding the nucleus. Immature vesicles were frequently secn adjacent to
these cisternae. The Golgi complex was moderale in size and present on one side of
the nucleus. The secretory granules were electron dense rounded and their sizes
were nearly equal (Fig. | - B).

The second frequent type of cells (type 11) was ovoid or rounded with a more
electron dense cytoplasm compared to the previous one. The nucleus was rounded
euchromatic and cccentric in position, A well-developed Golgi complex occupied a
zone ncar the nucleus. The RER consisted of long ffattencd sacs, scattered through-
out the cytoplasm. Round or oval mitochondria, occasional lysosomes and numerous
free ribosomes could also be observed. The sccretory granules were electron dense,
rounded and variable in size (Fig. 1 - C).

The third type of somatotrophs (type I11) was the least frequently seen. They
were oval cells with more electron dense cytoplasm as compared o the previous two
types. The nucleus was heterochromatic with irregular outlines and is eccentric in
position, The Golgi complex was very large with moderately dilated sacules occupy-
ing a large area of the cytoplasm on one side of the nucleus. The RER cister-
nae were moderately dilated and scattered throughout the cytoplasm up to the peri-
phery of the cell. The secretory granules were elcctron dense. rounded and variable
in size but the majority of them were small (Fig. 1 - D).
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2. Group II (Aged rats) :

In the semithin sections, some somatotrophs appeared large in size while others
were shrunken. The nuclei of most cells were dense and irregular. The cytoplasm
appeared vacuolated (Fig, 2 - A),

In the ultrathin sections, type I cells appeared shrunken and most of the mijto-
chondria were secn with destructed cristae. Some secretory granules were seen
large, pleomorphic and less electron dense than the normal secretory granules (Fig. 2
-B).

The second type of cells appeared shrunken with heterochromatic nuclei having
slightly irregular outlincs. The nuclear envelope and RER cisternae appeared dilated.
The Golgi sacules were mildly dilated and some mitochondria with destructed cris-
{ae could be observed. The secrctory granules were relatively scanty (Fig. 2 - C).

The third type of somatotrophs appearcd hypertrophied and it is the most type.
which displayed prominent atrophic changes. The nuclei were very dense with great-
ly irregular outlines. The RER were severely dilated. The mitochondria appcared
swollen with destructed cristac. The secretory granules were ouevcrowded with al-
tered electron density (Fig. 2 - D).

3. Grup 111 (Aged pinealectmized rats) :

In the semithin sections, the capillarics were dilated and engorged with blood.
The intercellular spaces were more pronounced and dilated. Most of the somato-
trophs were seen with dense irregular nuclei and the Cytoplasm showed many vacu- -
oles (Fig. 3 - A).

In the ultrathin sections, the ultrastructural atrophic changes detected in the so-
matotrophs were incrcased in both frequency and intensity after pinealectomy. The
most conspicuous characteristics were the shrunken of the cells and the dense elec-
tron cytoplasm (Fig. 3 - B). No different varieties of cells could be detected. All the
cells displayed the same atrophic changes. The nuclei were seen very dense with
very irregular outlines. The RER cisternae, the nuclear envelope and the Golgi sa-
cules were markedly dilated (Fig. 3-Q).
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Fig. (1) : A scmithin section and electron

micrographs of pars distalis of adult rat.

1 - A : A semithin section showing cords

of different cells with the intervening ca-

pillaries, Note the variations in the ap-

pearance of somatotrophs (arrows).
(Toluidine blue: x 1000)

1 - B : An electron micrograph of type I
somatotroph showing a large central
rounded euchromatic nucleus, parallel
cisternac of RER (R). Note the lPr:quenl
immature vesicles (V).

(x 6000)
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1-C: An electron micrograph of type I1
somatotroph. ‘The cytoplasm shows large
number u} variable sized secretory gra-
nules. Note the moderate Golgi (G) and
the scatiered RER (R) with slight ly dilat-

ed cistemnae.
(x 6000)

L- D : An electron micrograph of type II1
somatotroph. The nucleus is heterochro-
muatic, eccentric with irregular outlines.
The Golgi sacules (G) and the RER cis-
temae (R) are moderately dilated.

(x 6000)
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Fig. (2) : A semithin section and electron micrographs of pars distalis of aged-
ineal-intact rat.
- A : A semithin section showing the presence of numerous vacuoles in the somat-

otrophs (arrows).
(Toluidine blue; x 1000)
2 - B : An electron micrograph of type | somatotroph showing shrunken cell, and the

mitochondria with destructed cristae (M). Note the presence of large pleomorphic
secretory granules (S).
(x 6000)
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2 - C : An electron micrograph of type Il somatotroph showing shrunken cell. The

Golgi sacules (G), the RER (R) and the nuclear envelope are moderately dilated.
(x 6000)

2 - D : Ad electron micrograph of type I11 somatotroph showing hypertrophied cell.
The RER cistemae (R) are highly dilated, The nucleus is irregular and electron
dense. Note the numerous secretory granules with variable electron density.

(x 6000)
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Fig. (3) : A semithin section and electron micrographs of pars distalis of aged-
pinealectomized rat.

3 - A : A semithin section showing the presence of large number of vacuolated so-
matotrophs (asrows). Note the large intercellular spaces (S) and the dilated engorged

capillanes (C).
(Toluidine blue; x 1000)

3 - B : An clectron micrograph showing somatotrophs with very dense irregular nu-
clei and electron dense highly vacuolated cytoplasm. -
(x 2500)
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3 - C : An electron micrograph showing the shrunken cells. The cytoplasm with
highly dilated RER cisternae (R) and swollen mitochondria (M) with destructed cris-

tae.
(x 6000)

DISCUSSION

Many of experimental works have not been devoted to the problem of assess-
ment of influence of pincalectomy on CH-IGF-I axis function. They mainly regard-
ed GH sccretion, more rarcly 1GF-I in rodents at morning and evening hours
(Relkin, 1972; Smythe and Lazarus, 1973; Nir, 1978; Ronnekleiv and Mc Cann,
1978; Mess, 1983; Griffiths et al., 1987; Galstain et al., 1994). The stimulating or
suppressive effect of pinealectomy on GH and / or IGF-I concentrations, dependent
on the time of the day was shown (Niles et al., 1979; Vaughan et al., 1994). The
work on the influence of pinealectomy on the morphological changes of GH-
secretory cells in pituitary gland is too scarce.

In the present study, the adult rat somatotrophs showed morphologically differ-
ent three populations. The cells of the first type (Type I) were demonstrated as poly-
gonal large cells with central, rounded and euchromatic nuclei, numerous RER cis-
ternae, moderate Golgi complex and equal-sized secretory granules. The cells of the
second type (Type 1I) were ovoid or rounded with rounded eccentric and euchromat-
ic nuclei, well developed Golgi, scattered RER cisternae and numerous secretory
granules which were variable in size. These morphological features indicate that
type 1 and IJ cells are active secretory somatotrophs. The cells of the third type
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(Type 111) have similar morphology to type II cclls but with heterochomatic irregular
nuclei, moderately dilated Golgi sacules and RER cisternae and numerous small sec-
retory granules. This appearance suggests that the cells of this type are the same
cells of type T1 at initial degenerative changes that start to occur m early adult life.
Also, this cxplains the early decline in GH release that starts to occur in carly adult
life (Liberman and Hoffman, 1997),

The previous ultrastructural studies of somatotrophs had ignored the heteroge-
necity of their populations. Using immunocytochemical study. Takahashi (1991)
classified somatotrophs on the basis of the size of the secretory granules. He repont-
ed that type I cells contain large sccretory granules, type II celis contain variable-
sized granules and the cells of type 1T contain only small granules. Also, he suggest-
ed that the cefls of type LI are immature and may be convericd to the more matare
type 11 then to type I cells. Dabado - Berrios et al, (1996) recognized 2 types of so-
matotrophs in aged male rats, by centrifugation of dispersed cells in density gradi-
ent; low and high-density cells.

The biological meaning of the two different active secretory cells, type 1 and
type 11, demonstrated here is not known, They may be developed independently
from the siem or progenitor cells. Alternatively, they may represent the sume type in
different functional activity but this would not be consistent with their morphology.

Distinct ultrastructural changes were demonstrated in somatotrophs of aged
rats. Most of type I cells were small in size with degenerative changes including
dilated Golgi sacules and destructed mitochondrial cristae. Most of these cells
showed some large and plecomorphic secretory granules with less electron density,
which indicate that a number of type I cells, were converted 1o somatomammo-
trophs. Borrelli et al. (1989) reported that GH and prolactin (PRL) cells are derived
from a common GH-expressing stem somatotrophs. Our resulls are in consistent
with the previous report of Shinkai et al. (1995) regarding the increase in the num-
ber of somatomammotrophs in aged rats. Shinkai and co-workers suggested that this
is might be an indication of reductin in the stability of gene expression in cell diffe-
rentiation during aging. The decrease in hypothalamic growth hormone relcasing
hormone (GHRH) and its genc expression that occurs during aging may be responsi-
ble for that incrcase (Morimoto et al., 1988). Shinkai et al, (1991) reported that
GHRH suppresscd the increase in the number of mammotrophs c¢ven at very low
concentration in vitro,

In the current study, type 11 cells showed atrophic changes in aged animals,
These cells became small in size with heterochromatic nuclei with irregular outlines.
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The RER and Glogi were dilated and the mitochondria showed destructed cristae.
Type 11T cells were demonstrated with marked degenerative changes. The nuclei
were greatly electron dense and irregular, The Golgi sacules and RER cisternae ap-
peared severely dilated. These cells were observed 10 be large in size, a finding indi-
cate cell hypertrophy, probably as a compensation for the pronounced histological
destructions in these cells.

Although quantitative immunohistochemical studics have been reported for the
somatotrophs of old rats (Rossi et al., 1991; Takahashi, 1992), few attempts have
been made to estimate the progressive ultrastructural changes that occur in these
cells along with the aging in gencral and after pinealectomy in particular. The dem-
onstrated atrophic changes will be reflected on the decreased secretory capacity of
the somatotrophs in aged rats. In mammals, it was found that aging is associated
with a decreasc in GH and this thought to be responsible for most of the age-
deterioration of scveral tissuc and organ functions (Ceda et al,, 1986). Thc age-
related GH-deficiency state was termed as somalopause (Martin et al,, 1997).

The previous reports tried to hypothesize the age-related decline of GH secre-
tion. Morimoto et al, (1988) and Colonna et al, (1989) reported that the decline of
GH secrction was due to the decrease in GHRH and its gene expression in the hypo-
thalamus. Ceda and co-workers (1986) claimed that this occurs due to the decrease
of responsiveness of somatotrophs to the GHRH. Also, it was found that somatosta-
tin increase gradually with age in rats (Ge et al., 1989; Veldhuis et al., 1997). In ad-
dition to these explanations about the age-related disturbance in the hypothalamic-
pituitary axis, the reduction in GH secretion thal was observed previously may be at-
tributed 10 the intrinsic atrophic Iesions in the somatotrophs that were demonstrated
in the current study.

The demonstrated degenerative atrophic changes in aged animals were more
pronounced afier pinealectomy both in frequency and intensity. The populations of
the somatotrophs could not be determined. All the cells showed severe atrophic
changes. In male rats, Ostrowska and co-workers (2001) reported marked reduc-
tion in GH level after pincalectomy. which indicate that the pineal gland has an in-
fluence on GH-secretory cells.

The somatotroph atrophic changes that start in adult, increase in senescent rais,
coinciding with the gradual decrease in melatonin secretion during aging (Lee et al.,
2002). Accordingly, the morphological and ultrastructural changes of somatotrophs
in the current investigation may give a hypothesis for the reduction of GH level in
both aged and aged pinealectomized animals. The augmentation of these changes
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after pinealectomy suggests that melatonin is responsible for at lcast great degree for
these atrophic changes. Whether. melatonin only or other pineal hormones partici-
pates in generating these changes needs further investigations.

SUMMARY

The relationship between growth hormone producing cells in the pars distalis of
the pituitary gland (somatotrophs) and the pineal gland f unction in rats is nearly not
clucidated, particularly in the aspect of melatonin participation, The current study
tested whether the lifc-long reduction of endogenous melatonin levels due to pinea-
Jectomy would influence the morphological and the ultra structural changes of so-
matotrophs as the animals aged. Aging in the pincal-untact amimals was associated
with large-sized and shrunken somatotrophs (Type 1. 11 and 111) with dense and ir-
regular nuclei. The cytoplasm appeared vacuolated. Electron microscopy revealed
somatotrophs with destroyed mitochondrial cristea. The secretory granules were
large, pleomorphic and less clectron dense (Type I), scanty (Type II) and over-
crowded with altered electron density (Type T1I). The rough endoplasmic reticulum
(RER) cisternae and Golgi sacules were dilated in all cell types. Aging in the pinea-
lectomized animals was associated with dilated intercellular spaces and capillaries
engorged with blood. Electron microscopy indicated increased atrophic changes in
both frequency and intensity. No different varietics of cells could be detected. The
nuclei were very dense with irregular outlines. The RER cistemae, the nuclear enve-
lope and the Golgi sacules were markedly dilated. The findings are consistent with
the idea that the severe cytological changes atter pinealectomy were due (o reduction
in melatonin since it functions as free radical scavenger and antioxidant. On the oth-
er hand, other pineal secretory products that were reduced as a consequence of pine-
al removal may have also been responsible for some of the observed changes, but
this will nced further studies.
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