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ABSTRACT

Introduction: the pineal gland is a neuro-endocrine gland that secretes melatonin hormone which
regulates the circadian rhythm, psychiatric disorder and age changes resulting from exposure to different
light wavelengths or darkness. Intensity, duration and wavelength of light control the activity of pineal
gland.

Aim of work: the purpose of this study was to monitor the morphological and electron microscopic
changes in the pinealocytes type I and II of albino rats exposed to either constant (24hrs/day) red light
(long wavelength) or blue light (short wavelength) as well as confined to constant darkness as compared
to control group subjected to normal diurnal conditions.

Material and methods: forty adult male albino rats were divided into four subgroups. Group I (GI):
the rats were kept under normal diurnal conditions, group II (GII): the rats were confined to constant
darkness, group III (GIII): the rats were exposed to constant red light (long wavelength; 670nm) and
group IV (GIV): the rats were subjected to constant blue light (short wavelength, 450nm); for four weeks
continuously.

Results: morphological findings of pinealocytes type I (PI) were analyzed statistically and revealed an
increase in the nuclear number of PI in GII, decrease in the nuclear number of PI in GIV and non-
significant difference in nuclear number of PI in GIII as compared to the control group. In addition,
rats of GIV reported a statistically significant increase in the amount of collagen fibers between loosely
packed parenchymal cells. Electron microscopic results of the cytoplasm of PI in GII showed abundant
cell organelles such as mitochondria, numerous ribosomes and multiple lipid droplets together with
well-developed Golgi bodies, scarce dense core vesicles (DCV), few cisternae of smooth endoplasmic
reticulum (SER) and rough endoplasmic reticulum (RER). GIII demonstrated similar results to that of
GI. On the other hand, GIV showed scarce cytoplasmic organelles such as few mitochondria; mostly
distended with disturbed cristae, scattered lipid droplets with abundant DVC and numerous cisternae
of SER. Ultrastructurally, PI nuclei of GII exhibited infolded nuclear envelope with heterochromatic
karyoplasm and prominent nucleoli while GIV revealed reduction of the nuclear chromatin with rupture
of nuclear envelope at certain sites. However, GIII nuclei demonstrated results similar to that of GI. No
observable changes were detected by light and electron microscopy of PII in the different experimental
groups apart from the presence of statistically significant increase in the nuclear number of PII in GII.
Moreover, the PII cytoplasm showed scarce mitochondria in GI, II and RER in GIV. The glial cells
demonstrated statistically significant increase in GIV but non-significant differences were noticed in the
other groups as compared to GI.

Conclusion: it could be concluded that the morphological and electron microscopic changes of
pinealocyte type I indicate decrease in the activity of pinealocytes type I on exposure to constant short
wavelength blue light and increase in the activity of PI confined to constant darkness. While the exposure
to constant long wavelength red light demonstrates results similar to the control group. There were no
changes in the structure of pinealocytes type II in the different experimental groups, exposed to different
light wavelengths or confined to darkness.
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INTRODUCTION

The pineal gland is a pine cone-shaped
neuroendocrine gland that regulates diurnal
rhythm (Ross and Pawlina, 2011). 1t is located
in the midline outside the blood-brain barrier
(Macchi and Bruce, 2004) and covered by pia
mater layer (Young et al., 2006). The gland is
divided into lobules of different sizes by the
penetrating meningeal septa (Gartner and Hiatt,
2007).

The pineal gland receives information
about light and dark from the retina via the
retino-hypothalamic pathway which reaches
the gland via sympathetic nerve fibers by
being converted into electrical impulses in
the photoreceptors of retina (Ganguly et al.,
2002). Through this pathway, light regulates
the activity of pineal gland and secretion of its
main hormone, melatonin which controls the
circadian rhythm; broad spectrum light reduces
melatonin production while darkness stimulates
its production (Korf et al., 2003).

The frequency of visible light (interval not
color), determines the color sensation. The
daylight contains all the wavelengths of the color
spectrum which known for albino animal species
as photopic (black/white) and scotopic (colored
vision) electro-retinograms (Sze! and Rohlich,
1992). Intensity, duration and wavelength of
light control the activity of pineal gland (Ross
and Pawlina, 2011).

The main cell types of the mammalian
pineal gland are the melatonin synthesizing
pinealocytes, interstitial cells located between
the pinealocytes and few perivascular phagocytes
(Moller et al., 2002).

Some studies demonstrated increase in the
metabolic and synthetic activity of pinealocytes
in some species as reported by electron
microscopic changes of these cells (Dominguez
et al., 1987; Bhatnagar, 1992). Although it is
known that constant darkness exposure mostly
enhances the morphology of pineal gland and
its melatonin production (Kus et al., 2004),
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little knowledge is available regarding the
morphological and ultrastructural changes in
the pinealocytes on exposure to different light
wavelengths; long (red), short (blue) or confined
to constant darkness.

The aim of this study was to monitor the
effect of constant exposure to red illumination
(long wavelength, 670nm) and blue illumination
(short wavelength, 450nm) as well as constant
darkness, on the morphology and ultrastructure
of pinealocytes in adult rat as compared to rats
exposed to normal diurnal rhythm.

AIM OF THE WORK

A- Experimental animals:

Forty adult male albino rats (Sprague
Dawely) weighing 200+30g were obtained from
animal house of Faculty of Medicine, Kasr Al-
Ainy, Cairo University, Egypt. The rats were
housed in well ventilated cages (5 rats per cage),
each cage measured 40 cmx 25cm x 20 cm.

B- Experimental design:

The animals were randomly segregated into
four equal groups (10 rats each); group I (control):
the rats were kept under standard diurnal
conditions (10h of light, 14h of darkness), group
II: the rats were confined to constant darkness,
group III: the rats were constantly exposed to
red illumination (long wavelength, 670nm) and
group IV: the rats were constantly exposed to
blue illumination (short wavelength, 450nm)
(Aral et al., 2006) for four weeks continuously.
The different light wavelengths were obtained
by a light bulb (40 Watt and 220 Volt).

In the present work, all animals were allowed
free access to food and water. All aspects of the
research were complied with protocols approved
by Local Ethical Committee of Faculty of
Medicine, Kasr Al-Ainy, Egypt.

For constant darkness, the animals were kept
in a dark room and the animal cage was covered
with thick black cloth allowing fresh air to
circulate. While the different lights were applied
by putting constant corresponding coloured light
bulb above the animal cage at a distance of 4
inches with a heat filter in between.
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C- Methods:
- Histological study

After four experimental weeks, all rats were
sacrificed between l1lam to 12 noon by deep
anesthesia with i.p. injection of pentobarbital
sodium (60 mg/kg body weight) (Gaertner et al.,
2008), followed by cervical dislocation. In five
animals from each group, the pineal gland was
excised In Toto and then immediately fixed in
4% buffered formalin solution overnight at room
temperature. Tissue samples were dehydrated in
ascending grades of ethyl alcohol (50%, 70%,
90%) for 24hrs, cleared in xylol and embedded in
paraffin blocks; first on hot plate oven for 24hrs
at 60°C to assure penetration of wax between
particles then for 2-3hrs in refrigerator. Sections
of Sum thickness were sliced, mounted on glass
slide then stained with hematoxylin and eosin to
study the architectural pattern of the pineal gland
and Masson’s trichrome stain was done to study
the distribution of collagen bundles and their
thickness within the gland.

- Electron microscopic study

Fresh microspecimens of the pineal glands
were excised and immediately fixed in 2.5%
gluteraldhyde at 4°C for 2hrs for electron
microscopy. The specimens were post-fixed in
2% osmium tetraoxide, dehydrated in ascending
grades of ethanol/propylene oxide and then
embedded in Epon. Semithin sections were
cut at 0.5um and stained with toluidine blue to
localize the site of lesion for electron microscopy
monitoring. Ultrathin sections (70-80nm) were
mounted on copper grids and double stained
with uranyl acetate followed by lead citrate then
examined by Zeiss 100S transmission electron
microscopy.

- Image analysis

The mean area percent of collagen bundles
in Masson's trichrome-stained sections as well
as the nuclear number of pinealocytes type I,
pinealocytes type II and glial cells in semithin
sections were measured in 10 non-overlapping
high power fields. The measurements were
taken using Leica Qwin 500 LTD image
analyzer computer system (software Qwin 500,
Cambridge, UK).
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- Statistical analysis

The obtained data from image analyzer were
presented as mean (+ SD). Paired sample t-test
was used for comparison of means of different
groups, using SPSS version 20 (SPSS Inc.,
Chicago, IL). The significance between variables
was considered when p value < 0.05.

RESULTS

A- Light microscopic examination:
- Group I (GI-control)

The pineal gland of GI consisted of cell
plates within parenchymal lobules, incompletely
separated from each other by fine connective
tissue septae (Figs. 1 A-C). The pinealocytes form
most of cells of pineal gland which appeared
tightly packed (Figs. 1A,B). Pinealocytes type
I (PI) constituted the major proportion of other
cells e.g. pinealocytes type II and glial cells
(Fig. 1A) and demonstrated pale cytoplasm
surrounding large, euchromatic nuclei with
prominent nucleoli (Fig. 1B). Pinealocytes type
IT (PII) located near the perivascular spaces and
containing a very thin rim of cytoplasm with
small darkly-stained nuclei (Fig. 1B). Scattered
glial cells were seen among pinealocytes,

distinguished by their scanty cytoplasm
surrounding small deeply-stained elongated
nuclei (Figs. 1A,B). Blood wvessels (Figs.

1A,B) surrounded by perivascular spaces were
distributed in the gland within the septa between
the lobules, while blood capillaries were seen
between the parenchymal cells inside the pineal
lobules (Fig. 1A). Masson’s trichrome-stained
sections revealed fine collagen fibers between
plates of the parenchymal cells as well as in the
interlobular septae (Fig. 1C).

- Group II (GII-constant darkness)

The pineal gland of GII revealed plates
of abundant tightly packed pinealocytes
surrounding PII within the parenchymal lobules
(Figs. 2A,B). PI demonstrated cytoplasm that
surround heterochromatic nuclei with nucleoli
(Figs. 2A,B). PII contained small dark nuclei
(Figs. 2A,B). Glial cells were infrequently
encountered between pinealocytes (Figs. 2A,B),
characteristically showed very small, darkly-
stained nuclei (Fig. 2B). Blood vessels were
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seen within interlobular septa (Figs. 2A,B)
while blood capillaries were observed between
cells (Fig. 2A). There was moderate amount
of collagen fibers separating plates of closely
packed cells within the parenchyma and in septa
between the lobules (Fig. 2C).

-Group IIl (GIII-constant
wavelength red illumination)

long

Sections from GIII demonstrated plates of
almost packed pinealocytes (PI, PII) within
the parenchymal lobules (Figs. 3A,B). PI
demonstrated large euchromatic nuclei with
prominent nucleoli, while PII enclosed small
dark nuclei (Fig. 3B). Few glial cells (Fig. 3A)
appeared between parenchymal cells. Blood
vessels (Figs. 3A,B) were encountered between
the lobules surrounded by perivascular spaces
(Fig. 3B), while blood capillaries (Fig. 3A) were
noticed between the parenchymal cells. There
were few amounts of collagen fibers between
plates of packed parenchymal cells as well as in
interlobular septa (Fig. 3C).

-Group IV  (GIV-constant short

wavelength blue illumination)

GIV showed plates of loosely packed of both
types of pinealocytes within the parenchymal
lobules (Figs. 4A,B). PI demonstrated nuclei
with reduced chromatin; some having prominent
nucleoli, while PII revealed small dark nuclei
(Fig. 4B). A number of glial cells appeared
between parenchymal cells (Fig. 4A). Blood
vessels (Figs. 4A,B) between the lobules as well
as numerous blood capillaries (Fig. 4A) between
the parenchymal cells were also observed. There
were abundant bundles of collagen (Fig. 4C)
between loosely packed parenchymal cells.

B- Electron microscopic examination:
-Group 1

Ultrastructurally, the pineal gland of GI
demonstrated PI with irregular outline with
cytoplasmic processes extending between the
cells as far as the perivascular spaces (Figs.
5A,B). The cytoplasm of PI showed multiple
cell organelles including intact cristal pattern of
mitochondria (Figs. SA-D) and free ribosomes
(Fig. 5D). Scattered rough endoplasmic reticulum
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(RER) (Figs. 5A-D) and cisternaec of smooth
endoplasmic reticulum (SER) (Fig. 5D) were
also encountered. Dense core vesicles (DCV)
appeared in contact with the cell membrane (Fig.
5B). The PI nuclei revealed infoldings of the
nuclear envelope, euchromatic karyoplasm and
prominent nucleoli (Figs. 5A,B); some exhibited
double nucleoli (Fig. 5A).

PII were seen as small regular-outline
cells adjacent to the perivascular space (Figs.
5A,B). Their cytoplasm showed mitochondria
(Figs. 5C,D), cisternae of RER (Fig. 5C), free
ribosomes (Fig. 5D). PII demonstrated oval
heterochromatic nuclei (Figs. 5A,C,D) with
indented nuclear envelop (Fig. 5A).

-Group 11

Pinealocytes type I showed multiple
cytoplasmic processes (Figs. 6A-C). Their
cytoplasm contained abundant cell organelles;
numerous mitochondria appeared either well-
defined (Figs. 6A-E) or distended with disturbed
cristae (Figs. 6B,C). Abundant free ribosomes
(Figs. 6B,E), RER (Fig. 6E), well developed
GB (Figs. C,E), scattered cisternac of SER
(Figs. 6C-E) were also observed. Multiple lipid
droplets (Fig. 6D) and few dense core vesicles
(DCV) (Figs. 6B,D) were also seen. The nuclei
exhibited heterochromatic karyoplasm (Figs.
6A,B,E), prominent nucleoli (Figs. 6A,B)
and sometimes double (Fig. 6B) and deep
infoldings of nuclear envelope (Figs. 6B,D).
PII were encountered adjacent to blood vessels
and perivascular spaces (Figs. 6A,C). Their
cytoplasm showed mitochondria (Fig. 6C). Their
nuclei appeared indented (Fig. 6A) and exhibited
heterochromatic karyoplasm (Figs. 6A,C).

-Group 111

Pinealocytes type I showed cytoplasmic
processes (Figs. 7A,D) and their cytoplasm
contained multiple well-defined mitochondria
(Figs. 7B-E). Free ribosomes, RER (Fig. 7C)
and cisternac of SER (Figs. 7A,D,E) were
also observed in the cytoplasm. DCV (Figs.
7A,C,E) and brain sand (Fig. 7D) were also
encountered. The nuclei revealed infoldings
of nuclear envelope (Figs. 7A,C), prominent
nucleoli (Fig.7A) and euchromatic karyoplasm
(Figs. 7A,C,D,E). PII were identified by their
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heterochromatic nuclei (Figs.7A,B,D) located in
contact with perivascular spaces (Fig. 7B).

-Group 1V

Pinealocytes type I showed cytoplasmic cell
processes (Figs. 8A,B) extending to widened
perivascular spaces (Figs. 8B,C). Their scanty
cytoplasm contained scarce organelles (Figs. 8B-
E). Few number of mitochondria appeared either
intact (Fig. 8D) or distended with disturbed
cristaec (Fig. 8E). Abundant cisternae of SER
(Fig. 8B) and numerous DCV (Figs. 8A,B,E)
were also encountered free in the cytoplasm.
Scattered lipid droplets (Figs. 8B,C,E) were
seen. The nuclei demonstrated reduced amount
of chromatin (Figs. 8 A-E). The nuclear envelope
ruptured causing leakage of chromatin into
the cytoplasm (Figs. 8B,C,E). Some nuclei
exhibited prominent nucleoli (Figs. 8B,E). PII
appeared closely related to widened perivascular
spaces (Figs. 8A,B). Their cytoplasm showed
mitochondria (Fig. 8C), RER and lipid droplet
(Fig. 8D).Their nuclei exhibited heterochromatic
karyoplasm (Fig. 8A,C,D).

C- Statistical results:

The mean area percent of collagen fibers
revealed a statistically significant increase
(p<0.05) in group IV (exposed to constant blue
illumination) as compared to control group.
On the other hand, there was statistically non-
significant difference (p>0.05) neither in
group GII (confined to constant darkness) nor
GIII (exposed to constant red illumination) as
compared to control group (Table 1).

In group II (confined to constant darkness),
there was a statistically significant (p<0.05)
increase in the nuclear number of pinealocytes
type I as compared to control group. Additionally,
group IV (exposed to constant blue short
wavelength) showed a statistically significant
decrease in nuclear number of pinealocytes type
I as compared to control group. However, group
IIT (exposed to constant red long wavelength)
revealed statistically non-significant difference
(»>0.05) in the number of nuclei of pinealocytes
type I as compared to the control group
(Table 2).

As shown in (Table 3), there was a
statistically significant (p<0.05) increase in
the nuclear number of PII in GII (confined to
constant darkness) as compared to control group.
However, there was statistically non-significant
difference (p>0.05) in the nuclear number of
PII neither in group III (exposed to constant
red illumination) nor in group IV (exposed to
constant blue illumination) as compared to the
control group.

(Table 4) revealed a statistically significant
(»<0.05) increase in the nuclear number of glial
cells in in group IV (exposed to constant blue
illumination) as compared to the control group.
However, there was statistically non-significant
difference (p>0.05) in the nuclear number
of glial cells neither in group II (confined to
constant darkness) nor in group III (exposed to
constant red illumination) as compared to the
control group.

Table 1: The mean area percent of collagen fibers in all experimental groups

Groups Mean+SD SEM Mean difference p value
Control 4.38+0.679 226
Pair 1 .40 0.843
Darkness 3.97+1.057 352
Control 4.38+0.679 226
Pair 2 -.17 0.984
Red 4.55+.821 273
Control 4.3840.679 226
Pair 3 -11.04 0.000%*
Blue 15.42+4.986 479

SD: standard deviation; SEM: standard error of mean; *: statistically significant (p< 0.05)
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Table 2: Nuclear number of pinealocytes type I in all groups

Groups Mean+SD SEM Mean difference p value
Control PI 20.20+9.283 2.855

Pair 1 -3.2 0.000*
Darkness PI 23.4049.008 2.848
Control PI 20.2049.283 2.855

Pair 2 4.9 0.197
Red PI 15.30+8.3937 2.654
Control PI 20.20+9.283 2.855

Pair 3 9.4 0.020%*
Blue PI 10.80+3.457 1.093

SD: standard deviation; SEM: standard error of mean; *: statistically significant (p< 0.05); PI: pinealocytes type I.

Table 3: Nuclear number of pinealocytes type II in all experimental groups

Groups Mean+SD SEM Mean difference p value
Control PII 6.80+1.932 611
Pair 1 -1.50 0.034*
Dark PII 8.30+1.494 472
Control PII 6.80+£1.932 .611
Pair 2 2.1 0.142
Red PII 4.70+3.400 1.075
Control PII 6.80+1.932 .611
Pair 3 1.1 0.399
Blue PII 5.70+£2.710 857

SD: standard deviation; SEM: standard error of mean; PII: Pinealocytes type II; *: statistically significant (p< 0.05).

Table 4: Nuclear number of glial cells in all experimental groups

Groups Mean+SD SEM Mean difference p value
Control G 2.80+1.175 .553
Pair 1 0.3 0.591
Dark G 2.50+1.178 .686
Control G 2.80+1.175 .553
Pair 2 0.4 0.599
Red G 2.40+1.429 512
Control G 2.80£1.175 553
Pair 3 -2.7 0.004*
Blue G 5.50+2.121 .670

SD: standard deviation; SEM: standard error of mean; G: glial cells; *: statistically significant (p< 0.05)
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Fig. 1: Photomicrographs of pineal gland from GI showing: A. plates of closely packed pinealocytes. Pinealocytes type
I (PI) and pinealocytes type II (PII) appear within parenchymal lobules (circle), separated by fibrous septae (arrowheads)
containing blood vessels (BV). Glial cells (G) scattered among pinealocytes whereas the blood capillaries (C) are situated
among parenchymal cells. (Hx & E x 400) B. tightly packed pinealocytes within the parenchymal lobules in semithin
section. Pinealocytes type I (PI); pale cytoplasm surrounding large euchromatic nuclei (N1) with prominent nucleoli
(n). Pinealocytes type II (PII) demonstrate darkly-stained nuclei (N2) and appear near the perivascular space (*) which
surrounds the blood vessels (BV) seen between the parenchymal lobules. Glial cells (G), deeply-stained nuclei. (Toluidine
blue x 1000) C. fine distribution of collagen fibers (arrows) between lobules and between tightly packed parenchymal
cells. (Masson’s trichrome x 400)
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Fig. 2: Photomicrographs of pineal gland from GII demonstrating: A. abundant closely packed pinealocytes in semithin
section; pinealocyte type I (PI) mainly and pinealocyte type II (PII) within the parenchymal lobules demarcated by
fibrous septa (arrow heads). Scattered glial cells (G) are seen between the pinealocytes. Blood vessels (BV) between
the lobules and blood capillaries (C) between the parenchymal cells are also observed. (Hx & E x 400) B. numerous
tightly packed pinealocytes type I (PI) with pale cytoplasm surrounding heterochromatic nuclei (N1) and prominent
nucleoli (n). Pinealocytes type II (PII) are also seen with small dark nuclei (N2). Glial cells (G) appear between the
pinealocytes and reveal very small, darkly-stained nuclei (N3). Blood vessels (BV) are also observed between lobules.
(Toluidine blue x 1000) C. moderate amount of collagen fibers (arrows) between plates of closely packed cells. (Masson’s
trichrome x 400)
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Fig. 3: Photomicrographs of pineal gland from GIII displaying: A. plates of almost packed pinealocytes; pinealocytes type
I (PI) and pinealocytes type II (PII) within the parenchymal lobules. Few glial cells (G) appear between the parenchymal
cells. Blood vessels (BV) in the fibrous tissue septa between the parenchymal lobules and blood capillaries (C) between
the parenchymal cells are also seen. (Hx & E x 400)

Fig. 3B: almost packed pinealocytes within the parenchymal lobules in semithin section. Pinealocytes type I (P1)
demonstrate large euchromatic nuclei (N1) with prominent nucleoli (n). Pinealocyte type II (PII) features a small dark
nucleus (N2). Perivascular space (*) surrounding blood vessels (BV) are also seen. (Toluidine blue x 1000) C. few amount
of collagen fibers (arrows) between plates of packed parenchymal cells as well as in the interlobular septa. (Masson’s
trichrome x 400)
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Fig. 4: Photomicrographs of pineal gland from GIV revealing: A. plates of loosely packed pinealocytes (PI,PII) within
the parenchyma. Glial cells (A) are also observed between pinealocytes. Blood vessels (BV) between the lobules and
numerous congested blood capillaries (C) between the cells are also seen. (Hx & E x 400) B. loosely packed
pinealocytes within the parenchymal lobules in semithin section. Pinealocytes type I (PI) have nuclei (N1) and exhibit
reduced amount of chromatin, some show prominent nucleoli (n). Few pinealocyte type II (PII) reveals small dark nucleus
(N2). (Toluidine blue x 1000) C. large amount of collagen bundles (arrows) between plates of loosely packed cells.
(Masson’s trichrome x 400)
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Fig. 5: Electron photomicrographs of pineal gland from GI demonstrating: A. pinealocytes type I (PI) with irregular
outline and cytoplasmic processes (Pr) extending between the cells to the perivascular space (*) as well as pinealocytes
type II (PII). The cytoplasm of PI contains numerous mitochondria (M) and rough endoplasmic reticulum (RER). The
nuclei (N1) show infoldings (arrows) of the nuclear envelope and euchromatic karyoplasm. Some exhibit double nucleoli
(n). PIT shows heterochromatic nuclei (N2) with indented nuclear envelope (arrow head). (EM x 3000)

B. two adjacent pinealocytes type I (PT) with multiple cytoplasmic processes (Pr), extending between the cells to the
perivascular space (*). Their cytoplasm contains intact mitochondria (M) and rough endoplasmic reticulum (RER). Dense
core vesicles (DCV) are also seen. The nuclei (N1) illustrate infolding of the nuclear envelope (arrows), prominent nucleoli
(n) and euchromatic karyoplasm. (EM x 6000) C. two adjacent pinealocytes type I (PI). Their cytoplasm demonstrates
intact mitochondria (M) and rough endoplasmic reticulum (RER). Pinealocytes type II (PII) show mitochondria (M) and
rough endoplasmic reticulum (RER) in their cytoplasm. Their nuclei (N2) demonstrate heterochromatic karyoplasm (N2).
(EM x 6000) D. intact mitochondria (M), rough endoplasmic reticulum (RER), scattered smooth endoplasmic reticulum
(SER) and free ribosomes (large circle) in the cytoplasm of pinealocytes type I (PI). The cytoplasm of pinealocytes type I1
(PII) contains numerous ribosomes (small circle) and mitochondria (M). Their nuclei (N2) demonstrate heterochromatin
pattern. (EM x 12000)
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Fig. 6: Electron photomicrographs of pineal gland from GII displaying: A. pinealocytes type I (PI) with multiple cytoplasmic
processes (Pr). Their cytoplasm show abundant mitochondria and the nuclei (N1) demonstrate prominent nucleoli (n)
with heterochromatic karyoplasm. Pinealocytes type II (PIl) appear adjacent to perivascular space (*) surrounding the
blood vessels (BV). Their nuclei show indentation (arrowheads) of the nuclear envelope and heterochromatin pattern.
(EM x 3000) B. two adjacent pinealocytes type I (PI) with multiple cytoplasmic processes (Pr). Their cytoplasm shows
numerous free ribosomes (circle), abundant mitochondria (M) and few dense core vesicles (DCV). Some mitochondria
appear distended with disturbed cristae (M1). The nuclei (N) demonstrate deeply infolded nuclear envelope (arrows),
double prominent nucleoli (n) and heterochromatic karyoplasm. (EM x 6000)

Fig. 6C: pinealocyte type II (PII) adjacent to the blood vessels (BV) and perivascular space (*). Mitochondria (M) are seen
in the cytoplasm of PII. Its nucleus (N2) located at the center of the cell exhibiting heterochromatin pattern. Numerous
mitochondria (M), cisternae of smooth endoplasmic reticulum (SER) and Golgi bodies (GB) are also observed in the
cytoplasm of a process (Pr) of pinealocyte type I (PI). Distended mitochondria with disturbed cristae are also seen (M1).
(EM x 6000) D. pinealocytes type I demonstrating mitochondria (M), cisternae of smooth endoplasmic reticulum (SER)
and multiple lipid droplets (L). The nucleus (N) demonstrates infolding of the nuclear envelope (arrow). (EM x 8000)
Fig. 6E: numerous mitochondria (M), free ribosomes (circle), rough endoplasmic reticulum (RER), cisternae of smooth
endoplasmic reticulum (SER) and prominent Golgi bodies (GB) in the cytoplasm of adjacent pinealocytes type I (PI).
Their nuclei (N) show heterochromatic pattern. (EM x 12000)
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Fig. 7: Electron photomicrographs of pineal gland from GIII revealing: A. pinealocytes type I (PI) with multiple
cytoplasmic processes (Pr). Cisternae of smooth endoplasmic reticulum (SER) and dense core vesicles (DCV) are also
seen in their cytoplasm. Their nuclei (N1) show infoldings (arrows) of nuclear envelope with euchromatic karyolplasm
and prominent nucleoli (n). Pinealocytes type II (PII) exhibit heterochromatic nucleus (N2). (EM x 3000)

Fig. 7B: pinealocyte type II (PII) in contact with the perivascular space (*) surrounding blood vessels (BV). Its nucleus
(N2) exhibit heterochromatic karyoplasm. The cytoplasm of pinealocytes type I (PI) demonstrates intact mitochondria
(M). (EM x 6000) C: the cytoplasm of pinealocytes type I (PI) with numerous mitochondria (M), rough endoplasmic
reticulum (RER) and free ribosomes (circles). Dense core vesicles (DCV) are also seen. Their nuclei (N1) show infoldings
(arrow) of the nuclear envelope and demonstrate euchromatic karyoplasm. (EM x 12000) D. numerous mitochondria
(M) in the cytoplasm of a process (Pr) of pinealocytes type I (PI). Brain sand and cisternae of smooth endoplasmic
reticulum (SER) are observed. Their nuclei (N1) demonstrate euchromatic karyoplasm. Pinealocyte type II (PII) exhibits
heterochromatic pattern of its nucleus (N2). (EM x 12000) E. pinealocyte type I (PI). The cytoplasm shows numerous
well-defined mitochondria (M), cisternae of smooth endoplasmic reticulum (SER) and dense core vesicles (DCV). The
nucleus (N) illustrates euchromatic karyoplasm. (EM x 12000)
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Fig. 8: Electron photomicrographs of pineal gland from GIV illustrating: A. pinealocytes type I (PI) with cytoplasmic
processes (Pr) that show multiple dense core vesicles (DCV). Their nuclei (N1) demonstrate small amount of chromatin.
Pinealocytes type II (PII) are located adjacent to widened perivascular space (*). Their nuclei (N2) reveal heterochromatin
pattern. (EM x 3000) B. pinealocytes type I (PI) with cytoplasmic processes (Pr) extending to widened perivascular
space (*). Their cytoplasm shows scarce mitochondria (M) and abundant cisternae of smooth endoplasmic reticulum
(SER). Numerous dense core vesicles (DCV) and one lipid droplet (L) are also appear. The nuclei (N) demonstrate
reduction in the amount of chromatin, some show prominent nucleoli (n). At certain areas, the nuclear envelope is
ruptured (arrows). (EM x 6000) C. pinealocytes type I (PII) located near to perivascular space (*). Their cytoplasm
demonstrates mitochondria (M). Their nuclei (N2) exhibit heterochromatic karyoplasm. The cytoplasm of pinealocytes
type I (PI) shows lipid droplet (L). Their nuclei (N1) demonstrate reduction in the nuclear chromatin and rupture in the
nuclear envelope (arrowhead). (EM x 6000) D. numerous cisternae of rough endoplasmic reticulum (RER) and large lipid
droplet (L) within the cytoplasm of pinealocytes type II (PII). Their nuclei (N2) exhibit heterochromatic karyoplasm.
Pinealocytes types I (PI) demonstrate scarce cell organelles including mitochondria (M). Reduction of the amount of
its nuclear chromatin (N1) of PI is also visible. (EM x 6000) E. two adjacent pinealocytes type I (PI). Their cytoplasm
appears little with scarce cellular organelles apart from few mitochondria with disturbed cristae (M). Scattered dense core
vesicles (DCV) and lipid droplet (L) are also seen. The nuclei (N) containing prominent nucleoli (n) and ruptured nuclear
envelope (arrows). (EM x 12000)
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DISCUSSION

In the present work, parenchymal cells
were distinguished into: pinealocytes and glial
cells. Identical observation was noticed by (Kus
et al. 2004). In the present study, two types of
pinealocytes were identified in the control group;
pinealocyte type I (PI), constitutes the major
part of parenchymal cells and pinealocytes type
IT (PII) which were observed fewer in number
and located adjacent to the perivascular spaces.
Corresponding findings were encountered by
(Borhamy 2004) who reported that PI forms
about 77% of parenchymal cells and PII
represents 19% of parenchymal cells. Cernuda-
(Cernuda et al. 2003) considered the light cells
(PI) and dark cells (PII) as successive stage of
pinealocytes due to similar electron microscopic
characteristics. In addition to the result of
the present work, (Ekstrom and Meissl 2003)
demonstrated neuroendocrine  photoreceptor
cells in the pineal gland of non-mammalian
vertebrates.

In the present work, ultrastructural
examination of pineal gland from different
groups revealed PI with irregular outlines and
multiple cytoplasmic processes. These processes
extend between adjacent cells to reach the
perivascular spaces. Similar result was reported
by (Borhamy 2004) who suggested that these
processes most probably transmit their active
products to the blood stream.

In the present study, electron microscopic
examination of PI in GII confined to constant
darkness revealed abundant cytoplasmic cell
organelles such as mitochondria, numerous free
ribosomes and multiple lipid droplets. Earlier, the
study of (Vollrath 1981) considered these lipid
droplets as secretory material of pinealocytes
or stored sites for melatonin secretion. Studies
on rats and hamsters by (Karasek et al. 1990)
and (Swieto—slawski and Karasek 1993),
respectively found an increase in number of
cytoplasmic organelles of the pinealocytes
exposed to darkness. The latter authors
attributed these observations to the increase in
the pinealocyte activity with darkness.

In the present work, electron microscopic
study of GIII exposed to constant long wavelength
red illumination, demonstrated results similar
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to that of the control group such as numerous
mitochondria with intact cristal pattern and free
ribosomes. In addition, scattered cisterna of SER
and infrequent DCV were also noticed. While,
after exposure to blue short wavelength light
in GIV of the present study, little cytoplasm
containing scarce cell organelles were observed
including few mitochondria, ribosomes and
scattered lipid droplets. Nearly similar results
were demonstrated by (Karasek et al. 1990) and
Kus et al. (2004). The former author added that
there was reduction in the synthesis of melatonin
as a result of constant broad band white light
exposure.

In the present work, PI in GII demonstrated
numerous mitochondria either normal or
distended with disturbed cristal pattern of some of
them. Similar result was observed by (Srivastava
2003) who emphasized that this finding is an
evident of increased metabolic activity of the
pineal gland. Earlier, (Cross and Mercer 1999)
attributed the mitochondrial size increase to their
crucial role in for hormone synthesis in endocrine
glands by reactions occurred in the mitochondria
and endoplasmic reticulum with shuttling back
and forth between these two organelles; constant
darkness resulting in some physiological changes
in these organelles leading to their increase
in size. Additionally in the present study, the
mitochondria of GIII were similar to that of the
control group, while in GIV, there was scattered
mitochondria were observed and mostly dilated
with disturbed cristae. In contrary with the
observation of the present study, (4ral et al.
2006) found numerous mitochondria on exposure
to blue light. The authors pointed out that the
serum level of melatonin was higher in darkness
than short wavelength illumination exposure and
added that the pineal gland reaction was highly
sensitive to blue light short wavelengths of | max
=450nm.

Scattered dense core vesicles (DCV) were
observed in GII of the present work, while a
large number of DCV were encountered in
group IV exposed to constant blue light and no
changes in DCV in group III as compared to the
control group. Similar results were demonstrated
by (Karasek et al. 1990) who reported an
increase in the number of DCV during the day,
with decrease melatonin levels in the blood and
decrease in the number of DCV during the night
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when melatonin levels in the blood increase;
these data indicate that DCV are considered as
storage of melatonin. (Lewczuk and Przybylska
2000) added that the number of DCV in the
pinealocytes depends on light conditions and
controlled by norepinephrine. Moreover, the
results of (Redins et al. 2001) in vivo found that
melatonin decreases the number and volume of
DCYV, indicating their role in the pinealocytes
secretory activity, while increases in the
count and volume of lipid droplets and Golgi
apparatus. Similarly, the prominent Golgi bodies
were encountered in GII (confined to constant
darkness) of the present study.

Brain sand, an identifying feature of pineal
gland also observed in present study in GIII. It has
been described by (Ross and Pawlina 2011) as
calcified concretions derived from precipitation
of calcium phosphates and carbonates on carrier
proteins released into the cytoplasm when the
pineal secretions are exocytosed.

In the present work, few cisternae of smooth
endoplasmic reticulum (SER) were demonstrated
in PI of GII, while abundant cisternae of SER
were reported in PI of GIV. However, the
findings of SER in GIII were similar to that of
the control group. There is lack in the literature
that support the observation of the present work
regarding SER apart from earlier explanation by
(Tutter et al. 1991) who demonstrated calcium
ions in the cisterns of SER and emphasized their
functional role in cell stimulation.

The prominent Golgi bodies were encountered
in GII (confined to constant darkness) of the
present study. (Cernuda-Cernuda et al. 2003)
reported well developed Golgi bodies in
pinealocytes of control rats subjected to normal
day/night rhythm.

In the present study, in GII confined to
constant darkness, there was increase in
the nuclear number of PI which confirmed
statistically, a feature of increased metabolic
activity of the gland. In partial agreement to
the data of (Redondo et al. 2000) who found an
increase in the pinealocytes volume of sheep
sacrificed at night more than in those sacrificed
by day.
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In the present study, electron microscopic
study of the nuclei of PI in GI appeared with
irregular outlines and prominent nucleoli;
occasionally double nucleoli and the nuclear
envelope showed many infoldings. Similar
observations were reported by (Cernuda-
Cernuda et al. 2003). In the present study,
nuclei of PI in GII, exhibited heterochromatic
karyoplasm with infolded nuclear envelope
and prominent nucleoli, occasionally doubled.
Furthermore, the nuclei of PI of GIII were
similar to those of control group. In contrast, in
GIV, the nuclei showed a reduction in chromatin
and ruptured nuclear envelope at certain sites.
In partial agreement with (Kus et al. 2004) who
attributed this finding to decrease in pinealocytes
activity in rates exposed to constant broad band
white light as indicated by nuclear microscopic
changes.

In the present work, the nuclear number of
PI in GIII showed statistically non-significant
difference when compared to the control
group. On the other hand, rats of GIV revealed
statistically significant decrease in PI nuclear
number together with a statistically significant
increase in the amount of collagen fibers between
loosely packed parenchymal cells. Nearly similar
results were reported by (Kus et al. 2004) but on
exposure to white broad band light.

In the present study, no detectable changes
were found by light microscopy in PII of the
different experimental groups exposed to the
different light wavelengths apart from the
presence of statistically significant increase in the
nuclear number of PII in GII confined to constant
darkness. However, there was no literature
support the finding of the present study. In the
present work, a characteristic feature of PII in all
experimental groups, its location adjacent to the
blood vessels and perivascular spaces. Similar
observation was reported by (Borhamy 2004)
who attributed this result to the participation of
PII in the transmission of secretory products of
the pineal gland to blood stream.

In addition, electron microscopic examination
of PII revealed no remarkable changes in all
groups in response to different light wavelengths
or constant darkness. PII demonstrated regular
cellular outline with well-defined nuclear
envelope apart from indentation in GII, with
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condensed chromatin material. Moreover, the
PII cytoplasm lacked cell organelles apart from
scattered mitochondria in GI, II and RER in
GIV which were scarce in PI of all experimental
groups. Identical findings were observed by
(Borhamy 2004).

In the present study, glial cells were sparsely
distributed in the interstitial tissue among the
pinealocytes. Additionally, glialcellsinthecurrent
work showed statistically significant increase in
GIV exposed to constant blue short wavelength
illumination but non-significant differences were
noticed in the other groups as compared to the
control group. In partial agreement with (Kus
et al. 2004) who demonstrated glial cells in rats
exposed to constant broad band light. Earlier,
(Vollrath 1981) found positive glial markers and
considered interstitial cells as a type of astrocyte
which was reported later in cat and dog by (Boya
and Calvo 1993) and in cotton rat by (Sakai et
al. 1996). Moreover, (Srivastava 2003) stated
that the functional role of microglial cells is
phagocytosis of necrotic cells or phagocytotic
activity of the outer segments of photoreceptor
cells.

(Brainard et al. 2001) pointed out that light
with wavelength between 430 and 500 nm (short
wavelength) was more effective in suppressing
nocturnal melatonin than longer wavelengths.
The authors added that blue sensitive pigment is
also fully effective in controlling the circadian
biological rhythm humans.

(Freedman et al. 1999) stated that the
photoreceptors; rods and cones; are responsible
for the image-produced vision i.e. visual
perception, whereas retinal ganglion cells are
considered intrinsically photosensitive receptors
(ipRGCs). Moreover, (Reppert and Weaver
2002) pointed out that there were rhythmic
changes of several physiological functions in
the human body within a 24h period produced
by the hypothalamic supra-chiasmatic nucleus
(SCN); the circadian pacemaker. Furthermore,
(Hatori et al. 2008) described melanopsin as a
subtype of retinal ganglion cells (RGCs) that
mediate through the retino-hypothalamic tract
the photo-entrainment i.e. the adjustment of
the circadian rhythms phase by the light—dark
cycle. There is evidence that mRGCs project to
many nonvisual areas; serving many non-visual
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forming functions, such as melatonin secretion
and its suppression by light (7sai et al., 2009).

(Mathes et al. 2007) and (Zaidi et al. 2007)
emphasized that the stimulation of melanopsin
levels (at least in the rat) is dependent on light
exposure and the length of photoperiod which
in turn regulates the release of melatonin from
the pineal gland. In addition, (Mure et al. 2007)
reported that melanopsin retinal ganglion cells
(mRGCs) are the most sensitive to blue light
short wavelength (between 459 and 483 nm).
Moreover, (Roecklein et al. 2009) found that
blue light (440-480 nm) is highly effective in
phase shifting the circadian clock, can increase
alertness.

CONCLUSION

In the present study, it could be concluded
that there was reduction in the metabolic activity
of pinealocytes type I of rat on exposure to
constant short wavelength blue illumination
more than the exposure to constant long
wavelength red illumination which gave results
nearer to the control group (normal diurnal
rhythm) as reported by the morphological and
electron microscopic study. However, there
was stimulation of the synthetic activity and the
discharge of secreted products of the pinealocytes
type 1 of rats confined to constant darkness.
Additionally, there were no remarkable changes
in pinealocytes type Il neither on exposure to
different light wavelengths nor confined to
constant darkness.

REFERENCES

Aral E, Uslu S, Sunal E, Sariboyaci AE, Okar
U, Aral E. 2006. Response of the pineal gland
in rats exposed to three different light spectra of
short periods. Turk J Vet Anim Sci, 30:29-34.

Bhatnagar KP. 1992. The ultrastructure
of mammalian pinealocytes: A systematic
investigation. Microsc Res Tech, 21: 85-115.

Borhamy A. 2004. Cellular constituents of the
pineal parenchyma in the albino rat: effect of the
different photoperiods. Egypt J Anat, 27(2):1-29.

Boya J, Calvo JL. 1993. Immunohistochemical
study of the pineal astrocytes in the postnatal



Walaa Mohamed Sayed

development of the cat and dog pineal gland. J
Pineal Res, 15:13-20.

Brainard GC, Hanifin JP, Greeson JM, Byrne
B, Glickman G, Gerner E, et al. 2001. Action
spectrum for melatonin regulation in humans. J
Neurosci, 21:6405-6412.

Cernuda-Cernuda R, Piezzi RS, Domunguez
S, Alvarez-Uria M. 2003. Cell populations
in the pineal gland of the viscacha
(Lagostomusmaximus). Seasonal variations.
Histol Histopathol, 18:827-836.

Cross PC, Mercer KL. 1999. Cell and tissue
ultrastructure. In: Functional perspective, 4th
ed., Freeman WH (editor). New York, P. 22.

Dominguez S, Piezzi RS, Scardapane L, Guzman
JA. 1987. A light and electron microscopic study
of the pineal gland of the viscacha (Lagostomus
maximus maximus). J Pineal Res, 4: 211-219.

Ekstrom P, Meissl H. 2003. Evolution of post-
sensory pineal organs in new light: the fate of
the neuroendocrine receptors. Phil Trans R Soc
Lond, B358:1679-1700.

Freedman MS, Lucas RJ, Soni B, von Schantz
M, Muiioz M, David-Gray Z, et al. 1999.
Regulation of mammalian circadian behavior
by non-rod, non-cone, ocular photoreceptors.
Science, 284:502-504.

Gaertner DJ, Hallman TM, Hankenson FC,
Batchelder MA. 2008. Anesthesia and Analgesia
in Rodents: Anesthesia and Analgesia in
Laboratory Animals, 2nd ed., Academic Press,
CA. Approved May 27.

Ganguly S, Coon SL, Klein DC. 2002. Control
of melatonin synthesis in the mammalian pineal
gland: the critical role of serotonin acetylation.
Cell Tissue Res, 309:127-137.

Gartner LP, Hiatt JL. 2007. Color textbook of
histology. Baltimore, Williams & Wilkins, p.
324-325.

Hatori M, LeH, Vollmers C, Keding SR, Tanaka
N, Schmedt C, et al. 2008. Inducible ablation of
melanopsin-expressing retinal ganglion cells

71

reveals their central role in non-image forming
visual responses. PLoS ONE, 3:¢2451.

Karasek M, Stankov B, Lucini V. 1990.
Comparison of the rat pinealocyte ultrastructure
with melatonin concentrations during daytime
and at night. J Pineal Res, 9:251-257.

Korf HW, Von Gall C, Stehle J. 2003. The
circadian system and melatonin: lessons from
rats and mice. Chronobiol Int, 20:697-710.

Kus I, Sarsilmaz M, AslanOzen OA, Turkoglul
AO, Pekmez H, Songur A, et al. 2004. Light
and electron microscopic examination of pineal
gland in rats exposed to constant light and
constant darkness Neuroendocrinol Lett, 25:1-2.

Lewczuk B, Przybylska B. 2000. The effect
of continuous darkness and illumination on
the function and the morphology of the pineal
gland in the domestic pig; II. The effect on
pinealocyte ultrastructure. Neuroendocrinol Lett,
21:293-299.

Macchi MM, Bruce JN. 2004. Human pineal
physiology and functional significance of
melatonin. Front Neuroendocrinol, 25:177-195.

Mathes A, Engel L, Holthues H, Wolloscheck
T, Spessert R. 2007. Daily profile in melanopsin
transcripts depends on seasonal lighting
conditions in the rat retina. J Neuroendocrinol,
19:952-957.

Moller M, Florian M, Baeres M. 2002. The
anatomy and innervation of the mammalian
pineal gland. Cell Tissue Res, 309:139-150.

Mure LS, Rieux C, Hattar S, Cooper HM. 2007.
Melanopsin-dependent nonvisual responses:
Evidence for photopigment bistability in vivo.
Journal of Biological Rhythms, 22(5): 411-424.

Redins GM, Redins CA, Novaes JC. 2001. The
Effect of Treatment with Melatonin upon The
Ultrastructure of the Mouse Pineal Gland: A
Quantitative Study. Braz J Biol, 61(4): 679-684.

Redondo E, Regodon S, Franco A, Masot
J, Gazquez A, Cardinali DP. 2000. Day
night changes in plasma melatonin levels,
synaptophysin expression and ultrastructural



CHANGES IN PINEALOCYTES TYPE I AND II OF ADULT ALBINO RAT EXPOSED T10........

properties of pinealocytes in developing female
sheep under natural long and short photoperiods.
Histol Histopathol, 18:333-342.

Roecklein KA, Rohan KJ, Duncan WC, Rollag
MD, Rosenthal NE, Lipsky RH, et al. 2009.
A missense variant (P10L) of the melanopsin
(OPN4) gene in seasonal affective disorder. J
Affect Disord, 114:279-285.

Reppert SM, Weaver DR. 2002. Coordination
of circadian timing in mammals. Nature,
418(6901):935-941.

Ross MH, Pawlina W. 2011. Histology. In:
A text book and Atlas with correlated cells
and molecular biology, 6" ed., Philadelphia:
Lippincott, Williams & Wilkins, p. 752-755.

Sakai Y, Hira Y, Matsushima S. 1996. Regional
differences in the pineal gland of the cotton
rat, Sigmodonhispidus: Light microscopic,
electron microscopic, and immunohistochemical
observations. J Pineal Res, 20:125-137.

Srivastava S. 2003. Influence of continuous light
and darkness on the secretory pinealocytes of
Heteropneustesfossilis. J Biosci, 28(5):613-622.

Swietoslawski J, Karasek M. 1993. Day-night
changes in the ultrastruc—ture of pinealocytes
in the syrian hamster: a quantative study.
Endokrynol Pol; 44:81-87.

72

Szel A, Rohlich P. 1992: The cone types of retina
detected by antivisual pigment antibodies. Exp
Eye Res, 55: 47-52.

Tsai JW, Hannibal J, Hagiwara G, Colas D,
Ruppert E, Ruby NF. et al. 2009. Melanopsin
as a sleep modulator: Circadian gating of the
direct effects of light on sleep and altered sleep
homeostasis in Opn4(—/—) mice. PLoS Biology,
7 (6): €1000125.

Tutter Y, Heinzeller T, Seitz-Tutter D. 1991.
Pinealocyte subsurface cisterns III: storage
of calcium ions and their probable role in cell
stimulation. J Pineal Res, 10: 91-99.

Vollrath L. 1981. The pineal organ. In: Vollrath
L and Oksche A (editors). Handbuch der
mikroskopischenanatomie des menschen, Vol
VI, part 7. Berlin-Heidelberg, Springer Verlag,
p. 1-665.

Young B, Lowe JS, Stevens A, Heath JW.
2006. Wheater’s functional histology. In: a text
and color atlas, 5th ed., Edinburg, Churchill
Livingstone, p. 344.

Zaidi FH, Hull JT, Peirson SN, Wulff K,
Aeschbach D, Gooley JJ. et al. 2007. Short-
wavelength light sensitivity of circadian,
pupillary and visual awareness in humans

lacking an outer retina. Current Biology. 17
(24):2122-2128.



Walaa Mohamed Sayed

Aalil) ) LA 4y giual) 3aad) ULBIAS G g J 6 £ i) <l s
dBal) 4838 4 jgaa 9 A 5198 5 9a

A dada Y g

BALAl daaly - Aad) juad cula A0S - AiaY) g il and

Gl padle

abaiy A G sl (e a8 Al elanall dpasdl sl e saa) 5 4y 5 giall 3axdl et dasial)
a5 35 DUl 56 guall i paill U8 5 A3 305 Gial je 5 dpmdil] Ll jlaa¥) ey 5 don ol gl L
cad ) oae IS g ¢ guiall sl Jshall 5 A8ES a3 sial) 523l Jee & Sa 3 Jal sl
AN 5 35V LAY 8l A58 A€ il 5 dm sl 58 sall ol junl) aasil Al ) 038 i 281 sdagd)
3 sea¥) e gl (o ll/ Aol 24 saal) ) jainly (i yati Gl Bl elianll Gl yidll (& 4 50 giuall 32l
Gl ¢ suall m el Adagliall G gamally U 638 A5 a5 ablall DUl 8 Lgaia g ol sl (3 3]
REREA

Ay sluie e sana gl ) Gsml aaoae s Gualld) ) sSAN elianl) o il i o5 sl (§ kg 3 ga
o Lera s i )5 Al Ao ganall (galall (5 el ¢ guall Caca e Al g (Adasliall) V) de sanl)
dagl )l A sanall Lol Aa sall Jysha pea) ¢ guall ) ey (ia yes )5 230G de ganall cailall 23U
b inse nld )l 80a) An sl sl (55 5Y) 6 puall ) ey (i e g

saadl 35V LDIAN 4y aae 850l dm s dun gl sh ) sall piliill laaVI Jilaill jelaf il pamilil
dilian) AYa (5f 2a g V5 Al 1) A ganall 2 4 5iY) 220 B altiy Al de sanall & 4 siuall
AaaS ool an s am el D) ALYl ddagliall de sanally 45 5lia clld 5 AN de sandll 3 dds ale
§ s a3 ga g Aial) A A jeaall bl o jelal 285 Aa) ) e senall LA (s Y oS0 il
e uasp ol e 5 b S giall Jie Ll de ganall B A5V A giall WIAN o B A
SIS o ZAESH 581 pall 3 By sall el ¢ oad s alusal 3 g g e i ) L 2wl g gaall ol e
e panall Alilee L de ganall il CilS 5 AL slacy Caaa 5 388 433a)) 5 o Lulall 4 330 sty A4
Ol dae Jie A 3 gl Clacaall 8550 Al ) Ao ganall Caaia gl s AT Auali (e Adaglizall
A 80 5l il 0y sl (e 5 220 35 o sl il g dadiig a5 (Al 5 Ly i S il
3sm 5 e Al e ganall (5 5 sil) CaDRIL Clelindl o g g RSV elualall e 33U a3y A Gl
i s (55l aBlally (335 3 a5 o Al ) Ao gaaall ClES (85 ) )l Dl s Gile 5 S OIS
Aasdle oty o) Aladliall de genall Alilas il < jelal 288 LN de gamal) 4y gif Wl cpila g S 0eS b
Al e sanall 8 Al 4y gall LAY 8 g I o Sl jemall Al 5 il gl
Al e gamall (b A Ay sl UOUAL g 5 il aaall 3 Auiboan] A0Vl 3l 3 3 gm g Ja ) Ayl
Lo 33 5 sl (e B ane Zpll 2y sial) DA o 350 s sglal 288 ol e 5 5Dl 5 Laid

73



CHANGES IN PINEALOCYTES TYPE I AND II OF ADULT ALBINO RAT EXPOSED T10........

Sy Aal )l de sanall A A03AY dpa 30 saY) A8 (e Jilf 220 AN Al 5 V) Gl ganall B
b s sale ) yua (sf am 55 Y S g Al e gamall (b Ailaa A1V €3 5ol § Aall LA Cania
) Alalall de genalls A5 jlie 6 AV Cle sanall 8 Al LAY
523d) LDIAT 4801 4506 L€ il 5 dm o) 5 gal) il puatl) () L1 ol 13 (e aliing o (iSia duadA)
3330V e gl ) ey i pait Al 5 ) Ay siaal) Alad) Jalis 8 Gaaléds) ) ady 4y siual
o o b bl UL 5o Lasie. 3391y sl 280 LS 33035 ypedl o sl J 51
Aia (S5l Alailiall de genall Aliles il a5y Ja shall s gall Jsdall 53 peaY) o guall AN (m jatl

AGBR A A 5al) e ganall (8 A Ay sl AR Ay 8 s

74



