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INTRODUCTION

The intestinal absorptive cells "enterocytes” represent the most common cell
lingages covering the intestinal villi. These cells are considered as the most rapidly
renewing tissues of the body and hence, they are very sensitive to the effects of vari-
ous cytofoxic insults (Burkitt et al., 1993).

In the field of radiotherapy, ionizing radiation is used to damage target cells or
tissue. However, the irradiation also damages the non-target cells or tissues (von
Sonntag, 1987). The high sensitivity of the gastrointestinal tract to ionizing radia-
tion renders it a possible target in accidentally exposed persons and a dose limiting
tissue in some radiotherapy practices. It was also. reperted that the damage to the
gastrointestinal tract seems to be of primary concem for the local X-irradiation of
abdominal or pelvic tumors, as well as for the whole-body X-irradiation preceding
bone marrow transplantation (Otchy and Nelson, 1993; Allgood et al., 1996).

A large number of clinical reports on radiation enteritis or radiation-induced
enteropathy was recorded after the use of different radiation therapy protocols for
the treatment of abdominal or pelvic tumors (Olasolo, 1989; Busch, 1990). Howev-
er, despite of the constant renewal of the irradiation schemes as well as radiation
sources and qualities used, the occurrence of radiation enteritis is incr asing due to
the increasing number of cancer patients requiring radiotherapy (Aligood et al.,
1996). It was reported that ionizing radiation-induced mucosal atrophy is often com-
plicated by ulceration, existence of atypical hyperplastic glands and cystic glandular
inclusions, intestinal wall fibrosis, obliterated vascular sclerosis and lymphatic dila-
tation (Hauer-Jensen, 1990). In clinical terms, the effects of the ionizing radiation
on the gut could be grouped into two main categories : prodromal effects that occur
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at relatively low doses of exposure (1 Gy) and the gastrointestinal syndrome occur-
ring after higher radiation doses (> 10 Gy). As to the time course of events, ionizing
radiation effects in the gut have been staged as the initial phase (1 - 3 days after ex-
posure) followed by the acute, subacute and late phases of the manifest illness
{(Anno et al., 1989; Rubio and Jalnas, 1996).

In the mean time, a great deal of work has been done to analyze systematically
the histopathaology of the irradiation damage of the intestine in human, but the mor-
phologic parameters connected with irradiation remain cumbersome. In fact, the
study of the morphologic changes foltowing irradiation of small intestine of human
subjects requires a large number of resected specimens, which was practicaily diffi-
cult to obtain. To bypass that snare, experimental models have been designed
(Hauer-Jensen et al., 1988).

The irradiation changes in the small intestine of the experimental animals were
confirmed in patients irradiated for abdominal tumors. Many studies reported that 24
- 48 hours after exposure to ionizing irradiation, the villi shortened and the total
thickness of mucosa is reduced (Olasolo, 1989; Heimann et al., 1993; Otchy and
Nelson, 1993). However, in spite of research efforis in the last two decades to dis-
close the underlying mechanisms, the overall origin of the aforementioned changes
still remained unclear, and needs further study.

Oxidative stress is reported-as a complication of bodily irradiation. It has been
reported that membrane lipids are susceptible to radiation-induced oxidative stress,
and the resulting lipid peroxidation products are the factors causing the radiation-
induced toxicity, although it is generally agreed that DNA is the dominant target
(Dubner et al., 1995; Umegaki et al., 1999). It has also been shown that the accu-
mulation of lipid peroxidation products is associated with most of the degenerative
discases and aging (Von Sonntag, 1987; Ames and Gold, 1991). Mcanwhile, a
number of therapeutic planes were directed to evaluate the usefulness of antioxidant
administration in order to decrease the tissue damage after exposure to irradiation
(Umegaki et al., 1995). Among these strategies is the melatonin (N-acetyl-5-
methoxytryptamine), a hormone produced by the pineal gland. Melatonin is the most
known powerful antioxidants, which stimulates the glutathione peroxidase and can
play an essential role in the prevention from oxidative damage (Kaya et al., 1999;
Reiter et al., 2003). The protective effect of melatonin was reported afteg exposure
to irradiation (Vijayalaxmi et al., 1995). Many studies also, confirmed this protec-
tive effect in rats treated with myelotoxic drugs (Maestroni et al., 1994 - a, b). They
reported that melatonin could rescue hematopoiesis from the toxic effect of cancer
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chemotherapeutics. Anwar et al. (1998) also, reported the potential protective effect
of melatonin on bone marrow and lymphoid tissues of rats exposed to cytotoxic
drugs.

This work was designed in rats to give an insight on the detailed ultrastructural
changes of the enterocytes following the effect of total body irradiation and the pos-
sible beneficial radioprotective effect of melatonin.

MATERIAL AND METHODS

Thirty-six adult male Sprague-Dawley rats (weighing 190 + 20 grams) were
used in this study. These rats were bred at the animal house of Faculty of Medicine
and Allied Sciences of King Abdul Aziz University. They were housed individually
in an adjusted temperature of 23 3 1°C and a 12 h light-dark cycle with"ree access to
feed and water throughout the experimental period. At the beginning of the experi-
ment (day O), the rats were randomly divided into four equal groups (n=g) :

+ Group1:
Received no irradiation or melatonin throughout the experimental period (-ve
control group).

= GroupIIL:
Received intraperitoneal (IP) injection of 5 mg / kg melatonin (Sigma Co.) (+ve
control group).

* Group 111 :
Received one dose of total body irradiation.

«GrouplIV:

Received IP injection of 5 mg / kg melatonin (Vijayalaxmi et al., 1995) fol-
lowed after two hours by one dose of total body irradiation.

For total body irradiation, the rats of groups I1II and IV were anaeathetized wii.)
60 mg / kg ketamin and then fixed to a wood plate with the extremities immobilized
with adhesive tape. Irradiation with a single dose of 10 Gray (Gy) to the abdomen
over 6 minutes was done using a Toshiba KXC-18 X-ray generator, operating at 160
KVP and 25 mA with 0.5 mm Al + 0.5 mm Cu filter by two anterior-posterior op-
posing fields of total body. This dose was chosen because it represents the LD 50
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and therefore allows direct comparison with other studies (Alexandrides et al.,
1998}.

After two days, all the rats were sacrificed by lethal dose of pentobarbital in-
jected intraperitoneally. The intestine was immediately flushed with cold physiolog-
ic saline medium then rapidly dissected to separate jejunum and reverted. Small slic-
¢s of jejunum (1 mm in width) were cut and fixed in 2.5% buffered glutaraldehyde
ovemight, then postfixed in 2% osmium tetraoxide for two hours at 4°C. The speci-
mens were washed twice in phosphate buffer, dehydrated in ascending grades of eth-
anol, cleared in three changes of propylenc oxide and finally embedded in Epon 812
at 60°C for two days. Sectioning was done using LKB ultramicrotome. Ultrathin sec-
tions (400 °A thick) were double-stained with uranyl acetate and lead citrate, then
examined with Philips 300 Electron Microscope, operating at 80 K.V, (Robinson et
al., 1987).

RESULTS

Control rats :

The ultrastructural examination of the epithelial lining of the small intestine
from rats of both groups I and II revealed similar observations, which showed main-
ly the presence of the absorptive cells "cnterocytes” with some goblet cells. The en-
terocyte's surface showed enormous number of minute paralle]l and cylindrical mi-
crovilli which were usually of a uniform length. The microvilli showed thick
prominent covering of glycocalyx and their cytoplasmic core showed fine filaments,
which extended basally into the superficial cytoplasm to become integrated into the
cytoskeleton of the body of the cell, forming their terminal webs (Figs. 1, 2).

The lateral plasma membranes of enterocytes were seen oftenly interdigitated;
they are tightly bound just below their luminal surface by junctional complexes in
the form of tight junctions (zonula occludens), adhering junctions (zonula adhcrens)
and scattered desmosomes; basally the enterocytes are separated {rom each other by
intercellular clefts (Figs. 2, 3).

The enterocytes possessed cytoplasm full of different cellular organclles. The
cytoplasm appcared to have a granular appearance due the presence of numerous
free ribosomes. The mitochondria were particularly abundant and they have typical
cylindrical or rod-shaped with organized cristae. Abundant amount of the endoplas-
mic reticulum. whether smooth or rough, was observed in close aswocuition with the
mitochondria, The Golgi apparatus was usually found ..o the nucleus and showed
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dilatations of its cisternae and some small vesicles. Also, many lysosomes of varia-
ble size and shape were present either in the form of Iry lysosomes which were rec-
ognized as membrane-bound organelles containing an amorphous material or 2ry ly-
sosomes which were recognizable by their diverse particulate content some of which
is extremely electron dense. In addition, deeper in the cell, some filaments were
readily identified. One of the characteristic features of the enterocyte's cytoplasm is
the presence of many endocytotic vesicles of diverse size and shape, which were of-
ten seen as small vesicles between the bases of microvilli in addition to some larger
membranous vesicles which were common in the superficial cytoplasm (Figs. 4, 5,
6).

The nuclei of the enterocytes were usually oval in shape and basal in position
with apparent nucleolus and nucleoplasm consisting of a finely granular component
with a thin peripheral chromatin condensation and narmow perinuclear space (Figs.
6.7).

Irradiated rats :

After irradiation, a series of morphological alterations in the ultrastructure of
enterocytes were seen; the type and severity of these changes were different from
one rat to another. In general, the microvilli of most of the cnterocytes showed
marked reduction in number and abnormal configuration in the form of swelling and
alteration of the bordering membrane with changes in its length, diameter and num-
ber wherc they became shorter and wider. In most of cases, the microvilli showed
rarefaction of their interior due to loss of their filamentous core, with disappearance
of their terminal web. This led to loss of the straightness of the microvilli, which dis-
played bending and beaded-shaped appearance. Moreover, partial loss of the micro-
villi with discontinuity of the luminal surface of some enterocytes could be seen
(Figs. 8.9, 10).

The opposed surfaces between the enterocytes frequently possessed many later-
al projections and irregularity in width with lost continuity in some places. In addi-
tion, the junctional complexes between these cells showed abnormal configuration
and appeared either loose or thickened (Figs. 8. 9, 10).

Regarding the cytoplasm, a wide rang of changes could be obscrved. In some
enteracytes. the cytoplasm might keep its granular appearance due 10 the presence of
the free nibosomes. which appeared in such situations coarser and aggregated in
groups. However in some other enterocytes, disappearance of this free ribosomes
with cystic degeneration and rarified arcas of the cytoplasm were seen. Moreover.

- 285 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


disappearance of the endocytic vesicles from the superficial cytoplasm with redis-
tribution or even disappearance of the cytoplasmic filaments has been found. One of
the most important changes was the occurrence of many lysosomes (either in the
form of 1ry or 2ry lysosomes) of variable sizes and amounts in the superficial por-
tions of the enterocytes. These lysosomes were often aggregated in groups and pre-
dominantly found within that part of the cytoplasm that filled with the endoplasmic
reticulum. In addition, the cytoplasm might contain heterolysosomes or multivesicu-
lar bodies containing phagocytosed debris (Figs. 10, 11, 12).

Another type of pathological change affected the mitochondria, which appeared
swollen with variability in size and shape. Also, many mitochondria displayed brok-
en cristae and rarefaction of the matrix. In addition, the rough endoplasmic reticu-
Inum showed dilation and loss of the attached ribosomes with focal or concentric ar-
rangement of its channels, The smooth endoplasmic reticnlum showed increased
number of dilated and swollen cisternae (vesicularization). The Golgi apparatus in
some enterocytes either disappeared or appeared distinct in other cells with some of
its cisternae markedly dilated and filled with amorphous material (Figs. 10, 11, 12).

The nuclei, showed some changes in the nuclear shape in the form of swelling,
loss of rounded or oval appearance, irregularity of the border, dilatation of the nucle-
ar envelope, disappearance of nucleoli and the presence of condensed peripheral
chromatin (Fig. 13).

However in addition to the previous findings, some enterocytes displayed more
severe changes where complete 1oss of the microvilli from the luminal surface could
be seen. In addition, some enterocytes ¢ither lost their luminal surface with release
of the cytoplasmic organelles or showed complete breakdown of their junctional
complexes and complete separation between the cells (Fig. 14).

Irradiated rats following treatment with melatonin :

In the irradiated rats previously treated with melatonin, most of the enterocytes
took a picture which was more or less near to the normal ultrastructure except for
some morphologic alterations. Regarding the microvilli, although they were enor-
mous in number and appeared long, they lost their straightness and had beaded-
shaped appearance with undistinguished filamentous core and non-prominent cover-
ing of glycocalyx. Also, most of the cells displayed a well preserved terminal web
and normally apparent junctional complexes: however the opposed surfaces of the
cells showed more digitations than usual (Figs. 15, 16).
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Regarding the cytoplasm, it kept its granular appearance due the presence of
free ribosomes. The other cytoplasmic organelles displayed a picturc more or less
near to the normal configuration, except for the golgi apparatus which could not be
seen and the presence of dilated smooth endoplasmic reticulum and increased
amount of membranous vesicles and lysosomes either primary or secondary. Also,
the mitochondria showed diversity in size and shape (Figs. 17, 18, 19). The nuclei of
the enterocytes were usually oval in shape and basal in position with some irregular-
ity in outline and condensed peripheral chromatin (Fig. 19).
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Fig. (1) :Transmission electron photomicrograph
of small intestine from a control rat, showing ]]:art
of the intestinal absorptive cell "enterocyte”, The
enteréeyte’s luminal surface showed numerous
minute parallel and cylindrical microvilli (mv)
which have thick prominent covering of glycoca-
Iyx (gl) and their cytoplasmic core showed fine
filaments. The later extended basally into the su-
perficial cytoplasm to become integrated into the
cytoskeleton of the body of the cell, forming the
terminal web (TW). (m = mitochondria, (ER =
rough cadoplasmic reticulum, R = free ribo-

somes). (x 8000)
X
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Fig. (2) :Transmission electron photomicrograph of small intestine from a control rat, showing upper
parts of two adjacent enterocytes. The luminal surface of the cnterocytes showed numerous number of
minute, parallel, cylindrical microvilli (mv), The opposed surfaces of the enterocytes are interdigitated:
they are tightly bound near their luminal surface by {/unctional complex (JO). (TW = terminal web, m =
mitochondria, rER = rough endoplasmic reticulum, EV = endocytotic vesicles),

(x 10000)

Fig. (3) :Transmission electron photomicrograph of small intestine from a control rat, -howing upper
parts of 1wo adjacent enterocyles. Notice that the lateral plasma membranes of enterocytes are bound near
their luminal surface by junctional complexes in the form of tight junctions (zonula occludens) (Z0), ad-
hennf, Jjunctions (zonula adherens) (ZA) and scattered desmosomes (1)), The Golgi apparatus (GA) was
usually localized in the supranuclear and apical regions and showed dilatations of its cistemae and some
small vesicles, In addition, decper in the cell, some filaments (F) were readily identified. (m = mitochon-
dria, rER = rough endoplasmic reticulum, R = free ribosomes, N = nucleus). 755)
(x
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Fig. (4) :Transmission electron photomicro-
graph of small intestine from a control rat,
showing the upper part of the enterocyte. The
apical cytoplasm appeared to have many en-
docytotic vesicles (EV) and some membra-
nous vesicles (V) of diverse size and shape
between the bases of microvilli (mv). The
mitochondria (m) were abundant and have cy-
lindrical or rod-shaped with organized cristae,
Rough endoplasmic reticulum(rER) was ob-
served in cloge association with the mitochon-
dria. Also, many lry lysosomes (Ly 1) and
2ry lysosomes (Ly 2) of variable size and
shape were present, (TW = terminal web).

(x 10000)

Fig. (5) :Transmission electron photomicrograph of small intestine from a control rat, showing part of the
entrocyte, The cytoplasm appeared to have a granular appearance due the presence of numerous free ribo-
somes (R). _T'l}e mitochondria (m) were abundant. Rough endoplasmic reticulum (rfER) was observed in
close association with the mitochondria. Also, few lysosomes of variable size and shape were present ei-
ther in the form of 1ry lysosomes (Ly 1) or 2ry lysosomes (Ly 2),
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Fig. (6) :Transmission electron photomicrograph of small intestine from a conlrol rat, showing the basal
pants of two adjacent enterocytes separated by interdigitated cell membranes (IC). The nuclei (N) of the
enterocytes were usually oval in shape and basal in position with apparent nucleoius (Nu) and nucleo-
plasm consisting of a [inely granular component with 2 thin periphemi chromatin condensation and nar-
row perinuclear space. The Golgi apparatus (GA) was usually found near the nucleus and showed dilata-
tions of its cisternae and some small vesicles. (m = mitochondria, rER = rough endoplasmic mtlculu?‘:;m
(x )

Vet e

) iy

Fig. (7) :Transmission electron photomicrograph of small intestine from a control rat, showing adjacent
parts of two enterocytes separated by interdigitated cell membranes (IC). The nucleus (N) of the entero-
cyte was usually aval in shape and basal in position with nucleoplasm consisting of a finely granular
component with a thin peripheral chromatin condensation and narrow perinuclear space. (m = mitochon-
dria, TER = rough endoplasmic reticulum),

(x 10000)
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Fig. (8) :Transmission electron photomicrograph of small intestine from an irradiated rat, showing upper
parts of two adjacent enterocytes. The luminal surface of the enterocytes showed abnomal-shaped micro-
villi (mv). which appeared very shont, swollen with no glycocalyx and cut from the surface. Notice the
absence of the terminal web and the junctional cumTplcx between the two cells appeared abnormal with
many lateral projections in their opposed surfaces (T). The cytoplasm appeared granular due to presence
of coarse free ribosomes (R). (m = mitochondria, rFR = rough endoplasmic reticulum).

(x 15000)

Fig. (9) : Transmission electron photomicro-
graph of small intestine from an irradiated
rat, showing upper parts of two adjacent en-
terocytes. The luminal surface of the ente-
rocytes showed abnormal-shaped sparse
short microvilli (mv) and thick abnormal ter-
minal web (TW). Notice that the junctional
complex between the two cells appeared ab-
nomal with lost continuity (7). (F = fila-
ments, m = mitochondria, fER = rough en-
doplasmic reticulum, sER = smooth
endoplasmic reticulum).

(x 10000)
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Fig. (10) :Transmission electron pholomicrograph of small intestine from an irradiated rat, showing upper
parts of many adjacent enterocytes. The luminal surface of the enterocytes showed abnormal-shaped short
and sparse microvilli (mv). Notice the absence of the terminal web and that the junctional complex be-
tween the cells appeared abnomal (). Also, notice the presence of empty areas of the cytoplasm (*), ab-
normal shaped mitochondria (m), dilated smooth endoplasmic reticulum (sER) and some 1ry lysosomes

(Ly1).
{x B00O)

parts of two adjacent enterocytes. The luminal surface of the enterocytes showed abnormal-shaped short
and sparse microvilli (mv). The apical cytoplasm showed marked damage in the form of complete rarifi-
cation of the cytoplasm (*), decreased number of cyloplasmic organelles, presence of mapy dilated
smooth endoplasmic reticulum (sER) and some membranous vesicles (V).

(x 15000)
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Fig. (12) :Transmission electron photomicrograph of small intestine from an irradiated rat, showing part
of an enterocyte. The cytoplasm appeared severely af fected showing large areas of rarification (*) with
di arance of the free ribosomes and the rough endoplasmic reticulum. Moreover, little numbers of or-
ganelles were displayed in the form of : mitochondria (m) which a red swollen, varable in size and
shape with broken cristae and rarefied matrix, dilated smooth endoplasmic reticulum (sER) which showed
vesicular degeneration and many membranous vesicles (V) and lysosomes (Ly). -
(x 1 )]

Flg, (13) :Transmission electron photomicrograph of smail intestine from an irradiated rat, showing part
of the enterocyte. The nuclens (N) showed irregular shape and the presence of condensed peripheral
chromatin. The nearby cytoplasm showed many multivesicular bodies (MB), lysosomes (Ly) and abnor-

mal mitochondria (m).
(x 10000}
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Fig. (14) :Transmission electron photomicrograph of small intestine from an irradiated rat, showing two
separated enterocyles due to breakdown of their junctional complex with release of some cytoplasmic or-
ganelles. One cell (E 1) showed abnormal beaded-shaped microvilli (mv), while other cell (E 2) showed
complete loss of the microvilli. (m = mitochondria). ( )

x 6000

Fig. (15) :Transmission electron photomicrograph of small intestine from an irradiated rat treated with
melatonin, showing the upper parts of two adjacent enterocytes. The microvilli (mv) although they were
enotmous in number and appeared long, they lost their straightness and had beaded-shaped appearance
with undistinguished filamentous core and unprominent covering of glycacalyx. Notice that terminal web
(TW) was preserved and the junctional complex (JC) was apparently normal, (EV = endocytotic vesicles).

(x 10000)
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Fig. (16) :Transmission electron photomi-
crograph of small intestine from an irradiat-
ed rat treated with melatonin, showing the
upper parts of two adjacent enterocytes. The
microvilli (mv) were enormous, long and
had beaded-shaped appearance with jll-
defined terminal web. (JC = junctional com-
plex, m = mitochondria),

(x 10000)

Fig. (17) :Transmission electron photomicrograph of small intestine from an irradiated rat treated with
melatonin, showing the upper parts of two adjacent enterocyles with nomally appearing junctional com-
plex (JC). The cytoplasm appeared nommal and contained many mitochondria (31) and endocytotic vesi-
cles (EV). (mv = microvilli, r%R = rough endoplasmic reticulum, Ly = lysosomes). « )

x 10000
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Fig. (18) :Transmission electron photomicrograph of small intestine from an irradiated rat treated with
melatonin, showing part of the enterocyte. The cytoplasm appeared normal and contained many mito-
chondria (m) of vanable size an shape and endocytotic vesicles (EV). (Ly = lysosome).

(x 10000)

Fig. (19) :Transmission electron photomicrograph of small intestine from an irradiated rat treated with
melatonin, showing parts of two adjacent enterocytes with more or less normally appeared nuclei (N) ex-
cept for some in the irregularity of the nuclear envelope and condensed chromarin. Notice that the op-
posed surfaces displayed marked interdigitated bordering and that the cytoplasm contained abnormal
shaped mitochondna (m), lysosomes (Ly) and some residual bodies (RB).

(x 6000)
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DISCUSSION

The radiation enteritis or radiation-induced enteropathy is a serious short-term
side effect of anti-tumoral radiation therapy that generally occurs as a consequence
of radiotherapy procedures affecting the abdominal and pelvic regions and occurs in
about one-fourth of the treated patients (Anno et al., 1989; Olasolo, 1989). The
need to limit the irradiation side effects has brought many investigators to explore
the hypothesis that certain trophic factors could be utilized as adjuvant therapy be-
~ fore or during irradiation procedures to achieve this goal (Alexandrides et al., 1998;
Boushey et al., 1999; Mylonas et al., 2000; Deng et al., 2002),

Although in the last two decades many studies were published to explain the
underlying mechanisms responsible for the irradiation lethality, the overall origin of
the aforementioned changes still unclear, and needs further study (Langberg et al.,
1994; Potten et al., 1994 a; Dignass et al., 1996; Johnston et al., 1996; Xia et al.,,
1996). In this concern, this work was prompted to study the detailed ultrastructure
study of the enterocytes; the commoncst cells of the intestinal epithelium. These
cells have many important functional roles. It is generally accepted that after suffi-
ciently high doses of ionizing radiation, death may occur as a direct consequence of
damage to the intestinal epithelivm (Haner-Jensen, 1990; Potten et al., 1995;
Langberg et al., 1996; Langberg and Hauer-Jensen, 1996). However, this was
against what has been thought until recently that the complications of the X-
irradiated gut depend mainly on the number of surviving stem cells of the intestinal
crypts (Potten et al,, 1994 b; Potten et al., 1995; Carr et al,, 1996).

A significant body of scientific data showed that the clinical symptoms of the
radiation enteritis are ruled by the loss of integrity of the intestinal epithelium, which
is the earliest responding tissue in this organ, and they are generally complicated by
the irreversible damage of the hagmopoietic and immune system (Anno et al., 1989;
Olasolo, 1989). Also, it was reported that usually severe gastrointestinal tract hae-
morrhage, endotoxemia and bacterial infection, anorexia, nausea and vomiting, du-
arrhea and loss of electrolytes and fluids characterize this syndrome. Moreover, it
was stated that the irradiation-induced alteration of the fluid and electrolyte balance
may be attributed to the direct effects on the cellular transport processes, and to sec-
ondary effects like of the radiation-released mediators, the changes of the intestinal
blood flow, or loss of the absormptive cells following denudation of the intestianl vill.
Bacterial products play an essential role in the alteration of cellular communicatiun
following irradiation. These processes result in real life threatening conditons
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which, without medical intervention and care, usually lead to death within 2 wekks
(Langberg et al., 1994; Potten et al., 1994 a; Dignass et al., 1996; Johnston et al.,
1996; Xia et al., 1996).

In the present study, two days after exposure some morphological changes of
the intestine of irradiated rats were observed, where the villi shortened in length and
the total thickness of the mucosa was reduced. Electron microscopic investigation
revealed further alierations in shape and surface of the villus. This is in agreement
with many previous studies which showed that different types of ionizing radiation-
induced cell loss that led to similar changes within 24 - 48 hours after exposure (Rao
and Fritz-Niggli, 1988; Chwals and Bistrian, 1991; Otchy and Nelson, 1993).
Other studies reported that the appearance of these morphological changes of the vil-
li depended upon the quality and dose of irradiation, and could be altered by other
modalities (Rao and Fritz-Niggli, 1988; Dickson et al., 1992; Carr et al,, 1991;
1992; 1996). However, some of studies mentioned that the reported morphological
reactions of the intestine were non-specific for irradiation, Similar alterations werc
described following other treatments or diseases (Rao and Fritz-Niggli, 1988;
Dickson et al., 1992),

In this study, the microvilli of most of the enterocytes showed marked reduc-
tion and abnormal configuration in the form of swelling and alteration of bordering
membrane with changes in length and diameter and loss of glycocalyx. Similar ob-
servations were previously reported in many experimental studies which showed
that at first the microvilli changed in length, diameter and frequency and then gradu-
ally became shorter and wider. Later on, the intestine contained cells with abnormal,
sparse, flattened and branched microvilli (Carr et al., 1992; 1996). According to
these authors, these micro-villar changes, clearly explained the reduction of surface
area and altered transport functions of the irradiated small intestine. Consequently,
malabsorption of vitamins, iron, magnesium, calcium and nutrients occurs. Also, it
was added that the water and electrolyte transport across the mucosa could be mark-
edly inhibited resulting in loss of fluid leading to dehydration, electrolyte depletion
and even death in some cases (Rao and Fritz-Niggli, 1988; Chwals ai.d Bistrian,
1991; Otchy and Nelson, 1993).

The epithelial cells aitach to each other and to teh basal membrane via several
types of adherent junctions. Changes in these have long been widely studicd using
both in vivo and in vitro systems. It is well known that tight junctions play an impor-
tant role in constructing the transport barrier between the basal and luminal side of
the epilhelia, Para-cellular transport processes have a great importance in the
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pathology of the different organs, especially of the intestines (Somosy et al., 1995).
Therefore studies of irradiation-induced tight junction's changes deserved special
attention in radiobiology (Barcellos-Hoff, 1998; Giancotti and Ruoslahti, 1999,
Somosy, 2000).

In this study, after exposure to irradiation, the enterocytes frequently showed
abnormal junctional complexes or even loosened their contact to each other and pos-
sessed many lateral and basal projections. Similar features were reported in some
previous experimental studies (Carr et al., 19923 1996). The later authors stated that
the changes of the junctional complexes were responsible for altered interactions be-
tween enterocytes and this might ne critical for the maintenance of normal, balanced
homeostasis. Experimental evidence showing that disrupting this balance could in-
duce aberrant cell proliferation, adhesion, function and migration was reviewed by
Barcellos-Hoft (1998).

In the present study, marked changes in the cytoplasmic organelles
(mitochondrial swelling, degranulation of the rough endoplasmic reticulum and ve-
sicularization of the smooth endoplasmic reticulum, enlargement of the Golgi com-
’ plex, redistribution and appearance of many lysosomes and vacuoles and or reorgan-
ization of the cytoplasmic filaments) have been found. These results were in
agreement to some previous studies on the experimental animals, which reported
that thehradiation-induced reversible cellular injury was accompanied by morpholog-
ical alterations in the ultrastructure of the enterocytes (Somosy et al,, 1994; 1995),
Also, a recent study showed that the ionizing irradiation induces an increase in the
number and cytoplasmic volume fraction of lysosome-like vacuoles in the enterocy-
tes with the increased activity of lysosomal hydrolases (Somosy et al., 1996).
According to the morphometrical and biochemical observation of this study, expan-
sion of lysosomal compartment was accompanied by increased protein degradation
in irradiated cells.

Regarding the radioprotection, the resulis from previous stidies in experimental
radiation enteritis and using trophic factors e.g. growth hormone, insulin-like growth
factor and glucagon-like peptide 2, were encouraging although positive results on
mucosa histology were obtained by administering high dose of these factors (10
times higher than those utilized in humans). Also, results from a recent study
showed that a lower dose of recombinant growth hormone was effective in normal-
izing growth and mucosa protein content after 5 Gy, but not after 10 Gy radiation
dose (Alexandrides et al., 1998; Boushey et al., 1999; Mylonas et al., 2000)
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In the present study, the administration of melatonin to the rats two hours be-
fore the irradiation procedure (group 1V) greatly ameliorated the ultrastructural fea-
tures of the enterocyles when compared with those of the irradiated rats (group IIT),
demonstrating its radioprotective effect. We could not detect any work exploring the
irradiation protective effect of melatonin on the enterocytes. Its radioprotective ef-
fect on blood lymphocytes and spermatogenesis was described, Vijayalaxmi et al.

.(1995) found that human peripheral blood lymphocytes which were pretreated with
melatonin in vitro and then exposed to gamma radiation exhibited a significantly re-
duced incidence of chromosomal aberrations and micronuclei. as compared with
similarly irradiated lymphocytes which were not pretreated with melatonin. Confir-
mation of the samc genetic test systems in vivo and in vitro has also becn reported
by Vijayalaxmi et al. (1996) who mentioned that whole body irradiated mice pre-
treated with melatonin exhibited a significant and dose-dependent reduction in the
observed incidence of micronuclei. They suggest that these data indicated that me-
latonin has the ability to protect cells of mice from the damaging eftect of acute total
body irradiation.

Morcover, Badr et al. (1999) reported that melatonin after irradiation did not
protect against induced chromosomal aberrations in spermatogonia. In their opinion
melatonin after irradiation provides no radioprotective effect indicating that melato-
nin should be inside the cell at the time of exposure to irradiation in order to confer
protection. Knowing that ionizing radiation causes its harmful effect through genera-
tion of free radicals, the melatonin principal mechanism of action for radioprotec-
tion, therefore, could be through its ability as a scavenger for free radicals (Reiter et
al., 1998).

In explanation to the action of the action of melatonin, Akbulut et al. (1999)
reported that this pineal gland hormone seems to have regulatory rolc in the profife-
ration of colony forming units for granulocytes and macrophages in rat bone marrow
cell cultures.

It could be concluded that melatonin administration prevents damage inflicted
10 the enterocytes when given prior to exposure to irradiation. Melatonin radiopro-
tection is achieved by its ability as a scavenger for free radicals generated by ioniz-
ing irradiation and probably acts as a growth factor. Concomitant melatonin admin-
istration during radiotherapy may be highly effective in the prevention of
irradiation-related enteropathy. Further studies are required to establish its possible
mechanism(s) of radioprotective action of melatonin on cells.
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SUMMARY

The enterocytes are the dominant cells of the intestinal epithelium and are con-
sidered as the most sensitive cells to the cytotoxic insults. The radiation enteritis or
radiation-induced enteropathy is a serious short-term side effect of anti-tumoral radi-
ation therapy that generally occurs as a consequence of certain radiotherapy proce-
dures affecting the abdominal and pelvic regions. The need to understand the details
of irradiation damage and to limit its side effects has brought the aim of this study.
This work is concemed to study the ultrastructural changes of the enterocytes under
the effect of total body irradiation and the possible protective effect of melatonin as
adjuvant therapy. Thirty-six adult male rats were used. They were divided into four
equal groups (n = 9) : (I) negative control, (IT) positive control, (IIT) rats irradiated
with a single dose of 10 Gy and (IV) rats received IP (intraperitoneal) injection of 5
mg / kg of melatonin two hours before irradiation with a single dose of 10 Gy. After
two days, all the rats were sacrificed and pieces of small intestine were processed to
the transmission electronic microscopic examination. The results showed that the
enterocytes of the irradiated rats exhibited marked degenerative ultrastructural
changes in their microvilli, junctional complexes and cytoplasmic organelies, while
in the rats treated with melatonin before irradiation the enterocytes showed much
less changes. It could be concluded that prior administration of melatonin seems to
prevent radiation damage of the enterocytes.
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