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SUMMARY: Radiation therapy of the brain is associated with many consequences, including cognitive disorders. Pathogenesis
of radiation induced cognitive disorder is not clear, but reduction of neurogenesis in hippocampus may be an underlyigadakon.
male rats entered to study. Radiation absorbed dose to midbrain was 10 Gy, delivered by routine cobalt radiotherapy mladisine whi
output was measured 115.24 cGy/min. The rats were divided in four groups of sixes, including groups of control, singlé®feygtion
fractionated 10 Gy and finally anaesthesia sham group. Number of pyramidal nerve cells was counted in two regions of lsippocampu
formation (CA1 and CAS3). The radiation could reduce the number of cells in two regioipgafcampus significantly (p=0.000). It
seems fractionated 10 Gy irradiation to more efficient than single fraction, while role of anaesthesia drug should be cautiousl|
assessed. Moreover the rate of neurogenesis reduction was determined the same in these regions of hippocampus meanin
the same radiosensitivity of cells.
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INTRODUCTION

Radiation therapy is the main modality to treat manghen out of the hippocampus to the entrohinal cortex (Amaral
brain tumors. It shrinks tumors, providing better managemegt Lavenex, 2006). Each of these layers also contains
of treatment course and finally high quality of life (Halperircomplex intrinsic circuits and extensive longitudinal
et al, 2008). The hippocampus formation is a bilateralonnections.
structure sandwiched between the cerebral cortex and the
thalamus. It belongs to the limbic system. Hippocampus Cognitive disorders are one of main consequences
formation consists of three main parts anatomicallyf radiotherapy which its Pathogenesis has not been yet
hippocampus proper, dentate gyrus and subiculum compl&rown (Andres-Maclet al, 2008). Hippocampus is one of
Hippocampus has a c-shape concaving to midsagital plame constructions of central nervous system continuing
of brain. neurogenesis after birth (Bruel-Jungerratal, 2007). The

studies show neurogenesis in the hippocampus is critical to

The entrohinal cortex, the greatest source afave memory and proper hippocampal function (Madsen
hippocampal input and target of hippocampal output, &l., 2003). There are so much data claiming importance of
strongly connected to many other structure of the cerebrsurogenesis as it relates to the hippocampal functions of
cortex (Bliss & Lomo, 1973). learning and memory (Kempermann, 2002; Lemeiral,

2000; Leuneet al, 2006; Prickaertst al, 2002; Shoret

Within the hippocampus the flow of information isal., 2001; Snydeet al, 2005; Van Praagt al, 1999; Wiskott
unidirectional with signals propagating through a series et al, 2006). So if radiotherapy arrests neurogenesis in
tightly packed cell layers first to the dentate gyrus then tdppocampus it may be an underlying reason for cognitive
the CA3 layer, then to the CAL1 layer, then to the subiculurdeficits after receiving radiation (Strothet al., 2002).
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Achantaet al.(2009) suggested that cognitive deficits may A photograph of each section was captured using an
be associated with reduction in hippocampal cellympus BX 51 microscope and a DP 12 digital camera
proliferation and survival in animal models. Yaagal under a magnification of 1000". An area of 3¢0? was
(2010) showed different rate of hippocampal neurogenesslected in all sections. To measure the area density of the
among different radiation qualities. Moreover Mizumatspyramidal cells, the images were transferred to the computer.
et al. (2003) suggest that precursor cell radiation responkksing OLYSIA Autobioreport software, Olympus Co., the
and altered neurogenesis may play a neither contributory appropriate grids were superimposed on the pictures and the
causative role in radiation-induced cognitive disorder.  cells were counted manually. To perform an unbiased
measurement, the individual was double-blinded and only
According to Fikeet al, it can be concluded that the cells with significant characteristics were counted. Fig.1
neural precursor cells are extremely sensitive to irradiatioshows neurons stained by cresyl violet dye in CA3 regions
undergoing apoptosis after clinically relevant doses that @é hippocampus.
not produce apparent tissue injury. Finally there are
increasingly evidences that microenvironment of precurs
cells determines the whole process of neurogenesis
sensitivity of cells (Fiket al, 2007).

MATERIAL AND METHOD

Animals. Twenty four adult male wistar rats, weighing 200
250 gm were used in the study. The animals had free ac
to normal laboratory chow and water. Temperature of a
mal house was kept within 22 centigrade. The rats were
housed separately in groups of sixes.

Irradiation . Cobalt radiotherapy machine, namely phoeni

was used to iediate rats. Its output was measured 115.

cGy/min at SSD of 80 cm at build up depth. The field si

was set 5x5 cfincovering whole brain superiorly, while the Fig. 1. Neurons in CA3 region of hippocampus X40.

eyes of animals were shielded by lead blocks. The irradiation

time to deliver 10 Gy for single fraction and 2 Gy for

fractionated radiation was determined respectively 9.92 afdatistical analysis All the data were entered into and

1.98 min. analyzed by SPSS 11.5 Software. The data was expressed

as meart SD. The statistical analysis was performed using

For fractionated irradiation the animals were giveene and two way analysis of variance (ANOVA). Post-hoc

anesthesia drug in five consecutive days just before takingmparison of means was carried out with the Tukey test

radiation. for multiple comparisons, when appropriate.

Histology. Tissue processing: One week after radiotherapy The level of statistical significance was set at P< 0.05.
the rats were decapitated under diethyl ether anesthesia. Bfa@lculations were carried out using the SPSS statistical pac-
was removed and then fixed for two weeks in 10%age.

formaldehyde. Different degrees of alcohol were used for

dehydration followed by clarification with xylol. After

histological processing, tissue was impregnated and thBESULTS

embedded in paraffin wax.

The 7um coronal sections were serially gathered from Table | shows results of Neurons counts performed
Bregma -3.30 mm to -6.04 mm of the hippocampal formatioin CA1 and CA3 of hippocampus for four groups including
An interval of 20um was placed between each twacontrol, single fraction 10 Gy, fractionated 10 Gy and
consecutive sections. The sections were stained with creaylesthesia sham. Table Il shows multiple comparisons
violet in accordance with routine laboratory procedures. carried out between control group and other groups using
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Tukey test. As the table shows 10 Gy single fraction dosespectively (p=0.998 and p= 1.000). According to our result
and also fractionated could reduce number of pyramidal cetigference of cell counts between two regimens of irradiation
in CAl1 and CA3 regions of hippocampus (p=0.000). has not been observed significantly in CA1 and CA3 regions
respectively.
The data demonstrate no difference between
reductions of neurogenesis among above mentioned regions
meaning same radio sensitivity. Table I. Cell counts result in four groups including control, single
fraction 10 Gy, fractionated 10 Gy and anesthesia sham.
As.th.e rgts in fractionated 10 Gy group were giverbIrOUIO CA1 CA3
anesthesia in five consecutive days, to rule out the effect-of

anesthesia drug, a sham anesthesia group of rats wérd'® Mean 22.92 19.30
anesthetized in the same fashion but did not receive radiation. Std. Deviation 4.009 3.164
As the Table Il shows anesthesia drug could also significantgnq e 10Gy Mean 14.95 13.15

reduce neurogenesis, lowered neurogenesis in fractionated

group may be a synergic result of radiation and drug effects. Std. Deviation 2660 2568
With this condition comparing single fraction and Fractionated 5 2Gy Mean 14.55 1312
fractionated groups must be made cautiously. Table Ill also Std. Deviation 2099 2377
compares Single 10 Gy fraction and other groups. AneshesiaSham  Mean 16.10 1417

As there is no significant difference between single Std. Deviation 2.827 2.601

faction and fractionated regimen in CA1 and CA3

Table Il. Multiple comparisons carried out between control group and other groups using Tukey

tes:égion Group Mean Difference  Std.error  Significance
CA1 (control group)  Singlefraction 7.975 0.727 0.000
fractionated 8.375 0.727 0.000
Anesthesiasham 6.825 0.727 0.000
CA3 (contral group)  Single fraction 6.150 0.650 0.000
fractionated 6.175 0.650 0.000
Anesthesiasham 5.125 0.650 0.000

Table Ill. Multiple comparisons carried out between Single fraction 10 GY group and other groups using

Tukey test.

Region Group Mean Std.error  Significance

CA 1 (Singlefraction group) Control -0.975 0.727 0.000
fractionated 0.400 0.727 0.998
Anesthesiasham -.1.150 0.727 0.694

CA 3 (Single fraction group) Control -6.150 0.650 0.000
fractionated 0.025 0.650 1.000
Anesthesiasham -1.025 0.650 0.697

DISCUSSION

Neural stem cells which are self renewal cells thatl vertebrae including humans (Eriksstal.,1998). They
generate neurons, astrocytes and oligodendrocytes, redidee significant importance to baseline hippocampal
in adult hippocampus and via production new dentate gyrnsurogenesis supporting cognitive functions in adults
granul neurons (Gags al, 1998; Palmeet al, 1997) in  (Shorset al.).
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In this study we showed that adult neurogenesis caeduction of neurogenesis in anesthesia sham group may make
be reduced by 10 Gy cobalt radiation in both single angs ambiguous with regard to definite results. Although Madsen
fractionated mode, the result perceived by some authasal showed block of neurogenesis after fractionated 10 Gy
(Madsernet al). Our new result is a comparison between twof radiation (Madsemt al ). Of course no publisheded data
regions of CA1 and CA3 belonging to hippocampus whictegarding anesthesia drug and neurogenesis and also no work
shows no difference in radiosensitivity. The number of newlgn CA1 and CA3 regions encourage new studies.
born neurons in adult rat hippocampus has been controversial,
however, thought to be less than of previously existingCKNOWLEDGEMENTS . The authors would like to
granular neurons (Cameron & Mckay, 2001). thank staff of Radiotherapy section of 5 Azar Hospital of

Gorgan. We are also thankful for financial support of research

Shorset al showed animals with reduced neurogenesiffairs of Golestan University of Medical Sciences.
have impaired hippocampal-dependent function. The decrease
in neurogenesis is the result of a reduction of stem cell pool
due to apoptosis. Monje and Palmer showed that 10 GY{OSHBIN KHOSHNAZAR, A. R.; JAHANSHAHI, M. &
radiations, which is comparable with therapy dose can¥2AMI, N. S. Deterioro de la neurogénesis en el hipocampo indu-
completely arrest neurogenesis (Monje & Palmer, 2003§[Qa por radigcién gamma, comparacion de los regimenes de dosis
Inflammatory response and changes of microvasculator fic2 Y fraccionadant. J. Morphol., 30(1)1145-149, 2012.
neurons are other cause of neurogenesis impairment (Monje RESUMEN: La terapia de radiacion cerebral estd asociada
et al, 2003). con muchas consecuencias, incluyendo los trastornos cognitivos. La

patogénesis del trastorno cognitivo inducido por la radiacion no esté

More effectiveness of fractionated 10 Gy dose thaglaro, pero la reduccion de la neurogénesis en el hipocampo puede ser
single fraction one may be due to addition of effect afna razon subyacente. Fueron etudiadas 24 ratas macho adultas. La
anesthesia drug to radiation. Anesthesia drug effect to redift@sis de radiacion absorbida en el mesencéfalo fue de 10 Gy, prove-

neurogenesis advised to be assessed by other researcher%iente de una maquina de radioterapia de cobalto con una salida de
15,24 cGy/min. Las ratas fueron divididas en cuatro grupos de seis

) . . ratas cada uno, incluyendo un grupo control, fraccién Unica de 10 Gy,
Rolaet al (2004) showed that shortly after irradiationyaccionada de 10 Gy y finalmente el grupo de anestesia simulado. El

a huge reduction of dividing cells and immature neurons Wilimero de células nerviosas piramidales se conté en dos regiones de
be taken place which persists for some months after radiatitaformacion del hipocampo (CA1 y CA3). La radiacién podria redu-
so reduction of neurons one week after irradiation in ouwir significativamente (p = 0,000) el nimero de células en dos regio-
experiment can be acceptable. Although stochastic naturengf del hipocampo . Al parecer, la radiaciodn fraccionada de 10 Gy es

radiation dictates that some fraction of neurons is alive aft@ﬁés eficiente que la fraccion Unica, mientras que el rol de la anestesia
radiation, even at high dose of radiation debe ser cuidadosamente evaluado. Por otra parte la tasa de reduccion

de la neurogénesis fue observada en las mismas regiones del hipocampo

. L es decir, con la misma radiosensibilidad de las células.
According to similar works performed recently

(Mizumatsuet al ; Parentet al, 1998; Snydeet al, 2009; PALABRAS CLAVE: Hipocampo; Neurogénesis; Radia-
Winocur et al., 2006) it can be concluded that survival an&ion: Fraccionamiento.

differentiation of newly born cells into mature neurons is highly

affected by irradiation. The hippocampus and olfactory bul

are two structures of central nervous system continuin%EFERENCES

neurogenesis after birth. Thus perfect operation of the;re
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