Defence Life Science Journal, Vol. 2, No. 3, July 2017, pp. 310-316, DOI : 10.14429/dlsj.2.11674

© 2017, DESIDOC

RESEARCH PAPER

Early Differential Neurometabolite Response of Hippocampus on Exposure to Graded
dose of Whole Body Radiation: An in Vivo *H MR Spectroscopy Study

Poonam Rana’, Ahmad Raza Khan, Mamta Aryabhushan Gupta, and Subash Khushu

Institute of Nuclear Medicine and Allied Sciences, Delhi - 110 054, India
“E-mail: poonamrana27@gmail.com

ABSTRACT

Whole body radiation exposure induced injury may occur during medical or industrial accidents as well as
during terrorist radiation exposure scenario. A lot of information is available on alterations in brain function and
metabolism post localised cranial irradiation; changes in brain associated with whole body radiation exposure
are still limited. The present study has been conducted to assess early differential effect of low and high whole
body radiation exposure on hippocampus neurometabolites using in vivo proton magnetic resonance spectroscopy
(*H MRS). Hippocampal *H MRS was carried out in controls (n = 6) and irradiated mice exposed to 3 Gy, 5 Gy,
and 8 Gy of radiation (n = 6 in each group) at different time points i.e., day 0, 1, 3, 5 and 10 post irradiation at
7 T MRI system. Quantitative assessment of the neurometabolites was done using LCModel. The results revealed
significant decrease in myoionisitol (ml)/creatine (tCr) and taurine (tau)/tCr in animals exposed to 5 Gy and 8
Gy dose compared to controls. In 3 Gy dose group, none of the metabolites showed significant alterations at
any of the time point post irradiation as compared to controls. Overall our findings suggest differential change
in hippocampal volume regulatory mechanism associated neuro-metabolites following whole body radiation
exposure with maximum reduction in case of high dose group. We speculate that these alterations may be a
consequence of oxidative stress, neuro inflammation or systemic inflammatory response following whole body
radiation exposure.
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1. INTRODUCTION

Radiation exposure is no longer limited to nuclear
industries  following occupational medicine exposure
or occasional accidental exposure. The possibility of an
intentional ionising radiation exposure resulting from terrorist
attacks is increasing world over and scenarios involving the
dirty bomb usage gain more and more attention. In the last
decade, it has been understood that even low dose of ionising
radiation exposure influences central nervous system (CNS)
functions and behaviour both as result of direct effects on the
nervous system and indirect through CNS reactivity to the
proinflammatory cytokines released during radiation damage
of the other systems!*. Hippocampus, the most vulnerable
brain region to radiation, has been widely studied for radiation
induced delayed injury. Further, some recent studies suggest
radiation induced acute alterations in hippocampal neurogenesis
as a contributory if not causative factor in the pathogenesis of
cognitive dysfunction after irradiation®¢. Understanding the
acute effect of radiation on hippocampus may provide useful
insight into potential approaches to mitigate the delayed
cognitive function deficit.

To date lots of information have been acquired in
understanding the effect of localised cranial irradiation on
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brain structure and function; limited literature is available to
comprehend the changes in brain associated with whole body
radiation exposure. Recent studies have observed altered
metabolic and microstructural changes in hippocampus on
exposure to high dose of whole body radiation”®. In addition
to single high dose radiation exposure induced changes,
lately, DTI based microstructural changes along with altered
neuro behavioural functions have also been reported in low
and moderate dose whole body radiation exposure®. It is
well recognised that CNS is a dose limiting organ and both
low and high dose radiation exposure has differential effect
on brain physiological functions. There are evidences of dose
and time dependent modulation of genes with diverse function
and pathways that are involved during neuroinflammatory
response, neurosignalling alterations, oxidative stress or mild
morphological changes after irradiation'®. The disturbed micro
environment might have an impact on metabolic response as
well. Moreover, studying the changes at low or moderate doses
of whole body radiation exposure may provide more useful
information that might be helpful in clinical management
of humans exposed to radiation accidently. The effect of
low or moderate dose of whole body radiation exposure on
hippocampus metabolism is yet to be explored.

Proton magnetic resonance spectroscopy (MRS) is an
indispensable and valuable tool for studying neurochemical
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profile of brain regions in-vivo in animal models and human.
There are several proton MRS based studies available in the
literature that report radiation induced metabolic impairment
in brain but these studies are limited to fractionated or focal
radiation exposure!*’, In the present study, to further extend
the prospects of MRS in whole body radiation exposure
scenario and to understand the differential effect of varied
radiation doses in brain, in vivo proton MRS has been used to
look for early metabolic changes after whole body exposure to
different doses of radiation in mice.

2. MATERIAL AND METHODS
2.1 Animal Handling and Radiation Exposure

Male strain ‘A’ mice (n = 6 in each group, 25 g - 30 g) of
10 weeks of age were exposed to a radiation of 3 Gy, 5 Gy, and
8 Gy through Tele ®Co gamma irradiation facility (Bhabhatron
II, Panacea Medical, Bangalore, India) with source operating
at 2.496 Gy/min in our institute to represent low, moderate
and high of radiation exposure respectively. All animals were
irradiated with a source to surface distance (SSD) of 80 cm
from the centre of the animal and a field size of 35 x 35 mm.
Control group consisting of age matched mice (n = 6) was
sham irradiated. During the study, all animals were placed
in temperature and humidity controlled room (19 °C - 23 °C,
45 per cent - 65 per cent, respectively) subjected to a 12 h
light/dark cycle with standard chow and water ad libitum. All
animal handling and experimental protocols were conformed
to the guidelines stipulated by the Institutional Animal Ethical
Committee.

2.2 MRS Acquisition and Processing

To look for acute changes, magnetic resonance (MR) data
was acquired from all three irradiated groups and controls at
day 0, 1, 3, 5, 10 post irradiation. All magnetic resonance
imaging (MRI) and MRS experiments were carried out on a 7
T Bruker Biospec USR 70/30, (AVANCE I1I) horizontal bore
animal MRI system. Anaesthesia was induced by i.p. injection
of a mixture of xylazine (10 mg/kg BW) and ketamine (80 mg/
kg BW). All animals (both control and irradiated) were placed
in prone position on an animal bed and then slid into the centre
of the magnet bore. Radio frequency (RF) excitation was
accomplished with 72-mm inner diameter (ID) linear birdcage
coil and 4 channel phase array mouse brain coil was used for
signal reception. Axial and coronal T2W images obtained
using rapid acquisition with relaxation enhancement (RARE)
sequence (TE, 26 ms; TR, 2.5 s) were used as localisers for
placement of spectroscopic voxel. In this study single voxel
'H MRS was performed in hippocampus region in control and
irradiated mice groups using a Point Resolved Spectroscopy
(PRESS) sequence. The voxel size of 1.5 x 3.5 x 3.0 mm?®
(15.75 pl) was placed within the region of interest with the
maximum volume containing only tissue from the intended
structure, minimising the contribution from surrounding tissue
and also partial volume effects. The local field homogeneity was
optimised by adjustment of first and second order shim coils
currents using the FASTMAP sequence. The field homogeneity
in a 15.75 pl voxel typically resulted in water line widths of
10-15 Hz in live mouse brain. The water signal was suppressed

by variable power RF pulses with optimised relaxation delay
(VAPOR). Outer volume suppression combined with a PRESS
(Point Resolved Spectroscopy) sequence with spectral width
of 4006.41 Hz, 2048 data points, 512 averages, 2.5 s TR and
20 ms TE with total acquisition time of 21 minutes was used
for acquiring the MR spectra. Eddy current compensation and
static magnetic field drift correction were applied during the
data acquisitions.

2.3 MRS Spectral Processing and Data Analysis

For quantitative assessment of the brain metabolites, the
MRS raw data was analysed using Linear Combination Model
(LCModel)®8. The analysis was performed in the frequency
domain with raw data (free induction decay (FID)) as the input.
Spectral peaks were assigned in the reference of water peak
(4.82 ppm). To determine the detectability of each metabolite
from measured spectra, the per cent standard deviation
(SD) of each metabolite defined as the Cramer-Rao lower
bound (CRLB) criteria, was derived as measurable index for
quantitation reliability®®. The per cent SD was expressed as the
percentage of the estimated overall concentration; a per cent
SD of < 20 per cent was considered as an acceptable level of
quantitation reliability. In this study relative levels in terms of
metabolic ratios were used and no absolute concentration was
calculated.

2.4 Statistical Analysis

The data for each metabolite were tested for homogeneity
of variances and MANOVA with post hoc multiple comparison
using Bonferroni was used to compare the means. A difference
was considered statistically significant when p value was less
than 0.05. The Sigmaplot 11.0 (Systat, USA) package was
used for statistical analysis of the spectral data.

3. RESULTS

All MR images were reviewed for gross morphological
lesions. No lesions or changes in the image intensities were
observed in T /T, weighted images. Single voxel MR spectra
were acquired from hippocampal region of the irradiated and
sham irradiated groups and analysed using the LCModel
(Fig. 1). The metabolites that were detectable and quantifiable
in all three irradiated and sham-irradiated mice brains included
creatine plus phosphocreatine (tCr), glycerophosphocholine
plus phosphocholine (tCho), N-acetyl aspartate (NAA),
glutamine plus glutamate (Glx), myoinositol (ml) and taurine
(tau). To reduce the systematic variations among the animals
studied and to extract the dominating metabolic changes,
metabolite ratios were used in this study. The tCr concentration
was used as a normalising factor since its concentration
in normal brain is relatively constant, which is reported in
earlier studies'*?°. Earlier MRS studies have also observed no
change in the concentration of creatine during acute or delayed
response of radiation exposure?'22,

Significant change was observed only in two metabolite
ratios, tau/tCr and mI/tCr in 5 Gy and 8 Gy radiation dose group
animals compared to sham irradiated controls. No significant
difference was observed in other important metabolites like
N-acetyl aspartate (NAA), choline and glutamine/glutamate
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Figure 1. High resolution T2 weighted coronal (a) and axial (b) imaging illustrating the location of voxel used to obtain MR spectra
and a representative LCModel processed *H MR spectrum (c) from hippocampus region of mouse brain.

(GIx). In 8 Gy irradiated mice group, significantly reduced ml/
tCr and tau/tCr ratios were observed at day 3 post-irradiation,
which continued to decrease till day 10 post irradiation (Fig. 2).
Whereas, in case of animals irradiated with 5 Gy of radiation
dose, change in mI/tCr was observed only at day 5 but tau/tCr
continued to decrease till day 10 post irradiation. Surprisingly,
there was no significant change in any of the metabolites at any
time point in 3 Gy radiation dose group: The effect of spectral
quality on relative intensity levels of ml and tau was analysed
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using ANCOVA by taking FWHM as a covariate. The results
showed insignificant correlation between ml and tau levels and
FWHM at all time points.

The combination of tau and ml identified in NMR spectra
were also evaluated for their ability to diagnose radiation
induced brain injury. Plot of tau/tCr as a function of ml/tCr
was able to segregate 8 Gy dose group from controls at day 3,
5 and 10 post irradiation time point (Fig. 3). On the other hand,
mice group irradiated with 5 Gy of radiation was segregated
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Figure 2. Temporal changes in mI/tCr and tau/tCr ratios in irradiated groups compared to controls.
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Figure 3. Predictive ability of metabolite marker combination for identification of phenotypes for radiation exposure.

from controls based on a plot of tau/tCr as function of mI/tCr
at day 5 post irradiation only (Fig. 3).
4. DISCUSSION
The role of central nervous system is not fully understood
in whole body radiation induced acute radiation sickness
(ARS). Now it has been investigated that CNS is responsive to
ionising radiation and its electrical activity and neurochemical
metabolism can also be affected with low doses®. Therapeutic
localised radiation induced changes in brain have been widely
studied; however, acute effects of whole body irradiation on
brain function and metabolism are still in infancy. In the present
study using *H MRS, we have investigated the metabolite
fluctuations in hippocampus on exposure to varied doses of
whole body radiation compared to controls. Our results showed
reduced ml and taurine levels in the hippocampus region of
the mouse brain in 5 and 8 Gy dose groups. Myoinositol is
a sugar which is found only in glial cell and is a constituent
of membrane lipid, a key precursor in the phosphoinositate
signal transduction and neuronal calcium signalling. It is also
considered as a marker of glia because it is actively transported
into astrocytes?. On the other hand, tau plays an important
role for maintaining cellular intergrity in CNS. It provides
cytoprotection, osmoregulation, neuromodulation to brain in
humans and animals*. Indeed, both ml and tau are one of the
many organic osmolytes that are present in brain together as
a part of the volume regulation process and are believed to be
located primarily in glia and absent in the neurons-%,

Earlier, altered tau and ml levels in brain have been
considered to be associated with osmotic dysregulation

and neuroinflammation”®. It has been shown that radiation
induced neuroimmune and inflammatory response®?’?* may
bring out electrophysiological and biochemical alterations?’.
Altered ml is usually interpreted to indicate as glial activation
and macrophage infiltration®. The change in ml levels post
irradiation in our study supports biochemical alterations
associated with neuroinflammatory response of glial cells®.

Several studies have supported another hypothesis
that radiation induced injury is driven in part, via increased
oxidative stress through generation of free radicals®®,
Presence of multipotent precursor or neurogenic stem cells
in the subgranular zone of hippocampus make it exquisitely
sensitive to suppression by various stressors, including radiation
and oxidative stress. Astrocytes, like other glial cell are an
important component of cellular composition of hippocampus
and metabolic processes and biosynthetic activities of
astrocytes may be altered when exposed to oxidative stress.
In support of it, few studies have reported oxidative stress
induced osmotic dysregulation in astrocytic cell lines3+%,
According to Kimelberg®, due to poor ATP production during
oxidative stress, ATP driven transport and ion pumps/channels
such as Na*-K*-ATPase, Ca>*-ATPase and Na*-Ca?>* exchangers
might have been impaired resulting in astrocyte cell swelling
and lowering the intracellular Na levels. The reduced levels of
ml and tau in this study may reflect maintenance of volume
regulation for hypo-osmolarity like situation developed due
to radiation induced oxidative stress. Results of our study are
consistent with another in vitro NMR spectroscopy based study
that showed oxidative stress induced reduction in the levels of
ml, taurine, hypotaurine in astrocytes+.
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Furthermore, studies have suggested the role of
microenvironment, in particular, neuroinflammation for
inhibition of neurogenesis, which subsequently may contribute
to neurocognitive impairment post irradiation®>3%. Literature
also shows association of altered ml levels with the onset of
cognitive decline in conditions fostering neuroinflammation,
such as HIV and Alzheimer’s disease®*#°. Altered ml levels
in 5 Gy and 8 Gy dose group animals observed in our study
are in accordance with our recently observed neurobehavioral
dysfunction and altered DTl parameters following graded
dose of irradiation. We speculate that the change in tau and ml
levels in our study might be a result of both oxidative stress led
osmotic disturbances and radiation induced neuroinflammation
that may have profound long lasting effect on neurocognitive
function at the later part of life.

Earlier studies have reported that the radiation induced
changes largely depend on the dose received®#!. Yin*, et al.
observed dose dependent radiation induced changes in
expression pattern of genes involved in signal transduction, ion
regulation and myelin associated metabolic functions. However,
in our study, we observed differential change where maximum
reduction in tau and ml levels was observed in high dose i.e.
8Gy of radiation dose and change started appearing in this dose
at day 3 post irradiation and persisted till day 10. In case of
5Gy dose group, both ml and tau levels were decreased at day
5 post irradiation compared to controls. Later on, ml level was
found to recover but tau continued to decrease till day 10 post
irradiation. Reverting back of ml level to normal after 5™ day
of irradiation in 5 Gy dose group indicated reversible changes.
It showed that with time progression, anti oxidant system of
the body was able to cope up with radiation induced oxidative
stress in case of intermediate dose. We did not observe any
significant change in any of the metabolites in low dose (3 Gy)
group. However, our earlier DTI study showed microstructural
changes in animals irradiated with 3 Gy of radiation dose®.
It could be interpreted that radiation induced subtle changes
might have occurred in brain in case of 3 Gy dose group but
could not be detected due to poor sensitivity of in vivo MRS
compared to DTI technique.

Differential response of 8 Gy dose group compared to 5 Gy
and 3 Gy irradiated animals could further be explained as an
additional indirect effect of systemic inflammatory response on
CNS after whole body irradiation. Recently, correlation of C
reactive protein, a sensitive marker of systemic inflammatory
response and altered cerebral ml/Cr levels have been observed
in human subjects depicting a risk factor for late life cognitive
impairment and dementia*. Furthermore, extent of damage
during 8 Gy of irradiation would be more prominent compared
to rest of the two doses (3 Gy and 5 Gy) as 8 Gy is close to
lethal dose. Based on metabolite combinations graphs, ml and
tau were identified as marker of high dose radiation dose group
only as they was able to differentiate only high dose radiation
group from low and medium dose group.

The study concludes that *H MRS reveals differential
response of brain volume regulatory mechanism associated
metabolites (ml and tau) against different doses of whole body
radiation with maximum changes in high dose group. The
metabolic perturbations also suggests that the effect of whole
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body radiation exposure on CNS should not be underestimated
and further agrees that hippocampal metabolic alterations may
be a consequence of systemic inflammatory response following
whole body radiation exposure.
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