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Predictive Biomarkers of Brain tumor Lesions through
Correlation of Histopathological changes with Metabolites by
Magnetic Resonance Spectroscopy
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ABSTRACT

Background: Brain tumors like intracranial metastases, meningioma, gliomas, etc are
the most prevalent brain tumors. Magnetic Resonance Spectroscopy (MRS) helps in
the differentiation of high grade, low grade brain tumors, brain neoplasms, etc.
Materials and Methods: This study was conducted in the Radiology Department of
one of the major tertiary health care centers in South Kerala. Patients suspected of
brain tumors were subjected to both MRS and histopathological examinations after
the surgery. A total of 69 patients were included. Histopathological findings were
evaluated and grouped as benign, atypical, and anaplastic tumors and correlated with
MRS findings. Statistical analysis was done by SPSS version 16. Friedman test was used
for comparison. Results: In this study, MRS images of 69 brain tumor lesions were
studied and compared for metabolic ratios and pathogenesis. MRS spectrum gives
different peaks of specific metabolites of brain tumors like lipid, alanine, lactate,
glycine, glutamate /glutamine, myoinositol, etc. Histopathological results also show
different pathological findings. Conclusions: Magnetic Resonance Spectroscopy has a
wide range of sensitivity to and is evaluate the different metabolites of brain lesions.
The quantification of tissue metabolites can potentially identify the pathological
change, at the biochemical level which creates further therapeutic interventions.

transformation of a normal cell into a tumor cell ().
During the progression of brain tumors, tumor-

As brain tumors are common, for their diagnosis
and management there is a need for a basic
understanding of diseases. Among all forms of
cancers, brain tumors are the most feared type and
also their survival rate is poor (1. 2. The abnormal
growth of the tissue in the brain leads to harming the
function of the brain, and it is associated with the
progressive worsening of emotional and mental
status (). Any abnormal proliferation of cells, which
may be either benign or malignant, is defined as a
tumor (). Brain tumors can be classified according to
the cell of origin or the site of origin like
neuronal-glial tumors, pineal tumors, embryonal
tumors, tumors of cranial nerves, tumors of the
meninges, lymphomas, hematopoietic neoplasms,
germ cell tumors, tumors of the sellar region and
metastases ().

According to the fundamental research in the
field of the pathogenesis of cancer, held at the
cellular, molecular, and genetic levels of the
organism, it was found that cancer is a process of

derived biomarkers like proteins, nucleic acids, and
tumor-derived extracellular vesicles accumulate in
the blood or cerebrospinal fluid. These circulating
biomarkers play an important role in causing cancer
(7). Due to some altered metabolic features, tumor
cells rapidly produce fatty acids for membrane
biosynthesis, lipidation reactions, and cellular
signaling (8).

The histopathological evaluation as well as
molecular diagnostics is helpful in therapeutic
decision-making (9). The diagnosis of a brain tumor is
dependent on appropriate brain imaging, especially
gadolinium-enhanced magnetic resonance imaging
(10, MRS (Magnetic Resonance Spectroscopy)
provides a “molecular window” of a tissue into the
component chemistry allowing an insight into the
pathophysiologic process. MRS acts as a "molecular
signature" of high grade and low grade tumors and
can predict the aggressiveness of a tumor (11). The
metabolic alterations in different central nervous
system pathologies can be determined by MRS as it is
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used as a neuroradiological tool (12),

The development of Magnetic Resonance Imaging
(MRI) like Magnetic Resonance Spectroscopy (MRS),
provides non-anatomic information like neuronal
density, cell-wall proliferation or degradation, and
energy metabolism, in addition to anatomical
information on body fluids, cell extracts, and tissue
samples (3 14, MRS gives the information to
determine the concentration of brain metabolites
such as N-acetyl aspartate (NAA), Choline (Cho),
Creatine (Cr), and lactate in the tissue (13). By
comparing the relative concentration of these
metabolites, the information regarding neuronal cell
density, cell membrane turnover, and possible
necrosis can find out thereby the underlying
pathology can be detected through MRS (14). MRS
helps in the differentiation of high grade from low
grade brain tumors, and also provides a
neuroimaging biomarker of normal biological and
pathological processes (15 16). Cellular energy
metabolism may alter during the tumor development
and oncogene tumor/ suppressor gene pathways are
the signalling pathways that are linked to the
development of several tumors (17). Hence this study
aims to find out the changes in metabolites in brain

tumors diagnosed through MRS with the
histopathological changes to predict specific
biomarkers for brain tumor lesions.

MATERIALS AND METHODS

The study was conducted at the Department of
Radiodiagnosis, Sree Gokulam Medical College &
Research Foundation (SGMC & RF). The study was
conducted as per the rules of the ethics committee for
using the patients for scientific purposes after
obtaining approval from the Institutional Ethics
Committee (IEC) (registration number: SGMC-IEC NO
31/383/11/2018 (F) and date of registration:
26:11:2018).

Participants

In this study, 69 patients suspected of brain
tumors were included. Patients were subjected to
both MRS and histopathological examinations after
surgery. Informed consent was taken from all the
patients. Those with implants, aneurysm clips,
pacemakers, heart valves, those who are not willing
to participate in the study, and patients with ages
below 20 years were excluded from this study.

MRS procedures

Among the 69 patients included in the study, there
were patients with adenoma (n=6), cerebellopontine
angle tumor (n=9), glioblastoma (n=6), glioma(n=4),
lymphoma (n=6), meningioma (n=19), metastasis
(n=8), oligodendroglioma (n=4), subependymoma
(n=4)and tuberculoma (n=3). In this study Seimens -
MAGNETOM ESSENZA 1.5 T MRI Scanner was used.

Also, the patients underwent MRS using a 1.5T MRI
scanner. Only patients with proven MRS diagnosis for
brain lesions were included as study subjects. Both
males and females were included in the study.

All images were obtained by using spin-echo
pulse sequences, gradient echo sequences, FLAIR and
a two-dimensional Fourier transform image
reconstruction. From all patients, we obtained T1-wt
spin-echo images (Acquisition parameters -500-600/
20-30/2-4 repetition time/echo time/excitations)
and T2-wt spin-echo, FLAIR, gradient echo (2500-
3000/30, 80/1). The images were acquired on a 256
x 256 matrix, with a field of view of 23 cm. All images
had a slice thickness of 5mm and the number of slices
taken was 20.

Initially, MRI scans were performed using 1.5 T.
The MR imaging technique may be varied according
to the indication of the examination. Usually,
diffusion-weighted imaging techniques were included
and perfusion-weighted MRI techniques have been
performed routinely in cases of suspected tumors.
Patients suspected of brain tumors are subjected to
MRS examination. Both Single-voxel (SV) technique
and the multivoxel technique were used. SV
technique can be done by using long TR (Time of
Repetition) and short TE (Time of Echo) and
multivoxel technique using long TE. SV technique
could demonstrate metabolites like myoinositol and
lipids. The multivoxel technique could be used to
demonstrate a larger area and could analyse the
extent and heterogeneity of the pathologic area. The
MR spectroscopic imaging data were acquired after
the MR imaging was performed. During each
examination, the heights and areas of the resonance
peaks corresponding to Cho at 3.2 ppm, Cr at 3.0
ppm, and NAA at 2.0 ppm, were quantified. Based on
the spectroscopic results of brain tumors, the
concentrations of specific metabolites of each tumor
were diagnosed and quantified to determine specific
tumors, in addition to common metabolites observed
in tumors like N-acetyl aspartate (NAA), creatine (Cr),
and choline (Cho).

Histopathological procedures

The 69 patients with brain tumor lesions, who
underwent surgical excision and confirmed on
histopathology were prospectively studied in detail
using H&E (Haematoxylin-Eosin-Saffron) staining.
The patients suffering from adenoma (n=6),
cerebellopontine angle tumor (n=9), glioblastoma
(n=6), glioma (n=4), lymphoma (n=6), meningioma
(n=19), metastasis (n=8), oligodendroglioma (n=4),
subependymoma (n=4) and tuberculoma (n=3).
The parameters studied were clinical features,
histopathological features, and the WHO grade of the
tumors. Histopathological evaluation and clinical
information were assessed by using Routine
Haemotoxylin and Eosin. The Haemotoxylin and
Eosin stained paraffin sections and WHO
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classifications of 2000 and 2007 were applied. The
Haemotoxylin and Eosin (H & E) stained slides of the
cases were reviewed keeping in view the histological
features. For the prospective study, biopsy tissue was
fixed overnight in 10% buffered formalin and
submitted for processing. Paraffin sections were cut 4
to 6 microns in thickness and routine H&E staining
was performed. Special stains were performed. The
results were analysed and data prepared to study
histological patterns of brain tumors were evaluated
according to the WHO classification of tumors of the
central nervous system. Moreover, further studies are
carried out to find out metabolic pathways thereafter
the end products of the histopathological findings
and correlated with MRS findings.

Statistical analysis

Statistical Analysis was performed by using SPSS
version 16 software. The quantitative variables were
expressed in mean and standard deviation (SD).
Friedman Test was used for comparing the metabolic
ratios. The statistical significance value was accepted
as p < 0.051in a 95% confidence interval.

RESULTS

In this study, MRS images of 69 brain tumor
lesions were studied and compared for the metabolic
ratios and extent of pathogenesis. The present study
includes brain tumors (n=69) like adenoma,
cerebellopontine angle tumor, glioblastoma, glioma,
lymphoma, meningioma, metastasis, oligodendrogli-
oma, subependymoma, tuberculoma. The results
show that among the different groups of tumors,
there is a deviation from normal values of common
metabolites like N-acetyl aspartate (NAA), creatine
(Cr), and choline (Cho). In addition to that,
concentrations of specific metabolites like lipid,
lactate, alanine, etc. for each tumor were also
diagnosed.

Metabolic findings of brain tumors

The results show that, by analysing, one of the
MRS spectra of adenoma (n=5) (figure A) gives peaks
like lactate and lipids (1.32). It was also detected that
there was an increased peak of Cho, and a reduced
peak of NAA and Cr were observed. The tumor
adenoma also shows that there was a significant
difference as the p-value is 0.007. In figure B shows
one of the spectra of cerebellopontine, which
indicates the presence of lipid and lactate peak (an
average value of 1.31). However, a reduced peak of
Cr, NAA, and a dominant peak of Cho were also
observed. It was observed that cerebellopontine
shows, there was a significant difference as p =0.002.
Similarly, figure C, demonstrates one of the MRS
spectra of glioblastoma (n=6) with an increase of
lipids and also lactate, moreover, a reduced peak of

NAA and Cr, as well as an increased peak of Cho, were
also detected. However, there was a statistically
significant difference in glioblastoma (p =0.030).
Figure D shows one of the MRS spectra of glioma
(n=4) that gives a lactate peak (an average value of
1.31). The lactate peaks were observed as inverted
peaks. An increased level of myoinositol was also
found in gliomas. An increased peak of Cho and a
decreased peak of Cr and NAA were also observed. It
was found that there were statistical differences were
also observed in glioma (p=0.018). By analysing, one
of the MRS spectra of lymphoma (figure E) (n=6), an
average value of prominent lipid peak at 1.3 was
observed along with a decreased peak of NAA and Cr,
but Cho levels were found to be increased. It was
found that there was a statistically significant
difference, in the lymphoma invented as p=0.02.
Figure F indicates the MRS spectrum of meningioma.
It was found that one of the MRS of meningioma
(n=19) gives the presence of lipids (1.43) in different
concentrations. Alanine (average value, 1.34) was
also present in the MRS spectrum of meningioma. In
addition to that, it indicates it is a tumor, as it shows a
decreased peak of NAA, Cr, and an increased peak of
Cho. However, the meningioma gives a statistically
significant difference as p = .0001. In figure G, the
MRS spectrum of metastases (n=8) was characterized
by a dominant peak of lipids at 1.3 ppm. In some case
multiplets of the glutamine/glutamate complex was
observed. The spectrum also shows that the NAA and
Cr as reduced, and Cho has an elevated peak. It was
detected that there were significant differences in
metastasis were p=0.0001. The spectrum of
oligodendroglioma (figure H) (n=3) gives an
increased level of lactate (an average value of 1.31)
and myoinositol, an average value of 3.59, in addition
to an increased Cho, decreased NAA, and decreased
Cr peak. But it was found that there were no
significant differences observed in oligodendroglioma
(p=0.05). In the case of subependymoma, one of the
MRS (figure I) (n=7), the MRS shows the myoinositol
(MI) (3.56) and glycine (Gly) peak. Moreover, an
elevated peak of Cho and a declined peak of NAA and
Cr were also noticed. In addition to that there was
also a significant difference determined in the tumor,
subependymoma as p=0.0001. Figure ], depicts one of
the MRS of tuberculoma (n=3), it shows that there
were abnormally increased lipids, Glx, an average
value of 1.38, 2.23 respectively, and also decreased
peak of NAA, Cr, and an elevated peak of Cho. But the
results show that there was no significant difference
in the tumor tuberculoma p=0.050).

Histopathological findings of brain tumors
Table 1, shows the histopathological analysis of

adenoma, cerebellopontine angle tumor,
glioblastoma, glioma, lymphoma, meningioma,
metastasis, oligodendroglioma, subependymoma
and  tuberculoma. Typical histopathological
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photomicrographs of brain tissues are shown on
figures K to T. In the figure, histopathologic
photomicrographs of brain tissues are given as
K as an adenoma, L as a cerebellopontine
angle tumor, M as a glioblastoma. And
also N as Glioma; O as Meningioma; P as
Lymphoma; Q-Metastatis; R-oligodendroglioma;
S-subependymoma; T-tuberculoma (figure K).

The histopathological analysis of adenomas
were detected as granulated GH-producing cells with
large atypical ganglion cells in the pathological
analysis.The histopathological report was given as
circumscribed, encapsulated, biphasic, degenerative
changes, nuclear pleomorphism, xanthomatous
change, and vascular hyalinization, in the case of the
cerebellopontine lesion.But glioblastoma was found
as hypercellularity, nuclear atypical, microvascular
proliferation, and necrosis. In addition to that the
histopathological analysis, in the case of glioma were
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Figure A. The MR spectroscopy of Adenoma .The graph
indicates signal intensity on the y-axis and chemical shift
(ppm) on the x-axis. The spectroscopy reveals an elevated
choline (Cho), a decreased peak of N-Acetyl Aspartate (NAA).
The increased peaks of lipid (Lip) and lactate (Lac) give the
characteristic feature of an adenoma.
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Figure C. MR spectroscopy of glioblastoma .The spectra

represent the x-axis as chemical shift in ppm and the y-axis as
signal intensity. The spectrum shows an increased peak of
choline (Cho), a decreased peak of N-acetyl aspartate (NAA),
and a decreased peak of creatine (Cr). The glioblastoma are
characterised by a significant increase in lipid lipid(Lip) and
lactate (Lac).

also observed as hypercellularity, nuclear atypia and
mitotic figures, and necrosis.

The histopathological analysis of lymphoma gives
diffuse large B-cell lymphomas. But the meningiomas
appeared as lobules, "meningothelial” whorls in the
pathological analysis.In the case of metastasis the
pathological report was observed as demarcated,
spherical masses and shiny mucoid. On the other
hand, oligodendroglioma appeared as round to oval,
water-clear cytoplasm ringing along with lobulated
nuclei. Moreover, the histopathological analyses were
shown mitotic activity, microcalcifications, cystic
degeneration, nuclear pleomorphism, vascular
sclerosis, and hemosiderin deposition, in
subependymoma, whereas the tuberculoma, shows
clusters of small nodules. Table 2 shows the
comparison of MRS findings and histopathological
findings and the end products of metabolic pathways.
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Figure B. MR Spectroscopy of Cerebellopontine Angle Tumor.
The graph represents signal intensity versus chemical shift
(ppm) in the y-axis and x-axis, with an elevated peak of choline
(Cho) and a decreased peak of N-acetyl aspartate (NAA) and
creatine (Cr). The increased peak of lipid (Lip) and lactate (Lac)
gives the characteristic feature of a cerebellopontine angle

tumor.
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Figure D. MR spectroscopy of glioma .The spectrum

demonstrates chemical shift (ppm) on the x-axis and signal
intensity on the y-axis. The spectrum shows an elevated peak

of choline (Cho), a diminished peak of N-acetyl Aspartate
(NAA), and a low peak of creatine (Cr). The presence of lactate
(Lac) and myoinositol (ml) indicates a characteristic feature of

glioma.
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Figure E. MRS spectroscopy of lymphoma The x-axis
represents the chemical shift in ppm, and the y-axis
represents the signal intensity. The spectrum shows an

elevated peak of lipid (Lip), which is an indicator of lymphoma.

Other features like a decreased peak of N-Acetyl Aspartate
(NAA) and an elevated peak of choline (Cho) are given.
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Figure G. MR spectroscopy of metastases The spectroscopy
shows an elevated peak of choline (Cho), lipids (Lip), and
glutamine and glutamate (GIx), which indicates the
characteristic features of metastases.
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Figure I. MR spectroscopy of Subependymoma. The
spectroscopy shows the signal intensity on the y-axis versus
the chemical shift on the x-axis. The presence of myoinositol

(ml), an increased peak of choline (Cho), and a decreased peak

of N-acetyl aspartate (NAA) and creatine (Cr) in the spectrum
indicates the significant feature of subependymoma.
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Figure F. MR spectroscopy of meningioma The x-axis is
represented as chemical shift in ppm, and the y-axis is
represented as signal intensity. The spectrum shows the
presence of an elevated peak of choline (Cho), a decreased
peak of N-Acetyl Aspartate, and creatine (Cr). The presence of
alanine (Ala), lipid (Lip), and lactate (Lac) indicates the
significant feature of meningioma.
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Figure H. MR spectroscopy of oligodendroglioma .The
spectrum represents signal intensity on the y axis and
chemical shift in ppm on the x-asix.The spectrum shows the
presence of lactate (Lac), an increased peak of choline (Cho),
and a diminished peak of N-acetyl aspartate (NAA), indicating
the characteristic features of oligodendroglioma.
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Figure J. MR spectroscopy of Tuberculoma .The spectrum
represents the x and y axis as chemical shifts in ppm and signal
intensity. It shows an increased peak of lipid (Lip) and choline
(Cho) and a decreased peak of creatine (Cr) and N-Acetyl
Aspartate (NAA) as an indicator of tuberculoma.
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Table 1. Pathological finding of Brain tumors.

SLNo| Brain tumors Lesions Pathological description
1 Lymphoma diffuse large B-cell lymphomas
2 Tuberculoma Clusters of small nodules was observed in tuberculosis
3 Meningioma Lobules, "meningothelial" whorls
4 Metastatis demarcated, spherical masses and shiny mucoid appearance
5 Glioblastoma hypercellularity, nuclear atypia, microvascular proliferation, and necrosi
6 Glioma hypercellularity, nuclear atypia, mitotic figures, and evidence of angiogenesis and/or necrosis
7 Oligodendroglioma round to oval, water-clear cytoplasm ringing about round to lobulated nuclei.
8 | Cerebellopontine lesion as encapsulated; biphasic, degenerative changes, nuclear pleomorphism, xanthomatous change
and loose sheet of cells
mitotic activity, microcalcifications, cystic degeneration, nuclear pleomorphism, vascular sclerosis,
9 Subependymoma s L
and hemosiderin deposition.
10 Adenoma granulated GH-producing cells admixed with large atypical ganglion cells
Table 2. Comparision of MRS findings and Histopathologic findings.
Brain Tumors MRS Histopathologicall .
Sl No Lesions Specific metabolites observ';d Metagbolitz:s End products of metabolic pathway
1 Lymphoma Lipid Lipid adipophilin
2 Tuberculoma Lipid Lipid Triacylglyceride(TAG)
Lactate Phosphoenolpyruvate carboxykinase
3 Meningioma lipid Lipid Adipophilin, Phospholipid
Alanine
4 Glioblastoma Lipid Lipid glycosphingolipids
Lactate lactate lactate dehydrogenase A (LDHA)
Glycine
5 Glioma Lactate lactate transforming growth factor 2 (TGFB2)
Lipid lipid triglycerides
myo inositol phospholipids
sphingolipid
prostaglandins
6 Oligodendroglioma myo inositol myo inositol protein C kinase
Glycine Glycine
Glx (glutamate / glutamine)
7 Cerebellopontine Lipid lipid galactolipid
cholestrol
phospholipids
Lactate
8 Subependymoma glycine
myoinositol
Lactate lactate Lactate dehydrogenase
9 Adenoma Lipid lipid adiponectin, leptin
Lactate
10 Metastatis glutamine
Lipid lipid eicosanoids
phosphoinositol
sphingolipids
DISCUSSION

Figure K. Histopathologiocal photomicrographs of brain
tissues showing K Adenoma; L Cerebellopontine angle tumor;
M Glioblastoma; N Glioma; O Meningioma; P Lymphoma; Q
Metastatis; R Oligodendroglioma; S Subependymoma; T
Tuberculoma

In the present study, the patients with different
types of brain tumors were included and analyzed.
Both histopathological and MRS findings were
analysed. MRS has been used to determine the
concentration levels of the intracellular metabolite
and the metabolite compounds that serve as
biomarkers. Similarly, pathological investigation
helps us to study molecular pathways and
interactions through the detection and monitoring of
small molecular compounds. MRS imaging technique
has been used to study the metabolite concentration
levels. Histopathological studies were also included
to find out pathological changes in brain tumors. In
this study, 69 brain tumors with), adenoma (n=6),
cerebellopontine angle tumor (n=9), glioblastoma
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(n=6), glioma (n=4), lymphoma (n=6), meningioma
(n=19), metastasis (n=8),oligodendroglioma (n=4),
subependymoma (n=4) and tuberculoma (n=3) were
analyzed. In the present study, the MRS spectrum of
adenoma shows lipids, and the pathological studies
demonstrated that the adenoma appeared as
granulated GH-producing cells admixed with large
atypical ganglion cells. Sarah et al. (18) detected that in
adenomas, through the pathological analysis, there
are characteristics of granular cytoplasm, which are
also detected in our findings. Previous studies also
indicated that pituitary adenoma alters the
transcription of lipid-metabolism-related genes and
the secretion of IL-6, adiponectin, and leptin (19).

In this study, it was detected that in the case of
cerebellopontine angle tumors, the spectra were
given as lipid and lactate peaks. Present studies also
recognized that pathologically it appeared as
encapsulated; biphasic, degenerative changes,
nuclear pleomorphism, xanthomatous change, and a
loose sheet of cells. Previous studies also showed that
the pathology of cerebellopontine lesions was
presented as loose sheets of cells with pleomorphic
changes (20, The findings of the MRS spectrum of
glioblastoma (GBM) in the present study indicate that
there is an increase in lipids, lactate, and glycine
concentrations. These results confirm the existing
evidence in the studies of glioblastoma with an
increased level of choline and lipids, as observed by
MRS (1),

In another study, it was mentioned that the level
of glycine peak is significantly higher for the
diagnosis and prognosis of glioblastoma, which is
diagnosed through MRS (22). Pathologically, the
present study in glioblastoma shows the features of
hypercellularity, nuclear atypia, microvascular
proliferation, and necrosis. Glioblastoma with high
proliferative potential is also an infiltrative brain
tumor, according to research. Studies also showed
that glioblastoma with high proliferative potential
infiltrate brain tumor (23). An interpretation of the
findings reveals a connection between lipids and
glycosphingolipids. According to the studies it was
found that in GBM the pyruvate can be converted to
lactate and also the GBM synthesizes lipids and lipid
signaling molecules needed to proliferate (24,

Previous studies also enumerated that in GBM,
lipid metabolism results in the conversion of
glycosphingolipids (25). This study also provides new
insights into the connection between lactate and
lactate dehydrogenase A in GBM patients. Arunpreet
et al (29 confirmed that lactate production is
increased in GBM patients, as well as
overexpression of LDHA (lactate dehydrogenase A).
Present studies determined that the MRS spectrum of
glioma gives a lactate peak and an increased level of
myoinositol. In one of the studies also it was
reported, an increased level of myoinositol in glioma
(22), Pathologically the present study determined that

glioma shows hypercellularity, nuclear atypical, and
mitotic figures. Candece et al.(?7) also showed that
grade II glioma tumors are graded according to the
presence of hypercellularity In the study by
Strickland et al @8 )it was found that glioma
metabolizes glucose and the end product is lactate
which is released into the extracellular space.
Baumann et al (29 also revealed that lactate induces
the expression of transforming growth factor (2
(TGFB2).

In addition to that studies also realized that an
increased rate of lipids, including mobile fatty acids,
triglycerides, phospholipids, cholesterol esters,
sphingolipids, prostaglandins, and steroid hormones
acts as a cellular membrane breakdown G0, In this
study, the spectrum of oligodendroglioma gives an
increased level of myoinositol, glutamate/glutamine
(GLX). In the current investigation, it was discovered
that lymphoma has an elevated lipid peak in the MRS
spectrum. However, studies also found that elevated
lipid peaks were seen in tumors such as lymphomas
(1. Similarly, the current histopathological results
demonstrate the presence of large diffuse B-cell
lymphomas. Studies have revealed that lymphoma is
a tumor of immature B cells and that these cells'
receptors affect how antibodies work 2. The
investigations also recognized the potential of
adipophilin, a protein found in lipid storage droplets
(LSDs), as a Burkitt lymphoma marker (33,34,

The present study shows that the MRS spectrum
of meningioma gives increased lactate and lipid
peaks. Alanine and glutamate were also shown as
high concentrations. In the previous studies, it was
evident that alanine is present in meningioma,
diagnosed through MRS 5. The present study
reveals that meningioma also gives a pathological
appearance as lobules, "meningothelial” whorls.
Meningothelial cells in meningiomas have been
described as forming spherically in earlier research,
associated with a greater lipid concentration, which
is also seen in the current study. Adipophilin is
employed as an immunohistochemical marker that is
linked to lipid droplets, according to investigations
that have been done previously (3¢). In this study, it
was observed that in the MRS spectrum of
metastases, metabolites like lipids, and glutamine/
glutamate complex were increased. This result
showed that metastasis, as previously shown by MRS
analysis in studies, had a higher level of lipid 2. In
the present histopathological study, it was revealed
that metastasis appeared as demarcated, spherical
masses and shiny mucoid appearance. Earlier studies
show that metastatic lesions are usually sharply
demarcated according to the histopathological study
37),

Another study also revealed that in metastasis,
most of the lactate is seen outside the cells. Apart
from this, studies also revealed that due to the avidity
of lipid metabolism, the signaling lipids like
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eicosanoids, phosphoinositides, sphingolipids, and
fatty acids, might be the causal factor of tumor
malignant and metastasis 8.The current findings
give more understanding of the tumor
oligodendroglioma as the previous studies also
reported that there is an increased level of GLX in
oligodendroglioma when compared to other tumors
(22). The presence of microvascular proliferation,
water-clear cytoplasm ringing around the round to
lobulated nuclei, and necrosis, according to this
study, can improve the pathological diagnosis of
tumor oligodendroglioma. Previous studies also
confirmed that oligodendroglioma shows the
appearance of mitotic activity, microvascular
proliferation, and necrosis 39).

Earlier studies indicate that oligodendroglioma
has higher levels of myoinositol and acts as an
activator of protein C kinase (9. In the case of
subependymoma, the present studies determined
that MRS of subependymoma gives myoinositol (MI)
and glycine (Gly) peaks. Pathologically in this study, it
was found that the subependymoma appeared
with mitotic activity, microcalcifications, cystic
degeneration, nuclear pleomorphism, vascular
sclerosis, and hemosiderin deposition. Studies have
found that subependymoma shows histologically that
it appeared as numerous small cysts “1. In addition
to that, previous studies also confirmed that in cancer
cells, an increased level of lactate dehydrogenase A
(LDHA) leads to the enhancement of the malignant
phenotype (42). In this study, it was found that the
MRS of tuberculoma contains abnormally high levels
of lipids and glutamate. It was confirmed in one of the
earlier investigations that tuberculoma can be
diagnosed with an elevated amount of lipid and
amino acids using MRS (#3). According to
histopathology, there were groups of tiny nodules.
Previous research also suggested that abscess and
fibrous encapsulation could develop as a result of
tuberculoma lesions (44,

Studies have also shown that TAG
(triacylglyceride) is the storage lipid present in
tuberculous granulomas and that lactate is
formed following infection. The single discovered
gene, transcript, and protein was  pckA
(phosphoenolpyruvate carboxykinase) (5. The
limitations of this study are the limited data
collection. In this study, MRS analysis information
of tumors associated with underlying
pathophysiological findings provides the best
diagnostic clue for further tumor treatment as early
as possible.

CONCLUSIONS

Magnetic Resonance Spectroscopy and the
pathological findings provide the quantification of
tissue metabolite concentration, which helps to
assess the impact on the clinical outcome as specific

markers. Thus MRS can potentially identify the
pathological change, at the biochemical level which
helps in further therapeutic interventions.
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