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Effect of Naringenin on metabolic markers, lipid profile and expression 
of GFAP in C6 glioma cells implanted rat’s brain
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Department of Biochemistry, University of Madras, Guindy Campus, Chennai 600 025, Tamilnadu, INDIA

Methods

Animal model

Male Wistar rats, weighing between 250 and 300 g, were pur-
chased from King’s Institute, Guindy, Chennai, India and main-
tained under controlled environmental conditions. The animals 
were provided with pellet food (Gold Mohor rat feed, M/s. Hin-
dustan Lever Ltd., Mumbai) and water ad libitum. This study 
was conducted according to the ethical norms approved by 
Ministry of Social Justices and Empowerment, Government of 
India and by Animal Ethics Committee Guidelines of our Institu-
tion (IAEC No. 01/012/08).

Chemicals

NGEN was purchased from M/s Sigma chemical company, USA. 
NUT.MIX.F-12 (HAMs) medium (Invitrogen) was purchased from 
Bio Corporals, India. Fetal bovine serum (FBS), penicillin-G, strep-
tomycin and trypsin, were procured from Hi-Media laboratories, 
India. Xylazine was purchased from Indian immunologicals Ltd, 
India and ketamine was procured from Neon Laboratories, India. 
Primary anti- GFAP mouse monoclonal antibody was purchased 
from Santa Cruz, USA and anti-mouse FITC labeled secondary 
antibody was obtained from Genei, India. All other chemicals 
were purchased from M/s SRL chemicals, Mumbai, India.

C6 Glioma cell lines

Rat C6 glioma cell line was obtained from the NCCS, Pune, In-
dia and maintained in monolayers in 100-mm dishes at 37ºC 
under humidified 5 % CO2 - 95 % air. The cells were cultured in 
NUT.MIX.F-12 (HAMs) medium supplemented with fetal bovine 
serum (FBS 10 % final concentration), penicillin-G (50 unit/ml) 
and streptomycin (50 µg/ml). Cells were harvested during the 
log phase with a solution of 0.05% Trypsin and 0.02% EDTA, 
and re-suspended in HAM’s medium supplemented with FBS to 
a final concentration of 105 cells per 10µl for the implantation.

Experimental groups

Animals were divided into four groups with six animals in each 
group.

Introduction

Gliomas are a type of brain tumors that arise from glial cells. 
Malignant gliomas (MGs), includes glioblastomas (GBMs), ana-
plastic astrocytomas (AAs) and astrocytomas (As) are the most 
common primary brain tumors.1 MGs are the most common pri-
mary intracranial tumours and strike earlier than other tumors.2 
They are a challenging entity of tumours which represent more 
than 70% of all brain tumours.3 Many factors contribute to the 
aggressive nature of MGs. These include uncontrolled tumor 
proliferation, invasiveness into surrounding brain parenchyma, 
induction of tumoral angiogenesis, and inhibition of apoptotic 
pathways.4 

Transplanted tumors in susceptible animals are a common 
model for experimental studies in oncology.5 The introduction 
of animal models in glioma research marks a major advance 
in the attempt to reach till a better understanding of tumor 
biology.6 Astrocytoma C6 is a well established in vitro cell line 
initially induced in rats by N-nitroso-methylurea.7 Rat induced 
with C6 glioma cells has been used extensively as an experi-
mental model for the study of glioma.8 Implantation of C6 
glioma intracerebrally into the rat brain induces a glioma more 
frequently than when injected subcutaneously9 and mimics the 
growth and pathological characteristics of human gliomas.10 

Natural products with diverse bioactivities are becoming an im-
portant source of novel agents with pharmaceutical potential. 
Flavonoids are the most abundant antioxidants in human’s diet 
and have attracted a great deal of attention in recent years 
for their role in the prevention of chronic diseases.11 Among 
them, Naringenin (4’, 5, 7-trihydroxyflavanone; NGEN) is a pre-
dominant flavanone found in citrus fruits12 and has been re-
ported to have several biological effects, such as anticancer13, 
anti-mutagenic14, and anti-inflammatory.15 Furthermore, it was 
found that NGEN was able to traverse the blood brain barrier.16 
Hence, the present study was designed to understand the neu-
ro protective role of NGEN on experimentally induced glioma 
by assessing metabolic markers, lipid profile and expression of 
GFAP in brain tissue, in order to study the efficacy of NGEN 
against C6 glioma cells-implanted rat brain.

ABSTRACT

Background: Naringenin, a flavanone, has been reported to exhibit a wide range of pharmacological proper-
ties including antitumor activity. Purpose: We wanted to test the efficacy of Naringenin on C6 glioma cells-im-
planted into rats was investigated. Methods: Biochemical and immunohistochemical methods were used for 
analyzing various markers. Results: Injection of C6 glioma cells into rat brain resulted in increased metabolic 
markers {Lactatate Dehydrogenase (LDH), 5′ Nucleotidase (5′ ND), creatine kinase (CK), Hexokinase (HK) and 
Glucose 6-phosphate dehydrogenase (G6PD)} and lipid profile (triglycerides, free fatty acids, phospholipids, 
total cholesterol and free cholesterol). Oral administration of Naringenin (50 mg /kg of BW for 30 days) sig-
nificantly altered this biochemical profile. Further, the immuno fluorescence expression of Glial fibrilary acidic 
protein (GFAP) was also studied. Conclusion: In C6 glioma cells-implanted rats, increased expression of GFAP 
was noted on treatment with Naringenin. These observations suggest that Naringenin may participate by 
inhibiting glial cell tumorigenesis.
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Group I (Control): Animals were injected with 10µ1 of MEM 
supplemented with 10 % FBS. Group II: Animals were injected 
with cell suspension of C6 glioma cells (10µl of MEM supple-
mented with 10 % FBS containing 105 cells) under a controlled 
pressure. Group III: Animals served as drug control (50 mg 
of NGEN administrated orally/kg BW for 30 days dissolved in 
0.01% DMSO). Group IV: Rats were induced glioma as men-
tioned in group II and treated with NGEN as in group III (from 
the second day of tumor implantation for 30 days). 

Tumor Implantation

Tumor implantation was carried out by the method of No-
buhisa et al.17 Rats were anesthetized by injection of xylazine 
(10 mg/kg, IM) and ketamine (100 mg/kg, IP). The animals were 
placed in a stereotactic surgical frame (Instrument & Chemicals 
Pvt Ltd, Ambala city, India). A small burrhole was drilled into 
the right side at a location defined by the following stereotactic 
coordinates: - 0.8 mm to the bregma; 4 mm medial to lateral; 
5mm dorso ventral from the skull surface for the injection of 
C6 glioma cell suspension with a Hamilton microsyringe. The 
craniotomy was sealed with bone wax and overlying skin inci-
sion was closed.

Biochemical analysis

At the end of the experimental period, the animals were sub-
jected to cervical decapitation. 100 mg of the whole brain tis-
sue was weighed, uniformly homogenized with 1.0 ml of 0.5 M 
phosphate buffer, pH 6.9 and the homogenate was subjected 
to the following biochemical assays. Protein content was esti-
mated by the method of Lowry et al.18

Assays of marker enzymes

The activities of LDH by the method of King19, CK by the meth-
od of Okinaka et al.20, 5′ND by Fini et al.21, G6PD by the method 
of Baquer and Mc Lean, 22 and HK by the method of Brandstrup 
et al.23 were estimated in brain tissues of control and experi-
mental rats. 

Estimation of lipid profile

Total lipid was extracted from the brain sample according to 
the method of Folch et al.24 Tissue cholesterol content was es-
timated by the method of Parekh and Jung.25 Free cholesterol 

was estimated by the method of Leffler and Mc Dougald.26 
Phospholipids were estimated by the method of Rouser et al. 27  
after digesting the lipid extract with perchloric acid. Triglycer-
ides were estimated by the method of Rice.28 Free fatty acid 
content was estimated by the method of Horn and Menah-
an.29

Immunofluorescence study for GFAP

Immunofluorescence was performed on the portion of brain 
specimen fixed in 10% buffered formalin and embedded in 
paraffin wax. Sections were cut at 5 µm in thickness. The tis-
sue sections were deparraffinized in two changes of xylene at 
60ºC for 20 min each and hydrated through a graded series 
of alcohol, the slides were incubated in a citrate buffer (pH 
6.0) for three cycles of 5 min each in a microwave oven for 
antigen retrieval. The sections were then allowed to cool to 
room temperature and then rinsed with TBS and treated with 
0.3% H2O2 in methanol for 10 min to block endogenous per-
oxidase activity. Non-specific binding was blocked with 3% BSA 
at room temperature for 1 h. The sections were then incubated 
with diluted primary antibodies GFAP (1:100) at 4ºC overnight. 
The slides were washed with TBS and then incubated with anti-
mouse FITC- labeled secondary antibody at a dilution 1:500 for 
30 min in room temperature. Then they were washed thrice 
with TBS and mounted in glycerol: PBS mix (1:9). Then slides 
were viewed under fluorescence microscope using wavelength 
of 488 nm.

Statistical analysis

All the grouped data were significantly evaluated with SPSS/15 
software. Hypothesis testing methods included one-way analy-
sis of variance (ANOVA) followed by least significant difference 
(LSD) test. P values of < 0.05 were considered to indicate sta-
tistical significance. All the results were expressed as mean ± 
SD for six animals in each group.

Results

The activities of metabolic marker enzymes LDH, CK, 5′ ND, 
G6PD and HK in the brain tissue of control and experimental 
group of rats are shown in Table 1. These enzymes were found 
to be significantly increased (P<0.05) in glioma induced ani-
mals (Group II) when compared to that of control and these al-

Table 1: Effect of different dosages of NGEN on the activities of metabolic marker enzymes in the brain tissues of control and  
experimental animals.

Particulars Group I  
(control)

Group II  
(Glioma induced DPI)

Group III  
(NGEN control) 

Group IV  
(Glioma induced +  
NGEN: 50 mg/kg of  

BW/30days)

5′ NT 3.36±0.84 15.85±2.06*a 3.96±0.72NS 9.04±1.65*bc

CK 23.91±4.40 49.54±11.25*a 24.12±2.65NS 32.36±3.42*bc

LDH 8.90±1.21 21.79±3.34*a 9.01±1.40NS 11.86±2.61*bc

HK 10.64±1.84 29.84±2.67*a 8.32±1.53NS 18.37±2.25*bc

G6PD 3.73±0.42 16.85±4.06*a 3.04±0.86NS 5.04±1.75*bc

5′ NT- nmoles of Pi liberated/min/mg protein, Ck - µmcles of Pi liberated/min/mg protein, LDH- µmoles of pyruvayte liberated/min/mg protein and HK-  
nmoles of glucose- 6-phosphate liberated/min/mg protein and G6PD- µmoles of NADP+ reduced/min/mg of protein.

Statistical signigicance at *p<0.05; an Group I vs. Group II, b Group II vs. Group IV, c Group I vs. Group IV and NS non-significance Group III vs Group I.
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tered activities were significantly decreased (P<0.05) on NGEN 
treatment (Group IV). 

The levels of brain triglycerides, free fatty acids, phospholipids, 
total cholesterol and free cholesterol in control and experimen-
tal groups have been shown in Table 2. There was a signifi-
cant increase (p < 0.05) in the levels of triglycerides, free fatty 
acids, total cholesterol, free cholesterol, and phospholipids in 
glial tumour bearing group II animals when compared to that 
of control animals (Group I). NGEN administration significantly  
(p < 0.05) prevented these alterations when compared to that 
of glioma induced animals (Group II). 

Immunofluorescence of GFAP of the experimental groups 
is shown in Figure 1. Figure 1a and 1c show the control and 
drug control groups exhibiting very low level of expression as 
evident from the reduced fluorescence in rat brain cells. GFAP 
positive cells were detected in tumour bearing rats with high 
intensity of expression (Fig. 1b). In contrast, group IV showed 
GFAP immunoreactivity with low intensity of expression when 
compared to that of group II (Fig 1d).

Discussion 

Biochemical studies including metabolic markers and lipid 
profile are not only of significance for understanding tumour 
biology, but also for translational research.30 In oncology prac-
tice, the use of the biochemical studies may be helpful in the 
diagnosis and pathologic classification of tumours which may 
reflect both, stage of the disease and prognosis. Serial esti-
mation after diagnosis may aid in assessing the response to 
treatment, in monitoring the spontaneous course of illness, 
and in keeping surveillance for tumour recurrences.31 We have 
earlier shown the in vitro anti-tumorogenic effect of NGEN on 
C6 glioma cells.32 We therefore sought to evaluate NGEN for 
its ability to alter glial tumour cell pathology for the first time 
with respect to such biochemical investigations and GFAP ex-
pression.

The most characteristic biochemical phenotype of malignant 
tumours lies in the propensity to satisfy their energy status.33 
High rates of glycolysis have been found to be correlated with 
the pathological degree of malignancy in both non-central ner-
vous system tumours34 and cerebral gliomas.35 HK is the en-
zyme responsible for initiating the glycolysis pathway and its 
activity in the brain tissues reflects the overall glucose utiliza-

tion by brain cells. The G6PD activity is an index of nucleic acid 
synthesis converted from glucose through the pentose phos-
phate pathway. The experiments showed an elevated activity 
of HK and that of G6PD in C6 glioma cell implanted rats, ex-
plaining an increased demand of nucleic acid synthesis for cell 
proliferation and high glycolytic rate of tumour cells through 
the pentose phosphate pathway.36 The activities of these meta-
bolic indicators of aggressive glial tumour proliferation were 
counteracted on NGEN treatment and thus perhaps against the 
implanted C6 cells in rat brain. 

LDH a significant marker of solid neoplasm37 and found to be 
elevated in most of the gliomas.38 Recently, it was reported that 
there was an increased level of LDH expression in astrocytoma 
than that of normal39 which was concomitant with the present 
observation. The increased activity of LDH in glioma induced 
rats may be due to higher glycolysis in malignant conditions, 
which is the major energy producing pathway for the uncon-
trolled proliferating malignant glial cells.40 

Table 2: Effect of NGEN on the levels of lipids in the brain tissues of control and experimental animals.

Particulars Group I  
(control)

Group II  
(Glioma induced 30th DPI)

Group III  
(NGEN control) 

Group IV  
(Glioma induced +  
NGEN: 50 mg/kg of  

BW/30days)

Total cholesterol 31.5±4.21 59.20±9.82*a 30.91±5.0NS 48.36±5.18*bc

Free cholesterol 10.6±1.8 18.15±2.04*a 09.92±1.01NS 13.08±1.25*bc

Triglycerides 34.05±3.65 45.28±4.25*a 33.71±3.85NS 36.09±7.64*bc

Free fatty acids 09.87±1.2 15.45±2.86*a 09.18±2.06NS 12.96±1.86*bc

Phospholipids 57.4±6.06 74.51±7.96*a 55.29±8.59NS 66.15±7.60*bc

Total cholesterol, free cholesterol, triglycerides, free fatty acids and phospholipids – mg/gm tissue. Each value expressed as mean±S.D. for six rats in 
each group.

Statistical signigicance at *p<0.05; a Group I vs. Group II, b Group II vs. Group IV, c Group I vs. Group IV and NS non-significance Group III vs Group I.

Fig. 1: a: Control (Group 1); b: Glioma induced (Group 2); c: Drug con-
trol (Group 3); d: Tumor induced + NGEN treated (Group 4). (Scale bar 
50µm).
GFAP immuno-reactivity in brain tissues of control and experimental 
group of rats.
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5′ NT is an endonuclease which is expressed on normal and 
neoplastic glial cell plasma membranes.41 The up-regulation of 
5′-NT expression is allied with a highly invasive phenotype42, 
drug resistance and tumour-promoting functions.43 The inhibi-
tion of 5′ NT may result in a decrease in extracellular adenosine 
production with a consequent reduction in tumour progres-
sion.44 The increased activity of 5′ NT in glioma induced rats 
was comparable with the work of Parkinson et al.45 which re-
ported that such an increase leads to an enhancement of cel-
lular adenosine helping in the process of invasion, a signal for 
proliferation.46 

CK, a key enzyme of energy homeostasis is seen in all of the 
tissues but predominantly in the brain.47 The activity of CK was 
found to be increased in various cancers and in glioma.48 The 
increased activity of CK in the brain of glioma induced rats sug-
gests that the CK alters the brain cellular energy requirements 
by playing central role in regeneration of ATP as a proliferat-
ing tumour cells require high energy for fast cell division and 
invasion.49 The elevated activities of these glial-tumour related 
metabolic markers enzymes (CK, LDH, 5′ NT, HK and G6PD) in 
C6 glioma cells implanted rat brain were significantly reversed 
upon the administration of NGEN revealing the drug’s poten-
tial against glial tumour cell pathology, reflecting reduction of 
tumour burden.

Lipids are the structural components of cell membrane involved 
in maintaining integrity and fluidity of the cellular membrane 
components. The structural modification or alteration in the in-
tracellular trafficking of cholesterol and other lipids shows the 
indication of pathological conditions.50 Furthermore, abnormal 
lipid synthesis or defective degradation of lipids has been impli-
cated in pathological conditions like cancer51 including glioma.48 
Thus, the potential of NGEN was also tested in decreasing the 
elevated lipids in rat glioma. The observed increase in the level 
of phospholipids, triglycerides and free fatty acids in glioma in-
duced group II rats implicates their contribution to the growth 
and proliferation of growing cancer cells as suggested by Krämer 
et al.52 Previous findings have suggested that tumour growth is 
associated with an enhanced mobilization of stored triglycerides 
so that the resulting liberation of free fatty acids can be utilized 
for tumour growth53 as observed in group II rat brains implanted 
with C6 cells. However, such a scenario was altered by NGEN ad-
ministration which thus, counteracts the growth and prolifera-
tion of implanted C6 glial cells in group IV rats. 

GFAP is a member of the class III intermediate filament protein 
family. It is heavily and specifically, expressed in astrocytes and 
certain other regions in the central nervous system. Antibodies 
to GFAP are, therefore, very useful as markers of atrocity cells. In 
addition, many types of brain tumour presumably derived from 
atrocity cells, heavily express GFAP.54 High GFAP content can be 
detected also in malignant brain tumours.55 In accordance with 
the above reports, significantly higher expression of GFAP was 
encountered group II rats when compared to that of control, 
representing astrocytic tumour development which could be 
suppressed on NGEN treatment. This suppression of GFAP by 
NGEN might be argued as reduction of number of highly prolif-
erative astrocytes. To conclude, thus these finding suggest that 
the NGEN supplementation to cerebrally implanted C6 glioma 
cells in rats could alters the glial tumorigenesis. 
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