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Radiosensitizing effects of 2-deoxy-D-glucose and ferulic acid on mouse 

Ehrlich’s Ascites Carcinoma in Swiss albino mice 
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ABSTRACT: 
 
 The objective of the present study is to evaluate the radiosensitizing activity 
of combination of 2-deoxy-D-glucose (2DG) and ferulic acid (FA) against                                       
Ehrlich’s Ascites Carcinoma (EAC) in Swiss albino mice. Extensive DNA damage has 
been observed in the cells collected from the peritoneal cavity of combined treatment 
group (2DG+FA+IR) than the other treatment modalities. Treatment of EAC tumor 
bearing mice with 2DG and FA before 8 Gy of hemi-body γ-radiation has resulted in 
the significant decrease of tumor volume and tumor weight compared with                                
EAC control group. Further, combination of 2DG and FA along with radiation 
decreased the viability of tumor cells in the peritoneal fluid of EAC bearing mice. It has 
been also found that the percentage of EAC apoptotic cells in the peritoneal fluid has 
been significantly increased in the combined treatment group (2DG+FA+IR) compared 
with other treatment groups. Combined treatment of 2DG and FA activated                             
caspase-3 and 9, when compared with the treatment given with radiation alone 
indicated radiosensitizing effect of this combination (2DG+FA). This has been                            
further evidenced by the massive decrease of LDH activity in the 2DG+FA+IR group.                       
On other hand, 2DG and FA combination protects the hematological changes occurred 
during radiation treatment. Histopathological examinations showed that the 
combination of 2DG and FA offers protection to normal tissues during radiation 
treatment. Taken together, the results of the study clearly suggested 2DG and FA 
combination sensitizes EAC bearing mice to radiation effects at the same time offers 
protection to normal tissues from radiation-induced damage. 
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INTRODUCTION 

 Radiotherapy is one of the major treatment 

options in cancer management. About 52% of cancer 

patients receive radiotherapy at least once during their 

treatment period (Delaney et al., 2005).The goal of 

radiotherapy is to destroy or inactivate cancer cells while 

preserving the integrity of normal tissues within the 

treatment field. Many tumors develop resistance to 

radiotherapy when given alone for prolonged periods.                   

In most cases radiotherapy is given along with surgery or 

chemotherapy. Newer approaches in ‘combination 

therapy’ are gaining momentum because of the beneficial 

effects offered. The most frequently used combination                 

o f  c h e m o t h e r a p e u t i c  a g en t s  i n c l u d e s                                                   

cis-dichlorodiamine-platinum (II), paclitaxel, docetaxel, 

gemcitabine and topotecan (Dimitroulis et al., 2006).                    

To reduce the toxic effects of combination regimens, 

new class of compounds are required which shall reduce 

the side effects and give optimum therapeutic benefits. 

Combination regimens using phytochemicals and 

metabolic analogs may be suited to alleviate the side 

effects of radiotherapy and chemotherapy and increase 

the effect of radiation on neoplastic cells, while 

protecting normal cells from radiation damage                                 

(Rao et al., 2008). 

 2-deoxy-D-glucose (2DG), an analog of glucose, 

is a glycolytic inhibitor. After the formation of                              

glucose 6-phosphate (via hexokinase) the major 

pathways of glucose metabolism include glycolysis and 

the pentose phosphate cycle (Sharma et al., 2007). 

Glycolysis results in the formation of pyruvate and the 

pentose phosphate pathway results in the formation of 

NADPH (Sharma et al., 2007). Pyruvate, in addition to 

being a substrate for the formation of acetyl-CoA and 

energy metabolism via the tricarboxylic acid (TCA) 

cycle and mitochondrial oxidative phosphorylation, has 

been shown to scavenge hydrogen peroxide and other                                     

hydro peroxides  (Ahmad et al., 2004). NADPH, by 

virtue of being the source of reducing equivalents for the 

glutathione/glutathione peroxidase/glutathione reductase 

system, has also been shown to participate in the 

metabolic decomposition of hydrogen peroxide and 

organic hydroperoxides (Ahmad et al., 2004).                                 

Therefore, in addition to its well known role in energy 

production, glucose metabolism appears to be integrally 

related to the metabolic detoxification of intracellular 

hydroperoxides formed as byproducts of oxidative 

metabolism. It was reported that glucose deprivation 

causes cytotoxicity in the MCF-7/ADR human                               

multidrug-resistant breast carcinoma cell line (Lee et al., 

1998). 2DG inhibits growth and induces apoptosis in a 

number of cancer cell lines (Lee et al., 1998).                             

2DG exhibits a cytotoxic effect in cancer cells, but the 

same dose spares normal cells (Reddy and Prasad, 2011). 

In addition, the cytotoxic effect of 2DG is greater in 

cancer cells that exhibit mitochondrial respiratory defects                                       

(Gogvadze et al., 2008). Many mechanisms are 

postulated to contribute to the antitumor effect of 2DG, 

including inhibition of glucose transport and hexokinase 

II activity, depletion of cellular ATP, blockage of cell 

cycle progression, induction of apoptosis, induction of 

endoplasmic reticulum stress, and/or induction of 

oxidative stress (Coleman et al.,  2008).                                          

2DG significantly sensitizes human osteosarcoma and 

non-small cell lung cancer to adriamycin and paclitaxel 

in mouse models (Maschek et al., 2004).  

 Plant phenolics could fit as promising adjuvants 

for radiotherapy by enhancing radiosensitivity of cancer 

cells and by decreasing radiation effects in normal cells 

(Kim et al., 2011). Radiosensitizing effects of many 

phytochemicals are thought to interact with several 

intracellular signaling molecules which then mediate 

signaling cascades including cell cycle arrest and cell 

death (Kim et al., 2011). Curcumin, a polyphenol, has 

been reported to confer radiosensitizing effect in 

relatively radio- resistant prostate cancer cell line PC-3 

(Chendil et al., 2004). Ferulic acid (FA)                                             

(4-hydroxy-3-methoxycinnamic acid) (C10H10O4) is a 
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ubiquitous phenolic compound in plant tissues; therefore, 

it constitutes a bioactive ingredient of many foods. 

Prooxidant activity of hydroxycinnamic acids in different 

experimental models has been previously reported 

(Zheng et al., 2008). It has been reported earlier from our 

laboratory that FA sensitizes human cervical carcinoma 

cells to radiation and this property is attributed to its                    

pro-oxidant nature (Karthikeyan et al., 2011). Further, 

FA in combination with 2DG enhanced radiation effects 

in NCI-H460 cells in vitro (Reddy and Prasad, 2011).                    

There were number of experimental models available to 

study in vivo anticancer effect of test compounds. EAC is 

one of the models still best suitable to study 

radiosensitizing mechanisms due to its rapid growth rate 

and undifferentiated nature (Ozaslan et al., 2011). Hence, 

in the present study, an attempt has been made to 

evaluate the radiosensitizing potential of 2DG and FA in 

EAC bearing experimental animals. 

 

MATERIALS AND METHODS 

Chemicals 

 2 - d e o x y- D - g l u c o s e ,  f e r u l i c  a c i d ,                                                   

ethidium bromide and acridine orange were purchased 

from Sigma Chemicals Co., St. Louis, USA.                               

ApoAlert caspase 3 and 9 fluorescent assay kit was 

purchased from Clontech Laboratories, Inc., Canada. All 

other chemicals and solvents used in the study were of 

the highest purity and were purchased from Himedia and 

NICE chemicals, Mumbai, India. 

Animal care and handling 

 Ten- to twelve-week-old female Swiss albino 

mice weighing 25 to 30 g were selected from an inbred 

colony maintained under the controlled conditions of 

temperature (23 ± 2°C), humidity (50 ± 5%) and light 

(14 and 10 h of light and dark, respectively). The animals 

had free access to sterile food and water. The animals 

were housed in a polypropylene cage containing sterile 

paddy husk (procured locally) as bedding throughout the 

experiment. The study was approved by the Institutional 

Animal Ethical Committee of Annamalai University, 
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Figure 2 Effect of 2DG, FA and/or IR on (a) viable cell 

count and (b) nonviable cell count in EAC bearing mice. 

Values are given as means ± S.D. of six experiments in 

each group. Values not sharing a common marking 

(a,b,c…etc) differ significantly at p<0.05 (DMRT).  

Figure 1 Effect of 2DG, FA and/or IR on (a) tumor 

volume and (b) tumor weight in EAC bearing mice. 

Values are given as means ± S.D. of six experiments in 

each group. Values not sharing a common marking 

(a,b,c…etc) differ significantly at p<0.05 (DMRT). 

Figure 3 Effect of 2DG, FA and/or IR on serum LDH 

activity in EAC bearing mice. Values are given as 

means ± S.D. of six experiments in each group.             

Values not sharing a common marking (a,b,c…etc) 

differ significantly at p<0.05 (DMRT). 



 

 

Chidambaram, India. 

Transplantation of tumor and treatment schedule 

 EAC cells were obtained from Amala Cancer 

Research Institute, Thrissur, Kerala, India. The EAC 

cells were maintained in vivo in Swiss albino mice by 

intraperitoneal transplantation of 2 x 106 cells per mouse 

every 10 days. Ascitic fluid was drawn out from EAC 

tumor bearing mouse at the log phase (days 7-8 of tumor 

bearing) of the tumor cells. Each animal received 0.1 ml 

of tumor cell suspension containing 2 x 106 tumor cells 

intraperitoneally. On the 7th day after EAC tumor 

inoculation, when the tumors were in the exponential 

growth phase, the animals were randomly divided into 

nine groups (each group=6 animals) as follows: 54 Swiss 

albino mice were divided into nine groups (n=6) and 

given food and water ad libitum. All the animals in each 

groups except Group I received EAC cells                                    

(2 x 106 cells/mouse i.p.). Group III and GroupVII 

received 0.5 g/kg body weight of 2DG through i.p. 

injection on every alternate day for 14 days. Group IV 

and Group VIII received 50 mg/kg body weight of FA 

through i.p. injection on every alternate day for 14 days. 

Group V and Group IX received 0.5 g/kg body weight of 

2DG and 50 mg/kg body weight of FA through i.p. 
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Figure 4 Effect of 2DG, FA and/or IR on (a) DNA damage (b) Percentage tail DNA (c) tail length in 

EAC bearing mice. Values are given as means ± S.D. of six experiments in each group.                         

Values not sharing a common marking (a,b,c…etc) differ significantly at p<0.05 (DMRT). 

A 



injection on every alternate day for 14 days. On the                   

15th day, animals from Group VI to IX received                                

8 Gy hemi-body γ-radiation (2 Gy/min). 24 hours after 

the exposure of animals to γ-radiation and 18 h of 

fasting, the animals were anesthetized and sacrificed by 

cervical dislocation. Peritoneal fluid containing EAC 

cells was collected and used to estimate DNA damage 

and apoptotic morphological changes and tumor cell 

count. Blood was collected to analyze the hematological 

changes. Serum was collected to analyse the                              

LDH activity. Tissues (Liver and spleen) were dissected 

to observe the histopathological changes. 

Tumor volume 

 The ascitic fluid was collected from the 

peritoneal cavity of the mouse. The volume was 

measured by taking it in a graduated centrifuge tube 

(Bhattacharya et al., 2011). 

Tumor weight 

 The tumor weight was measured by taking the 

weight of the animal before and after the collection of 
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Figure 5 Effect of 2DG, FA and/or IR on (a) apoptotic morphology (b) percentage of apoptosis in 

EAC bearing mice. Values are given as means ± S.D. of six experiments in each group.                           

Values not sharing a common marking (a,b,c…etc) differ significantly at p<0.05 (DMRT). 

A 

B 



 

 

the ascetic fluid from peritoneal cavity                                                    

(Bhattacharya et al., 2011). 

Tumor cell count 

 The ascitic fluid was taken in a WBC pipette and 

diluted 100 times. Then a drop of the diluted cell 

suspension was placed on the Neubauer’s counting 

chamber and the numbers of cells in the 64 small squares 

were counted (Bhattacharya et al., 2011). 

Viable/nonviable tumor cell count 

 The viability and nonviability of the cells were 

checked by trypan blue assay. The cells were stained 

with trypan blue (0.4 % in normal saline) dye. The cells 

that did not take up the dye were viable and those that 

took the dye were nonviable. These viable and nonviable 

cells were counted (Reddy and Prasad, 2011). 

Lactate dehydrogenase (LDH) assay 

 The serum sample was added to a freshly 

prepared NADH solution (2.5 mg/ml in 0.1 M phosphate 

buffer; pH 7.4), and a sodium pyruvate solution                            

(2.5 mg/ml in 0.1 M phosphate buffer, pH 7.4) was 

added to it after 20 min. The absorbance of the mixture 

was noted at 340 nm for 5 min at regular intervals 

(Wroblewski and LaDue, 1955). The unit activity of 

LDH was expressed as the change in optical                                         

density/min/mg of protein in serum sample. Total protein 

content was determined at 650 nm using freshly prepared 

solutions of 2% alkaline sodium carbonate, 0.5% copper 

sulphate in 1% sodium potassium tartrate and                           

Folin–Ciocalteu’s phenol reagent (Lowry et al., 1951). 

Measurement of DNA damage 

   DNA damage was estimated by alkaline single 

cell gel electrophoresis (comet assay) according to the 

method of Singh et al., 1988 (Singh et al., 1988) with 

slight modification (Reddy and Prasad, 2011). The extent 

of DNA damage was estimated by fluorescence 

microscopy using a digital camera and analyzed by 

image analysis software, CASP. For each sample,                          

100 cells were analyzed and classified visually into one 

of five classes according to the intensity of fluorescence 

(DNA) in the comet tail. DNA damage was quantified as 

% of tail DNA and tail length. 

Apoptotic morphology 

 EAC cells were collected from the peritoneal 

cavity and washed with PBS and fixed on microscopic 

slides with 3:1 ratio of methanol:acetic acid. Later, these 

slides were stained with 1:1 ratio of ethidium bromide 

and acridine orange as described elsewhere (Reddy and 

Prasad, 2011). Stained cells were washed with PBS and 

viewed under a fluorescence microscope. The number of 

cells showing features of apoptosis was counted as a 

function of total number of cells present in the field. 

During apoptosis DNA becomes condensed and 

fragmented. This could be observed when several small 

spots of DNA are visible in the nucleus stained by 

acridine orange. Later, the cell membrane becomes 

permeable to dyes like ethidium bromide. The DNA 

spots turn orange red after intercalation of ethidium 

bromide with DNA.  

Caspase 3 and 9 activity assays 

 ApoAlert caspase-3 and 9 assays were performed 

according to the manufacturer’s instructions using 

DEVD-AFC and LEHD-AMC as substrates, 

Reddy and Prasad, 2012             

504                            Journal of Research in Biology (2012) 2(5): 499-512                                                                                                                         

Figure 6 Effect of 2DG, FA and/or IR on (a) caspase 3 

and (b) caspase 9 expressions in EAC bearing mice. 

Values are given as means ± S.D. of six experiments in 

each group. Values not sharing a common marking 

(a,b,c…etc) differ significantly at p<0.05 (DMRT). 

A B 

                       

                         Number of cells X Dilution factor 

Cell count  =   ---------------------------------------- 

                           Area X Thickness of liquid film 



respectively. Fluorometric detection for caspase 3 is 

performed using a 400 nm excitation filter and                          

505 nm emission filter. Fluorometric detection for 

caspase 9 is performed using 380 nm excitation filter and 

460 nm emission filter. Emissions of samples were 

compared with uninduced control cells to determine the 

increase in caspase activities.   

Hematological parameters 

 At the end of the experimental period, the next 

day after an overnight fasting blood was collected from 

freely flowing tail vein and used for the estimation of 

hemoglobin (Hb) content, red blood cell (RBC) count, 

white blood cell (WBC) count and lymphocyte count by 

standard procedures using cell dilution fluids and 

haemocytometer (Mukherjee, 1988). 

 

Histopathological studies 

 Liver and spleen of sacrificed mice were fixed in 

formaldehyde-saline and processed to prepare slides of 

the tissues stained with hematoxylin-eosin for 

microscopic observation of their histopathological status. 

Statistical analysis 

 Statistical analysis to evaluate the significance of 

any differences between the data of two chosen groups 

was done by using one-way ANOVA followed by 

DMRT (Duncan Multiple Range Test) taking p<0.05 to 

test the significant difference between groups. Values are 

given as means ± S.D. of experiments in each group. 
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C D 

B 

Figure 7 Effect of 2DG, FA and/or IR on (a) RBC count (b) hemoglobin content (c) WBC count (d) Percentage 

of lymphocytes in EAC bearing mice. Values are given as means ± S.D. of six experiments in each group. Values 

not sharing a common marking (a,b,c…etc) differ significantly at p<0.05 (DMRT). 

A 



 

 

Values not sharing a common marking (a,b,c.. etc.) differ 

significantly at p<0.05.  

RESULTS 

Tumor volume and tumor weight  

 Figure 1 shows the changes in tumor volume and 

tumor weight in untreated and treated EAC bearing mice. 

EAC control animals showed significant tumor volume 

and tumor weight (3.9 ml and 4.1 g, respectively). Tumor 

volume and tumor weight has been reduced significantly 

upon the treatment with 2DG (2 ml and 3.4 g, 

respectively), FA (2.1 ml and 3.6 g. respectively) and IR 

(1.5 ml and 2.4 g, respectively) alone when compared 

with EAC control mice. Combination of 2DG and FA 

(2DG+FA) (1.4 ml and 2.1 g, respectively) significantly 

decreased the tumor volume and tumor weight compared 

with 2DG or FA alone treated groups. Combined 

treatment group (2DG+FA+IR) (0.5 ml and 0.5 g, 

respectively) has showed a further decrease in tumor 

volume and tumor weight when compared with all other 

treatment modalities. 

Tumor cell viability 

 Figure 2 shows the effect of 2DG and FA 

pretreatment on tumor cell viability in γ-radiation treated 

EAC bearing mice. Compared with control group, the 

viable cell count has been decreased in 2DG, FA and IR 

treatment groups. Combined treatment of 2DG and FA 

has resulted in the significant decrease in viable cell 

count compared with 2DG or FA alone treated groups. 

Combined treatment group (2DG+FA+IR) has showed a 

further decrease in viable cell count compared with                          

2DG and FA treatment group. 

Lactate dehydrogenase activity  

 Figure 3 shows the effect of 2DG and FA 

pretreatment on LDH activity in γ-radiation treated EAC 

bearing mice. Compared with normal group, EAC 

control mice have shown high LDH activity. LDH 

activity has decreased significantly in 2DG, FA and 

2DG+FA treated groups compared to EAC control. 

2DG+FA+IR treatment group has showed decreased 

activity of LDH compared to IR alone treated group.                   

The LDH activity is near to normal in 2DG+FA+IR 

treatment group. 
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Figure 8 Effect of 2DG, FA and/or IR on histopathological changes in the liver of EAC bearing mice. (A)  

migration of tumor cells close to the capsule (B) appearance of tumor cells near capsules minimized, nuclear  

disintegration observed (C) presence of tumor cells near the lining of the capsule minimized (D) tumor cells 

showed necrosis, nuclear disintegration observed (E) tumor cells appeared adherent to the lining of the  

capsule (F) necrosis of the tumor cells and blast formation of the liver cells observed (G) tumor cell neurosis 

and blast formation of the liver cells observed (H) Viable tumor cells not seen on the lining of the capsule. 



DNA damage 

 Figure 4a shows photomicrographs of DNA 

damage (comet assay) in 2DG, FA and IR treatment 

groups. The control cell showed largely non-fragmented 

DNA. We observed fragmented DNA in 2DG, FA and 

radiation treated mice which appear as a comet during 

single cell gel electrophoresis. Figure 4b & 4c shows the 

changes in the levels of % DNA in the tail and tail length 

of different treatment groups in EAC bearing mice. 

There were no changes in levels of DNA damage in the 

untreated control cells. Treatment with 2DG, FA and IR 

alone increased DNA damage compared to untreated 

control cells. 2DG+FA+IR treatment group shows 

increased % of DNA in the tail and tail length compared 

to any other treatment group. 

Apoptotic morphology 

 Cells with condensed or fragmented chromatin, 

indicative of apoptosis, were observed in different 

treatment groups as compared  to  control  cells  which  

showed  evenly distributed  green  fluorescent  chromatin 

(Figure 5a).  Figure 5b shows the quantitative result of 

apoptosis in the different treatment groups. Percentage of 

apoptotic cells has increased in the combined treatment 

of 2DG and FA compared with 2DG and FA alone 

treatment groups. Combined treatment group 

(2DG+FA+IR) has showed 79% of apoptotic cells. 

Caspase-3 and 9 expression 

 Figure 6a and b shows the spectrofluorometric 

readings for the analysis of caspase 3 and 9 in 2DG, FA 

and IR treatment groups. The activity of apoptotic 

enzymes caspase-3 and 9 were significantly increased in 

2DG, FA and 2DG+FA treatment groups. The group 

with the treatment of radiation alone has also showed a 

significant increase in the activity of caspase-3 and 9 

compared with EAC control group. Treatment with 2DG 

and FA before irradiation has resulted in the increased 

expression of caspase 3 and 9, compared with the group 

treated with radiation alone. 

Hematological changes 

 Figure 7 shows the effect of 2DG, FA and IR on 

hematological parameters in EAC bearing mice. RBC 

count and hemoglobin content have been increased in the 

Reddy and Prasad, 2012             

Journal of Research in Biology (2012) 2(5): 499-512                                   507 

Figure 9 Effect of 2DG, FA and/or IR on histopathological changes in the spleen of EAC bearing mice. (A)                 

tumor cells seen peripheral to the spleenic capsule (B) spleen shows necrosis and fibrosis around the capsules 

(C) viable tumor cells were seen around the lining of the spleenic capsule (D) tumor cells seen decreased 

around the capsule and fibrosis observed (E) tumor cells present around the spleenic capsule shows necrosis 

(F) less number of tumor cells around the capsule observed (G) tumor cells shows necrosis and fibrinolytic 

changes observed (H) viable tumor cells not seen on the lining of the spleenic capsule. 



 

 

2DG and FA treatment group compared with 2DG and 

FA alone treated groups. WBC count and % of 

lymphocytes have been decreased in the 2DG and FA 

treatment group. In the combined treatment group 

(2DG+FA+IR), RBC count and hemoglobin content had 

significantly increased and WBC count had decreased 

compared with IR treatment group alone. 

Histopathological changes 

 Figure 8 shows the histopathological results of 

the liver of treated and untreated EAC bearing mice. In 

EAC control mice, clumps of EAC cells were observed 

close to the capsule of liver. In radiation alone treated 

mice, few cells were seen adherent to the capsule and 

appeared viable. But there were no tumor cells outside 

the capsule and the rest of the hepatocytes exhibited 

nuclear disintegration. In 2DG and FA treated group, the 

tumor cells were not seen both inside the capsule and 

outside the capsule and the nuclear disintegration of the 

hepatocytes was also observed. 

 The histopathological results of the spleen of 

treated and untreated EAC bearing mice is shown in the 

figure 9. The tumor cells were seen peripheral to                            

spleenic capsule and the anaphylatic cells were observed 

deeper to the capsule, but in the radiation group, the 

tumor cells were seen peripheral to the capsule with 

necrosis. Animals received 2DG and FA together 

showed that, 2DG and FA increased the radiation effects 

on tumor cells by increasing the tumor cell necrosis.  

 

DISCUSSION 

 In the present study, we observed the 

radiosensitizing potential of 2DG and FA in EAC 

bearing Swiss albino mice. Tumor volume and tumor 

weight has been reduced significantly upon the treatment 

with 2DG (2 ml and 3.4 g, respectively), FA (2.1 ml and 

3.6 g. respectively) and IR (1.5 ml and 2.4 g, 

respectively) when compared with EAC control mice 

(3.9 ml and 4.1 g, respectively). In combined treatment 

group (2DG+FA+IR), administration of 2DG and FA 

before 8 Gy hemi-body γ-radiation caused retardation in 

the tumor volume (0.5 ml) and tumor weight (0.5 g). The 

decreased tumor volume might be because of the 

inhibition of EAC cell proliferation by the combination 

of 2DG and FA. Reduction in viable cell count in the 

peritoneal fluid of tumor host suggests the 

radiosensitizing effect of combination of 2DG and FA in 

EAC bearing mice. It has been reported earlier that the 

combination of 2DG and FA decreases the cell 

proliferation of NCI-H460 cells in vitro                                          

(Reddy and Prasad, 2011). 

 The induction of apoptotic pathway is crucial for 

the anti-proliferative potential of treatment compounds 

administered during cancer therapy (Essack et al., 2011). 

In this study, we observed an increase in the percentage 

of EAC apoptotic cells in the radiation treated EAC 

mice. Administration of 2DG+FA before irradiation has 

resulted in the maximal increase of apoptotic cells in the 

peritoneal fluid. Recently, specific intracellular proteases 

belonging to the protease family have emerged as crucial 

effectors of apoptosis (Eriksson et al., 2009). It is well 

established that activated caspase 9 triggers a cascade 

that culminates in the activation of caspase 3 resulting in 

chromosomal DNA fragmentation and cellular 

morphologic changes characteristic of apoptosis 

(Thornberry and Lazebnik, 1998). The present study 

results demonstrated that initiator caspase 9 from 

intrinsic pathway and effector caspase 3 participated in 

the apoptotic process following radiation; these results 

are well correlated with the earlier findings                                  

(Eriksson et al., 2009). It was demonstrated that glucose 

depr ivat i on  promoted the act ivat i on  of                                                      

mitochondria-dependent pathways leading to apoptosis                                       

(Munoz-Pinedo et al., 2003). It has been reported earlier 

that phytochemicals induce reactive oxygen species, 

which mediate apoptosis in human cervical cancer cells 

(Javvadi et al., 2008). The induction of DNA strand 

breaks is often used to predict the radiosensitivity of 

tumor cells. Increased DNA damage observed during 

Reddy and Prasad, 2012           

508                                           Journal of Research in Biology (2012) 2(5): 499-512 



radiation treatment in the cells isolated from the 

peritoneal cavity of EAC mice. In the combined 

treatment group (2DG+FA+IR), the extent of DNA 

damage was more, as is evident by the increased tail 

length and % of DNA in tail. 2DG inhibits DNA repair 

pathways in cancer cells after exposure to ionizing 

radiation (Sinthupibulyakit et al., 2009). Damage to 

DNA by ROS and RNS is reported to initiate signaling 

cascades and results in activation of transcription of 

specific groups of genes which may lead to apoptosis 

(Valko et al., 2007).  Phenolic acids are reported to cause 

DNA damage by increasing the ROS production in 

cancer cells (Kim et al., 2011; Chendil et al., 2004). 

 The inclusion of phytochemicals in radiotherapy 

regimens will improve the therapeutic index by killing 

neoplastic cells and reducing radiation toxicity to normal 

tissues. The major problem that arises with radiation 

treatment is anemia due to reduction in RBC. In this 

study, elevated WBC count, reduced hemoglobin and 

RBC count were observed in EAC bearing mice. It was 

observed there was a decrease in the RBC count, 

hemoglobin content and WBC count in the radiation 

alone treated EAC mice. Myelosuppression and anemia 

(reduced hemoglobin) have been frequently observed in 

ascites carcinoma (Price et al., 1950). Anemia 

encountered in ascites carcinoma mainly due to iron 

deficiency, either by haemolytic or myelopathic 

conditions which finally lead to reduced RBC number 

(Fenninger et al., 1954). Treatment with 2DG and FA 

before irradiation restored the RBC count and 

hemoglobin content to near normal levels, which 

indicates the protective action of 2DG and FA against the 

radiation induced damage. It has been reported earlier 

that ferulic acid offers protection against γ-radiation 

induced damage in Swiss albino mice (Maurya and Nair, 

2006). Intraperitoneal administration of 2DG and FA 

before irradiation restored the WBC count to near normal 

levels. The observed change in hematological parameters 

supports the hematopoietic protecting activity of 2DG 

and FA. It has been also observed that the combination 

of 2DG and FA also offers protection against 

myelotoxicity, the most common side effect of cancer 

radiotherapy. It was reported earlier that 2DG offers 

protection against perchloroethylene induced                            

a l t er at i on s in  h ematolog i cal  parameter s                                       

(Ebrahim et al., 2001). Earlier reports also highlighted 

the protective effect of FA on hematopoietic cell 

recovery in γ-irradiated mice (Ma et al., 2011).  

 The multitude of pathological changes caused by 

the progression of tumor as well as its inhibition through 

treatment compounds are expected to be reflected in the 

biochemical parameters of the host system, particularly 

pertaining to the liver. In the present study, increased 

LDH activity in EAC bearing mice might be because of 

two reasons; 1) progression of tumor 2) high rate of 

glycolysis observed in malignant conditions                                 

(Hazra et al., 2005). Administration of 2DG+FA before 

irradiation helps in restoring the activity of LDH to near 

normal. Taken together with the decreased viable cell 

count in the combined treatment (2DG+FA+IR), the 

reason for restoration of LDH activity could partly be 

explained. In the present study, experimental animals 

exposed to γ-radiation alone have showed comparatively 

elevated levels of LDH in serum. In alignment with 

earlier reports, it is assumed that the radiosensitive 

organs thymus and spleen might be the possible sources 

of increased amounts of serum LDH after γ-radiation 

exposure (Hori et al., 1970). It was reported earlier that 

the level of LDH release was reduced significantly by a 

treatment with 2DG in neural progenitor cells                            

(Park et al., 2009). Microscopic examination of tissues 

from EAC control mice showed marked alterations in the 

structure of liver and spleen. Presence of tumor cells 

along the lining of the capsules of liver and spleen are 

seen in EAC bearing mice. Treatment with 2DG and FA 

decreased the viable tumor cells along the lining of the 

capsules and showed near to normal pathological status 

despite being challenged by the tumor cells. 
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CONCLUSION 

 In conclusion, the present study findings 

indicated the radiosensitizing potential of combination of 

2DG and FA, by decreasing the tumor weight, tumor 

volume, tumor cell count and increasing the expression 

of caspase family proteases. It has also been understood 

that the combination of 2DG and FA restored the 

hematological and histopathological changes to near 

normalcy. Further studies highlighting the molecular 

mechanisms involved in the radiosensitizing activity of 

2DG and FA are warranted.  
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