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1.  INTRODUCTION
Ionising radiation exposure causes oxidative damage 

to the living tissues and creates oxidative stress in 
the biological systems that may lead to death1,2. With 
the increasing use of nuclear radiation in daily life 
particularly in the field of research, energy generation, 
disease diagnosis, radiotherapy of cancer patients, space 
applications and persistent threat of unplanned radiation 
eventuality due to accidental or deliberate radiation exposure 
due to atomic weapon detonation, safety of humankind 
is of utmost significance. Therefore, it is necessary 
to develop radioprotective agents with low toxicity to 
combat planned and unplanned radiation emergency. 
Most of the radiation-induced damage to biomolecules 
in cellular aqueous media is caused by the free radicals 
generated by water radiolysis. Antioxidant agents are able 
to prevent the occurrence of such deleterious processes, 
mainly due to their free radical scavenging properties3. 
Antioxidants convert the free radicals into stable products 
and thereby prevent them to react with other molecules 
in the vicinity and thus block the free radicals mediated 
chain reactions like interactions with hydrogen peroxide 

to form ferryl, perferryl species, which can initiate lipid 
peroxidation4.

The capability of radioresistant bacteria to produce 
radioprotective molecule(s) of human interest has been 
extensively reviewed5. Various prokaryotic organisms 
including Deinococcus radiodurans,  Rubrobacter 
radiodurans, Micrococcus radiodurans, Thermococcus 
gammatolerans and a gigantic group of Bacillus sp. are 
known to resist against extreme environments such as 
extreme gamma-radiation, desiccation, high temperature, 
oxidative stress, etc6. Radioresistant bacteria possibly 
adapted against oxidative stress induced by desiccation 
or supra-lethal doses of gamma-radiation. Therefore, 
hypothetically these microbes might be a rich source 
of antioxidants and radioprotective agents. One of 
the several hypotheses of radioresistance development 
in the microbes can be explained by their ability to 
synthesise specific anti-radiation/antioxidant biomolecules 
to neutralise the free radicals generated by irradiation 
in their own cellular environment. In view of above, 
novel strategies adopted by radioresistant bacteria to 
combat oxidative stress induced by gamma irradiation 
may open-up new avenues to explore them as novel 
source of radioprotective drug for human applications 
against radiation induced lethality5,7.
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In view of above background in the present study, 
N-acetyl tryptophan glucoside (NATG), a secondary 
metabolite, initially isolated from radioresistant bacterium 
Bacillus sp. INM-1 was evaluated in irradiated and 
un-irradiated form for its free radicals and antioxidant 
activities as determined via DPPH- and SOD-like scavenging 
activity in vitro using electron paramagnetic resonance 
spectrometry. Animal studies were undertaken to elucidate 
the role of NATG in the modulation of radiation-induced 
hematopoietic damage. This assessment comprised of 
free radicals scavenging efficacy of gamma irradiated 
and untreated NATG in spleen and blood of mice.

2.  MATERIAL AND METHODS
2.1 Electron Paramagnetic Resonance 

Spectrometric Analysis 
For all electron paramagnetic resonance (EPR) 

measurements X-band EMX micro EPR spectrometer 
(Bruker, Germany) equipped with a standard resonator 
was used. Standard quartz capillaries were used as sample 
tubes. The capillary tubes were sealed and placed inside 
a standard EPR quartz tube (3 mm i.d., 150 mm length, 
0.1 mm wall thickness) that placed in the EPR cavity. 
All EPR experiments were performed in triplicate at 
room temperature (18 °C to 23 °C). Spectral processing 
(g-value calculation) was performed with Bruker WIN-
EPR and SimFonia software.

2.2 Direct EPR Spectrometric Analysis of NATG
Direct EPR spectrometric analysis of NATG in 

powdered and aqueous solution before and after UV 
irradiation. For all EPR measurements, X-band EMX 
micro EPR spectrometer (Bruker, Germany) equipped 
with standard resonator was used. Experiments were 
performed in triplicate at room temperature (18 °C 
- 23 °C) and relative humidity 40 per cent. Spectral 
processing (g-value calculation) was performed using 
Bruker WIN-EPR and SimFonia software. Spectra of 
NATG in powder and aqueous solution were recorded 
using following EPR settings. 

2.3 EPR Analysis in Dry Powdered Form
Gain 2 x 103, microwave power 0.645 mW, centre field 

3514 G, time constant 327.680 ms, sweep time 61.440 s, 
modulation amplitude, 12.00 G, 1 scan per sample. 

2.4 EPR Analysis Insolution Form
Gain 1 x 105, microwave power 6.494 mW, center 

field 3514 G, time constant 163.840 ms, sweep time 
16.384 s, modulation amplitude 12.00 G, 1 scan per 
sample. The EPR analysis parameter settings for the 
UV-irradiated NATG samples were same as mentioned 
above except reduced modulation amplitude to 1.00 G.

2.5 Sample Preparation  
Sample preparation for determination of DPPH radical 

scavenging activity of NATG. NATG powdered samples 
were UV irradiated using a UV–VIS Transilluminator-4000 

(Stratagene, USA) using wavelength range from 290 nm 
- 320 nm for 2 h in the dark. While, in another group, 
NATG was irradiated with 8 Gy (dose rate of 0.574 
Gy/min) and 20 Gy (dose rate of 1.11 kGy/h) gamma 
radiation. 1.0 mg UV-irradiated and gamma irradiated 
(20 Gy and 8 Gy) as well as untreated control NATG 
powdered samples were stirred with 1.0 ml of distilled 
water for 30 minutes at room temperature. Solutions 
with different concentrations of NATG (0.1- 0.012 per 
cent) were sonicated for 2 min (Sonicator Water bath 
Elmasonic PH750 EL). Homogeneous NATG solution 
(0.1 per cent - 0.0125 per cent) was mixed with 250μl 
of ethanolic solution of DPPH (200 µM). DPPH free 
radicals scavenging activity of NATG was determined 
using EPR spectrometry method as follows.

2.6 Evaluation of DPPH Radicals Scavenging 
Activity of NATG  
Radical scavenging activity of NATG was determined 

according to Bernardo8, et al. with slight modifications 
as described by Zheleva9, et al. Briefly, 250 µl of DPPH 
(200 μM) alcoholic solution was added to 10 µg - 60 
µg samples of NATG stock (1 mg/ml aqueous stock)
solution. After 2 min incubation in the dark, the mixture 
was transferred to a quartz capillary tube. The control 
sample contained 250 µl ethanol solution of DPPH plus 
10 µl of distilled water was also prepared simultaneously. 
Time-dependent DPPH radicals scavenging activity was 
determined by adding 60 µg samples of NATG (1 mg/
ml stock) to 250 µl ethanol solution of DPPH (200 
μM) and EPR spectra was recorded after completion of 
10 min - 30 min incubation period. The percent of the 
DPPH radicals scavenged by the NATG was calculated 
according to the equation: 
Scavenged DPPh radicals (per cent) = [(Io-I)/Io] × 100 %
where –Io was integral intensity of the DPPH radical 
signal of the control sample and I was the integral 
intensity of the DPPH radical signal after addition of 
radical scavenger NATG to the control sample.

2.7 Determination of DPPH Radicals Scavenging 
Activity of NAT  
DPPH radicals scavenging activity of NATG was 

determined according to the Brand-Williams10, et al. 
with some modifications. 0.3 ml of NATG (stock  
1 mg/ml in H2O) before and after UV/ gamma irradiation 
was added to 0.1 ml 1M Tris-HCl buffer (pH 7.9) and 
mixed with 0.6 ml of 80 μM DPPH ethanolic solution. 
The reaction mixture was incubated for 10 minutes at 
room temperature. After incubation completion, absorbance 
of the reduced DPPH was recorded at 517 nm. The 
experiments were carried out in triplicate. Percent of 
the DPPH radicals scavenged by NATG was calculated 
according to the equation: 

Scavenged DPPh radical (per cent) = [(A0−AS)/A0]×100
where A0; absorption of the control samples while, AS; 
absorption of the test samples at 517 nm.
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2.8 Determination of Sod-Like Activity of NATG  
Superoxide dismutase activity (Cu/Zn-SOD) was 

determined in the erythrocyte lysate by the method 
described by Sun11, et al. and modified by Gadjeva12, et al. 
The hypoxanthine/xanthine oxidase system was used 
to generate superoxide anion. 0.2 ml hypoxanthine, 
0.02 ml EDTA, 0.4 ml NBT, 0.88 ml PBS-buffer was 
mixed with 1 mg/ml of NATG. Reaction mixtures were 
incubated for 20 min at 37 °C and then chilled in ice 
bath to stop the reaction. Superoxide anion reduces 
nitrobluetetrazolium (NBT) into soluble formazan which 
was estimated spectrophotometrically at 560 nm. One unit 
of superoxide dismutase like activity is defined as the 
amount of enzyme that produces 50 per cent inhibition 
of reduction to formazan. 

2.9 EPR Studies to Evaluate In Vivo Oxidative 
Stress
Electron Paramagnetic resonance studies conducted 

to evaluate in vivo oxidative stress in un-irradiated and 
irradiated NATG treated mice. For EPR measurements an 
X-band EMXmicro, EPR spectrometer (Bruker, Germany) 
equipped with standard resonator was used. Spectral 
processing was performed using Bruker WIN-EPR and 
SimFonia software. To evaluate the role of NATG in 
overcoming oxidative stress induced by chemical oxidants, 
levels of ascorbate, NO radicals and other ROS were 
calculated by double integration of the corresponding 
EPR spectra registered with blood and spleen tissue 
homogenates.

3. SAMPLE PREPARATION
Male strain A’mice (n=6/ group) were injected (-2h) 

with un-irradiated and (8Gy and 20Gy) irradiated NATG 
(40-80 mg/kg b.wt, i.p). After completion of incubation 
period (1-2h) animals were dissected. Blood and spleen 
tissue were collected and homogenized in cold PBS buffer 
and direct as well as spin trapping EPR spectrometric 
analysis was performed. Results were compared to those 
of non-treated control mice.

3.1 Determination of Reactive Oxygen Species   
The level of reactive oxygen species (ROS) generation 

in the blood and spleen of the mice was studied according 
to Shi13, et al. with some modifications by Zheleva9, et al.. 
Following experimental groups were formed, Gp 1: 
untreated control mice (n=6), Gp 2: mice (n=6) treated 
with normal NATG (40 mg/kg b.wt), Gp 3: mice (n=6) 
treated with normal NATG (80 mg/kg b.wt), Gp 4: mice 
(n=6) treated with  irradiated (8Gy) NATG (80mg/kg 
b.wt), Gp 5: mice (n=6) treated with  irradiated (20 Gy) 
NATG (80 mg/kg b.wt). Briefly, about 0.1gm of spleen 
sample was homogenised with 1.0 ml of 50 mM solution 
of the spin-trapping agent PBN dissolved in DMSO. ROS 
level was monitored using following EPR settings: center 
field 3503 G; sweep width 10.0 G; microwave power 
12.83 mW; receiver gain 1х106; mod. amplitude 5.00 G; 
time constant 327.68 ms;  sweep time 81.92 s, 5 scans/

sample. Data obtained was plotted and compared with 
control groups. Each experiment was performed three 
consecutive times. The results obtained were compared 
between all experimental groups for radical levels. Data 
was averaged after integration of the double integrated 
plate and interpreted in terms of arbitrary units (a.u = 
DI/N).

3.2 Determination of Ascorbate Radicals  
The ascorbate levels in spleen homogenate were 

analysed according to Buettner and Jurkiewicz14 with 
slight modifications. Experimental groups taken for the 
study were same as mentioned above. Spleen tissue 
was collected in cold saline and processed immediately. 
Tissue samples were weighed, homogenised in DMSO 
(10 per cent w/v) and centrifuged at 4000 xg, at 4 °C 
temperature for 10 minutes. Supernatant was collected 
and level of ascorbate radicals determined using EPR 
spectrometry. EPR settings used were as follows: center 
field 3505 G; sweep width 30 G; microwave power 12.70 
mW; receiver gain 1 х 104; mod. amplitude 5.00 G; 
time constant 327.68 ms; sweep time 82.94 s; 1scans/ 
sample. The experiments were repeated thrice and 
results presented as an average after integration of the 
double integrated plate and interpreted as arbitrary units  
(a.u = DI/N).

3.3 Determination of Nitric Oxide Radicals  
The levels of NO• radicals were studied according to 

the methods of Yoshioka15, et al. and Yokoyama16, et al. 
with some modifications. Experimental groups were 
same as mentioned above. Briefly, 50 μM solution of 
Carboxy PTIO.K was dissolved in a mixture of 50 mM 
Tris (рН 7.5) and DMSO in a ratio of 9:1. 100 μl tissue 
homogenate was added to 900 μl of Tris buffer (рН 7.5) 
dissolved in DMSO (9:1). The mixture was centrifuged 
at 4000 rpm for 10 minutes at 4 °С temperature. 100 μl 
of spleen homogenate  and 100 μl  of 50 mM Carboxy 
PTIO were mixed and EPR spectrum of the spin adduct 
formed between Carboxy PTIO spin trap and generated 
NO• radicals was recorded. The EPR settings used to 
captured •NO radicals EPR signals were as follows: 
3505 G centerfield, 6.42 mW microwave power, 5G 
modulation amplitude, 75 G sweep width, 2.5x102 gain, 
40.96 ms time constant, 60.42 s sweep time, 1 scan per 
sample. The results obtained after three repetitions were 
averaged and compared after integration of the double 
integrated plate and plotted in terms of arbitrary units 
(a.u = DI/N).

4. RESULTS
4.1 Analysis of Radiation-induced Effects  

Results from direct EPR spectrometric analysis 
of N-acetyl tryptophan glucopyrranoside powder and 
aqueous form before and after irradiation are presented in  
Figs. 1(a), 1(b), and 1(c).

EPR spectra of NATG were recorded after irradiation 
with UV radiation in powder and solution phase. Results 
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of the study demonstrated almost similar spectral pattern 
in terms of shape and intensities with both solid and 
aqueous solution phase NATG. The EPR spectra recorded 
with UV irradiated NATG demonstrated similar shape but 
different peak intensities. Intensity of irradiated NATG 
radical (Figure 1a,b,c) decreased (three fold) significantly 

as compared to un-irradiated NATG. Present observations 
suggested that NATG radical becomes unstable after 
irradiation and acquired electrondonating ability and 
thus act as antioxidant by undergoing radiation mediated 
oxidation.

4.2 DPPH Radicals Scavenging Activity  
To determine the DPPH radicals scavenging properties 

of NATG via EPR spectrometry, increasing concentration 
(10 μg - 60 μg) of NATG (1 mg/ml stock) were added to 
a fixed volume (1ml) of DPPH solution. The neutralisation 
of DPPH radicals was observed using EPR spectrometer. 
Decreasing concentration of DPPH radicals was represented 
by decreasing EPR signals intensity at standard EPR 
conditions. A significant NATG concentration (10 μg 
- 60μg) dependent decrease in EPR signal intensity 
of DPPH radicals was observed (Figs. 2(a) and 2(b). 
Approximately, 50 per cent reduction in DPPH radical’s 
EPR signals intensity was observed immediately after 
mixing 60 μg (stock 1mg/ml) of NATG to DPPH solution 
(Figs. 2(a) 2(b) and 2(c)). However, relatively lower 
concentrations i.e 10 μg and 30 μg of NATG (1mg/ml 
stock) were found to neutralise about 14.28 per cent 
and 41.11 per cent of DPPH radicals, respectively (Figs. 
2(b) and (c)).

4.3 Effect of Incubation Time on DPPH Radicals 
Scavenging Activity of NATG 
The effect of incubation time on DPPH radicals 

scavenging potential of NATG was evaluated using 
similar EPR spectrometer settings (refer material and 
method section). As compared to immediate DPPH 
radicals scavenging (i.e. 50.51 per cent; Figure 2(c)) 
by NATG (60 μg), 10 min incubation did not enhance 
NATG radicals scavenging (57.08 per cent) activity 
significantly (Figs. 2(c) and 2(d)). However, 30 min 
incubation of NATG with DPPH radicals demonstrated a 
mild increase (64.99 per cent) in its radical scavenging 
capacity (Figs. 2(c) and 2(d)).

4.4 Effect of UV and Gamma Irradiation on DPPH 
Radicals Neutralising Activity of NATG  
A dose dependent increase in DPPH radicals scavenging 

activity of both UV and gamma-irradiated NATG (10 μg 
– 60 μg) was observed (Fig. 3(a). UV-treated and 
gamma-irradiated (20Gy) NATG was found more efficient 
in DPPH radicals scavenging (88.9 ±0.00 %, 91.54 
±0.026 per cent) as compared to un-irradiated NATG 
(50.51 ±0.04 % at 60 μg). Interestingly, even at lower 
concentration (i.e. 10 μg of stock 1mg/ml), UV-treated 
and gamma-irradiated (20Gy) NATG was observed  
(Fig. 3(a) to neutralise DPPH radicals more efficiently (51.2 
±0.03 % and 80.41 ±0.09 % for UV and gamma irradiated 
NATG respectively) as compared to un-irradiated NATG 
(14.28 ±0.0 per cent). Therefore, present observations 
suggested that UV-and gamma-irradiation enhanced 
radicals scavenging activity of NATG.

Figure 1. Direct EPR spectrometry of N acetyl tryptophan 
glucopyrranoside (NATG) recorded in a solid powder 
form (a) and in aqueous solution, (b) form before UV-
irradiation and after irradiation, and (c) The values 
are average of three consecutive measurements.

(a)

(b)

(c)
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Figure 3. (a) EPR spectrometric measurements of DPPH radicals scavenging activity of NATG upon UV- treatment and gamma 
irradiation and (b) UV-Vis spectrometric estimation of DPPH radicals scavenging activity of UV treated and gamma-
irradiated NATG. 

Figure 2. EPR spectrum of the ethanolic solution of DPPH (200 μM) after NATG (1 mg/ml stock) treatment: (a) EPR spectrum of 
the DPPH and 60 μg NATG mixture, (b) EPR spectrum of DPPH and NATG after 30 min of incubation, (c) Concentration 
dependent DPPH radicals scavenging activity of NATG, and (d) EPR spectrometric measurements of DPPH radicals 
neutralising activity of NATG as the function of reaction incubation time.

(a) (b)

(a) (b)

(d)(c)
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4.5 Effect of Ultraviolet and Gamma Radiation on 
DPPH Radicals Scavenging Activity of NATG 
With complete agreement to EPR based analysis (Fig. 3(a)), 

UV-Vis spectrometric analysis also demonstrated that UV 
and gamma-radiation exposure to NATG significantly 
enhanced [65.0 ±0.71 %, 80.11 ±0.04  % for UV irradiation 
and gamma irradiation (20Gy) respectively] its DPPH 
radicals neutralising activity (Fig. 3(b)) as compared 
to un-irradiated control group (52.01 ±0.09 per cent). 
Further, radical scavenging activity of NATG was found 
to be approximately similar whether it was estimated by 
EPR or UV-Vis spectrometer. 

4.6 Determination of SOD-like Activity of NATG 
Analysis of SOD-like activity of NATG aqueous 

solution (60 μg) was performed via spectrophotometric 
method. Un-irradiated NATG (60 μg) exhibited a significant 
increase (38.04 ± 0.03 μg/ml) in SOD-like activity as 
compared to control (Fig. 4). Similarly, UV and gamma 
irradiated NATG demonstrated higher SOD-like activity  
(40.05 ± 0.005 μg/ml and 45.44  ± 0.07 μg/ml, respectively) 
when compared to control. Though, maximum (52.2 
±0.008 μg/ml) increase (p<0.05) in SOD-like activity was 
observed with irradiated (8 Gy) NATG as compared to 
un-irradiated NATG (Fig. 4). These observations indicated 
that NATG exhibits SOD-like activity that may enhance 
further by gamma irradiation.

Significant (p<0.05) decline in N-tert-butyl-alpha-
phenyl-nitrone (PBN) adducts was observed in the spleen 
of NATG administered  mice at both (40 mg/kg and 
80 mg/kg b.wt) concentrations and time points (1 h - 2 
h) as compared to untreated control mice (Fig. 5(b)). 
Though, no such reduction in PBN radicals was observed 
in the blood of the mice administered NATG. However, 

Figure 5. EPR spectrometric analysis of free radical scavenging 
activity of NATG in spleen and blood tissue of the 
mice: (a) Ascorbate radical analysis, (b) ROS radical 
scavenging estimation using PbN adducts, and (c) 
NO radical scavenging analysis.  

* p<0.05 NATG treated groups Vs untreated control group in spleen 
tissue of mice; 

** p<0.05 NATG treated groups Vs untreated control group in blood 
of mice.

(a)

(b)

(c)

Figure 4. SOD–like activity of NATG (60 μg) before and after 
UV- and gamma-irradiation. 

4.7 In vivo Free Radicals Scavenging Properties 
of Unirradiated and Irradiated (8 Gy, 20 Gy) 
NATG
Antioxidant status and free radicals scavenging 

activity of NATG was evaluated in the spleen and blood 
samples of the mice (Strain A male mice) using EPR 
spectrometric analysis. Results of the study indicated 
a significant (p<0.05 per cent) reduction in ascorbate 
radicals concentration in the spleen of NATG treated 
mice at both the tested concentrations (i.e. 40 mg/kg, 
80 mg/kg b.wt.; 1h-2h) as compared to untreated control 
group of mice. Whereas, no significant modulation in 
ascorbate radicals concentration was observed in blood 
samples of NATG treated mice as compared to untreated 
control mice (Fig. 5(a)). 
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significant (p<0.05) reduction in PBN radicals(0.2605 
a.u and 0.1439 a.u) was noticed in the blood sample of 
mice treated with 80 mg/kg b.wt NATG at both time 
points (1 h - 2 h) as compared to untreated control group  
of mice. 

Results of the present study also indicated a significant 
reduction in NO* radicals concentration in the spleen of 
NATG treated mice at 40 mg/kg - 80 mg/kg as compared 
to untreated control group of mice (Fig. 5(c)). However, 
no such reduction in NO* radicals was observed in the 
blood samples of the mice treated with NATG. Though, 
considerable decrease in NO* radicals concentration 
was noticed in the blood of mice treated with 80 mg/
kg b.wt of NATG at 1h but no such reduction was 
evident with the mice treated with lower (i.e. 40 mg/kg 
b.wt) concentration of NATG as compared to untreated 
control (Fig. 5(c)). 

4.8 Effect of Gamma Irradiation of NATG on Free 
Radicals Scavenging Activity of NATG
Irradiated (8 Gy, 20 Gy) NATG (80 mg/kg b.wt.) 

was administered to strain A mice and in vivo antioxidant 
status and free radicals scavenging activity was observed 
in the spleen and blood samples of treated mice using EPR 
spectrometric analysis. Results of the study indicated a 
significant reduction in the ascorbate radical concentration 
in the spleen of mice administered with irradiated (8 Gy, 
20 Gy) and normal unirradiated NATG as compared to 
untreated control group of mice (Fig. 6(a)). Similarly, 
a significant (p<0.05) decline in ascorbate radicals 
concentration observed in the blood of the mice which 
were treated with unirradiated and irradiated NATG 
(0.1734 a.u, 0.0964 a.u and 0.1455a.u for unirradiated 
NATG, 8 Gy irradiated  and 20 Gy irradiated NATG, 
respectively) as compared to untreated control (0.3468 a.u) 
group (Fig. 6(a)). 

Significant (p<0.05) decline(~50 per cent) in N-tert-
butyl-alpha-phenyl-nitrone (PBN) adducts was observed 
in the spleen of the mice administered with irradiated  
(8 Gy and 20 Gy) NATG  and ~75 per cent decline with 
unirradiated normal NATG as compared to untreated 
control mice (Fig. 6(b). Additionally, significant (p<0.05) 
reduction in PBN radicals was observed in the blood of 
mice administered with irradiated (8 Gy, 20 Gy) NATG 
(0.2766 a.u and 0.2984 a.u, respectively) as compared to 
untreated control group of mice (0.6317 a.u) (Fig. 6(a)). 
Therefore, results of the study clearly suggested that 
irradiation to NATG did not hamper its antioxidant 
activities in vivo models.

A significant (p<0.05) reduction in NO* radicals 
was observed in the blood samples of the mice treated 
with irradiated NATG (8 Gy and 20 Gy) as compared to 
untreated control group of mice.  In contrast, a significant 
increase (~3 folds) in NO* radicals concentration was 
observed in blood samples of mice treated with unirradiated 
NATG as compared to untreated control group of mice 
(Fig. 6(c)).

5. DISCUSSION
Ionising radiation is ubiquitous in nature and released 

by natural decay of radioactive materials. Besides natural 
resources, several man-made sources such as nuclear 
reactors, isotopes used for pharmaceutical purposes, 
radiotherapy equipments and nuclear weapons tests etc, 
also account significant amount of ionising radiation. 
Ionising radiation (IR) exposure induces complex cellular 
and molecular response in the biological systems5,17-18. 
Ionising radiation activates radiolysis of cellular water 
and thus increased production of reactive oxygen/nitrogen 
species (ROS/RNS) such as superoxide radicals (O2•-), 

Figure 6. EPR spectrometric analysis of free radical scavenging 
activity of irradiated NATG in the spleen and blood 
tissue of the mice: (a) Ascorbate radical analysis, 
(b) ROS radical scavenging estimation using PbN 
adducts, and (c) NO radical scavenging analysis. 

(a)

(b)

(c)

*p<0.05 NATG treated groups Vs untreated control group in spleen 
tissue of mice; 

**p<0.05 NATG treated groups Vs untreated control group in blood 
of mice.



324

MALHOTRA, et al.: DEF. LIFE SCI. J., VOL. 2, NO. 3, JULY 2017, DOI : 10.14429/dlsj.2.11672

hydroxyl radical (OH•), hydrogenperoxide (H2O2) and 
singlet oxygen (O). Radiation-induced oxidative stress 
leads to bio-macromolecular structural damage resulting 
into functional impairment and cell death19-20. Therefore, 
to combat radiation induced oxidative stress, antioxidant 
or free radicals scavenging agent need to be investigated. 
Different methods have been developed for evaluation of 
antioxidant or free radical scavenging activity of natural or 
synthetic substances21-25. However, EPR spectrometric method 
possesses advantages over the spectrophotometric assays, 
because EPR spectrometry involved direct measurement of 
free radicals in a biological or chemical system. While, 
optical spectroscopic assessment is an indirect method of 
free radicals analysis8,26. Therefore, observations reported 
in the present study for DPPH, ascorbate, nitric oxide 
and superoxide radicals scavenging activity of NATG 
using EPR spectrometry was considered more explicit 
than those by spectrophotometry. In the present study, 
considerably high DPPH radical scavenging activity was 
observed with UV–irradiated NATG may be explained 
by formation of radical structures as indicated by EPR 
spectrometric analysis (Fig. 1). Modifiedradicals may 
additionally be involved in the reaction with DPPH radicals 
that suggested radical-radical interaction and thus more 
efficient DPPH radicals scavenging by NATG (Fig. 1, 
Fig. 3(a), 3(b)). Time dependent radical neutralisation 
by natural or synthetic antioxidants is a well-established 
phenomenon21. DPPH scavenging activity of NATG 
was found to increase with increasing incubation time 
and the scavenging effect was maximum at 30 minutes 
(Figs. 2(a), 2(b), 2(d)) provided a gained support to the 
earlier report21.

To further confirm free radical scavenging and 
antioxidant potential of NATG, EPR spectrometric 
analysis was carried out using blood and spleen tissues 
homogenate of the mice. From a thermodynamic point 
of view, ascorbic acid is found at the end of a series 
of oxidising free radicals. It means all oxidizing species 
carries high redox potential tend to get reduced and 
finally convert into ascorbate radicals27. Ascorbate radicals 
are long lived and thus convenient to detect directly by 
EPR spectrometry14. Stability of ascorbate radicals makes 
them the best non-toxic endogenous marker of oxidative 
stress in the biological systems28. In the present study, 
the level of ROS products and ascorbate radicals were 
evaluated in real time scenario using healthy mice before 
and after treatment with NATG using ex vivo EPR spin 
trapping spectrometry and direct EPR spectrometry (Figs. 
5(a)-5(b), 6(a)-6(b)). EPR spectra were recorded to detect 
the typical PBN spin adducts, consisting of six spectral 
lines and EPR spectrum of ascorbate radicals consisted 
of a doublet spectral lines (Figs. 5(a)-5(b), 6(a)-6(b)). 
Based on the hyperfine splitting constant calculation 
(G value), radicals trapped by PBN were identified as 
oxygen-centered lipid radicals (LO)29. No significant 
difference in the level of PBN trapped lipid radicals 
was observed with irradiated NATG treated or control 
mice blood and spleen tissue homogenate, suggested 

that radiated NATG does not provide sufficient shield 
against lipid peroxidation processes in vivo conditions  
(Fig. 6(b)). Moreover, statistically lower levels of ascorbate 
radicals were measured in the spleen of NATG treated 
mice as compared to control, suggested that NATG 
treatment probably reduces oxidative stress in the spleen  
(Figs. 5(a), 6(a)).

Angiotensin II, nitric oxide (NO.) and reactive 
oxygen species (ROS) are important components of the 
pathologic mechanisms of cardiovascular diseases30. It 
is therefore extremely important to maintain a balance 
between these three components to maintain homeostasis 
of the vascular wall. Moreover, decreased vascular nitric 
oxide concentration promotes Angiotensin II dependent 
cardiovascular diseases mediated by ROS31. Results 
of the present study revealed significant reduction in 
nitric oxide (NO) radicals in the blood (Fig. 6(c)) and 
spleen (Fig. 5(c)) of NATG treated mice, as compared 
to untreated controls. These observations were aligned 
with the reduced ROS and ascorbate radical levels with 
NATG treated mice, further suggested NATG oxidative 
stress reducing capability.

6. CONCLUSIONS
N-acetyl tryptophan glucoside (NATG), a novel 

bacterial secondary metabolite, demonstrated efficient 
DPPH, ascorbate, lipid peroxide and nitric oxide radicals 
scavenging activity as observed with EPR spectrometry 
and thus qualifies as potential antioxidant that can be 
used to manage oxidative stress induced by gamma 
radiation. Therefore, in conclusion, NATG demonstrated 
a free radicals scavenging and antioxidant activities 
and thus can be a potential agent for radioprotector 
development.

REFERENCES
1. Ross, G.M. Induction of cell death by radiotherapy. 

Endocrine-Related Canc.,1999, 6, 41-44. 
 doi: 10.1677/erc.0.0060041 
2. Pietenpol, J.A. & Stewart, Z.A. Cell cycle check 

point signaling: Cell cycle arrest versus apoptosis.  
Toxicology, 2002, 181, 475-81. 

 doi: 10.1016/S0300-483X(02)00460-2
3. Chung, K.T.; Wong, T.Y.; Wei, C.; Huang, Y.W. & 

Lin, Y. Tannins and human health: A review. Crit. 
Rev. Food Sci. Nutr.,1998,38, 421-64.

 doi: 10.1080/10408699891274273 
4. Gutteridge, J.M.C. Age pigments and free radicals: 

fluorescent lipid complexes formed by iron- and copper-
containing proteins. Biochem. Biophys. Acta.,1985, 
834, 144.

 doi: 10.1016/0005-2760(85)90149-3
5. Kumar, R.; Patel, D.D.; Bansal, D.D.; Mishra, S.; 

Mohammed, A.; Arora, R.; Sharma, A.; Sharma, R.K. 
& Tripathi, R.P. Extremophiles: sustainable resource 
of natural compounds-extremolytes. In Sustainable 
biotechnology: sources of renewable energy, edited 
by O.V. Singh & S.P. Harvey. Springer Press, Berlin, 



325

MALHOTRA, et al.: DEF. LIFE SCI. J., VOL. 2, NO. 3, JULY 2017, DOI : 10.14429/dlsj.2.11672

Germany, 2010. pp. 280-294. 
 doi: 10.1128/mmbr.65.1.44-79.2001 
6. Makarova, K.S.; Aravind, L.; Wolf, Y.I.; Tatusov, 

R.L. & Minton, K.W.; Koonin, E.V. & Daly, M.J. 
Genome of the extremely radiation-resistant bacterium 
Deinococcus radiodurans viewed from the perspective 
of comparative genomics. Microbiol. Mol. Biol. Rev., 
2001, 65, 44-79. 

 doi: 10.1128/mmbr.65.1.44-79.2001 
7. Slade, D. & Radman, M. Oxidative stress resistance 

in Deinococcus radiodurans. Microbiol. Mol. Biol. 
Rev., 2001, 75, 133-91. 

 doi: 10.1128/mmbr.00015-10
8. Bernardo, D.S.A.; Silva, D.H.S.; Bolzani, V.S.; Santos, 

L.A.; Schmidt, T.M. & Baffa, O. Antioxidant properties 
of plant extracts: An EPR and DFT comparative 
study of the reaction with DPPH, TEMPOL and 
spin trap DMPOJ. J. Braz. Chem. Soc., 2009, 20, 
1483-92. 

 doi: 10.1590/s0103-50532009000800015
9. Zheleva, A.; Karamalakova, Y.; Nikolova, G.; Kumar, 

R. & Sharma, R. & Gadjeva, V. A new antioxidant with 
natural origin characterized by electron paramagnetic 
resonance spectroscopy methods. Biotechnol. Biotechnol. 
Equip., 2011, 26(1), 146-50. 

 doi: 10.5504/50yrtimb.2011.0027
10. Brand-Williams, W.; Cuvelier, M.E. & Berset, C. 

Use of a free radical method to evaluate antioxidant 
activity. Lebensmittel. Wissensch. Technol., 1995, 
28, 25–30. 

 doi: 10.1016/s0023-6438(95)80008-5 
11. Sun, Y.; Oberley, L.W. & Li, Y. A simple method 

for clinical assay of superoxide dismutase. Clin. 
Chem., 1988, 34(3), 497-500. 

12. Gadjeva, V.; Kuchukova, D. & Georgieva, R. Vitamin 
combinations reduce oxidative stress and improve 
antioxidant status in patients with iron deficiency 
anemia. Comp. Clin. Pathol., 2005, 14, 99-104. 

13. Shi, H.H.; Sui, Y.X.; Wang, X.R.; Luo, Y. & Jia, 
L.L. Hydroxyl radical production and oxidative 
damage induced by cadmium and naphthalene in 
liver of Carassiusauratus. Comp. Biochem. Physiol. 
C Toxicol. Pharmacol., 2005, 140(1), 115-21. 

 doi: 10.1007/s00580-005-0560-8 
14. Buettner, G.R. & Jurkiewicz, B.A. Ascorbate free-

radical as a marker of oxidative stress - an EPR 
study. Free Radic. Bio. Med.,1993, 14(1), 49-55. 
doi: 10.1016/j.cca.2005.01.009 

15. Yoshioka, T.; Iwamoto, N. & Ito, K. An application 
of electron paramagnetic resonance to evaluate nitric 
oxide and its quenchers. J. Am. Soc. Nephrol.,1996, 
7, 961-65. 

 doi: 10.1016/0891-5849(93)90508-r 
16. Yokoyama, K.; Hashiba, K.; Wakabayashi, H.; 

Hashimoto, K.; Satoh, K.; Kurihara, T.; Motohashi, 
N. & Sakagami, H. Inhibition of LPS stimulated 
NO production in mouse macrophage-like cells by 
tropolones. Anticancer. Res., 2004, 24, 3917-22. 

17. Singh, P.K.; Kumar, R.; Sharma, A.; Arora, R.; Chawla, R.; 
Jain, S.K. & Sharma, R.K. Podophyllumhexandrumfraction 
(REC-2006) shows higher radioprotective efficacy 
in the p53-carrying hepatoma cell line: A role of 
cell cycle regulatory proteins. Integr. Canc. Ther., 
2009a, 8, 261-72.

18. Singh, P.K.; Kumar, R.; Sharma, A.; Arora, R. & Jain, S.K. 
& Sharma, R.K. Pifithrin-alpha decreases the radioprotective 
efficacy of a PodophyllumhexandrumHimalayan mayapple 
fraction REC-2006 in HepG2 cells. Biotechnol. Appl. 
Biochem., 2009b, 54, 53-64. 

 doi: 10.1177/1534735409343589 
19. Mishra, S.; Gupta, AK.; Malhotra, P.; Singh, PK.; 

Pathak, R.; Singh, A.; Kukreti, S.; Gautam, HK.; 
Javed, S. & Kumar, R. Protection against ionizing 
radiation induced oxidative damage to structural and 
functional proteins by semiquinoneglucoside derivative 
isolated from radioresistant bacterium bacillus sp. 
INM-1. Curr. Biotechnol., 2014, 3,117-126. 

 doi: 10.1042/ba20080250
20. Saha, A.; Mandal, P.C. & Bhattacharyya, S.N. 

Radiation-induced inactivation of enzymes-a review. 
radiat. Phys. Chem., 1995, 46, 123-45. 

 doi: 10.2174/22115501113026660042 
21. Wolniak, M.; Tomczykowa, M.; Tomczyk, M.; Gudej, 

J. & Wawer, I. Antioxidant activity of extracts and 
flavonoids from Bidens tripartita. Acta. Pol. Pharm., 
2007, 64(5), 441-47.

22. Cämmerer, B. & Kroh, L.W. Antioxidant activity of 
coffee brews. Eur. Food Res. Technol., 2006, 223, 
469-74.

23. Perez, M.B.; Calderon, N.L. & Croci, C.A. Radiation-
induced enhancement of antioxidant activity in 
extracts of rosemary (Rosmarinus officinalis L.). 
Food Chem., 2007, 104, 585-92. 

 doi: 10.1007/s00217-005-0226-4
24. Kim, H.; Moon, J.Y.; Kim, H.; Lee, D.S. & Cho, 

M.; Choi, H.K.; Kim, Y.S.; Mosaddik, A. & Cho, 
S.K. Antioxidant and antiproliferative activities of 
mango (Mangifera indica L.). Food Chem., 2010,121, 
429-36. 

 doi: 10.1016/j.foodchem.2006.12.009
25. Alvarez-Parrilla, E.; De la Rosa, L.A.; Amarowicz, 

R. & Shahidi, F. Antioxidant activity of fresh and 
processed jalapeno and Serrano peppers. J. Agric. 
Food Chem., 2011, 59, 163-73. 

 doi: 10.1016/j.foodchem.2009.12.060 
26. Hashen, F.A. Investigation of free radical scavenging 

activity by ESR for coumarins isolated from Tecoma 
radicans. J. Med. Sci., 2007, 7(6), 1027-32. 

 doi: 10.1021/jf103434u 
27. Zheleva, A. Elecron paramagnetic resonance-oxidative 

status and antioxidant activity. Monography Academic 
Press, Trakia University, Bulgaria, 2012. 23. 

 doi: 10.3923/jms.2007.1027.1032
28. Spasojević, I.; Mojović, M.; Ignjatović, A. & Bacić, 

G. The role of EPR spectroscopy in studies of 
the oxidative status of biological systems and the 



326

MALHOTRA, et al.: DEF. LIFE SCI. J., VOL. 2, NO. 3, JULY 2017, DOI : 10.14429/dlsj.2.11672

antioxidative properties of various compounds. J. 
Serb. Chem. Soc., 2011,76, 647–77. 

29. Miyazawa, T.; Chiba, T. & Kaneda, T. Spin trapping 
of oxygen-centered lipid radicals in liver of oxidized 
oil-dosed rats. Agric. Biol. Chem.,1985, 49(10), 
3081-83. 

 doi: 10.2298/jsc101015064s 
30. Persson, I. Plant-derived substances and cardiovascular 

diseases: effects of flavonoids, terpenes, and sterols 
on angiotensin-converting enzyme and nitric oxide. 
Linkoping University, Sweden, 2009. (PhD Thesis). 
doi: 10.1080/00021369.1985.10867226

31. De Gasparo, M. Angiotensin II and nitric oxide 
interaction. heart Failure. Rev., 2002, 7, 347-58. 

 doi: 10.1007/1-4020-7960-5_12 

CONFLICT OF INTEREST
The authors declare no conflict of interest.

CONTRIbUTORS

Ms Poonam Malhotra has received her MPhil and submitted 
PhD (Life Sciences)at Bharathiar University, Coimbatore, India. 
She has vast experience working in the areas of radiation 
biology, oxidative stress, bacterial secondary metabolites, their 
effects on the mammalian immune system and novel drug 
development using in vitro and in vivo models. Contribution in 
the current study, she helped in planning the study, analysing 
results and prepared the manuscript.

Dr Yana Karamalakova received her PhD from Trakia University, 
Stara Zagora, Bulgaria. Presently working as Assistant Professor 
at Trakia University, Stara Zagora, Bulgaria. She has immense 
knowledge in the field of organic chemistry, EPR studies 
and has made significant contributions in the isolation and 
characterisation of antioxidant molecules from herbal products. 
Contribution in the current study, guidance, planned and 
performed the experiments.

Dr Galina Nikolovahas received her PhD in bioorganic 
chemistryfrom Trakia University, Stara Zagora, Bulgaria and is 
currently working as Head Assistant at Trakia University, Stara 
Zagora, Bulgaria. Shehas expertise in the drug development 
andevaluation of secondary isolates and nutraceuticals as 
potential herbal antioxidants. Contribution in the current study, 
performed the experiments and analysed the results.

Ms Darshana Singh is presently working as Junior Research 
Fellow at Institute of Nuclear Medicine and Allied Sciences 
(INMAS), DRDO, Delhi. She has received her MSc from Agra 
University, Agra. She is currently working on drug development 
from secondary metabolites isolated from radioresistant bacteria 
and its effects on hematopoietic stem cells. Contribution 
in current study, performing experiments and preparing the 
manuscript.

Dr Raj Kumar is currently working as Scientist E and 
heading the Radiation Biotechnology Group at Institute of 
Nuclear Medicine and Allied Sciences (INMAS), DRDO, 
Delhi. He received his PhD Biotechnology from IIT, Roorkee. 
He is involved in development of novel drug candidates from 
secondary metabolites isolated from radioresistant bacteria and 
has extensive knowledge in the field of radiation biology, 
oxidative stress, nutraceuticals and radiation countermeasure 
agents. Contribution in current study, guidance, planning the 
experiments, analysing results and critical reviewing of the 
manuscript.


