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Introduction
Radiation is an important modality in the treatment of cancer 

and in some instances, it may be the single best agent for treatment. 
However, a major problem associated with the cancer radiotherapy 
is the severe side effects resulting from the normal tissue damage 
and it is known to induce second malignancies in the survivors 
[1]. This indicates the need to protect normal tissues against the 
radiation-induced damage. The use of radioprotectors will also 
be able to increase the patient’s tolerance to radiotherapy and 
ameliorate the symptoms of radiation sickness. Historically, the 
sulphydryl compounds were among the first radioprotectors to 
be identified, where cysteine a natural amino acid was reported to 
protect mice against the radiation-induced sickness and mortality 
[2]. Since then, several compounds with varied chemical structures 
and pharmacological properties have been screened for their 
radioprotective ability in mammals. However, these compounds  

 
appear to produce serious side effects and are toxic at the doses 
required for radioprotection [3,4]. In addition to its utility in the 
cancer treatment, an efficient, non-toxic radioprotector could also 
prove useful in occupational settings, where ionizing radiations 
are in frequent use (e.g., defense, airline, military and research 
personnel, nurses, dental assistants, radiotherapy and nuclear 
medicine technicians, etc.) or in accidental exposures which leave 
radioactivity in the environment (viz. Three Mile Island, Chernobyl, 
Goiania, and Fukushima) and also during space travel to protect 
astronauts from the effects of high doses of radiation associated 
with solar flares [4]. 

Recently, there has been a tremendous increase in the terrorist 
activities worldwide. Despite tight regulations regarding the nuclear 
fissile material, it is feared that some of the terrorist organizations 
may have access to nuclear fissile materials. To spread terror among 
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the innocent public as well as the administration the committed 
terrorists may use nuclear fissile materials without hesitation 
causing untold misery to the human beings. This indicates urgent 
need to devise countermeasures to protect the public from the 
deleterious effect of ionizing radiation by screening non-toxic 
radioprotectors, which will also be useful in the cancer patients 
undergoing radiation treatment [4, 5]. 

Dietary antioxidant compounds have recently been the focus of 
attention, as they have been found to be of immense use in preventing 
and ameliorating various human ailments and diseases. Further, 
human beings have been consuming these compounds since time 
immemorial and the major advantage of these dietary ingredients 
over the synthetic drugs lies in the fact that most of them have a low 
effective dose to high toxic dose ratio. This property gives immense 
advantage as it can be easily recommended for human trials and 
at lesser costs when compared with their synthetic counterparts 
[4, 6]. 

Caffeine, a nervous system stimulant belongs to methylxanthine 
class of psychoactive drugs. It is a major constituent of coffee, and 
other beverages including tea which also contains some amount of 
caffeine. Caffeine has been reported to be a potent antioxidant and a 
free radical scavenger. It has also been found to protect the biological 
molecules against the free radical-induced damage, chemical and 
radiation-induced tumorigenesis in mice. Caffeine has been used as 
an adjuvant analgesic in combination with acetaminophen, aspirin 
and ibuprofen in clinics. The caffeine has been shown to exert a 
wide variety of effects on DNA damage induced by UV and ionizing 
radiations, depending upon pre- or post-irradiation administration 
and its concentration. It has also been reported to potentiate UV-
induced DNA damage, when administered after irradiation, while 
its presence before or during irradiation elicited protection in a 
wide range of test systems like bacteria, yeast, cultured cells, plant 
seeds and mouse [7-15].

 The lessons from the experience with radioprotectors 
worldwide are that the animal studies with death as the end 
point is the most confirmatory. The survival after 30 days of 
lethal whole- body irradiation distinctly indicates the capacity 
of pharmacophores to be tested for their ability to modulate the 
recovery and regeneration of the gastrointestinal epithelium and 
the hemopoietic progenitor cells in the bone marrow, the two most 
radiosensitive organs that are essential for sustenance of life [4]. 
Studies carried out by George et al. [7] have shown that caffeine 
when administered before irradiation protected the animals 
against the radiation-induced mortality and sickness. However, the 
dose modification factor (DMF) has not been reported. The DMF is 
an important aspect in the radiobiology as it clearly gives indication 
of the drug’s quantitative and qualitative capacity in enhancement 
of tolerance of tissues to radiation and its effect on amelioration 
of the radiation-induced sickness and mortality [4]. Therefore, the 
present study was carried out to obtain an insight into the effects 

of caffeine on the survival and modulation of certain biochemical 
parameter in the DBAxC57BL mice exposed to different doses of 
γ-radiation.

Materials and Methods 
The handling and care of animals were done according to the 

World Health Organization, Geneva, Switzerland and the INSA 
(Indian National Science Academy, New Delhi, India) guidelines. 
Eight to ten weeks old DBAxC57BL mice of either sex (1:1 ratio) 
weighing 20 to 23 g were selected from an inbred colony. The 
animals were kept at a temperature of 23  2°C, humidity (50  
5 %) and 10 and 14 h of light and dark, respectively. The animals 
were fed with sterile mice food and had free access to water. 
Generally, four animals were put in a sterilized polypropylene 
cage containing sterile paddy husk (procured locally) as bedding 
during the experiments. The animal ethical committee of Manipal 
University, Manipal, India approved the study.

Preparation of the Drug

The caffeine or 1,3,7-Trimethylpurine-2,6-dione procured from 
Sigma Chemical Co. (St. Louis, USA) was dissolved in sterile distilled 
water immediately before use. 

Mode of administration

The animals were administered with 0.01 ml/g b. wt. of sterile 
physiological saline or caffeine intraperitoneally.

Experimental 

The animals were divided into the following groups:

Saline+irradiation group 

The animals of this group were administered with sterile 
physiological saline before irradiation.

Caffeine+irradiation group

The animals of this group received a single dose of 80 mg/kg b. 
wt. Caffeine before irradiation [7].

Irradiation 

One hour after the administration of saline or caffeine, the 
prostrate animals were placed in the specially designed well 
ventilated acrylic restrainers and immobilized by inserting cotton 
plugs. The restrainer was placed on the irradiation table and animals 
were whole body exposed to 0, 7, 8, 9, 10, 11, 12 and 13 Gy of 60Co 
γ-radiation (Theratron, Atomic Energy Agency, Canada). A batch of 
six animals was irradiated each time at a dose rate of 1.66 Gy/min 
at a source to animal distance (midpoint) of 70 cm. Immediately 
after the irradiation, the animals were sorted into individual 
polypropylene cages. The animals of both Saline+irradiation 
and Caffeine+irradiation groups were daily monitored for the 
development of symptoms of radiation sickness, and mortality if 
any. A total of 9 male and 9 female animals were used for each dose 
of radiation for each group and 324 animals of both sexes in equal 
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ratio were utilized to complete the whole experiment. The dose 
reduction factor (DRF) was calculated by the method of Miller and 
Tainter [16].

DRF =LD50/30 of the Caffeine+irradiation group/LD50/30 of 
the Saline+irradiation group

BIOCHEMICAL ESTIMATION 
The animals from both the groups, which survived up to 

30 days were killed by cervical dislocation on the 31st day, after 
exposure and were perfused with ice cold saline transcardially. The 
whole liver from each surviving animal was removed, blot dried, 
weighed and a 10% homogenate was prepared in ice-cold 0.2M 
sodium phosphate buffer pH 8.0 using a homogenizer (Yamato LSG 
LH-21, Japan). 

Protein estimation

Total proteins were estimated by Lowry et al. [17] method 
using bovine serum albumin as the standard.

Glutathione 

Glutathione (GSH) contents were measured by the method of 
Moron et al. [18]. Briefly, proteins were precipitated by 25% TCA, 
centrifuged and the supernatant was collected. The supernatant 
was mixed with 0.2 M sodium phosphate buffer pH 8.0 and 0.06 mM 
5, 5-dithio2-nitrobenzoic acid and incubated for 10 minutes at room 

temperature. The absorbance of the sample/s was read against the 
blank at 412 nm in a UV-Visible Spectrophotometer (Shimadzu UV-
260, Shimadzu Corp, and Japan) and the GSH concentration was 
calculated from the standard curve. 

Lipid Peroxidation (LOO) 

LOO was measured by the method of Buege. et al. [19]. Briefly, 
the tissue homogenate was mixed with TCA-TBA-HCl. The mixture 
was heated for 15 min in a boiling water bath and centrifuged. 
The absorbance was recorded at 535 nm using a UV-Visible 
Spectrophotometer (Shimadzu UV-260, Shimadzu Corp, and Japan). 
The lipid peroxidation has been expressed as MDA in nM per mg 
protein.

Analysis of data
The statistical significance between the treatments was 

determined using the “Z” test for the survival studies and the 
student’s t-test was applied for glutathione and lipid peroxidation. 
The Microsoft excel and Origin 8.5 (OriginLab Corporation, 
Northampton, MA, USA) statistical softwares were used for data 
analyses.

Results
The results are expressed as mean ± SEM (standard error of the 

mean) and presented as (Figures 1-5) and (Table 1). 

Figure 1: Kaplan Meier’s estimate of survival of mice treated with 80 mg/kg b. wt. of caffeine before exposure to different doses 
of whole body -radiation. Closed down triangles: Saline+sham-irradiation; Open down triangles: Caffeine+sham-irradiation; 
Closed pentagons: Saline+irradiation (7 Gy); Open pentagons: Caffeine+irradiation (7 Gy); Closed hexagons: Saline+irradiation 
(8 Gy); Open hexagons: Caffeine+irradiation (8 Gy); Closed stars: Saline+irradiation (9 Gy); Open stars: Caffeine+irradiation 
(9 Gy); Closed uptriangles: Saline+irradiation (10Gy); Open uptriangles: Caffeine+irradiation (10Gy); Closed diamonds: 
Saline+irradiation (11Gy); Open diamonds: Caffeine+irradiation (11Gy); Closed circles: Saline+irradiation (12 Gy); Open 
circles: Caffeine+irradiation (12Gy); Closed squares: Saline+irradiation (13Gy) and Open squares: Caffeine+irradiation (12 Gy). 
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Figure 2: Effect of caffeine treatment on the gastrointestinal deaths (10 day) in mice exposed to different doses of γ-radiation. 
Squares: Saline+irradiation and Circles: Caffeine+irradiation. 

Figure 3: Effect of caffeine treatment on the hematopoietic deaths (30 day) in mice exposed to different doses of γ-radiation. 
Squares: Saline+irradiation and Circles: Caffeine+irradiation.

Figure 4: Effect of caffeine treatment on the glutathione contents in the liver of mice exposed to different doses of γ-radiation. 
Squares: Saline+irradiation and Circles: Caffeine+irradiation.
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Figure 5: Effect of caffeine treatment on the lipid peroxidation in the liver of mice exposed to different doses of γ-radiation. 
Squares: Saline+irradiation and Circles: Caffeine+irradiation.

Table 1: Modulation of the radiation-induced changes in glutathione and lipid peroxidation in the liver of DBAxC57BL mice exposed 
to different doses of -radiation after 30days of irradiation. a: p < 0.01, b: p <  0.001.

Exposure Glutathione Lipid peroxidation

dose
(μmol/mg protein) (nmol/mg protein)

Saline + irradiation Caffeine + irradiation Saline + irradiation Caffeine + irradiation

0 3.54±0.02 3.56±0.04 8.15±0.02 8.13±0.03

7 3.28±0.04 3.41±0.03a 10.65±0.02 9.35±0.01b

8 3.18±0.03 3.32±0.02b 12.90±0.03 11.5±0.04b

9 2.90±0.01 3.12±0.02b 14.10±0.01 12.8±0.02b

10 2.76±0.02 2.92±0.02b 15.90±0.01 14.8±0.02b

Survival studies

The animals of Saline + irradiation group exhibited signs of 
radiation sickness within 2-4 days after exposure to different 
doses of -radiation depending on the irradiation dose. The 
main symptoms included reduction in the food and water intake, 
irritability, epilation, weight loss, emaciation, lethargy, diarrhea, 
and ruffling of hairs. A few animals also exhibited facial edema 
between one and two weeks after exposure to doses above 10 Gy. 
Some of the animals exhibited paralysis and difficulty in locomotion 
during the second week after exposure to doses above 9 Gy. The 
severity of the symptoms increased and advanced with the increase 
in radiation dose. 

The results are expressed as percent survival after exposure 
to various doses of γ-radiation. The whole-body irradiation of 
mice to 7Gy did not induce mortality in both the groups (Figure 1). 
However, with the further increase in exposure dose, the survival 
declined in a dose dependent manner and a nadir was reached 
after 11Gy exposure and no survivors were recorded beyond 19 
days post-irradiation after exposure to 12 and 13Gy. The increase in 

the exposure dose also resulted in an advancement in the onset of 
mortality (Figure 1). The survival was plotted and the data for day 
10 and 30 mortality were fitted on a sigmoid curve (Figure 3 and 
4). The LD50/30 was found to be 9.4 Gy for the Saline + irradiation 
group (Figure 4). 

The treatment of mice with 80 mg/kg caffeine before one hour 
of irradiation delayed or reduced the severity of radiation-sickness 
symptoms and decreased the radiation-induced mortality when 
compared with the concurrent Saline +irradiation group. Caffeine 
pre-treatment protected mice against both the gastrointestinal 
(GI) and hemopoetic deaths as evidenced by the greater number 
of survivors at the end of 10 and 30days post-irradiation when 
compared with the concurrent Saline +irradiation group. The 
caffeine pre-treatment increased the animal survival by 5.55 % 
after exposure to 11 Gy, while no survivors could be observed by 
30days post-irradiation in the Saline +irradiation group (Figure 4). 

Similarly, treatment of mice with caffeine before exposure to 
8, 9 and 10 Gy reduced the 30day mortality by 1.06, 1.23 and 2.5, 
fold when compared with Saline +irradiation group (Figure 4). 
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The results were statistically significant for 10 (p<0.02) and 11Gy 
(p<0.0001) exposure when compared with the concurrent Saline 
+irradiation group. The LD50 /30 was found to be 10.2 Gy, resulting 
in an increase of 0.8 Gy when compared with the Saline +irradiation 
group. The dose reduction factor (DRF) was found to be 1.1. 

Glutathione

The results are expressed as glutathione (GSH) contents μmol/
mg protein (Table 1). GSH contents remained unaltered in the Saline 
+sham-irradiation group (0Gy). Similarly, the administration of 
caffeine alone before sham-irradiation did not alter the glutathione 
contents. The exposure of animals to different doses of radiation 
resulted in a significant and dose dependent decline in the GSH 
contents in the Saline+ irradiation group (Figure 4). However, 
caffeine pretreatment elevated the GSH contents significantly 
when compared to the concurrent Saline + irradiation group. This 
increase was 1.04, 1.05, 1.1 and 1.1 folds higher than that of 7, 8, 
9 and 10 Gy concurrent Saline+irradiation group, respectively. The 
GSH contents were below normal in the Saline + irradiation and 
Caffeine+irradiation groups (Figure 4).

Lipid Peroxidation

The lipid peroxidation is expressed in terms of nmol MDA/
mg protein (Table 1). LOO remained unaltered in Saline+ sham-
irradiation group. The administration of caffeine alone before 
sham-irradiation (0Gy) did not increase the MDA concentration 
and was almost akin to the Saline + sham-irradiation group (Table 
1). The induction of LOO increased with the increase in irradiation 
dose in both the Saline + irradiation and Caffeine + irradiation 
groups and a peak level was observed at 10 Gy  irradiation (Figure 
5). The caffeine pretreatment significantly reduced the LOO 
induction in the Caffeine+ irradiation group thereby protecting 
against the radiation-induced lipid peroxidation at all the exposure 
doses studied and it was 1.14, 1.12, 1.1 and 1.1 folds lower for 7, 8, 
9 and 10 Gy Saline + irradiation group, respectively when compared 
with the concurrent Saline + irradiation group (Table 1). Inspite of 
decline in the LOO by caffeine, the LOO values were higher than the 
Saline + sham-irradiation group (Figure 5).

Discussion
There is a continued interest and a need is felt for the 

identification and development of non-toxic and effective 
radioprotective compounds, which could protect humans against 
the genetic damage, mutation, alterations in the immune system 
and teratogenic effects of ionizing radiations. An efficient, 
non-toxic radioprotector may prove as a countermeasure in 
nuclear accidents, and intentional terror attacks [4, 5]. The good 
radioprotector are also needed to protect the occupational workers 
and patients exposed to ionizing radiations during diagnostic and 
therapy. The radioprotectors would be useful during whole body 
X-ray screening of frequent travelers at airports, which adds extra 

burden to their radiation exposure. This indicates the need to study 
the radioprotective effect of a pharmacophore in different study 
systems. Therefore, the radioprotective ability of caffeine was 
evaluated in the DBAxC57BL mice exposed to different doses of 
γ-radiation.

A single whole-body exposure of mammals to ionizing radiation 
results in a complex set of symptoms whose onset, nature, and 
severity are a function of both total radiation dose and radiation 
quality. It is a well-known fact that ionizing radiations deposit 
energy in the cell randomly within 10-18s [20]. At the cellular level, 
ionizing radiations induce damage in the biologically important 
macromolecules such as the DNA, RNA, proteins, lipids and 
carbohydrates  of the various organs [20, 21]. This damage in 
the cellular milieu is triggered by the formation of free radicals 
by ionizing radiations [22]. The exposure of DBAxC57BL mice 
to different doses of γ-radiation resulted in the triggering of 
symptoms of radiation sickness and mortality depending on the 
irradiation dose [23]. A similar observation has been made in 
DBAxC57BL mice treated with mangiferin earlier [5]. While some 
damage may be expressed early, the other may be expressed 
over a period depending upon the cell kinetics and the radiation 
tolerance of the tissues. The proliferating cells are highly sensitive 
to the effect of ionizing radiation; therefore, the effect of whole-
body irradiation is mainly felt by the highly proliferating germinal 
epithelium, gastrointestinal epithelium and the bone marrow 
progenitor cells. The germinal epithelium does not contribute to 
life supporting functions of the exposed individual and therefore 
does not contribute to the survival, whereas the gastrointestinal 
epithelium and the bone marrow progenitor cells are crucial for 
the sustenance of life and any damage to these cells will impair the 
normal physiological processes drastically causing adverse impact 
on the survival [4, 5, 24, 25]. The gastrointestinal epithelium is less 
sensitive than the bone marrow progenitor cells but as the cell 
transit time is quick, it is expressed earlier than the hemopoietic 
syndrome. In mice death within 10 days post-irradiation is due to 
the gastrointestinal damage [4, 26-32]. The bone marrow stem cells 
are more sensitive to radiation damage than the intestinal crypt and 
the hemopoietic syndrome occurs at lower doses and is manifested 
as hemopoietic stem cell depletion, followed by the depletion of 
mature hemopoietic and immune cells [4, 5, 24, 25]. However, the 
peripheral blood cells have a longer transit time than the intestinal 
cells and hence the gastrointestinal syndrome appears earlier than 
the bone marrow syndrome and in mice, death due to irradiation 
from 11 to 30 days post-irradiation is due to the hemopoietic 
damage inflicted by radiation [4, 5, 23, 26-32].

The pattern of survival in caffeine group was akin to that of 
Saline + irradiation group except that the mortality was reduced. 
This clearly indicates the effectiveness of caffeine in arresting 
GI death, where the number of survivors for all the treatment 
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groups was higher than that of the Saline + irradiation group. The 
administration of 80 mg/kg caffeine resulted in the protection 
of mice and this reduction in GI death may also be due to the 
protection of intestinal epithelium, which would have allowed 
proper absorption of the nutrients. Caffeine has been reported 
to protect the mouse intestinal cells from radiation injury [33]. 
It has also been reported to ameliorate the detrimental effects of 
combined treatment of radiation and indomethacin on GI injury 
in mice [34]. Likewise, mangiferin has been reported to protect 
DBAxC57BL mice against the γ-ray induced radiation sickness and 
10 and 30day mortality [23].

The treatment of mice with caffeine significantly reduced 
the bone marrow deaths in the Caffeine +irradiation group. 
This increase in 30day survival may be owing to the protection 
afforded by caffeine to the stem cell compartment of the bone 
marrow, which continued to supply the requisite number of cells 
in the survivors. Caffeine has been reported to protect mice against 
whole body lethal dose of irradiation [11]. The administration 
of caffeine has been reported to reduce the radiation-induced 
chromosomal aberrations and inhibit the radiation-induced single-
strand breaks in the pBR322 plasmid DNA in a dose-dependent 
manner [8, 14]. The other radioprotective agents have been 
reported to protect mice against the GI and bone marrow deaths 
after exposure to different doses of γ-radiation [4, 5, 26-32].

The importance of the cellular membrane as a critical target 
in the enhancement of radiation-induced cell lethality has been 
emphasized [35]. Lipid peroxidation induced by radiation is known 
to be due to the attack of free radicals on the fatty acid component 
of membrane lipids [36]. Lipid peroxidation is considered to be 
an important effect of ionizing radiation on biological membranes 
[37]. While DNA damage causes the radiation-induced reproductive 
cell death, membrane lipids are thought to be critical targets in the 
interphase cell death [38]. Radiation-induced lipid peroxidation 
causes damage to the cellular membrane by altering the fluidity 
of the biological membranes which progressively leads to cell 
degradation and thereby affecting the biological defence mechanism 
[39]. It is reported that the product of lipid peroxidation, such as 
malonaldehyde (MDA), damages the enzyme system and DNA 
[40]. Lipid peroxidation has been used as an endpoint to study 
the action of oxidizing and free radical producing agents as well 
as to investigate the effects of intracellular radical scavengers. The 
caffeine administration significantly decreased radiation induced 
lipid peroxidation in the liver of survivors. The caffeine has been 
reported to inhibit the hydroxyl radical, peroxyl radical and singlet 
oxygen-induced membrane damage and the lipid peroxidation [9, 
10, 12]. 

Several investigators have reported that lipid peroxidation start 
as soon as the supply of endogenous GSH is exhausted, and that 
the addition of the GSH promptly stops further peroxidation [41]. 
GSH is involved in numerous cellular reductive reactions [42]. It is 

related to the repair of radiation-induced free radicals by hydrogen 
atom donation, rejoining of DNA strand breaks by participating in 
enzymatic reactions as a cofactor, and in the repair of DNA damage, 
resulting in protection [42, 43]. The caffeine administration before 
irradiation resulted in a significant rise in the GSH level at all 
exposure doses in the liver of survivors when compared with the 
concurrent Saline +irradiation group. This elevation in GSH may 
be responsible for the decline in LOO and against the radiation-
induced mortality. A similar effect has been observed earlier [10, 
12].

The mechanism of radioprotective action of caffeine may be 
due to its antioxidant properties. Caffeine has been reported to be 
a scavenger of the hydroxyl radicals and singlet oxygen thereby 
resulting in the reduction in the radiation-induced damage to 
the cellular DNA [12]. In oxic conditions, caffeine readily accepts 
electrons with a rate constant of 1.5 x 1010 M-1S-1 whereas oxygen 
accepts one electron and forms superoxide with a rate constant 
1.9 x 1010 M-1S-1. This always results in the competition between 
oxygen and caffeine for availability of electrons. Caffeine molecules 
compete with oxygen for the radiation induced electrons and the 
removal of electron by caffeine could prevent the possible damage 
[7]. Caffeine has also been reported to possess activity similar to that 
of glutathione and significantly higher than that of ascorbic acid. 
Caffeine has been reported to be a better scavenger of OH radicals 
than both glutathione and ascorbic acid [9]. All these actions may 
be responsible for the increase in survival in the present study. In 
addition to that caffeine may have employed molecular pathways 
for its radioprotective activity. The whole-body exposure of mice 
to ionizing radiations has been found to trigger the activation of 
NF-κB, COX-2, TNF-α and MAPK [44-46]. The radioprotective action 
of caffeine seems to be mediated by inhibition of these cytokines 
as it has been reported to suppress the NF-κB, COX-2, TNF-α and 
MAPK activation earlier [47,48]. The whole-body exposure of mice 
has been reported to attenuate the Nrf2 expression [45]. Increase 
in the GSH contents by caffeine seems to be due to the upregulation 
of Nrf2 that subsequently protected mice against the radiation-
induced sickness and mortality.

Since caffeine is consumed daily by human beings, its use and 
acceptability will not pose any problem in clinics and it may not 
produce untoward toxic side effects in patients. In fact caffeine  
administration has been reported to decrease the severe late 
toxicity of radiation in the cervical and endometrial cancer patients 
[49]. Similarly, caffeine administration has also been reported to 
ameliorate the radiation-induced skin reactions in mice without 
conferring protection to the tumor [50].

Conclusion
Caffeine has provided protection against the radiation induced 

sickness and mortality in the mice. The radioprotective action of 
caffeine seems to be due to increased GSH level and reduced lipid 
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peroxidation. The caffeine also protected the DBAxC57BL mice 
by inhibiting the radiation induced upregulation of NF-κB, COX-2, 
TNF-α and MAPK and depletion in Nrf2. 

Acknowledgements
We thank Prof. M. S. Vidyasagar, and Dr. J. Velumurugan, 

Department of Radiotherapy and Oncology, Kasturba Medical 
College, Manipal, India for providing the necessary irradiation 
facilities and help in radiation dosimetry respectively.

Conflict of interest statement
Authors have no conflict of interest statement to declare.

References
1. Schneider U (2011) Modeling the risk of secondary malignancies after 

radiotherapy. Genes. 2(4): 1033-1049.

2. Patt HM, Tyree EB, Straube RL, Smith DE (1949) Cysteine protection 
against X-irradiation. Science 110(2852): 213-214.

3. Sweeney TR (1979) A survey of compounds from the antiradiation 
drug development program of the US Army Medical Research and 
development command Government printing office. Washington DC, 
USA pp. 308-318.

4. Jagetia GC (2007) Radioprotective potential of plants and herbs against 
the effects of ionizing radiation. J Clin Biochem Nutr 40(2): 74-81.

5. Jagetia GC, Baliga MS (2002) Cystone, an ayurvedic herbal drug imparts 
protection to the mice against the lethal effects of γ-radiation: A 
preliminary study. Food/Nahrung 46(5): 332-336.

6. Jagetia GC, Venkatesha VA (2005) Effect of mangiferin on radiation-
induced micronucleus formation in cultured human peripheral blood 
lymphocytes. Environm Mol Mutagen 46(1):12-21.

7. Kesavan PC (1992) Protection by caffeine against oxic radiation damage 
and chemical carcinogens: mechanistic considerations. Curr Sci 62: 791-
797.

8. Farooqi Z, Kesavan PC (1992) Radioprotection by caffeine pre- and post-
treatment in the bone marrow chromosomes of mice given whole-body 
gamma-irradiation. Mutat Res 269(2): 225-230.

9. Devasagayam TP, Kesavan PC (1996) Radioprotective and antioxidant 
action of caffeine: Mechanistic considerations. Ind J Exp Biol 34(4): 291-
297.

10. Devasagayam TP, Kamat JP, Mohan H, Kesavan PC (1996) Caffeine as an 
antioxidant: Inhibition of lipid peroxidation induced by reactive oxygen 
species. Biochim Biophys Acta 1282(1): 63-70.

11. George KC, Hebbar SA, Kale SP, Kesavan PC (1999) Caffeine protects 
mice against whole-body lethal dose of gamma-irradiation. J Radiol Prot 
19(2): 171-176.

12. Kamat JP, Boloor KK, Devasagayam TP, Jayashree B, Kesavan PC et al. 
(2000) Differential modification by caffeine of oxygen-dependent and 
independent effects of gamma-irradiation on rat liver mitochondria. Int 
J Radiat Biol 76(9): 1281-1288.

13. Hebbar SA, Mitra AK, George KC, Verma NC (2002) Caffeine ameliorates 
radiation-induced skin reactions in mice but does not influence tumour 
radiation response. J Radiol Prot 22(1): 63-69.

14. Kumar SS, Devasagayam TP, Jayashree B, Kesavan PC (2001) Mechanism 
of protection against radiation-induced DNA damage in plasmid pBR322 
by caffeine. Int J Radiat Biol 77(5): 617-623.

15. Vaidya PJ, Pasupathy K (2001) Radioprotective action of caffeine: Use of 
Saccharomyces cerevisiae as a test system. Indian J Exp Biol 39: 1254-
1257.

16. Miller LC, Tainter ML (1944) Estimation of the ED50 and its error by 
means of logarithmic-probit graph paper. Proc Soc Exp Biol Med 57(2): 
261-264.

17. Lowry OH, Rosebrough NJ, Farr AL, RANDALL RJ (1951) Protein 
measurement with the folin phenol reagent. J Biol Chem 193(1): 265-
275.

18. Moron MS, Depierre JW, Mannervik B (1979) Levels of glutathione, 
glutathione reductase and glutathione-s-transferase activities in rat lung 
and liver. Biochim Biophys Acta 582(1): 67-78.

19. Buege JA, Aust SD (1978) Microsomal lipid peroxidation. Meth. Enzymol 
52: 302-310.

20. Bolus NE (2017) Basic review of radiation biology and terminology. J 
Nucl Med Technol 45(4): 259-264.

21. Reisz JA, Bansal N, Qian J, Zhao W, Furdui CM et al. (2014) Effects of 
ionizing radiation on biological molecules-mechanisms of damage and 
emerging methods of detection. Antioxid Redox Signal 21(2): 260-292.

22. Le Caër S (2011) Water radiolysis: Influence of oxide surfaces on H2 
production under ionizing radiation. Water 3(1): 235-253.

23. Jagetia GC, Baliga MS (2005) Radioprotection by mangiferin in 
DBAxC57BL mice: A preliminary study. Phytomedicine 12(3):209-215.

24. Bond VP, Fliedner T, Archambeau JO (1965) Mammalian Radiation 
Lethality. Academic Press New York, USA.

25. Hall EJ, Giaccia AJ: Radiobiology for the Radiologist Philadelphia, 
Baltimore, New York, London, Buenos Aires, Hong Kong, Sydney, Tokyo: 
Lippincott Williams & Wilkins; 2006.

26. Jagetia GC, Baliga MS, Venkatesh P, Ulloor JN (2003) Influence of 
ginger rhizome (Zingiber officinale) on survival, glutathione and lipid 
peroxidation in mice after whole-body exposure to γ-radiation. Radiat 
Res 160(5): 584-592.

27. Jagetia GC, Shirwaikar A, Rao SK, Bhilegaonkar PM (2003) Evaluation of 
the radioprotective effect of Ageratum conyzoides Linn. extract in mice 
exposed to different doses of gamma radiation. J Pharm Pharmacol 55( 
8): 1151-1158.

28. Jagetia GC, Venkatesh P, Baliga MS (2004) Evaluation of the 
radioprotective effect of bael leaf (Aegle marmelos) extract in mice. Int J 
Radiat Biol 80(4): 281-290.

29. Jagetia GC, Baliga MS, Venkatesh P (2005) (Influence of seed extract 
of Syzygium cumini (Jamun) on mice exposed to different doses of 
γ-radiation. J Radiat Res 46(1): 59-65.

30. Jagetia GC, Ganapathi NG, Venkatesh P, Rao N, Baliga MS, et al. (2006) 
Evaluation of the radioprotective effect of Liv 52 in mice. Environ Mol 
Mutagen 47(7): 490-502.

31. Jagetia GC, Baliga SM, Malagi KJ, Kamath MS (2002) The evaluation of the 
radioprotective effect of triphala (an ayurvedic rejuvenating drug) in the 
mice exposed to γ-radiation. Phytomedicine 9(2): 99-108.

32. Jagetia GC, Ravikiran PB (2014) Radioprotective potential of Nigella 
sativa extract in Swiss albino mice exposed to whole body γ-radiation. 
Altern Integr Med 3: 168. 

33. Lehnert S (1979) Radioprotection of mouse intestine by inhibitors of 
cyclic AMP phosphodiesterase. Int J Radiat Oncol Biol Phys 5(3): 825-
833.

34. Weiss JF, Landauer MR, Hogan JB, Gunter-Smith PJ, Benson KA, et 
al. (1997) Modification of radiation-induced gastrointestinal and 
hematopoietic injury in mice by combinations of agents: effects of 
indomethacin and caffeine. Adv Exp Med Biol 400B: 865-872.

35. Alper T, Howard-Flanders P (1956) Role of oxygen in modifying the 
radiosensitivity of E. coli B. Nature 178(4540): 978-979.

36. Raleigh JA, Kremers W, Gaboury B (1977) Dose-rate and oxygen effects 
in models of lipid membranes: linoleic acid. Int J Radiat Biol Relat Stud 
Phys Chem Med 31(3):203-213.

http://dx.doi.org/10.32474/CTBM.2020.02.000126
http://dx.doi.org/10.32474/CTBM.2020.02.000126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3927608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3927608/
https://www.ncbi.nlm.nih.gov/pubmed/17811258
https://www.ncbi.nlm.nih.gov/pubmed/17811258
https://www.ncbi.nlm.nih.gov/pubmed/18188408
https://www.ncbi.nlm.nih.gov/pubmed/18188408
https://www.ncbi.nlm.nih.gov/pubmed/12428448
https://www.ncbi.nlm.nih.gov/pubmed/12428448
https://www.ncbi.nlm.nih.gov/pubmed/12428448
https://www.ncbi.nlm.nih.gov/pubmed/15795888
https://www.ncbi.nlm.nih.gov/pubmed/15795888
https://www.ncbi.nlm.nih.gov/pubmed/15795888
https://www.ncbi.nlm.nih.gov/pubmed/1383705
https://www.ncbi.nlm.nih.gov/pubmed/1383705
https://www.ncbi.nlm.nih.gov/pubmed/1383705
https://www.ncbi.nlm.nih.gov/pubmed/8698415
https://www.ncbi.nlm.nih.gov/pubmed/8698415
https://www.ncbi.nlm.nih.gov/pubmed/8698415
https://www.ncbi.nlm.nih.gov/pubmed/8679661
https://www.ncbi.nlm.nih.gov/pubmed/8679661
https://www.ncbi.nlm.nih.gov/pubmed/8679661
https://www.ncbi.nlm.nih.gov/pubmed/10400154
https://www.ncbi.nlm.nih.gov/pubmed/10400154
https://www.ncbi.nlm.nih.gov/pubmed/10400154
https://www.tandfonline.com/doi/abs/10.1080/09553000050134519
https://www.tandfonline.com/doi/abs/10.1080/09553000050134519
https://www.tandfonline.com/doi/abs/10.1080/09553000050134519
https://www.tandfonline.com/doi/abs/10.1080/09553000050134519
https://www.ncbi.nlm.nih.gov/pubmed/11929115
https://www.ncbi.nlm.nih.gov/pubmed/11929115
https://www.ncbi.nlm.nih.gov/pubmed/11929115
https://www.ncbi.nlm.nih.gov/pubmed/11382340
https://www.ncbi.nlm.nih.gov/pubmed/11382340
https://www.ncbi.nlm.nih.gov/pubmed/11382340
http://nopr.niscair.res.in/bitstream/123456789/24079/1/IJEB%2039(12)%201254-1257.pdf
http://nopr.niscair.res.in/bitstream/123456789/24079/1/IJEB%2039(12)%201254-1257.pdf
http://nopr.niscair.res.in/bitstream/123456789/24079/1/IJEB%2039(12)%201254-1257.pdf
https://journals.sagepub.com/doi/abs/10.3181/00379727-57-14776
https://journals.sagepub.com/doi/abs/10.3181/00379727-57-14776
https://journals.sagepub.com/doi/abs/10.3181/00379727-57-14776
https://www.ncbi.nlm.nih.gov/pubmed/14907713
https://www.ncbi.nlm.nih.gov/pubmed/14907713
https://www.ncbi.nlm.nih.gov/pubmed/14907713
https://www.ncbi.nlm.nih.gov/pubmed/760819
https://www.ncbi.nlm.nih.gov/pubmed/760819
https://www.ncbi.nlm.nih.gov/pubmed/760819
https://www.ncbi.nlm.nih.gov/pubmed/672633
https://www.ncbi.nlm.nih.gov/pubmed/672633
https://www.ncbi.nlm.nih.gov/pubmed/29203550
https://www.ncbi.nlm.nih.gov/pubmed/29203550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060780/
https://www.mdpi.com/2073-4441/3/1/235
https://www.mdpi.com/2073-4441/3/1/235
https://www.ncbi.nlm.nih.gov/pubmed/15830843
https://www.ncbi.nlm.nih.gov/pubmed/15830843
https://www.ncbi.nlm.nih.gov/pubmed/14565823
https://www.ncbi.nlm.nih.gov/pubmed/14565823
https://www.ncbi.nlm.nih.gov/pubmed/14565823
https://www.ncbi.nlm.nih.gov/pubmed/14565823
https://www.ncbi.nlm.nih.gov/pubmed/12956906
https://www.ncbi.nlm.nih.gov/pubmed/12956906
https://www.ncbi.nlm.nih.gov/pubmed/12956906
https://www.ncbi.nlm.nih.gov/pubmed/12956906
https://www.ncbi.nlm.nih.gov/pubmed/15204705
https://www.ncbi.nlm.nih.gov/pubmed/15204705
https://www.ncbi.nlm.nih.gov/pubmed/15204705
https://www.ncbi.nlm.nih.gov/pubmed/15802860
https://www.ncbi.nlm.nih.gov/pubmed/15802860
https://www.ncbi.nlm.nih.gov/pubmed/15802860
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.20218
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.20218
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.20218
https://www.ncbi.nlm.nih.gov/pubmed/11995956
https://www.ncbi.nlm.nih.gov/pubmed/11995956
https://www.ncbi.nlm.nih.gov/pubmed/11995956
https://www.omicsonline.org/peer-reviewed/radioprotective-potential-of-nigella-sativa-extract-in-swiss-albino-mice-exposed-to-whole-body-ampgammaradiationp-32955.html
https://www.omicsonline.org/peer-reviewed/radioprotective-potential-of-nigella-sativa-extract-in-swiss-albino-mice-exposed-to-whole-body-ampgammaradiationp-32955.html
https://www.omicsonline.org/peer-reviewed/radioprotective-potential-of-nigella-sativa-extract-in-swiss-albino-mice-exposed-to-whole-body-ampgammaradiationp-32955.html
https://www.ncbi.nlm.nih.gov/pubmed/91600
https://www.ncbi.nlm.nih.gov/pubmed/91600
https://www.ncbi.nlm.nih.gov/pubmed/91600
https://www.ncbi.nlm.nih.gov/pubmed/9547640
https://www.ncbi.nlm.nih.gov/pubmed/9547640
https://www.ncbi.nlm.nih.gov/pubmed/9547640
https://www.ncbi.nlm.nih.gov/pubmed/9547640
https://www.ncbi.nlm.nih.gov/pubmed/13378491
https://www.ncbi.nlm.nih.gov/pubmed/13378491
https://www.ncbi.nlm.nih.gov/pubmed/300724
https://www.ncbi.nlm.nih.gov/pubmed/300724
https://www.ncbi.nlm.nih.gov/pubmed/300724


                                                                                                                                                                              Volume 2 - Issue 1Curr Tr Biotech & Microbio.

Citation: Ganesh Chandra Jagetia, Manjeshwar Shrinath Baliga. Caffeine Pretreatment Increases Survival of DBAXC57BL Mice Exposed to 
Different Doses of – Radiation by Glutathione Elevation. Curr Tr Biotech & Microbio 2(1)- 2020. CTBM.MS.ID.000126. DOI: 10.32474/
CTBM.2020.02.000126.

Copyrights @ Ganesh Chandra Jagetia, et al.

100

37. Leyko W, Bartosz G (1986) Membrane effects of ionizing radiation and 
hyperthermia. Int J Radiat Biol Relat Stud Phys Chem Med 49(5): 743-
770.

38. Raleigh JM, Shum FY (1983) Radioprotector in model lipid membranes 
by hydroxyl radical scavengers: supplementary role of ∝-tocopherol 
in scavenging secondary peroxy radicals. In: radioprotectors and 
anticarcinogens. Nygaard O, Simic MG (Eds) New York, Academic Press 
pp. 87-122.

39. Pouget JP, Georgakilas AG, Ravanat JL (2018) Targeted and off-
target (bystander and abscopal) effects of radiation therapy: Redox 
mechanisms and risk/benefit analysis. Antioxid Redox Signal 29(15): 
1447-1487.

40. Comporti M (1993) Lipid peroxidation. Biopathological significance. 
Mol Aspects Medical 14(3): 199-207.

41. Christophersen BO (1968) The inhibitory effect of reduced glutathione 
on the lipid peroxidation of the microsomal fraction and mitochondria. 
Biochem J 106(2): 515-522. 

42. Meister A, Anderson ME (1983) Glutathione. Ann Rev Biochem 52: 711-
760.

43. Revesz L, Malaise EP (1983) Significance of cellular glutathione 
in radioprotection and repair of radiation damage in function of 
glutathione. Larson A et al (eds) Biochemical and Toxicological and 
Chemical Aspects. Raven Press, New York 163-173. 

44. Dong XR, Wang JN, Liu L, Chen X, Chen MS, (2010) Modulation of 
radiation-induced tumour necrosis factor-α and transforming growth 
factor β1 expression in the lung tissue by Shengqi Fuzheng injection. Mol 
Med Rep 3(4):621-627.

45. Manna K, Khan A, Biswas S, Das U, Sengupta A, et al. (2016) Naringin 
ameliorates radiation-induced hepatic damage through modulation of 
Nrf2 and NF-κB pathways. RSC Adv 6(27):23058-23073. 

46. Chishti AA, Baumstark-Khan C, Koch K, Kolanus W, Feles S, et al. (2018) 
Linear energy transfer modulates radiation-induced NF-kappa B 
activation and expression of its downstream target genes. Radiat Res 
189(4): 354-370.

47. Kang CH, Jayasooriya RG, Dilshara MG, Choi YH, Jeong YK, et al. (2012) 
Caffeine suppresses lipopolysaccharide-stimulated BV2 microglial cells 
by suppressing Akt-mediated NF-κB activation and ERK phosphorylation. 
Food Chem Toxicol 50(12): 4270-4276.

48. Zhao W, Ma L, Cai C, Gong X (2019) Caffeine inhibits NLRP3 inflammasome 
activation by suppressing MAPK/NF-κB and A2aR signaling in LPS-
Induced THP-1 macrophages. Int J Biol Sci 15(8): 1571-1581.

49. Stelzer KJ, Koh WJ, Kurtz H, Greer BE, Griffin TW et al. (1994) Caffeine 
consumption is associated with decreased severe late toxicity after 
radiation to the pelvis. Int J Radiat Oncol Biol Phys 30(2): 411-417.

50. Dion MW, Hussey DH, Osborne JW (1989) The effect of pentoxifylline on 
early and late radiation injury following fractionated irradiation in C3H 
mice. Int J Radiat Oncol Biol Phys 17(1): 101-107.

   Current Trends on Biotechnology 
 & Microbiology

  Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article

DOI: 10.32474/CTBM.2020.02.000126

http://dx.doi.org/10.32474/CTBM.2020.02.000126
http://dx.doi.org/10.32474/CTBM.2020.02.000126
https://www.ncbi.nlm.nih.gov/pubmed/3009342
https://www.ncbi.nlm.nih.gov/pubmed/3009342
https://www.ncbi.nlm.nih.gov/pubmed/3009342
https://www.ncbi.nlm.nih.gov/pubmed/29350049
https://www.ncbi.nlm.nih.gov/pubmed/29350049
https://www.ncbi.nlm.nih.gov/pubmed/29350049
https://www.ncbi.nlm.nih.gov/pubmed/29350049
https://www.ncbi.nlm.nih.gov/pubmed/8264334
https://www.ncbi.nlm.nih.gov/pubmed/8264334
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1198532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1198532/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1198532/
https://www.ncbi.nlm.nih.gov/pubmed/6137189
https://www.ncbi.nlm.nih.gov/pubmed/6137189
https://www.ncbi.nlm.nih.gov/pubmed/21472288
https://www.ncbi.nlm.nih.gov/pubmed/21472288
https://www.ncbi.nlm.nih.gov/pubmed/21472288
https://www.ncbi.nlm.nih.gov/pubmed/21472288
https://www.ncbi.nlm.nih.gov/pubmed/29369006
https://www.ncbi.nlm.nih.gov/pubmed/29369006
https://www.ncbi.nlm.nih.gov/pubmed/29369006
https://www.ncbi.nlm.nih.gov/pubmed/29369006
https://www.ncbi.nlm.nih.gov/pubmed/22974838
https://www.ncbi.nlm.nih.gov/pubmed/22974838
https://www.ncbi.nlm.nih.gov/pubmed/22974838
https://www.ncbi.nlm.nih.gov/pubmed/22974838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643212/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643212/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643212/
https://www.ncbi.nlm.nih.gov/pubmed/7928468
https://www.ncbi.nlm.nih.gov/pubmed/7928468
https://www.ncbi.nlm.nih.gov/pubmed/7928468
https://www.ncbi.nlm.nih.gov/pubmed/2745184
https://www.ncbi.nlm.nih.gov/pubmed/2745184
https://www.ncbi.nlm.nih.gov/pubmed/2745184
http://www.lupinepublishers.com/biostatistics-biometrics-journal/
http://dx.doi.org/10.32474/CTBM.2020.02.000126

	Caffeine Pretreatment Increases Survival of Dbaxc57bl Mice Exposed to Different Doses of - Radiatio
	Abstract
	Introduction
	Materials and Methods  
	BIOCHEMICAL ESTIMATION  
	Analysis of data 
	Results
	Discussion
	Conclusion
	Acknowledgements
	Conflict of interest statement 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1

